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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese application serial No. 2009-1606, filed on Jan. 7, 2009,
the content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and more particularly to a liquid crystal display device which
can decrease a thickness thereof and can prevent chipping of
an edge portion of a substrate.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device includes a TET sub-
strate on which pixel electrodes, thin film transistors (TFT)
and the like are formed in a matrix array, a counter substrate
which faces the TFT substrate in an opposed manner and
mounts color filters or the like thereon at positions corre-
sponding to the pixel electrodes on the TFT substrate, and
liquid crystal which is sandwiched between the TFT substrate
and the counter substrate. In the liquid crystal display device,
an image is formed by controlling optical transmissivity of
liquid crystal molecules for every pixel.

[0006] The liquid crystal display device is flat and light-
weighted and hence, the use of the liquid crystal display
device has been spreading to various fields. A miniaturized
liquid crystal display device has been popularly used in a
mobile phone, a DSC (Digital Still Camera) or the like. In the
mobile phone, the DSC (Digital Still Camera) or the like,
there exists a strong demand for the decrease of thickness of
the liquid crystal display device in order to decrease a thick-
ness of a product per se.

[0007] In an attempt to satisfy such a demand, there has
been proposed a technique where an outer side of a TFT
substrate and an outer side of a counter substrate are polished
after combining the TFT substrate and the counter substrate
thus decreasing the thickness of the liquid crystal display
device. Further, efforts have been also made so as to decrease
as much as possible thicknesses of parts which constitute a
backlight.

[0008] With respect to the types of liquid crystal display
device, there have been known a transmissive liquid crystal
display device which arranges a backlight on a back surface
thereof, and a reflective liquid crystal display device which
forms an image by making use of the reflection of an ambient
light. JP-A-5-249423 (hereinafter referred to as patent docu-
ment 1) discloses a reflective liquid crystal display device
having the constitution which can decrease the influence of
reflection of an ambient light which is generated simulta-
neously when the ambient light passes glass.

[0009] Inpatent document 1, there is disclosed a technique
where a polarizer is adhered to a front-surface substrate and a
back-surface substrate respectively and, further, particularly
for decreasing a deviation of a path of the reflection light, a
thickness of a portion of the back-surface substrate to which
the polarizer is adhered is decreased by etching. Here, to
prevent the liquid crystal display panel from lowering
strength thereof as a whole, the back-surface glass substrate is

Jul. 8,2010

etched except for a peripheral portion thereof and a plate
thickness of the peripheral portion is not decreased.

SUMMARY OF THE INVENTION

[0010] In the constitution of the reflective liquid crystal
display device disclosed in patent document 1, for decreasing
the deviation of the reflection light of the ambient light, the
thickness of only the portion of the glass substrate to which
the polarizer is adhered is decreased except for the peripheral
portion of the glass substrate. In such a constitution of the
display device disclosed in patent document 1, a recessed
portion is formed in the portion of the glass substrate to which
the polarizer is adhered. Accordingly, when a foreign material
is present in the recessed portion, it is difficult to remove the
foreign material. When the polarizer is adhered to the glass
substrate in a state where the foreign material is present in the
recessed portion, portions where the foreign material is
present bring about screen defects thus lowering a yield rate
of'the reflective liquid crystal display device. The probability
that the foreign material is present in the recessed portion is
large on a counter substrate side of the liquid crystal display
device which constitutes an upper side of the liquid crystal
display device.

[0011] Further, in the technique disclosed in patent docu-
ment 1, at the time of dividing a mother substrate into indi-
vidual liquid crystal display panels, a plate thickness of
divided portions of the liquid crystal display panels is not
decreased. In dividing the mother substrate into individual
liquid crystal display panels, a scribe is formed on division
lines using a diamond cutter or the like and, thereafter, a stress
is applied to the glass substrate thus breaking the glass sub-
strate. In such a dividing method, there may be a possibility
that minute cracks occur in a portion of the mother substrate
on the division line (scribe region), and, minute cracks
progress in the inside of the glass substrate thus breaking the
glass substrate. Particularly, in the constitution of the glass
substrate where a plate thickness of the inner side of the glass
substrate is set smaller than a plate thickness of the periphery
of the glass substrate, there exists a large possibility that
cracks caused by minute cracks occur in the glass substrate.
[0012] It is an object of the present invention to provide a
technique which can prevent breaking of a glass substrate
caused by minute cracks in a scribe region of a liquid crystal
display panel while decreasing a plate thickness of the whole
liquid crystal display panel after adhesion of the polarizer to
the liquid crystal display panel.

[0013] The present invention has been made to overcome
the above-mentioned drawbacks. To explain the specific con-
stitution of the present invention, they are as follows.

[0014] (1) According to one aspect of the present invention,
there is provided a display device which includes: a TFT
substrate on which pixels each of which includes a pixel
electrode and a thin film transistor are formed in a matrix
array; a counter substrate which is arranged to face the TFT
substrate in an opposed manner with a predetermined dis-
tance defined therebetween; and liquid crystal which is sand-
wiched between the TFT substrate and the counter substrate,
the TFT substrate being formed larger than counter substrate
in size, and a terminal portion being formed on a portion of the
TFT substrate where the TFT substrate is formed larger than
the counter substrate, wherein a periphery of the counter
substrate is formed of three sides having a large thickness and
one side having a thickness smaller than the thickness of said
three sides, said one side corresponding to the terminal por-
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tion formed on the TFT substrate, a periphery of the TFT
substrate is formed of four sides having a large thickness and
one of said four sides corresponds to the terminal portion, and
edge portions of the TFT substrate and edge portions of the
counter substrate are polished by chemical polishing.

