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FLAT PANEL DISPLAY DEVICE AND 
MANUFACTURING METHOD THEREOF 

This is a Divisional of National Application Ser. No. 
09/195,539 filed Nov. 19, 1998 now U.S. Pat. No. 6,331, 
883. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a flat panel display device Such 
as a liquid crystal display device and a manufacturing 
method thereof. 

2. Description of the Prior Art 
A conventional liquid crystal display module production 

method will be described with reference to drawings of 
production process shown in FIG. 10. 

After a liquid crystal cell 102 is produced, anisotropic 
conductive film (hereinafter referred to as ACF) is bonded 
along an edge portion of the liquid crystal cell 102. 

This bonded ACF is heated by a heating means 103 and 
a tape carrier package (hereinafter referred to as TCP) is 
temporarily press-fit. 

After that, this TCP 104 is heated again from up so as to 
press-fit the TCP 104 to the liquid crystal cell 102. 

Next, the ACF 112 is bonded to a printed circuit board 
(hereinafter referred to as PCB) 106. 

Finally, the positions of the plurality of the TCPs 104 
attached to the liquid crystal cell 102 are matched with that 
of the PCB 106 to be mounted thereon and then the PCB 106 
and the TCPs 104 are bonded together with the ACF 112 and 
fixed. 

The above mentioned bonding proceSS for bonding the 
ACF 112 to the PCB 106 has a following first problem. 
On a back side of the PCB 106 is already formed a wiring 

structure 115 such as a copper (Cu) wiring pattern and IVH 
(interstitial via hole) or a printed pattern by Silk Screen for 
indicating PCB serial number. Therefore, a quite number of 
unevenness are formed on the back side of the PCB 106. 

However, the bonding of the ACF 112 is carried out by 
hands of a worker by Visually checking a position of the land 
group so that the ACF 112 covers a region confirmed by him. 

Therefore, the conventional art has the following prob 
lems. 

(1) First, it is very difficult to Secure a bonding position 
accuracy for the ACF 112, and if it is intended to 
improve the position accuracy, even a skilled worker 
needs a Sufficient working time. To reduce a working 
load, it can be considered to ensure a large dimensional 
margin. However, this does not only lead to increase of 
production cost, but also conflicts with a demand for 
narrowing of the frame edge. 

(2) AS shown in FIG. 12, upon thermo compression 
bonding, a back Side of a terminal connecting portion 
to which a heat tool 120 is to be applied is covered 
partly with a printed pattern having a quite thickness 
Such as a wiring pattern 115. Thus, Sometimes, a 
pressing force by the heat tool 120 is not applied 
equally or Sometimes heating is not carried out equally, 
So that there is a fear that a connection failure may 
occur in part of the terminals. If the connecting reli 
ability is intended to be Secured Sufficiently, a time and 
preSSure for thermo compression bonding need to be set 
to be larger than values originally necessary. Thus, a 
necessary process load will be increased. 
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In the process for matching the positions of the TCP 104 

and PCB 106, the following second problem exists. 
FIG. 13 is a further detailed explanatory view as viewing 

a case in which the position matching between the TCP 104 
and PCB 106 is carried out, through a plan. That is, this 
figure shows a condition that the position of the TCP 104 
fixed to the edge of the liquid crystal 102 is matched with 
that of the lands 110 of the PCB 106. 

If the position of the TCP 104 is matched with that of the 
PCB 106 in the above production process, as shown in FIG. 
13, the liquid crystal cell 102 is fixed to a first jig 114 and 
on the other hand, the PCB 106 is installed on a second jig 
116, and the positions of the jigs 114,116 are matched. Then, 
the positions of the TCP 104 and PCB 106 are matched with 
each other. 

