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LIQUID CRYSTAL DISPLAY APPARATUS

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 2003-
315550 filed in Japan on Sep. 8, 2003 and Patent Application
No. 2004-226279 filed in Japan on Aug. 3, 2004, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display apparatus wherein a pair of substrates holding a
liquid crystal layer therebetween are attached to each other
through a columnar spacer.

[0004]

[0005] In recent years, a liquid crystal display apparatus,
taking advantage of the features that it is both thin and low
in power consumption, has been widely used for OA equip-
ment such as a word processor and a personal computer, the
portable information equipment such as an electronic dic-
tionary or a single-unit video tape recorder having a liquid
crystal monitor.

[0006] The liquid crystal display apparatus, which is not a
self luminous display apparatus such as a CRT (Braun tube)
or EL (electroluminescence), is generally divided into a
reflection type and a transmission type. In the transmission-
type liquid crystal display apparatus, light from a lighting
unit (what is called back light) arranged on the back of a
liquid crystal display panel is used for display, while the
reflection-type liquid crystal display apparatus uses ambient
light for display.

[0007] The transmission-type liquid crystal display appa-
ratus uses the light from the back light for display, and
therefore has the advantage that it is hardly affected by the
brightness of the ambiance, and can display an image with
a high contrast. The provision of the back light, however,
leads to the disadvantage of a large power consumption.
Incidentally, about 50% or more of the entire power con-
sumed by the normal transmission-type liquid crystal dis-
play apparatus is consumed by the back light. Also, in a very
bright operating environment (such as outdoor under the
cloudless sky), the visibility is decreased. If the brightness of
the back light is increased to maintain the visibility, on the
other hand, the power consumption is further increased.

[0008] The reflection-type liquid crystal display appara-
tus, on the other hand, has no back light and therefore has the
advantage of a very low power consumption. This makes the
reflection-type liquid crystal display apparatus a suitable
display for outdoor use. The reflection-type liquid crystal
display apparatus, however, has the disadvantage that the
visibility is low in a dark operating environment.

[0009] As a liquid crystal display apparatus compensating
for the disadvantages of the transmission-type and reflec-
tion-type liquid crystal display apparatuses, a transmission/
reflection-type liquid crystal display apparatus has been
proposed in recent years as a liquid display apparatus having
the dual display functions of transmission and reflection
types.

2. Description of the Prior Art

[0010] In the transmission/reflection-type liquid crystal
display apparatus, both a reflection pixel electrode for
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reflecting the ambient light and a transmission pixel elec-
trode for transmitting the light from the back light are
arranged in one pixel area (picture element area). In accor-
dance with the operating environment (ambient brightness),
therefore, display can be switched between transmission
mode and reflection mode or both modes can be used for
display at the same time.

[0011] The transmission/reflection-type liquid crystal dis-
play apparatus, therefore, has both the feature of the reflec-
tion-type liquid crystal display apparatus that the power
consumption is low and the feature of the transmission-type
liquid crystal display apparatus that the operation is not
hardly affected by the ambient brightness and an image can
be brightly displayed with a high contrast. Further, the
transmission/reflection-type liquid crystal display apparatus
offsets the disadvantage of the transmission-type liquid
crystal display apparatus that the visibility is decreased in a
very bright operating environment (such as outdoor under
the cloudless sky).

[0012] A transmission/reflection-type liquid crystal dis-
play apparatus has been proposed, in which the transmissive
region and the reflective region on the TFT substrate have
different thickness of the birefringent liquid crystal layer to
realize what is called a multigap (see Patent Document 1, for
example). The liquid crystal display apparatus of this type is
described briefly below.

[0013] FIG. 15 is a sectional view showing a general
configuration of a liquid crystal display apparatus of multi-
gap type. FIG. 16 is a plan view of a first substrate 101
formed with a TFT 106 of the liquid crystal display appa-
ratus. In this liquid crystal display apparatus, a liquid crystal
layer 103 is held between the first substrate 101 and the
second substrate 102.

[0014] As shown in FIG. 16, a plurality of gate wires 104
and a plurality of source wires 105 are formed at right angles
to each other on the first substrate 101. The portion defined
by adjacent gate wires 104 and adjacent source wires 105
forms one pixel. At each intersection between the gate wire
104 and the source wire 105, a TFT 106 is formed as a
switching element. The drain electrode 106a of the TFT 106
is arranged in such a manner as to cross a gate insulating film
108 covering an auxiliary capacitance electrode 107, as
shown in FIG. 15.

[0015] Also, a transparent electrode 109 electrically con-
nected to the drain electrode 106a is formed on the first
substrate 101. A partial arca of the transparent electrode 109
makes up a transmissive region for controlling the light
transmission. The area other than the transmissive region on
the first substrate 101 is formed with an inter-layer insulating
film 110. A reflection electrode 111 is formed on the inter-
layer insulating film 110. The area in which the reflection
electrode 111 is formed constitutes a reflective region for
controlling the reflection of the ambient light. An orientation
film 112 is formed on the transparent electrode 109 and the
reflection electrode 111.

[0016] Also, the boundary between the transmissive
region and the reflective region of the inter-layer insulating
film 110 is formed with a taper, and the reflection electrode
111 is formed also on the surface of the taper. When light is
radiated on the reflection electrode 111 formed on the
tapered portion, the reflected light is contained between the
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pair of the substrates and cannot exit, with the result that the
light utilization efficiency is reduced. The area of the reflec-
tion electrode 111 formed on the tapered portion is not
contributive to the display of the incident light and therefore,
hereinafter referred to as a taper ineffective region.

[0017] On the other hand, a colored layer 113, an opposite
clectrode 114 and an orientation film 115 are stacked 1n this
order on the second substrate 102.

[0018] In the liquid crystal display apparatus described
above, the first substrate 101 and the second substrate 102
are attached to each other with a columnar spacer 116
arranged in the reflective region so that the thickness Td of
the liquid crystal layer 103 in the transmissive region is
about twice as large as the thickness Rd of the liquid crystal
layer 103 in the reflective region. In this way, by realizing
different cell gaps for the transmissive region and the
reflective region, the phase difference (And) is substantially
equalized between the transmissive region and the reflective
region thereby to improve the display characteristic.

[0019] Incidentally, in order to realize the multigap
described above, it is necessary to form a thin inter-layer
insulating film 110 or remove the inter-layer insulating film
110 on the first substrate 101 in the transmissive region.
Generally, the inter-layer insulating film 110 is formed of a
photosensitive resin, and the thickness thereof is controlled
by photolithography. Specifically, by adjusting the time of
light exposure to the transmissive region, the thickness of
the inter-layer insulating layer 110 to be removed at the time
of development can be determined.

[0020] Also, a configuration in which a columnar spacer is
arranged between a pair of substrates holding the liquid
crystal layer therebetween is disclosed, for example, in
Patent Document 2.

[0021] FIG. 17 is a sectional view showing a general
configuration of the liquid crystal display apparatus
described in Patent Document 2. In this liquid crystal
apparatus, an auxiliary capacitance electrode 204 is formed
in the same layer as the data wire through a gate insulating
film 203 on the address wire 202 of the surface of a first
substrate 201, and an auxiliary capacitor 205 is formed of
the auxiliary capacitance electrode 204 and the address wire
202. A contact hole 207 is formed in the portion of the
inter-layer insulating film 206 formed with the auxiliary
capacitor 205. The auxiliary capacitance electrode 204 and
the pixel electrode 208 formed on the inter-layer insulating
film 206 are electrically connected to each other by the
contact hole 207.

