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ELECTRODE STRUCTURE, METHOD FOR
MANUFACTURING ELECTRODE
STRUCTURE, LIQUID CRYSTAL DISPLAY
ELEMENT, METHOD FOR DRIVING LIQUID
CRYSTAL DISPLAY ELEMENT, AND
ELECTRONIC EQUIPMENT

TECHNICAL FIELD

[0001] The present disclosure relates to an electrode struc-
ture, a method for manufacturing the electrode structure, a
liquid crystal display element, a method for driving the
liquid crystal display element, and electronic equipment.
More specifically, the present disclosure relates to an elec-
trode structure used in a reflective liquid crystal display
element and a method for manufacturing the electrode
structure, the liquid crystal display element including such
an electrode structure and a method for driving the liquid
crystal display element, and electronic equipment.

BACKGROUND ART

[0002] In a liquid crystal display element including pixels
two-dimensionally arranged in a matrix and each including
a liquid crystal cell, the pixels are operated as optical
shutters (light valves) to display images. As display appa-
ratuses using liquid crystal display elements, direct-viewing
display apparatuses and projective (projector-type) display
apparatuses have been put to practical use. For not only
direct-viewing display apparatuses but also projective dis-
play apparatuses, applications have recently been expanding
to use in a large-scale conference room and use for enter-
tainment. Thus, there has been a demand for higher defini-
tion and higher image quality, and what is called active
matrix type liquid crystal display elements have been widely
used.

[0003] Reflective liquid crystal display elements such as
an LCOS (Liquid Crystal On Silicon) and an HIPS (High
Temperature Poly-Silicon) control reflection of light inci-
dent on the liquid crystal display elements to display images.
The reflective liquid crystal display element includes light
reflective pixel electrodes such as pixel electrodes including
a material reflecting light and pixel electrodes with lami-
nated light reflection films. A liquid crystal material layer is
disposed between each of the pixel electrodes and a trans-
parent counter electrode, and a voltage is applied between
the pixel electrode and the counter electrode to change an
orientation direction of liquid crystals to control an aperture
ratio for each pixel. The pixel electrode is driven for each
pixel, and thus the pixel electrodes need to be electrically
insulated from each other. Thus, a gap with a predetermined
size or larger needs to be provided between the pixel
electrodes according to an arrangement pitch of each of the
pixel electrodes. Proposals have been made that, for
example, an overhang be provided on a wiring layer below
the pixel electrode to occlude the gap portion because the
gap portion does not contribute to light reflection (see, for
example, PTL 1).

CITATION LIST
Patent Literature

[PTL 1]

[0004] Japanese Patent Laid-Open No. 2010-134317
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SUMMARY

Technical Problem

[0005] The ratio of the gap portion between the pixel
electrodes increases with decreasing pixel pitch. Accord-
ingly, qualitatively, the aperture ratio (reflectance) decreases
consistently with pixel pitch. For example, in the configu-
ration in which the overhang is provided on the wiring layer
below the pixel electrode to occlude the gap portion, a
decrease in aperture ratio can be mitigated. However, light
is reflected by each of the pixel electrodes and the wiring
layer disposed at a position different from the position of the
pixel electrode, and optical characteristics may be affected
by the difference in position between the pixel electrode and
the wiring layer.

[0006] Thus, an object of the present disclosure is to
provide an electrode structure used in a liquid crystal display
element and preventing the aperture ratio from decreasing
even with a reduced pixel pitch, the electrode structure
having favorable optical characteristics, and a method for
manufacturing the electrode structure, a liquid crystal dis-
play element including such an electrode structure and a
method for driving the liquid crystal display element, and
electronic element.

Solution to Problem

[0007] An electrode structure according to the present
disclosure for achieving the above-described object includes
a light reflection film, an insulating film formed on the light
reflection film, and a transparent conductive film formed on
the insulating film. The transparent conductive film is
divided into pieces in a two-dimensional matrix at a prede-
termined pitch to form transparent pixel electrodes. Each of
the transparent pixel electrodes is connected to a corre-
sponding one of drive electrodes formed in a lower layer
underlying the light reflection film, through a corresponding
one of vias penetrating the insulating film and the light
reflection film and insulated from the light reflection film.

[0008] A method for manufacturing an electrode structure
according to the present disclosure for achieving the above-
described object, the electrode structure including a light
reflection film, an insulating film formed on the light reflec-
tion film, and a transparent conductive film formed on the
insulating film, includes a step of forming the light reflection
film, the insulating film formed on the light reflection film,
and the transparent conductive film formed on the insulating
film, a step of dividing the transparent conductive film into
pieces in a two-dimensional matrix at a predetermined pitch
to form transparent pixel electrodes, and a step of forming
vias penetrating the insulating film and the light reflection
film and insulated from the light reflection film, each of the
vias being used to connect a corresponding one of the
transparent pixel electrodes to a corresponding one of wires
formed in a lower layer underlying the light reflection film.
[0009] A liquid crystal display element according to the
present disclosure for achieving the above-described object
includes a front panel, a back panel disposed opposite to the
front panel, and a liquid crystal material layer sandwiched
between the front panel and the back panel. On a substrate
forming the back panel, an electrode structure is configured
that includes a light reflection film, an insulating film formed
on the light reflection film, and a transparent conductive film
formed on the insulating film. The transparent conductive
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film is divided into pieces in a two-dimensional matrix at a
predetermined pitch to form transparent pixel electrodes.
Each of the transparent pixel electrodes is connected to a
corresponding one of wires formed in a lower layer under-
lying the light reflection film, through a corresponding one
of vias penetrating the insulating film and the light reflection
film and insulated from the light reflection film.

[0010] A method for driving a liquid crystal display ele-
ment according to the present disclosure for achieving the
above-described object is provided, the liquid crystal display
element including a front panel, a back panel disposed
opposite to the front panel, and a liquid crystal material layer
sandwiched between the front panel and the back panel. On
a substrate forming the back panel, an electrode structure is
configured that includes a light reflection film, an insulating
film formed on the light reflection film, and a transparent
conductive film formed on the insulating film. The trans-
parent conductive film is divided into pieces in a two-
dimensional matrix at a predetermined pitch to form trans-
parent pixel electrodes. Each of the transparent pixel
electrodes is connected to a corresponding one of wires
formed in a lower layer underlying the light reflection film,
through a corresponding one of vias penetrating the insu-
lating film and the light reflection film and insulated from the
light reflection film. The light reflection film is connected to
an electrode for voltage supply formed in a lower layer
underlying the light reflection film. When the liquid crystal
display element is driven, the light reflection film is in any
one of an electrically floating state, a state in which a voltage
of an electrically positive polarity is applied to the light
reflection film, or a state in which a voltage of an electrically
negative polarity is applied to the light reflection film.
[0011] FElectronic equipment according to the present dis-
closure for achieving the above-described object includes a
liquid crystal display element including a front panel, a back
panel disposed opposite to the front panel, and a liquid
crystal material layer sandwiched between the front panel
and the back panel. On a substrate forming the back panel,
an electrode structure is configured that includes a light
reflection film, an insulating film formed on the light reflec-
tion film, and a transparent conductive film formed on the
insulating film. The transparent conductive film is divided
into pieces in a two-dimensional matrix at a predetermined
pitch to form transparent pixel electrodes. Each of the
transparent pixel electrodes is connected to a corresponding
one of wires formed in a lower layer underlying the light
reflection film, through a corresponding one of vias pen-
etrating the insulating film and the light reflection film and
insulated from the light reflection film.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a schematic diagram for describing a
liquid crystal display element according to a first embodi-
ment of the present disclosure.

[0013] FIGS. 2A and 2B are schematic diagrams for
describing an internal configuration of the liquid crystal
display element;

[0014] FIG. 2A is a plan view, and FIG. 2B is a cross-
sectional view.
[0015] FIG. 3 is a schematic partial cross-sectional view

for describing a structure of the liquid crystal display
element.

[0016] FIG. 4 is a diagram for describing a reflection area
of the liquid crystal display element according to the first

Aug. 26, 2021

embodiment and is a schematic plan view illustrating an
arrangement relation between transparent pixel electrodes
and a light reflection film.

[0017] FIG. 5 is a schematic diagram for describing an
internal configuration of a liquid crystal display element
according to a reference example.

[0018] FIG. 6 is a diagram for describing a reflection area
of the liquid crystal display element according to the refer-
ence example and is a schematic plan view illustrating an
arrangement relation between light-reflective pixel elec-
trodes.

[0019] FIGS. 7A and 7B are schematic partial end views
for describing a method for manufacturing a liquid crystal
display element according to the first embodiment.

[0020] FIGS. 8A and 8B are schematic partial end views
for describing the method for manufacturing a liquid crystal
display element according to the first embodiment and are
continued from FIG. 7B.

[0021] FIGS. 9A and 9B are schematic partial end views
for describing the method for manufacturing a liquid crystal
display element according to the first embodiment and are
continued from FIG. 8B.