[0015] (2) According to another aspect of the present inven-
tion, there is provided a method of manufacturing a liquid
crystal display device in which a liquid crystal display device
are manufactured by dividing a mother substrate which is
constituted of a mother TFT substrate on which a plurality of
TFT substrates are formed and a mother counter substrate on
which a plurality of counter substrates are formed into indi-
vidual liquid crystal cells, wherein a TFT substrate mask
having a window is adhered to the mother TFT substrate for
every TFT substrate, and a space is defined between the TFT
substrate mask and the TFT substrate mask, a counter sub-
strate mask having a window is adhered to the mother counter
substrate for every counter substrate, and a space is defined
between the counter substrate mask and the counter substrate
mask, the TFT substrate masks are adhered to the mother TFT
substrate, and the counter substrate masks are adhered to the
mother counter substrate, and portions of the mother TFT
substrate and portions of the mother counter substrate which
are not covered with the TFT substrate mask and the counter
substrate mask are polished by chemical polishing.

[0016] (3) According to still another aspect of the present
invention, there is provided a method of manufacturing a
liquid crystal display device in which a liquid crystal display
device are manufactured by dividing a mother substrate
which is constituted of a mother TFT substrate on which a
plurality of TFT substrates are formed and a mother counter
substrate on which a plurality of counter substrates are
formed into individual liquid crystal cells, wherein a mother
TFT substrate mask on which a first region and a second
region are formed is adhered to the mother TF'T substrate for
every said TFT substrate in a state where the first region
includes a center portion having a plurality of holes in a
predetermined area and a peripheral portion having no holes,
and a plurality of holes are formed in the second region
between the first region corresponding to the TFT substrate
and the first region corresponding to the TFT substrate, a
mother counter substrate mask on which a third region and a
fourth region are formed is adhered to the mother counter
substrate for every counter substrate in a state where the third
region includes a center portion having a plurality of holes in
a predetermined area and a peripheral portion having no
holes, and a plurality of holes are formed in the fourth region
between the third region corresponding to the counter sub-
strate and the third region corresponding to the counter sub-
strate, and the portions of the mother TFT substrate corre-
sponding to the portions of the mother TFT substrate mask
where the plurality of holes are formed and the portions of the
mother counter substrate corresponding to the portions of the
mother counter substrate mask where the plurality of holes
are formed are polished by chemical polishing of the mother
substrate.

[0017] (4) According to a further object of the present
invention, there is provided a method of manufacturing a
liquid crystal display device in which a liquid crystal display
device are manufactured by dividing a mother substrate
which is constituted of a mother TFT substrate on which a
plurality of TFT substrates are formed and a mother counter
substrate on which a plurality of counter substrates are
formed into individual liquid crystal cells, wherein a mother
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TFT substrate mask on which a first region and a second
region are formed is adhered to the mother TFT substrate for
every TFT substrate in a state where the first region includes
a window portion having a predetermined area and a periph-
eral portion around the window portion, and a plurality of
holes are formed in the second region between the first region
corresponding to the TFT substrate and the first region cor-
responding to the TFT substrate, a mother counter substrate
mask on which a third region and a fourth region are formed
is adhered to the mother counter substrate for every counter
substrate in a state where the third region includes a window
portion having a predetermined area and a peripheral portion
around the window portion, and a plurality of holes are
formed in the fourth region between the third region corre-
sponding to the counter substrate and the third region corre-
sponding to the counter substrate, and the portions of the
mother TFT substrate corresponding to the portions of the
mother TFT substrate mask where the window portions and
the plurality of holes are formed and the portions of the
mother counter substrate corresponding to the portions of the
mother counter substrate mask where the window portions
and the plurality of holes are formed are polished by chemical
polishing of the mother substrate.

[0018] According to the present invention, in the TFT sub-
strate, the portions of the TFT substrate to which the lower
polarizer is adhered are made thin by chemical polishing
while allowing the peripheral portions of the TFT substrate to
maintain the large thickness. Further, three peripheral sides of
the counter substrate are formed into the U-shaped thick
portion and one peripheral portion of the counter substrate
which corresponds to the terminal portion and the portion of
the counter substrate to which the upper polarizer is adhered
are made thin by chemical polishing. Accordingly, it is pos-
sible to decrease the thickness of the liquid crystal display
device after the polarizers are adhered to the TFT substrate
and the counter substrate. Further, one side of the counter
substrate is made thin and hence, the probability that a foreign
material is present at the time of adhering the upper polarizer
to the counter substrate can be decreased.

[0019] Further, according to the present invention, the edge
portions of the liquid crystal cell which is separated from the
mother substrate forms the chemically etched surfaces and
are rounded and hence, it is possible to prevent the occurrence
of cracks or the like caused by an impact in the edge portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1A to FIG. 1C are views showing an example
of'a liquid crystal display device to which the present inven-
tion is applied;

[0021] FIG.2A and FIG. 2B are views showing an example
of a mother substrate to which the present invention is
applied;

[0022] FIG. 3 is a view showing an example of a mask in a
chemical polishing step of a mother TFT substrate in an
embodiment 1;

[0023] FIG. 4isa view showing an example of the mask in
the chemical polishing step of a mother counter substrate in
the embodiment 1;

[0024] FIG. 5A and FIG. 5B are planar schematic views of
aTFT substrate and a counter substrate of a liquid crystal cell
of the present invention;

[0025] FIG. 6A to FIG. 6C are views showing an example
of the liquid crystal cell according to the present invention;
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[0026] FIG. 7 is a view showing an example of a mask for
the mother counter substrate of the other liquid crystal cell of
the embodiment 1;

[0027] FIG. 8 isaview showing an example of the mask for
a mother TFT substrate of an embodiment 2; and

[0028] FIG.9isaview showing an example of the mask for
a mother TFT substrate of an embodiment 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] The present invention is explained in detail in con-
junction with embodiments hereinafter.

