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FIG. 4
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LIQUID CRYSTAL DISPLAY APPARATUS AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a division of pixels
of color filters used in a color liquid crystal display panel or
the like. Particularly, the invention relates to the correlation
between a high-definition liquid crystal panel and a low-
price AV (audio-visual) liquid crystal television panel as
well as to a method of manufacturing these two modules
correlated to each other.

[0003] 2. Description of the Related Art

[0004] Conventionally, in manufacturing both a high-defi-
nition liquid crystal display panel and a low-price AV liquid
crystal television panel, TFT (thin film transistor) substrates,
which have different design specifications in resolution or a
number of pixels, are formed on respective glass substrates
from the beginning, and then a color filter substrate, driving
circuit and driving ICs are formed to match respective TFT
substrates and then they are assembled together.

[0005] When a high-definition liquid crystal panel and a
low-price AV liquid crystal television panel are manufac-
tured, even if they have the same display sizes and different
numbers of pixels, the conventional art does not have an idea
of using a common TFT substrate by changing the color
filters, driving ICs and driving circuits.

[0006] Japanese Unexamined Patent Publication JP-A
6-82617 (1994) (Applicant: FUIITSU CO. LTD.) is directed
to a method of dividing pixels in pixel groups each of which
is composed of a plurality of color pixels and discloses that
color filters are provided which are capable of accommo-
dating to graphics, characters and drawings, respectively.
Though the Gazette discloses that a single pixel group
consists of three pixels for R, G and B having different
shapes respectively, it does not disclose that the scale of each
pixel group is changed, namely the resolution is varied by
forming one pixel group consisted of plural pixels of dif-
ferent colors such as R, G, B and like colors wherein the
number of pixels is the product by a factor of an integer.

[0007] Alternatively, Japanese Unexamined Patent Publi-
cation JP-A 11-7269 (1999) (Applicant: SONY CO., LTD.)
discloses a driving method in which pixels arranged in a
matrix form over substantially the entire screen of a panel
are laid out, namely a plurality of pixels are allocated to a
single pixel group irrespective of the resolution of an
inputted video signal in order to provide a display apparatus
having ability to accommodate to a plurality of video signals
having different standards by devising signal processing for
a panel having fixed pixels and a fixed total number of pixels
such as a liquid crystal display panel or a plasma display
panel.

[0008] This Gazette, however, does not disclose that the
arrangement of color filters is changed with varying respec-
tive resolution.

[0009] In the conventional process for manufacturing both
a high-definition liquid crystal display panel and a low-price
AV liquid crystal television panel, it is necessary to initially
form TFT substrates having different design specifications in
resolution or number of pixel groups, and then form color
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filter substrates, driving circuits and driving ICs such as to
match TFT substrates respectively. Thus, member sharing of
TFT substrate or the like is not performed. Neither JP-A
6-82617 nor JP-A 11-7269 discloses any art of using a TFT
substrate adapted for display of high resolution video signals
and a color filter substrate adapted for display of low
resolution video signals which is different from a color filter
substrate adapted for high resolution thereby providing a
panel for display of low resolution video signals.

SUMMARY OF THE INVENTION

[0010] An object of the invention is to provide a liquid
crystal display apparatus capable of being used for both
high-definition liquid crystal panels and low-price liquid
crystal television panels, thereby enhancing the production
efficiency and yield of such panels, and a method of manu-
facturing the same.

[0011] The invention provides a liquid crystal display
apparatus comprising a pair of substrates, a plurality of pixel
electrodes which are arranged in a matrix form, formed on
one substrate of the pair of substrate, and a plurality of color
filters of n (n is an integer of two or more) number of colors
corresponding to the plurality of pixel electrodes, the plu-
rality of color filters being arranged so that color filters of a
same color sequentially form m (m is an integer of two or
more) number of columns, wherein nxmx1 (1 is a natural
number) pixels form one pixel group.