[0022] On the other hand, a color filter 212 is formed on
the one hand and a columnar spacer 213 is formed by a stack
of colored layers on the second substrate 211. The first
substrate 201 and the second substrate 211 are attached to
each other through a liquid crystal layer 214 so that the
forward end of the columnar spacer 213 is arranged in the
contact hole 207.

[0023] In the liquid crystal display apparatus described in
Patent Document 3, a columnar spacer for holding the pair
of substrates at a predetermined interval to hold the liquid
crystal is formed of a resin material blackened by nonelec-
trolyte plating thereby to prevent the irregular reflection of
the light and thus to prevent the reduction in contrast.
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[0024] [Patent Document 1] Japanese Unexamined
Patent Publication No. 2002-72220

[0025] [Patent Document 2] Japanese Unexamined
Patent Publication No. 10-96955

[0026] [Patent Document 3] Japanese Unexamined
Patent Publication No. 2002-174817

[0027] The size of the columnar spacer 116 fails to be
sufficiently studied in Patent Document 1. When the attach-
ment between the first substrate 101 and the second substrate
102 is displaced, therefore, the columnar spacer 116 may fall
in the contact hole (in the case of FIG. 15, the transmissive
region portion free of the inter-layer insulating film 110),
thereby posing the problem that a desired cell gap cannot be
positively secured.

[0028] Similarly in the case where the columnar spacer
213 is located in the contact hole 207 as described in Patent
Document 2, the displacement between the first substrate
201 and the second substrate 211 attached to each other and
hence the displacement of the coordinates between the
columnar spacer 213 and the contact hole 207 would make
it impossible to contain the columnar spacer 213 in the
contact hole 207 and thus to secure the desired thickness of
the liquid crystal layer 214.

[0029] For example, assume that the attachment accuracy
between the first substrate 201 and the second substrate 211
(attachment margin A) is 5 um in horizontal and vertical
directions and the diameter of the columnar spacer 213 is 12
um. In order to contain the columnar spacer 213 securely in
the contact hole 207, the inner diameter of the bottom
portion of the contact hole 207 is required to be at least 22
um.

[0030] In the case where the contact hole 207 is formed in
the reflective region, for example, the liquid crystal layer
214 in the area formed with the contact hole 207 has no
desired thickness and constitutes an ineffective region not
contributive to display. This ineffective region is increased
by the attachment margin A, thereby posing the problem of
a reduced open area ratio. Also, in the attachment margin A,
i.e. the region of at least 5 um around the columnar spacer
213, an area remains where the thickness of the liquid layer
214 is larger than the desired value, thereby probably
causing a reduced contrast (the particular area, even if
contributive to the display, adversely affects the display).

SUMMARY OF THE INVENTION

[0031] This invention has been achieved to solve the
problems described above, and an object thereof is to
provide a liquid crystal display apparatus in which even in
the case where a pair of substrates attached to each other for
holding a liquid crystal layer are displaced from each other,
a desired cell gap can be secured positively on the one hand
and the open area ratio effective for display can be improved
for improved display quality on the other hand.

[0032] 1In order to achieve this object, according to the
invention, there is provided a liquid crystal display appara-
tus comprising a pair of substrates for holding a liquid
crystal layer therebetween, a columnar spacer arranged
between the two substrates and a plurality of pixels for
display, wherein the columnar spacer and a contact hole are
arranged in the pixel, and the columnar spacer has, in a cross
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section parallel to the substrates, both an area superposed
with the contact hole and an area not superposed therewith.

[0033] With the configuration described above, even in the
case where the pair of substrates attached to each other are
displaced from each other, the substrates can be maintained
at a desired interval therebetween in the area of the columnar
spacer not superposed with the contact hole. Even in the case
where the attachment of the substrate pair is displaced,
therefore, the liquid crystal layer held between them can be
maintained in a desired thickness.

[0034] Also, the cross section of the columnar spacer of
the pixel parallel to the substrates has both an area super-
posed with the contact hole and an area not superposed with
the contact hole. Even in the case where the substrates
attached to each other are displaced from each other, there-
fore, the columnar spacer is not accommodated in the
contact hole. In forming the contact hole in one of the
substrates, therefore, unlike in the prior art, the attachment
margin formed taking the displacement of the columnar
spacer into consideration is not required. As a result, the
columnar spacer can be designed and arranged in such a
manner that enlargement of an ineffective region of the pixel
not contributing to display is avoided while preventing the
size of the display area from decreasing, i.e. preventing the
open area ratio of each pixel from decreasing at the same
time. Thus, the contrast reduction can be avoided for
improved display quality.

[0035] Specifically, according to this invention, even in
the case where the substrates attached to each other are
displaced from each other during the existing process, the
columnar spacer can be arranged not to fall in the contact
hole and can cover at least a part of the opening. As a result,
the proper thickness of the liquid crystal layer can be
positively maintained. Also, the ineffective region is reduced
between the two areas of the contact hole and the columnar
spacer, and the open area ratio of each pixel effective to
display can be increased for improved display quality.

DESCRIPTION OF THE DRAWINGS

[0036] The above and other objects and features will be
made more apparent by the detailed description of preferred
embodiments taken in conjunction with the accompanying
drawings.

[0037] FIG. 1 is a sectional view showing a general
configuration of a liquid crystal display apparatus according
to an embodiment of the invention.

[0038] FIG. 2 is a plan view of one of the substrates
making up the above-mentioned liquid crystal display appa-
ratus.

[0039] FIG. 3A is a plan view schematically showing an
example of the shape and the relative positions of the contact
hole and the columnar spacer of the liquid crystal display
apparatus.

[0040] FIG. 3B is a plan view schematically showing the
relative positions of the contact hole and the columnar
spacer with the substrates displaced from each other.

[0041] FIG. 4A is a plan view schematically showing
another example of the shape and the relative positions of
the contact hole and the columnar spacer.
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[0042] FIG. 4B is a plan view schematically showing the
relative positions of the contact hole and the columnar
spacer with the substrates displaced from each other.

[0043] FIG. 5A is a plan view of the columnar spacer
arranged with the long side thereof arranged at right angles
to the direction in which one of the substrates is rubbed.

[0044] FIG. 5B is a plan view of the columnar spacer
arranged with the short side thereof arranged at right angles
to the rubbing direction.

[0045] FIG. 6A is a plan view schematically showing still
another example of the shape and the relative positions of
the contact hole and the columnar spacer.

[0046] FIG. 6B is a plan view schematically showing the
relative positions of the contact hole and the columnar
spacer with the substrates displaced from each other.

[0047] FIG. 7 is a sectional view showing a general
configuration of a reflection-type liquid crystal display appa-
ratus.

[0048] FIG. 8 is a sectional view showing a general
configuration of a transmission-type liquid crystal display
apparatus according to another embodiment of the inven-
tion.

[0049] FIG. 9 is a plan view of one of the substrates
making up the above-mentioned liquid crystal display appa-
ratus.

[0050] FIG. 10 is a plan view of one of the substrates
making up the liquid crystal display apparatus arranged in
such a manner that the columnar spacer covers the opening
of each contact hole.

[0051] FIG. 11 is a plan view showing one of the sub-
strates making up the liquid crystal display apparatus
according to one example of still another embodiment of the
invention.

[0052] FIG. 12 is a plan view of one of the substrates
making up the liquid crystal display apparatus according to
another example of the invention.

