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Description

Technical Field

[0001] The disclosed embodiments relate to a liquid
crystal display (LCD) apparatus and, in particular, to an
active matrix LCD apparatus.

Related Art

[0002] With the more progress of liquid crystal display
(LCD) technology, LCD apparatuses have been widely
applied to various information products, such as note-
books, personal digital assistants (PDAs), smart phones,
or tablet computers.
[0003] A conventional LCD apparatus mainly includes
an LCD panel, which includes a thin film transistor (TFT)
substrate, a color filter (CF) substrate and a liquid crystal
layer disposed between the TFT and CF substrates. Be-
sides, the LCD apparatus further includes a backlight
module, which is disposed on a side of the TFT substrate
facing away from the CF substrate. The TFT substrate
includes a transparent substrate and a TFT layer dis-
posed on a side of the transparent substrate. Besides,
the CF substrate is disposed opposite to the TFT sub-
strate. An interval between the TFT and CF substrates
is kept by spacers.
[0004] However, when the LCD apparatus is pressed
by an external force, the interval between the TFT and
CF substrates will be reduced, and meanwhile, the rela-
tive movement between the spacers and the TFT sub-
strate may occur. Accordingly, the TFT substrate may be
rubbed and damaged, and thus the LCD apparatus will
be subjected to a light leakage problem.
[0005] US 2005/052607 A1 discloses that the first sub-
strate 1 and the second substrate 2 holding the liquid
crystal layer 3 between them are attached to each other
through the columnar spacer 25, and the columnar spac-
er 25 is formed on the second substrate 2 at substantially
the same position as the contact hole 19 of the first sub-
strate 1. 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.
[0006] US 2008/136760 A1 discloses that a display
substrate includes a base substrate, a first storage elec-
trode, a second storage electrode, a first insulating layer,
a first spacing member and a second spacing member.
The base substrate includes a first pixel region and a
second pixel region that are defined by a plurality of gate
lines and a plurality of source lines extended in a direction
different from an extended direction of the gate lines. The
first storage electrode is in the first pixel region. The sec-
ond storage electrode is in the second pixel region. The
first insulating layer covers the first storage electrode,
and has a recessed portion on the second storage elec-
trode. The first spacing member is on the first insulating
layer corresponding to the first storage electrode. The
second spacing member is on the recessed portion.

[0007] JP 2005 241856 A discloses that a plurality of
granular spacers 81 are interposed between the element
substrate 10 and the counter substrate 20. Also on the
element substrate 10, a plurality of post spacers 91 with
compressive strength higher than that of the granular
spacers 81 and with height with a dimension smaller than
the diameter of the granular spacers 81 are formed on a
region other than pixel electrodes 34a.
[0008] EP 1898253 A2 discloses that a display device
includes an array substrate, which includes a plurality of
gate wires, a plurality of data wires, which cross the gate
wires, and a plurality of pixel electrodes, which are de-
fined by the gate wires and the data wires; a counter
substrate, which includes a common electrode formed
corresponding to the pixel electrodes; and a spacer,
which maintains a gap between the array substrate and
the counter substrate.

SUMMARY

[0009] In view of the foregoing problem, an objective
of this disclosure is to provide an LCD apparatus that can
be prevented from being rubbed and damaged by spac-
ers when pressed by an external force so that the light
leakage problem can be avoided.
[0010] To achieve the above objective, a liquid crystal
display apparatus according to the embodiments of this
disclosure comprises a first substrate, a second sub-
strate and a first spacer. The first substrate includes a
transparent plate, a metal layer, an insulating layer and
a first electrode layer. The metal layer is disposed on the
transparent plate. The insulating layer is disposed be-
tween the metal layer and the first electrode layer, and
covers the metal layer. The insulating layer has a first
indentation. A surface of the first substrate has a second
indentation corresponding to the first indentation and
having a first width. The second substrate is disposed
opposite to the first substrate. The first spacer is disposed
on the second substrate and has a top surface opposite
to the second indentation. The top surface and the sec-
ond indentation at least partially overlap, and the top sur-
face has a second width which is larger than the first
width.
[0011] The present invention is reflected in independ-
ent claim 1. Preferred embodiments are defined in the
dependent claims.
[0012] In one embodiment, the liquid crystal display
apparatus further comprises a liquid crystal layer dis-
posed between the first substrate and the second sub-
strate.
[0013] In one embodiment, the first spacer is not dis-
posed against the surface of the first substrate.
[0014] In one embodiment, the metal layer is the same
layer as the drain or source of a thin film transistor of the
first substrate.
[0015] In one embodiment, the insulating layer in-
cludes a first insulating layer and a second insulating
layer, the first insulating layer is disposed on the second
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insulating layer, and the second insulating layer is dis-
posed above the thin film transistor.
[0016] In one embodiment, the first substrate further
includes a second electrode layer disposed between the
first and second insulating layers.
[0017] In one embodiment, the first indentation is dis-
posed corresponding to the second indentation, and the
depth of the second indentation is less than or equal to
that of the first indentation.
[0018] In one embodiment, the second insulating layer
has a third indentation disposed corresponding to the
first indentation, and the depth of the first indentation is
less than or equal to that of the third indentation.
[0019] In one embodiment, a bottom of the second in-
dentation has a plurality of protrusions.
[0020] In one embodiment, the second substrate has
an additional transparent plate and a common electrode
layer disposed on the additional transparent plate.
[0021] In one embodiment, the liquid crystal display
apparatus further comprises a second spacer disposed
on the second substrate.
[0022] In one embodiment, the second spacer is dis-
posed against the surface of the first substrate.
[0023] In one embodiment, the first spacer and the sec-
ond spacer have different heights according to the direc-
tion perpendicular to the transparent substrate.
[0024] In one embodiment, the height of the second
spacer is between one time and two times the height of
the first spacer.
[0025] In one embodiment, the first spacer and the sec-
ond spacer have the same height according to the direc-
tion perpendicular to the transparent substrate.
[0026] In one embodiment, the first and second spac-
ers are disposed against the surface of the first substrate.
[0027] In one embodiment, the surface of the first sub-
strate has a fourth indentation disposed corresponding
to the second indentation, and the depth of the fourth
indentation is less than that of the second indentation.
[0028] In one embodiment, the width of a top surface
of the second spacer is larger than that of the fourth in-
dentation.
[0029] In one embodiment, the first insulating layer fur-
ther has a fifth indentation disposed corresponding to the
fourth indentation, and the depth of the fourth indentation
is less than or equal to that of the fifth indentation.
[0030] In one embodiment, the second insulating layer
further has a sixth indentation disposed corresponding
to the fifth indentation, and the depth of the fifth indenta-
tion is less than or equal to that of the sixth indentation.
[0031] As mentioned above, in the LCD apparatus ac-
cording to the embodiments of this disclosure, the insu-
lating layer covers the metal layer and has a first inden-
tation, and the surface of the first substrate has a second
indentation corresponding to the first indentation. Be-
sides, the top surface of the first spacer at least partially
overlaps the opening of the second indentation, and the
second width of the top surface is larger than the first
width of the second indentation. Therefore, when the

