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7) ABSTRACT

As the screen size becomes larger, it is required to make the
device achieve higher definition, higher open area ratio, and
higher reliability. Further, requirements for improvements in
productivity and cost minimization are also increased. In the
present invention, a substrate is pasted with a counter
substrate after the liquid crystal material 114 is discharged
(or dripped) only over a pixel area that is on a pixel electrode
provided over a substrate with a large area by ink jet.
Further, both of applying a seal material and dripping of a
liquid crystal may be performed to the counter substrate. The
total amount of liquid crystal use in a manufacturing process
is reduced by forming a liquid crystal layer by ink jet.
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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device and a manufacturing method thereof. For
example, the present invention relates to an electro-optic
device typified by a liquid crystal display panel including a
circuit formed from a thin film transistor (hereinafter
referred to as a TFT) and an electronic device equipped with
such an electro-optic device as a component.

RELATED ART

[0002] In late years, techniques for forming a thin film
transistor (TFT) using semiconductor thin film (a thickness
of around several nanometers to several hundred nanom-
eters) formed over a substrate having an insulating surface
has been attracting attention. Thin film transistors are
broadly applied to electronic devices such as an IC or an
electro-optic device, and are particularly developed as
switching elements for image display devices at a rapid rate.

[0003] Conventionally, a liquid crystal display device is
known as an image display device. Active matrix liquid
crystal display devices are mostly used since they can offer
higher definition images in comparison with passive matrix
liquid crystal display devices. As to an active matrix liquid
crystal display device, an image is generated on a screen by
driving pixel electrodes arranged in matrix. Specifically,
optical modulation of a liquid crystal layer disposed between
a pixel electrode and a counter electrode is performed by
applying voltage between the selected pixel electrode and a
counter electrode corresponding to the pixel electrode. The
optical modulation is recognized as an image by an observer.

[0004] The application range of such an electro-optic
device of an active matrix type has been broaden, and it is
required to make the device achieve higher definition, higher
open area ratio, and higher reliability as well as to make the
screen have a larger area. Further, requirements for improve-
ments in productivity and cost minimization are also
increased.

[0005] The inventor proposes a technique wherein a liquid
crystal is dripped, which is described in Reference 1 (Ref-
erence 1: U.S. Pat. No. 4,691,995).

[0006] As the panel size is increased, the cost of materials
in use is increased. In particular, a liquid crystal material that
is disposed between a pixel electrode and a counter electrode
is expensive.

[0007] Complicated steps such as making a seal pattern,
pasting a counter substrate, dividing a substrate, injecting a
liquid crystal, and closing an inlet of the liquid crystal are
required for encapsulating the liquid crystal. Especially,
when the panel size becomes larger, it is difficult to inject a
liquid crystal by capillary attraction and to fill the area
(including at least a pixel area) surrounded by a seal material
with the liquid crystal.

[0008] When two substrates are pasted together, divided,
and filled with a liquid crystal material from a liquid crystal
inlet in a plane formed by the dividing step, a portion
reaching a pixel area from the liquid crystal inlet, which is
to be a passage of the liquid crystal material, would also be
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filled. Further, when a driver circuit portion is provided on
one substrate that is provided with a pixel area, not only the
pixel area but also a part where is overlapped with the driver
circuit portion would be also filled with the liquid crystal.
Thus, a superfluous part as well as the area that is to be a
display part would also be filled with a liquid crystal
material.

[0009] Since the passage reaching the pixel area from the
inlet of the liquid crystal, the vicinity of the inlet of the liquid
crystal in particular, becomes a part where further more
liquid crystal material passes compared to other portions in
a panel, the surface of the alignment layer may be trans-
formed due to the friction on injecting the liquid crystal,
thereby causing disorder of orientation in the liquid crystal.

SUMMARY OF THE INVENTION

[0010] The present invention provides a method for effi-
ciently manufacturing a liquid crystal display device using
such a substrate with a large area as 320 mmx400 mm, 370
mmx470 mm, 550 mmx650 mm, 600 mmx720 mm, 680
mmx880 mm, 1000 mmx1200 mm, 1100 mmx1250 mm, or
1150 mmx1300 mm. Moreover, the present invention pro-
vides a method for manufacturing a liquid crystal display
device that is suitable for mass production using such a
substrate with a large area as 1500 mm 1800 mm, 1800
mmx2000 mm, 2000 mmx2100 mm, 2200 mmx2600 mm,
or 2600 mmx3100 mm.

[0011] Thereupon, in the present invention, the substrate is
pasted to the counter substrate provided with a seal material
after the liquid crystal material is discharged (or dripped)
only over the pixel electrodes that are formed over the
substrate, that is, over the pixel area by employing ink jet
under reduced pressure. Both of applying a seal material and
dripping of a liquid crystal may be performed to the counter
substrate or to the substrate provided with the pixel area.

[0012] Note that, the seal material is applied so as to
surround the pixel area with a closed pattern, and the space
in the closed pattern is filled with the liquid crystal. A piezo
system that is applied for ink-jet printers may be employed
for ink jet since controllability of droplets is high and kinds
of ink can be selected freely. Note that, the piezo system has
two types: a MLP (Multi Layer Piezo) type and a ML Chip
(Multi Layer Ceramic Hyper Integrated Piezo Segments)
type.

[0013] Note that, in the present invention, plural droplets
of a minute amount of liquid crystal are discharged (or
dripped) to the pixel electrodes. The minute amount of the
liquid crystal can be freely controlled with the number of
discharging times or the number of spots.

[0014] A treatment chamber in which the liquid crystal is
discharged (or dripped) by ink jet may be provided with a
sensor camera. The sensor camera verifies the spot and
transmits the position information to a system for moving an
ink-jet head. For example, the ink-jet head is moved accord-
ing to the pattern that is stored in a memory; the misalign-
ments are recognized by the camera and stored as data. The
discharge (or drip) pattern that is stored in the memory is
modified or fine adjusted based on the data.

[0015] Tt is preferable to discharge (or to drip) the liquid
crystal by ink jet under reduced pressure thereby preventing
impurities from being mixed. While the liquid crystal is
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discharged (or dripped), the viscosity of the liquid crystal is
lowered by heating the substrate. Further, the film thickness
may be uniformed by spinning the substrate after the appli-
cation of the liquid crystal by ink jet, if necessary. It is
preferable to paste the substrates under reduced pressure to
prevent bubbles from being mixed.