Embodiment 1

[0030] FIG. 1A to FIG. 10 show an example of a liquid
crystal display device to which the present invention is
applied. FIG. 1A to FIG. 1C shows a case where the liquid
crystal display device is used in a mobile phone or the like.
FIG. 1A is a plan view of the liquid crystal display device,
FIG. 1B is a cross-sectional view of the liquid crystal display
device taken along a line B-B in FIG. 1A, and FIG. 10 is a
cross-sectional view of the liquid crystal display device taken
along a line A-A in FIG. 1A.

[0031] InFIG. 1A, a counter substrate 20 is arranged on a
TFT substrate 10. The TFT substrate 10 and the counter
substrate 20 are adhered to each other by a sealing material 30
shown in FIG. 1B which is formed on peripheries of respec-
tive substrates. A liquid crystal layer 150 shown in FIG. 1B is
sandwiched between the TFT substrate 10 and the counter
substrate 20, and the liquid crystal layer 150 is sealed with the
sealing material 30.

[0032] In FIG. 1A, a counter-substrate thick portion 21
having a U shape is formed on a periphery of the counter
substrate 20. The counter-substrate thick portion is not
formed on a terminal-portion-40 side. In FIG. 1A, a counter-
substrate thin portion 22 is formed on a most portion of the
counter substrate 20 except for a periphery of the counter
substrate 20. An upper polarizer 25 is adhered to a portion of
the counter substrate 20 which constitutes the thin portion. A
display region 90 has an area slightly smaller than an area of
the upper polarizer 25.

[0033] InFIG. 1A, the TFT substrate 10 is arranged below
the counter substrate 20. The TFT substrate 10 is formed
larger than the counter substrate 20, and a terminal portion 40
is formed on a portion of the TFT substrate 10 where the TFT
substrate 10 is formed larger than the counter substrate 20. On
the terminal portion 40, an IC driver not shown in the drawing
which includes a scanning signal drive circuit, a video signal
drive circuit and the like for driving the liquid crystal display
device is arranged. Further, on the terminal portion 40, ter-
minals for supplying a scanning signal, a video signal, elec-
tricity and the like to the liquid crystal display device are
formed.

[0034] The TFT substrate 10 is not described in FIG. 1A
except for the terminal portion 40. However, on a back side of
the TFT substrate 10, a TFT-substrate thick portion 11 is
formed on a periphery of the TFT substrate 10 corresponding
to a peripheral portion of the counter substrate 20. Further,
with respect to the TFT substrate 10 made of glass, a back-
side portion of the TFT substrate 10 corresponding to the
terminal portion 40 has a large thickness in the same manner
as the TFT-substrate thick portion 11.
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[0035] FIG. 1B is a cross-sectional view of the liquid crys-
tal display device taken along a line B-B in FIG. 1A. In FIG.
1B, the TFT substrate 10 and the counter substrate 20 face
each other in an opposed manner by way of the sealing mate-
rial 30, and the liquid crystal layer 150 is sandwiched between
the TFT substrate 10 and the counter substrate 20. In FIG. 1B,
although a counter-substrate thick portion 21 is formed on the
periphery of the counter substrate 20, a thick portion is not
formed on a terminal portion-40-side peripheral portion of
the counter substrate 20. In FIG. 1B, a thickness of the
counter-substrate thick portion 21 is set to 0.22 mm, for
example, and a thickness of the counter-substrate thin portion
22 is set to 0.1 mm.

[0036] InFIG. 1B, the upper polarizer 25 is adhered to the
counter-substrate thin portion 22. A thickness of the upper
polarizer 25 is set to 0.12 mm, for example. Accordingly, an
upper surface of the counter-substrate thick potion 21 and an
upper surface of the upper polarizer 25 have the same height.
[0037] In FIG. 1B, on the peripheral portion of the TFT
substrate 10, the TFT-substrate thick portion 11 is formed
corresponding to the peripheral portion of the counter sub-
strate 20. A width of the TFT-substrate thick portion 11 is set
to wl. To a TFT-substrate thin portion 12 surrounded by the
TFT-substrate thick portion 11, a lower polarizer 15 is
adhered. A thickness of the lower polarizer 15 is set to 0.12
mm, for example. In FIG. 1B, a thickness of the TF T-substrate
thick portion 11 is set to 0.22 mm, for example, and a thick-
ness of the TFT-substrate thin portion 12 is set to 0.1 mm.
Accordingly, a lower surface of the TFT-substrate thick por-
tion 11 and a lower surface of the lower polarizer 15 have the
same height.

[0038] In FIG. 1B, although the lower polarizer 15 is
adhered to arecessed portion ofthe TFT substrate 10, a profile
of the lower polarizer 15 is smaller than an inner size of the
recessed portion which constitutes a thin portion of the TFT
substrate 10. The thick portion and the thin portion ofthe TFT
substrate 10 are connected with each other by a gentle curve,
and an edge portion of the lower polarizer 15 corresponds to
a portion of the TFT substrate 10 which is positioned more
inwardly than a portion of the TFT substrate 10 by a distance
“d” where a curved portion of the TFT substrate 10 terminates
and a flat portion of the TFT substrate 10 starts. A value of “d”
is set to 0.1 mm, for example.

[0039] By setting the profile ofthe polarizer 15 smaller than
the inner size of the recessed portion of the TFT substrate 10
by a predetermined value in this manner, it is possible to
surely allow the surface of the TFT-substrate thick portion 11
and the surface of the lower polarizer 15 to have the same
height. Although only the constitution of the TFT-substrate-
10 side has been explained in conjunction with FIG. 1B, the
relationship between the profile of the upper polarizer 25 and
the inner size of the recessed portion of the counter substrate
20 is substantially equal to the relationship explained with
respect to the TFT substrate 10.

