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LIQUID CRYSTAL DISPLAY UNIT AND
ELECTRONIC DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play unit performing display by transverse electric field mode
liquid crystal and an electronic device including the same.
[0003] 2. Description of the Related Art

[0004] As one type of liquid crystal display units, there is a
liquid crystal display unit in which transverse electric field
mode liquid crystal such as FFS (fringe field switching) mode
is used. FIG. 15 illustrates a cross sectional section of
enlarged part of an FFS mode liquid crystal display unit 100.
The FFS mode liquid crystal display unit 100 includes two
glass substrates 101a and 1015 composing a liquid crystal
display panel. A spacer 102 determining a distance between
the glass substrates 101a and 1015 is arranged between one
glass substrate 101a and the other glass substrate 1015. On
the one glass substrate 101a side, a thin film transistor 103 is
formed. On the thin film transistor 103, an interlayer insulat-
ing film 104 for planarizing concavity and convexity is
formed from an organic film or the like. On the interlayer
insulating film 104, a common electrode film 105 and a pixel
insulation film 106 are sequentially layered, and a pixel elec-
trode film 107 provided with a slit gap is thereon layered.
Between the pixel electrode film 107 and the other glass
substrate 1015, a liquid crystal layer 108 is arranged.
Examples of documents disclosing such a liquid crystal dis-
play unit 100 include Japanese Unexamined Patent Applica-
tion Publication No. 2008-20753.

SUMMARY OF THE INVENTION

[0005] As described above, in the liquid crystal display
unit, the spacer is arranged inside the pixel or outside the
pixel. However, for example, in the case where the spacer is
arranged inside the pixel, specific studies have not been made
much onappropriate arrangement position of the spacer in the
pixel, appropriate structures thereof and the like.

[0006] The foregoing FIG. 15 illustrates an example that
the spacer 102 is arranged inside the pixel. If a pressing force
is applied to the screen of the liquid crystal display unit 100
having such a structure, the force is transmitted to the spacer
102, and further transmitted to the pixel electrode film 107,
the pixel insulation film 106, and the common electrode film
105 under the spacer. It is often the case that the pixel elec-
trode film 107 and the common electrode film 105 are made of
a hard material such as indium oxide, and the pixel insulation
film 106 is made of a hard material such as SiN (silicon
nitride). Meanwhile, the interlayer insulating film 104 under
the common electrode film 105 is often formed from an
organic material such as an acryl resin, and is soft and is easily
deformed. Thus, in the case where a comparative large force
is applied to the spacer 102, for example, as illustrated in FIG.
16, while the interlayer insulating film 104 in the arrangement
region of the spacer 102 is deformed, a crack is generated in
the pixel electrode film 107, the pixel insulation film 106, and
the common electrode film 105, and in some cases, the pixel
electrode film 107, the pixel insulation film 106, and the
common electrode film 105 are totally broken. In this case,
part of the broken pixel electrode film 107 or part of the
common electrode film 105 causes short circuit between the
pixel electrode film 107 and the common electrode film 105,
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and a pixel defect is generated in the liquid crystal display unit
100. In particular, such a problem becomes significant in the
case where the thickness of the pixel insulation film 106 is
decreased to heighten the pixel electric field.

[0007] Further, in recent years, a liquid crystal display unit
having not only a display function but also a capture function
(imaging function) has been proposed. In such a liquid crystal
display unit having the capture function, in particular, the
screen is frequently touched with a finger or the like, and thus
there is a high possibility that the foregoing problem that the
pixel defect resulting from applying pressure on the screen is
generated.

[0008] Inview ofthe foregoing disadvantage, in the inven-
tion, it is desirable to provide a liquid crystal display unit with
which generation of the pixel defect resulting from applying
pressure on the screen is prevented and reliability is able to be
improved, and an electronic device including the same.
[0009] According to an embodiment of the invention, there
is provided a liquid crystal display unit including: a first
substrate having an under-layered insulation film, a common
electrode formed on the under-layered insulation film, and a
pixel electrode formed over the common electrode with a
pixel insulation film in between; a second substrate provided
on pixel electrode side of the first substrate so as to oppose
thereto; a liquid crystal layer provided between the first sub-
strate and the second substrate; and a spacer provided to retain
adistance between the first substrate and the second substrate,
in such a manner that one end of the spacer is contacted with
a top face of the pixel electrode. A thickness of the under-
layered insulation film in a spacer region which is defined as
aregion occupied by the spacer is smaller than a thickness of
the under-layered insulation film in a region other than the
spacer region. Examples of methods of forming the under-
layered insulation film in the spacer region having a smaller
thickness than the thickness of the under-layered insulation
film in the region other than the spacer region include a
method that part or all, in thickness, of the under-layered
insulation film within the spacer region is replaced with a
pedestal formed of a material which offers a higher resistance
to compressive deformation compared to the under-layered
insulation film, and a method of forming a concavity section
in the under-layered insulation film in the spacer region.
Further, in addition to the foregoing structure, the thickness of
the pixel insulation film in the spacer region may be larger
than the thickness of the pixel insulation film in the region
other than the spacer region.