[0022] FIGS. 10A and 10B are schematic partial end
views for describing the method for manufacturing a liquid
crystal display element according to the first embodiment
and are continued from FIG. 9B.

[0023] FIGS. 11A and 11B are schematic partial end views
for describing the method for manufacturing a liquid crystal
display element according to the first embodiment and are
continued from FIG. 10B.

[0024] FIG. 12 is a schematic partial end view for describ-
ing the method for manufacturing a liquid crystal display
element according to the first embodiment and is continued
from FIG. 11B.

[0025] FIGS. 13A and 13B are schematic partial end
views for describing a method for manufacturing a liquid
crystal display element according to a first modified example
of the first embodiment.

[0026] FIG. 14 is a schematic partial end view for describ-
ing the method for manufacturing a liquid crystal display
element according to the first modified example of the first
embodiment and is continued from FIG. 13B.

[0027] FIGS. 15A and 15B are schematic partial end
views for describing the method for manufacturing a liquid
crystal display element according to the first modified
example of the first embodiment and are continued from
FIG. 14.

[0028] FIG. 16 is a schematic partial end view for describ-
ing the method for manufacturing a liquid crystal display
element according to the first embodiment and is continued
from FIG. 15B.

[0029] FIG. 17 is a schematic partial end view for describ-
ing a configuration of a back panel used in the liquid crystal
display element according to a second modified example of
the first embodiment.

[0030] FIG. 18 is a schematic partial end view for describ-
ing a configuration of a back panel used in the liquid crystal
display element according to a third modified example of the
first embodiment.

[0031] FIG. 19 is a schematic partial end view for describ-
ing a configuration of a back panel used in the liquid crystal
display element according to a fourth modified example of
the first embodiment.
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[0032] FIG. 20 is a schematic partial end view for describ-
ing a configuration of a back panel used in the liquid crystal
display element according to a fifth modified example of the
first embodiment.

[0033] FIG. 21 is a schematic partial end view for describ-
ing a configuration of a back panel used in the liquid crystal
display element according to a sixth modified example of the
first embodiment.

[0034] FIG. 22 is a schematic partial end view for describ-
ing a configuration of a back panel used in the liquid crystal
display element according to a seventh modified example of
the first embodiment.

[0035] FIG. 23 is a schematic partial cross-sectional view
for describing a structure of a back panel used in a liquid
crystal display element according to a second embodiment.
[0036] FIGS. 24A and 24B are schematic partial end
views for describing a method for manufacturing a liquid
crystal display element according to the second embodi-
ment.

[0037] FIGS. 25A and 25B are schematic partial end
views for describing the method for manufacturing a liquid
crystal display element according to the second embodiment
and are continued from FIG. 24B.

[0038] FIGS. 26A and 26B are schematic partial end
views for describing the method for manufacturing a liquid
crystal display element according to the second embodiment
and are continued from FIG. 25B.

[0039] FIG.27A s a schematic diagram illustrating a state
of charge generated in the light reflection film during steps
of manufacturing the back panel used in the liquid crystal
display element according to the first embodiment. FIG. 27B
is a schematic diagram illustrating a state of removal of
charge generated in the light reflection film during the steps
of manufacturing the back panel used in the liquid crystal
display element according to the second embodiment.
[0040] FIG. 28 is a schematic diagram illustrating a state
of removal of charge generated in the light reflection film
during steps of manufacturing the back panel according to a
modified example.

[0041] FIG. 29 is a schematic diagram for describing an
example of voltages supplied to a light reflection film in a
liquid crystal display element according to a third embodi-
ment.

[0042] FIG. 30 is a schematic plan view for describing a
configuration of a light reflection film in a back panel used
in the liquid crystal display element according to the third
embodiment.

[0043] FIG. 31 is a schematic diagram for describing an
example of voltages supplied to the light reflection film in
the liquid crystal display element according to the third
embodiment.

[0044] FIG. 32 is a schematic plan view for describing a
configuration of another example of the light reflection film
in the back panel used in the liquid crystal display element
according to the third embodiment.

[0045] FIG. 33 is a conceptual drawing of a projective
display apparatus.

[0046] FIG. 34 is an appearance diagram of an inter-
changeable single lens reflex type digital still camera; FIG.
34A is a front view of the digital still camera, and FIG. 34B
is a rear view of the digital still camera.

[0047] FIG. 35 is an appearance diagram of a head-
mounted display.
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[0048] FIG. 36 is an appearance diagram of a see-through
head-mounted display.

DESCRIPTION OF EMBODIMENTS

[0049] With reference to the drawings, the present disclo-
sure will be described below on the basis of embodiments.
The present disclosure is not limited to the embodiments,
and various numerical values and materials in the embodi-
ments are illustrative. In the description below, identical
elements or elements with identical functions are denoted by
identical reference signs, and duplicate descriptions are
omitted. Note that the description is in the following order.

1. Description of Electrode Structure, Method for
Manufacturing Electrode Structure, Liquid Crystal Display
Element, Method for Driving Liquid Crystal Display
Element, and Electronic Equipment According to Present
Disclosure in General

2. First Embodiment
3. Second Embodiment

4. Third Embodiment

[0050] 5. Description of Electronic equipment, and Mis-
cellaneous

Description of Electrode Structure, Method for
Manufacturing Electrode Structure, Liquid Crystal
Display Element, Method for Driving Liquid
Crystal Display Element, and Electronic Equipment
According to Present Disclosure in General

[0051] An electrode structure according to the present
disclosure, an electrode structure obtained by a method for
manufacturing an electrode structure according to the pres-
ent disclosure, an electrode structure used in a liquid crystal
display element according to the present disclosure, and an
electrode structure used in a liquid crystal display element in
which a method for driving the liquid crystal display ele-
ment according to the present disclosure is executed (these
electrode structures may hereinafter simply be referred to as
the electrode structure according to the present disclosure)
can be configured such that a light reflection film is formed
as a continuous common layer. Alternatively, the electrode
structure can be configured such that the light reflection film
is divided into strip-like pieces corresponding to a group of
transparent pixel electrodes arranged in a row direction.
[0052] The electrode structure according to the present
disclosure including the above-described preferred configu-
ration can be configured such that the light reflection film is
formed to be electrically floating.

[0053] Alternatively, the electrode structure can be con-
figured such that the light reflection film is connected to an
electrode for voltage supply formed in a lower layer under-
lying the light reflection film. In this case, the electrode
structure can be configured such that the electrode structure
is formed on a substrate forming a back panel of a reflective
liquid crystal display element and that the electrode for
voltage supply is supplied with a voltage via a switching
transistor provided on the substrate.

[0054] The electrode structure according to the present
disclosure including the above-described preferred configu-
ration can be configured such that the light reflection film is
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formed as a continuous common layer and supplied with a
voltage from the electrode for voltage supply. Alternatively,
the electrode structure can be formed such that the light
reflection film is divided into strip-like pieces corresponding
to a group of the transparent pixel electrodes arranged in the
row direction and that the strip-like pieces are connected to
separately provided respective electrodes for voltage supply
and supplied with respective separate voltages.

[0055] The electrode structure according to the present
disclosure including the above-described various preferred
configurations can be configured such that a dielectric film
is formed on an entire surface including surfaces of the
transparent pixel electrodes. In this case, the electrode
structure can be configured such that the electrode structure
is subjected to planarization treatment to reduce level dif-
ferences in the dielectric film.

[0056] Examples of the planarization treatment include,
for example, treatment in which a surface of the dielectric
film is polished, treatment in which level difference portions
of the dielectric film are filled, or treatment in which the
transparent pixel electrodes, corresponding to a base for the
dielectric film, are each tapered at ends.

[0057] The electrode structure according to the present
disclosure including the above-described various preferred
configurations can be configured such that a transparent
pixel electrode-side portion of each of vias includes a light
reflective conductive material.

[0058] A method for manufacturing an electrode structure
according to the present disclosure for manufacturing the
electrode structure including the above-described various
preferred configurations includes, as described above:
[0059] forming a light reflection film, an insulating film
formed on the light reflection film, and a transparent con-
ductive film formed on the insulating film,

[0060] dividing the transparent conductive film into pieces
in a two-dimensional matrix at a predetermined pitch to
form transparent pixel electrodes, and

[0061] forming vias penetrating the insulating film and the
light reflection film and insulated from the light reflection
film, each of the vias being used to connect a corresponding
one of the transparent pixel electrodes to a corresponding
one of wires formed in a lower layer underlying the light
reflection film. In this case, the method can be such that the
steps executed after formation of the light reflection film are
performed with a predetermined voltage supplied to the light
reflection film.

[0062] In a method for driving a liquid crystal display
element including the electrode structure including the
above-described various preferred configurations, the light
reflection film is in any one of an electrically floating state,
a state in which a voltage of an electrically positive polarity
is applied to the light reflection film, or a state in which a
voltage of an electrically negative polarity is applied to the
light reflection film. In this case, the method can be such that
the electrode for voltage supply is supplied with a voltage
via a switching transistor provided on the substrate.

