
LIQUID-CRYSTAL DISPLAY DEVICE AND PROCESS FOR PRODUCING THE SAME -
BACKGROUND OF THE I NVENT I ON : This invention relates to a liquid-crystal
display 5     device and a process for producing the same.  More
particularly, this invention relates to an improvement of an assembly of
liquid-crystal display panel in which a TAB as one of the IC mounting
flexible resin films is connected to a liquid-crystal display panel. The
invention also relates to a 10     process for producing such an improved
liquid-crystal display device. The structure of a prior art liquid-crystal
display panel is shown in Fig. 4. The liquid-crystal display device
comprises basically a liquid- Crystal display panel 1 having a plurality of
electrodes 2 arranged in the 15     end portion, a tape automated bonding,
hereinafter referred to as "TAB" 4 that has a liquid-crystal drive IC 5
mounted thereon and which also has a plurality of output terminals 3
arranged in the end portion (as lead wires on TAB 4), and an input circuit
board. The output terminals 3 are connected to the electrodes 2 on 20
the liquid-crystal display panel 1 by means of an anisotropic conductive
adhesive 6. The output terminals 3 for the TAB 4 are formed on the obverse
side of the TAB film (Fig. 4 shows the case where the lead wires are on the
side opposite to the IC mounting side; in other cases, the lead wires may
be on the reverse side). Terminals on the input side (not shown) of TAB 4
are usually soldered to the output terminals on a board that is called
either a column input circuit board or a row input circuit board  This
input circuit board receives, via 30     connectors or terminals, external
signals for driving the electrodes (so-called X or Y electrodes) and
supplies the input terminals on the liquid-crystal drive IC 5 with signals
for driving the electrodes. In response to those signals, IC 5 generates
and outputs signals for driving the respective 35     electrodes that are
connected in correspondence to the individual output terminals. The
liquid-crystal display panel 1 has a "column" panel 



which is such that part of the transparent electrodes arranged    -2- in
the vertical direction (in column direction) is exposed at an end and a
"row" column panel which is such that part of the transparent electrodes
arranged in the horizontal direction (in row direction) is exposed at an
end.  These two panels 5     have the liquid crystal held therebetween and
are superposed in such a way  that the sides where the transparent
electrodes are formed (e.g.  their electrode forming sides) face each
other. The panels may be formed of such substrates as a glass substrate and
a plastic film substrate.  Part of the elect- 10     rodes exposed at an
end may be coated with a metal.  All of such substrates are denoted by the
word "panel" in the following description and the appended claims.  The
substrates are usually provided with a light polarizing plate on the outer
surface. 15           Fig. 5 is a sketch illustrating the cross-sectional
structure of the area where TAB 4 is connected to the liquid- crystal
display panel 1. Arranged on the underside of TAB 4 are output terminals
3a, 3b, ... (in Fig. 4, these output terminals 3a, 3b, ... are collectively
referred to as output 20     terminals 3).  Arranged on the surface of the
end portion of the liquid-crystal display panel 1 are electrodes 2a, 2b,
(in Fig. 4, these electrodes 2a, 2b, ... are collectively referred to as
electrodes 2).  TAB 4 is connected to the liquid-crystal display panel 1 by
first placing them in super- 25     position with the anisotropic
conductive adhesive 6 interposed and with output terminals 3a, 3b, ... on
the TAB 4 being positioned in registry with electrodes 2a, 2b, ... on the
liquid-crystal display panel 1, and thereafter compressing the joined area
under heating. As a result of this thermal com- 30     pression, the
anisotropic conductive adhesive 6 will cure to have the TAB 4 joined to the
liquid-crystal display panel 1. The anisotropic conductive adhesive 6
contains 