[0010] According to an embodiment of the invention, there
is provided an electronic device including the liquid crystal
display unit having the foregoing structure that the thickness
of the under-layered insulation film in the spacer region
which is defined as the region occupied by the spacer is
smaller than the thickness of the under-layered insulation film
in a region other than the spacer region.

[0011] In the liquid crystal display unit and the electronic
device of the embodiments of the invention, in the case where
an external pressing force is applied to the display face of the
liquid crystal display unit, the pressing force is applied to the
pixel electrode, the pixel insulation film, the common elec-
trode, and the under-layered insulation film in the spacer
region through the spacer. However, the thickness of the
under-layered insulation film in the spacer region is smaller
than that of the under-layered insulation film in the other
regions. Thus, the compressive deformation amount thereof
is smaller than a case that the thickness of the under-layered
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insulation film in the spacer region is similar to that of the
under-layered insulation film in the other regions. Thus, the
compressive deformation amount of the pixel electrode, the
pixel insulation film, and the common electrode becomes
small. Such an action is particularly significant in the case that
the under-layered insulation film is made of a material having
a comparatively small compressive deformation amount (soft
material) such as an organic material.

[0012] According to the liquid crystal display unit and the
electronic device of the embodiments of the invention, the
thickness of the under-layered insulation film in the spacer
region is smaller than that of the under-layered insulation film
in the region other than the spacer region, and thereby the
compressive deformation amount of the under-layered insu-
lation film is decreased. Thus, a crack and a fracture in the
pixel electrode, the pixel insulation film, the common elec-
trode, and the under-layered insulation film are able to be
inhibited from being generated. Therefore, generation of a
pixel defect due to pressing the display face is decreased, and
reliability is able to be improved.

[0013] Further, in addition to the foregoing structure, in the
case where the thickness of the pixel insulation film in the
spacer region is larger than the thickness of the pixel insula-
tion film in the region other than the spacer region, the film
strength of the pixel insulation film itself is improved. Thus,
generation of a pixel defect due to a crack and a fracture is
able to be more effectively inhibited.

[0014] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1isaplan view of a substantial part of a liquid
crystal display unit according to a first embodiment;

[0016] FIG.2 isacross sectional view taken along line A-A
of FIG. 1,

[0017] FIGS. 3A and 3B are views schematically illustrat-
ing a perspective structure of the liquid crystal display unit of
the first embodiment;

[0018] FIGS. 4A and 4B are cross sectional views taken
along line B-B of FIG. 1;

[0019] FIG. 51is across sectional view explaining action of
the liquid crystal display unit of the first embodiment;
[0020] FIGS. 6A and 6B are cross sectional views in a
spacer region of a liquid crystal display unit according to a
first modified example of the first embodiment;

[0021] FIG. 7 is a cross sectional view in a spacer region of
a liquid crystal display unit according to a second modified
example of the first embodiment;

[0022] FIG. 8 is a cross sectional view in a spacer region of
a liquid crystal display unit according to a third modified
example of the first embodiment;

[0023] FIG. 9 is a cross sectional view of a liquid crystal
display unit according to a second embodiment;

[0024] FIGS. 10A and 10B are cross sectional views in a
spacer region of a liquid crystal display unit according to a
modified example of the second embodiment;

[0025] FIGS. 11A to 11D are views illustrating part of
manufacturing steps of the liquid crystal display unit accord-
ing to the second embodiment;

[0026] FIG.12isacross sectional view in a spacer region of
a liquid crystal display unit according to a third embodiment;
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[0027] FIG.13isacross sectional view in a spacer region of
a liquid crystal display unit according to a modified example
of the third embodiment;

[0028] FIGS.14Ato 14G are appearance views of a mobile
phone as a specific example to which the liquid crystal display
units are applied;

[0029] FIG. 15 is a cross sectional view illustrating a main
structure of an existing FF'S mode liquid crystal display unit;
and

[0030] FIG. 16 is a cross sectional view illustrating a state
when a pixel electrode film, a pixel insulation film, and a
common electrode film are broken in the liquid crystal display
unit illustrated in FIG. 15.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Embodiments of the invention will be hereinafter
described in detail with reference to the drawings.

1. First Embodiment
Structure of Liquid Crystal Display Unit

[0032] FIG. 1 illustrates a planar structure of a substantial
partofaliquid crystal display unit according to a first embodi-
ment. FIG. 1 illustrates a state after omitting elements located
above the liquid crystal layer. FIG. 2 illustrates a cross sec-
tional structure taken along line A-A of FIG. 1.

[0033] Asillustrated in FIG. 2, a liquid crystal display unit
1 includes a first glass substrate 10 and a second glass sub-
strate 40. On the first glass substrate 10 side, a thin film
transistor (TFT) 12 is provided for every pixel, and a pixel
electrode 29 and a common electrode 25 are provided so that
a pixel insulation film 27 is sandwiched between the pixel
electrode 29 and the common electrode 25.

[0034] A detailed structure of the liquid crystal display unit
1 is as follows.

[0035] On the first glass substrate 10, a plurality of gate
lines 11 as a selection line are extendedly provided in a row
direction (horizontal direction in FIG. 1). In a region com-
posing one pixel, a gate 12g of the TFT 12 for driving a pixel
is extendedly provided in a column direction (vertical direc-
tion in FIG. 1) from the gate line 11. In FIG. 1, two gates 12g
are extendedly provided in parallel with each other, resulting
in so-called double gate structure.