[0040] InFIG. 1B, on a portion of the TFT substrate 10 on
a side opposite to the terminal portion 40, a thick portion is
formed. The counter substrate 20 is not adhered to the termi-
nal portion 40 of the TFT substrate 10. Accordingly, to allow
the terminal portion 40 to ensure strength, the thick portion is
formed on the TFT substrate 10 on the side opposite to the
terminal portion 40. A width of the thick portion of the ter-
minal portion 40 is set to w2.

[0041] InFIG. 1B, edge portions 13 which correspond to a
scribe portion for separating this liquid crystal cell 1 from the
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other liquid crystal cell 1 are not formed into a sharp edge but
are rounded. Further, distal edge portions of the thick portions
in FIG. 1B are not scribed and hence, minute cracks caused by
scribing do not occur. The edge portions 13 do not form a
sharp edge but form a round edge and hence, the minute
cracks caused by an impact or the like from the outside
scarcely occur. When the minute cracks scarcely occur, the
breaking of the TF'T substrate 10 or the counter substrate 20
caused by the minute cracks scarcely occurs. The edge por-
tion 13 which is rounded as described above is formed by
decreasing a thickness of the edge portion 13 at a scribing
region 50 by chemical polishing as explained later.

[0042] FIG. 1C is a cross-sectional view of the liquid crys-
tal display device taken along a line A-A in FIG. 1A. In FIG.
1C, in the same manner as the constitution shown in FIG. 1B,
the recessed portion is formed on the TFT substrate 10 and the
counter substrate 20 respectively, and the lower polarizer 15
and the upper polarizer 25 are adhered to the recessed por-
tions respectively. A thickness of the thick portion of the
counter substrate 20 is set to t1, and a thickness of a thin
portion of the counter substrate 20 is set to t3. Further, a
thickness of the upper polarizer 25 is set to (t1-t3) which is a
value obtained by subtracting the thickness t3 from the thick-
ness t1. With respect to the TFT substrate 10 shown in FIG.
1C, a thickness of the thick portion is set to t2, and a thickness
of the thin portion is set to t4. Here, a thickness of the lower
polarizer 15 is set to (t2-t4) which is a value obtained by
subtracting the thickness t4 from the thickness t2.

[0043] In the above-mentioned example, the plate thick-
ness t2 of the thick portion of the TFT substrate 10 and the
plate thickness t1 of the thick portion of the counter substrate
20 are set equal, and the plate thickness t4 of the thin portion
of'the TFT substrate 10 and the plate thickness t3 of the thin
portion of the counter substrate 20 are set equal. However, it
is not always necessary to set the thickness t1 and the thick-
ness t2 equal and to set the thickness t3 and the thickness t4
equal. That is, the plate thickness of the TFT substrate 10 and
the plate thickness of the counter substrate 20 may differ from
each other. The gist of the present invention lies in that both
the peripheral portion of the TFT substrate 10 and the periph-
eral portion of the counter substrate 20 have the large thick-
ness, and the thick portion is not formed on the terminal-
portion-40 side of the counter substrate 20.

[0044] FIG. 2A and FIG. 2B are views showing a state of a
mother substrate before the mother substrate is divided into
the liquid crystal cells 1 shown in FIG. 1. In FIG. 2, sixteen
(4x4=16) liquid crystal cells 1 are formed on the mother
substrate. In FIG. 2A, portions along which individual liquid
crystal cells 1 are separated from the mother substrate are
indicated by a dotted line. Here, in the individual liquid crys-
tal cell 1, a portion of the mother substrate for forming the
counter substrate 20 is also indicated by the dotted line.
[0045] Both a mother TFT substrate 100 and a mother
counter substrate 200 which constitute the mother substrate
have a thickness of 0.4 mm before polishing is applied to the
respective substrates 100 and 200. The thicknesses of the
respective substrates 100, 200 are decreased to approximately
0.22 mm by mechanical polishing or chemical polishing.
Although both mechanical polishing and chemical polishing
use a polishing liquid, for preventing the intrusion of the
polishing liquid into the inside of the mother substrate, the
inside of the mother substrate is sealed with a mother sub-
strate sealing material 300 which is formed on a periphery of
the mother substrate.
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[0046] Further, the sealing material 30 is also provided to
the individual liquid crystal cell 1 so that liquid crystal is filled
in the individual liquid crystal cell 1 and is sealed with the
sealing material 30. In FIG. 2A, liquid crystal is filled in the
liquid crystal cell 1 inside the sealing material 30 by a drop-
ping method and hence, the individual liquid crystal cell 1 is
not provided with a liquid crystal filling port for filling liquid
crystal. As explained later, the present invention is also appli-
cable to a liquid crystal display device of a type which is
manufactured by filling liquid crystal in the individual liquid
crystal cell 1 through a filling port.

[0047] In FIG. 2, initial thicknesses of the mother TFT
substrate 100 and the mother counter substrate 200 of the
mother substrate are set to 0.4 mm. From such a state, the
thicknesses of the mother TFT substrate 100 and the mother
counter substrate 200 are decreased to 0.22 mm respectively
by mechanical polishing or chemical polishing.

[0048] Thereafter, chemical polishing is applied to the
mother substrate in a state that a mask 60 covers only portions
ofthe mother substrate which will become the thick portion of
the counter substrates 20 and the thick portion of the TFT
substrate 10 shown in FIG. 1. As a result, only the portions
which are covered with the mask 60 are not polished by the
chemical polishing and hence, these portions maintain the
thickness of 0.22 mm, and thicknesses of other portions
which are not covered with the mask 60 are decreased to
approximately 0.1 mm by chemical polishing.

