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(7) ABSTRACT

The present invention is directed to a liquid crystal display
including: a plurality of electrode terminals arranged on one
of end faces of a TFT glass substrate in such a manner as to
be aligned on an imaginary line; and a plurality of lead
terminals of a tape carrier package aligned on the electrode
terminals, said plurality of lead terminals connected through
an anisotropic conductive film; wherein the electrode ter-
minals near the end face of the glass substrate is formed
obliquely in such a manner as to be extended in the direction
of both right and left with respect to the plurality of electrode
terminals.

7 Claims, 3 Drawing Sheets
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LIQUID CRYSTAL DISPLAY HAVING
DIFFERENT SHAPED TERMINALS
CONFIGURED TO BECOME
SUBSTANTIALLY ALIGNED

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/778,812 now U.S. Pat. No. 6,822,720 filed
Feb. 8, 2001. The entire contents of this application are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a device subject to
pushing a thermocompression bonding tool against a lead of
an electronic part to be connected to a printed circuit board.

Examples of a technique for mounting a driving circuit
through thermocompression bonding include a technique for
mounting an IC module of a liquid crystal display. The liquid
crystal display is generally obtained by connecting a driving
circuit to a TFT liquid crystal module interposing liquid
crystal material between two glass substrates and superpos-
ing them on an illuminating device. In general, the driving
circuit of the TFT (thin film transistor) liquid crystal module
is constituted by a tape-shaped film carrier package (TCP)
provided with an LSI for driving TFTs and a printed circuit
board (PCB) for sending power and image signals to the
TFT module. FIG. 3 is a diagram showing the structure of
a driving circuit section of a conventional TFT liquid crystal
module. The reference numeral 1 denotes a TFT substrate on
which a plurality of source electrodes and gate electrodes are
formed, the reference numeral 2 denotes a color filter, the
reference numerals 3 and 4 denote ACF (anisotropic con-
ductive films) in which conductive particles are distributed
into adhesive material, the reference numeral 5 denotes a
driving LSI, the reference numeral 6 denotes TCPs provided
with the driving LSI and having input terminals and output
terminals, and the reference numeral 7 denotes the printed
circuit boards. The ACF 3 is bonded to a terminal section of
the TFT substrate 1 where the TCPs 6 are aligned and
temporarily compression bonded one by one. Then, a plu-
rality of TCPs 6 arranged in a line along one end face of the
TFT substrate 1 are permanently compression-bonded and
heated collectively by using one heater tool and are thereby
connected to the TFT substrate 1. By the process in which
TCPs 6 arranged in a line along the end face of the TFT
substrate 1 are permanently compression bonded collec-
tively, the number of manufacturing steps can be reduced.

When a TFT terminal electrode is connected to the TCP
by using the above-mentioned method, a temperature gra-
dient is generated between a panel end of a TCP lead and a
central part thereof. Therefore, the lead is deformed to have
an L shape at the panel end and is thus connected. For this
reason, although a terminal of a glass substrate is parallel
with the TCP lead before the connection, a mutual non-
parallel portion is generated due to the deformation after the
thermocompression bonding so that an electrode of the
substrates and the TCP lead which should be originally
adjacent but be apart come in contact with each other and are
electrically short-circuited. In some cases, consequently, a
liquid crystal module is not operated normally. The follow-
ing countermeasures have been taken for such a shift of the
TCP lead.

In the invention described in Japanese Unexamined Patent
Publication No. 265023/1993, width and pitch of the TCP
leads are changed so as to gradually increase toward both
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ends of a terminal arrangement. Thus, the influence of a
terminal shift caused by the thermal expansion of a TCP is
reduced.

In the invention described in Japanese Unexamined Patent
Publication No. 206878/1998, an electrode of a glass sub-
strate is formed to have a width reduced gradually toward an
end of a lead line. Thus, also in the case in which a TCP is
mounted with an oblique shift, an electrode comes in contact
with an adjacent lead is avoided.

In the invention described in Japanese Unexamined Patent
Publication No. 260421/1998, electrodes of a glass substrate
are arranged like a fan. Thus, a terminal shift between the
electrode of the glass substrate and a TCP lead can be
reduced.