[0036] As illustrated in FIG. 2, on the first glass substrate
10, a gate insulating film 13 is provided to cover the gate line
11 and the gate 12g of the TFT 12. On the gate insulating film
13, a semiconductor layer 14 as an active layer of the TFT 12
is provided. In the case of this embodiment, the semiconduc-
tor layer 14 is extendedly provided in the row direction (refer
to FIG. 1). Out of the semiconductor layer 14, a region cross-
ing the gate 12g structures a channel of the TFT 12. On the
gate insulating film 13 and the semiconductor layer 14, an
insulating transistor protective film 15 for protecting the TFT
12 is provided to cover the gate insulating film 13 and the
semiconductor layer 14. Since the transistor protective film
15 is formed from, for example, SiN or the like, the transistor
protective film 15 is a hard film and thus is hardly compressed
and deformed.

[0037] In the transistor protective film 15, a first contact
hole 16 is provided in the position as one end side of the
semiconductor layer 14 (source 12s), and a second contact
hole 17 is provided in the position as the other end side of the
semiconductor layer 14 (drain 12d) (refer to FIG. 1). An
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electric conductor is filled into the first contact hole 16, and
thereby a first contact 18 conducted to the semiconductor
layer 14 is formed. Further, an electric conductor is filled into
the second contact hole 17. and thereby a second contact 19
conducted to the semiconductor layer 14 is formed (refer to
FIG. 1). The first contact 18 electrically connects the source
12s of the TFT 12 to the pixel electrode 29. The second
contact 19 connects a data line 20 extendedly provided in the
column direction on the transistor protective film 15 to the
drain 12d of the TFT 12. A data signal (pixel voltage) is
supplied from the data line 20 to the TFT 12 through the
second contact 19. The data signal is supplied from the drain
12d of the TFT 12 to the pixel electrode 29 through the source
125 and the first contact 18 when the TFT 12 is in on-state.
[0038] On the transistor protective film 15, a pedestal 21
having a size slightly larger than that of a region occupied by
a spacer 35 described later (spacer region 22) is arranged in
the region occupied by the spacer 35. The pedestal 21 is made
of a material that is hardly compressed and deformed more
than an interlayer insulating film 23 described later such as an
inorganic material. Specific examples of inorganic materials
include the same metal material as the material of the first
contact 18, a metal material other than the same metal mate-
rial as the material of the first contact 18, SiN, and silicon
oxide.

[0039] On the transistor protective film 15, the pedestal 21,
the first contact 18, and the second contact 19, the interlayer
insulating film 23 is provided to cover the transistor protective
film 15, the pedestal 21, the first contact 18, and the second
contact 19. The thickness of the interlayer insulating film 23
in the spacer region 22 is smaller than that of the interlayer
insulating film 23 in the other regions. For example, by using
an organic material such as an acryl resin as the interlayer
insulating film 23, concavity and convexity generated in a
lower layer become easily planarized, while the interlayer
insulating film 23 is easily compressed and deformed. In the
interlayer insulating film 23, an interlayer insulating film
contact hole 24 reaching the top face of the first contact 18 is
formed in the position where the interlayer insulating film
contact hole 24 is overlapped with the first contact 18 in a top
view. The interlayer insulating film 23 corresponds to a spe-
cific example of “under-layered insulation film” of the inven-
tion.

[0040] Ontheinterlayer insulating film 23, a common elec-
trode 25 is provided. In the common electrode 25, a common
electrode contact hole 26 is formed in the position corre-
sponding to the first contact 18. The hole size of the common
electrode contact hole 26 is larger than that of the interlayer
insulating film contact hole 24 to prevent short circuit
between the common electrode 25 and the pixel electrode 29.
[0041] On the common electrode 25, a pixel insulation film
27 is provided. In the pixel insulation film 27, a pixel insula-
tion film contact hole 28 reaching the top face of the first
contact 18 is formed in the position corresponding to the first
contact. The hole size of the pixel insulation film contact hole
28 is smaller than that of the common electrode contact hole
26.

[0042] On the pixel insulation film 27, the pixel electrode
29 is provided for every pixel. As illustrated in FIG. 1, the
pixel electrode 29 is arranged so that both ends are overlapped
with the respective gate lines 11, and thereby the pixel elec-
trode 29 is bridged between adjacent two gate lines 11. As
illustrated in FIG. 2, the pixel electrode 29 is formed to cover
the internal face of the pixel insulation film contact hole 28 as

Jun. 24, 2010

well. The pixel electrode 29 is contacted with the first contact
18 at the bottom of the hole. Thereby, the source 12s of the
TFT 12 is electrically connected to the pixel electrode 29
through the first contact 18. Further, in the pixel electrode 29,
a plurality of long and thin apertures (slit 30) extending along
the column direction are formed.

[0043] Meanwhile, under the second glass substrate 40, a
layer composed of a color filter 41 and a black matrix 42 and
a planarizing layer 43 are sequentially layered. Under the
black matrix 42, a spacer 35 is provided. The size of the black
matrix 42 is slightly larger than that of the spacer region 22,
and thereby the black matrix 42 shields light entering the
spacer region 22 and the surrounding area thereof. The black
matrix 42 corresponds to a specific example of “light shield-
ing layer” of the invention.