[0053] FIG. 13A is a schematic diagram for explaining
the relative positions of the columnar spacer and a plurality
of contact holes in the case where the columnar spacer is
formed in such a size as to be superposed with a part of each
of the plurality of the contact holes and the substrates
attached to each other are not displaced from each other.

[0054] FIG. 13B is a schematic diagram for explaining the
relative positions of the columnar spacer and a plurality of
contact holes in the case where the columnar spacer is
formed in such a size as to be superposed with a part of each
of the plurality of the contact holes and the substrates
attached to each other are displaced from each other.

[0055] FIG. 13C is a schematic diagram for explaining
the relative positions of the columnar spacer and a plurality
of contact holes in the case where the columnar spacer is
formed in such a size as to be superposed with a part of each
of the plurality of the contact holes and the substrates
attached to each other are displaced from each other.

[0056] FIG. 14A is a schematic diagram for explaining
the relative positions of the columnar spacer and a single
contact hole in the case where the columnar spacer is formed
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in such a size as 1o be superposed with a part of the single
contact hole and the substrates attached to each other are not
displaced from each other.

[0057] FIG. 14B is a schematic diagram for explaining the
relative positions of the columnar spacer and a single contact
hole in the case where the columnar spacer is formed in such
a size as to be superposed with a part of the single contact
hole and the substrates attached to each other are displaced
from each other.

[0058] FIG. 14C is a schematic diagram for explaining
the relative positions of the columnar spacer and a single
contact hole in the case where the columnar spacer is formed
in such a size as 1o be superposed with a part of the single
contact hole and the substrates attached to each other are
displaced from each other.

[0059] FIG. 15 is a sectional view showing a general
configuration of the conventional liquid crystal display
apparatus of multigap type.

[0060] FIG. 16 is a plan view of one of the substrates
making up the above-mentioned liquid crystal display appa-
ratus.

[0061] FIG. 17 is a sectional view showing a general
configuration of another conventional liquid crystal display
apparatus.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0062] [Embodiment 1]
[0063] An embodiment of this invention is explained

below with reference to the drawings.

[0064] FIG. 1 is a sectional view schematically showing
a liquid crystal display apparatus according to this embodi-
ment, and FIG. 2 a plan view of a first substrate 1 of the
liquid crystal display apparatus.

[0065] The liquid crystal display apparatus according to
this embodiment is a transmission/reflection-type liquid
crystal display apparatus having a transmissive region and a
reflective region, and comprises a pair of substrates includ-
ing a first substrate 1 and a second substrate 2 holding a
liquid crystal layer 3 between them. According to this
embodiment, a liquid crystal that can be driven in ECB
(electrically controlled birefringence) mode is used as the
liquid crystal layer 3. In other words, the liquid crystal
display apparatus according to this embodiment employs a
method to control the transmission and cut-off of incident
light utilizing the birefringence of the liquid crystal.

[0066] First, a configuration of the first substrate 1 side is
explained.
[0067] The first substrate 1 is configured of an insulating

transparent substrate (such as a glass substrate), and as
shown in FIG. 2, the surface thereof is formed with a
plurality of source bus lines 11 and a plurality of gate bus
lines 12 arranged at right angles to each other. The portion
defined by adjacent source bus lines 11 and adjacent gate bus
lines 12 makes up one pixel. The pixels are therefore
arranged in matrix. The source bus lines 11 and the gate bus
lines 12 function as electrical wiring for supplying a voltage
to each pixel.
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[0068] At the intersection between each source bus line 11
and a corresponding gate bus line 12, a TFT (thin film
transistor) 13 is arranged as an active switching element for
switching on/off each pixel. A gate electrode 13a of the TFT
13 is connected to the gate bus line 12, a source electrode
1356 is connected to the source bus line 11, and a drain
electrode 13c¢ is connected to a pixel electrode 14. Also, the
first substrate 1 is formed with an auxiliary capacitance
electrode 15 thereon, and a gate insulating film 16 is formed
in such a manner as to cover the auxiliary capacitance
electrode 15.

[0069] The pixel electrode 14 is configured of a transpar-
ent electrode 14a and a reflection electrode (reflector) 14b.
The transparent electrode 144 is configured of, for example,
a transparent conductive film of ITO. The reflection elec-
trode 14b is configured of a metal film of, for example, Al
or Ag. Inter-layer insulating films 17 and 18 are stacked in
this order on the drain electrode 13¢, and the transparent
electrode 14 and the reflection electrode 14b are formed on
the surface (uneven surface) of the inter-layer insulating film
18. Specifically, the inter-layer insulating film 18 covers at
least a part of the TFT 13, and the pixel electrode 14 is
formed in a layer above at least a part of the inter-layer
insulating film 18.

[0070] In each pixel, the area formed with the transparent
electrode 14¢ makes up a transmissive region for transmis-
sion-type display by controlling the transmission of the light
emitted from a light source not shown. The area formed with
the reflection electrode 145, on the other hand, makes up a
reflective region for reflection-type display by controlling
the reflection of external light.

[0071] Specifically, according to this embodiment, the
pixel electrode 14 formed on the first substrate 1 is config-
ured as a hybrid of the transparent electrode 144 arranged in
the transmissive region and the reflection electrode 14b
arranged in the reflective region. These electrodes are seg-
mented in plane.

[0072] 1In view of the fact that a single pixel has both a
transmissive region and a reflective region therein as
described above, the display is possible for each pixel either
in one of the transmission mode and the reflection mode or
in both modes at the same time.

[0073] Incidentally, the reflection electrode 14b may not
be formed with a transparent electrode 144 just thereunder
as in this embodiment, or may be formed (with electrical
connection) on the transparent electrode 14a. Also, the
transparent electrode 144 and the reflection electrode 14b
may be electrically connected to each other with each end
(boundary) thereof partially superposed or superposed at
other parts thereof

[0074] The reflective region is formed with a contact hole
19 for electrically connecting the pixel electrode 14 (reflec-
tion electrode 14b) and the drain electrode 13c to each other.
This contact hole 19 is formed, for example, by removing
the inter-layer insulating film 18 by photolithography. An
orientation film 20 is formed on the liquid crystal layer 3
side of the pixel electrode 14.

[0075] Next, a configuration of the second substrate 2 side
is explained.

[0076] The second substrate 2 is configured of an insulat-
ing transparent substrate (such as a glass substrate), and on
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the surface thereof, a colored layer 21 constituting a color
filter, an opposite electrode 22 of ITO (indium tin oxide) or
the like and an orientation film 23 are stacked.

[0077] The colored layer 21 is arranged at a position
matched with the pixel formed where the opposite electrode
22 and the pixel electrode 14 are in opposed relation to each
other. Also, the colored layer 21 has an opening 21a in a part
of the reflective region. The transmissive region and the
reflective region are formed with the colored layer 21 of the
same pigment concentration. The provision of the opening
214 in the reflective region, therefore, makes it possible to
match the brightness between the transmission-type display
and the reflection-type display.

[0078] Also, in the second substrate 2, the transparent
layer 24 is formed in such a manner as to close the opening
21a of the colored layer 21. In the reflective region, the
opposite electrode 22 is formed on this transparent layer 24.
The transparent layer 24 is formed in substantially the same
size as the reflection electrode 14b on the first substrate 1
side in such a manner that the thickness of the liquid crystal
layer 3 in the transmissive region is larger than the thickness
of the liquid crystal layer 3 in the reflective region. Specifi-
cally, the thickness Td of the liquid crystal layer 3 in the
transmissive region is about twice as large as the thickness
Rd of the liquid crystal layer 3 in the reflective region. As a
result, the optical length can be matched between the reflec-
tion-type display and the transmission-type display.

