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LIQUID-CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This applicationis a division of application Ser. No.
13/665,054 filed on Oct. 31, 2012, which is a division of
application Ser. No. 13/279,922 filed on Oct. 24, 2011, which
is a division of application Ser. No. 12/099,268 filed on Apr.
8,2008, which claims foreign priority to Japanese application
No. 2007-132644 filed on May 18, 2007. The entire contents
of each of these applications are hereby expressly incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a Liquid-Crystal
Display (LCD) device and a method of fabricating the same
and more particularly, to a LCD device comprising markers
which are used in the attachment or placement operation of an
optical element to a LCD panel, and a method of fabricating
the device.

[0004] 2. Description of the Related Art

[0005] In recent years, the LCD device has been exten-
sively used as small-sized display devices such as projector
apparatuses, portable telephones, and so on, rapidly by
exploiting its characteristics of low power dissipation, small
weight, and thinness. If an optical element such as a lens is
attached to the LCD panel, highly value-added products may
be provided.

[0006] To exploit the characteristics of an optical element at
the maximum when the element is attached to an LCD panel,
it is necessary to attach or place the element to the panel with
high positional accuracy. To realize such the high-precision
attachment or placement operation as described here, it is
required that markers are respectively formed on the panel
and element in advance and then, an attachment or placement
operation between the panel and the element is performed
while reading the markers.

[0007] With a LCD panel whose picture-frame region
located outside the display region is narrowed (i.e., a LCD
panel having a narrowed picture-frame region), there is
scarcely an extra space in the outside area of the sealing
material and therefore, the markers are disposed in the non-
display region formed inside the sealing material. In this case,
since two polarizer plates are attached to the each side of the
panel in such a way as to cover the sealing material to prevent
the leakage oflight, the markers are disposed below one of the
polarizer plates (i.e., on the side nearer to the liquid crystal
layer). The optical element is placed and attached onto the
said polarizer plate that has been attached to the LCD panel
and thus, the markers on the panel need to be read by way of
the polarizer plate or plates.

[0008] With the transmissive type LCD device, it is usual
that two polarizer plates are respectively attached to the two
surfaces of the LCD panel in such a way that their absorption
axes are intersected at right angles. Therefore, if this device is
designed to operate in the normally black mode, light does not
penetrate through the panel unless an ON voltage is applied to
the liquid-crystal molecules. Accordingly, there is a problem
that the markers on the panel are unable to be read in the
placement or attachment operation of the element to the
panel. On the other hand, if this device is designed to operate
in the normally white mode, light penetrates through the
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panel without application of an ON voltage to the liquid-
crystal molecules. However, alignment films are formed only
the inside of the display region. Therefore, similar to the LCD
device operating in the normally black mode, there is a prob-
lem that the markers formed in the non-display region where
the alignment films do not exist are unable to be read.
[0009] With the reflective type LCD device, external light
which has entered into the incident side of the LCD panel is
reflected by the reflective electrodes (or the reflective plates)
provided on the opposite side to the incident side of the panel,
thereby making it possible to display images. Accordingly,
the external light thus entered into the panel penetrates twice
through one of the polarizer plates provided on the incident
side of the panel, which is different from that of the transmis-
sive type LCD device.

[0010] For example, in a case where the reflective type
LCD device is designed to operate in the Vertical Aligned
(VA) mode, if linearly polarized light enters the LCD panel by
way of the entrance-side polarizer plate, the linearly polarized
light will penetrate through a quarter wavelength (A/4) plate
(i.e., an optical retardation film) disposed adjacent to the
entrance-side polarizer plate to be, for example, left-handed
circularly polarized light and then, it will reach the reflective
electrodes and reflected by the same. The reflected light gen-
erated by the reflection on the reflective electrodes will be, for
example, right-handed circularly polarized light and then,
will penetrate through the A/4 plate to be linearly polarized
light. Since this linearly polarized light is perpendicular in
polarization plane to the incident linearly polarized light, it
will be unable to penetrate through the entrance-side polar-
izer plate unless an ON voltage is applied to the liquid-crystal
molecules. Accordingly, with the reflective type LCD device
also, there is a problem that the markers are unable to be read
in the attachment operation of the optical element to the
panel. This is similar to the transmissive type LCD device
designed to operate in the normally black mode.

[0011] Moreover, with the reflective type LCD device, it is
usual that the obtainable contrast due to the reflected light
generated by the reflective electrodes is low. Therefore, there
is another problem that the markers cannot be recognized
with high accuracy.

[0012] The semi-transmissive or trans-reflective type LCD
device comprises the structure obtained by combining the
transmissive type LCD device and the reflective type LCD
device together. Therefore, the above-described explanations
for the transmissive and reflective type LCD devices are
applied to the semi-transmissive type LCD device.

[0013] Taking the above-described problems into consid-
eration, a variety of improvements have ever been made so
far.

[0014] For example, the Japanese Patent No. 3496675
issued on Feb. 16, 2004 discloses a method of fabricating a
LCD device. In this method, a polarizer plate located on a
driver substrate and a polarizer plate located on an opposite
substrate are coupled together in such a way as to have a
positional deviation. Marks are formed on the non-over-
lapped parts of the substrates formed by this deviation. In this
way, the marks can be made readable by way of the polarizer
plates. FIG. 1 shows the LCD panel disclosed in this Patent.
[0015] The LCD panel shown in FIG. 1 comprises an upper
glass 101 and a lower glass 102 as a pair of substrates where
aliquid crystal is enclosed in the gap between the glasses 101
and 102, an upper polarizer plate 103 attached to the upper
glass 101, and a lower polarizer plate 104 attached to the
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lower glass 102. Four marks 105a, 1055, 105¢, and 1054 are
formed on the lower glass 102. The upper polarizer plate 103
is placed outside the upper glass 101. The lower polarizer
plate 104 is placed outside the lower glass 102. The upper and
lower polarizer plates 103 and 104 are coupled in such a way
as to be deviated from each other at a distance A along their
longitudinal directions (i.e., along the lateral direction in FIG.
1). The marks 105a, 1055, 105¢, and 1054 are formed on the
non-overlapped parts of the lower glass 102 on the left and
right sides. The marks 1054 and 1055 are disposed on the
non-overlapped part on the right side in FIG. 1. The marks
105¢ and 1054 are disposed on the non-overlapped part onthe
left side in FIG. 1.

[0016] In the Japanese Patent No. 3496675, it is said that
the marks 1054, 1055, 105¢, and 1054 can be read with eyes,
a CCD (Charge-Coupled Device) camera, or the like, by way
of the upper or lower polarizer plate 103 or 104 by disposing
the marks 1054, 1055, 105¢, and 1054 in such the manner as
above.

[0017] Withthe LCDpanel disclosed in the Japanese Patent
No. 3496675, when the upper polarizer plate 103 is attached
to the upper glass 101, the end portion of the plate 103 needs
to be disposed between the boundary of the display region and
the marks 105a and 1054. Moreover, when the lower polar-
izer plate 104 is attached to the lower glass 102, the end
portion of the plate 104 needs to be disposed between the
boundary of the display region and the marks 105¢ and 1054.
For this reason, taking the coupling or attachment accuracy of
the upper and lower polarizer plates 103 and 104 into consid-
eration, it is inevitable that the marks 1054, 1055, 105¢, and
1054 are formed to be larger than the display region in such a
away as to be on the outside of the display region. Therefore,
there is a problem that the distance between the display region
and the sealing material for sealing or enclosing the liquid
crystal will be enlarged, in other words, the picture-frame
region will be widen.

[0018] Moreover, since the step or process of accurately
deviating the upper and lower polarizer plates 103 and 104
and attaching the same is required, there is another problem
that the fabrication cost cannot be lowered.

SUMMARY OF THE INVENTION

[0019] The present invention was created to solve the
above-described problems.

[0020] An object of the present invention is to provide a
LCD device that makes it possible to attach an optical element
to a LCD panel with high positional accuracy while avoiding
or minimizing the enlargement of the picture-frame region (in
other words, the non-display region) induced by the forma-
tion of markers on the LCD panel and the increase of the
fabrication cost, and a method of fabricating the LCD device.

[0021] The above object together with others not specifi-
cally mentioned will become clear to those skilled in the art
from the following description.

[0022] According to the first aspect of the present inven-
tion, a LCD device is provided, which comprises:

[0023] a LCD panel comprising a main substrate, an oppo-
site substrate, and a liquid crystal enclosed in a gap between
the main substrate and the opposite substrate, wherein a
polarizer plate is attached at least to the opposite substrate;

[0024] markers to be used in an attachment operation of an
optical element to the LCD panel, the markers being formed
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at positions that overlap with the polarizer plate in a non-
display region on the main substrate or the opposite substrate;
and

[0025] alignment direction regulators for regulating an
alignment direction of molecules of the liquid crystal to a
predetermined direction in vicinities of the markers, thereby
allowing light to pass through at least the opposite substrate.

[0026] With the LCD device according to the first aspect of
the present invention, as described above, the markers, which
are to be used in the attachment operation of the optical
element to the LCD panel, are formed at the positions that
overlap with the polarizer plate in the non-display region on
the main substrate or the opposite substrate. Moreover, due to
the alignment direction regulators, the alignment direction of
the molecules of the liquid crystal is regulated to the prede-
termined direction in the vicinities of the markers, thereby
allowing light to pass through at least the opposite substrate.
Therefore, when the optical element is attached to the LCD
panel, the markers can be read with eyes, a CCD camera, or
the like by way of the polarizer plate attached to the opposite
substrate. This means that the optical element can be attached
to the polarizer plate with high positional accuracy by using
the markers as a reference in the attachment operation of the
optical element to the LCD panel.

