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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Applications No. 2011-
268138, filed Dec. 7, 2011; No. 2012-154540, filed Jul. 10,
2012; and International patent Application No. PCT/JP2012/
075826, filed Oct. 4, 2012; the entire contents of both of
which are incorporated herein by reference.

TECHNICAL FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display including photoreceptors.

BACKGROUND ART

[0003] In recent years, electronic devices using a liquid
crystal display have been reduced in weight. For example, the
liquid crystal display is used in information devices such as
mobile phones and mobile PCs. Regarding the operation of
information devices, for example, a technology to enable
direct input to a liquid crystal display screen by a finger, a
pointer or the like is applied.

[0004] The methods of direct input to the liquid crystal
display screen include an on-cell type. in which a touch panel
having a sensing function is arranged in front of a liquid
crystal panel and input is accepted by the touch panel, and an
in-cell type, in which the sensing function 1s formed in an
array substrate or a counter substrate of a liquid crystal dis-
play as a sensor arranged in a matrix shape and installed
inside a liquid crystal cell.

[0005] Patent Literature 1 (Jpn. Pat. Appln. KOKAT Publi-
cation No. 10-171599) discloses touch panels of the resis-
tance film type, electromagnetic induction type, capacitance
type, and optical type as technologies used for the on-cell
type. However, according to the on-cell type in which a touch
panel is disposed on the surface of a liquid crystal panel, the
thickness and weight of the touch panel are added to those of
aliquid crystal display and so causes an increase in thickness
and weight. Further, due to light reflex by the surface of the
touch panel and an inner surface of the touch panel, a liquid
crystal display quality may deteriorate.

[0006] In contrast, the in-cell type in which a sensor is
installed inside a liquid crystal cell as a liquid crystal display
incurs no increase in thickness of the liquid crystal display
and is unlikely to cause degradation of display quality, which
makes this type preferable. The development of an optical
sensor as a sensor having the sensing function is in progress.
[0007] In a liquid crystal display used for information
devices, stereoscopic image display is increasingly being
used and technical demands, for example, a demand to pro-
vide a sense of clicking on the display of a button to which a
stereoscopic display effect is attached, error prevention dur-
ing finger input and the like are increasing. For the finger
input, a type in which a touch panel is externally attached to
the surface of a liquid crystal display is known. An input type
using an optical sensor contained in a liquid crystal panel to
achieve weight reduction is under development. A liquid
crystal display containing the optical sensor is subjected to
the temperature and a backlight light source and may need
compensation for the optical sensor.

[0008] In a silicon photodiode using polysilicon or amor-
phous silicon as a channel layer, a dark current may be gen-

Sep. 18,2014

erated by changes in the environmental temperature or the
like, which adds noise that is not observed light to measured
data. In a silicon photodiode having the grain boundary of a
liquid crystal such as polysilicon, continuous-grain silicon or
the like, positional variations of the grain boundary directly
lead to variations of photodiode characteristics, which makes
it difficult in some cases to form a plurality of uniform optical
sensors in the screen of a liquid crystal display. When com-
pared with this photodiode, phototransistor characteristics of
an optical sensor from an oxide semiconductor described
later are extremely uniform.

[0009] Patent Literature 2 (Jpn. Pat. Appln. KOK AT Publi-
cation No. 2002-335454) and Patent Literature 3 (Jpn. Pat.
Appln. KOKAT Publication No. 2007-18458) disclose a tech-
nology to make operation corrections by using a photodiode
that corrects a dark current. Patent Literature 2, 3 disclose a
dark current correction technology by an image sensor, but do
not disclose stable input when a phototransistor formed from
an oxide semiconductor is applied to a display apparatus and
a technology to control noise originating from reflected light.
A photo-sensor formed from an oxide semiconductor does
not have a large dark current accompanying a photo-sensor
formed from a silicon semiconductor and there is no need to
actively perform dark current correction.