However, if the above described method for matching the 
positions of the TCP 104 and PCB 106 is applied, the limit 
of the gape between leads 108 of the TCP 104 is 0.5 mm and 
the position matching with a finer pitch cannot be carried 
Out. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been achieved in 
views of the above problems and therefore, a first object of 
the invention is to provide a flat panel display device capable 
of improving a position accuracy when an ACF is provided 
So as to obtain electrical and mechanical connections. 
Further, a Second object of the invention is to provide a 
manufacturing method of a flat panel display device 
enabling to match the position of a flexible wiring board 
having leads having a finer pitch with that of a land of a 
printed circuit board. 
To achieve the above object, according to a first aspect of 

the present invention, there is provided a flat panel display 
device comprising: a display panel in which a plurality of 
display picture elements are disposed; a first wiring board 
one end of which is connected electrically to the display 
panel and provided with a first terminal group at the other 
end thereof, and a Second wiring board provided with a 
Second terminal group corresponding to the first terminal 
group at a main Surface thereof, electrically connected to the 
first terminal group through an anisotropic conductive film, 
for outputting a control Signal to the display panel, the 
Second wiring board having position indicating marks for 
indicating a disposition position of the anisotropic conduc 
tive film. 

According to a Second aspect of the present invention, 
there is provided a manufacturing method of a flat panel 
display device comprising: a display panel in which a 
plurality of display picture elements are disposed; a flexible 
electrode Substrate having a plurality of leads to be con 
nected electrically to the display panel; and a wiring board 
having a plurality of lands corresponding to the leads of the 
flexible electrode Substrates and for Supplying a control 
Signal to the display panel, the manufacturing method com 
prising the Steps of disposing the leads of the flexible 
electrode Substrate and the lands of the wiring board Such 
that they oppose; irradiating with light having a light axis 
inclined at an angle Smaller than 90 relative to an axis line 
of the lead; and detecting relative positions of the leads and 
the lands irradiated by the light and matching positions 
thereof by a picture detecting portion disposed above the 
leads. 

According to a third aspect of the present invention, there 
is provided a flat panel display device wherein a connecting 
region at an end of a lead of a flexible Substrate mounted on 
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a display panel is connected to lands on a top Surface of a 
wiring board via an anisotropic conductive film, the lands of 
the wiring board being longer than the connecting region of 
the lead of the flexible Substrate. 

According to a fourth aspect of the present invention, 
there is provided a flat panel display device wherein a 
connecting region at an end of a lead of a flexible Substrate 
mounted on a display panel is connected to lands on a top 
Surface of a wiring board via an anisotropic conductive film, 
the lands of the wiring board being longer than a width of the 
anisotropic conductive film. 

According to a fifth aspect of the present invention, there 
is provided a manufacturing method of a flat panel display 
device comprising: a display panel; a flexible electrode 
Substrate having a plurality of leads to be electrically con 
nected to the display panel; and a wiring board having a 
plurality of lands corresponding to the lead of the flexible 
Substrate and for Supplying a control Signal to the display 
panel, the manufacturing method comprising the Steps of: 
disposing the anisotropic conductive film on the wiring 
board following position indicating marks provided on the 
wiring board to indicate a wiring position of the anisotropic 
conductive film; 

disposing the leads of the flexible substrate and the lands 
of the wiring board Such that they oppose, irradiating 
with light having a light axis inclined at an angle 
Smaller than 90 relative to an axis line of the lead; 
detecting relative positions of the leads and the lands 
irradiated by the light and matching positions thereof 
by a picture detecting portion disposed above the leads, 
and fixing the flexible substrate and the wiring board 
with the anisotropic conductive film. 

In the flat panel display device according to the first aspect 
of the invention, the position accuracy for providing the 
anisotropic conductive film can be improved and the work 
ing load can be reduced. 