[0044] The bottom end of the spacer 35 is contacted with
the top face of the pixel electrode 29 formed over the first
glass substrate. Between the laminar structure on the second
glass substrate 40 side and the laminar structure on the first
glass substrate side, a liquid crystal layer 36 is provided. The
spacer 35 penetrates through the liquid crystal layer 36, and
functions to retain a given distance between the laminar struc-
ture on the first glass substrate side and the laminar structure
on the second glass substrate 40 side. The spacer 35 and the
black matrix 42 may be provided for all pixels, or may be
provided for only partial pixels. In the case where the spacer
35 and the black matrix 42 are provided for partial pixels, the
spacer 35 and the black matrix 42 may be provided for all/
partial pixels of one color type out of blue pixels, green pixels,
and red pixels. In this case, for example, the spacer 35 and the
black matrix 42 are preferably provided for partial blue pixels
or partial red pixels. In the blue pixels or the red pixels, due to
their visibility characteristics, if the transmitted light amount
is lowered associated with arrangement of the spacer 35,
influence thereof is small. The first glass substrate including
the transistor protective film 15, the pedestal 21, the interlayer
insulating film 23, the common electrode 25, the pixel insu-
lation film 27, the pixel electrode 29 and the like corresponds
to a specific example of “first substrate” of the invention. The
second glass substrate 40 including the color filter 41, the
black matrix 42, and the planarizing layer 43 corresponds to
a specific example of “second substrate” of the invention.
[0045] FIGS. 3A and 3B schematically illustrate a whole
perspective structure of the liquid crystal display unit 1. As
illustrated in FIG. 3, on the upper side (light output side) of
the pixel electrode 29, a first oriented film 46, the liquid
crystal layer 36, a second oriented film 47, and a second
deflection plate 48 are arranged. Further, on the lower side
(light entrance side) of the first glass substrate 10 (common
electrode 25), a first deflection plate 45 is arranged. FIGS. 1
and 2 omit illustration of these elements.

Method of Manufacturing Liquid Crystal Display
Unit

[0046] Theliquid crystal display unit 1 having such a struc-
ture is able to be manufactured, for example, as follows. First,
to form the gate line 11 and the gate 12g of the TFT 12 for
driving the respective pixels of the liquid crystal display unit
1, a metal film is formed on the first glass substrate 10. The
metal film may be formed by depositing a metal material such
as molybdenum by using deposition method such as sputter-
ing. After that, by using photolithography technology, a mask
is formed and the metal film is etched, and thereby the gate
line 11 and the gate 12g of the TFT 12 are formed.
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[0047] Next, the gate insulating film 13 covering the first
glass substrate 10, the gate line 11, and the gate 12g of the
TFT 12 is formed. The gate insulating film 13 is formed by
depositing an insulating material such as SiN by using depo-
sition method such as plasma chemical vapor-phase deposi-
tion method (plasma CVD).

[0048] Next, the semiconductor layer 14 is formed. To form
the semiconductor layer 14, first, a semiconductor material
such as amorphous silicon to become the semiconductor layer
14 is deposited on the gate insulating film 13 by using depo-
sition method such as plasma CVD. After that, by using
photolithography technology, a mask is formed and the semi-
conductor material is etched, and thereby the semiconductor
layer 14 is formed.

[0049] Next, the transistor protective film 15 for protecting
the TFT 12 is formed on the semiconductor layer 14 and the
gate insulating film 13. To form the transistor protective film
15, first, an insulating material such as SiN is deposited on the
gate insulating film 13 by using deposition method such as
plasma CVD to cover the semiconductor layer 14. After that,
by using photolithography technology, a mask is formed on
the gate insulating film 13 and the transistor protective film 15
is etched, so that the first contact hole 16 and the second
contact hole 17 are respectively formed along the lamination
direction.

[0050] Next, the pedestal 21, the data line 20, the first
contact 18, and the second contact 19 are formed. To form the
pedestal 21, the data line 20, the first contact 18, and the
second contact 19, first, aluminum and titanium are deposited
by deposition method such as sputtering, and thereby a metal
laminated film is formed on the surface of the transistor
protective film 15, the first contact hole 16, and the second
contacthole 17. After that, the pedestal 21 and the data line 20
may be formed by forming a mask on the laminated metal film
and etching the laminated metal film by using photolithogra-
phy technology. The thickness of the pedestal 21 may be, for
example, about 0.5 um to 1 um both inclusive. Further, in the
case where the pedestal 21 is made of a material such as a
metal through which light is not transmitted, the pedestal 21
is formed small so that the pedestal 21 is arranged inside the
black matrix 42 in a top view. Thereby, light shielded by the
pedestal 21 is able to be the minimum. Further, the first
contact 18 and the second contact 19 may be formed by filling
a laminated metal film in the first contact hole 16 and the
second contact hole 17.