[0027] Furthermore, itis sufficient that the alignment direc-
tion of the molecules of the liquid crystal is regulated by the
alignment direction regulators in the vicinities of the markers,
thereby allowing light to pass through at least the opposite
substrate. Moreover, such the alignment direction regulators
as above can be easily realized by using an alignment film,
pixel electrodes, or the like, included in the LCD panel and
the processes used in the fabrication steps of the said LCD
panel. Accordingly, the enlargement of the picture-frame
region (in other words, the non-display region) due to the
formation of the markers on the LCD panel (i.e., the main
substrate or the opposite substrate) and the increase of the
fabrication cost can be avoided or minimized.

[0028] Inthe LCD device according to the first aspect of the
present invention, if the LCD panel is designed to operate in
the normally white mode, it is sufficient that an alignment film
that overlaps with the markers is provided for the alignment
direction regulators. This means that light penetrates in an
area where the alignment film is present in the normally white
mode and therefore, it is possible to allow light to pass
through the at least the opposite substrate by the alignment
film that overlaps with the markers. As a result, the markers
can be read by way of'the polarizer plate with ayes or the like.

[0029] IntheLCD device according to the first aspect of the
present invention, if the LCD panel is designed to operate in
the normally black mode, it is sufficient that the alignment
direction regulators differentiate the alignment direction of
the molecules of the liquid crystal in the vicinities of the
markers from that of the molecules of the liquid crystal in a
display region. Specifically, in the normally black mode, light
does not penetrate through the polarizer plate (which is
attached to the opposite substrate) if the alignment direction
of the molecules of the liquid crystal in the vicinities of the
markers is the same as that of the molecules of the liquid
crystal in the display region. For this reason, the molecules of
the liquid crystal in the vicinities of the markers are aligned in
a different direction from that of the molecules of the liquid
crystal in the display region by the alignment direction regu-
lators, thereby allowing light to pass through at least the
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opposite substrate locally. As a result, the markers can be read
by way of the polarizer plate with ayes or the like.

[0030] When the LCD panel is designed to operate in the
normally black mode, it is preferred that the alignment direc-
tion regulators are recesses or protrusions extending along a
different direction from the alignment direction of the mol-
ecules of the liquid crystal in the display region, where the
recesses or protrusions are formed on a film (preferably, an
organic film) in contact with the liquid crystal in the vicinities
of the markers. This is because the molecules of the liquid
crystal are likely to be aligned in the same direction as that of
the recesses or protrusions and therefore, the alignment direc-
tion of the molecules of the liquid crystal in the vicinities of
the markers can be made different from that of the molecules
of the liquid crystal in the display region by the recesses or
protrusions. In this case, no alignment film is placed in the
vicinities of the markers.

[0031] Moreover, when the LCD panel is designed to oper-
ate in the normally black mode, each of the alignment direc-
tion regulators may be at least one electrode located in the
vicinity of each of the markers, where the alignment direction
of the molecules of the liquid crystal in the vicinities of the
markers is differentiated from that of the molecules of the
liquid crystalin the display region by applying a voltage to the
electrodes. Since the vicinity of each of the markers is made
transparent locally due to the application of a voltage to the at
least one electrode, the markers can be read by way of the
polarizer plate with eyes or the like.

[0032] When the LCD panel is of the reflective type or the
semi-transmissive type, it is preferred that the markers are
made of a same material as that of reflecting members. This is
because the reflecting members are made of a high-reflec-
tance material and therefore, the markers can be read with
high positional accuracy using a high-intensity reflected light.
In this case, any one of the above-described examples of the
alignment direction regulators may be used as necessary.

[0033] In a preferred embodiment of the LCD device
according to the first aspect of the invention, each of the
markers has a plan shape designed in such a way that at least
one of edges of the marker extends along the alignment direc-
tion ofthe molecules of the liquid crystal. In this embodiment,
the distortion of the alignment direction of the molecules of
the liquid crystal due to the height differences (i.e., the steps)
caused by formation of the markers can be minimized near the
height differences.

[0034] Inanother preferred embodiment of the LCD device
according to the first aspect of the invention, at least one of the
markers is located on a side or edge of the LCD panel where
a liquid-crystal injection hole of the LCD panel is present. In
this embodiment, the effect by the enlargement of the picture-
frame region of the LCD panel due to the markers can be
minimized.

[0035] According to the second aspect of the present inven-
tion, a method of fabricating a LCD device is provided, the
LCD device comprising a LCD panel and an optical element
attached to the LCD panel, wherein the LCD panel includes a
main substrate, an opposite substrate, a liquid crystal
enclosed in a gap between the main substrate and the opposite
substrate, and a polarizer plate attached to at least the opposite
substrate.

[0036]

[0037] forming markers, which are used in an attachment
operation of the optical element to the LCD panel, at positions

This method comprises the steps of:
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that overlap with the polarizer plate in a non-display region on
the main substrate or the opposite substrate;

[0038] forming alignment direction regulators for regulat-
ing analignment direction of molecules of the liquid crystal to
apredetermined direction in vicinities of the markers, thereby
allowing light to pass through at least the opposite substrate,
wherein the alignment direction regulators are located on the
LCD panel; and

[0039] attaching the optical element to the LCD panel
while reading the markers by way of the polarizer plate.
[0040] With method of fabricating a LCD device according
to the second aspect of the present invention, as described
above, the markers are formed on the LCD panel at the posi-
tions that overlap with the polarizer plate in the non-display
region on the main substrate or the opposite substrate. More-
over, the alignment direction regulators, which regulate the
alignment direction of the molecules of the liquid crystal to
the predetermined direction in the vicinities of the markers to
thereby allow light to pass through at least the opposite sub-
strate, are provided on the LCD panel. Therefore, the markers
can be recognized by way of the polarizer plate. For this
reason, in the step of attaching the optical element to the LCD
panel, the markers can be used as a reference while reading
the markers with eyes, a CCD camera, or the like, by way of
the polarizer plate. Accordingly, the optical element can be
attached to the LCD panel with a high positional accuracy.
[0041] Furthermore, itis sufficient that the alignment direc-
tion regulators are provided on the LCD panel. Moreover,
such the alignment direction regulators as above can be easily
realized by using an alignment film, pixel electrodes, or the
like, included in the LCD panel and the processes used in the
fabrication steps of the said LCD panel. Accordingly, the
enlargement of the picture-frame region (in other words, the
non-display region) due to the formation of the markers on the
LCD panel and the increase of the fabrication cost can be
avoided or minimized.

[0042] In the method according to the second aspect of the
present invention, if the LCD panel is designed to operate in
the normally white mode, it is preferred that an alignment film
is formed in such a way as to overlap with the markers in the
step of forming the alignment direction regulators.

[0043] In the method according to the second aspect of the
present invention, if the LCD panel is designed to operate in
the normally black mode, it is preferred that the alignment
direction regulators are formed to differentiate the alignment
direction of the molecules of the liquid crystalin the vicinities
of the markers from that of the molecules of the liquid crystal
in the display region in the step of forming the alignment
direction regulators.

[0044] In the method according to the second aspect of the
present invention, if the LCD panel is designed to operate in
the normally black mode, it is preferred that recesses or
protrusions are formed in such a way as to extend along a
different direction from the alignment direction of the mol-
ecules of the liquid crystal in the display region in the step of
forming the alignment direction regulators, where the
recesses or protrusions are formed on a film (preferably, an
organic film) in contact with the liquid crystal in the vicinities
of the markers.

[0045] In the method according to the second aspect of the
present invention, if the LCD panel is designed to operate in
the normally black mode, it is preferred that at least one
electrode is formed in the vicinity of each of the markers in the
step of forming the alignment direction regulators. Moreover,
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in the step of attaching the optical element to the LCD panel,
the optical element is attached to the LCD panel in the state
where a voltage is applied to the electrodes to differentiate the
alignment direction of the molecules of the liquid crystal in
the vicinities of the markers from that of the molecules of the
liquid crystal in the display region.

[0046] In the method according to the second aspect of the
present invention, when the LCD panel is of the reflective
type or the semi-transmissive type, it is preferred that the
markers are made of a same material as that of reflecting
members in the step of forming the markers.

[0047] Inapreferred embodiment of the method according
to the second aspect of the invention, in the step of forming the
markers, each of the markers is formed to have a plan shape
designed in such a way that at least one of edges of the marker
extends along the alignment direction of the molecules of the
liquid crystal. In this embodiment, the distortion of the align-
ment direction of the molecules of the liquid crystal due to the
height differences (i.e., the steps) caused by formation of the
markers can be minimized near the height differences.
[0048] In another preferred embodiment of the method
according to the second aspect of the invention, in the step of
forming the markers, at least one of the markers is located on
a side or edge of the LCD panel where a liquid-crystal injec-
tion hole of the LCD panel is present. In this embodiment, the
effect by the enlargement of the picture-frame region of the
LCD panel due to the markers can be minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] In order that the present invention may be readily
carried into effect, it will now be described with reference to
the accompanying drawings.