[0016] The seal material can be applied by seal dispens-
ing, printing method, or ink jet. It is also preferable that the
application of the seal material be also carried out under
reduced pressure so as to prevent impurities from being
mixed.

[0017] A liquid crystal is not altered or cured even under
reduced pressure. On occasion, a seal material is mixed with
a solvent so as to control the viscosity. Accordingly, when
the seal material is applied under reduced pressure, it is
preferable to use an involatile solvent to avoid alteration or
curing.

[0018] The configuration of the present invention dis-
closed in this specification includes a manufacturing method
of a liquid crystal display device, wherein a plurality of
droplets of liquid crystal or droplets containing a liquid
crystal are discharged on a pixel electrode under reduced
pressure, and a liquid crystal layer is formed with the
droplets of the liquid crystal applied to the pixel electrode.

[0019] The present invention eliminates a waste of mate-
rial by applying the required amount of a liquid crystal to
required areas alone. Further, the seal pattern shall be
closed-loop, so that the seal patterns of the inlet of the liquid
crystal and the passage thereof are unnecessary. Accord-
ingly, generation of defects (such as defective orientation)
can be avoided during the liquid crystal injection.

[0020] A material of the liquid crystal is not limited
particularly as long as it can be discharged from a nozzle by
ink jet; the liquid crystal may be mixed with a photo-curing
material, thermosetting material, or the like thereby improv-
ing the adhesion between the pair of the substrates after the
injection of the liquid crystal.

[0021] A twisted nematic (TN) mode is mostly employed
as an alignment mode of a liquid crystal. In this mode, the
alignment direction of liquid crystal molecules is twisted at
90° according to the polarization of light from its entrance
to the exit. When manufacturing a TN liquid crystal display
device, an alignment layer is formed on both of the sub-
strates; a rubbing is performed; the substrates are pasted
together so that the rubbing direction of the substrates are
orthogonalized. Further, a liquid crystal layer may be formed
by moving the ink-jet nozzle relatively to the direction of
rubbing.

[0022] Tt is preferable to select a material that does not
dissolve in or react to a liquid crystal even when it touches
the liquid crystal for the seal material. A seal material
contacting the liquid crystal, which surrounds the pixel area
may further be surrounded by the second seal material
thereby doubly surrounding the pixel area. It is preferable
when the substrates are pasted under reduced pressure, that
a space between the first and second seal materials be filled
with a filler material other than a liquid crystal, such as a
resin.

[0023] In the present invention, it is possible to apply a
seal material, to drip liquid crystal and to paste substrates
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serially in reduced pressure without exposing the substrates
to the outside of a processing chamber. Therefore, reduction
of processing time can be achieved.

[0024] The substrates may be pasted together after a liquid
crystal is discharged (or dripped) over both of the substrates
to prevent bubbles from being mixed. A liquid crystal layer
may be formed by moving the ink-jet nozzle relatively to the
direction of rubbing for pasting the substrates together so
that the rubbing directions of the substrates are orthogonal-
ized. Further, an alignment layer may be selectively formed
by ink jet as well as the liquid crystal layer.

[0025] The gap between the pair of the substrates may be
maintained by sprinkling spherical spacers, forming a col-
umn spacer formed of resin, or mixing fillers into the seal
material.

[0026] The substrates are pasted together and divided
thereafter in the present invention.

[0027] When one panel is manufactured from one sub-
strate, the dividing step can be omitted by pasting the
substrate with a counter substrate that is cut in advance.
Conventionally, the inlet of liquid crystal is formed at an end
face by the dividing step after pasting.

[0028] When both of the applications of a seal material
and liquid crystal are performed to the substrate provided
with a pixel area, the configuration of the present invention
disclosed in this specification includes a manufacturing
method of a liquid crystal display device provided with a
pair of substrates and liquid crystal retained between the pair
of the substrates, including the steps of: forming a seal
material that surrounds a pixel arca provided over the first
substrate; discharging a plurality of droplets of liquid crystal
or droplets containing a liquid crystal only over a region that
is surrounded by the scal material under reduced pressure;
pasting the first substrate to the second substrate; and
dividing the pasted pair of the substrates.

[0029] When a substrate is pasted to a counter substrate
that is provided with a seal material, the configuration of the
present invention disclosed in this specification includes a
manufacturing method of a liquid crystal display device
provided with a pair of substrates and a liquid crystal
retained between the pair of the substrates, including the
steps of: discharging a plurality of droplets of liquid crystal
or droplets containing liquid crystal only over a region
provided with the first substrate that is surrounded by the
seal material under reduced pressure; pasting the second
substrate that is patterned with a seal material to the first
substrate; and dividing the pasted pair of the substrates.

[0030] When liquid crystal is formed on both of the
substrates, the configuration of the present invention dis-
closed in this specification includes a manufacturing method
of a liquid crystal display device provided with a pair of
substrates and liquid crystal retained between the pair of the
substrates, including the steps of: patterning the first sub-
strate or the second substrate with a seal material; forming
the first liquid crystal layer by selectively discharging a
plurality of droplets of liquid crystal or droplets containing
liquid crystal over the first substrate under reduced pressure;
forming the second liquid crystal layer by selectively dis-
charging a plurality of droplets of liquid crystal or droplets
containing liquid crystal over the second substrate under
reduced pressure; and pasting the pair of the substrates so
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that the liquid crystal layers of the first substrate and the
second substrate contact and overlap one another.

[0031] Further according to each of the methods above,
the plurality of droplets are discharged on a pixel electrode
provided on a pixel area from a plurality of nozzles.

[0032] Further according to each of the methods above,
the step of discharging the plurality of droplets of liquid
crystal or droplets containing liquid crystal is carried out
while a substrate is heated.

[0033] Further according to each of the methods above,
the steps of pasting the pair of the substrates is carried out
in an inert atmosphere under the atmospheric pressure, or
under reduced pressure. It is preferable that the pair of the
substrates be also pasted together under reduced pressure
without being exposed to the atmosphere thereby reducing
the time of the step.

[0034] Further according to each of the methods above,
the reduced pressure denotes an inert atmosphere under
1x10" Pa to 2x10* Pa or a vacuum under 1 Pa to 5x10” Pa.