conductive particles 7 at a given density and, upon thermal compression,
the conductive particles 7 will contact both the 35     output terminal 3a
and the electrode 2a which are disposed facing each other, whereby said
output terminal and said electrode will conduct.  Other facing combinations
of output terminals and electrodes (e.g. the output terminal 3b and the
3 electrode 2b) will conduct in a similar way via the conductive  particles
7.    However,  adjacent  output terminals (e.g. output terminals 3a and
3b) or adjacent electrodes (e.g. electrodes 2a and 2b) will not conduct. 5
The density of the conductive particles 7 to be incorporated in the
anisotropic conductive adhesive 6 is determined in such a way as to satisfy
the above- described conditions.   In the actual device, the pitch between
output terminals 3 (3a,  3b,  ...)  and between 10  electrodes 2 (2a, 2b,
...) is as small as ca. 0.25 mm (width, 0.125 mm; gap, 0.125 mm). Hence,
very precise positioning and joining operations are required to establish
connection between each output terminals and the corresponding electrode.
15       The anisotropic conductive adhesive 6 is made of a thermosetting
epoxy or a thermoplastic polyester.   The thermosetting anisotropic
conductive adhesive provides high bond strength and insures high
reliability in connection. However, even if some defect is found in an 20
operating test following the joining process, the once bonded TAB is
difficult to be disconnected from the liquid-crystal   display   panel,
thereby   making   it considerably difficult for operator to replace the
defective TAB. 25       On the other hand,  the thermoplastic anisotropic
conductive adhesive usually has a comparatively weak bond strength, so it
has the advantage that even if some 



defect is found in an operating test following the joining process, the
defective TAB can be readily 30  replaced.     However,   the
thermoplastic  anisotropic conductive adhesive has the disadvantage of low
reliability in connection. An object, therefore, of the present invention
is to provide a liquid-crystal display device that has high 35  reliability
in  connection  between  a  liquid-crystal    display  panel and drive ICs
and which hence has a lower failure rate. Another object of the present
invention is to. provide a liquid crystal display device that permits 5
defective TABs to be replaced in an easy way. Summary of the Invention
According to a first aspect of this invention there is provided a
liquid-crystal display device comprising a liquid-crystal display panel on
which is mounted a 10  plurality of electrodes which are partly exposed at
one end thereof and a flexible film having an IC mounted thereon that is
connected to drive said electrodes, said flexible  film  having  at  least
one  lead wire  formed thereon serving as an output terminal for said IC, a
15  slit formed in a region of said flexible film which corresponds to the
area where said at least one lead wire is to be connected to a respective
electrode so that part of said at least one lead wire is exposed in said
slit, said electrodes and said at least one lead 20  wire  being  connected
by  a  first  adhesive  of  an anisotropic conductive type in the area of
connection except the area corresponding to said slit, and the part of said
at least one lead wire which is exposed in said slit being connected to
said respective electrode by a 25  second adhesive of  either  an
insulating  type  or an anisotropic conductive type that has a greater
adhesive 



force  than  said  first  adhesive  of  an  anisotropic conductive type.
According to a second  aspect. of this  invention 30  there is provided a
process for producing a liquid- crystal  display  device  comprising  a
liquid-crystal display  panel  on. which  is  mounted  a  plurality  of
electrodes arranged which are partly exposed at one and thereof and a
flexible film having an IC mounted thereon 35 for driving said electrodes,
said flexible film having    a plurality of lead wires formed thereon
serving as output terminals for said IC, a slit being formed in a region of
said flexible film which corresponds to the area where said lead wires are
to be connected to said 5  electrodes, so that part of said lead wires is
exposed in said slit, said process comprising: a first connection step in
which said lead wires are connected to said electrodes on said
liquid-crystal display panel with a first adhesive of an anisotropic 10
conductive type interposed in said area of connection of said flexible film
except the area corresponding to said slit; an inspection step in which
said IC is operated following  said  first  connection  step to  ensure
said 15  liquid-crystal display panel  is normally driven with said IC; and
a second connection step in which if said liquid- crystal display panel is
found to operate normally, said electrodes and said lead wires are
connected in said 20  slit by a second adhesive of either an insulating
type or an anisotropic conductive type that has a stronger adhesive  force
than  said  first  adhesive   of  an anisotropic conductive type. An
advantage of this process is that at the stage 25  of performing an
operating test, the TAB can be readily 