[0050] FIG. 1 is a schematic plan view of the LCD panel
incorporated into a prior-art LCD device.

[0051] FIG.2isaperspective view showing the state where
apolarizer plate is attached to the opposite substrate of a LCD
device according to a first embodiment of the present inven-
tion.

[0052] FIG.3isapartial cross-sectional view along the line
HI-1T in FIG. 2.

[0053] FIG.4isaperspective view showing the state where
an optical element is attached to the LCD device according to
the first embodiment of the present invention.

[0054] FIGS. 5A to 5] are partial cross-sectional views
showing the process steps of a method of fabricating polysili-
con TFTs (Thin-Film Transistors) of the LCD device accord-
ing to the first embodiment of the present invention, respec-
tively.

[0055] FIG. 6 is a partial plan view showing the pixel
regions on the driver substrate of the LCD device according to
the first embodiment of the present invention.

[0056] FIG.71isaperspective view showing the structure of
the driver substrate of the LCD device according to the first
embodiment of the present invention.

[0057] FIG. 8is a perspective view showing the state of the
driver substrates formed on the glass plate forthe LCD device
according to the first embodiment of the present invention
prior to the dividing process.

[0058] FIGS. 9A to 9E are partial cross-sectional views of
the vicinity of one of the markers, which show the process
steps of a method of fabricating the opposite substrate of the
LCD device according to the first embodiment of the present
invention, respectively.
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[0059] FIG. 10 is a perspective view showing the state of
the opposite substrates formed on the glass plate for the LCD
device according to the first embodiment of the present inven-
tion prior to the dividing process.

[0060] FIG. 11 is a perspective view showing the state
where the driver substrate and the opposite substrates of the
LCD device according to the first embodiment of the present
invention are arranged before coupling.

[0061] FIG. 12 is a perspective view showing the state
where the driver substrate and the opposite substrate of the
LCD device according to the first embodiment of the present
invention are coupled, wherein polarizer plates are not yet
attached thereto.

[0062] FIG. 13 is a similar view to FIG. 11, which shows
the state where the markers are arranged on the driver sub-
strate in the LCD device according to the first embodiment of
the present invention.

[0063] FIG. 14 is apartial cross-sectional view of the vicin-
ity of one of the markers of a LCD device according to a
second embodiment of the present invention.

[0064] FIG. 15 is an explanatory partial plan view of the
vicinity of one of the markers of the LCD device according to
the second embodiment of the present invention.

[0065] FIG. 16 is apartial cross-sectional view of the vicin-
ity of one of the markers of a LCD device according to a third
embodiment of the present invention.

[0066] FIG. 17A is a partial cross-sectional view of the
vicinity of one of the markers of a LCD device according to a
fourth embodiment of the present invention.

[0067] FIG. 17B is a partial cross-sectional view of the
vicinity of one of the markers of a LCD device according to a
fifth embodiment of the present invention.

[0068] FIGS. 18A to 18D are schematic partial plan views
showing the marker and the alignment direction of the liquid-
crystal molecules in its vicinity of a LCD device according to
a sixth embodiment of the present invention, respectively.
[0069] FIG. 19 is a perspective view showing the state
where the driver substrate and the opposite substrate of a LCD
device according to a seventh embodiment of the present
invention are coupled, wherein polarizer plates are not yet
attached thereto.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0070] Preferred embodiments of the present invention will
be described in detail below while referring to the drawings
attached.

First Embodiment

[0071] The schematic structure of a LCD device according
to a first embodiment of the present invention is shown in
FIGS. 2 and 3, where the LCD device is designed to operate
in the normally white mode.

[0072] InFIGS. 2 and 3, the reference numeral 34 denotes
a LCD panel incorporated into the LCD device according to
the first embodiment of the invention. The LCD panel 34
comprises a driver substrate 1 as a main substrate, an opposite
substrate 18 coupled with the driver substrate 1 to be opposite
thereto, a liquid crystal 35 (see FIG. 3) enclosed in the gap
between the driver and opposite substrates 1 and 18, polarizer
plates 31a and 315 attached respectively to the outer surfaces
of the driver and opposite substrates 1 and 18, and four mark-
ers 21 formed respectively at the positions that overlaps with
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the polarizer plate 316 on the opposite substrate 18. The
markers 21, each of which is made of a material with a
light-shielding property (i.e., an opaque material), are used
for positioning of an optical element in the attachment or
placement operation of the optical element on the panel 34.
[0073] The driver substrate 1, and the opposite substrate 18
onwhich the markers 21 are formed, are coupled to each other
with a sealing material (i.e., an adhesive) 30. The polarizer
plate 31a on the driver substrate 1 and the polarizer plate 315
on the opposite substrate 18 are respectively fixed to the
substrate 1 and 18 in such a way that their absorption axes are
intersected at right angles. As clearly shown in FIG. 3, each of
the markers 21 is formed on the inner surface of the opposite
substrate 18 (i.e., the opposite surface of the substrate 18 to
the polarizer plate 315 ), and is located in the region sur-
rounded by the sealing material 30 on the outside of the
display region, i.e., in the non-display region.

[0074] The markers 21 are provided at four positions here;
however, it is sufficient for the invention that the markers 21
are provided at at least two positions. The markers 21 are
covered with an alignment film 125 placed on the inner sur-
face of the opposite substrate 18, where the alignment film
1254 is superposed on an alignment film 124 placed on the
inner surface of the driver substrate 1. A predetermined align-
ing treatment such as a rubbing treatment has been applied to
the respective surfaces of the films 12a and 12é.

[0075] With the LCD device designed to operate in the
normally white mode with a Twisted Nematic (TN) liquid
crystal, light which has entered the inside of the LCD panel 34
from the side of the driver substrate 1 (i.e., incident light) will
be linearly polarized light by the polarizer plate 314 in the
inside of the display region where the molecules of the liquid
crystal 35 have been aligned to a predetermined direction by
the alignment films 12¢ and 125. Since the plane of polariza-
tion of the linearly polarized light thus generated is then
rotated by the aligned molecules of the liquid crystal 35, the
said linearly polarized light is able to pass through the polar-
izer plate 315 on the opposite substrate 18 without application
of avoltage to the liquid crystal 35. This means that transmit-
ted light will be emitted from the panel 34 by way of the
polarizer plate 315 on the opposite substrate 18.

[0076] In the first embodiment of the invention, the align-
ment films 12a and 126 are overlapped with the markers 21
having the light-shielding property and therefore, the panel
34 has transparency in the vicinities of the markers 21 located
in the non-display region even in the state where the polarizer
plates 31a and 315 are overlapped with the markers 21.
Accordingly, the markers 21 can be recognized by way of the
two polarizer plates 31a and 315. For this reason, the markers
canbe utilized as the reference in the placement or attachment
operation of the optical element 32 onto the opposite sub-
strate 18 of the LCD panel 34. As a result, the optical element
32 canbe attached onto the polarizer plate 315 on the opposite
substrate 18 with high positional accuracy.

[0077] FIG.4isaperspective view showing the state where
the optical element 32 is attached to the LCD device accord-
ing to the first embodiment. As the element 32, for example,
a lens, an optical diffusing film, or the like may be used.
[0078] With the LCD device using Thin-Film Transistors
(TFTs) made of polysilicon, the electron mobility is relatively
higher and therefore, the TFTs can be miniaturized for real-
izing higher-resolution LCD devices. Moreover, since the
operating speed of the TFTs is enhanced also, the peripheral
driver circuits for driving the pixels can be formed on the
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driver substrate 1, which makes it possible to narrow the
picture-frame region. Accordingly, the LCD device compris-
ing polysilicon TFTs is adopted as an example in the follow-
ing explanation.

[0079] Next, a method of fabricating the LCD device
according to the first embodiment shown in FIGS. 2 and 3 will
be explained below with reference to FIGS. 5A to 5J and
FIGS. 6 to 8. FIGS. 5A to 5] are partial cross-sectional views
showing the process steps of this method, respectively. FIG. 6
is a partial plan view showing the pixel regions on the driver
substrate 1. FIG. 7 is a perspective view showing the structure
of the driver substrate 1. FIG. 8 is a perspective view showing
the state of the driver substrates 1 formed by using a glass
plate prior to dividing.

[0080] Anunderlying insulating film (e.g., a SiO, film) 2 is
formed on a glass plate 1a for the driver substrate 1 and
thereafter, an amorphous silicon film is grown on the insulat-
ing film 2. Laser light is irradiated to the amorphous silicon
film for annealing, thereby converting it to a polysilicon film
3a, as shown in F1G. 5A. Subsequently, the polysilicon film
3a is patterned by known photolithography and etching pro-
cesses, thereby forming island regions 3 made of polysilicon,
as shown in FIG. 5B.