[0035] Astate under reduced pressure (including a state in
a vacuum) is under a pressure lower than the atmospheric
pressure. For example, an atmosphere containing an inert
gas such as nitrogen or rare gas (hereinafter referred to as an
inert atmosphere) may be under 1x10* Pa to 2x10* Pa
(preferably 5x107 to 5x10° Pa).

[0036] Further according to each of the methods above, a
liquid crystal material can be applied intermittently or
continuously by appropriately setting the discharging con-
dition or selecting a liquid crystal material.

[0037] Further according to each of the methods above,
the substrate may be heated at from a room temperature
(typically 20° C.) to 200° C. when the liquid crystal is
discharged.

[0038] Further according to each of the methods above,
the step of discharging the plurality of droplets of liquid
crystal or droplets containing liquid crystal is carried out by
ink jet.

[0039] A liquid crystal display device mainly has two
types: a passive matrix type (simple matrix type) and an
active type (active matrix type); the present invention can be
applied to either of the types.

[0040] Another configuration of the present invention
includes a liquid crystal display device provided with a pair
of substrates and liquid crystal retained between the pair of
the substrates, including: the pair of the substrates which are
pasted one another with the first seal material that surrounds
a pixel area and the second seal material that surrounds the
first seal material; a liquid crystal retained in a region
surrounded by the first seal material; and a filler material
filled between the first seal material and the second seal
material.

[0041] According to the above structure, the first and
second seal materials have closed patterns.

[0042] Further according to the above structure, a driver
circuit is disposed between the first and second seal mate-
rials.

[0043] The present invention provides a liquid crystal
display device achieving high efficiency in the use of a liquid
crystal material and high throughput.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIGS. 1A to 1D illustrate the Embodiment Mode
1.
[0045] FIGS.2A and 2B illustrate the Embodiment Mode
1.
[0046] FIGS. 3A to 3D illustrate the Embodiment Mode
1.
[0047] FIGS. 4A and 4B illustrate the Embodiment Mode
1.
[0048] FIGS. 5A to 5C illustrate the Embodiment Mode 2.
[0049] FIG. 6 illustrates a cross-sectional structure of an

active matrix type liquid crystal display device (Embodi-
ment 1).

[0050] FIGS. 7A and 7B illustrate a top view of a liquid
crystal module (Embodiment 2).

[0051] FIG. 8 illustrates a display device with a large
screen (Embodiment 2).

[0052] FIGS. 9A to 9C illustrate examples of electronic
devices (Embodiment 3).

[0053] FIGS. 10A and 10B illustrate examples of elec-
tronic devices (Embodiment 3).

DETAILED DESCRIPTION OF THE
INVENTION

[0054] Embodiment modes of the present invention will
be described below.

[0055] Embodiment Mode 1

[0056] FIGS. 1A to 4B show examples for manufacturing
four panels from one substrate with a large area.

[0057] FIG. 1A shows a cross section of a liquid crystal
layer being formed by ink jet. A liquid crystal material 114
is discharged, sprayed, or dripped from a nozzle 118 of an
ink-jet system 116 so as to cover a pixel area 111 that is
surrounded by a seal material 112. The ink-jet system 116 is
moved to the direction of the arrow in FIG. 1A. Note that,
the nozzle 118 is moved here; however, the liquid crystal
layer may be formed by moving the substrate while the
nozzle is fixed.

[0058] FIG. 1B shows a perspective view. The liquid
crystal material 114 is selectively discharged, sprayed, or
dripped only over the area surrounded by the seal material
112, and an object surface 115 is moved correspondingly to
a nozzle scan direction 113.

[0059] FIGS. 1C and 1D show enlarged cross sections of
an area surrounded by a dotted line in FIG. 1A. When the
liquid crystal material has high viscosity, it is discharged
continuously and applied in a manner where each droplet of
the liquid crystal material is joined to one another. On the
other hand, when the viscosity of the liquid crystal material
has low viscosity, it is discharged intermittently and the
droplets are dripped as shown in FIG. 1D.

[0060] In FIG. 1C, reference numeral 120 denotes an
inversely staggered TFT and reference numeral 121 denotes
a pixel electrode. The pixel area 111 is formed from a pixel
electrode arranged in matrix; a switching element being
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connected to the pixel electrode, an inversely staggered TEFT
is used here; and a storage capacitor (not illustrated).

[0061] An active layer of the inversely staggered TFT can
be formed fitly from an amorphous semiconductor film, a
semiconductor film having a crystalline structure, a com-
pound semiconductor film having an amorphous structure,
or the like. Further, a semi-amorphous semiconductor film
(also referred to as a micro crystalline semiconductor film)
having a partially ordered structure and a lattice strain may
also be used for the active layer of the TFT. The semi-
amorphous semiconductor film generally has a structure in
between amorphous and crystalline structure (including
single crystal and poly crystal) and has the third state stable
from a standpoint of free energy. The semi-amorphous
semiconductor film includes 0.5 nm to 20 nm of crystal
grains at least at a part of the film. The Raman spectrum of
semi-amorphous silicon is in a lower wavenumber than 520
cm™, which is a wavenumber characteristic of single crys-
talline silicon. Further, the diffraction peak of (111) and
(220), which is believed to originate in a Si crystalline
lattice, is observed in the semi-amorphous silicon film by
X-ray diffraction. Further, the semi-amorphous semiconduc-
tor film is added with at least 1 atomic percent of hydrogen
or halogen as a passivator for dangling bonds. A semi-
amorphous semiconductor film is formed by depositing
silicide gas by glow discharge (plasma CVD). SiH,, in
addition, Si,H, SiH,CL,, SiHCL,, SiCl,, SiF,, or the like can
be used for the silicide gas. The silicide gas may be diluted
in one or more rare gas elements selected from the group
consisting of H,, a mixture of H, and He, Ar, Kr, and Ne.
The dilution ratio is in a range of 1:2 to 1:1000. The pressure
is in a range of about 0.1 Pa to 133 Pa. The power supply
frequency is in a range of 13 MHz to 60 MHz, preferably 1
MHz to 120 MHz. The substrate heating temperature may be
at most at 300° C., preferably 100° C. to 250° C. As for the
impurity element in a film, concentrations of impurities of
atmospheric constituents such as oxygen, nitrogen, or car-
bon is preferably 1x10°%cm® at most; in particular, the
oxygen concentration shall be 5x10*°/cm® at most, more
preferably 1x10*/ecm?. Note that, the field-effect mobility
(i) of a TFT that has a semi-amorphous semiconductor film
as an active layer is 1 em*/Vsee to 10 cm®/Vsec.