LCD apparatus is pressed by an external force, the first
spacers are respectively pushed into the second inden-
tations of the first substrate with some deformation.
Thereby, the pressure received by the LCD apparatus
from outside can be distributed, and the more contact
area can be provided when the first spacers are respec-
tively pushed into the second indentations, resulting in
the larger lateral friction, which can prevent the relative
movement and accompanying rubbing between the
spacers and the first substrate, so that the first substrate
will not be damaged and thus the LCD apparatus will not
be subjected to the light leakage problem.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The invention will become more fully under-
stood from the detailed description and accompanying
drawings, which are given for illustration only, and thus
are not limitative of the present invention, and wherein:

FIG. 1A is a schematic sectional diagram of a liquid
crystal display (LCD) apparatus according to an em-
bodiment of this disclosure;

FIG. 1B is a schematic sectional diagram of a liquid
crystal display apparatus according to another em-
bodiment of this disclosure;

FIG. 1C is a top-view diagram of the LCD apparatus
in FIG. 1A;

FIG. 1D is a schematic sectional diagram of a vari-
ation of the first spacer;

FIG. 1E is a schematic sectional diagram of a vari-
ation of the second indentation;

FIGS. 1F and 1G are schematic diagrams showing
variations of the overlap between the top surface of
the first spacer and the opening of the second inden-
tation according to the direction perpendicular to the
transparent substrate of the first substrate in FIG. 1A;

FIG. 1H is a schematic diagram of the first spacer
moved against the first substrate when the LCD ap-
paratus in FIG. 1A is pressed by an external force;
and

FIGS. 2A to 2E are schematic sectional diagrams of
variations of the LCD apparatus according to an em-
bodiment of this disclosure.

DETAILED DESCRIPTION

[0033] The present invention will be apparent from the
following detailed description, which proceeds with ref-
erence to the accompanying drawings, wherein the same
references relate to the same elements.
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[0034] FIG. 1A is a schematic sectional diagram of a
liquid crystal display (LCD) apparatus 2 according to an
embodiment of this disclosure.
[0035] The LCD apparatus 2 includes a first substrate
21, a second substrate 22, a liquid crystal layer 24 and
a backlight module (not shown). The liquid crystal layer
24 is disposed between the first and second substrates
21 and 22 (the liquid crystal molecules are not shown in
FIG. 1A). The backlight module is disposed on a side of
the first substrate 21 facing away from the second sub-
strate 22. In FIG. 1A, the backlight module can be dis-
posed on a bottom side of the first substrate 21 to emit
light towards the first substrate 21. Besides, the LCD ap-
paratus 2 can further include a first spacer 23 and a sec-
ond spacer 25.
[0036] The first substrate 21 includes a transparent
substrate 211, a metal layer 212, a protection layer 213,
an insulating layer 214, a first electrode layer 215 and an
alignment layer 217. The first substrate 21 can further
include a thin film transistor (TFT) T. The structures of
the transparent substrate 211 and thin film transistor T
are first illustrated as below.
[0037] The thin film transistor T is disposed on the
transparent substrate 211. As an embodiment, the trans-
parent substrate 211 can be made by a transparent ma-
terial, and applied to a transmissive display apparatus.
The transparent material is, for example, glass, quartz
or the like, plastic material, rubber, fiberglass or other
polymer material. Preferably, the transparent substrate
211 is an alumino silicate glass substrate. Otherwise, the
transparent substrate 211 can be made by opaque ma-
terial, and applied to a self-luminous or reflective display
apparatus. In this case, the transparent substrate 211 is
a metal-fiberglass composite plate or a metal-ceramic
composite plate for example. The transparent substrate
211 also can be a flexible substrate, such as an acrylic
substrate or a very thin glass substrate.
[0038] The thin film transistor T has a gate G, a gate
dielectric layer T1, a channel layer T2, a source S and a
drain D. The gate G is disposed on the transparent sub-
strate 211, and the gate G is a single-layer or multi-layer
structure composed of metal (e.g. aluminum, copper, sil-
ver, molybdenum, or titanium), alloy or their any combi-
nations. Some of the conductive wires, such as scan
lines, for transmitting driving signals can be made by the
same process as the gate G and formed into the same
layer as the gate G, electrically connected to the gate G.
The gate dielectric layer T1 is disposed on the gate G,
and can be made by organic material such as organic
silicone compound, or inorganic material such as silicon
nitride, silicon oxide, silicon oxynitride, silicon carbide,
aluminum oxide, hafnium oxide or their any combina-
tions. The gate dielectric layer T1 can be a single-layer
or multi-layer structure. The gate dielectric layer T1
needs to completely cover the gate G, and can cover the
partial or whole transparent substrate 211. The channel
layer T2 is disposed on the gate dielectric layer T1 and
corresponding to the gate G. As an embodiment, the