[0051] Next, on the transistor protective film 15, the ped-
estal 21, the data line 20, the first contact 18, and the second
contact 19, the interlayer insulating film 23 is formed so that
the film thickness thereof becomes, for example, about 1.5
um to 2 um both inclusive (film thickness of the other
regions). The interlayer insulating film 23 may be formed
from an insulating material, and is able to be formed from an
acryl resin or the like. In this case, if the acryl resin is photo-
sensitive, by using photolithography technology, the inter-
layer insulating film contact hole 24 is able to be easily
formed. As described above, the interlayer insulating film 23
that insulates the data line 20, the first contact 18, and the
second contact 19 from the common electrode 25 is formed.
[0052] Next, on the interlayer insulating film 23, the com-
mon electrode 25 as a transparent electrode is formed so that
the film thickness thereof becomes, for example, about 0.05
um to 0.1 um both inclusive. To form the common electrode
25, first, by using deposition method such as sputtering, an
electrode material such as indium oxide is deposited on the
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interlayer insulating film 23. After that, to form the common
electrode contact hole 26, by using photolithography technol-
ogy, a mask is formed and etching is provided. Thereby, the
common electrode 25 including the common electrode con-
tact hole 26 obtained by removing the region opposed to the
first contact 18 is formed.

[0053] Next, on the common electrode 25, the pixel insu-
lation film 27 having the film thickness of, for example, about
0.1 pm to 0.2 um both inclusive is formed. The pixel insula-
tion film 27 is formed by depositing an insulating material
such as SiN on the common electrode 25 by using deposition
method such as plasma CVD, and then forming a mask and
providing etching by using photolithography technology.
Thereby, the pixel insulation film 27 including the pixel insu-
lation film contact hole 28 is obtained.

[0054] Next, on the pixel insulation film 27, the pixel elec-
trode 29 is formed so that the film thickness thereof becomes,
for example, about 0.05 um to 0.1 pm both inclusive. The
pixel electrode 29 is formed by depositing an electrode mate-
rial such as indium oxide by using deposition method such as
sputtering, and then forming a mask and providing etching by
using photolithography technology. Thereby, the pixel elec-
trode 29 including the slit 30 for applying an electric field to
between the pixel electrode 29 and the common electrode 25
through the pixel insulation film 27 is obtained.

[0055] Meanwhile, for the second glass substrate 40, the
color filter 41, the black matrix 42, the planarizing layer 43,
and the spacer 35 are formed. First, the black matrix 42 is
formed on the second glass substrate 40. The black matrix 42
is formed in a boundary line between different colors of the
color filter 41 and in an upper end arrangement region of the
spacer 35, that is, in a section where the black matrix 42 is
overlapped with the spacer 35 in a top view. The black matrix
42 is obtained by coating the second glass substrate 40 with a
black negative resist, and exposing and developing the result
by using photolithography technology. Thereby, the resist in
the exposed section is left on the second glass substrate 40 as
the black matrix 42. A positive type black resist may be used.
[0056] Next, the color filter 41 is formed on the second
glass substrate 40. The color filter 41 is formed for each color,
that is, red, green, and blue. Specifically, the red color filter 41
is obtained in a region to become a red pixel by coating the
second glass substrate 40 with a red negative color resist, and
exposing and developing the result by using photolithography
technology. After that, the green and blue color filters 41 are
formed. The green and blue color filters 41 may be formed by
a method similar to that of the red color filter 41. The order of
forming the red color filter 41, the green color filter 41, and
the blue color filter 41 may be a given order. A positive type
color resist may be used.

[0057] Next, the planarizing layer 43 is formed on the black
matrix 42 and the color filter 41. By the planarizing layer 43,
concavity and convexity generated on the surface of the black
matrix 42 and the color filter 41 are planarized.

[0058] Next, the spacer 35 is formed on the planarizing
layer 43. The spacer 35 is obtained by coating the planarizing
layer 43 with a negative resist, and exposing and developing
the result by using photolithography technology. Thereby, the
spacer 35 overlapped with the black matrix 42 in a top view is
formed. A positive type resist may be used.

[0059] After that, the pixel electrode 29 formed on the first
glass substrate 10 side and the spacer 35 formed on the second
glass substrate 40 side are faced with each other, and the first
glass substrate 10 side and the second glass substrate 40 side
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are bonded to each other. At this time, alignment is made so
that the pedestal 21 is arranged on the lower side of the spacer
35, and one end of the spacer 35 is contacted with the pixel
electrode 29. At this time, in the case where the pedestal 21 is
formed from a material through which light is not transmitted,
the pedestal 21 is arranged inside the black matrix 42 in a top
view.

[0060] Next, liquid crystal is injected between the pixel
electrode 29 and the planarizing layer 43 to form the liquid
crystal layer 36. Thereby, the main manufacturing steps of the
liquid crystal display unit 1 are completed.

Operation and Action of Liquid Crystal Display Unit
1

[0061] First, a description will be described on a basic
operation of the liquid crystal display unit 1 by using FIGS.
3A to 4B. FIGS. 4A and 4B illustrate a cross section of the
liquid crystal display unit 1 (cross section taken along B-B in
FIG. 1). FIGS. 3A and 4A illustrate a state that no voltage is
applied. FIGS. 3B and 4B illustrate a state that a voltage is
applied.