[0063] The method for driving the liquid crystal display
element according to the present disclosure including the
above-described various preferred configurations can be
such that the light reflection film is formed as a continuous
common layer, is formed as a continuous common layer, and
is supplied with a voltage from the electrode for voltage
supply. Alternatively, the method can be such that the light
reflection film is divided into strip-like pieces corresponding
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to a group of the transparent pixel electrodes arranged in a
row direction and that the strip-like pieces are connected to
separately provided respective electrodes for voltage supply
and supplied with respective separate voltages.

[0064] As a front panel, a substrate including a transparent
material such as glass can be used. A counter electrode
provided in the front panel can be formed using a transparent
conductive material such as an indium tin oxide (ITO) or an
indium zinc oxide. The counter electrode functions as a
common electrode common to the pixels in the liquid crystal
display element.

[0065] As the back panel, a substrate including a trans-
parent material such as glass or a substrate including a
semiconductor material such as silicon can be used. In a case
where a glass substrate or the like is used as the back panel,
a drive circuit driving the pixels can be configured by
forming and processing a semiconductor material layer and
the like on the glass substrate. In a case where a substrate
including a semiconductor material such as silicon is used,
the drive circuit can be configured by, for example, forming
a transistor or the like in a well provided in the substrate.
[0066] The transparent pixel electrodes into which the
transparent conductive film is divided can be formed using
a transparent conductive material such as an ITO or 170,
similarly to the counter electrode. Note that, in some cases,
a metal film thinned enough to have light transmittivity can
be used.

[0067] The light reflection film can be formed using a
metal material such as aluminum (Al), an aluminum alloy
such as Al—Cu or Al—Si, or silver (Ag).

[0068] The liquid crystal display element may be config-
ured to display monochromatic images or to display color
images. As values for the pixels in the liquid crystal display
element, several image resolutions such as U-XGA (1600,
1200), HD-TV (1920, 1080), and Q-XGA (2048, 1536) as
well as (3840, 2160) and (7680, 4320) can be illustrated, but
the present disclosure is not limited to these values.
[0069] Additionally, as electronic equipment including the
liquid crystal display element of the present disclosure, a
direct-viewing display apparatus and a projective display
apparatus as well as various types of electronic equipment
including an image display function can be illustrated.
[0070] Various conditions used herein are satisfied in a
case where the conditions are met in a rigorous manner as
well as in a case where the conditions are substantially met.
The presence of various variations attributed to design or
manufacture is accepted. Additionally, the drawings used in
the description below are schematic and do not indicate
actual dimensions or the ratio of the dimensions.

First Embodiment

[0071] A first embodiment relates to an electrode struc-
ture, a method for manufacturing the electrode structure, a
liquid crystal display element, and electronic equipment
according to the present disclosure.

[0072] FIG. 1 is a schematic diagram for describing the
liquid crystal display element according to the first embodi-
ment of the present disclosure.

[0073] The liquid crystal display element according to the
first embodiment is an active-matrix liquid crystal display
element. As illustrated in FIG. 1, a liquid crystal display
element 1 includes a pixel array section 10 including pixels
11 arranged in a matrix and each including a liquid crystal
cell, and various circuits such as a horizontal drive circuit 20
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and a vertical drive circuit 30 for driving the pixel array
section 10. Note that, in the example illustrated in FIG. 1, the
horizontal drive circuit 20 and the vertical drive circuit 30
are each disposed on one end side of the pixel array section
10, but this is only illustrative.

[0074] The pixel array section 10 includes, for example, a
pair of opposite substrates and a liquid crystal material layer
disposed between the substrates, various wires such as scan
lines SCL and data lines DTL used to drive the pixels 11,
transparent pixel electrodes provided at portions corre-
sponding to the pixels, counter electrodes opposite to the
transparent pixel electrodes, pixel transistors connecting the
data lines DTL to the transparent pixel electrodes, and the
like. A connection relation of two pixels 11 arranged in the
vertical direction (in FIG. 1, a Y direction) is schematically
illustrated in the right side of FIG. 1. A total of MxN pixels
11 is disposed in a matrix; M pixels 11 are disposed in the
horizontal direction, and N pixels 11 are disposed in the
vertical direction.

[0075] FIG. 2A and FIG. 2B are schematic diagrams for
describing an internal configuration of the liquid crystal
display element. FIG. 2A is a plan view, and FIG. 2B is a
cross-sectional view. In FIG. 2A, parts of the components
are cut away in order to clarify a lamination relation. FIG.
3 is a schematic partial cross-sectional view for describing
a structure of the liquid crystal display element. Note that,
for convenience of illustration, shapes of the components
and the like are exaggerated.

[0076] As illustrated in FIG. 2, the liquid crystal display
element 1 includes a front panel 130, a back panel 100
disposed opposite to the front panel 130, and a liquid crystal
material layer 120 sandwiched between the front panel 130
and the back panel 100. The front panel 130 and the back
panel 100 are sealed by a seal portion 121. The seal portion
121 is annular and surrounds the liquid crystal material layer
120.

[0077] As described below, the back panel 100 includes a
substrate including a semiconductor material, for example,
silicon. The liquid crystal display element 1 is a reflective
liquid crystal display element.

[0078] As illustrated in FIG. 3, the front panel 130 is
provided with a counter electrode including a transparent
conductive material, for example, an ITO. More specifically,
the front panel 130 includes, for example, a rectangular
substrate 131 including transparent glass, a counter elec-
trode 132 provided on a liquid crystal material layer 120-
side surface of the substrate 131, a dielectric film 133
provided on the counter electrode 132, and the like. A liquid
crystal cell forming the pixel 11 includes a transparent
conductive film 108, portions of the liquid crystal material
layer 120 sandwiched between the transparent conductive
film 108 and the counter electrode 132, the counter electrode
132 opposite to the transparent conductive film 108, and the
like. When the liquid crystal display element 1 is driven, a
voltage of positive polarity or a voltage of negative polarity
is alternately applied to the counter electrode 132.

[0079] The back panel 100 includes an electrode structure
including a light reflection film (light reflector) 104 formed
on a rectangular substrate 101 including a semiconductor
material, for example, silicon, insulating films 105 and 106
formed on the light reflection film 104, and the transparent
conductive film 108 formed on the insulating film 106. A
dielectric film 109 is formed on an entire surface including
surfaces of pieces of the transparent conductive film 108.
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[0080] As illustrated in FIG. 2 and FIG. 3, the transparent
conductive film 108 is divided into pieces in a two-dimen-
sional matrix at a predetermined pitch to form transparent
pixel electrodes. In the description below, the transparent
pixel electrodes are also represented using reference sign
108. Additionally, as illustrated in FIG. 2, the light reflection
film 104 is formed as a continuous common layer in an
electrically floating state.

[0081] As illustrated in FIG. 3, each of the transparent
pixel electrodes 108 is connected to a corresponding one of
drive electrodes 102 formed in a lower layer underlying the
light reflection film 104, through a corresponding one of vias
107 penetrating the insulating films 105 and 106 and the
light reflection film 104 and insulated from the light reflec-
tion film 104.

[0082] Transistors and various wires not illustrated are
formed on the substrate 101 and form a drive circuit for
driving the transparent pixel electrodes 108 through the
drive electrodes 102 and the vias 107. Reference sign 103
denotes a planarization film covering the drive electrodes
102, and reference sign OP104 denotes an opening in which
the via 107 is formed.

[0083] FIG. 4 is a diagram for describing a reflection area
in the liquid crystal display element according to the first
embodiment and is a schematic plan view illustrating an
arrangement relation between the pixel electrodes and the
light reflection film.

[0084] In a high-definition liquid crystal display element,
an arrangement pitch (in FIG. 4, denoted by reference sign
PH) of each of the transparent pixel electrodes 108 has a
value of, for example, 4 micrometers, and a gap between the
transparent pixel electrodes 108 (denoted by reference sign
GP) has a value of, for example, 0.2 micrometers. Addition-
ally, the diameter of the opening OP104 has a value of, for
example, 0.3 micrometers.

[0085] In a case where a voltage is applied to the trans-
parent pixel electrode 108 to control an orientation direction
of liquid crystal, a change in an orientation of the liquid
crystal material layer 120 covers not only portions of the
liquid crystal material layer 120 opposing the transparent
pixel electrode 108 but also surroundings of these portions.
Accordingly, an area of the gap GP also contributes to
display of images. External light passing through the trans-
parent pixel electrodes 108 and the surrounding gap GP is
reflected by the light reflection film 104 located in a lower
layer underlying the transparent pixel electrodes 108. Even
though the opening OP104 portions do not contribute to
reflection, an aperture ratio (reflectance) has a value of
approximately 98 percent by estimate. Furthermore, any
rays of external light passing through the transparent pixel
electrodes 108 and the surrounding gap GP are reflected by
a reflection layer disposed at a common position. This
prevents an adverse effect, on optical characteristics, of a
difference in position where reflection occurs.