channel layer T2 can contain an oxide semiconductor for
example. The oxide semiconductor contains an oxide,
which includes one of indium, zinc and tin for example.
[0039] The source S and the drain D are disposed on
the channel layer T2, and contact the channel layer T2.
When the channel layer T2 of the thin film transistor T is
not enabled, the source S and the drain D are separated
electrically. The source S and the drain D each can be
made into a single-layer or multi-layer structure com-
posed of metal (e.g. aluminum, copper, silver, molybde-
num, or titanium), alloy or their any combinations. Be-
sides, some of the conductive wires, such as data lines,
for transmitting driving signals can be made by the same
process as the source S and the drain D and into the
same layer (i.e. the second metal layer M2) as the source
S and the drain D. To be noted, the metal layer 212 can
be the same layer as the drain D and the source S of the
thin film transistor T, and can be the data line or the scan
line of the LCD apparatus 2.
[0040] To be mentioned, the source S and the drain D
are disposed on an etch stop layer ES, and respectively
contact the channel layer T2 through the openings of the
etch stop layer ES. The etch stop layer ES can be made
by inorganic material such as silicon nitride, silicon oxide,
silicon oxynitride, silicon carbide, aluminum oxide, haf-
nium oxide or their any combinations. The etch stop layer
ES can be a single-layer or multi-layer structure. In other
embodiments, the source S and the drain D can be di-
rectly disposed on the channel layer T2 instead of through
the etch stop layer ES.
[0041] The protection layer 213 is disposed on the
drain D and the source S, and covers the drain D and
the source S. The insulating layer 214 is disposed be-
tween the metal layer 212 and the first electrode layer
215, covers the metal layer 212, and has a first indenta-
tion U1. Herein, that the insulating layer 214 covers the
metal layer 212 doesn’t mean the insulating layer 214
must contact the metal layer 212, and the insulating layer
214 can be just disposed over the metal layer 212 so that
the metal layer 212 can not be exposed. Besides, that
the insulating layer 214 is disposed between the metal
layer 212 and the first electrode layer 215 doesn’t mean
the insulating layer 214 must contact the metal layer 212
or the first electrode layer 215. In this embodiment, the
insulating layer 214 includes a first insulating layer 214a
and a second insulating layer 214b. The first insulating
layer 214a is disposed on the second insulating layer
214b, and the second insulating layer 214b is disposed
above the thin film transistor T and contacts the protection
layer 213. In other words, the protection layer 213 is dis-
posed between the second insulating layer 214b and the
drain D and source S. In other embodiments, the insu-
lating layer 214 can include only one of the first insulating
layer 214a and the second insulating layer 214b. The
first insulating layer 214a can be made by inorganic ma-
terial for example. The second insulating layer 214b can
be a thin film layer, and can be made by organic material
such as Polyfluoroalkoxy (PFA), for example.
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[0042] In this embodiment, the first insulating layer
214a has the first indentation U1, so that a surface 216
of the first substrate 21 has a second indentation U2 cor-
responding to the first indentation U1. In other words, by
the manufacturing method of this embodiment, the first
indentation U1 is formed on the insulating layer 214 (such
as on the first insulating layer 214a), so that the surface
216 of the first substrate 21 has the second indentation
U2. The first indentation U1 is disposed corresponding
to the second indentation U2, and the depth of the second
indentation U2 can be less than or equal to the depth of
the first indentation U1. Herein, the said depth denotes
the depth along the direction perpendicular to the trans-
parent substrate 211. The thickness of the second insu-
lating layer 214b can be between 2mm and 3mm, and the
depths of the first and second indentations U1 and U2
each can be between 0.05mm and 1mm, and preferably
between 0.05mm and 0.5mm. In detail, the first indenta-
tion U1 is formed on the first insulating layer 214a, then
the first electrode layer 215 is formed on the first inden-
tation U1 so as to have an indentation, and then the align-
ment layer 217 is formed on the indentation of the first
electrode layer 215 so as to have the second indentation
U2. The width of the first indentation U1 of the first insu-
lating layer 214a can be slightly larger than that of the
indentation of the first electrode layer 215, and the width
of the indentation of the first electrode layer 215 can be
slightly larger than that of the second indentation U2.
Herein, the said width denotes the width along the direc-
tion parallel with the transparent substrate 211.
[0043] In this embodiment the second indentation U2
is disposed above the thin film transistor T, but in other
embodiments it can be disposed at other locations. Be-
sides, in this embodiment the first electrode layer 215 is
disposed on an interior side of the second indentation
U2, but otherwise it is not necessarily disposed there,
and it may merely overlap the partial second indentation
U2, depending on the location of the first spacer 23. The
first electrode layer 215 can be a pixel electrode layer or
a common electrode layer, and the alignment layer 217
is disposed on the first electrode layer 215. The alignment
layer 217 can be made by polyimide (PI) for example,
and the liquid crystal molecules of the liquid crystal layer
24 can be arranged accordingly.
[0044] The second substrate 22 is disposed opposite
to the first substrate 21. In FIG. 1A, the second substrate
22 sequentially includes a transparent plate 221, a black
matrix layer 222, a color filter layer 223, a protection layer
224 and an alignment layer 225 from top to bottom. The
black matrix layer 222 is disposed on the substrate 221,
and the color filter layer 223 covers the transparent sub-
strate 221 and the black matrix layer 222. The color filter
layer 223 can have a red filter portion, a green filter portion
and a blue filter portion (not shown). Besides, the pro-
tection layer 224 is disposed on the color filter layer 223,
the first spacer 23 and the second spacer 25 are disposed
on the protection layer 224, and the alignment layer 225
is disposed on the first spacer 23, the second spacer 25