[0062] Tt is preferable to prevent a reverse flow of liquid
crystal when ink jet is performed under reduced pressure.
When the interior of a treatment chamber in which a liquid
crystal is applied by ink jet shall be under reduced pressure,
a reverse flow, sudden jetting, or leakage could occur unless
pressure regulation is carried out so that the interior of a
container storing the liquid crystal material is the similar
pressure as inside the treatment chamber. The liquid crystal
is defoamed beforehand. Further, it is important to adjust
temperature in the container storing the liquid crystal mate-
rial since the viscosity of a liquid crystal is changeable
depending on temperature. A head portion of an ink-jet
system may be provided with a temperature controller.
When the nozzle is clogged, the liquid crystal may be
discharged by heating the head portion so as to reduce the
viscosity thereof. FIG. 2A and 2B show an example of an
ink-jet system equipped with a head portion 204 that is
provided with a reverse-flow prevention device 210 using a
ball 211.

[0063] As shown in a cross section A, protrusions are
formed in the reverse-flow prevention device, for regulating
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the floating of the ball, and a liquid crystal is made to flow
by the side of the ball. The diameter of the ball is rather
smaller than that of a supply pipe, so that the ball can move
partly. Further, the ball also mitigates rapid flow of a liquid
crystal. The supply pipe is tapered from the middle and it has
a smaller diameter than the ball at the end, as shown in cross
section B, so that the supply pipe is completely blocked with
the ball when liquid crystal flows backward. The head
portion 204 has a plurality of discharge portions 205 that can
discharge a solution containing an organic compound, and
each of which is provided with a piezoelectric element 206.
The piezoelectric elements are placed to block the supply
pipe; a little space is provided between an inner wall of the
pipe and the piezoelectric element due to a vibration, and
liquid crystal is made to pass through the space. A liquid
crystal can be gushed through the slight space since the
pressure inside of the film formation chamber is reduced.
Further, each of the discharge portions 205 is filled with
liquid crystal 207. FIG. 2A shows a state where a shutter is
closed due to a vibration of the piezoelectric element.

[0064] Note that, FIG. 2A only shows 5 of the discharge
openings; however, a plurality of discharge openings can be
arranged parallel, and it may be desirable to arrange the
number of discharge portions equivalent to the number of
the pixels in a row or in a column, considering the through-
put.

[0065] A space 208 between the head portion 204 and a
pixel electrode 201 is kept under reduced pressure, which is
a pressure lower than the atmospheric pressure. Specifically,
itis 1x107 Pa to 2x10 Pa in an inert atmosphere (preferably
5x10* Pa to 5x10® Pa). The liquid crystal 207 loaded in the
discharge portion 205 is forced out from a discharge opening
and discharged on the top of the pixel electrode 201 by
opening and shutting the supply pipe with the piezoelectric
element 206 and reducing pressure in the film formation
chamber. Discharged droplets 209 fall under reduced pres-
sure and reach the pixel electrode 201. The droplets of the
liquid crystal are discharged sequentially from the discharge
opening at specified time intervals.

[0066] If necessary, as shown in FIG. 2B, a substrate 200
may be heated with a heater 212 under reduced pressure
during the ink jet step so as to uniform the film thickness by
reducing the viscosity of a liquid crystal layer 203.

[0067] The workflow of manufacturing a panel will be
described below with reference to FIGS. 3A to 3D.

[0068] First, the first substrate 35 in which a pixel area 34
is formed over its insulating surface is prepared. The first
substrate 35 is pretreated with the following steps: forming
an alignment layer, rubbing, dispersing spherical spacers,
forming a column spacer, forming a color filter, or the like.
Subsequently, a seal material 32 is formed on a predeter-
mined position (a pattern surrounding the pixel area 34) over
the first substrate 35 in an inert atmosphere or under reduced
pressure by a dispenser, as shown in FIG. 3A. A material
containing fillers (diameter of 6 um to 24 um), which has a
viscosity of 40 Pa's to 400 Pa-s, is used for the seal material
32 that is translucent. Note that, it is preferable to select a
seal material that is insoluble in a liquid crystal to be in
contact therewith. A photo cured acrylic resin or a thermo-
setting acrylic resin may be used for the seal material.
Further, the seal material 32 can be formed by printing due
to its simple seal pattern.
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[0069] Subsequently, a liquid crystal 33 is applied to an
area surrounded by the seal material 32 by ink jet. A known
liquid crystal material with the viscosity that allows dis-
charging by ink jet may be used for the liquid crystal 33.
Further, it is suitable to apply a liquid crystal by ink jet since
the viscosity of a liquid crystal material can be controlled by
adjusting the temperature. The required amount of the liquid
crystal 33 can be stored in the area surrounded by the seal
material 32 without a loss.

[0070] The first substrate 35 provided with a pixel area 34
and the second substrate 31 provided with a counter elec-
trode and an alignment layer are pasted together under
reduced pressure without bubbles being mixed in (FIG. 3C).
The seal material 32 is cured here by heat-treating or
applying a ultra-violet ray while the substrates are pasted
together. Note that, heat treatment may be carried out in
addition to ultra-violet irradiation. FIGS. 4A and 4B show
an example of a pasting device that is capable of ultra-violet
irradiation or heat treatment while or after substrates are
pasted.

[0071] InFIGS.4A and 4B, reference numeral 41 denotes
the first substrate holder, reference numeral 42 denotes the
second substrate holder, reference numeral 44 denotes a
window, reference numeral 48 denotes a downside measur-
ing plate, and reference numeral 49 denotes a light source.
Note that, the same reference numerals in FIGS. 3A to 3D
are used for the corresponding parts in FIGS. 4A and 4B.

[0072] The bottom downside measuring plate 48 includes
a heater, which cures a seal material. The second substrate
holder is provided with the window 44, so that ultra-violet
light or the like from the light source 49 can transmit
therethrough. Although it is not illustrated here, an align-
ment of a position of the first substrate is performed through
the window 44. The second substrate 31 that is to be a
counter substrate is severed into a desirable size, and fixed
to the second substrate holder 42 with a vacuum chuck or the
like. FIG. 4A shows a state before pasting.