[0010] Patent Literature 4 (WO 2009/116205) discloses a
technology to emit a sensing dedicated light from an oblique
direction to achieve stable input when a photoreceptor is used
as a touch sensor. However, Patent Literature 4 does not
disclose a technology to control noise originating from
reflected light in a liquid crystal cell, that a photoreceptor of
an oxide semiconductor having uniform characteristics with
less characteristic variations among a plurality of elements is
used, or realization of a more stable input technology by use
of a signal-compensated photoreceptor. According to the
technology of Patent Literature 4, the sensing dedicated light
is always emitted in a different direction from a direction of
the observer via a slit of a light shielding layer and the dedi-
cated sensing light may enter an eye of the observer due to a
chipped portion of a black matrix, irregular reflection from
TFT (thin film transistor) metal wires, or diffraction of light,
leading to display degradation. Further, Patent Literature 4
does notdisclose that an intensity of an oblique emission light
is switched depending on the purpose (purpose of image
quality priority, security, or finger input) of using a liquid
crystal display and the reduction of signal variations by
reflected light increased due to a shade difference (luminance
difference) of the image display.

[0011] In recent years, an oxide semiconductor called
1GZ0 has received widespread attention. An oxide semicon-
ductor whose band gap is high, i.e., 2.5 to 3.5 ev when com-
pared with a silicon photodiode, has an extremely small dark
current and so the necessity of compensation to reduce a dark
current as in the above silicon photodiode is low. Further, a
phototransistor in which a transparent channel layer is formed
from an oxide semiconductor has uniform characteristics
with less variations even if a plurality of such phototransistors
with a large area is formed. Based on such a viewpoint,
technological development of using an oxide semiconductor
as an optical sensor is under way.

[0012] Patent Literature 5 (Jpn. Pat. Appln. KOK AT Publi-
cation No. 2010-186997) and Patent Literature 6 (Jpn. Pat.
Appln. KOKAI Publication No. 2011-118888) disclose an
optical sensor (photoreceptor) technology using an oxide
semiconductor.
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[0013] Patent Literature 5 discloses an optical sensor tech-
nology applied to a display mainly using organic matter for a
luminescent layer. Patent Literature 6 relates to a display
apparatus including an optical sensor for position detection,
in addition to an optical sensor as an area sensor. Neither
Patent Literature 5 nor Patent Literature 6 discloses a liquid
crystal drive technology to emit oblique light.

SUMMARY OF INVENTION

Technical Problem

[0014] The present invention has been accomplished in
view of the aforementioned circumstances and hence the
object of the present invention is to provide a liquid crystal
display including photoreceptors of which detection results
are stabilized with high precision.

Solution to Problem

[0015] Ina first aspect, a liquid crystal display includes an
array substrate, a counter substrate, a liquid crystal panel, and
a backlight unit. The array substrate includes a plurality of
photoreceptors, a plurality of electrodes, and at least one
liquid crystal driving element electrically connected to the
plurality of electrodes. The counter substrate includes a black
matrix corresponding to a plurality of sub-pixels or pixels and
forming a plurality of pixel openings segmented in a matrix
shape in a plan view and a color filter layer containing a blue
filter, a green filter, and a red filter corresponding to the
plurality of pixel openings. The backlight unit has a configu-
ration in which the array substrate and the counter substrate
are opposed to each other via a liquid crystal layer. The
backlight unit is provided on a back side of the liquid crystal
panel and contains a solid-state light-emitting device. The
solid-state light-emitting device includes a first light-emitting
device that emits short-wavelength light of a wavelength 360
nm to 420 nm and a second light-emitting device that emits
visible light. The plurality of electrodes contain a light-guid-
ing electrode that drives a liquid crystal contained in the
liquid crystal layer to emit the short-wavelength light and a
pixel electrode that drives the liquid crystal contained in the
liquid crystal layer to emit the visible light. The plurality of
photoreceptors is a phototransistor including a transparent
channel layer containing two metallic oxides or more from
gallium, indium, zinc, hafnium, tin, and yttrium and contains
a first photoreceptor overlapping with the blue filter in the
plan view and a second photoreceptor overlapping with the
green filter, the red filter, or the black matrix in the plan view.

Advantageous Effects of Invention

[0016] Inaspects of the present invention, detection results
by a photoreceptor included in a liquid crystal display can be
stabilized with high precision.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG.11s a partial plan view showing an example of
a liquid crystal display according to a first embodiment.
[0018] FIG. 2 is a partial sectional view showing an
example of the liquid crystal display according to the first
embodiment.

[0019] FIG. 3 is a plan view showing an example of an
arrangement state of sub-pixels of the liquid crystal display
according to the first embodiment.
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[0020] FIG. 4is a sectional view showing an example of an
arrangement of photoreceptors of the liquid crystal display
according to the first embodiment.