and the protection layer 224.
[0045] To be noted, the LCD apparatus 2 is an in-plane
switch (IPS) type for example, so that the second sub-
strate 22 has no transparent conductive layer. However,
for other types of LCD apparatuses, such as a twisted
nematic (TN) type of LCD apparatus, the second sub-
strate 22 can have a transparent conductive layer as a
common electrode layer (not shown), and this common
electrode layer can be disposed on the transparent sub-
strate 221 and between the protection layer 224 and the
alignment layer 225. Moreover, in this embodiment, the
first substrate 21 is a TFT substrate and the second sub-
strate 22 is a CF substrate, but in other embodiments,
the black matrix layer 222 and the color filter layer 223
can be disposed to the TFT substrate, so that the first
substrate 21 becomes a BOA (BM on array) substrate or
a COA (color filter on array) substrate. However, this dis-
closure is not limited thereto.
[0046] To be noted, the LCD apparatus 2 is an in-plane
switch (IPS) type for example, so that no electrode layer
is disposed between the first and second insulating layers
214a and 214b. However, in another embodiment as
shown in FIG. 1B, the LCD apparatus 2a is instanced as
a fringe field switching (FFS) type, so that the first sub-
strate 21a further includes a second electrode layer 218,
which is disposed between the first and second insulating
layers 214a and 214b. The first electrode layer 215 can
be a pixel electrode layer while the second electrode layer
218 can be a common electrode layer, or the first elec-
trode layer 215 can be a common electrode layer while
the second electrode layer 218 can be a pixel electrode
layer.
[0047] In FIG. 1A, the first spacer 23 is disposed on
the second substrate 22 corresponding to the black ma-
trix layer 222 of the second substrate 22, and the align-
ment layer 225 is disposed on the first spacer 23 and the
protection layer 224. In other words, according to the
direction perpendicular to the transparent substrate 211
(i.e. a top view of the LCD apparatus 2), the black matrix
layer 222 can cover the first spacer 23. Otherwise, the
first spacer 23 can be covered by a metal layer, so that
the first spacer 23 is not necessarily disposed under the
black matrix layer 222. However, the disposition of the
first spacer 23 is not limited thereto.
[0048] FIG. 1C is a top-view diagram of the LCD ap-
paratus 2 in FIG. 1A, and only shows the scan line, data
line, black matrix layer 222 and transparent region of the
pixel of the LCD apparatus 2. The first spacer 23 is not
necessarily disposed above the thin film transistor T (not
shown in FIG. 1C). Furthermore, in FIG. 1C, the first spac-
er 23 can be disposed in the area A (closer to the inter-
section of the scan line and the data line), the area B
(adjacent to the scan line), the area C (overlapping the
scan line) or other locations so as to be covered or shield-
ed by the black matrix layer 222 or the metal layer.
[0049] In FIG. 1A, the first spacer 23 of this embodi-
ment has a top surface 231, which is disposed opposite
to the second indentation U2 and doesn’t contact the
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surface 216 of the first substrate 21. Besides, the second
indentation U2 has a first width W1, and the top surface
231 has a second width W2, which can be larger than
the first width W1 and not equal to the first width W1. For
example, the second width W2 is 6mm or more and less
than or equal to 30mm, and preferably between 8mm and
20mm. Furthermore, the first width W1 can be less than
10mm and larger than zero, and preferably between 4mm
and 8mm. The second indentation U2 has an opening O.
According to the direction perpendicular to the transpar-
ent substrate 211, the area of the top surface 231 of the
first spacer 23 can be larger than or equal to that of the
opening O. The first spacer 23 can have a prismatic form
for example. A cross-section of the first spacer 23 can
have a polygonal form, such as a tetragon, a hexagon or
an octagon, or a circular or elliptic form. Here, the cross-
section of the first spacer 23 is instanced as an inverse
trapezoid. The opening O of the second indentation U2
can have a circular, polygonal or irregular form. To be
noted, when the top surface of the first spacer 23 is cur-
viform or irregular as shown in FIG. 1D, the second width
W2 is regarded as the sectional width at 90% of the height
H (H1=0.93 H in FIG. 1D) of the first spacer 23, the height
H reckoned from the connection surface of the first spacer
23 and the second substrate 22 (e.g. the protection layer
224). In another embodiment as shown in FIG. 1E, when
the opening O of the second indentation U2 is too rough
so that the first width W1 is difficult to be measured, the
first width W1 is regarded as the sectional width at 90%
of the depth E (E1=0.93E in FIG. 1E) of the second in-
dentation U2 reckoned from the bottommost point to the
surface 216. Here, the second width W2 in FIG. 1D and
the first width W1 in FIG. 1E have different proportions.
[0050] FIGS. 1F and 1G are schematic diagrams
showing variations of the overlap between the top surface
231 of the first spacer 23 and the opening O of the second
indentation U2 according to the direction perpendicular
to the transparent substrate 211. Here, the top surface
231 has a hexagonal form and the opening O has a te-
tragonal form, for example.
[0051] In FIG. 1F, according to the direction perpen-
dicular to the transparent substrate 211, the top surface
231 and the opening O of the second indentation U2 com-
pletely overlap each other. In FIG. 1G, the top surface
231 and the opening O of the second indentation U2 par-
tially overlap each other. Hence, according to the direc-
tion perpendicular to the transparent substrate 211, the
top surface 231 and the opening O of the second inden-
tation U2 at least partially overlap each other.
[0052] In FIG. 1A, the second spacer 25 is disposed
on the second substrate 22. The second spacer 25 is
disposed on the protection layer 224 corresponding to
the black matrix layer 222. The number of the first spacers
23 is much larger than that of the second spacers 25.
Each of the first and second spacers 23 and 25 can be
made by resin, silicate, fiberglass or other kinds of pho-
tosensitive photo-resist material. The second spacer 25
is disposed against the surface 216 of the first substrate