[0081] Following this, a patterned photoresist film 27 is
formed on the glass plate la on which the polysilicon island
regions 3 have been formed and then, predetermined ions as a
dopant are selectively doped into the predetermined parts of
the respective island regions 3, as shown in FIG. 5C. After the
doping is completed, the photoresist film 27 is removed.
Thus, a source region 24 and a drain region 25 are formed at
each side of each of the island regions 3 at an interval, as
shown in FIG. 5D. The part of the region 3 sandwiched by the
source region 24 and the drain region 25 is a channel region.
[0082] Next, a gate oxide film (e.g., a SiO, film) 4 is formed
on the underlying insulating film 2 to cover all the island
regions 3. Then, a conductive film (e.g., a Cr film) is formed
on the gate oxide film 4. The conductive film is patterned by
known photolithography and etching processes, thereby
forming gate electrodes/lines 5 in the predetermined areas on
the gate oxide film 4, as shown in FIG. SE. Each of the gate
electrodes/lines 5 1s a combined element of the gate electrode
and the corresponding gate line. The gate oxide film 4 is
formed to cover the whole surface of the glass plate 1a.
[0083] Next, a lower insulating film (e.g., a SiO, film) 6 is
formed on the gate oxide film 4, thereby covering the gate
electrodes/lines 5. The lower insulating film 6 is formed to
cover the whole surface of the glass plate 1a, as shown in FIG.
SF. Subsequently, contact holes are formed at predetermined
positions of the lower insulating film 6 and the gate oxide film
4 and then, a conductive film (e.g., a Cr film) is formed on the
lower insulating film 6. The conductive film is patterned by
known lithography and etching processes, resulting in source
electrodes/lines 7 and drain electrodes 8, as shown in FIG.
5G. The source electrodes/lines 7 and the drain electrodes 8
thus formed are electrically connected to the corresponding
source regions 24 and the corresponding drain regions 25,
respectively. Each of the source electrodes/lines 7 is a com-
bined element of the source electrode and the corresponding
source line. At this stage, TFTs 36 are completed.

[0084] After the source electrodes/lines 7 and the drain
electrodes 8 are formed in such a way as above, an interlayer
insulating film 9 is formed over the whole surface of the glass
plate 1a, as shown in FIG. SH. Moreover, to planarize the
surface irregularities, a planarization film 10 is formed on the
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interlayer insulating film 9, as shown in FIG. 51. It is preferred
that an inorganic dielectric film is used for the interlayer
insulating film 9 in order that the film 9 may not react with the
source electrodes/lines 7 and the drain electrodes 8, and that
an organic resin having a stronger planarizing effect is used
for the planarization film 10.

[0085] Contact holes that penetrate through the interlayer
insulating film 9 and the planarization film 10 are respectively
formed at the predetermined positions on the drain electrodes
8 and then, a transparent conductive film (e.g., an Indium Tin
Oxide (ITO) film) is formed on the planarization film 10.
Thereafter, the conductive film thus formed is patterned by
known photolithography and etching processes, thereby
forming pixel electrodes 11 on the planarization film 10, as
shown in FIG. 5J. The pixel electrodes 11 are electrically
connected to the corresponding drain electrodes 8 by way of
the corresponding contact holes, respectively. It is preferred
that the pixel electrodes 11 are made of a material having
transparency to visible light.

[0086] Finally, the alignment film 12a (see FIG. 3) is
formed on the planarization film 10 to cover the pixel elec-
trodes 11 and then, a predetermined aligning treatment is
applied to the surface of the film 12a, thereby making the
liquid-crystal molecules contacted with the surface of the film
12a aligned to the predetermined direction. In this way, the
driver substrate 1 is obtained.

[0087] Theplanview ofthe pixel regions 26 formed in such
the manner as described above is shown in FIG. 6. Each of the
gate electrodes/lines 5 is extended along the lateral direction
of FIG. 6. Each of the source electrodes/lines 7 is extended
along the vertical direction of FIG. 6. Each of the pixel
regions 26 is a region defined by the two adjoining gate
electrodes/lines 5 and the two adjoining source electrodes/
lines 7. The pixel electrodes 26 are arranged in a matrix array
onthe glass plate 1a. Each of the pixel regions 26 includes one
of the pixel electrodes 11 and one of the TFTs 36. Here, the
TFT 36, the pixel electrode 11, and so on located within each
of the pixel regions 26 are termed in the lump a set of “driver
substrate-side liquid-crystal driving elements 14”. To make it
easier to understand, only the main elements are shown in
FIG. 6.

[0088] A plurality of sets of the driver substrate-side liquid-
crystal driving elements 14 (in other words, the pixel regions
26) are arranged in a matrix array in the display region, as
shown in FIG. 7. These sets of the driver substrate-side liquid-
crystal driving elements 14 are electrically connected to a
gate line driving circuit 15 placed outside the display region
(i.e., placed in the non-display region) by way of the corre-
sponding gate electrodes/lines 5 and at the same time, they are
electrically connected to a source line driving circuit 16
placed outside the display region (i.e., placed in the non-
display region) by way of the corresponding source elec-
trodes/lines 7. The gate line driving circuit 15 and the source
line driving circuit 16 are respectively formed by the TFTs 36
in the same manner as described above.

[0089] When the driver substrate 1 is coupled to the oppo-
site substrate 18, the sealing material 30 is formed on the
planarization film 10 of the driver substrate 1 in such a way as
to have a predetermined pattern. In addition, transfer elec-
trodes 13 for electrical interconnection with the opposite
substrate 18 are formed on the planarization film 10 near the
end portions of the substrate 18. It is preferred that the transfer
electrodes 13 are made of the same material as the pixel
electrodes 11 in the step of forming the pixel electrodes 11.
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The transfer electrodes 13 may be omitted according to the
type of the liquid-crystal driving method.

[0090] The gate line driving circuit 15, the source line driv-
ing circuit 16, and the transfer electrodes 13 are electrically
connected to corresponding exteral connection terminals 28
formed on one edge of the driver substrate 1 by way of
external connection lines 29. The gate line driving circuit 15,
the source line driving circuit 16, and the transfer electrodes
13 (in other words, the LCD device according to the first
embodiment) are electrically connected to an external circuit
(not shown) with the external connection terminals 28.

[0091] In the above-described explanation, to simplify the
explanation and the drawings, it is illustrated such that the
only one structure of the driver substrate 1 shown in FIG. 7 is
formed on the glass plate la. However, a plurality of the
structures of the driver substrate 1 is simultaneously formed
on the glass plate la in the practical fabrication processes, as
shown in FIG. 8. Therefore, a plurality of the structures of
FIG. 7 including the set of driver substrate-side liquid-crystal
driving elements 14, the external connection terminals 28,
and so on are formed on the single glass plate la through the
above-described process steps.

[0092] Thereafter, the alignment film 12a is formed by
printing on the planarization film 10 of the driver substrate 1
(see FIG. 11). The alignment film 124 is formed to cover not
only the inside of the display region (which is an approxi-
mately rectangular region defined by the entirety of the pixel
regions 26 arranged in a matrix array) but almost all the
non-display region (which is an approximately rectangular
ring-shaped region) sandwiched by the outer edges of the said
display region and the inner edges of the sealing material 30,
as clearly shown in FIG. 11. Therefore, the areas correspond-
ing to the markers 21 on the opposite substrate 18 also are
covered with the alignment film 12a. In addition, in order not
to make a contact between the alignment film 124 and the
sealing material 30, small clearances are formed between the
outer edges of the alignment film 124 and the inner edges of
the sealing material 30.

[0093] Here, the alignment film 12a is formed to cover
almost all the non-display region. However, the alignment
film 12¢ may be formed to partially cover the areas only
corresponding to the markers 21 in the non-display region.

[0094] Subsequently. an aligning treatment for aligning the
liquid-crystal molecules to a predetermined direction is
applied to the surface of the alignment film 12a. A treatment
that rubs the surface of the alignment film 124 using polyim-
ide, a treatment that uses ion beams, or the like may be used
for the aligning treatment.

[0095] Next, amethod of fabricating the opposite substrate
18, which is coupled with the driver substrate 1 in such a way
as to be opposed thereto, will be explained below with refer-
ence to FIGS. 9A to 9E. FIGS. 9A to 9E are partial cross-
sectional views showing the process steps of the method of
fabricating the opposite substrate 18, respectively.

[0096] First, as shown in FIG. 9A, a black matrix 17 is
formed on a glass plate 18« for the opposite substrate 18 to
have apredetermined pattern. The black matrix 17 is placed in
the areas opposite to the driver substrate-side liquid-crystal
driving elements 14, the gate line driving circuit 15, the
source line driving circuit 16, the external connection lines
29, and so on, which are located in the non-display region of
the driver substrate 1 inthe coupling operation of the opposite
and driver substrates 18 and 1.
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[0097] The black matrix 17 is formed by patterning a metal
film such as aluminum (Al), chromium (Cr), or the like
through which visible light does not penetrate (i.e., a metal
film having a light-shielding property) by known photolithog-
raphy and etching processes. Therefore, the four markers 21
can be formed on the glass plate 18a simultaneously with the
black matrix 17 by using the same metallic material having a
light-shielding property as that of the black matrix 17.
[0098] The positions of the respective markers 21 are deter-
mined at the positions which are opposite (which correspond)
to the non-display region of the driver substrate 1 and which
are not covered with the sealing material 30 for adhesion
between the driver and opposite substrates 1 and 18. Here, as
shown in FIG. 2, the markers 21 are arranged in the rectan-
gular ring-shaped non-display region which is sandwiched by
the outer edges of the display region and the inner edges of the
sealing material 30, where the markers 21 are respectively
assigned to the vicinities of the four corners of the non-
display region.