[0021] FIG. 5isasectional view showing an example of the
liquid crystal display according to the first embodiment.
[0022] FIG. 6 is a partial sectional view showing an
example of a state in which a liquid crystal driving voltage is
applied to only a first pixel electrode of the liquid crystal
display according to the first embodiment.

[0023] FIG. 7 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only a second pixel electrode of the liquid crystal
display according to the first embodiment.

[0024] FIG. 8 is a partial sectional view showing an
example ofthe state in which the liquid crystal driving voltage
is applied to light-guiding electrodes of the liquid crystal
display according to the first embodiment.

[0025] FIG. 9 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only a first pixel electrode of a liquid crystal
display according to a second embodiment.

[0026] FIG. 10 is a partial sectional view showing an
example ofthe state in which the liquid crystal driving voltage
is applied to only a second pixel electrode of the liquid crystal
display according to the second embodiment.

[0027] FIG. 11 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to both of the pixel electrodes of the liquid crystal
display according to the second embodiment.

[0028] FIG. 12 is apartial plan view showing an example of
a liquid crystal display according to a third embodiment.
[0029] FIG. 13 is apartial plan view showing an example of
the liquid crystal display according to the third embodiment.
[0030] FIG. 14 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only a first pixel electrode of the liquid crystal
display according to the third embodiment.

[0031] FIG. 15 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only a second pixel electrode of the liquid crystal
display according to the third embodiment.

[0032] FIG. 16 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only a first light-guiding electrode of the liquid
crystal display according to the third embodiment.

[0033] FIG. 17 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only a second light-guiding electrode of the
liquid crystal display according to the third embodiment.
[0034] FIG. 18 is a partial sectional view showing an
example of a liquid crystal display according to a fourth
embodiment.

[0035] FIG. 19 is a plan view showing a first example of a
relationship between a plane shape ofa sub-pixel according to
a fifth embodiment and shapes of pixel electrodes and a
light-guiding electrode.

[0036] FIG. 20 is a plan view showing a second example of
the relationship between the plane shape of the sub-pixel
according to the fifth embodiment and shapes of the pixel
electrodes and the light-guiding electrode.

[0037] FIG. 21 is a plan view showing a third example of
the relationship between the plane shape of the sub-pixel
according to the fifth embodiment and shapes of the pixel
electrodes and the light-guiding electrode.
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DESCRIPTION OF EMBODIMENTS

[0038] The embodiments of the present invention will be
described with reference to the drawings. In the description
that follows, the same reference signs are attached to the same
or substantially the same functions and elements and a
description of such functions and elements is provided when
necessary.

[0039] In each embodiment, only characterizing portions
are described and a description of portions that are not differ-
ent from elements of a normal liquid crystal display is omit-
ted.

[0040] In each embodiment, the display unit of a single
colorofaliquid crystal display is assumed to be one sub-pixel
or one pixel.

[0041] In each embodiment, a case in which the liquid
crystal is a vertical orientation liquid crystal having negative
dielectric constant anisotropy is described as a representative
example, but a horizontal orientation liquid crystal having
positive dielectric constant anisotropy may also be applied.
The direction of rotation (direction of operation) of liquid
crystal molecules when a liquid crystal driving voltage is
applied may be parallel to the substrate surface or a direction
rising in the vertical direction. The direction of the liquid
crystal driving voltage applied to liquid crystal molecules
may be horizontal, two-dimensionally or three-dimension-
ally oblique, or the vertical direction.

[0042] Common representative points in each embodiment
are:
[0043] (A)the liquid crystal display includes, in addition to

a light source that emits visible light in a visible wavelength
band, a short-wavelength solid-state light-emitting device
that emits illumination light of wavelengths 360 nm to 420
nm in a backlight unit,

[0044] (B) emission from the short-wavelength solid-state
light-emitting device is used as illumination light to illumi-
nate an input instructor such as a finger, a pointer or the like
approaching the liquid crystal screen,

[0045] (C) a plurality of photoreceptors having an oxide
semiconductor as a transparent channel layer are disposed in
an array substrate and the distance from the liquid crystal
screen, the position, the speed of movement and the like of the
input instructor are detected in synchronization with emission
of the short-wavelength solid-state light-emitting device, and

[0046] (D) the photoreceptor is disposed at a position over-
lapping with a blue filter having high transmittance of short-
wavelength light in the plan view.