According to the manufacturing method of the flat panel 
display device of the Second aspect of the invention, by 
irradiating light from a light Source located Substantially 
above an axis line of the lead of a flexible Substrate, the 
shadow of the lead located below a thin film member 
appears on a top Surface So that the position of the lead 
becomes clear. Then, the position of the lead whose position 
is made clear is matched with that of the land of the PCB and 
both the members are fixed with the anisotropic conductive 
film. In this case, because the light Source is located Sub 
Stantially just above the axis of the lead, even if any shadow 
is generated by light from the light Source, the Size of the 
shadow is substantially the same as the width of the lead, 
therefore, an accurate positioning can be achieved. 

In the flat panel display device according to the third 
aspect of the invention, if the flexible substrate has light 
transmitting characteristic, the Shadow of the lead appears 
more clearly So that the positioning thereof is facilitated. 

In the flat panel display device of the fourth aspect of the 
invention, by extending the lands of the PCB relative to the 
connecting region of the lead of the flexible Substrate, the 
lands protrude from the lead portion when the position 
matching is carried out, So that the position of the land is 
made clear thereby facilitating the position matching 
thereof. 

In the flat panel display device of the fifth aspect, because 
the lands of the PCB protrudes long from the ACF, even if 
the flexible substrate is superimposed on the ACF, the 
position matching thereof can be carried out easily because 
the lands protrudes further. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic perspective view showing a condi 
tion in which the ACF is bonded to a top surface of a PCB 
in the first process, 
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FIG. 2 is a Schematic perspective view showing a back 

side of the PCB; 
FIG. 3 is a schematic longitudinal sectional view of a 

thermo compression bonding process for the PCB; 
FIG. 4 is a Schematic perspective view showing the 

bonding of the ACF to the top surface of the PCB according 
to a modification of the first manufacturing process, 

FIG. 5 is an explanatory view of a manufacturing process 
showing a Second manufacturing process, 

FIG. 6 is a plan view of a condition prior to attaching of 
the TCP to the PCB; 

FIG. 7 is a plan view showing a condition in which the 
TCP is put on the PCB so as to match the positions of the 
TCP and PCB; 

FIG. 8 is a plan view showing a condition that the 
positions of the TCP and PCB are matched with each other; 

FIG. 9 is a plan view showing a modification of the lands 
in the Second manufacturing process, 

FIG. 10 is an explanatory view of a manufacturing 
process of liquid crystal display module, 

FIG. 11 is a schematic perspective view showing the 
bonding of the ACF to the top of a conventional PCB; 

FIG. 12 is a Schematic longitudinal Sectional perspective 
View for explaining thermo compression bonding proceSS 
for the conventional PCB, and 

FIG. 13 is a plan view showing a conventional connection 
method for connecting the TCP and PCB. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, a manufacturing method of a liquid crystal 
display module in a liquid crystal display device according 
to the present invention will be described. 

In this liquid crystal display module, a Side of each of a 
plurality of TCPS 12 is fixed to an edge portion of a liquid 
crystal cell 10 by ACF and the other side of each of the 
plurality of the TCPS 12 is connected to the PCB 14. As a 
first production process, a proceSS for bonding the ACF 34 
to a top of the PCB 14 will be described and as a second 
production process, a process for bonding the TCP 12 to the 
PCB 14 on which the ACF34 is bonded will be described. 
First Production Process 
The first production process will be described with ref 

erence to FIGS. 1-3. FIG. 1 is a schematic perspective view 
for explaining a procedure for bonding an ACF34 to a top 
surface of a PCB 14 for driving in a liquid crystal display. 
On a top Surface of a Substantially narrow rectangle 

shaped PCB 14 are formed a plurality (for example, 3-8) of 
land groups 33 to be connected to a plurality of leads 30 of 
the TCP 12. The land group 33 is formed by arranging 15-30 
narrow rectangles at a predetermined interval in line and 
produced with a copper pattern. Position indicating marks 
36 for bonding the ACF 34 are formed at positions Sur 
rounding each land group 33. The position indicating mark 
36 is a copper thin film produced by a process for accumu 
lating the Same material as the land group 33 or patterning 
thereof. Thus, a Sufficiently high position accuracy is assured 
for the position indicating mark 36 and land group 33. 