[0086] Now, for assistance in understanding of the present
disclosure, for example, the aperture ratio of a liquid crystal
display element in a reference example in which pixel
electrodes include a light reflective material will be
described.

[0087] FIG. 5 is a schematic diagram for describing an
internal configuration of the liquid crystal display element
according to the reference example. FIG. 6 is a diagram for
describing a reflection area in the liquid crystal display
element according to the reference example, and is a sche-
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matic plan view illustrating an arrangement relation of
light-reflective pixel electrodes.

[0088] A liquid crystal display element 9 in the reference
example illustrated in FIG. 5 corresponds to the liquid
crystal display element 1 of the present disclosure in which
the transparent pixel electrodes 108 are replaced with light-
reflective pixel electrodes 908 and in which the planarization
film 103, the light reflection film 104, and the insulating
films 105 and 106 are all replaced with planarization films
903. The arrangement pitch PH of each of the pixel elec-
trodes 908 and the gap GP between the pixel electrodes 908
illustrated in FIG. 6 are similar to the above-described
numerical values. In this configuration, external light pass-
ing through the gap GP does not contribute to display. The
aperture ratio (reflectance) has a value of approximately not
more than 90 percent by estimate.

[0089] Now, a method for manufacturing a liquid crystal
display element, the method including a method for manu-
facturing an electrode structure, will be described.

[0090] As described above, on the substrate 101 forming
the back panel 100 in the liquid crystal display element 1, the
electrode structure is configured that includes the light
reflection film 104, the insulating films 105 and 106 formed
on the light reflection film 104, and the transparent conduc-
tive film formed on the insulating film 106. A method for
manufacturing the electrode structure includes a step of
forming the light reflection film 104, the insulating films 105
and 106 formed on the light reflection film 104, and the
transparent conductive film formed on the insulating film
106, a step of dividing the transparent conductive film into
pieces in a two-dimensional matrix at a predetermined pitch
to form transparent pixel electrodes 108, and a step of
forming vias penetrating the insulating films 105 and 106
and the light reflection film 104 and insulated from the light
reflection film 104, each of the vias being used to connect a
corresponding one of the transparent pixel electrodes 108 to
a corresponding one of wires formed in a lower layer
underlying the light reflection film 104.

[0091] FIGS. 7 to 16 are schematic partial end views for
describing a method for manufacturing a liquid crystal
display element according to the first embodiment. With
reference to these figures, a method for manufacturing the
liquid crystal display element 1 will be described in detail.
[0092] [Step-100] (See FIGS. 7A and 7B) The substrate
101 in which drive circuits are formed is prepared, and drive
electrodes 102 are formed on the substrate 101 by a well-
known film formation method or patterning method (see
FIG. 7A). The drive electrodes 102 include an aluminum
alloy, for example, Al—Cu. Note that, for an improved
electric contact characteristic, for example, a barrier metal
such as TiN may be formed on each of the drive electrodes
102.

[0093] Then, the planarization film 103 including, for
example, a silicon oxide is formed on an entire surface
including surfaces of the drive electrodes 102, and subse-
quently the light reflection film 104 including an aluminum
alloy, for example, Al—Cu and the insulating film 105
including, for example, a silicon oxide are sequentially
formed (see FIG. 7B). The light reflection film 104 has a
thickness of, for example, 70 nanometers.

[0094] [Step-110] (See FIGS. 8A and 8B)

[0095] Then, on the insulating film 105, a mask layer 110
is formed that includes openings corresponding to portions
in which the vias 107 are to be disposed. Reference sign
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OP104A indicates the openings corresponding to the por-
tions in which the vias 107 are to be disposed (see FIG. 8A).
Subsequently, dry etching or the like is performed to form
the openings OP104 with the drive electrode 102 exposed at
a bottom portion of each of the openings OP104, and then
the mask layer 110 is removed (see FIG. 8B).

[0096] [Step-120] (See FIGS. 9A and 9B)

[0097] Then, on the entire surface of the insulating film
105 including surfaces of the openings OP104, the insulat-
ing film 106 including, for example, a silicon oxide is
formed by an ALD (Atomic Layer Deposition) method or
the like. Note that the insulating film 106 is formed to a
thickness sufficient to fill only a part of each of the openings
OP104 (see FIG. 9A).

[0098] Subsequently, the dry etching method or the like is
performed on the entire surface of the insulating film 106
under conditions that the insulating film 106 remains on a
wall surface of each opening OP104 and that the insulating
film 106 at the bottom portion of the opening OP104 is
completely removed (see FIG. 9B). Note that this treatment
generally thins the insulating film 106. In this state, the sum
of the thickness of the insulating film 105 and the thickness
of the insulating film 106 has a value of, for example, 45 to
75 nanometers.

[0099] [Step-130] (See FIGS. 10A and 10B)

[0100] Then, on the entire surface including the surfaces
of'the openings OP104, for example, tungsten (W) is used to
form a conductive material layer 107A forming the vias 107
(see FIG. 10A). Subsequently, planarization is performed by,
for example, CMP to form the vias 107 embedded in the
openings (see FIG. 10B).

[0101] [Step-140] (See FIGS. 11A and 11B)

[0102] Then, on the entire surface of the insulating film
106 including surfaces of the vias 107, a transparent con-
ductive film 108A including, for example, an ITO is formed
(see FIG. 11A). The transparent conductive film 108A has a
thickness of, for example, 10 nanometers. Subsequently, the
transparent conductive film 108A is divided into pieces in a
two-dimensional matrix at a predetermined pitch by a well-
known patterning method to form the transparent pixel
electrodes 108 (see FIG. 11B).

[0103] [Step-150] (See FIG. 12)

[0104] Then, the dielectric film 109 including, for
example, a silicon nitride is formed on the entire surface
including surfaces of the transparent pixel electrodes 108.
The thickness of the dielectric film 109 has a value of, for
example, 70 nanometers.

[0105] The above-described steps allow obtainment of the
back panel 100 provided with the electrode structure includ-
ing the light reflection film, the insulating film formed on the
light reflection film, and the transparent conductive film
formed on the insulating film.

[0106] [Step-160]

[0107] Then, the front panel 130 and the back panel 100
are joined via the seal portion 121. Subsequently, by inject-
ing a liquid crystal material into the gap between the front
panel 130 and the back panel 100 and sealing the gap as
appropriate, the liquid crystal display element 1 can be
obtained.

[0108] In the above-described method for manufacturing,
in [step-120], the dry etching method or the like is per-
formed on the entire surface of the insulating film 106 under
conditions that the insulating film 106 remains on the wall
surface of each opening OP104 and that the insulating film
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106 at the bottom portion of the opening OP104 is com-
pletely removed (see FIG. 9B). This treatment generally
thins the insulating film 106, and this may lead to a varied
film thickness.

[0109] A first modified example of the first embodiment
will be described below. According to a method for manu-
facturing a liquid crystal display element according to the
first modified example, the dry etching method or the like
need not be performed on the entire surface of the insulating
film 106.

[0110] FIGS. 13 to 16 are schematic partial end views for
describing the method for manufacturing a liquid crystal
display element according to the first embodiment.

[0111] [Step-1100]

[0112] First, [step-100] and the former half of [step-110],
more specifically, steps until a mask 110 illustrated in FIG.
8A is formed are executed.

[0113] [Step-1110] (See FIGS. 13A and 13B)

[0114] Then, the dry etching method or the like is per-
formed to form openings OP104B with the planarization
film 103 exposed at a bottom portion of each of the openings
OP104B, and the mask layer 110 is removed (see FIG. 13A).
Subsequently, the insulating film 106 is formed on the entire
surface including surfaces of the openings OP104B. The
insulating film 106 is formed to fill an inside of each opening
OP104B (see FIG. 13B).

[0115] [Step-1120] (See FIGS. 14, 15A, and 15B)

[0116] Then, on the insulating film 106, a mask layer 111
is formed that includes openings OP104C corresponding to
portions in which the vias 107 are to be disposed. Subse-
quently, the dry etching or the like is performed to form the
openings OP104 with the drive electrode 102 exposed at the
bottom portion of each of the openings OP104 (see FIG.
15A), and then the mask layer 111 is removed (see FIG.

15B).
[0117] [Step-1130] (See FIG. 16)
[0118] Then, steps similar to [step-130], [step-140], and

[step-150] are executed.

[0119] These steps allow a back panel 100A according to
the first modified example to be obtained (see FIG. 16). Note
that the back panel 100A differs from the back panel 100
illustrated in FIG. 12 in that a drive electrode-side portion of
each via 107 also contacts the planarization film 103.
[0120] [Step-1140]

[0121] Then, the front panel 130 and the back panel 100A
are joined via the seal portion 121. Subsequently, by inject-
ing a liquid crystal material into the gap between the front
panel 130 and the back panel 100A and sealing the gap as
appropriate, the liquid crystal display element 1 can be
obtained.