[0073] On the occasion of pasting, after the first and
second substrate holders are lowered, the fist substrate 35
and the second substrate 31 are pasted together, and ultra-
violet light is applied to cure the seal material in the state
unchanged where the substrates are pasted together. A state
after pasting is shown in FIG. 4B.

[0074] Next, the first substrate 35 is cut by means of a
cutting machine such as a scriber, a breaker, or a circular saw
(FIG. 3D). Thus, four panels can be manufactured from one
substrate.

[0075] Note that, the first substrate 35 and the second
substrate 34 can be formed from a glass substrate, a quartz
substrate, or a plastic substrate.

[0076] Embodiment Mode 2

[0077] A manufacturing method of a panel that is different
from one in Embodiment Mode 1 is shown here in FIGS. SA
to 5C.

[0078] First, a liquid crystal is discharged onto both of the
first substrate 510 and the second substrate 520 from a
nozzle 518 by ink jet, as shown in FIG. 5A.

[0079] The first substrate 510 is beforehand provided with
a pixel area 511 and the first seal material 512 that surrounds
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the pixel area. The second seal material 522 is provided over
the second substrate 520 so as to retain liquid crystal
material 514b. Note that, alignment layers (not illustrated)
are provided over both of the substrates beforehand. Further,
a spacer (not illustrated) is provided over either or both of
the substrates.

[0080] Thereafter, the substrates are pasted in an inert
atmosphere or under reduced pressure, so that a liquid
crystal material 514a over the first substrate and the liquid
crystal material 5145 over the second substrate overlap one
another. The first seal material 512 and the second seal
material 522 also overlap one another at that time. Note that,
since one of the substrates is turned upside down here as
shown in FIG. 5B, a liquid crystal with high viscosity,
which does not run down readily, or a liquid crystal that is
in a state where the viscosity is increased by being cooled is
used. It does not matter if the reversed one of the substrates
is thinly coated with liquid crystal material such that the
surface thereof is simply wet. The purpose to apply liquid
crystal on both of the first and second substrates is to align
the crystal liquid to the respective directions along with
different rubbing directions of the first and second sub-
strates. Further, another purpose to apply liquid crystal on
both of the first and second substrates is to protect the
alignment layer of the second substrate when the two
substrates are pasted together.

[0081] After or concurrently with pasting the substrates
together, ultra-violet irradiation or heat treatment is carried
out, thereby curing the seal material. Note that, heat treat-
ment may be performed in addition to ultra-violet irradia-
tion. Thus, a liquid crystal 514¢ can be retained between the
pair of the substrates (FIG. 5C).

[0082] Further, this embodiment mode can be freely com-
bined with Embodiment Mode 1.

[0083] The present invention having the above configu-
ration will be explained in detail with Embodiments shown
below.

[0084]

[0085] In this embodiment, a manufacturing process of an
active matrix liquid crystal display device will be shown
with reference to FIGS. 6A and 6B.

[0086] First, an active matrix substrate is formed using a
substrate 600 that is transparent to light. The substrate with
a large area as 600 mmx720 mm, 680 mmx880 mm, 1000
mmx1200 mm, 1100 mmx1250 mm, 1150 mmx1300 mm,
1500 mmx1800 mm, 1800 mmx2000 mm, 2000 mmx2100
mm, 2200 mmx2600 mm, or 2600 mmx3100 mm 1s desir-
ably used thereby reducing manufacturing costs. A substrate
containing barium borosilicate glass, aluminoborosilicate
glass, and the like, as typified by #7059 glass or #1737 glass
produced by Comning Inc. can be used. In addition, a
transparent substrate such as a quartz substrate or a plastic
substrate can be used alternatively.

[0087] After a conductive layer is deposited entirely over
a substrate 600 having an insulating surface by sputtering,
the first photolithography process is performed; a resist
mask is formed; and an unnecessary part of the resist mask
is etched away, thereby forming a wiring and an electrode (a
gate electrode, a storage capacitor line, a terminal, and the
like). Note that, a base insulating film is formed over the
substrate 600, if necessary.

Embodiment 1
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[0088] An clement selected from the group consisting of
Ti, Ta W, Mo, Cr, and Nd, an alloy containing the elements,
or a nitride containing the elements may be used for a
material of the wiring or the electrode. Further, a plurality of
materials selected from an element selected from the group
consisting of Ti, Ta W, Mo, Cr, and Nd; an alloy containing
the elements; or a nitride containing the elements may be
laminated.

[0089] When a screen size becomes larger, the length of
each line is increased, a problem of high wiring resistance
occurs and the power consumption is increased. Accord-
ingly, the lines and electrodes may be formed with a material
selected from the group consisting of Cu, Al, Ag, Au, Cr, Fe,
Ni, or Pt or an alloy thereof so as to achieve the low power
consumption by lowering the wiring resistance. Further, the
lines and electrodes may be formed with an independently
dispersed nano-particle dispersed liquid by ink jet. The
dispersed liquid contains ultrafine particles (grain diameter
of 5 nm to 10 nm) of metal such as Ag, Au, Cu, or Pd which
are dispersed in highly concentrations without being aggre-
gated.

[0090] Subsequently, a gate insulating film is deposited
entirely over the substrate by PCVD. The gate insulating
film is formed with a lamination of a silicon nitride film and
a silicon oxide film so as to have a thickness of 50 nm to 200
nm, preferably 150 nm. Note that the gate insulating film is
not necessarily be a lamination; and a silicon oxide film, a
silicon nitride film, a silicon oxynitride film, tantalum oxide
film, or the like may be used alternatively.

[0091] Next, an amorphous semiconductor film is formed
over the gate insulating film using known techniques such as
plasma CVD or sputtering with a thickness of 50 nm to 200
nm, preferably 100 nm to 150 nm. Typically, an amorphous
silicon (a-Si) film is formed into a thickness of 100 nm. Note
that, when the film is formed over a substrate with a large
area, the chamber is also enlarged, and if the chamber is
evacuated, more treating time and a large amount of film
formation gas are required. Accordingly, further cost reduc-
tion can be realized by forming the amorphous silicon (a-Si)
film by a linear plasma CVD system under the atmospheric
pressure.