In FIG. 1, the position indicating marks 36 are provided 
So as to Surround a specified position 40 on which a single 
long tape like ACF 34 is to be bonded. Three position 
indicating markS 36 are provided corresponding to three 
sides of an end portion of the ACF 34 in the vicinity of an 
end 38a of row 38 of plural land groups 33, that is, the 
vicinity of a land 32 located at an extreme end of a row 38. 
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Further, two position indicating markS 36 are provided in a 
region Surrounded by two land groupS 33 corresponding to 
both sides of the ACF 34. 

The position indicating markS 36 are provided Symmetri 
cally relative to a center line C-C connecting middle points 
of respective lands 32 and formed all of a circular pattern of 
the same dimension. Here, if an example of dimensional 
configuration is taken up, assuming that the length of each 
land (that is, width of the land group 33) is about 3.0 mm, 
the pitch of the land 32 (distance between corresponding two 
points of adjacent lands 32 in the land group 33) is about 0.3 
mm and the length of each land 33 (dimension thereof in a 
terminal arrangement direction) is about 40 mm, the diam 
eter of the position indicating mark 36 is 1.0 mm. 
AS described above, the position indicating markS 36 are 

disposed So as to Surround an expected bonding place, 
restricting a up/down, right/left position. Therefore, it is 
possible to achieve improvement of the position accuracy 
and reduction of working time upon bonding the ACF 34. 

FIG. 2 shows a bottom Surface of the PCB 14. 
On a rear Side of a region in which the land groupS 33 are 

formed, only Solid patterns 42, Substantially rectangular, 
having an equal thickneSS are formed corresponding to this 
region. This Solid pattern 42 is a thin copper film patterned 
in the same proceSS as wiring in the neighborhood, however, 
this is an island pattern not connected to the wiring in the 
neighborhood. 

FIG. 3 schematically shows a condition for thermo com 
pression bonding of the PCB 14 having a bottom pattern 
shown in FIG. 2. 

Because the Solid patterns 42 having an equal thickneSS 
are formed on a bottom surface of the land groups 33 of the 
PCB 14, pressure unevenness in a terminal connecting 
region is prevented upon thermo compression bonding using 
a heat tool 44. Further, because the solid pattern 42 is made 
of metal, temperature unevenneSS is prevented. Therefore, 
reliability of thermo compression bonding can be improved 
largely. As a result, margins of pressure and heating time for 
Securing the reliability Sufficiently can be reduced largely, 
and therefore, a load of a proceSS for thermo compression 
bonding and process time can be reduced. 

Because the solid pattern 42 is provided independently of 
the adjacent metallic pattern, heat from the heat tool 44 is 
hardly dissipated to the Surrounding through the metallic 
pattern. Therefore, provision of the metallic solid pattern 42 
never reduce heating efficiency in thermo compression 
bonding. 

FIG. 4 is a Schematic perspective View of a modification 
of bonding the ACF34 to a top of the PCB 14. 

The position indicating markS 36 are formed for each land 
group 33 on this PCB 14 So as to be suitable for bonding of 
the ACF 34. 
On both ends of each land group 33, three position 

indicating markS 36 are provided corresponding to a speci 
fied position 40 for bonding the ACF34. These three marks 
are completely the same as the three position indicating 
marks 36 in the aforementioned embodiment (FIG. 1). 