[0049] InFIG. 2A, the scribing regions 50 each of which is
defined between the individual liquid crystal cells 1 are also
not covered with the mask 60 and hence, the thickness of the
scribing regions 50 is also decreased by chemical polishing.
The scribing regions 50 are polished by chemical polishing
and hence, the scribing regions 50 do not form a sharp edge
but are rounded. Accordingly, in scribing the mother substrate
for dividing the mother substrate into the individual liquid
crystal cells 1 after chemical polishing, the minute cracks
scarcely occur in the edge portions 13 which constitute the
peripheral thick portions and are rounded by chemical pol-
ishing. Further, the edge portions 13 are rounded and hence,
it is possible to prevent the occurrence of cracks caused by an
impact from the outside.

[0050] FIG. 2B is a cross-sectional view of the mother
substrate taken along a line D-D in FIG. 2A. In FIG. 2B, the
plate thickness of the mother TFT substrate 100 and the plate
thickness of the mother counter substrate 200 are decreased to
0.22 mm by mechanical polishing or chemical polishing. The
mother sealing material 300 is formed on the periphery of the
mother TFT substrate 100 and the periphery of the mother
counter substrate 200 thus sealing the inside of the mother
substrate. Further, with respect to the individual liquid crystal
cells 1, the inside of each liquid crystal cell 1 is sealed with the
sealing material 30, and is filled with liquid crystal.

[0051] FIG. 3 is view showing a shape of the mask 60 used
for forming the portion having a large plate thickness and the
portion having a small plate thickness on the TF'T substrate 10
of each individual liquid crystal cell 1 by applying chemical
polishing to the mother TFT substrate 100 shown in FIG. 2.
The mask 60 shown in FIG. 3 is adhered to portions of the
mother substrate corresponding to a back side of the respec-
tive TFT substrates 10 shown in FIG. 1. In FIG. 3, window
portions 65 to which the mask 60 is not adhered corresponds
to portions of the TFT substrates 10 to which the lower
polarizer 15 is adhered.
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[0052] The mask 60 is adhered to the mother TFT substrate
100 corresponding to the individual liquid crystal cells 1. In
FIG. 3, portions to which hatching is applied correspond to
the portions to which the mask 60 is adhered. Further, the
mask 60 is adhered also to the periphery of the mother TFT
substrate 100 thus maintaining the large plate thickness of the
periphery of the mother TFT substrate 100 even after the
chemical polishing is applied to the mother TFT substrate
100. This structure is adopted for ensuring strength of the
mother TFT substrate 100 as a whole.

[0053] In FIG. 3, the mask 60 is not adhered to the bound-
aries between the individual liquid crystal cells 1, that is, to
the scribing regions 50. Accordingly, the plate thickness of
the scribing regions 50 is decreased by chemical polishing
and, at the same time, due to the chemical polishing, the
formation of the sharp edge is eliminated so that the scribing
regions 50 are rounded as shown in FIG. 1 thus increasing the
mechanical stability of the mother TFT substrate 100.
[0054] FIG. 4 is a view showing a shape of a mask 60 used
for forming the portion having a large plate thickness and the
portion having a small plate thickness on the counter substrate
20 of each liquid crystal cell 1 by applying chemical polishing
to the mother counter substrate 200 shown in FIG. 2. The
mask 60 shown in FIG. 4 is adhered to portions of the mother
counter substrate 200 corresponding to a front side of the
respective counter substrates 20 shown in FIG. 1.

[0055] In FIG. 4, the mask 60 for forming individual
counter substrate 20 has a U shape. With respect to the mask
60 corresponding to the individual counter substrate 20, an
opening-portion side ofthe U shape corresponds to a terminal
side of the TFT substrate 10. A portion of the counter sub-
strate 20 to which the mask 60 is adhered corresponds to the
portion of the counter substrate 20 having a large plate thick-
ness in FIG. 1. Further, the window portion 65 which is
surrounded by the U-shaped mask 60 corresponds to the
portion of the counter substrate 20 to which the upper polar-
izer 25 is adhered. In the same manner as the mother TFT
substrate 100, the mask 60 is also adhered to the periphery of
the mother counter substrate 200. Accordingly, the periphery
of the mother counter substrate 200 can maintain a large
thickness thus allowing the mother counter substrate 200 to
ensure strength thereof as a whole.

[0056] InFIG. 4, the mask is not adhered to the boundaries
between the individual liquid crystal cells 1, that is, to the
scribing regions 50. Accordingly, the plate thickness of the
scribing regions 50 is decreased by chemical polishing and, at
the same time, due to the chemical polishing, the formation of
the sharp edge is eliminated so that the scribing regions 50 are
rounded as shown in FIG. 1 thus increasing the mechanical
stability of the mother counter substrate 200 in the same
manner as the mother TFT substrate 100.

[0057] When the whole mother substrate is polished by
chemical polishing using the mask 60 shown in FIG. 3 and
FIG. 4, only portions shown in FIG. 3 and FIG. 4 which are
covered with the mask 60 remain with a large thickness, and
other portions which are not covered with the mask 60 are
polished by chemical polishing so that the thicknesses of
other portions of both the mother counter substrate 200 and
the mother TFT substrate 100 are decreased to approximately
0.1 mm. Here, the scribing regions 50 for dividing the mother
substrate into the individual liquid crystal cells 1 are polished
by chemical polishing so that the thickness of the scribe
portions 50 is decreased. Accordingly, the scribing can be
easily performed.
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[0058] FIG. 5A and FIG. 5B are plan views of the TFT
substrate 10 and the counter substrate 20 of the individual
liquid crystal cell 1 after the mother substrate is polished by
chemical polishing in the above-mentioned manner respec-
tively. FIG. 5A is a plan view of the TFT substrate 10 as
viewed from a back side of the TFT substrate 10. In FIG. 5A,
a hatched portion corresponds to the portion of the TFT
substrate 10 having a large thickness, and an inner region
surrounded by the hatched portion corresponds to the portion
of'the TFT substrate 10 whose plate thickness is decreased by
chemical polishing.