[0092] Thereafter, the second amorphous semiconductor
film with a thickness of 20 nm to 80 nm, which contains an
impurity element having one conductive type (n type or p
type) is formed. The second amorphous semiconductor film
including an impurity element that imparts single conduc-
tivity is deposited entirely using known techniques such as
plasma CVD or sputtering. In this embodiment, the second
amorphous silicon film containing an n type impurity ele-
ment is deposited by using a silicon target being added with
phosphorus.

[0093] Next, a resist mask is formed by the second pho-
tolithography process, and an unnecessary portion is etched
away, thereby forming the first amorphous semiconductor
island film and the second amorphous semiconductor island
film. On this occasion, etching is carried out by wet etching
or dry etching.

[0094] After a conductive layer that covers the second
island amorphous semiconductor film by sputtering, the
third photolithography process is performed, a resist mask is
formed; an unnecessary portion is removed, so that lines and
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electrodes (a source line, a drain line, a storage capacitor, or
the like) are formed. An element selected from the group
consisting of metals such as Al, Ti, Ta W, Mo, Cr, Nd, Cu,
Ag, Au, Fe, Ni, and Pt, or an alloy of the elements may be
formed as materials for the lines and the electrodes. An
independently dispersed nano particle dispersed liquid may
be used for forming the lines and electrodes. The dispersed
liquid contains ultrafine particles (grain diameter of 5 nm to
10 nm) of metal such as Ag, Au, Cu, or Pd which are
dispersed in high concentrations without being aggregated.
When the lines and electrodes are formed by ink jet, the
photolithography process is unnecessary, so that further cost
reduction can be achieved.

[0095] A resist mask is formed by the fourth photolithog-
raphy process, and a source electrode and a drain electrode
are formed by etching an unnecessary portion away. Etching
is performed by wet etching or dry etching. A storage
capacitor having an insulating film as a dielectric that is
formed with the same material of the gate insulating film is
formed. A part of the second amorphous semiconductor film
is etched away by using the source line and the drain
electrode as masks; further, a part of the first semiconductor
film is thinned by the etching. The thinned area is to be a
channel forming region of a TFT.

[0096] A protective film containing a silicon nitride film
with a thickness of 150 nm and the first interlayer insulating
film containing a silicon oxynitride film with a thickness of
150 nm are formed entirely by plasma CVD. Note that, in
the case where the films are formed over a substrate with a
large arca, the chamber is also enlarged and if a vacuum is
formed inside the chamber, more treating time and a large
amount of a film formation gas are required. Accordingly,
further cost reduction can be realized by forming the amor-
phous silicon (a-Si) film by linear plasma CVD under the
atmospheric pressure. Thereafter, a channel etch TFT is
finished by hydrogenation.

[0097] Note that, a channel etched type is given as an
example of a TFT structure; however, the structure is not
limited thereto. Any one of the structures of a channel
stopper type TFT, a top gate TFT, or a staggered TFT may
be applied.

[0098] Next, the fifth photolithography process is carried
out; a resist mask is formed; a contact hole reaching the
drain electrode or the storage capacitor electrode is formed
by dry etching. Concurrently, a contact hole (not illustrated)
for connecting a gate line and a terminal area may be formed
in the terminal area, and a metal line which electrically
connects the gate line and the terminal area may be formed.
Further, a contact hole that reaches the source line may be
formed and a metal line that leads out from the source line
may be formed. A pixel electrode containing I'TO or the like
may be formed after the above metal lines are formed, or the
metal lines may be formed after the pixel electrode contain-
ing ITO or the like is formed.

[0099] Next, a transparent electrode with a thickness of
110 nm, which contains ITO (indium tin oxide), a zinc
oxide-indium oxide alloy (In,0;—ZnO), or zinc oxide
(ZnO) is formed. Thereafter, a pixel electrode 601 is formed
by the sixth photolithography process and etching.

[0100] Thus, an active matrix substrate including a source
line, an inversely staggered a-Si TFT, a storage capacitor,
and a terminal area can be manufactured by six photolithog-
raphy processes.
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[0101] Rubbing is performed after an alignment layer 623
is formed over the active matrix substrate. Note that, in this
embodiment, a column spacer 602 for maintaining a gap
between substrates is formed in a predetermined position by
patterning an organic resin film such as an acrylic resin film.
Further, spherical spacers may be discharged all over the
substrate instead of a column spacer.

[0102] A counter substrate is prepared. The counter sub-
strate is provided with a color filter 620 in which a colored
layer and a light shielding layer are disposed correspond-
ingly to each pixel. A planarization layer 625 is provided to
cover the color filter and the light shielding layer. Subse-
quently, a counter electrode 621 containing a transparent
conductive film is formed over the planarization layer so as
to overlap the pixel area. An alignment layer 622 is formed
entirely over the counter substrate and then rubbing is
performed.

[0103] After a seal material is applied so as to surround the
pixel area of the active matrix substrate, liquid crystal is
discharged onto the area surrounded by the seal material by
ink jet. Thereafter, the active matrix substrate and the
counter substrate are pasted together with a seal material 607
under reduced pressure, without being exposed to the atmo-
sphere. The seal material 607 is added with fillers (not
illustrated). The two substrates can be pasted together with
the fillers and the column spacer 602, so that the gap
between the substrates has a uniform thickness. By employ-
ing the method of discharging liquid crystal by ink jet, the
amount of a liquid crystal used in a manufacturing process
can be reduced, and the cost can be considerably reduced
particularly when a substrate with a large area is used.

[0104] Thus, an active matrix liquid crystal display device
can be finished. Note that, if necessary, the active matrix
substrate or the counter substrate is cut into a desirable
shape. Further, an optical film such as a polarizing film 603
is provided fittingly using known techniques. An FPC is
further pasted to the substrate using known techniques.

[0105] A liquid crystal module obtained according to the
above steps is provided with a backlight 604 and an optical
waveguide 605. An active matrix liquid crystal display
device (transsmissive type) is completed by covering the
liquid crystal module with a cover 606. A part of the cross
section thereof is shown in FIG. 6. Note that, the cover and
the liquid crystal module are fixed with an adhesive or an
organic resin. The polarizing film 603 is pasted to each of the
active matrix substrate and the counter substrate, since the
liquid crystal display device is a transmissive type.