In the invention described in the Japanese Unexamined
Patent Publication No. 265023/1993, however, a countet-
measure is taken for only the shift in a parallel direction of
the terminal of the glass substrate and the TCP lead, and is
not effective for a terminal shift in an oblique direction. In
the invention described in the Japanese Unexamined Patent
Publication No. 206878/1998, if the mounting is carried out
obliquely, there is a problem in that an overlap area of the
electrode with the lead is reduced and the connecting
reliability of the terminal is deteriorated. In the invention
described in the Japanese Unexamined Patent Publication
No. 260421/1998, the electrodes of the glass substrate are
arranged like a rectilinear fan. This shape is not identical to
that of the TCP lead which is obtained after the thermocom-
pression bonding. Actually, the TCP lead has a shape shown
in FIG. 1(b) after the thermocompression bonding. Since the
TCP leads have a uniform high temperature during the
compression bonding from a tip portion thereof to a central
part thereof (see 8a of FIG. 1B), they are arranged in almost
parallel with each other. Since the temperature during the
compression bonding is gradually dropped from the vicinity
apart from a glass substrate end by 0.3 mm toward the glass
substrate end (see 86 of FIG. 1B), the whole TCP leads are
bent to have an “L” shape toward the inside in this portion.
In particular, the above-mentioned shape is more remarkable
in a closer portion to both ends of the terminal arrangement.
In the invention described in the Japanese Unexamined
Patent Publication No. 260421/1998, the electrodes are
formed like a rectilinear fan. However, the shape of the TCP
lead is different from that of the glass substrate electrode
after the compression bonding. Therefore, this invention is
insufficient for the countermeasure to be taken for the
terminal shiff.

It is an object of the present invention to provide liquid
crystal display and method of manufacturing the same in
which a positional shift of a glass substrate electrode and a
TCP lead can be prevented from being generated due to
deformation during compression bonding.

SUMMARY OF THE INVENTION

A first aspect of the present invention is directed to a
liquid crystal display having a plurality of electrode termi-
nals arranged on one of ends of a TFT glass substrate and
having a lead terminal of a tape carrier package aligned on
the electrode terminals and connected through an anisotropic
conductive film, wherein the electrode terminal of the glass
substrate is formed to be bent obliquely in at least one place
in the vicinity of an end face.

A second aspect of the present invention is directed to a
liquid crystal display having a plurality of electrode termi-
nals arranged on one of ends of a TFT glass substrate and
having a lead terminal of a tape carrier package aligned on
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the electrode terminals and connected through an anisotropic
conductive film, wherein the lead terminal of the tape carrier
package is formed to be bent obliquely in at least one place
in the vicinity of an end face of a glass substrate electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) and 1(b) are diagrams showing the structure of
a part in which a printed circuit board is to be connected
according to an embodiment of the present invention;,

FIGS. 2(a) and 2(b) are diagrams showing the structure of
a part in which an electrode terminal of a TFT is provided
straight and a part of a TCP lead is formed obliquely
according to another embodiment of the present invention;
and

FIG. 3 is a diagram showing the structure of a driving
circuit section of a conventional TFT liquid crystal module.