[0059] FIG. 5B is a plan view of the counter substrate 20 as
viewed from a front side of the counter substrate 20. In FIG.
5B, a hatched portion corresponds to the portion of the
counter substrate 20 having a large plate thickness, and an
inner region surrounded by the hatched portion corresponds
to the portion of the counter substrate 20 whose plate thick-
ness is decreased by chemical polishing. In FIG. 5B, the
portion having a large plate thickness has a U shape. A portion
of the counter substrate 20 on a side where the counter sub-
strate 20 does not have a large plate thickness constitutes a
terminal side.

[0060] FIG. 6A to FIG. 6C are views showing a state where
the counter substrate 20 and the TFT substrate 10 shown in
FIG. 5 overlap each other, and the mother substrate is divided
into the individual liquid crystal cells 1 by scribing. FIG. 6A
is a plan view showing a state where the counter substrate 20
and the TFT substrate 10 overlap each other. In this state, the
upper polarizer 25 is not yet adhered to the counter substrate
20. The constitution shown in FIG. 6A is substantially equal
to the constitution shown in FIG. 1A except for that the
polarizer is not adhered to the counter substrate 20 and the
TFT substrate 10 respectively.

[0061] FIG. 6B is a cross-sectional view taken along a line
B-B in FIG. 6A. In FIG. 6B, the liquid crystal layer 150 is
sandwiched between the counter substrate 20 and the TFT
substrate 10. Further, in FIG. 6B, the scribing regions 50 are
rounded and have a shape which imparts a strong resistance to
the counter substrate 20 and the TFT substrate 10 against an
impact from the outside. The constitution shown in FIG. 6B is
substantially equal to the constitution shown in FIG. 1B
except that the polarizer is adhered neither to the counter
substrate 20 nor the TFT substrate 10.

[0062] FIG. 6C is a cross-sectional view taken along a line
A-A in FIG. 6A. In FIG. 6C, the liquid crystal layer 150 is
sandwiched between the counter substrate 20 and the TFT
substrate 10. In FIG. 6C, the scribing regions 50 are rounded
and have a shape which imparts a strong resistance to the
counter substrate 20 and the TFT substrate 10 against an
impact from the outside. The constitution shown in FIG. 6C is
substantially equal to the constitution shown in FIG. 1C
except that the polarizer is adhered neither to the counter
substrate 20 nor the TFT substrate 10.

[0063] By adhering the upper polarizer 25 to the recessed
portion of the counter substrate 20 and by adhering the lower
polarizer 15 to the recessed portion of the TFT substrate 10 in
the liquid crystal cell 1 assembled as shown in FIG. 6, it is
possible to manufacture a liquid crystal display device sub-
stantially equal to the liquid crystal display device shown in
FIG. 1.

[0064] The explanation has been made heretofore with
respect to the example where the liquid crystal cell 1 formed
on the mother substrate is, as shown in FIG. 2, filled with
liquid crystal by a dropping method. The present invention is
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applicable not only to the liquid crystal display device of a
type in which liquid crystal is filled into the liquid crystal cell
by a dropping method but also to a liquid crystal display
device of a type in which liquid crystal is filled into a liquid
crystal cell through a filling port.

[0065] FIG. 7 shows anexample in which the present inven-
tion is applied to a liquid crystal cell 1 of a type into which
liquid crystal is filled in the liquid crystal cell 1 by a sealing
method. FIG. 7 is a plan view showing a state in which a mask
60 is adhered to a back side of a mother TFT substrate 100 of
a mother substrate corresponding to individual liquid crystal
cells 1.

[0066] In FIG. 7, not only portions of the mother TFT
substrate 100 corresponding to peripheries and terminal por-
tions 40 of the individual liquid crystal cells 1 but also por-
tions of the mother TFT substrate 100 corresponding to fill-
ing-port forming portions 80 of the individual liquid crystal
cells 1 through which liquid crystal is filled in the liquid
crystal cells 1 are covered with a mask 60 for avoiding chemi-
cal polishing thus allowing these portions to maintain a large
plate thickness. Further, by covering a periphery of the
mother substrate with the mask 60, the mother substrate can
maintain a large plate thickness and hence, the mother sub-
strate can ensure a sufficient strength as a whole.

[0067] In FIG. 7, liquid crystal is not yet filled into the
individual liquid crystal cells 1. This is because that, when the
sealing method is adopted, it is difficult to fill liquid crystal
into the liquid crystal cell 1 through the filling port unless the
mother substrate is divided into the respective liquid crystal
cells 1. In the constitution shown in FIG. 7, the intrusion of a
polishing liquid into the inside of the individual liquid crystal
cells 1 is prevented by sealing the periphery of the mother
substrate using a mother substrate sealing material 300.

[0068] Although the mother counter substrate 200 of this
embodiment is not shown in the drawing, in the same manner
as the mother TFT substrate 100, a mask 60 is formed portions
of the mother counter substrate 200 corresponding to liquid-
crystal suction portions of the individual crystal cells 1 thus
allowing these portions to maintain a large plate thickness.
Thereafter, the mother substrate is chemically polished thus
forming the portion where the large thickness remains and the
thin portion in the TFT substrate 10 and the counter substrate
20. Then, the mother substrate is divided into the individual
liquid crystal cells 1 along the scribing regions 50. Liquid
crystal is filled in the liquid crystal cell 1 for every divided
individual liquid crystal cell 1 through the liquid crystal fill-
ing port.