21 through the alignment layer 225. In other words, the
first and second spacers 23 and 25 have different heights
according to the direction perpendicular to the transpar-
ent substrate 211, so as to have a height difference. Here,
the height of the second spacer 25 can be between one
time and two times the height of the first spacer 23, and
preferably between one time and 1.5 times the height of
the first spacer 23.
[0053] FIG. 1H is a schematic diagram of the first spac-
er 23 moved against the surface 216 of the first substrate
21 when the LCD apparatus 2 in FIG. 1A is pressed by
an external force, and only the first spacer 23 and the
partial first substrate 21 are shown therein.
[0054] Because the number of the first spacers 23 is
much larger than that of the second spacers 25, the first
spacer 23 is made by photoresist material so as to have
flexibility, the top surface 231 of the first spacer 23 at
least partially overlaps the opening O of the second in-
dentation U2, and the second width W2 of the top surface
231 of the first spacer 23 is larger than the first width W1,
a plurality of the first spacers 23 will be respectively de-
formed and pushed into (with contact) the second inden-
tations U2 of the surface 216 of the first substrate 21
when the LCD apparatus 2 is pressed. Thereby, the pres-
sure received by the LCD apparatus 2 from outside can
be distributed, and the more contact area can be provided
when the first spacers 23 are respectively pushed into
the second indentations U2, resulting in the larger lateral
friction, which can prevent the relative movement and
accompanying rubbing between the spacers and the first
substrate 21, so that the first substrate 21 will not be
damaged and thus the LCD apparatus 2 will not be sub-
jected to the light leakage problem.
[0055] FIG. 2A is a schematic sectional diagram of an
LCD apparatus 2b according to another embodiment of
this disclosure.
[0056] Mainly different from the LCD apparatus 2 in
FIG. 1A, the bottom of the second indentation U2 of the
LCD apparatus 2b has a plurality of protrusions P to be-
come a rough surface for increasing the lateral friction
between the first spacer 23 and the second indentation
U2. As to the manufacturing process of the protrusions
P, a plurality of protrusions are formed first to the bottom
of the first indentation U1 of the first insulating layer 214a
by using a gray tone photomask, and then a plurality of
the protrusions P are formed to the bottom of the second
indentation U2 by controlling the manufacturing process.
[0057] FIG. 2B is a schematic sectional diagram of an
LCD apparatus 2c according to another embodiment of
this disclosure.
[0058] Mainly different from the LCD apparatus 2 in
FIG. 1A, the second insulating layer 214b of the first sub-
strate 21c of the LCD apparatus 2c has a third indentation
U3, which is disposed corresponding to the first indenta-
tion U1, and the depth of the first indentation U1 is less
than or equal to that of the third indentation U3. The width
of the third indentation U3 can be slightly larger than that
of the first indentation U1. In other words, in the manu-
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facturing process, the second insulating layer 214b can
be made to have the third indentation U3, so that the
surface 216 of the first substrate 21c has the second
indentation U2. Besides, the width of the third indentation
U3 can be slightly larger than that of the second inden-
tation U2.
[0059] FIG. 2C is a schematic sectional diagram of an
LCD apparatus 2d according to another embodiment of
this disclosure.
[0060] Mainly different from the LCD apparatus 2 in
FIG. 1A, the first spacer 23d and the second spacer 25
of the LCD apparatus 2d have the same height according
to the direction perpendicular to the transparent substrate
211, and the first and second spacers 23d and 25 are
disposed against the surface 216 of the first substrate
21d through the alignment layer 225. When the LCD ap-
paratus 2d is pressed by an external force, the first spacer
23d also can be pushed into the second indentation U2.
Thereby, the pressure received by the LCD apparatus
2d from outside can be distributed, and the more contact
area can be provided when the first spacers 23d are re-
spectively pushed into the second indentations U2, re-
sulting in the larger lateral friction, which can prevent the
relative movement and accompanying rubbing between
the spacers and the first substrate 21d, so that the first
substrate 21d will not be damaged and thus the LCD
apparatus 2d will not be subjected to the light leakage
problem.
[0061] Other technical features of the LCD apparatus-
es 2b, 2c and 2d can be known by referring to the LCD
apparatus 2, and therefore they are not described here
for concise purpose.
[0062] FIG. 2D is a schematic sectional diagram of an
LCD apparatus 2e according to another embodiment of
this disclosure.
[0063] Mainly different from the LCD apparatus 2d in
FIG. 2C, the surface 216 of the first substrate 21e of the
LCD apparatus 2e further has a fourth indentation U4,
which is disposed corresponding to the second spacer
25, and the depth d1 of the fourth indentation U4 is less
than the depth d2 of the second indentation U2. Besides,
the width of a top surface of the second spacer 25 is
larger than that of the opening of the fourth indentation
U4. Furthermore, the first insulating layer 214a of the first
substrate 21e further has a fifth indentation U5, which is
disposed corresponding to the fourth indentation U4, and
the depth of the fourth indentation U4 is less than or equal
to that of the fifth indentation U5.
[0064] Other technical features of the LCD apparatus-
es 2e can be known by referring to the LCD apparatus
2d, and therefore they are not described here for concise
purpose.
[0065] FIG. 2E is a schematic sectional diagram of an
LCD apparatus 2f according to another embodiment of
this disclosure.
[0066] Mainly different from the LCD apparatus 2e in
FIG. 2D, the second insulating layer 214b of the LCD
apparatus 2f further has a sixth indentation U6 disposed

corresponding to the fifth indentation U5, in addition to a
third indentation U3 disposed corresponding to the first
indentation U1. Besides, the depth of the first indentation
U1 is less than or equal to that of the third indentation
U3, and the depth of the fifth indentation U5 is less than
or equal to that of the sixth indentation U6.
[0067] Other technical features of the LCD apparatus-
es 2f can be known by referring to the LCD apparatus
2e, and therefore they are not described here for concise
purpose.
[0068] In summary, in the LCD apparatus according to
the embodiments of this disclosure, the insulating layer
covers the metal layer and has a first indentation, so that
the surface of the first substrate has a second indentation.
Besides, the top surface of the first spacer at least par-
tially overlaps the opening of the second indentation, and
the second width of the top surface is larger than the first
width of the second indentation. Therefore, when the
LCD apparatus is pressed by an external force, the first
spacers are respectively pushed into the second inden-
tations of the first substrate. Thereby, the pressure re-
ceived by the LCD apparatus from outside can be dis-
tributed, and the more contact area can be provided when
the first spacers are respectively pushed into the second
indentations, resulting in the larger lateral friction, which
can prevent the relative movement and accompanying
rubbing between the spacers and the first substrate, so
that the first substrate will not be damaged and thus the
LCD apparatus will not be subjected to the light leakage
problem.
[0069] Although the invention has been described with
reference to specific embodiments, this description is not
meant to be construed in a limiting sense. Various mod-
ifications of the disclosed embodiments, as well as alter-
native embodiments, will be apparent to persons skilled
in the art. It is, therefore, contemplated that the appended
claims will cover all modifications that fall within the true
scope of the invention.

Claims

1. A liquid crystal display apparatus (2) comprising:

a first substrate (21) including a transparent
plate (211), a metal layer (212), an insulating
layer (214), a first electrode layer (215) and an
alignment layer (217), wherein the metal layer
(212) is disposed on the transparent plate (211),
the insulating layer (214) is disposed on the met-
al layer (212) and has a first indentation (U1),
the first electrode layer (215) is formed on the
first indentation (U1) so as to have a correspond-
ing indentation, the alignment layer (217) is
formed on the corresponding indentation of the
first electrode layer (215) so as to have a second
indentation (U2), and the second indentation
(U2) is disposed on the first indentation (U1) and
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has a first width (W1);
a second substrate (22) disposed opposite to
the first substrate (21); and
a first spacer (23) disposed on the second sub-
strate (22) and having a top surface (231) op-
posite to the second indentation (U2), wherein
the top surface (231) and the second indentation
(U2) at least partially overlap, and the top sur-
face (231) has a second width (W2) which is
larger than the first width (W1), characterised
in that the insulating layer (214) is disposed be-
tween the metal layer (212) and the first elec-
trode layer (215) at the position of the first in-
dentation (U1) and covers the metal layer (212)
so that the metal layer (212) can not be exposed.