[0047] A pixel electrode and a light-guiding electrode
described in detail in each embodiment may be used as the
same electrode by serving both of these functions. On the
other hand, the pixel electrode to which various voltages are
applied to display the gradation and the light-guiding elec-
trode to which a specific voltage is applied to cause emission
of illumination light at a specific level (or a plurality of levels)
may be disposed separately in each sub-pixel or pixel. An
example in which the pixel electrode and the light-guiding
electrode are driven by different liquid crystal driving ele-
ments will be described in the first embodiment and an
example in which the pixel electrode and the light-guiding
electrode are integrally configured will be described in the
second embodiment.
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First Embodiment

[0048] In the present embodiment, the pixel electrode and
the light-guiding electrode are separately driven by different
liquid crystal driving elements. Driving timings of the differ-
ent liquid crystal driving elements may overlap. For example,
TFT can be used as the liquid crystal driving elements.
[0049] Aliquid crystal driving voltage to cause emission of
short-wavelength light (illumination light) as light to illumi-
nate the input instructor is applied to the light-guiding elec-
trode. When a photoreceptor receives and senses the short-
wavelength light, the same voltage is uniformly applied to
each light-guiding electrode in the whole liquid crystal dis-
play screen. However, the same voltage applied to each light-
guiding electrode can be set, as will be described later, to a
plurality of levels in accordance with intensity switching of
emission light. Features of the light-guiding electrode are
different from those of the pixel electrode to which various
voltages are applied in various timings to display the grada-
tion. In the configuration according to the second embodi-
ment described later in which the same electrode serves as
both of the light-guiding electrode and the pixel electrode, it
is preferable to emit light from the short-wavelength solid-
state light-emitting device that emits short-wavelength light
of wavelengths 360 nm to 420 nm and from the light source of
visible light of a light-emitting device (for example, a visible
light solid-state light-emitting device such as an LED that
emits lights of red, green, and blue) at different timings.
[0050] In the present embodiment, a liquid crystal display
that includes a photoreceptor as an example of the optical
sensor can obtain observed values that are highly accurate,
uniform, and stable from observed values from the photore-
ceptor by removing noise based on reflected light inside the
liquid crystal panel, and can make a three-dimensional dis-
play (stereoscopic display) or a two-dimensional display will
be described.

[0051] In the present embodiment, the photoreceptor, the
cell structure that emits illumination light, the light-guiding
electrode and a liquid crystal operation accompanying the
light-guiding electrode, and the three-dimensional display
accompanying the pixel electrode will mainly be described.
[0052] FIG. 11is a partial plan view showing an example of
aliquid crystal display according to the present embodiment.
FIG. 1 represents a plan view state (state viewed from the
observer side) of a liquid crystal display 1 according to the
present embodiment.

[0053] FIG. 2 is a partial sectional view showing an
example of the liquid crystal display 1 according to the
present embodiment. FIG. 2 shows an A-A' section of FIG. 1.
FIG. 2 represents a section perpendicular to the major axis
direction of color filters such as a blue filter 14B and pectinate
or striped pixel electrodes 3a, 35 and light-guiding electrodes
3¢, 3d. In FIG. 2, vertical orientation films, polarizing plates,
and phase difference plates and photoreceptors 2a, 25 shown
in FIG. 1 are not illustrated. As will be described later, the
liquid crystal display 1 according to the present embodiment
can switch between the three-dimensional display and the
normal two-dimensional display.

[0054] FIG. 3 is a plan view showing an example of an
arrangernent state of sub-pixels of the liquid crystal display 1
according to the present embodiment.

[0055] FIG. 4is a sectional view showing an example of the
arrangement of the first photoreceptor 2a and the second
photoreceptor 2b of the liquid crystal display 1 according to
the present embodiment. FIG. 4 shows a B-B' section of FIG.
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1 and represents a section perpendicular to the longer direc-
tion of, for example, the blue filter 14B contained in a color
filter layer 14 included in the liquid crystal display 1. In FIG.
4, vertical orientation films, polarizing plates, and phase dif-
ference plates are omitted. This also applies to other sectional
views below.