Embodiment 2

[0069] In the explanation of the embodiment 1, the expla-
nation has been made with respect to the method in which the
thick portion and the thin portion are formed on the TFT
substrate 10 and the counter substrate 20 of the individual
liquid crystal cell 1 respectively in the step of polishing the
mother substrate. In the embodiment 1, the adhesion of the
mask 60 becomes necessary for every individual liquid crys-
tal cell 1. That is, for example, as shown in FIG. 3, when 16
pieces of TFT substrates 10 are formed on the mother TFT
substrate 100, 16 pieces of masks 60 become necessary.
Accordingly, 16 pieces of masks 60 are adhered for every one
mother TFT substrate 100. Further, 16 pieces of masks 60 are
adhered for every one mother counter substrate 200. As
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described above, there exists a possibility that the adhesion of
a large number of masks 60 to the mother substrate lowers a
throughput.

[0070] This embodiment provides a method in which a
portion having a large thickness and a portion having a small
thickness are formed for every individual liquid crystal cell 1
in the same manner as the embodiment 1 using a meshed
mask. By using the meshed mask, masks which correspond to
the individual liquid crystal cells 1 respectively can be formed
ona single sheet of mask. That is, it is sufficient to provide one
sheet of mask 60 to the mother TFT substrate 100 and the
mother counter substrate 200 respectively.

[0071] FIG. 8 shows an example of the mask 60 which
corresponds to the mother TFT substrate 100 used in this
embodiment. In FIG. 8, portions of the mask 60 where a large
number of small holes 71 are formed correspond to portions
of'the mother TFT substrate 100 whose plate thickness is to be
decreased, and portions of the mask 60 where the holes 71 are
not formed correspond to portions of the mother TFT sub-
strate 100 whose large plate thickness is to be maintained.
[0072] That is, at the portions of the mask 60 where a large
number of small holes 71 are formed, a chemical polishing
liquid passes through the holes 71 and etches a glass sub-
strate. The polishing liquid performs etching of the glass
substrate not only in the thickness direction of the glass sub-
strate but also in the sideward direction of the glass substrate.
Due to such etching, portions of the glass substrate corre-
sponding to the portions of the mask 60 where the holes 71 are
not formed are also etched by the polishing liquid coupled
with the side etching from the holes 71 arranged in the periph-
ery of the portions. Accordingly, by suitably setting a size and
arrangement pitches of the holes 71, the portions of the glass
substrate corresponding to the portions of the mask 60 where
the holes 71 are formed in a meshed shape are chemically
polished substantially uniformly in the thickness direction.
[0073] In FIG. 8, the portions of the mask 60 where the
holes 71 are formed in a meshed shape are portions each of
which corresponds to a portion of each TFT substrate 10 to
which the lower polarizer is adhered and the scribing regions
50. On the other hand, the holes 71 in a meshed shape are not
formed in the portions of the mask 60 corresponding to a thick
portion and a terminal portion 40 of each TFT substrate 10
and hence, the portions are not polished by chemical polish-
ing.

[0074] Although the chemical polishing of the mother TFT
substrate 100 has been explained heretofore, the chemical
polishing of the mother counter substrate 200 is performed in
the substantially same manner as the mother TFT substrate
100. In this manner, according to this embodiment, with the
use of the mask 60 in a meshed shape which forms the holes
71 having a predetermined size therein at predetermined
pitches in the portions thereof which require chemical pol-
ishing, the required chemical polishing can be performed
using one sheet of mask 60 per one mother TFT substrate 100
or per one mother counter substrate 200. Accordingly, the
throughput of the chemical polishing per one mother sub-
strate can be increased.

Embodiment 3

[0075] FIG. 9 shows an example of a mask 60 for applying
chemical polishing to a mother TFT substrate 100 in the
embodiment 3 of the present invention. In FIG. 9, different
from the embodiment 2, on portions of the mask 60 corre-
sponding to portions of TFT substrates 10 to which an upper
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polarizer 25 is adhered, a window portion 65 is formed. On
the other hand, in the same manner as the scribing regions 50
in the second embodiment, a large number of holes 71 are
formed in portions of the mask 60 corresponding to the scrib-
ing regions 50.

[0076] In the embodiment 2, with respect to the TFT sub-
strate 10, the portion of the TFT substrate 10 to which the
upper polarizer 25 is adhered is also polished by chemical
polishing using the mask 60 in a meshed shape where a large
number of holes 71 are formed. When the chemical polishing
is performed through the small holes 71, there may be a case
where the portion of the TFT substrate 10 corresponding to
the hole 71 is deeply etched, and the portion of the TFT
substrate 10 corresponding to the portion of the mask 60
between the holes 71 is shallowly etched. In such a case,
surface irregularities corresponding to the arrangement
pitches of the holes 71 formed in the mask 60 are generated on
the portion of the TFT substrate 10 which corresponds to a
display region 90 thus giving rise to a possibility that quality
of an image is deteriorated.

[0077] According to the embodiment shown in FIG. 9, a
complete window portion 65 is formed on the portions of the
mask each of which corresponds to the display region 90 to
which the upper polarizer 25 is adhered. Due to such a con-
stitution, the surface irregularities which may be generated in
the above-mentioned embodiment 2 are not generated.
Accordingly, the display region 90 can always have a flat
surface and hence, there is no possibility that quality an image
is deteriorated.