[0079] According to this embodiment, the transparent
layer 24 is arranged on the second substrate 2 different from
the first substrate 1 having the reflection electrode 145 , and
the reflection electrode 14b is tabular in other than the area
having a columnar spacer 25 described later. Therefore,
unlike in FIGS. 15 and 16, a taper ineffective region is not
generated in the display area. Thus, with the configuration
according to this embodiment, the reduction in the light
utilization efficiency can be avoided.

[0080] The first substrate 1 and the second substrate 2
holding the liquid crystal layer 3 between them are attached
to each other through the columnar spacer 25 in such a
manner that the orientation films 20, 23 are in opposed
relation to each other. As a result, the thickness of the liquid
crystal layers 3 in the transmissive region and the reflective
region is kept constant by the columnar spacer 25. The
orientation films 20, 23 collaborate with each other to orient
the liquid crystal layer 3 horizontally, for example.

[0081]

[0082] The columnar spacer 25 is formed on the transpar-
ent layer 24 at substantially the same position as the contact
hole 19 of the first substrate 1. The columnar spacer 25 is
configured of an organic material, an inorganic material or
a resist. The candidate materials of the resist include rubber
photo resist, cyclized polyisoprene photoresist, i.e. OMR-83
(made by TOKYO OHKA KOGYO CO., LTD.) and CBR-
M901 (made by JSR Corporation).

Next, the columnar spacer 25 is explained in detail.

[0083] Also, polyimide such as HTPR-1100 (made by
Toray Industries, Inc.) exhibits a satisfactory photo-sensi-
tivity and is suitable as a material of the columnar spacer 25.
As an alternative, the columnar spacer 25 may be configured
of a photosensitive colored resin or RGB or black used in the
color filter, positive or negative resist, polysiloxane or
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polysilane. In the case where the columnar spacer 25 is
formed of an inorganic material, SiO, or the like is suitable.

[0084] Also, the columnar spacer 25 may be formed of
NN70 (made by JSR Corporation) colored in black by a
black pigment. As a result, the columnar spacer 25 is
blackened thereby making it possible to suppress the adverse
effect which the contact hole 19 and the columnar spacer 25
otherwise might have on the display.

[0085] According to this embodiment, the columnar
spacer 25 and the contact hole 19 are arranged in the pixel.
The columnar spacer 25 is formed in such a manner as to
have an area superposed and an area not superposed with the
contact hole 19 in the cross section parallel to the substrates
(including the first substrate 1 and the second substrate 2).
This configuration of the columnar spacer 25 is the greatest
feature of this invention. This point is explained with
reference to FIGS. 3A and 3B.

[0086] FIG. 3A is a plan view schematically showing an
example of the shape and the relative positions of the contact
hole 19 and the columnar spacer 25. The contact hole 19 is
formed in a taper along the thickness direction of the
substrates to form a square opening 194. In other words, the
width (inner diameter) of the opening 19« of the contact hole
19 is larger than the width (inner diameter) of the bottom
portion 195 thereof.

[0087] The columnar spacer 25, on the other hand, is
configured with an octagonal cross section so that the
distance b between the two opposed sides in the cross
section of the columnar spacer 25 is at least 2 um larger than
the length a of one side of the opening 194 of the contact
hole 19. As a result, a cross section is realized in which the
maximum width of the columnar spacer 23 is larger than the
maximum width of the opening 19a of the contact hole 19.
A part of the columnar spacer 25 located on the opening 192
of the contact hole 19 forms an area A superposed with the
contact hole 19, and a part of the columnar spacer 25 located
outside the contact hole 19 forms an area B not superposed
with the contact hole 19.

[0088] As described above, the columnar spacer 25 is
formed which has the area A superposed with the contact
hole 19 and the area B not superposed with the contact hole
19 in the cross section parallel to the substrates. As shown
in FIG. 3B, therefore, even in the case where the first
substrate 1 and the second substrate 2 are displaced from
each other and the columnar spacer 25 fails to completely
cover the opening 19a of the contact hole 19, the columnar
spacer 23 is prevented from falling in the contact hole 19 due
to the constant presence of the arca B where the columnar
spacer 23 is not superposed with the contact hole 19, thereby
making it possible to maintain the desired thickness between
the first substrate 1 and the second substrate 2. Even in the
case where the first substrate 1 and the second substrate 2 are
displaced from each other, therefore, the desired thickness of
the liquid crystal layer 3 can be positively maintained, and
the liquid crystal display apparatus can be fabricated without
losing the production margin in the existing process.

[0089] Also, according to this embodiment, a part of the
columnar spacer 25 covers at least a part of the opening 194
of the contact hole 19, and the columnar spacer 25 is not
arranged in the contact hole 19. In forming the contact hole
19, therefore, unlike in the prior art, the attachment margin
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taking the displacement of the columnar spacer 25 as
granted is not required. As a result, enlargement of an
ineffective region not contributing to display is avoided
thereby to prevent the reduction in the open area ratio of
each pixel while at the same time avoiding the reduction in
contrast for improved display quality.

[0090] Especially in the case where the columnar spacer
25 is formed with a cross section in such a shape that the
maximum width thereof is larger than the maximum width
of the opening 19z of the contact hole 19 formed in one
substrate (first substrate 1) as described above, the columnar
spacer 25 can be positively prevented from falling in the
contact hole 19 even when the first substrate 1 and the
second substrate 2 attached to each other are displaced from
each other. As a result, a cell gap can be positively secured
and otherwise the effects of the invention described above
can be positively achieved.

[0091] Further, in the case where the columnar spacer 25
is configured to have a cross section larger in area than the
opening 19« of the contact hole 19, the opening 19a can be
completely covered by the columnar spacer 25 even when
the, first substrate 1 and the second substrate 2 are displaced
from each other. Thus, the effects of the invention described
above can be produced more positively.

[0092] The cross section of the columnar spacer 25 (the
cross section in the direction parallel to the second substrate
2) is not limited to the regular octagon described above, but
may be any of other anisotropic polygons such as rectangle
and triangle, circle and ellipse. Also, the cross section of the
contact hole 19 is not limited to the square but may be any
of other anisotropic polygons, circle and ellipse.

[0093] Thus, the maximum width of the columnar spacer
25 or the maximum width of the opening 194 of the contact
hole 19 referred to in this embodiment can be considered to
correspond to the maximum length of the diagonal or sides
of a polygonal cross section, to the diameter of a circular
cross section and the length of the long axis of an elliptic
cross section.

[0094] An explanation has been made above about a case
in which the columnar spacer 25 is configured to have the
maximum width larger than the maximum width of the
opening 19a of the contact hole 19. Nevertheless, this
invention is not limited to this case. In short, the columnar
spacer 25 is configured with a cross section parallel to the
substrates which has both an area superposed and an area not
superposed with the contact hole 19.

[0095] FIGS. 4A and 4B, for example, are plan views
schematically showing an example of the relative positions
of the contact hole 19 and the columnar spacer 25 in the case
where the maximum width of the columnar spacer 25 is
smaller than the maximum width of the opening 19a of the
contact hole 19. FIG. 4A shows the case in which the
substrates attached to each other are not displaced from each
other, and FIG. 4B the case in which the substrates attached
to each other are displaced from each other. These cases
assume that the direction along the maximum width of the
columnar spacer 25 and the direction along the maximum
width of the opening 19« of the contact hole 19 are orthogo-
nal to each other.