[0012] According to the invention, since one pixel group
consists of nxmx1 pixels, when both a high-definition liquid
crystal panel and a low-price liquid crystal television panel
are manufactured, if they have the same display size but
different numbers of pixels, by using a TFT substrate as a
common part and using different color filter substrate, driv-
ing ICs and driving circuit, it is possible to manufacture both
the high-definition liquid crystal panel and the low-price
liquid crystal television panel by changing only the latter
half of a production line, whereby the delivery time can be
shortened. Further, since commonality of components can
be achieved, the production efficiency is improved.

[0013] In the low-price liquid crystal panel, since each
pixel group consists of a plurality of pixels and has an wide
area, even if one of pixels is defective, such a defective pixel
is difficult to be recognized visually and hence does not
render the one pixel group defective. This leads to an
improved production yield of liquid crystal panels, hence, to
an improved efficiency in volume production.

[0014] In the case where such a defective pixel forms a
black spot, such a black spot is difficult to be recognized as
a defect when the size of such a pixel is approximately the
same as that of a pixel for use in a high-definition panel.
Even where such a defective pixel forms a bright spot, if a
bright spot is modified into a black spot, it will be more
hardly recognized as a defect, thus leading to a further
improved production yield.

[0015] In the invention it is preferable that each of the
plurality of pixel electrodes is provided with a TFT.

[0016] According to the invention, a TFT substrate can be
used.
[0017] In the invention it is preferable that the n number

of colors are three primary colors consisting of red (R),
green (G) and blue (B).
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[0018] According to the invention, it is possible to display
a color image composed of the three primary colors, namely,
R, G and B.

[0019] In the invention it is preferable that the color filters
are formed on the other substrate of the pair of substrates.

[0020] According to the invention, the color filters can be
formed on the TFT substrate or the counter substrate.

[0021] In the invention it is preferable that the liquid
crystal display apparatus comprises a driver the same as that
used in a liquid crystal display apparatus having color filters
of n number of colors arranged sequentially, and different
color filters and controller from those used in the latter liquid
crystal display apparatus.

[0022] According to the invention, in a high-definition
liquid crystal panel and a low-price liquid crystal panel, a
common part can be used.

[0023] In the invention it is preferable that the liquid
crystal display apparatus in which the nxmx1 pixels form
one pixel group is constructed by short-circuiting a bus line
extending in the direction of column at every m pixels or a
bus line extending in the direction of row at every one pixel.

[0024] According to the invention, the number of internal
circuits in the horizontal and vertical drivers can be signifi-
cantly reduced by short-circuiting the bus lines.

[0025] The invention provides a method of manufacturing
a liquid crystal display apparatus comprising a step of
laminating a TFT substrate on which a plurality of pixel
electrodes are arranged in a matrix form, and a color filter
substrate on which a plurality of color filters of n (n is an
integer of two or more) number of colors corresponding to
the plurality of pixel electrodes, the plurality of color filters
being arranged so that color filters of a same color sequen-
tially form m (m is an integer of two or more) number of
columns, to form one pixel group consisting of nxmx1 (1 is
a natural number) pixels.

[0026] According to the invention, since one pixel group
consists of nxmx1 pixels, when both a high-definition liquid
crystal panel and a low-price liquid crystal television panel
are manufactured, if they have the same display size but
different numbers of pixels, by using a TFT substrate as a
common part and using different color filter substrate, driv-
ing ICs and driving circuit, it is possible to manufacture both
the high-definition liquid crystal panel and the low-price
liquid crystal television panel by changing only the latter
half of a production line, whereby the delivery time can be
shortened. Further, since commonality of components can
be achieved, the production efficiency is improved. In the
low-price liquid crystal panel, since each pixel group con-
sists of a plurality of pixels, even if one of pixels is defective,
such a defective pixel does not render the one pixel group
defective. This leads to an improved production yield of
liquid crystal panels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Other and further objects, features, and advantages
of the invention will be more explicit from the following
detailed description taken with reference to the drawings
wherein:

[0028] FIG. 1 is a comparative view for comparing
mutual manufacturing components of a high-definition lig-
uid crystal module with those of a liquid crystal AV module;
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[0029] FIG. 2 is a block diagram showing the overall
configuration of a high-definition liquid crystal module;

[0030] FIG. 3 is a view showing the arrangement of color
filters on a counter substrate in a high-definition liquid
crystal display apparatus, in which the diagonally shaded
portion is equivalent to one pixel group;

[0031] FIG. 4 is a block diagram showing the overall
configuration of an AV display module according to a first
embodiment of the invention;

[0032] FIG. 5 is a view showing an example of the
arrangement of new color filters on a counter substrate of the
AV display module used in the manufacture of the AV
display module according to the first embodiment, in which
the diagonally shaded portion is equivalent to one pixel

group,

[0033] FIG. 6 is a block diagram showing the overall
configuration of an AV display module according to a second
embodiment of the invention;

[0034] FIG. 7 is a view showing the arrangement of new
color filters on a counter substrate of the AV display module
according to the second embodiment, in which the diago-
nally shaded portion is equivalent to one pixel group; and

[0035] FIG. 8 is a diagram distinctly explaining a TFT
substrate step, a color filter step, and a latter-half of steps
(after the laminating step).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0036] Now referring to the drawings, preferred embodi-
ments of the invention are described below.

[0037] FIG. 1 is a comparative view for comparing a
method of manufacturing a low-definition liquid crystal
module of the invention with that of manufacturing a
conventional high-definition liquid crystal module, in which
method of the invention a TFT substrate identical with that
for a high-definition liquid crystal module is used and a latter
half of manufacturing steps are slightly different from those
of the high-definition liquid crystal module.

[0038] The relation between the number of pixel groups in
the high-definition liquid crystal panel and the number of
pixel groups in the liquid crystal AV panel is ideally such
that the number of pixel groups in the high-definition liquid
crystal panel can be divided by a factor of the number of
source bus lines or gate bus lines in the liquid crystal AV
panel. Even if there is a remainder, the remainder may be
appropriately allocated.

[0039]

[0040] First, a high-definition TFT substrate (A) is
formed. When the high-definition liquid crystal module is to
be manufactured, as shown in FIG. 3, the high-definition
TFT substrate (A) is laminated as a counter substrate with
color filters wherein one pixel group is formed by colors R,
G and B. For convenience of illustration of the arrangement
of color filters, FIG. 3 shows gate bus lines 1, source bus
lines 2, pixels 3 and TFT devices §, which are all absent on
the counter substrate. Each of the pixels 3 is what is called
a pixel electrode.

The manufacturing steps are described as follows.
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[0041] In turn, as shown in FIG, 2, drivers and controller
adapted for a high-definition substrate are connected to the
high-definition TFT substrate (A) to complete the high-
definition TFT liquid crystal module.

[0042] In FIG. 1, components of the high-definition TFT
substrate module thus manufactured are indicated schemati-
cally in a rectangular block labeled “Usual High-Definition
Liquid Crystal Module”.

[0043] The following description is directed to two liquid
crystal AV modules having different resolutions (number of
pixel groups) and using high-definition TFT substrates as
used in the above high-definition liquid crystal module,
which modules are manufactured as a first embodiment and
a second embodiment, respectively.

[0044]

[0045] In the first embodiment, a liquid crystal AV module
is manufactured by changing only the color filters and
controller from among the components used in the high-
definition liquid crystal module into corresponding ones
adapted for an AV module.

[0046] As shown in FIG. 5, the high-definition TET
substrate (A) is laminated as a counter substrate with new
color filters wherein colors for R, G and B are allocated to
a corresponding group of pixels and that one pixel group
consists of a plurality of pixels. For convenience of illus-
tration of the arrangement of color filters, FIG. 5 shows gate
bus lines 1, source bus lines 2, pixels 3 and TFT devices 3,
which are all absent on the counter substrate. Each of the
pixels 3 is what is called a pixel electrode.

[0047] In this embodiment, an example is shown wherein
one pixel group consists of pixels of 3 rowsx6 columns.
However, the invention is not limited to this value.