[0122] Various modifications can be made as necessary to
the back panel obtained by the first embodiment. Modified
examples will be described below with reference to the
figures.

[0123] Since the dielectric film 109 is formed on the entire
surface including the surfaces of the transparent pixel elec-
trodes 108, a level difference may be formed between the
surface of a portion of the dielectric film 109 located at the
gap and to which the transparent pixel electrode 108 is
adjacent and the surface of a portion of the dielectric film
109 located at the transparent pixel electrode 108 (see FIG.
12 and the like). In a case where an adverse effect of such
level differences is nonnegligible, it is sufficient if the
configuration is subjected to planarization treatment for
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reducing the level differences in the dielectric film. FIG. 17
illustrates a back panel 100B according to a second modified
example in which the dielectric film 109 is treated by
polishing by CMP or the like for planarization.

[0124] Alternatively, measures may be taken such as fill-
ing of the level difference portions with a silicon oxide or the
like. FIG. 18 illustrates a back panel 100C according to a
third modified example in which treatment for filling the
level difference portions is executed. For example, a silicon
oxide or the like may be formed into a film on the entire
surface of the dielectric film 109, and the resultant surface
may further be planarized by CMP or the like. Reference
sign 112 denotes portions filled with a silicon oxide or the
like.

[0125] Alternatively, after the transparent pixel electrodes
108 are formed, ends of each of the transparent pixel
electrodes 108 can be tapered to make the level differences
in the dielectric film 109 formed on the transparent pixel
electrodes 108 gentler. FIG. 19 illustrates a back panel 100D
according to a fourth modified example in which the ends of
each transparent pixel electrode are tapered. For example,
the ends of the transparent pixel electrode 108 are tapered
using a step in which the transparent conductive film is
patterned by wet etching to form the transparent pixel
electrodes 108. An angle of the taper is desirably 40 degrees
or smaller.

[0126] The modified examples related to smoothing of the
dielectric film have been described. Modified examples for
improving the light reflectivity of the vias will be described.
[0127] As illustrated in FIG. 4, a leading portion of the via
107 appears at the opening OP104 formed in the light
reflection film 104. Accordingly, by replacing the leading
portion of the via 107 with a material with high light
reflectivity, reflection efficiency can be improved.

[0128] FIG. 20 illustrates a back panel 100E according to
a fifth modified example in which the leading portion and the
bottom portion of the via include different materials. In the
via 107, a bottom portion 107BT includes, for example,
tungsten (W), and a leading portion 107PT includes, for
example, Al—Ni.

[0129] FIG. 21 also illustrates a back panel 100F accord-
ing to a sixth modified example in which the leading portion
and the bottom portion of the via include different materials.
In the via 107, the bottom portion 107BT includes, for
example, tungsten (W), and an outer side TP1 of the leading
portion includes, for example, TiN and an inner side of the
leading portion includes, for example, Al—Cu. In a case
where the transparent pixel electrode 108 includes an ITO,
electric continuity between the ITO and Al—Cu is difficult
to achieve but can be achieved via TiN.

[0130] FIG. 22 also illustrates a back panel 100G accord-
ing to a seventh modified example in which the leading
portion and the bottom portion of the via include different
materials. In this example, the via is formed from a back
surface side, and the leading portion has a lamination
configuration of Ti/Al-—Cu/TiN, while the bottom portion
includes tungsten (W).

Second Embodiment

[0131] The second embodiment relates to an electrode
structure, a method for manufacturing the electrode struc-
ture, a liquid crystal display element, and electronic equip-
ment according to the present disclosure.
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[0132] In a case where the light reflection film is formed
to be electrically floating, then, for example, the light
reflection film may be charged during a process for manu-
facturing a back panel, causing electrostatic breakdown.
Thus, the second embodiment provides a configuration in
which the light reflection film is connected to an electrode
for voltage supply formed in a lower layer underlying the
light reflection film. The steps executed after formation of
the light reflection film are performed with a predetermined
voltage supplied to the light reflection film.

[0133] For example, it is sufficient if an internal configu-
ration of a liquid crystal display element 2 and the like
according to the second embodiment are understood by
replacing the liquid crystal display element 1 with the liquid
crystal display element 2 and the back panel 100 with a back
panel 200 in FIG. 2, and the internal configuration will thus
not be described.

[0134] FIG. 23 is a schematic partial cross-sectional view
for describing the structure of the back panel used in the
liquid crystal display element according to the second
embodiment.

[0135] In the back panel 200, an electrode for voltage
supply 202 is provided that is formed in a lower layer
underlying the light reflection film 104. The electrode for
voltage supply 202 is formed, for example, in the same layer
as that in which the drive electrodes 102 are formed.
Reference sign 203 denotes a contact plug electrically
connecting the electrode for voltage supply 202 and the light
reflection film 104.

[0136] FIGS. 24 to 28 are schematic partial end views for
describing the method for manufacturing a liquid crystal
display element according to the second embodiment. With
reference to these figures, the method for manufacturing the
liquid crystal display element 2 will be described in detail.
[0137] [Step-200] (See FIGS. 24A and 24B)

[0138] The substrate 101 provided with the drive circuits
is prepared, and the drive electrodes 102 and the electrode
for voltage supply 202 are formed on the substrate 101 by a
well-known film formation method or patterning method
(see FIG. 24A). The drive electrodes 102 and the electrode
for voltage supply 202 include an aluminum alloy, for
example, Al—Cu. Note that, for an improved electric con-
tact characteristic, for example, a barrier metal such as TiN
may be formed on each of the electrodes. Subsequently, the
planarization film 103 including, for example, a silicon
oxide is formed on the entire surface including the surfaces
of the drive electrodes 102 and the electrode for voltage
supply 202 (see FIG. 24B).

[0139] [Step-210] (See FIGS. 25A, 25B, and 26A)
[0140] Then, an opening OP203 corresponding to a por-
tion in which the contact plug 203 is to be disposed is formed
in the planarization film 103 (FIG. 24A). Subsequently, on
the entire surface of the planarization film 103 including a
surface of the opening OP203, a conductive material layer
203A forming the contact plug 203 is formed using, for
example, tungsten (W) (see FIG. 25B). Then, planarization
is performed by, for example, CMP to form the contact plug
203 embedded in the opening (see FIG. 26A).

[0141] [Step-220] (See FIG. 26B)

[0142] Then, the light reflection film 104 including an
aluminum alloy, for example, Al—Cu is formed.

[0143] The subsequent steps are basically similar to the
corresponding steps described in the first embodiment.
However, in the second embodiment, the steps executed
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after formation of the light reflection film are performed
with a predetermined voltage supplied to the light reflection
film.

[0144] In a case where the light reflection film 104 is
formed to be electrically floating, then charging of the light
reflection film 104 results from execution of a process for
forming the insulating film 105 on the light reflection film
104 (see FIG. 27A). In particular, significant charging occurs
in a case where a plasma-based facility is used for film
formation, dry etching, or the like. The charging may cause
various insulating films to be subjected to electrostatic
breakdown.

[0145] In the second embodiment, the steps executed after
formation of the light reflection film 104 are performed with
a predetermined voltage supplied to the light reflection film.
An example illustrated in FIG. 27B indicates a case where,
for example, a voltage V. corresponding to a ground
voltage is supplied to the light reflection film 104. In this
case, even in a case where the light reflection film 104 is
charged, the charge flows to the outside. This allows miti-
gation of charging that may cause electrostatic breakdown.
[0146] Note that the configuration may be such that the
electrode for voltage supply 202 is supplied with the voltage
V z Via a switching transistor Qg provided on the substrate
101 as illustrated in FIG. 28. In this configuration, it is
sufficient if the light reflection film 104 is supplied with a
voltage by applying the voltage to a gate electrode to make
the switching transistor Q5 electrically conductive.

Third Embodiment

[0147] A third embodiment relates to a method for driving
a liquid crystal display element according to the present
disclosure.

[0148] In the third embodiment, when the liquid crystal
display element is driven, the light reflection film is in any
one of an electrically floating state, a state in which a voltage
of an electrically positive polarity is applied to the light
reflection film, or a state in which a voltage of an electrically
negative polarity is applied to the light reflection film. In a
case where a voltage is applied to the light reflection film,
the voltage may be fixedly or dynamically applied.

[0149] FIG. 29 is a schematic diagram for describing an
example of the voltage supplied to the light reflection film in
the liquid crystal display element according to the third
embodiment. FIG. 30 is a schematic plan view for describ-
ing a configuration of a light reflection film in a back panel
used in the liquid crystal display element according to the
third embodiment.