disconnected from the liquid crystal display panel since the   two
members   are   joined   together  with   the thermoplastic adhesive having
a comparatively weak adhesive  force.    Hence,  if the TAB  is found to be
30  defective, it can be readily replaced.   If the TAB is found to be
acceptable in the operating test, the uv curable of thermosetting adhesive
having a comparatively strong adhesive force is coated in the slit in the
TAB and cured as the output terminals on the TAB are 35  compressed against
the electrodes    on the liquid-crystal display panel.   Thus,  the second
adhesive applied into the slit adds to the strength of- bonding  between
the  electrodes  on  the  liquid-crystal display panel and the output
terminal s on the TAB, thereby 5  improving the "reliability of  connection
to the  display panel.  As a consequence, the number of defective TABs is
reduced to provide a liquid-crystal display device having a lower failure
rate. Brief Description of the Drawings: 10       The view will now be
described by way of example with reference to the accompanying drawings in
which: Figures 1(a) and 1(b) show a plan view and a vertical cross section
of a liquid-crystal display in accordance with this invention. 15
Figure 2 is a sketch showing in cross section the state of connection
between electrodes on a liquid-crystal display panel and output terminals
on a TAB as  they have been connected together in the second stage of the
two- step connecting process according to an embodiment of the 20  present
invention; Figure 3 is a diagram showing a process flow for the manufacture
of a liquid-crystal display assembly  as  it relates basically to the step
of connecting the liquid crystal displace panel to the TAB; 



25       Figure 4 is   a sketch showing the structure of a prior art
liquid-crystal display device;  and Figure 5 is a sketch illustrating the
cross-sectional structure of the area where the TAB and liquid crystal
display  panel  of the  prior  art  liquid-crystal  display 30  device are
connected to each other. Description of the Preferred Embodiment: As shown
in Figure 1 (referring to the state before conducting an operating test),
the liquid-crystal display device according to an embodiment of the present
invention 35  has a slit 8 of a given width in part of the area where
electrodes 2a, 2b, ... on the liquid-crystal display panel 1 are to be
connected to output  terminals 3a, 3b, ... on TAB 4.  This structural
feature is clearly different from what is shown in 40    Fig. 4 with
respect to the prior art device.  The slit 8 is provided in such a way that
the output terminals 3 on the TAB 4 are exposed in that slit 8. The
operation of connecting the output terminals 3 on the TAB 4 to the
electrodes 2 on the 5      liquid-crystal display panel 1 is performed in
two successive steps. Another difference from the prior art device is that
the conductive adhesive to be used in the first stage of connecting between
electrodes and output terminals has a different bond strength than the
adhesive to be used in the 10      second stage and the latter is more
powerful. In the first stage of connection, the electrodes and the output
terminals are connected by means of the thermoplastic anisotropic
conductive adhesive as in the prior art.  As already mentioned hereinabove,
the bond strength of this 15      adhesive is comparatively weak.  The two
members are connected in the same way as in the prior art, but the extent
of connection does not cover the area corresponding to the slit 8. This
connection step is identified by A in Fig. 3 and in 



this step, the electrodes and the output terminals are 20      connected by
means of the thermoplastic anisotropic conductive adhesive. Details of the
connecting procedure are the same as in the prior art and, hence, omitted.
The assembly shown in Fig. 1 is such that this first stage of the
connection step has been completed. This stage is followed by the step of
performing an operating test on the liquid-crystal display device as
identified by B in Fig. 3. Before the operating test, the liquid-crystal
display device is such that the connection between the output terminals 3
on the TAB 4 and the electrodes 2a, 2b, ... on the liquid-crystal 30
display panel 1 has been completed except in the area corresponding to the
slit 8. Thus, the output terminals 3a, 3b, ... on the TAB 4 have already
been connected to the corresponding electrodes 2a, 2b, .... on the
liquid-crystal display panel 1 by means of the thermoplastic aniostropic 35
conductive adhesive 9, allowing the two members to conduct. As shown in
Fig. 1(b), the slit 8 is provided in generally the central part of the
connecting area so that there will be two connections by the anisotropic
conductive adhesive 9, one    being remote from  the IC on the TAB 4 and
the other close to it. -          In step B of performing the operating
test, the liquid crystal display device shown in Fig. I is brought to 5
the operating test   equipment and tested for its operation to see whether
the liquid-crystal panel 1 will operate normally when it is driven with the
IC on the TAB 4.  It should be noted here that the   state of  connection
between the electrodes and the output terminals on the liquid-crystal
display device 10     which has been subjected to the operating test in
step B remains the same as shown in Fig. 1. If the TAB is found to be
defective (NG) in the operating test, the process goes to the
separating/replacing step D, where said TAB is replaced.  Since the TAB 4
is 