[0062] Light from a backlight (not illustrated) arranged on
the rear side (lower side in FIG. 2) of the first glass substrate
10 enters the liquid crystal display unit 1. The light entering
the liquid crystal layer 36 receives FFS mode spatial modu-
lation described below when the light passes the liquid crystal
layer 36.

[0063] That is, as illustrated in FIGS. 3A and 4A, in a state
that no voltage is applied to between the common electrode
25 and the pixel electrode 29, an axis of a liquid crystal
molecule 37 composing the liquid crystal layer 36 is perpen-
dicular to a transmission axis of the first deflection plate 45 on
the entrance side, and is parallel to a transmission axis of the
second deflection plate 48 on the output side. Thus, entering
light h that has been transmitted through the first deflection
plate 45 on the entrance side reaches the second deflection
plate 48 on the output side without generating phase differ-
ence in the liquid crystal layer 36 and is absorbed therein,
resulting in black display.

[0064] Meanwhile, as illustrated in FIGS. 3B and 4B, in a
state that a voltage is applied to between the common elec-
trode 25 and the pixel electrode 29, due to an electric field E
generated between each pixel electrode 29, the orientation
direction of the liquid crystal molecule 37 is rotated in a
diagonal direction with respect to the extension direction of
the pixel electrode 29. At this time, the electric field intensity
at the time of white display is optimized so that the liquid
crystal molecule 37 positioned in the center of the liquid
crystal layer 36 in the thickness direction is rotated about 45
degree. Thereby, entering light that has been transmitted
through the first deflection plate 45 on the entrance side
generates phase difference while being transmitted through
the liquid crystal layer 36, becomes straight polarized light
rotated 90 degree, is transmitted through the second deflec-
tion plate 48 on the output side, resulting in white display.
[0065] Next, a description will be given on characteristic
action of the liquid crystal display unit 1. FIG. 5 illustrates a
cross sectional structure of the liquid crystal display unit 1. In
FIG. 5, only elements necessary for the description are affixed
with referential symbols, and referential symbols of the other
elements are omitted. As indicated by an arrow in FIG. 5, in
the case where a force is applied from the second glass sub-
strate 40 side to the liquid crystal display unit 1, a downward
force is applied to the spacer 35, and a compression pressure
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is applied to the interlayer insulating film 23 in the spacer
region 22 as well. However, since the pedestal 21 is provided
atthe lowermost part of the interlayer insulating film 23 in the
thickness direction in the spacer region 22, the interlayer
insulating film 23 in the spacer region 22 is thinner than the
interlayer insulating film 23 in the other regions. Thus, the
compressive deformation amount thereof is smaller than a
case that the thickness of the interlayer insulating film 23 in
the spacer region 22 is equal to that of the interlayer insulating
film 23 in the other regions. Therefore, the compressive defor-
mation amount of the common electrode 25, the pixel insu-
lation film 27, and the pixel electrode 29 in the spacer region
22 becomes small. In result, the common electrode 25, the
pixel insulation film 27, and the pixel electrode 29 are hardly
broken.

[0066] As described above, according to this embodiment,
since in the spacer region 22, part of the interlayer insulating
film 23 in the thickness direction is substituted with the ped-
estal 21, the thickness of the interlayer insulating film 23 is
decreased. Thus, the deformation amount of the interlayer
insulating film 23, the common electrode 25, and the pixel
electrode 29 in the spacer region 22 is able to be decreased as
well. Thus, even if a pressure is applied to the spacer 35, a
crack and a fracture are hardly generated in the common
electrode 25, the pixel insulation film 27, and the pixel elec-
trode 29, and a pixel defect is able to be inhibited from being
generated. That is, since the strength of the liquid crystal
display unit 1 is able to be increased, reliability is able to be
increased. In result, the liquid crystal display unit 1 is able to
be thinned as a whole.

Modified Examples

[0067] While the first embodiment has been hereinbefore
described, various modifications may be made for the liquid
crystal display unit 1 of this embodiment.

[0068] For example, in the foregoing embodiment, the
description has been given of the case that in the spacer region
22, the pedestal 21 is arranged in the lowermost layer of the
interlayer insulating film 23. However, the pedestal 21 may be
arranged at least in part of the interlayer insulating film 23 in
the thickness direction. That is, as illustrated in FIG. 6A, the
pedestal 21 may be arranged in the uppermost section of the
interlayer insulating film 23, or as illustrated in FIG. 6B, the
pedestal 21 may be arranged in the intermediate section of the
interlayer insulating film 23 in the thickness direction. Fur-
ther, as illustrated in FIG. 7, the whole interlayer insulating
film 23 in the thickness direction in the spacer region 22 may
be substituted with the pedestal 21.

[0069] Further, in the foregoing embodiment, the descrip-
tion has been given of the case that the thickness of the
interlayer insulating film 23 is decreased by separately pro-
viding the pedestal 21 in the spacer region 22. However, as
illustrated in FIG. 8, it is possible that the transistor protective
film 15 in the spacer region 22 is formed into the upward
convex shape, and thereby the thickness in the spacer region
22 of the interlayer insulating film 23 arranged thereon is
decreased compared to that in the other regions.