[0048] In turn, as shown in FIG. 4, horizontal and vertical
drivers used for the high-definition TFT are used, a new
controller is connected so as to correspond to the arrange-
ment of colors shown in FIG. 5 and the liquid crystal AV
module is completed.

[0049] According to this method, the liquid crystal AV
module can be completed by substituting only the new color
filters of the color arrangement shown in FIG. 5 and the new
controller shown in FIG. 4.

[0050]

[0051] In the second embodiment, a liquid crystal AV
module is manufactured by changing the color filters, driv-
ers and controller of the components used in the high-
definition liquid crystal module into corresponding ones
adapted for an AV module and by short-circuiting terminals
of the high-definition TFT substrate on a group basis.

[0052] The high-definition TFT substrate (A) is modified
by short-circuiting the terminals of the source bus lines and
gate bus lines on a group basis using a photo step. Specifi-
cally, in the formation of pixel electrodes, a photomask used
to form the pixel groups of a conventional high-definition
panel is substituted with a photomask wherein terminals are
short-circuited on a group basis. Thus, a TFT substrate
adapted for the purpose can be obtained only by changing
one photomask.

First Embodiment

Second Embodiment
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[0053] The TFT substrate thus obtained is shown in FIG.
6. As shown in FIG. 7, the TFT substrate is laminated with
a new color filters wherein R, G and B colors are allocated
to corresponding pixel groups of pixels and that one pixel
consists of a plurality of pixels. In this embodiment, one
pixel group consists of pixels of 3 rows X 6 columns,
however, numbers of rows and columns are not limited to
these values.

[0054] In turn, new horizontal and vertical drivers corre-
sponding to the number of short-circuited bus lines are
connected to the resulting structure to complete the liquid
crystal AV module. According to this method, the liquid
crystal AV module can be obtained by substituting only the
new color filters as shown in FIG. 7 and the new horizontal
and vertical drivers and new controller as shown in FIG. 6
for the corresponding ones used in the high-definition liquid
crystal module and merely short-circuiting the bus lines of
the high-definition TFT substrate.

[0055] According to the second embodiment, the number
of internal circuits in the horizontal and vertical drivers can
be significantly reduced by short-circuiting of the bus lines.

[0056] 1In the case of a pixel group consisting of 3 rowsx6
columns, for example, the number of internal circuits
required in the new horizontal driver is three, which would
otherwise be six, and the number of internal circuits required
in the new vertical driver is one, which would otherwise be
three. Such a reduction in the number of internal circuits can
be easily realized by arranging the color filters into groups
in each of which color filters of the same color are located
side-by-side according to this embodiment.

[0057] In the case of the color filter arrangement shown in
FIG. 3 in which a set of three color filters for R, G and B
forms one pixel group, short-circuiting of the bus line
interconnecting color filters of the same color would make
the wiring structure complicate due to the presence of color
filters for different colors, hence, increase the number of
steps for realizing such a complicated wiring structure.

[0058] Though the bus lines are short-circuited on the TFT
substrate in the second embodiment, it is possible to employ
an arrangement such that short-circuiting is made in the
drivers. In this case, the number of output terminals from the
drivers is the same as that of the first embodiment. For the
same reason as that described above, the color filter arrange-
ment in this embodiment enables easy short-circuiting.

[0059] Further, though the bus lines of both the new
horizontal driver and the new vertical driver are short-
circuited in the second embodiment, it is possible to short-
circuiting the bus lines of any one of them. Taking the
one-line inverse drive to inverse the polarity of a video
signal at every one row for instance, the bus lines of the new
horizontal driver may be short-circuited, while the bus lines
of the new vertical driver may not be short-circuited but
configured to be individually operated in sequence for
ensuring an improved display quality.

[0060] In this case also, there results an advantage that the
number of internal circuits in the new horizontal driver is
reduced. Though the color filters for R, G and B are used in
the embodiment, the invention is not limited to these colors.
The embodiment is applicable for color filters with two or
more colors.
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[0061] Further, though the color filters are formed not on
the TFT substrate side but on the counter substrate side in the
embodiment, they may be formed on the TFT substrate side.