[0099] Each marker 21 may have any plan shape if the
optical element 32 can be placed at a predetermined position
on the opposite substrate 18 by recognizing the marker 21
with eyes, a CCD camera, or the like. For example, if each
marker 21 is formed to have a cruciform (cross-shaped) plan
shape. as shown in FIG. 2 and then, the four markers 21 are
arranged in such a way that the respective centers (intersec-
tions) of the cruciform markers 21 coincide with the corre-
sponding positions on the opposite substrate 18, these mark-
ers 21 can be used as the reference in the placement or
attachment operation of the optical element 32. It is needless
to say that the plan shape of each marker 21 may be any other
shape such as linear (I-shaped), circular (O-shaped), or the
like.

[0100] Since the markers 21 are used for placement or
positioning of the optical element 32 on the opposite substrate
18 in its attachment operation, it is preferred that the count of
the markers 21 is set at least two.

[0101] Next, as shown in FIG. 9B, three color layers 20 of
red (R), green (G), and blue (B) having predetermined pat-
terns are formed in the regions (which are placed in the
display region) opposite to the pixel electrodes 11 on the
driver substrate 1 as a color filter by known photolithography
and etching processes.

[0102] Subsequently, as shown in FIG. 9C, to relax the
irregularities (i.e., projections and depressions) generated by
the thickness differences among the respective color layers 20
and the black matrix 17 (and the markers 21), an overcoat film
19 is formed to cover the color layers 20 and the black matrix
17. The overcoat film 19 is formed to cover the whole surface
of the opposite substrate 18. It is preferred that the overcoat
film 19 is made of an organic resin having a stronger pla-
narization effect, or the like; however, the overcoat film 19
may be omitted according to the characteristics of the LCD
device. The surface of the overcoat film 19 is flat.

[0103] Following this, as shown in FIG. 9D, an opposite
electrode 23 is formed on the overcoat film 19. The opposite
electrode 23, which is commonly used for all the pixel elec-
trodes 11, is formed to cover the area extending from the
region (i.e., the display region) corresponding to all the pixel
electrodes 11 on the driver substrate 1 to the region corre-
sponding to the transfer electrodes 13 on the driver substrate
1. In this way, the opposite substrate 18 is completed.
[0104] The opposite electrode 23, the color layers 20, and
the black matrix 17 formed on the opposite substrate 18
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constitute a set of opposite substrate-side liquid-crystal driv-
ing elements 22, which are oppositeto a corresponding one of
the sets of the driver substrate-side liquid-crystal driving ele-
ments 14.

[0105] In the above-described explanation, only one struc-
ture of the opposite substrate 18 shown in FIG. 9D is formed
ontheglass plate 18a. However, a plurality of the structures of
the opposite substrate 18 is simultaneously formed on the
glass plate 18« in the practical fabrication steps, as shown in
FIG. 10. Therefore, a plurality of the structures of the opposite
substrate 18 of FIG. 9D including the set of opposite sub-
strate-side liquid-crystal driving elements 22 is formed on the
single glass plate 18a through the above-described process
steps.

[0106] On the opposite substrate 18 thus fabricated, the
alignment film 125 is formed to cover the opposite electrode
23, as shown in FIG. 9E and FIG. 11. At this time, the
alignment film 125 is superposed on the alignment film 12a
on the driver substrate 1 almost correctly and therefore, the
alignment film 124 is overlapped not only with the display
region but also with the markers 21. Thereafter, in the same
manner as the driver substrate 1, an aligning treatment for
aligning the liquid-crystal molecules to a predetermined
direction is applied to the surface of the alignment film 124.
[0107] In addition, here, the alignment film 125 is formed
to cover almost all the non-display region. However, the
alignment film 126 may be formed to cover locally the mark-
ers 21 only.

[0108] Following this, the driver and opposite substrates 1
and 18 are coupled together with the sealing material 30 in the
following way.

[0109] Specifically, as shown in FIG. 11, the sealing mate-
rial 30 is coated on the inner surface of the driver substrate 1
(on the surface of the planarization film 10 in FIG. 5J) to have
a rectangular ring shape along the outer edges of the display
region on the outside of the said display region, thereby
defining the space in which the liquid crystal 35 is enclosed.
When the liquid crystal 35 is injected into this space utilizing
capillary action, the sealing material 30 is coated in such a
way as to be open at the position for the injection hole and
then, the driver and opposite substrates 1 and 18 are super-
posed. On the other hand, when the liquid crystal 35 is
injected into this space by dropping, the liquid crystal 35 is
dropped in this space on the driver substrate 1 before coupling
and thereafter, the driver and opposite substrates 1 and 18 are
superposed. Subsequently, for example, ultraviolet (UV)
light is irradiated to the sealing material 30 for curing. Thus,
the sealing material 30 is cured and at the same time, the
driver and opposite substrates 1 and 18 are joined together by
the cured material 30, where the liquid crystal 35 is enclosed
in the space between the substrates 1 and 18 thus joined.
When the liquid crystal 35 has been injected by utilizing
capillary action, the injection hole for the liquid crystal 35 is
closed. When the liquid crystal 35 has been injected by drop-
ping, the injection hole has not been formed and therefore, the
process of closing the injection hole is unnecessary. In this
way, the LCD panel 34 as shown in FIGS. 2 and 3 is obtained.
[0110] In the practical fabrication processes, a plurality of
LCD panel structures is simultaneously fabricated by the
driver and opposite substrates 1 and 18, as shown in FIGS. 8
and 10. Therefore, after coupling and unifying the driver and
opposite substrates 1 and 18, these two substrates 1 and 18
thus coupled and unified are divided by cutting into the indi-
vidual LCD panel structures. As a result, a plurality of the
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LCD panels 34 is fabricated simultaneously, each of which
includes the set of the driver substrate-side liquid-crystal
driving elements 14 and the set of the opposite substrate-side
liquid-crystal driving elements 22.

[0111] Thereafter, as shown in F1G. 12, the polarizer plates
31aand 315 are attached to the outer surfaces of the driver and
opposite substrates 1 and 18, respectively. At this time, the
absorption axes of the polarizer plates 31a and 315 are
adjusted to intersect at right angles.

[0112] With the LCD panel 34 thus fabricated, the two
alignment films 12a and 125 are overlapped with the four
markers 21 and at the same time, the whole surfaces of the
alignment films 12a and 126 are subjected to the predeter-
mined aligning treatment. Therefore, the position and shape
of the markers 21 can be differentiated clearly by way of the
polarizer plates 31a and 315 whose absorption axes have been
adjusted to intersect at right angles. Accordingly, as shown in
FIG. 2, even after the polarizer plates 31a and 316 are
attached to the outer surfaces of the driver and opposite sub-
strates 1 and 18, respectively, the markers 21 can be recog-
nized with eyes or the like. For this reason, if some markers
(not shown, which are the same as or similar to the markers
21) are formed on the optical element 32, desired placement
and attachment between the LCD panel 34 (i.e., the driver and
opposite substrates 1 and 18) and the optical element 32 can
be achieved with high positional accuracy by matching or
aligning the markers on the optical element 32 to the markers
21 on the LCD panel 34.

[0113] With the LCD device according to the first embodi-
ment, as described above, the LCD panel 34 comprises the
driver substrate 1 as the main substrate, the opposite substrate
18, and the liquid crystal 35 enclosed in the gap between the
driver and opposite substrates 1 and 18. The polarizer plates
31a and 315 are attached to the substrates 1 and 18, respec-
tively. The four markers 21 are formed on the opposite sub-
strate 18 at the positions overlapped with the polarizer plates
31a and 315.

[0114] Moreover, the alignment films 12¢ and 125 are
formed on the inner surfaces of the driver and opposite sub-
strates 1 and 18, respectively, where the alignment films 12a
and 125 are overlapped with the markers 21. Therefore, the
alignment direction of the molecules of the liquid crystal 35in
the vicinities of the respective markers 21 is regulated to the
same direction as that of the molecules of the liquid crystal 35
in the display region.

[0115] Further, since the LCD device according to the first
embodiment is designed to operate in the normally white
mode, light penetrates through the LCD panel 34 by way of
the two polarizer plates 31a and 315 even when no voltage is
applied to the liquid crystal 35. Because the markers 21 are
overlapped with the polarizer plates 31a and 315 and the
alignment films 12a and 125, light can penetrate through the
panel 34 even in the vicinities of the respective markers 21.

[0116] Inthis way, by utilizing the fact that light penetrates
through the region where the alignment films 12a and 125 are
placed even if an ON voltage is not applied in the normally
white mode, the alignment films 12a and 125 are placed to
cover the vicinities of the markers 21 also, thereby allowing
light to pass through the panel 34 in the vicinities of the
markers 21. Therefore, the markers 21 can be visually recog-
nized, in other words, the markers 21 can be read with eyes, a
CCD camera, or the like. Accordingly, the markers 21 can be
used as a reference in the attachment operation of the optical
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element 32 to the LCD panel 34 and as a result, the optical
element 32 can be attached to the polarizer plate 315 with
high positional accuracy.

[0117] Moreover, it is sufficient that the alignment direc-
tion of the molecules of the liquid crystal 35 is regulated in the
vicinities of the markers 21 by the alignment films 12a and
125 serving as the alignment direction regulators, thereby
allowing light to pass through the driver and opposite sub-
strates 1 and 18. Moreover, such the alignment direction
regulators as above can be easily realized by using the align-
ment films 12¢ and 124 included in the LCD panel 34.
Accordingly, the enlargement of the picture-frame region (in
other words, the non-display region) due to the formation of
the markers 21 on the LCD panel 34 (i.e., the driver and
opposite substrates 1 and 18), and the increase of the fabri-
cation cost can be avoided or minimized.