[0070] A description will be hereinafter given of other
embodiments of the invention. In the following description of
the embodiments, for the same elements as those of the first
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embodiment, the same referential symbols are affixed thereto,
and detailed descriptions thereof will be omitted or simpli-
fied.

Second Embodiment
Structure and Action of Liquid Crystal Display Unit

[0071] FIG. 9 illustrates a cross sectional structure of a
liquid crystal display unit according to a second embodiment.
A liquid crystal display unit 2 is different from the liquid
crystal display unit 1 of the first embodiment mainly in the
structure of a pixel insulation film 50. The thickness in the
spacer region 22 in the pixel insulation film 50 is formed
larger than the thickness in the other regions. That is, the pixel
insulation film 50 is in the upward and downward convex
shape. The thickness of the interlayer insulating film 23 in the
spacer region 22 is smaller than that of the interlayer insulat-
ing film 23 in the other regions, and strength to pressure is
increased therein. Thus, the deformation amount of the com-
mon electrode 25, the pixel insulation film 50, and the pixel
electrode 29 in the spacer region 22 becomes small. In par-
ticular, since the pixel insulation film 50 in the spacer region
22 is in the downward convex shape, the distance between the
common electrode 25 and the pedestal 21 is able to be
decreased compared to that of the liquid crystal display unit 1
of the first embodiment. Thus, the compressive deformation
amount of the interlayer insulating film 23 is able to be further
decreased. Further, even if a pressure is applied to the spacer
35, acrack and a fracture are able to be hardly generated in the
pixel insulation film 50.

[0072] Further, in the foregoing embodiment, the descrip-
tion has been given of the case that the pixel insulation film 50
is in the upward and downward convex shape. However, as
illustrated in FIG. 10A, the pixel insulation film 50 may be in
the only downward convex shape. In this case, it is enough
that the pixel insulation film 50 is formed so that the top face
becomes flat by SOG (spin on glass) method. Further, as
illustrated in FIG. 10B, the pixel insulation film 50 may be in
the only upward convex shape.

Method of Manufacturing Liquid Crystal Display
Unit

[0073] Theliquid crystal display unit 2 having such a struc-
ture is able to be manufactured, for example, as follows.
FIGS. 11A to 11D illustrate part of manufacturing steps of the
liquid crystal display unit 2.

[0074] After the pedestal 21 is formed on the transistor
protective film 15, the interlayer insulating film 23 is formed
on the transistor protective film 15 and the pedestal 21. After
that, the spacer region 22 in the top face of the interlayer
insulating film 23 is etched to form a concavity section 51
(FIG. 11A). Next, on the interlayer insulating film 23, the
common electrode 25 along the lines of the top face shape
thereof is formed (FIG. 11B).

[0075] Next, the pixel insulation film 50 is formed on the
common electrode 25. In forming the pixel insulation film 50,
first, after a first dielectric body such as SiN is formed on the
common electrode 25 by CVD method or SOG method, pat-
terning and etching are provided to form a first dielectric body
film 50a (FIG. 11C). After that, a second dielectric body
having an etching rate different from that of the first dielectric
body such as silicon oxide is formed by CVD method. At this
time, a second dielectric body film 505 is formed thicker than
the first dielectric body film 50a. After that, patterning and
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etching are provided, and thereby the pixel insulation film 50
in the upward and downward convex shape is obtained (FIG.
11D).

[0076] In this embodiment, the description has been given
of the case that after the first dielectric body film 50a is
formed by CVD method or SOG method, the second dielec-
tric body film 505 is formed by CVD method, and thereby the
pixel insulation film 50 is obtained. However, the pixel insu-
lation film 50 may be formed by the following method. First,
a dielectric body is formed on the common electrode 25, and
patterning and etching are made to form the shape as illus-
trated in FIG. 11C. After that, a dielectric body is formed by
SOG method, and patterning is made. Accordingly, the pixel
insulation film 50 as illustrated in FIG. 11D may be formed.
[0077] While the invention has been described with refer-
ence to the embodiments, the invention is not limited to the
foregoing embodiments, and various modifications may be
made.

[0078] FIG. 12 illustrates a cross sectional structure in a
spacer region of a liquid crystal display unit according to a
third embodiment. In this liquid crystal display unit 3, though
the pedestal 21 is not provided, the pixel insulation film 50 in
the spacer region 22 is in the downward convex shape. Thus,
the thickness of the interlayer insulating film 23 in the spacer
region 22 is smaller than that of the interlayer insulating film
23 in the other regions. Thus, in the case where a downward
force is applied to the spacer 35, the compressive deformation
amount of the interlayer insulating film 23 is decreased. Fur-
ther, since the pixel insulation film 50 in the spacer region 22
is in the downward convex shape, the thickness of the pixel
insulation film 50 in the spacer region 22 is increased and the
strength to pressure is increased. Therefore, the deformation
amount of the common electrode 25, the pixel insulation film
50, and the pixel electrode 29 in the spacer region 22 is
decreased.

[0079] Further, as illustrated in FIG. 13, the pixel insulation
film 50 in the spacer region 22 may be in the upward and
downward convex shape.

[0080] Further, as long as the liquid crystal display units 1
to 3 of the invention are able to be realized, the shape and the
material are able to be changed within the scope of the pur-
pose of the invention. For example, the description has been
given of the case that the organic material is used for the
interlayer insulating film 23. However, as long as a film is
easily planarized, the material is not limited to the organic
material, but an inorganic material may be used as well.