2. The liquid crystal display apparatus (2) as recited in
claim 1, further comprising:

a liquid crystal layer (24) disposed between the
first substrate (21) and the second substrate
(22).

3. The liquid crystal display apparatus (2) as recited in
claim 1 or claim 2, wherein the first spacer (23) is
not disposed against a surface of the first substrate
(21).

4. The liquid crystal display apparatus (2) according to
at least one of the preceding claims, further compris-
ing:

a thin film transistor (T) disposed on the trans-
parent plate (211), wherein the thin film transis-
tor (T) has a gate (G), a gate dielectric layer (T1),
a channel layer (T2), a source (S) and a drain
(D), and the gate (G) is disposed on the trans-
parent plate (211), the gate dielectric layer (T1)
is disposed on the gate (G), the channel layer
(T2) is disposed on the gate dielectric layer (T1),
the source (S) and the drain (D) are disposed
on the channel layer (T2), and the metal layer
(212) is the same layer as the drain (D) or source
(S) of the thin film transistor (T).

5. The liquid crystal display apparatus according to at
least one of the preceding claims, wherein the insu-
lating layer (214) includes a first insulating sub-layer
(214a) and a second insulating sub-layer (214b), the
first insulating sub-layer (214a) is disposed on the
second insulating sub-layer (214b), and the second
insulating sub-layer (214b) is disposed above the
thin film transistor (T).

6. The liquid crystal display apparatus as recited in
claim 5, wherein the first substrate further includes
a second electrode layer (218) disposed between
the first and second insulating sub-layers (214a,

214b).

7. The liquid crystal display apparatus as recited in
claim 5, wherein the depth of the second indentation
(U2) is less than that of the first indentation (U1).

8. The liquid crystal display apparatus as recited in
claim 7, wherein the second insulating sub-layer
(214b) has a third indentation (U3) disposed on the
first indentation (U1), and the depth of the first in-
dentation (U1) is less than or equal to that of the third
indentation (U3).

9. The liquid crystal display apparatus (2) as recited in
claim 7, wherein a bottom of the second indentation
(U2) has a plurality of protrusions.

10. The liquid crystal display apparatus as recited in
claim 1, wherein the second substrate has an addi-
tional transparent plate and a common electrode lay-
er disposed on the additional transparent plate.

11. The liquid crystal display apparatus as recited in
claim 7, further comprising:

a second spacer (25) disposed on the second
substrate (22).

12. The liquid crystal display apparatus as recited in
claim 11, wherein the second spacer (25) is disposed
against a surface of the first substrate (21).

13. The liquid crystal display apparatus as recited in
claim 11, wherein the first spacer (23) and the second
spacer (25) have different heights in the direction
perpendicular to the transparent plate (211).

14. The liquid crystal display apparatus (2) as recited in
claim 13, wherein the height of the second spacer
(25) is between one time and two times the height
of the first spacer (23).

15. The liquid crystal display apparatus as recited in
claim 11, wherein the first spacer (23) and the second
spacer (25) have the same height in the direction
perpendicular to the transparent plate (211).

16. The liquid crystal display apparatus as recited in
claim 15, wherein the first and second spacers (23,
25) are disposed against a surface of the first sub-
strate (21).

17. The liquid crystal display apparatus as recited in
claim 15, wherein the alignment (217) has a fourth
indentation (U4) disposed on the second indentation
(U2), and the depth of the fourth indentation (U4) is
less than that of the second indentation (U2).
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18. The liquid crystal display apparatus (2) as recited in
claim 17, wherein the width of a top surface of the
second spacer (25) is larger than that of the fourth
indentation (U4).

19. The liquid crystal display apparatus as recited in
claim 17, wherein the first insulating-sub-layer
(214a) further has a fifth indentation (U5) disposed
on the fourth indentation (U4), and the depth of the
fourth indentation (U4) is less than or equal to that
of the fifth indentation (U5).

20. The liquid crystal display apparatus as recited in
claim 19, wherein the second insulating sub-layer
(214b) further has a sixth indentation (U6) disposed
on the fifth indentation (U5), and the depth of the fifth
indentation (U5) is less than or equal to that of the
sixth indentation (U6).

Patentansprüche

1. Flüssigkristallanzeigevorrichtung (2), umfassend:

ein erstes Substrat (21), das eine transparente
Platte (211), eine Metallschicht (212), eine Iso-
lationsschicht (214), eine erste Elektroden-
schicht (215) und eine Ausrichtungsschicht
(217) umfasst, wobei sich die Metallschicht
(212) auf der transparenten Platte (211) befin-
det, sich die Isolationsschicht (214) auf der Me-
tallschicht (212) befindet und eine erste Einker-
bung (U1) aufweist, die erste Elektrodenschicht
(215) auf der ersten Einkerbung (U1) gebildet
ist, so dass sie eine entsprechende Einkerbung
aufweist, die Ausrichtungsschicht (217) auf der
entsprechenden Einkerbung der ersten Elektro-
denschicht (215) gebildet ist, so dass sie eine
zweite Einkerbung (U2) aufweist, und sich die
zweite Einkerbung (U2) auf der ersten Einker-
bung (U1) befindet und eine erste Breite (W1)
aufweist;
ein zweites Substrat (22), das sich gegenüber
dem ersten Substrat (21) befindet; und
einen ersten Abstandshalter (23), der sich auf
dem zweiten Substrat (22) befindet und eine
obere Fläche (231) gegenüber der zweiten Ein-
kerbung (U2) aufweist, wobei die obere Fläche
(231) und die zweite Einkerbung (U2) wenigs-
tens teilweise überlappen und die obere Fläche
(231) eine zweite Breite (W2) aufweist, die grö-
ßer ist als die erste Breite (W1), dadurch ge-
kennzeichnet, dass sich die Isolationsschicht
(214) auf der Position der ersten Einkerbung
(U1) zwischen der Metallschicht (212) und der
ersten Elektrodenschicht (215) befindet und die
Metallschicht (212) bedeckt, so dass die Metall-
schicht (212) nicht exponiert sein kann.

2. Flüssigkristallanzeigevorrichtung (2) gemäß An-
spruch 1, weiterhin umfassend:

eine Flüssigkristallschicht (24), die sich zwi-
schen dem ersten Substrat (21) und dem zwei-
ten Substrat (22) befindet.