[0106] Further, an example of the transmissive type is
shown in this embodiment; however, it is not limited thereto,
and a reflective or transflective liquid crystal display device
can also be manufactured. When a reflective liquid crystal
display device is obtained, a metal film with high reflec-
tance, typically, a material film containing aluminum or
silver in major proportions, or a lamination of those may be
used for a pixel electrode.

[0107] Further, this embodiment can be freely combined

with Embodiment Mode 1 or Embodiment Mode 2.
[0108] Embodiment 2

[0109] A cross section of a liquid crystal module obtained
according to Embodiment 1 is shown in FIG. 7A. A liquid
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crystal module of this embodiment, which is different from
the one in Embodiment 1, is shown in FIG. 7B.

[0110] A TFT in which an active layer contains an amor-
phous semiconductor film, obtained according to Embodi-
ment 1, has low field-effect mobility of around 1 cm®/Vsec.
Therefore, a driver circuit for displaying an image is formed
with an IC chip, and is mounted in TAB (Tape Automated
Bonding) or COG (Chip On Glass).

[0111] In FIG. 7A, reference numeral 701 denotes an
active matrix substrate, reference numeral 706 denotes a
counter substrate, reference numeral 704 denotes a pixel
area, reference numeral 707 denotes a seal material, and
reference numeral 705 denotes an FPC. Note that, liquid
crystal is discharged under reduced pressure by ink jet, and
a pair of substrates 701 and 706 are pasted together with the
seal material 707.

[0112] A TFT obtained according to Embodiment 1 has
low field-effect mobility; however, when mass production is
carried out by using a substrate with a large area, the
manufacturing cost can be reduced since the TFT can be
formed at lower temperatures. A liquid crystal is discharged
by ink jet and a pair of substrates are pasted together in the
present invention. That allows any size of a pair of substrates
to have a liquid crystal in a gap therebetween. Thus, a
display device provided with such a liquid crystal panel with
a large area as 20 inches to 80 inches, which is like the one
shown in FIG. 8, can be manufactured.

[0113] A display device shown in FIG. 8 is a display
device provided with a liquid crystal panel having a huge
screen of 20 inches to 80 inches, which includes a frame
2001, a supporting base 2002, a display area 2003, speaker
units 2004, a video input terminal 2005, and the like. The
present invention can be applied to the display area 2003.

[0114] When an active layer is formed of a crystalline
semiconductor film, typically, a polysilicon film, which is
formed by crystallizing an amorphous semiconductor film
using known techniques, a TFT having high field-effect
mobility can be obtained. Therefore, a driver circuit com-
prising a CMOS circuit as well as a pixel area can be formed
on one substrate. Further, in addition to a driver circuit,
functional circuits such as a CPU as can be formed on the
same substrate.

[0115] When a TFT having an active layer that is formed
of a polysilicon film is used, a liquid crystal module like the
one shown in FIG. 7B can be manufactured.

[0116] In FIG. 7B, reference numeral 711 denotes an
active matrix substrate, reference numeral 716 denotes a
counter substrate, reference numeral 712 denotes a source
signal line driver circuit, reference numeral 713 denotes a
gate signal line driver circuit, reference numeral 714 denotes
a pixel area, reference numeral 717 denotes the first seal
material, and reference numeral 715 denotes an FPC. Note
that, a liquid crystal is discharged under reduced pressure by
ink jet, and a pair of substrates 711 and 716 are pasted
together with the first seal material 717 and the second seal
material. Since a liquid crystal is not necessary in the driver
circuits 712 and 713, a liquid crystal is retained only in the
pixel area 714. The second seal material 718 is provided to
reinforce the whole panel.

[0117] When the substrates are pasted together under
reduced pressure, it is preferable to fill the space between the
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first seal material 717 and the second seal material 718 with
a filling other than a liquid crystal, a resin, for example.

[0118] This embodiment can be freely combined with
Embodiment Modes 1 or 2, or Embodiment 1.

[0119]

[0120] Various modules (active matrix type liquid crystal
modules or passive matrix type liquid crystal modules) can
be completed by implementing the present invention.
Accordingly, all electronic devices incorporating such mod-
ules in the display areas can be completed.

[0121] The following can be given as examples of such
electronic devices: video cameras; digital cameras; head
mounted displays (goggle type displays); car navigation
systems,; projectors; car stereos; personal computers; per-
sonal digital assistants (mobile computers, mobile phones or
electronic books and the like); and the like. Practical
examples of the above electronics devices are shown in
FIGS. 9A to 9C and FIGS. 10A and 10B.

[0122] FIG. 9A shows a personal computer which
includes: a main body 2001; an image input portion 2002; a
display area 2003; a keyboard 2004; and the like.

[0123] FIG. 9B shows a mobile computer which includes:
a main body 2201; a camera portion 2202; an image receiv-
ing portion 2203; operation switches 2204; a display area
2205; and the like.

[0124] FIG. 9C shows a player using a recording medium
storing a program (hereinafter referred to as a recording
medium), which includes: a main body 2401; a display arca
2402; a speaker portion 2403; a recording medium 2404; an
operation switch 2405; and the like. Note that a DVD
(Digital Versatile Disc), a CD or the like is used as a
recording medium for this player, and the player enables
music listening, viewing movies, playing games or the
Internet can be done.

[0125] FIG. 10A shows a portable book (electronic book)
which includes: a main body 3001; display areas 3002 and
3003; a recording medium 3004; operation switches 3005,
an antenna 3006; and the like.

[0126] FIG. 10B shows a display device which includes:
a main body 3101; a support 3102; a display areca 3103; and
the like.

[0127] In addition, the display shown in FIG. 10B has a
screen in small, medium or large size, for example, a size of
5 inches to 20 inches. Further, to manufacture the display
part with such sizes, it is preferable to dice substrates with
one square meter to mass-produce multiples of panels.

[0128] As described above, the application range of the
present invention is so wide that the invention can be applied
to electronic devices of various fields. Note that the elec-
tronic devices of this embodiment can be offered by utilizing
any combination of Embodiment Mode 1 and 2 and Embodi-
ments 1 and 2.

[0129] The present invention make it possible to mass-
produce liquid crystal display devices having large screens
with sizes of 20 inches to 80 inches.