[0078] InFIG.9, a large number of holes 71 are formed in
the portions of the mask corresponding to the scribing regions
50, and the scribing regions 50 are polished through the holes
71. The scribing regions 50 are polished through the holes 71
and hence, there exists a possibility that surface irregularities
remain on the scribing region 50. However, the scribing
regions 50 are irrelevant to quality of an image and hence,
there arises no significant problem.

[0079] On the other hand, although a large number of holes
71 are formed in portions of the mask 60 corresponding to the
scribing regions 50, these holes 71 are continuously and inte-
grally formed in the mask 60 and hence, it is sufficient to
provide one sheet of mask as the mask 60 to be adhered to the
mother TFT substrate 100. In this manner, it is sufficient to
provide one sheet of mask as the mask 60 to be adhered to the
mother TFT substrate 100 and hence, the throughput of the
adhesion of the mask 60 can be enhanced.

[0080] In the explanation made heretofore, although the
relationship between the mother TFT substrate 100 and the
mask 60 is explained, the relationship between the mother
counter substrate 200 and a mask 60 is substantially equal to
the relationship between the mother TFT substrate 100 and
the mask 60. That is, according to this embodiment, both
mother TFT substrate 100 and mother counter substrate 200
can be etched respectively by chemical etching using one
sheet of mask 60.

What is claimed is:

1. A display device comprising:

a TFT substrate on which pixels each of which includes a
pixel electrode and a thin film transistor are formed in a
matrix array;

a counter substrate which is arranged to face the TFT
substrate in an opposed manner with a predetermined
distance defined therebetween; and
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liquid crystal which is sandwiched between the TFT sub-
strate and the counter substrate,

the TFT substrate being formed larger than counter sub-
strate in size, and a terminal portion being formed on a
portion of the TFT substrate where the TFT substrate is
formed larger than the counter substrate, wherein

a periphery of the counter substrate is formed of three sides
having a large thickness and one side having a thickness
smaller than the thickness of said three sides, said one
side corresponding to the terminal portion formed on the
TFT substrate,

a periphery of the TFT substrate is formed of four sides
having a large thickness and one of said four sides cor-
responds to the terminal portion, and

edge portions of the TFT substrate and edge portions of the
counter substrate are polished by chemical polishing.

2. A method of manufacturing a liquid crystal display
device in which a liquid crystal display device are manufac-
tured by dividing a mother substrate which is constituted of a
mother TFT substrate on which a plurality of TFT substrates
are formed and a mother counter substrate on which a plural-
ity of counter substrates are formed into individual liquid
crystal cells, wherein

a TFT substrate mask having a window is adhered to the
mother TFT substrate for every TFT substrate, and a
space is defined between the TFT substrate mask and the
TFT substrate mask,

a counter substrate mask having a window is adhered to the
mother counter substrate for every counter substrate,
and a space is defined between the counter substrate
mask and the counter substrate mask,

the TFT substrate masks are adhered to the mother TFT
substrate, and the counter substrate masks are adhered to
the mother counter substrate, and

portions of the mother TFT substrate and portions of the
mother counter substrate which are not covered with the
TFT substrate mask and the counter substrate mask are
polished by chemical polishing.

3. A method of manufacturing a liquid crystal display
device in which a liquid crystal display device are manufac-
tured by dividing a mother substrate which is constituted of a
mother TFT substrate on which a plurality of TFT substrates
are formed and a mother counter substrate on which a plural-
ity of counter substrates are formed into individual liquid
crystal cells, wherein

a mother TFT substrate mask on which a first region and a
second region are formed is adhered to the mother TFT
substrate for every said TFT substrate in a state where
the first region includes a center portion having a plural-
ity of holes in a predetermined area and a peripheral
portion having no holes, and a plurality of holes are
formed in the second region between the first region
corresponding to the TFT substrate and the first region
corresponding to the TFT substrate,

a mother counter substrate mask on which a third region
and a fourth region are formed is adhered to the mother
counter substrate for every counter substrate in a state
where the third region includes a center portion having a
plurality of holes in a predetermined area and a periph-
eral portion having no holes, and a plurality of holes are
formed in the fourth region between the third region
corresponding to the counter substrate and the third
region corresponding to the counter substrate, and
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the portions of the mother TFT substrate corresponding to
the portions of the mother TFT substrate mask where the
plurality of holes are formed and the portions of the
mother counter substrate corresponding to the portions
of the mother counter substrate mask, where the plural-
ity of holes are formed are polished by chemical polish-
ing of the mother substrate.

4. A method of manufacturing a liquid crystal display
device in which a liquid crystal display device are manufac-
tured by dividing a mother substrate which is constituted of a
mother TFT substrate on which a plurality of TFT substrates
are formed and a mother counter substrate on which a plural-
ity of counter substrates are formed into individual liquid
crystal cells, wherein

a mother TFT substrate mask on which a first region and a
second region are formed is adhered to the mother TFT
substrate for every TFT substrate in a state where the first
region includes a window portion having a predeter-
mined area and a peripheral portion around the window
portion, and a plurality of holes are formed in the second
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region between the first region corresponding to the TFT
substrate and the first region corresponding to the TFT
substrate,

a mother counter substrate mask on which a third region
and a fourth region are formed is adhered to the mother
counter substrate for every counter substrate in a state
where the third region includes a window portion having
apredetermined area and a peripheral portion around the
window portion, and a plurality of holes are formed in
the fourth region between the third region corresponding
to the counter substrate and the third region correspond-
ing to the counter substrate, and

the portions of the mother TFT substrate corresponding to
the portions of the mother TFT substrate mask where the
window portions and the plurality of holes are formed
and the portions of the mother counter substrate corre-
sponding to the portions of the mother counter substrate
mask where the window portions and the plurality of
holes are formed are polished by chemical polishing of
the mother substrate.

s * * #* ok
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