DETAILED DESCRIPTION

An embodiment of a method of connecting a printed
circuit board and a device formed thereby according to the
present invention will be described below with reference to
the accompanying drawings. FIGS. 1(a), 1(6), 2(a) and 2(b)
are plan views illustrating an example of a liquid crystal
module according to the embodiment of the present inven-
tion. As shown in FIG. 3, the liquid crystal module is
constituted by a TFT substrate 1 provided with a plurality of
source electrodes and gate electrodes, and a TCP 6 having a
driving LSI 5 mounted thereon. An electrode arranged on the
TFT substrate 1 and a lead of the TCP 6 are connected to
each other through an anisotropic conductive film 3. Thus,
conduction is obtained. FIGS. 1(a), 1(b), 2(a) and 2(5) show
two embodiments of the present invention. FIG. 1(e) and
FIG. 2(a) illustrate a TFT electrode terminals 8 which are
aligned in a comb teeth manner along an end face of the TFT
substrate 1 and TCP lead 9 which have not been connected,
and FIG. 1(4) and FIG. 2(b) illustrate the TFT electrode
terminal 8 and the TCP lead 9 which have been connected.
In an example of FIGS. 1(a) and 1(b), a part of the electrode
terminal 8 is obliquely formed on the TFT substrate 1 and
the TCP lead 9 is formed straight. As shown in FIG. 1(a), the
electrode terminal 8 formed on the TFT substrate 1 is
divided into a straight region 8« and an oblique region 8.
For example, if the TFT electrode terminal 8 has a length of
1.1 mm, the 8a portion is formed to have a length of
approximately 0.6 to 0.7 mm and the 85 portion is formed
to have a length of approximately 0.4 to 0.5 mm. The 8%
portion is appropriately inclined with respect to the 8a
portion at an angle of 1.1 to 1.4 degrees on both ends of the
TCP 6 having a width of 25 mm. A gradient of the 85 portion
is 0 degree in a central part of the TCP 6 and is set to be
increased in proportion to a distance from a center of the
TCP 6. When the electrode terminal 8 of the TFT substrate
and the TCP lead 9 which are formed with such a structure
are connected through the anisotropic conductive film 3 by
thermocompression bonding, the TCP lead 9 is bent in the
middle through thermal expansion in the same manner as the
electrode terminal 8 of the TFT substrate as shown in FIG.
1B and is superposed on the TFT substrate electrode 8 with
high precision. In an example of FIG. 2, a part of the TCP
lead 9 is formed obliquely and the electrode terminal 8 is
formed straight on the TFT substrate. The TCP lead 9 is
divided into a straight region 9« and an oblique region 95.
A ratio of lengths of the regions 9a and 95 and angles are the
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same as those in the example of FIGS. 1(a) and 1(5). When
the electrode terminal 8 of the TFT substrate and the TCP
lead 9 which are formed with such a structure are connected
through the thermocompression bonding through the aniso-
tropic conductive film 3, the TCP lead 9 is formed straight
through the thermal expansion in the same manner as the
electrode terminal 8 of the TFT substrate and is superposed
on the electrode terminal 8 with high precision as shown in
FIG. 2().

The present invention is effective for connecting an
electrode formed on a flexible film having a large coeflicient
of thermal expansion to another electrode through thermo-
compression bonding as in the connection of a printed
circuit board of a liquid crystal display, for example.

As described above, according to the present invention,
the oblique region is previously formed on the TFT substrate
electrode 8§ or a part of the TCP lead 9. Consequently, the
TFT substrate electrode 8 and the TCP lead 9 can have the
same shapes through the thermal expansion of the TCP 6
during the thermocompression bonding so that a mutual
positional shift can be almost eliminated. As a result, the
generation of a short-circuit can be prevented between
adjacent electrodes and a contact area of a terminal to be
connected can be maintained. Therefore, it is also possible
to prevent defective open of the connection so that the
quality of a module can be enhanced. These effects are more
remarkable in case with a smaller pitch of the electrode to be
connected.

What is claimed is:

1. A liquid crystal display comprising:

a thin film transistor (TFT) glass substrate having elec-

trode terminals with a first preformed shape; and

a tape carrier package (TCP) having lead terminals con-

figured to overlap with the electrode terminals and each
having a second preformed shape different than said
first preformed shape, wherein:

said first preformed shape or said second preformed shape

comprises a straight region and an oblique region, and
after electrically connecting the electrode terminals of
the TFT glass substrate with the lead terminals of the
TCP, the lead terminals of the TCP are bent to be
substantially aligned with the second preformed shape.

2. The liquid crystal display of claim 1, wherein the first
preformed shape of the electrode terminals comprises a
straight region and an oblique region.

3. The liquid crystal display of claim 2, wherein the
straight region is formed to have a length of approximately
0.6 to 0.7 mm and the oblique region is formed to have a
length of approximately 0.4 to 0.5 mm.

4. The liquid crystal display of claim 2, wherein the
oblique region is inclined with respect to the straight region
at an angle of approximately 1.1 to 1.4°.

5. The liquid crystal display of claim 1, wherein the
second preformed shape of the lead terminals comprises a
straight region and an oblique region.

6. The liquid crystal display of claim 5, wherein the
straight region is formed to have a length of approximately
0.6 to 0.7 mm and the oblique region is formed to have a
length of approximately 0.4 to 0.5 mm.

7. The liquid crystal display of claim 5, wherein the
oblique region is inclined with respect to the straight region
at an angle of approximately 1.1 to 1.4°.
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