Embodiment 3
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What is claimed is:

1. A manufacturing method of a liquid crystal display
device provided with a pair of substrates and a liquid crystal
retained between the pair of the substrates, comprising the
steps of:

forming a scal material that surrounds a pixel area pro-
vided over a first substrate;

discharging a plurality of droplets containing a liquid
crystal only over a region of the first substrate, the
region being surrounded by the seal material,

pasting the first substrate to a second substrate; and

dividing the pasted pair of the substrates.

2. A manufacturing method of a liquid crystal display
device provided with a pair of substrates and a liquid crystal
retained between the pair of the substrates, comprising the
steps of:

discharging a plurality of droplets containing a liquid
crystal only over a region of a first substrate, the region
being surrounded by the seal material;

pasting a second substrate that is patterned with a seal
material to the first substrate; and

dividing the pasted pair of the substrates.

3. A manufacturing method of a liquid crystal display
device provided with a pair of substrates and a liquid crystal
retained between the pair of the substrates, comprising the
steps of:

patterning a first substrate and a second substrate with a
seal material;

forming a first liquid crystal layer by selectively discharg-
ing a plurality of droplets containing a liquid crystal
over the first substrate;

forming a second liquid crystal layer by selectively dis-
charging a plurality of droplets containing a liquid
crystal over the second substrate; and

pasting the first substrate and second substrate so that the
first and second liquid crystal layers contact and over-
lap one another.

4. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the plurality of droplets
is discharged over a pixel electrode provided over a pixel
area from a plurality of nozzles.

5. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the plurality of droplets
is discharged over a pixel electrode provided over a pixel
area from a plurality of nozzles.

6. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the plurality of droplets
is discharged over a pixel electrode provided over a pixel
area from a plurality of nozzles.

7. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the step of discharging
the plurality of droplets containing the liquid crystal is
carried out while the first substrate is heated.

8. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the step of discharging
the plurality of droplets containing the liquid crystal is
carried out while the first substrate is heated.

9. A manufacturing method of a liquid crystal display
device according o claim 3, wherein the step of discharging
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the plurality of droplets containing the liquid crystal is
carried out while the first substrate is heated.

10. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the steps of pasting the
pair of the substrates is carried out in an inert atmosphere
under an atmospheric pressure, or under reduced pressure.

11. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the steps of pasting the
pair of the substrates is carried out in an inert atmosphere
under an atmospheric pressure, or under reduced pressure.

12. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the steps of pasting the
pair of the substrates is carried out in an inert atmosphere
under an atmospheric pressure, or under reduced pressure.

13. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the plurality of droplets
containing the liquid crystal are discharged on a pixel
electrode under reduced pressure, and a liquid crystal layer
is formed with the droplets of the liquid crystal applied to the
pixel electrode.

14. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the plurality of droplets
containing the liquid crystal are discharged on a pixel
electrode under reduced pressure, and a liquid crystal layer
is formed with the droplets of the liquid crystal applied to the
pixel electrode.

15. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the step of discharging
the plurality of the droplets containing the liquid crystal is
preformed in an inert atmosphere under 1x10* Pa to 2x10*
Pa.

16. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the step of discharging
the plurality of the droplets containing the liquid crystal is
preformed in an inert atmosphere under 1x10° Pa to 2x10*
Pa.

17. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the step of discharging
the plurality of the droplets containing the liquid crystal is
preformed in an inert atmosphere under 1x10* Pa to 2x10*
Pa.

18. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the step of discharging
the plurality of the droplets containing the liquid crystal is
preformed in a vacuum at 1 Pa to 5x10* Pa.

19. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the step of discharging
the plurality of the droplets containing the liquid crystal is
preformed in a vacuum at 1 Pa to 5x10* Pa.

20. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the step of discharging
the plurality of the droplets containing the liquid crystal is
preformed in a vacuum at 1 Pa to 5x10* Pa.

21. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the liquid crystal is
applied intermittently.

22. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the liquid crystal is
applied intermittently.

23. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the liquid crystal is
applied intermittently.
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24. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the liquid crystal is
applied continuously.

25. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the liquid crystal is
applied continuously.

26. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the liquid crystal is
applied continuously.

27. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the liquid crystal
display device is an active matrix type.

28. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the liquid crystal
display device is an active matrix type.

29. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the liquid crystal
display device is an active matrix type.

30. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the liquid crystal
display device is a passive matrix type.

31. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the liquid crystal
display device is a passive matrix type.

32. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the liquid crystal
display device is a passive matrix type.

33. A manufacturing method of a liquid crystal display
device according to claim 1, wherein the step of discharging
the plurality of droplets containing the liquid crystal is
carried out by ink jet.

34. A manufacturing method of a liquid crystal display
device according to claim 2, wherein the step of discharging
the plurality of droplets containing the liquid crystal is
carried out by ink jet.

35. A manufacturing method of a liquid crystal display
device according to claim 3, wherein the step of discharging
the plurality of droplets containing the liquid crystal is
carried out by ink jet.

36. A liquid crystal display device, comprising:

a pair of substrates which are pasted together with a first
seal material that surrounds a pixel area and a second
seal material that surrounds the first seal material;

a liquid crystal retained in a region surrounded by the first
seal material; and

a filler material formed between the first seal material and

the second seal material.

37. Aliquid crystal display device according to claim 36,
wherein the first seal material and the second seal material
have closed patterns.

38. Aliquid crystal display device according to claim 36,
wherein a driver circuit is disposed between the first seal
material and the second seal material.

39. A method according to claim 1, wherein the liquid
crystal display device is incorporated with an electronic
device selected from the group consisting of a personal
computer, a mobile computer, a CD player, a DVD player,
a portable book and a display device.

40. A method according to claim 2, wherein the liquid
crystal display device is incorporated with an electronic
device selected from the group consisting of a personal
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computer, a mobile computer, a CD player, a DVD player, 42. An electronic device comprising the liquid crystal

a portable book and a display device. display device according to claim 36, wherein the electronic
41. A method according to claim 3, wherein the liquid device is selected from the group consisting of a personal

crystal display device is incorporated with an electronic computer, a mobile computer, a CD player, a DVD player,

device selected from the group consisting of a personal a portable book and a display device.

computer, a mobile computer, a CD player, a DVD player,

a portable book and a display device. ST
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