[0150] A liquid crystal display element 3 according to the
third embodiment is basically configured using the back
panel 200 described in the second embodiment, with the
electrode for voltage supply 202 supplied with the voltage
V. via the switching transistor Qg provided on the sub-
strate 101 as illustrated in FIG. 28. It is sufficient if an
internal configuration of the liquid crystal display element 3
and the like are understood by replacing the liquid crystal
display element 1 with the liquid crystal display element 3
and the back panel 100 with the back panel 200 in FIG. 2,
and the internal configuration will thus not be described.
[0151] For prevention of degradation, the liquid crystal
material layer is normally supplied with a voltage with
alternating polarity. In a case where a voltage of alternating
polarity is applied to the counter electrode, an operation can
be performed in which, immediately before the voltage
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polarity of the counter electrode 132 is switched, a voltage
of the opposite polarity is applied to the light reflection film
104 to switch the orientation direction of liquid crystal in the
entire surface at a time as illustrated in FIG. 31. This allows
the responsiveness of liquid crystal to be improved.

[0152] Note that, in some cases, the liquid crystal display
element may be configured such that the light reflection film
104 is divided into strip-like pieces corresponding to a group
of the transparent pixel electrodes arranged in the row
direction and that the strip-like pieces are connected to
separately provided respective electrodes for voltage supply
and supplied with respective separate voltages as illustrated
in FIG. 32.

[0153] In the electrode structure according to the present
disclosure, the transparent conductive film is divided into
pieces in a two-dimensional matrix at a predetermined pitch
to form transparent pixel electrodes. Each of the transparent
pixel electrodes is connected to a corresponding one of drive
electrodes formed in a lower layer underlying the light
reflection film, through a corresponding one of vias pen-
etrating the insulating film and the light reflection film and
insulated from the light reflection film. According to this
configuration, light is reflected exclusively by the light
reflection film, and thus, a reduced pixel pitch is prevented
from reducing the aperture ratio and from affecting the
optical characteristics due to a difference in position
between the pixel electrodes and the light reflection film.

[Description of Electronic Equipment]

[0154] The liquid crystal display element of the present
disclosure described above can be used as a display section
(display apparatus) of electronic equipment in any fields in
which a video signal input to or generated in the electronic
equipment is displayed as an image or a video. By way of
example, the liquid crystal display element can be used as a
display section of, for example, a television set, a digital still
camera, a notebook personal computer, a portable terminal
apparatus such as a cellular phone, a video camera, a
head-mounted display, or the like.

[0155] The liquid crystal display element of the present
disclosure includes a liquid crystal display element with a
sealed configuration and a module shape. By way of
example, such a liquid crystal display element corresponds
to a display module formed by attaching an opposite portion
such as transparent glass to an image array section. Note that
the display module may be provided with a circuit section,
a flexible printed circuit (FPC), or the like for inputting
external signals to the image array section and outputting
signals to the outside. As specific examples of electronic
equipment using the liquid crystal display element of the
present disclosure, a projective display apparatus, a digital
still camera, and a head-mounted display will be illustrated
below. However, the illustrated specific examples are illus-
trative only, and the present disclosure is not limited to the
examples.

Specific Example 1

[0156] FIG. 33 is a conceptual diagram of a projective
display apparatus using the liquid crystal display element of
the present disclosure. The projective display apparatus
includes a light source section 40, an illumination optical
system 50, the liquid crystal display element 1, an image
control circuit 60 that drives the liquid crystal display
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element, a projection optical system 70, a screen 80, and the
like. The light source section 40 can include, for example,
any of various lamps such as a xenon lamp, and a semicon-
ductor light emitting element such as a light emitting diode.
The illumination optical system 50 is used to guide light
from the light source section 40 to the liquid crystal display
element 1 and includes optical elements such as a prism and
a dichroic mirror. The liquid crystal display element 1 acts
as a light valve and projects an image on the screen 80 via
the projection optical system 70.

Specific Example 2

[0157] FIG. 34 is an appearance diagram of an inter-
changeable single lens reflex type digital still camera; FIG.
34A is a front view of the digital still camera, and FIG. 34B
is a rear view of the digital still camera. The interchangeable
single lens reflex type digital still camera includes, for
example, on a right front side of a camera main body portion
(camera body) 411, an interchangeable image capturing lens
unit (interchangeable lens) 412, and on a left front side of the
camera main body portion, a grip portion 413 gripped by a
photographer.

[0158] The camera main body portion 411 is provided
with a monitor 414 substantially at a center of a rear surface.
A view finder (ocular window) 415 is provided above the
monitor 414. The photographer can look in the view finder
415 to view an optical image of a subject guided from the
image capturing lens unit 412 to determine a composition.
[0159] Inthe interchangeable single lens reflex type digital
still camera configured as described above, the liquid crystal
display element of the present disclosure can be used as the
view finder 415. In other words, the interchangeable single
lens reflex type digital still camera according to the present
example is produced by using the liquid crystal display
element of the present disclosure as the view finder 415.

Specific Example 3

[0160] FIG. 35 is an appearance diagram of the head-
mounted display. The head-mounted display includes, on
both sides of eyeglass-shaped display section 511, an ear
hooking portion 512 for mounting the head-mounted display
on the head of a user. In this head-mounted display, the
liquid crystal display element of the present disclosure can
be used as the display section 511. In other words, the
head-mounted display according to the present example is
produced by using the liquid crystal display element of the
present disclosure as the display section 511.

Specific Example 4

[0161] FIG. 36 is an appearance diagram of a see-through
head-mounted display. A see-through head-mounted display
611 includes a main body portion 612, an arm 613, and a lens
barrel 614.

[0162] The main body portion 612 is connected to the arm
613 and eyeglasses 600. Specifically, a long side direction
end of the main body portion 612 is coupled to the arm 613,
and one side of a side surface of the main body portion 612
is coupled to the eyeglasses 600 via a connection member.
Note that the main body portion 612 may be mounted
directly on the head of a human being.

[0163] The main body portion 612 incorporates a control
substrate for controlling operations of the see-through head-
mounted display 611 and a display section. The arm 613
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connects the main body portion 612 to the lens barrel 614 to
support the lens barrel 614. Specifically, the arm 613 is
coupled to each of an end of the main body portion 612 and
an end of the lens barrel 614 to fix the lens barrel 614.
Additionally, the arm 613 incorporates a signal line for
communicating data related to images provided from the
main body portion 612 to the lens barrel 614.

[0164] The lens barrel 614 projects image light provided
from the main body portion 612 via the arm 613, through an
ocular lens toward the eyes of a user wearing the see-through
head-mounted display 611. In the see-through head-mounted
display 611, the liquid crystal display element of the present
disclosure can be used as the display section of the main
body portion 612.

[Miscellaneous]

[0165] Note that the technique of the present disclosure
can take the following configurations.

[Al]

[0166] An electrode structure including:

[0167] a light reflection film;

[0168] an insulating film formed on the light reflection
film; and

[0169] a transparent conductive film formed on the insu-
lating film,

[0170] in which the transparent conductive film is divided

into pieces in a two-dimensional matrix at a predetermined
pitch to form transparent pixel electrodes, and

[0171] each of the transparent pixel electrodes is con-
nected to a corresponding one of drive electrodes formed in
a lower layer underlying the light reflection film, through a
corresponding one of vias penetrating the insulating film and
the light reflection film and insulated from the light reflec-
tion film.

[A2]

[0172] The electrode structure according to [Al]
described above, in which the light reflection film is formed
as a continuous common layer.

[A3]

[0173] The -electrode structure according to [Al]
described above, in which the light reflection film is divided
into strip-like pieces corresponding to a group of the trans-
parent pixel electrodes arranged in a row direction.

[Ad]

[0174] The electrode structure according to any one of
[A1] to [A3] described above, in which the light reflection
film is formed to be electrically floating.

[AS5]

[0175] The electrode structure according to [Al]
described above, in which the light reflection film is con-
nected to an electrode for voltage supply formed in a lower
layer underlying the light reflection film.
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[A6]

[0176] The -electrode structure according to [AS]
described above, in which the electrode structure is formed
on a substrate forming a back panel of a reflective liquid
crystal display element, and

[0177] the electrode for voltage supply is supplied with a
voltage via a switching transistor provided on the substrate.
[A7]

[0178] The electrode structure according to [AS] or [A6]

described above, in which the light reflection film is formed
as a continuous common layer and supplied with a voltage
from the electrode for voltage supply.

[A8]

[0179] The electrode structure according to [AS] or [A6]
described above, in which the light reflection film is divided
into strip-like pieces corresponding to a group of the trans-
parent pixel electrodes arranged in the row direction, and
[0180] the strip-like pieces are connected to separately
provided respective electrodes for voltage supply and sup-
plied with respective separate voltages.

[A9]

[0181] The electrode structure according to any one of
[A1] to [A8] described above, in which a dielectric film is
formed on an entire surface including surfaces of the trans-
parent pixel electrodes.

[A10]

[0182] The electrode structure according to [A9]
described above, in which planarization treatment is per-
formed to reduce level differences in the dielectric film.

[A11]

[0183] The electrode structure according to any one of
[A1] to [A10] described above, in which a transparent pixel
electrode-side portion of the via includes a light-reflective
conductive material.