[0118] Furthermore, with the method of fabricating the
LCD device according to the first embodiment, the markers
21 are formed on the inner surface of the opposite substrate 18
in the step of forming the black matrix 17 using the same
material with the light-shielding property as the black matrix
17. The markers 21 are covered with the alignment film 125
located on the opposite substrate 18, where the predetermined
aligning treatment has been applied to the alignment film 125.
The markers 21 are positioned in such a way as to overlap
with the polarizer plates 31a and 315 that are placed respec-
tively on the driver and opposite substrates 1 and 18. The
optical element 32 is attached to the LCD panel 34 on the side
of the opposite substrate 18 while reading the markers 21.
Accordingly, the LCD device according to the first embodi-
ment having the optical element 32 attached to the panel 34
can be obtained.

[0119] Inaddition, the markers 21 are formed on the oppo-
site substrate 18 in the first embodiment; however, the mark-
ers 21 may be formed on the driver substrate 1, as shown in
FIG. 13. In the variation of the first embodiment of FIG. 13,
similar to the case of F1G. 11, the markers 21 are formed inthe
non-display region which is formed in the inside of the seal-
ing material 30, where part of the markers 21 are overlapped
with the gate line driving circuit 15 or the source line driving
circuit 16. In this variation, it is preferred that the markers 21
are formed simultaneously with the formation of the gate
electrodes/lines 5, the source electrodes/lines 7, or the trans-
fer electrodes 13. This is to avoid the increase of the process
steps due to the formation of the markers 21. It is preferred
that the black matrix 17 on the opposite substrate 18 is par-
tially removed at the positions to be opposite to the markers
21. This is to enhance the transparency at the said positions to
be opposite to the markers 21.

[0120] When the markers 21 are formed simultaneously
with the formation of the gate electrodes/lines 5, it is pre-
ferred that the markers 21 are formed by the same conductive
material having the light-shielding property as the gate elec-
trodes/lines 5, and that the markers 21 are placed on the gate
oxide film 4 (see FIG. 5E).

[0121] When the markers 21 are formed simultaneously
with the formation of the source electrodes/lines 7, it is pre-
ferred that the markers 21 are formed by the same conductive
material having the light-shielding property as the source
electrodes/lines 7, and that the markers 21 are placed on the
lower insulating film 6 (see FIG. 5G).

[0122] When the markers 21 are formed simultaneously
with the formation of the transfer electrodes 13, it is preferred
that the markers 21 are formed by the same conductive mate-
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rial having the light-shielding property as the transfer elec-
trodes 13, and that the markers 21 are placed on the planariza-
tion film 10 (see FIG. 57).

Second Embodiment

[0123] FIGS. 14 and 15 show the LCD panel incorporated
into a LCD device according to a second embodiment of the
invention. Unlike the above-described first embodiment, this
LCD device is designed to operate in the normally black
mode. FIG. 14 is a partial cross-sectional view showing the
structure of the LCD panel 34 in the vicinity of one of the
markers 21, and FIG. 15 is an explanatory partial plan view
showing the alignment state of the liquid-crystal molecules in
the vicinity of the said marker 21 and the display region. The
markers 21 used in the second embodiment are the same as
those used in the first embodiment.

[0124] With the L.CD device designed to operate in the
normally black mode, the markers 21 are unable to be recog-
nized visually even if the alignment direction of the mol-
ecules of the liquid crystal 35 in the vicinities of the markers
21 is equalized to that of the molecules of the liquid crystal 35
in the display region. This is because light does not penetrate
through the LCD panel 34 in the state where an ON voltage is
not applied to the molecules.

[0125] For example, with the LCD device of the In-Plane
Switching (IPS) type, the alignment direction of the mol-
ecules of the liquid crystal 35 is the same as that of the
absorption axis of the polarizer plate 31a or 315 in the state
where an ON voltage is not applied to the molecules. There-
fore, the polarized light that has passed through the polarizer
plate 31a located on the driver substrate 1 is almost absorbed
by the polarizer plate 315 located on the opposite substrate
18. Accordingly, the said polarized light is unable to penetrate
through the polarizing plate 315 in the state where an ON
voltage is not applied to the molecules.

[0126] With the LCD device of the Vertical Aligned (VA)
type, the molecules of the liquid crystal 35 are aligned along
adirection perpendicular to the driver and opposite substrates
and 18, where the polarization direction of the incident light
does not change in the liquid crystal 35. Therefore, similar to
the case of the IPS type, the polarized light that has passed
through the polarizer plate 31a located on the driver substrate
1is unable to penetrate through the polarizer plate 315 located
on the opposite substrate 18 in the state where an ON voltage
is not applied to the molecules.

[0127] As a result, to make it possible to recognize the
markers 21 visually by way of the two polarizer plates 31a
and 315 in the LCD device designed to operate in the nor-
mally black mode, it is required that the alignment direction
of the molecules of the liquid crystal 35 in the vicinities of the
markers 21 is locally or selectively different from that of the
molecules of the liquid crystal 35 in the display region. To
meet this requirement, in the second embodiment, a plurality
of parallel recesses (or protrusions) 10a and 194 are selec-
tively formed as the alignment direction regulators in the
vicinities of the markers 21 on the planarization film 10 of the
driver substrate 1 and the overcoat film 19 of the opposite
substrate 18, respectively. This is to utilize the property or
nature that the molecules of the liquid crystal 35 are likely to
be aligned along the recesses formed by rubbing treatment on
the surfaces of the alignment films 12a and 124.

[0128] InFIG. 14, the alignment films 12a and 125 are not
shown. This is because, in this second embodiment, similar to
popular LCD panels, the alignment films 12a and 125 are
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formed only in the inside of the display region and therefore,
the alignment films 124 and 126 do not appear in the non-
display region where the markers 21 are formed. This point is
unlike the above-described first embodiment. For this reason,
the recesses 10a are formed on the surface of the planarization
film 10 in contact with the liquid-crystal molecules on the side
of the driver substrate 1, and the recesses 19a are formed on
the surface of the overcoat film 19 in contact with the liquid-
crystal molecules on the side of the opposite substrate 18.
[0129] As shown in FIG. 15, the recesses 10a on the pla-
narization film 10 and the recesses 19a on the overcoat film 19
are provided only in the vicinities of the markers 21. There-
fore, the liquid-crystal molecules are contacted with the
recesses 10a on the planarization film 10 and the recesses 19a
on the overcoat film 19 in the said vicinities. As a result, the
liquid-crystal molecules arelocally aligned along the Y direc-
tion due to the action of the recesses 10a and 19a. On the other
hand, in the vicinities of the opposite substrate-side liquid-
crystal driving elements 22 arranged in the display region, the
alignment films 12a and 125 are respectively placed on the
surfaces of the planarization film 10 and the overcoat film 19.
Therefore, the liquid-crystal molecules are aligned along the
X direction (which is different from the Y direction) due to the
action of the alignment films 124 and 124.

[0130] In the second embodiment of FIGS. 14 and 15, it is
preferred that the alignment direction Y of the liquid-crystal
molecules in the vicinities of the markers 21, which is gen-
erated by the recesses 10a and 19q, is deviated from the
absorption axis of the polarizer plate 31a or 315 (i.e., the
alignment direction X of the liquid-crystal molecules in the
display region) at approximately 45°. This is because if the
liquid-crystal molecules are being aligned along the said
direction thus deviated, the polarization direction of the light
that has passed through the polarizer plate 31a on the driver
substrate 1 will change due to birefringence and as a result,
this light will be able to pass through the polarizer plate 315
(which is intersected at right angles with the polarizer plate
31a ) on the opposite substrate 18.

[0131] However, it is not always necessary that the angle
difference between the Y and X directions is approximately
45°, This is because if the Y direction is not the same as the X
direction, the light can pass through the polarizer plate 3156
and the markers 21 can be visually recognized, although the
images of the markers 21 are darker than that obtained when
the angle difference is approximately 45°.

[0132] Itis preferred that the recesses 10a (or protrusions)
are formed on the planarization film 10 simultaneously with
the formation of the contact holes that penetrate through the
planarization film 10. The step of forming the recesses 194 (or
protrusions) on the overcoat film 19 needs to be added.
[0133] With the LCD device according to the second
embodiment shown in FIGS. 14 and 15, as described above,
the displaying method is the normally black mode, and the
parallel recesses 10a and 19a respectively formed on the
planarization film 10 (which is formed by an organic film) and
the overcoat film 19 in the vicinities of the markers 21 are
adopted as the alignment direction regulators for regulating
the alignment direction of the liquid-crystal molecules.
Therefore, due to the action of the recesses 10a and 194, the
liquid-crystal molecules are aligned to the Y direction only in
the vicinities of the markers 21, where the Y direction is
different from the alignment direction X of the liquid-crystal
molecules in the display region, thereby making the LCD
panel 34 transparent locally in the vicinities of the markers
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21. Accordingly, the markers 21 can be recognized visually in
the state where a ON voltage is not applied even in the not-
mally black mode.