3. Flüssigkristallanzeigevorrichtung (2) gemäß An-
spruch 1 oder 2, wobei der erste Abstandshalter (23)
nicht an einer Fläche des ersten Substrats (21) an-
liegt.

4. Flüssigkristallanzeigevorrichtung (2) gemäß we-
nigstens einem der vorstehenden Ansprüche, wei-
terhin umfassend:

einen Dünnschichttransistor (T), der sich auf der
transparenten Platte (211) befindet, wobei der
Dünnschichttransistor (T) ein Gate (G), eine di-
elektrische Schicht des Gates (T1), eine Kanal-
schicht (T2), eine Source (S) und ein Drain (D)
aufweist und sich das Gate (G) auf der transpa-
renten Platte (211) befindet, sich die dielektri-
sche Schicht des Gates (T1) auf dem Gate (G)
befindet, sich die Kanalschicht (T2) auf der die-
lektrischen Schicht des Gates (T1) befindet, sich
die Source (S) und das Drain (D) auf der Kanal-
schicht (T2) befinden und die Metallschicht
(212) dieselbe Schicht ist wie das Drain (D) oder
die Source (S) des Dünnschichttransistors (T).

5. Flüssigkristallanzeigevorrichtung gemäß wenigs-
tens einem der vorstehenden Ansprüche, wobei die
Isolationsschicht (214) eine erste isolierende Teil-
schicht (214a) und eine zweite isolierende Teil-
schicht (214b) umfasst, wobei sich die erste isolie-
rende Teilschicht (214a) auf der zweiten isolieren-
den Teilschicht (214b) befindet und sich die zweite
isolierende Teilschicht (214b) oberhalb des Dünn-
schichttransistors (T) befindet.

6. Flüssigkristallanzeigevorrichtung gemäß Anspruch
5, wobei das erste Substrat weiterhin eine zweite
Elektrodenschicht (218) umfasst, die sich zwischen
der ersten und der zweiten isolierenden Teilschicht
(214a, 214b) befindet.

7. Flüssigkristallanzeigevorrichtung gemäß Anspruch
5, wobei die Tiefe der zweiten Einkerbung (U2) ge-
ringer ist als die der ersten Einkerbung (U1).

8. Flüssigkristallanzeigevorrichtung gemäß Anspruch
7, wobei die zweite isolierende Teilschicht (214b)
eine dritte Einkerbung (U3) aufweist, die sich auf der
ersten Einkerbung (U1) befindet, und die Tiefe der
ersten Einkerbung (U1) kleiner oder gleich der Tiefe
der dritten Einkerbung (U3) ist.
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9. Flüssigkristallanzeigevorrichtung (2) gemäß An-
spruch 7, wobei der Boden der zweiten Einkerbung
(U2) eine Vielzahl von Vorsprüngen aufweist.

10. Flüssigkristallanzeigevorrichtung gemäß Anspruch
1, wobei das zweite Substrat eine zusätzliche trans-
parente Platte und eine gemeinsame Elektroden-
schicht, die sich auf der zusätzlichen transparenten
Platte befindet, aufweist.

11. Flüssigkristallanzeigevorrichtung gemäß Anspruch
7, weiterhin umfassend:

einen zweiten Abstandshalter (25), der sich auf
dem zweiten Substrat (22) befindet.

12. Flüssigkristallanzeigevorrichtung gemäß Anspruch
11, wobei der zweite Abstandshalter (25) an einer
Fläche des ersten Substrats (21) anliegt.

13. Flüssigkristallanzeigevorrichtung gemäß Anspruch
11, wobei der erste Abstandshalter (23) und der
zweite Abstandshalter (25) in der Richtung senk-
recht zur transparenten Platte (211) unterschiedli-
che Höhen aufweisen.

14. Flüssigkristallanzeigevorrichtung (2) gemäß An-
spruch 13, wobei die Höhe des zweiten Abstands-
halters (25) zwischen der einfachen und der doppel-
ten Höhe des ersten Abstandshalters (23) liegt.

15. Flüssigkristallanzeigevorrichtung gemäß Anspruch
11, wobei der erste Abstandshalter (23) und der
zweite Abstandshalter (25) in der Richtung senk-
recht zur transparenten Platte (211) dieselbe Höhe
aufweisen.

16. Flüssigkristallanzeigevorrichtung gemäß Anspruch
15, wobei der erste und der zweite Abstandshalter
(23, 25) an einer Fläche des ersten Substrats (21)
anliegen.

17. Flüssigkristallanzeigevorrichtung gemäß Anspruch
15, wobei die Ausrichtungsschicht (217) eine vierte
Einkerbung (U4) aufweist, die sich auf der zweiten
Einkerbung (U2) befindet, und die Tiefe der vierten
Einkerbung (U4) kleiner ist als die der zweiten Ein-
kerbung (U2).

18. Flüssigkristallanzeigevorrichtung (2) gemäß An-
spruch 17, wobei die Breite einer oberen Fläche des
zweiten Abstandshalters (25) größer ist als die der
vierten Einkerbung (U4).

19. Flüssigkristallanzeigevorrichtung gemäß Anspruch
17, wobei die erste isolierende Teilschicht (214a)
weiterhin eine fünfte Einkerbung (U5) aufweist, die
sich auf der vierten Einkerbung (U4) befindet, und

die Tiefe der vierten Einkerbung (U4) kleiner oder
gleich der Tiefe der fünften Einkerbung (U5) ist.

20. Flüssigkristallanzeigevorrichtung gemäß Anspruch
19, wobei die zweite isolierende Teilschicht (214b)
weiterhin eine sechste Einkerbung (U6) aufweist, die
sich auf der fünften Einkerbung (U5) befindet, und
die Tiefe der fünften Einkerbung (U5) kleiner oder
gleich der Tiefe der sechsten Einkerbung (U6) ist.