(B1]

[0184] A method for manufacturing an electrode structure,
the electrode structure including

[0185] a light reflection film,

[0186] an insulating film formed on the light reflection
film, and

[0187] a transparent conductive film formed on the insu-
lating film,

[0188] the method including:

[0189] a step of forming the light reflection film, the

insulating film formed on the light reflection film, and the
transparent conductive film formed on the insulating film;
[0190] a step of dividing the transparent conductive film
into pieces in a two-dimensional matrix at a predetermined
pitch to form transparent pixel electrodes; and

[0191] a step of forming vias penetrating the insulating
film and the light reflection film and insulated from the light
reflection film, each of the vias being used to connect a
corresponding one of the transparent pixel electrodes to a
corresponding one of wires formed in a lower layer under-
lying the light reflection film.
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[B2]

[0192] The method for manufacturing an electrode struc-
ture according to [B1] described above, in which steps
executed after formation of the light reflection film are
executed with a predetermined voltage supplied to the light
reflection film.

[B3]

[0193] The method for manufacturing an electrode struc-
ture according to [B1] or [B2] described above, in which the
light reflection film is formed as a continuous common layer.

[B4]

[0194] The method for manufacturing an electrode struc-
ture according to [B1] or [B2] described above, in which the
light reflection film is divided and formed into strip-like
pieces corresponding to a group of the transparent pixel
electrodes arranged in a row direction.

[B3]

[0195] The method for manufacturing an electrode struc-
ture according to any one of [B1] to [B4] described above,
in which the light reflection film is formed to be electrically
floating.

[Bo]

[0196] The method for manufacturing an electrode struc-
ture according to any one of [B1] to [B5] described above,
in which the light reflection film is formed to be connected
to an electrode for voltage supply formed in a lower layer
underlying the light reflection film.

[C1]

[0197] A liquid crystal display element including:

[0198] a front panel;

[0199] a back panel disposed opposite to the front panel;
and

[0200] a liquid crystal material layer sandwiched between

the front panel and the back panel,
[0201] in which, on a substrate forming the back panel,
[0202] an electrode structure is configured that includes
[0203] a light reflection film,
[0204] an insulating film formed on the light reflection
film, and
[0205] a transparent conductive film formed on the
insulating film,
[0206] the transparent conductive film is divided into
pieces in a two-dimensional matrix at a predetermined pitch
to form transparent pixel electrodes, and
[0207] each of the transparent pixel electrodes is con-
nected to a corresponding one of wires formed in a lower
layer underlying the light reflection film, through a corre-
sponding one of vias penetrating the insulating film and the
light reflection film and insulated from the light reflection
film.

[€2]

[0208] The liquid crystal display element according to
[C1] described above, in which the light reflection film is
formed as a continuous common layer.
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[C3]

[0209] The liquid crystal display element according to
[C1] described above, in which the light reflection film is
divided into strip-like pieces corresponding to a group of the
transparent pixel electrodes arranged in a row direction.

[C4]

[0210] The liquid crystal display element according to any
one of [C1] to [C3] described above, in which the light
reflection film is formed to be electrically floating.

[C3]

[0211] The liquid crystal display element according to
[C1] described above, in which the light reflection film is
connected to an electrode for voltage supply formed in a
lower layer underlying the light reflection film.

[Co]

[0212] The liquid crystal display element according to
[CS] described above, in which the liquid crystal display
element is formed on a substrate forming a back panel of a
reflective liquid crystal display element, and the electrode
for voltage supply is supplied with a voltage via a switching
transistor provided on the substrate.

[C7]

[0213] The liquid crystal display element according to
[CS] or [C6] described above, in which the light reflection
film is formed as a continuous common layer and supplied
with a voltage from the electrode for voltage supply.

[C8]

[0214] The liquid crystal display element according to
[CS] or [C6] described above, in which the light reflection
film is divided into strip-like pieces corresponding to a
group of the transparent pixel electrodes arranged in the row
direction, and the strip-like pieces are connected to sepa-
rately provided respective electrodes for voltage supply and
supplied with respective separate voltages.

[C9]

[0215] The liquid crystal display element according to any
one of [C1] to [C8] described above, in which a dielectric
film is formed on an entire surface including surfaces of the
transparent pixel electrodes.

[C10]

[0216] The liquid crystal display element according to
[CI] described above, in which planarization treatment is
performed to reduce level differences in the dielectric film.

[C11]

[0217] The liquid crystal display element according to any
one of [C1] to [C10] described above, in which a transparent
pixel electrode-side portion of the via includes a light-
reflective conductive material.
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[D1]

[0218] A method for driving a liquid crystal display ele-
ment, the liquid crystal display including

[0219] a front panel,

[0220] a back panel disposed opposite to the front panel,
and

[0221] a liquid crystal material layer sandwiched between

the front panel and the back panel,

[0222] on a substrate forming the back panel,
[0223] an electrode structure being configured that
includes
[0224] a light reflection film,
[0225] an insulating film formed on the light reflection
film, and
[0226] a transparent conductive film formed on the

insulating film,
[0227] the transparent conductive film being divided into
pieces in a two-dimensional matrix at a predetermined pitch
to form transparent pixel electrodes,
[0228] each of the transparent pixel electrodes being con-
nected to a corresponding one of wires formed in a lower
layer underlying the light reflection film, through a corre-
sponding one of vias penetrating the insulating film and the
light reflection film and insulated from the light reflection
film,
[0229] wherein the light reflection film is connected to an
electrode for voltage supply formed in a lower layer under-
lying the light reflection film, and
[0230] when the liquid crystal display element is driven,
the light reflection film is in any one of an electrically
floating state, a state in which a voltage of an electrically
positive polarity is applied to the light reflection film, or a
state in which a voltage of an electrically negative polarity
is applied to the light reflection film.

[D2]

[0231] The method for driving a liquid crystal display
element according to [D1] described above, in which the
electrode for voltage supply is supplied with a voltage via a
switching transistor provided on the substrate.

(D3]

[0232] The method for driving a liquid crystal display
element according to [D1] or [D2] described above, in which
the light reflection film is formed as a continuous common
layer and supplied with a voltage from the electrode for
voltage supply.

[D4]

[0233] The method for driving a liquid crystal display
element according to [D1] or [D2] described above, in which
the light reflection film is divided into strip-like pieces
corresponding to a group of the transparent pixel electrodes
arranged in a row direction, and

[0234] the strip-like pieces are connected to separately
provided respective electrodes for voltage supply and sup-
plied with respective separate voltages.

[D5]

[0235] The method for driving a liquid crystal display
element according to any one of [D1] to [D4] described
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above, in which a dielectric film is formed on an entire
surface including surfaces of the transparent pixel elec-
trodes.

[D6]

[0236] The method for driving a liquid crystal display
element according to [D5] described above, in which pla-
narization treatment is performed to reduce level differences
in the dielectric film.

(D7]

[0237] The method for driving a liquid crystal display
element according to any one of [D1] to [D6] described
above, in which a transparent pixel electrode-side portion of
the via includes a light-reflective conductive material.

(E1]
[0238] Electronic equipment including:
[0239] a liquid crystal display element including
[0240] a front panel,
[0241] a back panel disposed opposite to the front
panel, and
[0242] a liquid crystal material layer sandwiched

between the front panel and the back panel,
[0243] in which, on a substrate forming the back panel,
[0244] an electrode structure is configured that includes
[0245] a light reflection film,
[0246] an insulating film formed on the light reflection
film, and
[0247] a transparent conductive film formed on the
insulating film,
[0248] the transparent conductive film is divided into
pieces in a two-dimensional matrix at a predetermined pitch
to form transparent pixel electrodes, and
[0249] each of the transparent pixel electrodes is con-
nected to a corresponding one of wires formed in a lower
layer underlying the light reflection film, through a corre-
sponding one of vias penetrating the insulating film and the
light reflection film and insulated from the light reflection
film.

(E2]

[0250] The -electronic equipment according to [El]
described above, in which the light reflection film is formed
as a continuous common layer.

(E3]

[0251] The electronic equipment according to [El1]
described above, in which the light reflection film is divided
into strip-like pieces corresponding to a group of the trans-
parent pixel electrodes arranged in a row direction.

(E4]

[0252] The electronic equipment according to any one of
[E1] to [E3] described above, in which the light reflection
film is formed to be electrically floating.

[E5]

[0253] The electronic equipment according to [El1]
described above, in which the light reflection film is con-
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nected to an electrode for voltage supply formed in a lower
layer underlying the light reflection film.

[E6]

[0254] The -electronic equipment according to [ES]
described above, in which the electronic equipment is
formed on a substrate forming a back panel of a reflective
liquid crystal display element, and

[0255] the electrode for voltage supply is supplied with a
voltage via a switching transistor provided on the substrate.
[E7]

[0256] The electronic equipment according to [ES] or [E6]

described above, in which the light reflection film is formed
as a continuous common layer and supplied with a voltage
from the electrode for voltage supply.