[0134] In addition, the recesses 10a and 19a are respec-
tively formed on both of the planarization film 10 and the
overcoat film 19 in the second embodiment; however, the
recesses may be formed on any one of the planarization film
10 and the overcoat film 19. In this case, the alignment of the
liquid-crystal molecules to the Y direction will occur only
near the surface of the planarization film 10 or the overcoat
film 19. Since light penetrates through the LCD panel 34 in
the vicinities of the markers 21 even in such a state as
described here, the markers 21 can be recognized visually.
[0135] Moreover, in addition to the planarization film 10
and the overcoat film 19, an organic film for forming the
recesses 10a or 19a (or protrusions) may be selectively
formed near the markers 21, and similar recesses to the
recesses 10a or 19a may be formed on the organic film.

Third Embodiment

[0136] FIG.16is apartial cross-sectional view of the vicin-
ity of one of the markers 21, which shows the LCD panel 34
incorporated into a LCD device according to a third embodi-
ment of the invention. The markers 21, which are the same as
those used in the first embodiment, are located on the inner
surface of the opposite substrate 18 (concretely speaking, on
the surface of the overcoat film 19). Tllustration of the sealing
material 30 is omitted in FIG. 16.

[0137] The LCD panel 34 shown in FIG. 16, which is
designed to operate in the normally black mode like the
above-described second embodiment, comprises pairs of
electrodes for applying a voltage to the liquid crystal in the
vicinities of the markers 21, in other words, pairs of elec-
trodes for regulating the alignment direction of the liquid-
crystal molecules near the markers 21. These pairs of elec-
trodes serve as the alignment direction regulators and
therefore, they may be termed “alignment direction regulat-
ing electrodes”. Here, an example where the pixel electrodes
11 incorporated into the LCD device of the IPS type are used
as the alignment direction regulating electrodes is shown.
This means that some of the pixel electrodes 11, which are
usually formed only in the display region, are extended to the
vicinities of the respective markers 21 located outside the
display region (i.e., located in the non-display region).
[0138] The markers 21 and their corresponding pairs of
alignment direction regulating electrodes (here, the pairs of
pixel electrodes 11) are arranged in the non-display region;
however, they are covered with the alignment films 125 and
12a, respectively, as shown in FIG. 16. This means that the
alignment films 125 and 124 are formed to cover not only the
display region but also the markers 21 and the pairs of align-
ment direction regulating electrodes, respectively. Since the
markers 21 and the pairs of alignment direction regulating
electrodes are respectively covered with the alignment films
125 and 124, the alignment direction of the liquid-crystal
molecules can be locally changed in the vicinities of the
markers 21 by applying a voltage across the pairs of align-
ment direction regulating electrodes.

[0139] As the pair of alignment direction regulating elec-
trodes, two of the pixel electrodes 11 which belong respec-
tively to the two pixels adjoining to each other and which are
extended to the non-display region are shown in FIG. 16. By
applying an appropriate voltage across the two pixel elec-
trodes 11, the liquid-crystal molecules are aligned to a direc-
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tion approximately parallel to the driver and opposite sub-
strates 1 and 18 in the vicinities of the markers 21, thereby
creating a state where light can pass through the LCD panel
34. In addition, the pixel electrodes 11 serving as the align-
ment direction regulating electrodes are placed on the inner
surface of the driver substrate 1 (concretely speaking, on the
surface of the planarization film 10).

[0140] In this way, with the LCD device according to the
third embodiment shown in FIG. 16, the pair of pixel elec-
trodes 11 is provided as the alignment direction regulating
electrodes near each of the markers 21. Therefore, even if the
LCD device is designed to operate in the normally black
mode, the markers can be read by applying voltages across the
respective pairs of pixel electrodes 11. Accordingly, the
markers 21 can be recognized visually by way of the polarizer
plate 314 on the opposite substrate 18 in the attachment
operation of the optical element 32 to the LCD panel 34.
[0141] The shape of the alignment direction regulating
electrodes (i.e., the pair of pixel electrodes 11) is not limited
to that shown in FIG. 16, and this shape may be changed to
any appropriate one according to the type of the LCD device
such as the Field Fringe Switching (FFS) type and the VA
type.

[0142] Although the pair of pixel electrodes 11 are used as
the alignment direction regulating electrodes here, one of the
pixel electrodes 11 and the opposite electrode 23 formed on
the opposite substrate 18 may be used as the alignment direc-
tion regulating electrodes. Moreover, the alignment direction
regulating electrodes may be provided exclusively without
utilizing the pixel electrodes 11 and/or the opposite electrode
23. However, if so, the structure and fabrication processes
will be complicated. Accordingly, it is preferred that existing
electrodes such as the pixel electrodes 11 are utilized for the
alignment direction regulating electrodes.

[0143] In the structure of FIG. 16, the markers 21 may be
made of a material having high reflectance. If so, in a case
where the LCD device is of the reflective or semi-transmis-
sive type that is designed to operate in the normally black
mode, the markers 21 can be recognized visually by using
reflected light. The markers 21 may be provided on the driver
substrate 1.

Fourth Embodiment

[0144] FIG. 17A is a partial cross-sectional view of the
vicinity of one of the markers 21, which shows the LCD panel
incorporated into a LCD device according to a fourth embodi-
ment of the invention.

[0145] Each of the LCD devices according to the above-
described first to third embodiments is of the transmissive
type. Unlike this, the LCD device according to the fourth
embodiment is of the reflective or semi-transmissive type,
which shows a preferred example where one of the structures
of the above-described first to third embodiments is applied to
a reflective or semi-transmissive type LCD device. The
device of the fourth embodiment is designed to operate in the
normally white mode (see the first embodiment).

[0146] In the fourth embodiment, as shown in FIG. 17A,
the markers 21 are made of the same material as that of the
reflective electrodes or reflective plates (which will be termed
the “reflecting members” below) used in the reflective or
semi-transmissive type LCD device. Unlike the above-de-
scribed first to third embodiments, the markers 21 are placed
on the driver electrode 1 (concretely speaking, on the surface
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of the planarization film 10 or the non-illustrated transmis-
sion electrode). Illustration of the sealing material 30 is omit-
ted in FIG. 17A.

[0147] The markers 21 arranged in the non-display region
on the driver substrate 1 are covered with the alignment film
124, which is similar to the above-described third embodi-
ment. The regions on the opposite substrate 18 opposite to the
respective markers 21 are covered with the alignment film
124. This means that the alignment films 12a and 125 are
respectively formed to cover not only the display region but
also the regions opposite to the respective markers 21, which
is similar to the above-described first embodiment. Since the
markers 21 and the regions opposite to the said markers 21 are
respectively covered with the alignment films 12¢ and 125,
the alignment direction of the liquid-crystal molecules in the
vicinities of the markers 21 also is controlled ore regulated
similar to the inside of the display region. As a result, similar
to the inside of the display region, light can pass through the
LCD panel 34 in the vicinities of the markers 21 also.
[0148] Withthe LCD panel 34 ofthe LCD device according
to the fourth embodiment of FIG. 17A, which is designed to
operate in the normally white mode, the markers 21 are made
of the same material as the reflecting members with high
reflectivity. Therefore, the markers 21 can be visually recog-
nized easily by utilizing the reflected light from the side of the
opposite substrate 18 placed on the entrance side of the LCD
device.

[0149] Accordingly, even if the LCD device is of the reflec-
tive or semi-transmissive type designed to operate in the
normally white mode, the markers 21 can be visually recog-
nized by the reflected light in the attachment operation of the
optical element 32 to the LCD panel 34 by adopting the
alignment direction regulators shown in FIG. 17A. As a
result, the optical element 32 can be attached to the LCD
panel 34 on which the polarizer plates 31a and 315 have been
placed with high positional accuracy.

Fifth Embodiment

[0150] FIG. 17B is a partial cross-sectional view of the
vicinity of one of the markers 21, which shows the LCD panel
incorporated into a LCD device according to a fifth embodi-
ment of the invention.

[0151] The LCD device according to the fifth embodiment
is of the reflective or semi-transmissive type similar to the
above-described fourth embodiment of FIG. 17A. However,
this device is designed to operate in the normally black mode
(see the second embodiment), which is unlike the fourth
embodiment.

[0152] In the fifth embodiment, like the above-described
fourth embodiment of FIG. 17A, the markers 21 are made of
the same material as that of the reflecting members and are
placed on the driver electrode 1 (concretely speaking, on the
surface of the planarization film 10 or the non-illustrated
transmission electrode). [llustration of the sealing material 30
is omitted in FIG. 17A.

[0153] The LCD panel 34 according to the fifth embodi-
ment comprises parallel recesses (or protrusions) 194 formed
on the overcoat film 19 on the opposite substrate 18, as shown
in FIG. 17B. These recesses 19a, which are similar to the
recesses 19a provided in the above-described second embodi-
ment of FIGS. 14 and 15, are arranged locally at the corre-
sponding positions on the opposite substrate 18 to the respec-
tive markers 21 formed on the driver substrate 1. For this
reason, like the above-described second embodiment, the
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alignment direction of the liquid-crystal molecules in the
vicinities of the markers 21 is different from that of the
display region and therefore, the reflected light can pass
through the opposite substrate 18 and the polarizer plate 185
formed thereon in the vicinities of the markers 21 locally. As
a result, the markers 21 can be visually recognized easily by
utilizing the reflected light from the side of the opposite
substrate 18 placed on the entrance side of the LCD device.

[0154] In this way, even if the LCD device is of the reflec-
tive or semi-transmissive type designed to operate in the
normally black mode, the markers 21 can be recognized by
the reflected light in the attachment operation of the optical
element 32 to the LCD panel 34 by adopting the alignment
direction regulators shown in FIG. 17B. As a result, the opti-
cal element 32 can be attached to the LCD panel 34 on which
the polarizer plates 31a and 315 have been placed with high
positional accuracy.