Application Example of Liquid Crystal Display Unit

[0081] The liquid crystal display units 1 to 3 described in
the foregoing embodiments are able to be applied to a display
unit of electronic devices in any field for displaying a video
signal inputted to the electronic device or a video signal
generated in the electronic device as an image or a video such
as a mobile terminal device such as a mobile phone.

[0082] FIGS. 14A to 14G illustrate an appearance of a
mobile phone as a specific example to which the liquid crystal
display units 1 to 3 of the foregoing embodiments are applied.
FIG. 14A is an elevation view of this application example
unclosed, FIG. 14B is a side view thereof, FIG. 14C is an
elevation view of this application example closed, FIG. 14D
is a left side view thereof, FIG. 14E is a right side view
thereof, FIG. 14F is a top view thereof, and FIG. 14G is a
bottom view thereof. The mobile phone includes an upper
package 201, a lower package 202, a joint section (in this
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case, a hinge section) 203, a display 204, a sub-display 205, a
picture light 206, a camera 207 and the like. The display 204
or the sub-display 205 is composed of the liquid crystal dis-
play units 1 to 3 of the embodiments. Thereby, in the mobile
phone, the reliability and the durability are improved.
[0083] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2008-324417 filed in the Japanese Patent Office on
Dec. 19, 2008, the entire contents of which is hereby incor-
porated by reference.

[0084] It should be understood by those skilled in the art
that various modifications, combinations, sub combinations
and alternations may occur depending on design require-
ments and other factors insofar as they are within the scope of
the appended claims or the equivalents thereof.

What is claimed is:

1. A liquid crystal display unit comprising:

a first substrate having an under-layered insulation film, a
common electrode formed on the under-layered insula-
tion film, and a pixel electrode formed over the common
electrode with a pixel insulation film in between;

a second substrate provided on pixel electrode side of the
first substrate so as to oppose thereto;

a liquid crystal layer provided between the first substrate
and the second substrate; and

a spacer provided to retain a distance between the first
substrate and the second substrate, in such a manner that
one end of the spacer is contacted with a top face of the
pixel electrode,

wherein a thickness of the under-layered insulation film in
a spacer region which is defined as a region occupied by
the spacer is smaller than a thickness of the under-lay-
ered insulation film in a region other than the spacer
region.

2. The liquid crystal display unit according to claim 1,

wherein

part or all, in thickness, of the under-layered insulation film
within the spacer region is replaced with a pedestal
formed of a material which offers a higher resistance to
compressive deformation compared to the under-lay-
ered insulation film, thereby allowing the thickness of
the under-layered insulation film in the spacer region to
be smaller than the thickness of the under-layered insu-
lation film in the region other than the spacer region.

3. The liquid crystal display unit according to claim 2,
wherein the pedestal is provided in a lowermost zone, in
thickness, of the under-layered insulation film.

4. The liquid crystal display unit according to claim 2,
wherein the under-layered insulation film is formed of an
organic material, while the pedestal is formed of an inorganic
material.

5. The liquid crystal display unit according to claim 4,
wherein the inorganic material is one of a metal, silicon oxide,
and silicon nitride.
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6. The liquid crystal display unit according to claim 2,
further comprising a light shielding layer selectively pro-
vided, on the second substrate, in a region including the
spacer region, and

the pedestal is located in a region occupied by the light

shielding layer.

7. The liquid crystal display unit according to claim 1,
wherein a thickness of the pixel insulation film in the spacer
region is larger than a thickness of the pixel insulation film in
the region other than the spacer region.

8. The liquid crystal display unit according to claim 7,
wherein the pixel insulation film has a shape where one of
surfaces or both of the pixel insulation film protrude, in the
spacer region, toward the common electrode side or the pixel
electrode side or both thereof, respectively.

9. The liquid crystal display unit according to claim 1,
wherein a recessed section is formed, in the spacer region, on
a top face of the under-layered insulation film, thereby allow-
ing the thickness of the under-layered insulation film in the
spacer region to be smaller than the thickness of the under-
layered insulation film in the region other than the spacer
region.

10. The liquid crystal display unit according to claim 9,
wherein a top face of the pixel insulation film is planarized,
thereby allowing the thickness of the pixel insulation film in
the spacer region to be larger than the thickness of the pixel
insulation film in the region other than the spacer region.

11. Anelectronic device comprising a liquid crystal display

unit, the liquid crystal display unit including:

a first substrate having an under-layered insulation film, a
common electrode formed on the under-layered insula-
tion film, and a pixel electrode formed over the common
electrode with a pixel insulation film in between;

a second substrate provided on pixel electrode side of the
first substrate so as to oppose thereto;

a liquid crystal layer provided between the first substrate
and the second substrate; and

a spacer provided to retain a distance between the first
substrate and the second substrate, in such a manner that
one end of the spacer is contacted with a top face of the
pixel electrode,

wherein a thickness of the under-layered insulation film in
a spacer region which is defined as a region occupied by
the spacer is smaller than a thickness of the under-lay-
ered insulation film in a region other than the spacer
region.
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