15     connected to the liquid-crystal display panel 1 by means of the
thermoplastic anisotropic conductive adhesive 9 having a comparatively weak
bond strength, the TAB 4 can be readily disconnected from the
liquid-crystal display panel 1, whereby the defective TAB 4 can be replaced
in an easy way.  Following 2o     the replacement of the defective TAB 4,
the process will return to the first stage A of the connection step. If the
TAB 4 is found to be acceptible (OK) in the operating test, the process
goes to the adhesive coating step C, in which an adhesive having high bond
strength such as a uv 25     curable resin based adhesive 10 is coated in
the slit 8.  When this adhesive has been applied, the liquid-crystal
display panel 1 has a relative position with the TAB 4 as shown in Fig. 2,
except that a compressing apparatus 11, a light source 12 and a table 13
are not in fact positioned as shown in Fig. 30     2 right after the
application of the adhesive 10. The process then goes to the second stage E
of the connection step.  The device is placed on the table 13 of the
connecting equipment and positioned as shown in Fig. 2.  Then, the
compressing apparatus 11 in   the connecting equipment is 35     actuated
to descend towards the table 13 so that it exerts pressure on the area in
the slit 8, whereby those portions of the output terminals 3 on the TAB 4
which are in the slit 8 are compressed against the corresponding portions
of the    electrodes 2 on the liquid-crystal display panel 1. Subsequent to
or simultaneously with this compressing step, the light source 12 is lit so
that it will apply a uv radiation towards the slit 8, whereupon the uv
curable resin 5     based adhesive 10 will cure   In Fig. 2, the output
terminals 3 are shown to be in intimate contact with the electrodes 2
before they are compressed together but it should be noted that this
presentation is selected simply because it is not clear how the gaps
between the electrodes and output terminals 10      are before they are
compressed together after the application 



of the second adhesive. Thus, the second adhesive applied into the slit 8
adds to the strength of bonding between the output terminals 3 on the TAB 4
and the electrodes 2 on the liquid-crystal display 15     panel 1, thereby
increasing the strength and, hence, reliability of the connection between
the two members. In the embodiment described above, the uv curable resin
based adhesive is used in the second stage of the connection step but it
may be replaced by a thermosetting adhesive. In 20     this alternative
case, the output terminals on the TAB are heated as they are compressed
against the electrodes on the liquid-crystal display panel, whereby the
thermosetting adhesive coated in the slit is allowed to cure. In this case,
the light source 12 need not be used. In the first stage A of the
connection step, the electrodes 2 on the liquid-crystal display panel 1 and
the output terminals 3 on the TAB 4 are connected in areas other than those
corresponding to the slit 8. As regards those areas, the adhesive force of
the first anisotropic conductive 30     adhesive 9 and the open area of the
slit 8 or its width are selected in such a way that the connected
electrodes and output terminals can later be separated without being
damaged. Usually, the slit width is advantageously about one half  the
width of the area of connection between the electrodes 2 and 35     the
output terminals 3 but it can be properly adjusted in accordance with the
relationship between the strength of the first and second anisotropic
conductive adhesives and the required reliability of connection. If the
second anisotropic    conductive adhesive has a particularly high bond
strength, more efficient manufacture  can be accomplished  by reducing the
adhesive force of the first anisotropic conductive adhesive while narrowing
the width of the slit 8.  In addition, if 5     adequate electric
conduction can be assured between the electrodes 2 and the output terminals
3 by bonding in the 