[0155] In addition, the alignment films 12 and 124 are not
illustrated in FIG. 17B. This is because the alignment films 12
and 125 are formed only in the display region and do not exist
in the vicinities of the markers 21 and the regions opposite to
the markers 21.

[0156] Needless to say, parallel recesses (or protrusions)
may be additionally formed on the driver substrate 1 similar
to the second embodiment of FIGS. 14 and 15.

[0157] Moreover, the recesses 19a may be removed and
instead, the pairs of pixel electrodes 11 used in the third
embodiment (see FIG. 16) may be provided near the markers
21 as the alignment direction regulator electrodes. In this
case, similar to the third embodiment, the markers 21 can be
visually recognized by the reflected light by applying a volt-
age across the pairs of the pixel electrodes 11 serving as the
alignment direction regulator electrodes.

Sixth Embodiment

[0158] FIGS. 18A to 18D are schematic partial plan views
showing the relationship between the plan shape of the mark-
ers 21 and the alignment direction of the liquid-crystal mol-
ecules in the vicinities of the said markers 21 ina LCD device
according to a sixth embodiment, respectively. This device
has a feature that the plan shape of the markers 21 is designed
to have an edge or edges extending along the alignment direc-
tion of the liquid-crystal molecules.

[0159] The plan shape of the marker 21 shown in FIG. 18A
is rectangular (in other words, linear), the longitudinal direc-
tion (or the edges along the longitudinal direction) of which is
(are) matched with the alignment direction of the liquid-
crystal molecules.

[0160] The plan shape of the marker 21 shown in FIG. 18B
is square, the two sides (or the two edges) of which are
matched with the alignment direction of the liquid-crystal
molecules.

[0161] The plan shape of the marker 21 shown in FIG. 18C
is cruciform (cross-shaped), the cross of which is formed by
arectangular (in other words, linear) part extending vertically
and another rectangular (in other words, linear) part extend-
ing horizontally intersecting with each other. The vertical
rectangular (or linear) part (or the edges along its the longi-
tudinal direction) of the cruciform shape is (are) matched
with the alignment direction of the liquid-crystal molecules.
The vertical rectangular (or linear) part and the horizontal
rectangular (or linear) part are approximately equal in width
and length to each other.
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[0162] The plan shape of the marker 21 shown in FIG. 18D
is of a square ring, which is formed by the combination of two
rectangular (in other words, linear) parts extending vertically
and two rectangular (in other words, linear) parts extending
horizontally. The two vertical rectangular (or linear) parts (or
the outer and inner edges along their the longitudinal direc-
tion) of the square ring-like shape are matched with the align-
ment direction of the liquid-crystal molecules. The vertical
rectangular (or linear) parts and the horizontal rectangular (or
linear) parts are approximately equal in width and length to
each other.

[0163] With any of the markers 21 shown in FIGS. 18A to
18D, a level difference is generated between the marker 21
and the surface on which the marker 21 is formed, and the
level difference thus formed is reflected on the alignment film
124 or 125 that covers the said marker 21. Therefore, there is
apossibility that the alignment of the liquid-crystal molecules
is disordered in the vicinities of the markers 21 due to the level
difference. However, with any one of the markers 21 having
the plan shapes shown in FIGS. 18A to 18D, the direction of
the relatively longer part of the marker 21 and its outer or
inner edges is matched or aligned to the alignment direction
of the liquid-crystal molecules in the vicinity of the said
marker 21. Therefore, the alignment of the liquid-crystal mol-
ecules near the outer or inner edges of the marker 21 is
difficult to be affected by the level difference generated by the
said marker 21. As a result, the accuracy of recognizing the
said marker 21 can be enhanced.

[0164] The formation method of the markers 21 shown in
FIG. 18A to 18D and the alignment method of the liquid-
crystal molecules in the vicinities of the said markers 21 may
be the same as those explained in one of the above-described
first to fifth embodiments.

[0165] With the LCD device according to the sixth embodi-
ment of FIGS. 18A to 18D, as described above, the alignment
direction of the liquid-crystal molecules is aligned or
matched to the pattern or edges of one of the markers 21
shown in FIGS. 18A to 18D in the vicinities of the level
differences generated by the said marker 21. Therefore, the
distortion of the alignment of the liquid-crystal molecules
near the level difference by the said marker 21 can be mini-
mized. This means that the accuracy of recognizing the said
marker 21 can be enhanced.

Seventh Embodiment

[0166] FIG. 19 is a perspective view of a LCD device
according to a seventh embodiment of the present invention.
This device has a feature that at least one of the markers 21 is
formed in or near the liquid-crystal injection hole 33 in the
non-display region. Although one of the markers 21 is located
in or near the liquid-crystal injection hole 33 in FIG. 19, two
or more of the markers 21 may be arranged in or near the hole
33.

[0167] When the liquid crystal 35 is injected into the gap
between the driver substrate 1 and the opposite substrate 18
coupled and unified by utilizing the capillary action, the seal-
ing material 30 is coated along the outer edges of the display
region in such a way as to be open at the position for the
liquid-crystal injection hole 33. The opened part of he mate-
rial 30 is used as the liquid-crystal injection hole 33. Since the
vicinity of the injection hole 33 is a vacant area where the gate
line driving circuit 15, the source line driving circuit 16, and
so on are not mounted, it is unnecessary to reserve separately
the region for the said marker 21 placed in or near the hole 33.
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Accordingly, the distance between the sealing material 30 and
the display region can be shortened. This means that a LCD
device having a narrower picture-frame region can be fabri-
cated.

[0168] The said marker 21 may be placed on any one ofthe
driver substrate 1 and the opposite substrate 18 if it is located
in or near the liquid-crystal injection hole 33. The count of the
said markers 21 placed in or near the hole 33 is optionally
determined.

[0169] With the LCD device according to the seventh
embodiment of FIG. 19, at least one of the markers 21 is
located in or near the liquid-crystal injection hole 33 on the
side or edge of the driver or opposite substrate 1 or 18 to
which the hole belongs. Therefore, the effect that the picture-
frame region is enlarged by the formation of the markers 21
can be minimized.

Other Embodiments

[0170] The above-described first to seventh embodiments
are preferred examples of the present invention. Therefore,
needless to say, the present invention is not limited to these
embodiments and any modification is applicable to them.
[0171] Forexample, in the above-described first to seventh
embodiments, each of the markers 21 has a cruciform plan
shape; however, the invention is not limited to such the cru-
ciform plan shape. Each of the markers 21 may have the shape
shown in any one of FIGS. 18A to 18D, or any other shape if
the marker 21 having the said plan shape can fulfill its func-
tion.

[0172] While the preferred forms of the present invention
have been described, it is to be understood that modifications
will be apparent to those skilled in the art without departing
from the spirit of the invention. The scope of the present
invention, therefore, is to be determined solely by the follow-
ing claims.

What is claimed is:

1. A liquid-crystal display device comprising:

a liquid-crystal display panel comprising a main substrate,
an opposite substrate, and a liquid crystal enclosed in a
gap between the main substrate and the opposite sub-
strate, wherein a polarizer plate is attached at least to the
opposite substrate;

markers to be used in an attachment operation of an optical
element to the panel,

the markers being formed at positions that overlap with the
polarizer plate in a non-display region on the main sub-
strate or the opposite substrate;

an alignment film that overlaps with the markers and that is
different from an alignment film designed in a display
region,

and alignment direction regulators for regulating an align-
ment direction of molecules of the liquid crystal in
vicinities of the markers to a different alignment direc-
tion of molecules of the liquid crystal in a display region,
thereby allowing light to pass through at least the oppo-
site substrate.

2. The device according to claim 1, wherein the panel is
designed to operate in the normally white mode; and an
alignment film that overlaps with the markers is provided for
the alignment direction regulators.

3. The device according to claim 1, wherein the panel is
designed to operate in the normally black mode; and the
alignment direction regulators differentiate the alignment
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direction ofthe molecules of the liquid crystalin the vicinities
of the markers from that of the molecules of the liquid crystal
in a display region.

4. The device according to claim 1, wherein the panel is
designed to operate in the normally black mode; and the
alignment direction regulators are recesses or protrusions
extending along a different direction from the alignment
direction of the molecules of the liquid crystal in the display
region, where the recesses or protrusions are formed on a film
in contact with the liquid crystal in the vicinities of the mark-
ers.

5. The device according to claim 1, wherein the panel is
designed to operate in the normally black mode; and each of
the alignment direction regulators is at least one electrode
located in the vicinity of each of the markers, where the
alignment direction of the molecules of the liquid crystal in
the vicinities of the markers is differentiated from that of the
molecules of the liquid crystal in the display region by apply-
ing a voltage to the electrodes.

6. The device according to claim 1, wherein the panel is of
the reflective type or the semi-transmissive type; and the
markers are made of a same material as that of reflecting
members.

7. The device according to claim 1, wherein each of the
markers has a plan shape designed in such a way that at least
one of edges of the marker extends along the alignment direc-
tion of the molecules of the liquid crystal.

8. The device according to claim 1, wherein at least one of
the markers is located on a side or edge of the panel where a
liquid-crystal injection hole of the panel is present.
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