Revendications

1. Dispositif d’affichage à cristaux liquides (2),
comprenant :

un premier substrat (21) comportant une plaque
transparente (211), une couche de métal (212),
une couche isolante (214), une première couche
d’électrode (215) et une couche d’alignement
(217), dans lequel ladite couche de métal (212)
est disposée sur ladite plaque transparente
(211), ladite couche isolante (214) est disposée
sur ladite couche de métal (212) et présente une
première indentation (U1), la première couche
d’électrode (215) est formée sur la première in-
dentation (U1), de sorte qu’elle présente une in-
dentation correspondante, ladite couche d’ali-
gnement (217) est formée sur l’indentation cor-
respondante de la première couche d’électrode
(215), de sorte qu’elle présente une deuxième
indentation (U2), et la deuxième indentation
(U2) est disposée sur la première indentation
(U1) et présente une première largeur (W1),
un second substrat (22) opposé audit premier
substrat (21), et
une première entretoise (23) disposée sur le se-
cond substrat (22) et présentant une surface su-
périeure (231) opposée à la deuxième indenta-
tion (U2), dans lequel ladite surface supérieure
(231) et la deuxième indentation (U2) se che-
vauchent au moins partiellement, et ladite sur-
face supérieure (231) présente une seconde lar-
geur (W2) qui est plus large que la première lar-
geur (W1), caractérisé en ce que ladite couche
isolante (214) est disposée entre ladite couche
de métal (212) et la première couche d’électrode
(215) à la position de la première indentation
(U1), et couvre ladite couche de métal (212), de
sorte que la couche de métal (212) ne peut pas
être exposée.

2. Dispositif d’affichage à cristaux liquides (2) selon la
revendication 1, comprenant en outre :

une couche de cristaux liquides (24) disposée
entre le premier substrat (21) et le second subs-
trat (22).
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3. Dispositif d’affichage à cristaux liquides (2) selon la
revendication 1 ou 2, dans lequel la première entre-
toise (23) n’est pas disposée contre une surface du
premier substrat (21).

4. Dispositif d’affichage à cristaux liquides (2) selon au
moins une des revendications précédentes, compre-
nant en outre :

un transistor à couche mince (T) disposé sur
ladite plaque transparente (211), dans lequel le-
dit transistor à couche mince (T) présente une
grille (G), une couche diélectrique de grille (T1),
une couche de canal (T2), une source (S) et un
drain (D), et ladite grille (G) est disposée sur
ladite plaque transparente (211), ladite couche
diélectrique de grille (T1) est disposée sur ladite
grille (G), ladite couche de canal (T2) est dispo-
sée sur ladite couche diélectrique de grille (T1),
lesdits source (S) et drain (D) sont disposés sur
ladite couche de canal (T2), et ladite couche de
métal (212) est la même couche que le drain (D)
ou la source (S) dudit transistor à couche mince
(T).

5. Dispositif d’affichage à cristaux liquides selon au
moins une des revendications précédentes, dans le-
quel ladite couche isolante (214) comporte une pre-
mière sous-couche isolante (214a) et une seconde
sous-couche isolante (214b), la première sous-cou-
che isolante (214a) est disposée sur la seconde
sous-couche isolante (214b), et la seconde sous-
couche isolante (214b), est disposée sur ledit tran-
sistor à couche mince (T).

6. Dispositif d’affichage à cristaux liquides selon la re-
vendication 5, dans lequel le premier substrat com-
prend en outre une seconde couche d’électrode
(218) disposée entre les première et seconde sous-
couches isolantes (214a, 214b).

7. Dispositif d’affichage à cristaux liquides selon la re-
vendication 5, dans lequel la profondeur de la
deuxième indentation (U2) est inférieure à celle de
la première indentation (U1).

8. Dispositif d’affichage à cristaux liquides selon la re-
vendication 7, dans lequel la seconde sous-couche
isolante (214b) présente une troisième indentation
(U3) disposée sur la première indentation (U1), et la
profondeur de la première indentation (U1) est infé-
rieure ou égale à celle de la troisième indentation
(U3).

9. Dispositif d’affichage à cristaux liquides (2) selon la
revendication 7, dans lequel le bas de la deuxième
indentation (U2) présente une pluralité de protubé-
rances.

10. Dispositif d’affichage à cristaux liquides selon la re-
vendication 1, dans lequel le second substrat pré-
sente une plaque transparente additionnelle et une
couche d’électrode commune disposée sur la plaque
transparente additionnelle.

11. Dispositif d’affichage à cristaux liquides selon la re-
vendication 7, comprenant en outre :

une seconde entretoise (25) disposée sur le se-
cond substrat (22).

12. Dispositif d’affichage à cristaux liquides selon la re-
vendication 11, dans lequel la seconde entretoise
(25) est disposée contre une surface du premier
substrat (21).

13. Dispositif d’affichage à cristaux liquides selon la re-
vendication 11, dans lequel la première entretoise
(23) et la seconde entretoise (25) présentent des
hauteurs différentes dans la direction perpendiculai-
re à ladite plaque transparente (211).

14. Dispositif d’affichage à cristaux liquides (2) selon la
revendication 13, dans lequel la hauteur de la se-
conde entretoise (25) est située entre une fois et
deux fois la hauteur de la première entretoise (23).

15. Dispositif d’affichage à cristaux liquides selon la re-
vendication 11, dans lequel la première entretoise
(23) et la seconde entretoise (25) présentent la mê-
me hauteur dans la direction perpendiculaire à ladite
plaque transparente (211).

16. Dispositif d’affichage à cristaux liquides selon la re-
vendication 15, dans lequel les première et seconde
entretoises (23, 25) sont disposées contre une sur-
face du premier substrat (21).

17. Dispositif d’affichage à cristaux liquides selon la re-
vendication 15, dans lequel ladite couche d’aligne-
ment (217) présente une quatrième indentation (U4)
disposée sur la deuxième indentation (U2), et la pro-
fondeur de la quatrième indentation (U4) est infé-
rieure à celle de la deuxième indentation (U2).

18. Dispositif d’affichage à cristaux liquides (2) selon la
revendication 17, dans lequel la largeur de ladite sur-
face supérieure de la seconde entretoise (25) est
supérieure à celle de la quatrième indentation (U4).

19. Dispositif d’affichage à cristaux liquides selon la re-
vendication 17, dans lequel la première sous-couche
isolante (214a) présente en outre une cinquième in-
dentation (U5) disposée sur la quatrième indentation
(U4), et la profondeur de la quatrième indentation
(U4) est inférieure ou égale à celle de la cinquième
indentation (U5).
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20. Dispositif d’affichage à cristaux liquides selon la re-
vendication 19, dans lequel la seconde sous-couche
isolante (214b) présente en outre une sixième in-
dentation (U6) disposée sur la cinquième indentation
(U5), et la profondeur de la cinquième indentation
(U5) est inférieure ou égale à celle de la sixième
indentation (U6).
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