[E8]

[0257] The electronic equipment according to [ES] or [E6]
described above, in which the light reflection film is divided
into strip-like pieces corresponding to a group of the trans-
parent pixel electrodes arranged in the row direction, and
[0258] the strip-like pieces are connected to separately
provided respective electrodes for voltage supply and sup-
plied with respective separate voltages.

[E9]

[0259] The electronic equipment according to any one of
[E1] to [E8] described above, in which a dielectric film is
formed on an entire surface including surfaces of the trans-
parent pixel electrodes.

[E10]

[0260] The -electronic equipment according to [E9]
described above, in which planarization treatment is per-
formed to reduce level differences in the dielectric film.

[E11]

[0261] The electronic equipment according to any one of
[E1] to [E10] described above, in which a transparent pixel
electrode-side portion of the via includes a light-reflective
conductive material.

REFERENCE SIGNS LIST

[0262] 1,2, 3,9 ... Liquid crystal display element

[0263] 10 ... Pixel array section

[0264] 11 ... Pixel

[0265] 20 ... Horizontal drive circuit

[0266] 30 ... Vertical drive circuit

[0267] 40 ... Light source section

[0268] 50 ... Illumination optical system

[0269] 60 ... Image control circuit

[0270] 70 ... Projection optical system

[0271] 80 ... Screen

[0272] 100, 100A, 100B, 100C, 100D, 100E, 100F, 100G
.. . Back panel

[0273] 101 ... Substrate

[0274] 102 ... Drive electrode

[0275] 103 ... Planarization film

[0276] 104 ... Light reflection film

[0277] 105 ... Insulating film
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[0278] 106 . . . Insulating film

[0279] 107 ... Via

[0280] 107A ... Conductive material layer
[0281] 108 ... Transparent pixel electrode
[0282] 108A ... Transparent conductive film
[0283] 109 ... Dielectric film

[0284] 110, 111 . . . Mask layer

[0285] 112 ... Filling portion

[0286] 120 ... Liquid crystal material layer
[0287] 121 ... Seal portion

[0288] 130 ... Front panel

[0289] 131 ... Substrate

[0290] 132 ... Counter electrode

[0291] 133 ... Dielectric film

[0292] 200 ... Back panel

[0293] 202 ... Electrode for voltage supply
[0294] 203 ... Contact plug

[0295] 203A ... Conductive material layer
[0296] 411 ... Camera main body portion
[0297] 412 ... Image capturing lens unit
[0298] 413 ... Grip portion

[0299] 414 ... Monitor

[0300] 415 ... View finder

[0301] 511 ... Eyeglass-shaped display section
[0302] 512 ... Ear hooking portion

[0303] 600 ... Eyeglasses

[0304] 611 ... See-through head-mounted display
[0305] 612 ... Main body portion

[0306] 613 ...Arm

[0307] 614 ... Lens barrel

[0308] 903 ... Planarization film

[0309] 908 . .. Pixel Electrode

1. An electrode structure comprising:

a light reflection film;

an insulating film formed on the light reflection film; and

a transparent conductive film formed on the insulating

film,

wherein the transparent conductive film is divided into

pieces in a two-dimensional matrix at a predetermined
pitch to form transparent pixel electrodes, and

each of the transparent pixel electrodes is connected to a

corresponding one of drive electrodes formed in a
lower layer underlying the light reflection film, through
a corresponding one of vias penetrating the insulating
film and the light reflection film and insulated from the
light reflection film.

2. The electrode structure according to claim 1, wherein
the light reflection film is formed as a continuous common
layer.

3. The electrode structure according to claim 1, wherein
the light reflection film is divided into strip-like pieces
corresponding to a group of the transparent pixel electrodes
arranged in a row direction.

4. The electrode structure according to claim 1, wherein
the light reflection film is formed to be electrically floating.

5. The electrode structure according to claim 1, wherein
the light reflection film is connected to an electrode for
voltage supply formed in a lower layer underlying the light
reflection film.

6. The electrode structure according to claim 5, wherein
the electrode structure is formed on a substrate forming a
back panel of a reflective liquid crystal display element, and

the electrode for voltage supply is supplied with a voltage

via a switching transistor provided on the substrate.
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7. The electrode structure according to claim 5, wherein
the light reflection film is formed as a continuous common
layer and supplied with a voltage from the electrode for
voltage supply.

8. The electrode structure according to claim 5, wherein
the light reflection film is divided into strip-like pieces
corresponding to a group of the transparent pixel electrodes
arranged in the row direction, and

the strip-like pieces are connected to separately provided
respective electrodes for voltage supply and supplied
with respective separate voltages.

9. The electrode structure according to claim 1, wherein

a dielectric film is formed on an entire surface including
surfaces of the transparent pixel electrodes.

10. The electrode structure according to claim 9, wherein
planarization treatment is performed to reduce level differ-
ences in the dielectric film.

11. The electrode structure according to claim 1, wherein
a transparent pixel electrode-side portion of the via includes
a light-reflective conductive material.

12. A method for manufacturing an electrode structure,
the electrode structure including

a light reflection film,

an insulating film formed on the light reflection film, and

a transparent conductive film formed on the insulating
film,

the method comprising:

a step of forming the light reflection film, the insulating
film formed on the light reflection film, and the trans-
parent conductive film formed on the insulating film;

a step of dividing the transparent conductive film into
pieces in a two-dimensional matrix at a predetermined
pitch to form transparent pixel electrodes; and

a step of forming vias penetrating the insulating film and
the light reflection film and insulated from the light
reflection film, each of the vias being used to connect
a corresponding one of the transparent pixel electrodes
to a corresponding one of wires formed in a lower layer
underlying the light reflection film.

13. The method for manufacturing an electrode structure
according to claim 12, wherein steps executed after forma-
tion of the light reflection film are executed with a prede-
termined voltage supplied to the light reflection film.

14. A liquid crystal display element comprising:

a front panel;

a back panel disposed opposite to the front panel; and

a liquid crystal material layer sandwiched between the
front panel and the back panel,

wherein, on a substrate forming the back panel,

an electrode structure is configured that includes
a light reflection film,
an insulating film formed on the light reflection film,

and
a transparent conductive film formed on the insulating
film,

the transparent conductive film is divided into pieces in a
two-dimensional matrix at a predetermined pitch to
form transparent pixel electrodes, and

each of the transparent pixel electrodes is connected to a
corresponding one of wires formed in a lower layer
underlying the light reflection film, through a corre-
sponding one of vias penetrating the insulating film and
the light reflection film and insulated from the light
reflection film.
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15. A method for driving a liquid crystal display element,
the liquid crystal display including

a front panel,

a back panel disposed opposite to the front panel, and

a liquid crystal material layer sandwiched between the

front panel and the back panel,

on a substrate forming the back panel,

an electrode structure being configured that includes

a light reflection film,

an insulating film formed on the light reflection film,
and

a transparent conductive film formed on the insulating
film,

the transparent conductive film being divided into pieces

in a two-dimensional matrix at a predetermined pitch to
form transparent pixel electrodes,

each of the transparent pixel electrodes being connected

to a corresponding one of wires formed in a lower layer
underlying the light reflection film, through a corre-
sponding one of vias penetrating the insulating film and
the light reflection film and insulated from the light
reflection film,

wherein the light reflection film is connected to an elec-

trode for voltage supply formed in a lower layer
underlying the light reflection film, and

when the liquid crystal display element is driven, the light

reflection film is in any one of an electrically floating
state, a state in which a voltage of an electrically
positive polarity is applied to the light reflection film,
or a state in which a voltage of an electrically negative
polarity is applied to the light reflection film.

16. The method for driving a liquid crystal display ele-
ment according to claim 15, wherein the electrode for
voltage supply is supplied with a voltage via a switching
transistor provided on the substrate.

17. The method for driving a liquid crystal display ele-
ment according to claim 15, wherein the light reflection film
is formed as a continuous common layer and supplied with
a voltage from the electrode for voltage supply.

18. The method for driving a liquid crystal display ele-
ment according to claim 15, wherein the light reflection film
is divided into strip-like pieces corresponding to a group of
the transparent pixel electrodes arranged in a row direction,
and

the strip-like pieces are connected to separately provided

respective electrodes for voltage supply and supplied
with respective separate voltages.

19. Electronic equipment comprising:

a liquid crystal display element including

a front panel,

a back panel disposed opposite to the front panel, and

a liquid crystal material layer sandwiched between the
front panel and the back panel,

wherein, on a substrate forming the back panel,

an electrode structure is configured that includes

a light reflection film,

an insulating film formed on the light reflection film,
and

a transparent conductive film formed on the insulating
film,

the transparent conductive film is divided into pieces in a

two-dimensional matrix at a predetermined pitch to
form transparent pixel electrodes, and
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each of the transparent pixel electrodes is connected to a
corresponding one of wires formed in a lower layer
underlying the light reflection film, through a corre-
sponding one of vias penetrating the insulating film and
the light reflection film and insulated from the light
reflection film.