first stage of connection, the adhesive to be used in the second stage of
connection need not be of an anisotropic conductive type but an ordinary
insulating adhesive may be 10     used. 15 20 25 30 35    CLAIMS: 5  1.   A
liquid-crystal display device comprising a liquid- crystal display panel on
which is mounted a plurality of electrodes which are partly exposed at one
end thereof and a flexible film having an IC mounted thereon that is
connected to drive said electrodes, said flexible film 10 having at least
one lead wire formed thereon serving as an output terminal for said IC, a
slit formed in a region of said flexible film which corresponds to the area
where said at least one lead wire is to be connected to a respective
electrode so that part of said at least one lead wire is 15 exposed in said
slit, said electrodes and said at least one lead wire being connected by a
first adhesive of an anisotropic conductive type in the area of connection
except the area corresponding to said slit, and the part of said at least
one lead wire which is exposed in said slit 20  being connected to said
respective electrode by a second adhesive of either an  insulating type or
an anisotropic conductive type that has a greater adhesive force than said
first adhesive of an anisotropic conductive type. 25  2.  A liquid-crystal
display device according to claim 1 wherein said IC mounting flexible film
is a TAB and said first adhesive has such a weak adhesive force that any of
the connected electrodes and terminal or terminals can be separated without
being damaged. 



30 3.   A liquid-crystal display device according to claim 1 or 2 wherein
the width of said slit is selected in relation to the adhesive force of
said first adhesive of an anisotropic  conductive  type  in  such  a  way
that  said 35  electrodes and said at least one lead wire, after being    I
connected by said f irst adhesive, can be separated without being damaged.
4.   A liquid-crystal display device according to claim 3 5 wherein the
region where said respective electrodes are connected to said at least one
lead wire by the first adhesive of an anisotropic conductive type is
divided into two parts. 10  5.   A  liquid-crystal  display  device
according  to  any preceding  claim  wherein  said  first  adhesive  of  an
anisotropic conductive type is thermoplastic whereas said second adhesive
is of an anisotropic conductive type that is made of a uv curable resin. 15
6.   A  process  for  producing  a  liquid-crystal  display device
comprising a liquid-crystal display panel on which is mounted a plurality
of electrodes arranged which are partly exposed at one end thereof and a
flexible film 20 having an IC mounted thereon for driving said electrodes,
said flexible film having a plurality of lead wires formed thereon serving
as output terminals for said IC, a slit being formed in a region of  said
flexible film which corresponds to the area where said lead wires are to be
25  connected to said electrodes, so that part of said lead wires is
exposed in said slit, said process comprising: a first connection step in
which said lead wires are connected to said electrodes on said
liquid-crystal display panel with a first adhesive of an anisotropic
conductive, 



30 type interposed in said area of connection of said flexible film except
the area corresponding to said slit; an  inspection  step  in which  said
IC  is operated following said first connection step to ensure said liquid-
crystal display panel is normally driven with said IC;  and 35       a
second connection step in which if said liquid-    crystal display panel is
found to operate normally,  said electrodes and said lead wires are
connected in said slit by a second adhesive of either an insulating type or
an anisotropic conductive type that has a stronger adhesive 5  force than
said first adhesive of an anisotropic conductive type. 7.   A process
according to claim 6 wherein said  first adhesive of an anisotropic
conductive type has such an 10  adhesive force that in relation to the open
area of said slit, said electrodes and said lead wires after being
connected to each other can be separated without being damaged. 15  8.   A
process according to claim 6 or 7 wherein said IC mounting flexible film is
a TAB and said first adhesive has such  a weak  adhesive  force  that any
of  the  connected electrodes and lead wires can be separated without being
damaged. 20 9.   A process according to claim  8 which includes a step in
which the liquid-display panel, if it is found not to operate normally in
the inspection step, is separated from said TAB. 25 10. A process according
to claim 9 wherein the region where said electrodes are connected to said
lead wires by the first adhesive of an anisotropic conductive type is
divided into two parts. 30 



11.  A process according to any of claims 6 to 10 wherein said first
adhesive of an anisotropic conductive type is thermoplastic  whereas  said
second  adhesive  is  of  an anisotropic conductive type that is made of a
uv curable 35 resin, and a light source is used in the second connection
step. 12. A process according to claim 11 wherein prior to said output
terminals  are  compressed  against  said  curing 5 electrodes. 13.  A
liquid-crystal  display  device  substantially  as herein described with
reference to and as shown in Figures 1(a), 1(b), 2 and 3 of the
accompanying drawings. 10 14. A  process  for  producing  a  liquid-crystal
display device  substantially as herein described with reference to and as
shown  in Figures  1(a),  1(b),  2 and  3 of  the accompanying drawings. 15