[0096] Even in the case where the columnar spacer 25 is
configured as described above, the fact that the columnar
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spacer 25 has the area A superposed with the contact hole 19
and the area B not superposed with the contact hole 19 in the
cross section parallel to the substrates makes it possible to
maintain a predetermined interval between the pair of the
substrates in the area B of the columnar spacer 25 not
superposed with the contact hole 19 in case of displacement
which may occur between the substrates attached to each
other. Also, the presence of the area B not superposed with
the contact hole 19 in the columnar spacer 25 eliminates the
case in which the columnar spacer 25 is located in the
contact hole 19. Thus, the effects of the invention described
above are produced also in this case.

[0097] In view of the fact described above, in the liquid
crystal display apparatus according to this invention com-
prising a pair of the substrates (the first substrate 1 and the
second substrate 2) holding the liquid crystal layer 3 ther-
ebetween and attached to each other through the columnar
spacer 25 to display an image with a plurality of pixels, it
can be said that the columnar spacer 25 may be formed in
such a manner that a part thereof is superposed, in each
pixel, with at least a part of the contact hole 19 formed in one
substrate (first substrate 1).

[0098] A configuration, in which the columnar spacer 25
has an area superposed with a part of the contact hole 19 in
the cross section thereof, i.e. a configuration in which the
area (area A) of the columnar spacer 25 superposed with the
contact hole 19 is superposed with a part of the contact hole
19, is described in detail later with reference to the third
embodiment.

[0099] Taking into consideration that the orientation film
23 of the second substrate 2 is rubbed, the columnar spacer
25 is desirably arranged in such a position that the direction
in which the second substrate 2 is rubbed is at right angles
to the direction along the minimum width of the columnar
spacer 25. The reason is described below.

[0100] FIGS. 5A and 5B are plan views schematically
showing the relation between the direction in which the
second substrate 2 is rubbed and the position where the
columnar spacer 25 is arranged. Specifically, FIG. 5A shows
the case in which the columnar spacer 23 is arranged with
the long side thereof at right angles to the rubbing direction,
and FIG. 5B the case in which the columnar spacer 23 is
arranged with the short side thereof at right angles to the
rubbing direction.

[0101] Generally, in the case where the orientation film 23
is rubbed after forming the columnar spacer 25, since the
rubbing cloth fails to touch the orientation film 23 due to the
presence of the columnar spacer 25, the rubbing shadow 26
with no liquid crystal oriented is formed downstream of the
columnar spacer 25 in the rubbing operation, as shown in
FIGS. 5A and 5B.

[0102] As shown in FIG. 5B, therefore, the columnar
spacer 25 is arranged in such a position that the direction in
which the second substrate 2 is rubbed is at right angles to
the direction along the minimum width (short side) of the
columnar spacer 25. In the case where the sectional area of
the columnar spacer 25 is constant, the projection area of the
rubbing shadow 26 caused by the columnar spacer 25 can be
reduced as compared with the other methods of arrange-
ment. The degradation in display performance can thus be
reduced.
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[0103] Taking this reduction in projection area into con-
sideration, the cross section of the columnar spacer 25 is
desirably a polygon (an octagon or a rectangle such as
shown in FIGS. 5A, 5B) having a long side parallel to the
rubbing direction and a short side perpendicular to the
rubbing direction or an ellipse or the like having the long
axis parallel to the rubbing direction and the short axis
perpendicular to the rubbing direction.

[0104] The liquid crystal display apparatus can be fabri-
cated without rubbing the substrates by configuring the
liquid crystal layer 3 of a material having a vertical align-
ment. Specifically, a liquid crystal display apparatus can be
configured in which a pair of substrates (the first substrate 1
and the second substrate 2) are attached to each other
without being rubbed. Also by employing this configuration,
the orientation defect which otherwise might be caused by
the rubbing process is not developed, and therefore the
problem of degradation in display performance described
above can be solved.

[0105] FIGS. 6A and 6B are plan views schematically
showing another example of the shape and the relative
positions of the contact hole 19 and the columnar spacer 25.
As shown in FIG. 6A, the opening 19z of the contact hole
19 is a square as shown in the case of FIGS. 3A and 3B. The
columnar spacer 25, however, has a octagonal (but not
regular octagonal) cross section with a long side in the
direction in which the second substrate 2 is rubbed and the
short side at right angles to the rubbing direction.

[0106] The columnar spacer 25 desirably has a maximum
width in the rubbing direction, and the width is 2 ym or more
larger than the width of the opening 19z of the contact hole
19 in the rubbing direction. In this case, as shown in FIG.
6B, an area where the columnar spacer 25 is not superposed
with the contact hole 19 can always be secured even in the
case where the substrates attached to each other are dis-
placed from each other. At the same time, the projection area
of the rubbing shadow 26 attributable to the columnar spacer
25 at the time of rubbing can be reduced more positively
than in the case where the columnar spacer 25 is arranged
with the long side thereof at right angles to the rubbing
direction. In other words, e¢ven in the case where the
substrates are displaced from each other, a predetermined
cell gap can be secured while at the same time avoiding the
reduction in display quality.

[0107] Also, the columnar spacer 25 desirably has a mini-
mum width in a direction at a right angle to the rubbing
direction, and the width is 2 um or more smaller than the
width of the opening 19z of the contact hole 19 in the
direction at a right angle to the rubbing direction. In this
case, the liquid crystal can enter and positively fill up the
contact hole 19 through the opening 19« of the contact hole
19. Therefore, the light leakage which otherwise might be
caused through the liquid crystal bubble area is prevented.

[0108] According to this embodiment, the contact hole 19
is formed in the reflective region, and the columnar spacer
25 corresponding to the contact hole 19 is formed in the
reflective region. In the liquid crystal display apparatus of
reflection type or transmission/reflection type having a
reflective region, therefore, the above-mentioned effects of
the invention can be produced. In other words, the configu-
ration according to this embodiment is applicable not only to
the transmission/reflection-type liquid crystal display appa-
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ratus shown in FIG. 1 but also to the reflection-type liquid
crystal display apparatus as shown in FIG. 7. Thus, similar
effects can be produced.

[0109] Specifically, the invention can be said to be appli-
cable to a liquid crystal display apparatus, wherein one (first
substrate 1) of the pair of substrates holding the liquid
crystal layer 3 therebetween includes a plurality of source
bus lines 11, gate bus lines 12, TFTs 13 as switching
elements and pixel electrodes 14 through an inter-layer
insulating film 18 in the layer above at least a part of the
switching elements, wherein each pixel electrode 14
includes the reflection electrode 14b, and the contact hole 19
is formed in such a manner as to electrically connect the
reflection electrode 14b and the drain electrode 13c of the
switching element.

[0110] The configuration according to this embodiment is
also applicable to the columnar spacer of the transmission-
type liquid crystal display apparatus including the contact
hole and the columnar spacer in which the pixel electrode is
formed of a transparent electrode alone. This configuration
is described in more detail with reference to the second
embodiment later.

[0111] Also, unlike in this embodiment employing three-
terminal element such as the TFT 13, this invention is of
course applicable to the apparatus including a two-terminal
element such as MIM (metal insulator metal).