Although, according to the above embodiment, the Solid 
pattern 42 is provided on the back because the PCB 14 is of 
a single layer, if the PCB 14 has a plurality of layers, it is 
permissible to form one layer of the inside layers as the Solid 
pattern 42. 
Second Production Process 
A Second production process will be described with 

reference to FIGS. 5-8. 
First of all, a positioning apparatus 1 for use in this 

process will be described with reference to FIG. 5. 
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A liquid crystal cell 10 is fixed to a fixing jig 16 in a 

condition that the TCP12 is mounted. On the other hand, the 
PCB 14 is mounted on a traveling stage 18 provided along 
the fixing jig 16. This traveling stage 18 is movable relative 
to the fixing jig 16 so as to enable the positioning of the PCB 
14 and TCP 12. To make the directions of the positioning 
apparatus 1 clear, it is assumed that the horizontal direction 
from the traveling Stage 18 to the fixing jig 16 as shown in 
FIG. 5 is x-axis direction, a horizontally traveling direction 
of the traveling Stage 18 (direction perpendicular to paper 
surface of FIG. 5) is y-axis direction and the height direction 
of the positioning apparatuS 1 is Z-axis direction. 
A camera 20 having CCD is provided just above the PCB 

14. On the other hand, a lighting device 22 for irradiating 
Visible light is provided above the fixing jig 16, namely, 
above the liquid crystal cell 10. This lighting device 22 is 
mounted at a position for irradiating the PCB 14 and such 
that an angle formed between the X-axis direction and Z-axis 
direction is p as shown in FIG. 5. 
A picture taken by the camera 20 is enlarged and dis 

played on a monitor 24. An operator operates a control unit 
25 while watching this monitor 24 so as to move the 
traveling Stage 18 in the direction of the y-axis, thereby the 
positions of the TCP 12 and PCB 14 being matched with 
each other. Reference numeral 21 designates a control 
Section for controlling the traveling Stage 18, camera 20, 
lighting device 22, monitor 24 and control unit 25. 

Next, structures of the TCP 12 and PCB 14 will be 
described with reference to FIG. 6. 
The TCP12 is fixed to an edge portion of the liquid crystal 

cell 10 via the ACF as described before. On the TCP 12, an 
IC 28 is disposed in the center of a film 26 which is a 
rectangular, light transmission type polyimide film and leads 
30 are provided on a back side of the film 26 from this IC 
28 toward the other side thereof. An interval b of these leads 
30 is 0.3 mm-0.4 mm. 
On the other hand, the PCB 14 contains a circuit for 

driving the liquid crystal display unit and at a portion to be 
connected to the TCP 12 are provided the lands 32 at the 
same interval as the interval b of the leads 30. 

Then, the ACF34 is bonded on a top surface of the plural 
lands 32. The width c of this ACF 34 is shorter than the 
length d of the land 32 such that the land 32 is protruded by 
a length a. This protruding length a is 1 mm. 

Next, the position of the leads 30 along its axis, of the TCP 
12 and the light irradiation direction of the lighting device 22 
will be described. 
As shown in FIG. 6, the irradiation direction of light is 

inclined at an angle 0 relative to the axis line of the lead 30. 
The range of this angle 0 is from 0 to 40 and specifically, 
0 to 30 is preferable. This angle 0 is different from the 
angle (p formed between the x-axis and Z-axis of FIG. 5, but 
an angle formed between the X-axis and y-axis. 

Connecting of the TCP 12 and PCB 14 having the above 
described structure will be described. 
1. First Process 
As shown in FIG. 6, the ACF34 is bonded to the PCB 14. 

In this case, the land 32 protrudes from the ACF 34 by a 
distance a. 
2. Second Process 
As shown in FIG. 7, the traveling stage 18 is carried near 

the fixing jig 16 so that the TCP 12 covers the ACF34 of the 
PCB 14. 
3. Third Process 
As shown in FIG. 8, the traveling stage 18 is moved along 

the y-axis so as to match the positions of the leads 30 with 
those of the lands 32. How to match the positions thereof in 
this case will be described in detail. 
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3-1 Process 
First of all, the lead 30 located at the leftmost of the TCP 

12 is matched with the land 32. In this case, because light is 
irradiated by the lighting device 22, the leads 30 on the back 
of the film 26 become Seen as a shadow as a figure shown 
in the monitor 24 of FIG. 7. Thus, an operator matches the 
lead 30 with the land 32 by watching this monitor 24. 
Further, because the land 32 protrudes from the ACF 34, the 
position can be distinguished clearly. In this manner, the lead 
30 on the left side is matched with the land 32. 
3-2 Process 