[0062] In this case, the liquid crystal AV module can be
manufactured by using a TFT substrate on which color filters
are formed corresponding to the liquid crystal AV panel as
a high-definition TFT substrate on which color filters are not
formed.

[0063] FIG. 8 is a flowchart of the manufacturing steps of
a liquid crystal cell, including a TFT substrate forming step,
a color filter (CF) substrate forming step, and a latter half of
steps. With reference to FIG. 8, the steps up to the comple-
tion of the liquid crystal cell are described below.

[0064] First, initial cleaning is performed (S1); an align-
ment film is formed on the TFT substrate having TFT
devices formed on a glass substrate (S2); the alignment film
is rubbed (S3) to allow liquid crystal molecules to easily
align in a predetermined direction; a paste for provisional
fixing is applied onto the substrate (S4) and spacers are
dispersed (S5) The color filter substrate is also formed with
an alignment film, following by rubbing; and a sealing resin
is applied onto the substrate (S6).

[0065] Subsequently, the both substrates are laminated
together by bonding (S7); after the scaling resin is set (S8);
and the cells are separated from each other by cutting the
glass substrates (S9). In turn, a liquid crystal composition is
injected into each cell by utilizing a vacuum and the injec-
tion port is sealed with a resin (S10); and finally cleaning
(S11) and inspection (S12) are performed to complete each
liquid crystal cell.

[0066] The remainder of manufacturing steps after lami-
nating the both substrates is referred to as the “latter-half of
steps”. Drivers and a controller are formed in the liquid
crystal cell thus manufactured to complete a liquid crystal
module.

[0067] The invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The present embodiments are therefore to
be considered in all respects as illustrative and not restric-
tive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description
and all changes which come within the meaning and the
range of equivalency of the claims are therefore intended to
be embraced therein.

What is claimed is:
1. A liquid crystal display apparatus comprising:
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a pair of substrates;

a plurality of pixel electrodes which are arranged in a
matrix form, formed on one substrate of the pair of
substrates; and

a plurality of color filters of n (n is an integer of two or
more) number of colors corresponding to the plurality
of pixel electrodes, the plurality of color filters being
arranged so that color filters for a same color sequen-
tially form m (m is an integer of two or more) number
of columns,

wherein nxmx1 (1 is a natural number) pixels form one
pixel group.

2. The liquid crystal display apparatus of claim 1, wherein
each of the plurality of pixel electrodes is provided with a
thin film transistor.

3. The liquid crystal display apparatus of claim 1, wherein
the n number of colors are three primary colors consisting of
red, green and blue.

4. The liquid crystal display apparatus of claim 1, wherein
the color filters are formed on the other substrate of the pair
of substrates.

5. The liquid crystal display apparatus of claim 1, com-
prising:

a driver the same as that used in a liquid crystal display
apparatus having color filters of n number of colors
arranged sequentially, and different color filters and
controller from those used in the latter liquid crystal
display apparatus.

6. The liquid crystal display apparatus of claim 1, the
liquid crystal display apparatus in which the nxmx1 pixels
form one pixel group being constructed by short-circuiting
a bus line extending in the direction of column at every m
pixels or a bus line extending in the direction of row at every
one pixel.

7. A method of manufacturing a liquid crystal display
apparatus comprising:

a step of laminating a thin film transistor substrate on
which a plurality of pixel electrodes are arranged in a
matrix form, and a color filter substrate on which a
plurality of color filters of n (n is an integer of two or
more) number of colors corresponding to the plurality
of pixel electrodes, the plurality of color filters being
arranged so that color filters of a same color sequen-
tially form m (m is an integer of two or more) number
of columns, to form one pixel group consisting of
nxmx1 (1 is a natural number) pixels.
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http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220010008435%22.PGNR.&OS=DN/20010008435&RS=DN/20010008435