[0112] In the liquid crystal display apparatus according to
this invention, one of the substrates (the first substrate 1) has
arranged thereon a plurality of electrical wirings and switch-
ing elements (TFTs 13 or MIMs) for supplying a voltage to
the pixels, the inter-layer insulating film 18 covering at least
a part of the switching elements and the pixel electrodes 14
included in the layer above at least a part of the inter-layer
insulating film 18, wherein the contact hole 19 is formed in
such a manner that the pixel electrode 14 and a lead
electrode (the drain electrode, for example) of the switching
element are connected electrically to each other.

[0113] Also, the columnar spacer 25 may be arranged
either in every one or a part of the pixels in the display area
of the liquid crystal display apparatus. Specifically, some of
the pixels in the display area may not include the columnar
spacer 25. In other words, the columnar spacer 25 is formed
in at least one pixel in the display area.

[0114] The liquid crystal display apparatus according to
the invention described above may be alternatively imple-
mented as described below.

[0115] According to this invention, there is provided a
liquid crystal display apparatus comprising a pair of sub-
strates holding a liquid crystal layer therebetween and
attached to each other through a columnar spacer to display
an image through a plurality of pixels, wherein each pixel
has arranged therein the columnar spacer and a contact hole,
and the columnar spacer has both an area superposed with
the contact hole and an area not superposed with the contact
hole in the cross section thereof parallel to the substrates.

[0116] The liquid crystal display apparatus according to
the invention comprises a first substrate including a plurality
of gate wirings, source wirings and switching elements,
pixel electrodes arranged in the layer above the switching
elements through an insulating layer, a reflection layer
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(reflection electrode) formed on the pixel electrodes and
drain electrodes electrically connected to the pixel elec-
trodes, a second substrate formed with an opposite electrode,
and a liquid crystal layer held between the first and second
substrates, wherein the diameter of the columnar spacer for
maintaining the interval between the first substrate and the
second substrate is larger than the inner diameter of the
contact hole and a part of the columnar spacer and a part of
the contact hole are superposed with each other.

[0117] The liquid crystal display apparatus according to
this invention described above is so configured that the
contact hole is covered with the columnar spacer.

[0118] The liquid crystal display apparatus according to
this invention described above is so configured that the
diameter of the columnar spacer is at least 2 um larger than
the inner diameter of the upper portion of the contact hole.

[0119] The liquid crystal display apparatus according to
this invention described above is so configured that the long
side of the columnar spacer having an anisotropic cross
section is set in parallel to the direction in which the
substrate including the columnar spacer is rubbed, wherein
the length of the particular long side is at least 2 um larger
than the inner diameter of the upper portion of the contact
hole in the direction parallel to the rubbing direction.

[0120] The liquid crystal display apparatus according to
this invention described above is so configured that the
length of the short side of the columnar spacer perpendicular
to the direction in which the substrate having the columnar
spacer is rubbed in the substrate plane is at least 2 um
smaller than the inner diameter of the upper portion of the
contact hole perpendicular to the rubbing direction.

[0121] [Embodiments 2]

[0122] Another embodiment of the invention is explained
with reference to the drawings. The same component parts
as those in the first embodiment are designated by the same
reference numerals, respectively, and not described any
more.

[0123] This embodiment is configured the same way as the
first embodiment except that the liquid crystal display appa-
ratus is of transmission type. Specifically, according to this
embodiment, the configuration of the columnar spacer 25
according to the first embodiment is used for the transmis-
sion-type liquid crystal display apparatus. The transmission-
type liquid crystal display apparatus according to this
embodiment is described below.

[0124] FIG. 8 is a sectional view showing a general
configuration of the liquid crystal display apparatus accord-
ing to this embodiment, and FIG. 9 is a plan view showing
the first substrate 1 of the liquid crystal display apparatus. In
the liquid crystal display apparatus according to this
embodiment, the liquid crystal layer 3 is held between a pair
of substrates including the first substrate 1 and the second
substrate 2.

[0125] The first substrate 1 is configured of an insulating
transparent substrate (such as a glass substrate) and has the
surface thereof formed with a plurality of source bus lines 11
and a plurality of gate bus lines 12 in orthogonal arrange-
ment as shown in FIG. 9. The portion defined by adjacent
source bus lines 11 and gate bus lines 12 constitutes one
pixel. The pixels are thus arranged in matrix. The source bus
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lines 11 and the gate bus lines 12 function as electrical wires
for supplying a voltage to each pixel.

[0126] At each intersection between the source bus lines
11 and the gate bus lines 12, the TFT 13 is arranged as an
active switching element for switching on/off the corre-
sponding pixel. The gate electrode 13a of the TFT 13 is
connected to the corresponding gate bus line 12, the source
electrode 135 to the corresponding source bus line 11, and
the drain electrode 13c to the corresponding transparent
electrode 14a constituting a pixel electrode. The first sub-
strate 1 has formed thereon the auxiliary capacitance elec-
trode (auxiliary capacitance wiring) 15, and the gate insu-
lating film 16 is formed in such a manner as to cover the
auxiliary capacitance electrode 15.

[0127] Unlike in this embodiment having the auxiliary
capacitance electrode 15 as an independent component part,
the gate bus line 12 may be used as an auxiliary capacitance
wire.

[0128] Each transparent clectrode 14a is configured of a
transparent conductive film of ITO, for example. The pro-
vision of the transparent electrode 14a makes it possible to
form a transmissive region for transmission-type display in
the pixel. The inter-layer insulating films 17, 18 are stacked
in this order on the drain electrode 13¢, and the transparent
electrode 14a is formed on the surface of the inter-layer
insulating film 18. In other words, the inter-layer insulating
film 18 covers at least a part of the TFT 13 and the
transparent electrode 14« is arranged in the layer above at
least a part of the inter-layer insulating film 18.

[0129] The first substrate 1 is formed with a plurality of
contact holes 19 each for electrically connecting the trans-
parent electrode 14a and the drain electrode 13c. The
orientation film 20 is formed on the liquid crystal layer 3
side of the transparent electrode 14a.

[0130] The second substrate 2 is configured of an insulat-
ing transparent substrate (such as a glass substrate), and has
the surface thereof stacked with the colored layer 21 as a
color filter, a light shielding film 215, the opposite electrode
22 of such material as an ITO and the orientation film 23.

[0131] The colored layer 21 is formed in such a manner as
to cover the light shielding film 215 in line with the pixel
formed in the portion where the opposite electrode 22 and
the transparent electrode 14¢ are in opposed relation to each
other. The light shielding film 215 may be arranged as
required and may be omitted. Also, the light shielding film
21b may be stacked on the colored layer 21.

[0132] The first substrate 1 and the second substrate 2
holding the liquid crystal layer 3 between them are attached
to each other through a columnar spacer 25 in such a
position that the orientation films 20, 23 are opposed to each
other. As a result, the thickness of the liquid crystal layer 3
is kept constant by the columnar spacer 25.

[0133] The columnar spacer 25 is formed on the colored
layer 21 of the second substrate 2 with a cross section in the
shape of regular octagon at a position equivalently on the
auxiliary capacitance electrode 15 of the first substrate 1.
Also, the columnar spacer 25 is formed on the second
substrate 2 in superposition with a part of each of a plurality
of the contact holes 19. As for the order in which the
columnar spacer 25 and the orientation film 23 are stacked,
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as shown in FIG. 8, the orientation film 23 may be formed
on the columnar spacer 25 or the columnar spacer 25 may be
formed on the orientation film 23. Tn all the embodiments of
the invention, the orientation film 23 and the columnar
spacer 25 may be stacked one on the other in the desired
order.