Next, the lead 30 located at the rightmost is matched with 
the land 32, so that finally the lead 30 is matched with the 
land 32 in the center line of the TCP 12. 
4. Fourth Process 

The TCP 12 and PCB 14 are bonded together by applying 
a pressure from the top face of the film 26. 
By the above described process, the position matching 

between the lead 30 and land 32 having a finer pitch of 
0.4–0.3 mm than the conventional art can be achieved. 

Further, because the lighting device 22 is located within 
the angle 0 relative to the axial direction of the lead 30, even 
if a Shadow is generated as a result of irradiation, the width 
of that shadow is Smaller than that of the lead 30 is Small. 
Thus, the position matching is facilitated. 

Further, because the land 32 protrudes from the ACF 34, 
even if the ACF34 is covered with the TCP 12, the position 
of the land 32 can be distinguished clearly. 

Further, if the connecting region of the lead 30 is made 
Shorter than the land 32, the position matching can be carried 
out more easily. 

Although according to the above described embodiment, 
the lighting device 22 is provided above a liquid crystal cell 
102, it is permissible to provide it below the TCP 12 so that 
light is irradiated from below the TCP 12 so as to pick up the 
shadow of the leads 30. 

Further, the light irradiated by the lighting device 22 is not 
restricted to visible light if it can be distinguished by the 
CCD, but may be other light such as ultraviolet ray, infrared 
ray and the like. 

FIG. 9 shows a modification of a structure of the land 32 
of the PCB. A point thereof different from the above 
described embodiment is that, according to this 
modification, when the land 32 is protruded from the ACF 
34, the land 32 is not protruded continuously, but a land 232 
and a land positioning portion 132 are formed by in con 
tinuous patterning. In this case also, because the land 32 
protrudes from the ACF 34, even if the ACF 34 is covered 
with the TCP 12, the position of the land 32 can be 
distinguished clearly. 
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Although in the above embodiment, connecting of the 

PCB and TCP is exemplified for description, it is permissible 
to use a flexible wiring board or the like as a flat panel 
display device instead of the TCP. As the flat panel display 
device, it can be applied to plasma display, EL and the like 
as well as a liquid crystal display. 
Industrial Availability 

According to the present invention, for the PCB in a flat 
panel display device provided with terminal groups con 
nected to other wiring board through an anisotropic conduc 
tive film, the accuracy of positioning for provision of the 
anisotropic conductive film can be improved and a load of 
work can be reduced. Further, in thermo compression bond 
ing for bonding the anisotropic conductive film by preSSure 
by heat, a pressure unevenneSS and a temperature uneven 
neSS can be reduced, So that the reliability of the connection 
can be improved remarkably. 

Further, according to the present invention, the position 
matching between the lead as a connection part and the land 
of the PCB can be carried out easily and the position 
matching of the lead having a finer pitch than the conven 
tional art can be carried out. 
What is claimed is: 
1. A flat panel display device comprising; 
a display panel, 
a flexible Substrate having leads and a connecting region 

at an end of each leads, and connected to Said display 
panel, 

a wiring board having lands corresponding to Said leads, 
Said lands disposed on a top Surface thereof, and 

an anisotropic conductive film disposed between said 
leads and lands So as to electrically connect them; 

wherein Said lands are longer than the connecting region 
of the leads. 

2. A flat panel display device comprising; 
a display panel, 
a flexible Substrate having leads and a connecting region 

at an end of each leads, and connected to Said display 
panel, 

a wiring board having lands corresponding to Said leads, 
Said lands disposed on a top Surface thereof, and 

an anisotropic conductive film disposed between Said 
leads and lands So as to electrically connect them; 

wherein Said lands are longer than a width of Said aniso 
tropic conductive film. 
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