[0134] The area formed with the auxiliary capacitance
electrode 15 fails to contribute to the display of transmission
type. According to this embodiment, therefore, the deterio-
ration of display quality which otherwise might be caused by
the arrangement of the columnar spacer 25 can be avoided
by arranging the columnar spacer 25 on the auxiliary capaci-
tance electrode 13. Also, the arrangement of a new light
shielding pattern is not required for avoiding the deteriora-
tion of the display quality due to the columnar spacer 25,
thereby making it possible to avoid the reduction in the open
area ratio of each pixel.

[0135] [Embodiment 3]

[0136] Still another embodiment of the invention is
explained below with reference to the drawings. The same
component parts of the third embodiment as those in the first
or second embodiment are designated by the same reference
numerals, respectively, and not described again.

[0137] FIG. 10 is a plan view showing the first substrate
1 of a transmission-type liquid crystal display apparatus
according to the second embodiment, in which the columnar
spacer 25 having a rectangular cross section much larger in
area than the opening of the contact hole 19 is arranged in
such a manner as to cover the particular opening. The
contact hole 19, in plan view, is a rectangle of 14 um by 18
um having an opening area of 14x18=252 um®.

[0138] Generally, the sectional area (the area grounded
with the substrates) of the columnar spacer 25 required to
hold the thickness of the liquid crystal layer 3, depending on
the material of the columnar spacer 25 and the thickness of
the liquid crystal layer 3, is considered to be 185 um*
according to this embodiment. In this case, the configuration
shown in FIG. 10 can secure 437(=252+185) um* as a
sectional area of the columnar spacer 25.

[0139] Inthe case where the sectional area of the columnar
spacer 25 is excessively large, on the other hand, the friction
force between the columnar spacer 25 and the first substrate
1 or the second substrate 2 is increased when the first
substrate 1 constituting a TFT and the second substrate 2
constituting a CF substrate are attached to each other,
thereby sometimes making difficult the fine adjustment in
the process of positioning the two substrates. The sectional
area of the columnar spacer 25, therefore, is not desirably
increased unnecessarily.

[0140] According to this embodiment, the columnar
spacer 25 is configured in such a manner that the area of the
columnar spacer 25 superposed with the contact hole 19 is
not the whole but a part of the contact hole 19 to avoid the
inconveniences described above. A detailed explanation
about this point is made below with reference to first to third
examples.

[0141] In the first to third examples, the transmission-type
liquid crystal display apparatus described in the second
embodiment above is referred to. Nevertheless, the configu-
ration described below can of course be employed for the
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liquid crystal display apparatus of transmission/reflection
type or reflection type explained in the first embodiment
above with equal effect. Also, in the first to third examples,
the contact hole 19 is configured of a rectangle 14 yum by 18
um in size in plan view (opening area of 252 um?).

(FIRST EXAMPLE)

[0142] FIG. 11 is a plan view showing the first substrate
1 of the liquid crystal display apparatus according to this
example. In this example, the columnar spacer 25 has a
rectangular cross section in the size of 30 um by 7 um
(sectional area of 210 um®) and is arranged in superposition
with a part of the contact hole 19.

[0143] Inthisexample, cach columnar spacer 25 is formed
on the side of the first substrate 1 formed with the TFT 13.
Even in the case where the first substrate 1 and the second
substrate 2 attached to each other are displaced from each
other, therefore, the position of the columnar spacer 25
relative to the contact hole 19 remains unchanged. In this
example, therefore, unlike in the second and third examples
described later, the displacement (5 p#m) between the sub-
strates attached to each other is not taken into consideration.

[0144] In this example, the sectional area of the columnar
spacer 25 is 210 #m?, which is larger than the grounding area
185 um® of the columnar spacer 25 required to hold the
thickness of the liquid crystal layer 3. By employing a
configuration in which the columnar spacer 25 is superposed
not with the whole but with a part of the contact hole 19 as
in this example, the sectional area (210 um®) of the columnar
spacer 25 much smaller than in the case of FIG. 10 (437
um?) can be realized while at the same time securing the
required grounding area of 185 um®. As a result, the increase
in the friction force between the columnar spacer 25 and the
second substrate 2 is suppressed thereby to facilitate the fine
adjustment in the process of positioning the substrates.

[0145] In the case of FIG. 10 where the columnar spacer
25 is superposed with the whole of the contact hole 19, the
shape, size and the position of the columnar spacer 25 are
limited by the shape, size and the position, respectively, of
the contact hole 19. In the case where the columnar spacer
25 is formed in superposition with a part of the contact hole
19 as in this example, however, such a limitation is not
imposed and the freedom increased. Thus, the reduction in
the open area ratio is suppressed and the orientation irregu-
larities of the liquid crystal is reduced.

(SECOND EXAMPLE)

[0146] According to this example, in the configuration
shown in FIG. 9 (second embodiment) with the columnar
spacer 25 arranged on the side of the second substrate 2, the
columnar spacer 25 has a cross section in the shape of an
octagon circumscribed about the circle having a radius of 10

[0147] um. For the reason of fabricating a mask to produce
the columnar spacer 25, the cross section of the columnar
spacer 25 according to this example is not a regular octagon.
More specifically, in the cross section of the columnar spacer
25, each the four alternate sides of the eight sides making up
the octagon has the length of, say, 8 um, while the remaining
four sides (four sides located between each pair of 8-um
sides) each have the length of, say, 8.4 um. According to this
example, therefore, the sectional area of the columnar spacer
25 is given as (8x10x4)/2+(8.4x10x4)/2=328 ym>.
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[0148] The columnar spacer 25 having an octagonal cross
section as in this example is designed, for example, to have
a sectional area of 328 ym? as described above. Then, it is
known that the grounding area of 185 um? required of the
columnar spacer 25 to hold the thickness of the liquid crystal
layer 3 can be secured even in the case where the first
substrate 1 and the second substrate 2 attached to each other
are displaced from each other by 5 um in both vertically and
horizontally at the same time.

[0149] By employing the configuration in which the
columnar spacer 25 is superposed with a part of the contact
holes 19 as in this example, therefore, the required ground-
ing area of 185 um? is secured while at the same time
realizing a much smaller sectional arca (328 um®) of the
columnar spacer 23 than in the case of FIG. 10 (437 um®)
even in the case where the substrates are displaced from each
other (by 5 um both vertically and horizontally, for
example). Even after taking the substrate displacement into
consideration, therefore, the substrates can be set in relative
positions easily by reducing the friction force between the
columnar spacer 25 and the first substrate 1. In this way,
similar effects to the first example can be produced.

(THIRD EXAMPLE)

[0150] FIG. 12 is a plan view showing the first substrate
1 of the liquid crystal display apparatus according to this
example. In this example, the columnar spacer 25 has a
trapezoidal cross section. This trapezoid has, for example,
the upper side 4 um long, the lower side 12 um long, the
height of 31 um and the area of 248 um®. The columnar
spacer 25 is formed on the side of the second substrate 2 in
superposition with a part of the contact holes 19.

[0151] Various calculations show that in the case where
the columnar spacer 25 has a trapezoidal cross section of the
size described above and the substrates attached to each
other are displaced horizontally by 5 um, for example, the
grounding area of 185 um? can be maintained in the absence
of vertical displacement. It is also known from various
calculations that in the case where the substrates are dis-
placed vertically by 5 um and horizontally by not more than
4.3 um, for example, the grounding area of 185 um” can be
maintained.

[0152] By employing the configuration in which the
columnar spacer 25 is superposed with a part of the contact
holes 19 as in this example, therefore, the required ground-
ing area of 185 um can be secured while at the same time
realizing a much smaller sectional area (328 um?) of the
columnar spacer 25 than in the case of FIG. 10 (437 um?)
even in the case where the substrates are displaced (say, 5
um vertically or horizontally). As a result, even after con-
sidering the substrate displacement, the friction force
between the columnar spacer 25 and the first substrate 1 can
be reduced to facilitate the positioning of the substrates.
Thus, similar effects to the first example are produced.

[0153] As described above, according to the second and
third examples, the columnar spacer 25 is formed on the
second substrate 2 in such a (sectional) size as to be
superposed with a part of each of a plurality of contact holes
19, i.e. in such a manner that the area of the columnar spacer
25 superposed with the contact holes 19 represents a part of
each of the plurality of the contact holes 19. In this way, the
variations in the grounding area can be reduced upon
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occurrence of the substrate displacement. This point is
explained below with reference to the second example.

[0154] FIGS. 13A to 13C schematically show the relative
positions of the columnar spacer 25 and a plurality of the
contact holes 19 in the case where the columnar spacer 25
is formed in such a size as to be superposed with a part of
each of the contact holes 19. The hatched portion represents
the grounding area of the columnar spacer 25 and the first
substrate 1. As shown in FIG. 13A, assuming that the
columnar spacer 25 is superposed equally with a part of each
of the two contact holes 19 (without any substrate displace-
ment), the grounding area of the columnar spacer 25 and the
first substrate 1 (the area of the hatched portion) is 192.00
um?, for example.

[0155] Next, in the case where the second substrate 2 is
displaced by 5 um in one direction (leftward, for example)
with respect to the first substrate 1 as shown in FIG. 13B,
the grounding area is reduced to 185.75 um?. Also in the
case where the second substrate 2 is displaced by 5 um in the
opposite direction (rightward) with respect to the first sub-
strate 1 as shown in FIG. 13C, on the other hand, the
grounding area is reduced to 185.75 um?.

[0156] As described above, in the case where the columnar
spacer 23 is formed in such a size as to be superposed with
a part of each of a plurality of the contact holes 19, the
grounding area is varied in a maximum range of 6.25 ym*
between 185.75 um? and 192.00 um?.

[0157] In contrast, FIGS. 14A to 14C schematically show
the relative positions of the columnar spacer 25 and a single
contact hole 19 in the case where the columnar spacer 25 is
superposed with a part of the single contact hole 19. The
hatched portion represents the grounding area of the colum-
nar spacer 25 and the first substrate 1. As shown in FIG.
14A, assuming that the columnar spacer 23 is superposed
with a part of the single contact hole 19 (without any
substrate displacement), the grounding area of the columnar
spacer 25 and the first substrate 1 (the area of the hatched
portion) is 260.00 um”, for example.

[0158] Next, in the case where the second substrate 2 is
displaced by 5 pum in one direction (leftward, for example)
with respect to the first substrate 1 as shown in FIG. 14B,
the grounding area is reduced to 190.00 um?. Also in the
case where the second substrate 2 is displaced by 5 um in the
opposite direction (rightward) with respect to the first sub-
strate 1 as shown in FIG. 14C, on the other hand, the
grounding area is increased to 323.75 um?>.

[0159] As described above, in the case where the columnar
spacer 25 is formed in such a size as to be superposed with
a part of a single contact hole 19, the grounding area is
varied by a maxinmum of 133.75 um? between 190.00 ym?
and 323.75 um”>.

[0160] As seen from the foregoing description, the
grounding area of the columnar spacer 25 and the first
substrate 1 with the substrate displaced is less varied in the
case where the columnar spacer 25 is formed in superposed
relation with a part of each of two contact holes 19 than in
the case where it is formed in superposed relation with a part
of a single contact hole 19. The magnitude of pressure under
which the press work is carried out for attaching the sub-
strates to each other or the liquid crystal injection time is
varied with the grounding area. Therefore, the smaller the
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variation of the grounding area, the more desirable for the
purposes of fabrication of the liquid crystal display appara-
tus. In other words, the fabrication of the liquid crystal
display apparatus is facilitated by forming the columnar
spacer 25 in such a manner as to be superposed with a part
of each of two contact holes 19.

[0161] It will thus be understood from the foregoing
description that various corrections and modifications of the
invention are possible. This invention, therefore, should be
understood to be embodied without departing from the scope
of the claims appended hereto regardless of the concrete
description contained herein.

What is claimed is:
1. A liquid crystal display apparatus comprising:

a pair of substrates holding a liquid crystal layer therebe-
tween,

a columnar spacer arranged between said two substrates;
and

a plurality of pixels for display;

wherein said pixel includes said columnar spacer and a
contact hole therein, and

said columnar spacer has an area superposed with said
contact hole and an area not superposed with said
contact hole in the cross section thereof parallel to said
substrates.
2. Aliquid crystal display apparatus as described in claim
15

wherein the maximum width of the cross section of said
columnar spacer is larger than the maximum width of
an opening of the contact hole formed in one of the
substrates.
3. Aliquid crystal display apparatus as described in claim
2,

wherein the area of the cross section of said columnar
spacer is larger than the area of said opening.
4. Aliquid crystal display apparatus as described in claim
1’

wherein an area of said columnar spacer superposed with
said contact hole is superposed with a part of said
contact hole.
5. Aliquid crystal display apparatus as described in claim
4,

wherein said area is superposed with a part of each of a
plurality of contact holes.
6. A liquid crystal display apparatus as described in claim
1,

wherein said columnar spacer is arranged in such a
manner that the direction in which the substrate formed
with said columnar spacer is rubbed is at right angles to
the direction along the minimum width of said colum-
nar spacer.

7. Aliquid crystal display apparatus as described in claim

65
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wherein said columnar spacer has the maximum width in
said rubbing direction, and the width is 2 um or more
larger than the width of said opening in said rubbing
direction.
8. Aliquid crystal display apparatus as described in claim
6’

wherein said columnar spacer has the minimum width in
adirection at a right angle to said rubbing direction, and
the width is 2 gm or more smaller than the width of said
opening in the direction at a right angle to said rubbing
direction.
9. Aliquid crystal display apparatus as described in claim
1,

wherein said pair of substrates are attached to each other
without the rubbing process.
10. A liquid crystal display apparatus as described in
claim 1,

wherein said pixel has a transmissive region for transmis-
sion type display and a reflective region for reflection
type display, and

said columnar spacer is arranged in said reflective region.
11. Aliquid crystal display apparatus as described in claim
1>

wherein said pixel has a transmissive region for transmis-
sion type display, and

said columnar spacer is formed on an auxiliary capaci-
tance wiring.
12. A liquid crystal display apparatus as described in
claim 1,

wherein said one substrate is formed with a plurality of
electrical wiring and switching elements for supplying
avoltage to the pixels, an inter-layer insulating film for
covering at least a part of said switching elements, and
a pixel electrode in the layer above at least a part of said
inter-layer insulating film, and

said contact hole is formed in such a manner as to
electrically connect said pixel electrode to a lead elec-
trode of said switching element.
13. A liquid crystal display apparatus as described in
claim 1,

wherein said columnar spacer is black.

14. A liquid crystal display apparatus as described in
claim 1,

wherein said liquid crystal layer is formed of a material
having a vertical alignment.
15. A liquid crystal display apparatus as described in
claim 1,

wherein said columnar spacer is formed in at least one
pixel in the display area.
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