[0056] FIG.5is asectional view showing an example of the
liquid crystal display 1 according to the present embodiment.
[0057] The liquid crystal display 1 according to the present
embodiment includes a liquid crystal panel 7, and an optical
control element 31 and a backlight unit 30 configured to be
opposite to each other via an array substrate 4, a counter
substrate 5, and a liquid crystal layer 6.

[0058] The array substrate 4 includes a transparent sub-
strate 8, a light shielding film 9, an insulating layer 10q, a
plurality of the photoreceptors 2a, 2b, an insulating layer 10,
common electrodes 11a to 11d, an insulating layer 10c, the
pixel electrodes 3a, 3b for image display, the light-guiding
electrodes 3¢, 3d for short-wavelength light control, liquid
crystal driving elements 12a, 126 for image display, and a
liquid crystal driving element 12¢ for short-wavelength light
control.

[0059] The light shielding film 9 shown in FIG. 6 is formed
on one side of the transparent substrate 8 like, for example,
glass.

[0060] The insulating layer 104 is formed on the transpar-
ent substrate 8 on which the light shielding film 9 is formed.
The light shielding film 9 is formed from the same metal thin
film as that of, for example, a gate wire or a source wire of a
TFT.

[0061] The photoreceptors 2a, 2b are formed on the insu-
lating layer 10a. The photoreceptor 2a detects light having
passed through the blue filter 14 included in a pixel opening
AP1 of ablack matrix BM and light reflected inside the liquid
crystal panel 7. The photoreceptor 2a overlaps with the pixel
opening AP1 and the light shielding film 9 in the plan view
and is included by being sandwiched between the pixel open-
ing AP1 and the light shielding film 17 in a direction perpen-
dicular to the section. The light shielding film 9 can be made
a gate electrode of a transistor in a bottom gate structure
described later. The sensitivity area of the photoreceptor 2a is,
for example, in the wavelength region of 360 nm to 420 nm
and further, the main sensitivity area is preferably in the
emission peak of short-wavelength solid-state light-emitting
devices 35a, 35b. If, for example, the emission peak wave-
length of the short-wavelength solid-state light-emitting
devices 35a, 355 is 390 nm, the photoreceptor 2a should have
the peak of light-receiving sensitivity near 390 nm. For
example, the blue filter 145 contained in the color filter layer
14 is formed such that the transmittance thereof is 20% or
more when the wavelength is 385 nm, 30% or more when the
wavelength is 390 nm, and 50% or more when the wavelength
is 400 nm. The photoreceptor 2b detects light reflected inside
the liquid crystal panel 7. Light detected by the photoreceptor
2b includes, for example, reflected light from various inter-
faces on the side of the counter substrate 5 and reflected light
from the interface between the counter substrate 5 and the
liquid crystal layer 6. The photoreceptor 25 overlaps with a
frame portion BM1 of the black matrix BM and the light
shielding film 9 in the plan view and is included by being
sandwiched between the frame portion BM1 of the black
matrix BM and the light shielding film 9 in a direction per-
pendicular to the section. The photoreceptor 25 is a photore-
ceptor for signal compensation.
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[0062] As atransistor of the plurality of photoreceptors 2a,
2b and liquid crystal driving elements 12a to 12¢, a pho-
totransistor including a transparent channel layer containing
metallic oxide of at least two of, for example, gallium (Ga),
indium (In), zinc (Zn), hafnium (Hf), tin (Sn), and yttrium (Y)
is usable. The transparent channel layer is made amorphous
by forming the transparent channel layer from a compound of
two or more oxides or three or more oxides. Accordingly,
electric characteristics of each of a diode and a transistor
having a compound oxide layer can be made uniform. Inci-
dentally, the compound oxide can be crystallized by heat
treatment in the range of 180° C. to 400° C. after the trans-
parent channel layer is formed or the pattern of the transparent
channel layer is formed. By crystallizing the transparent
channel layer, electric characteristics of the phototransistor
and transistors formed on the same substrate can further be
stabilized. By providing the heat treatment to a portion of a
plurality of photoreceptors by annealing using laser light,
photoreceptors having different receiving characteristics can
be formed.

[0063] The photoreceptors 2a, 2b are included in, for
example, neighboring pixels or sub-pixels. For example, the
photoreceptor 2a and the photoreceptor 25 may be connected
in series to perform difference processing of signals of these
two photoreceptors. For example, a transistor may be set up
separately as a neighboring transistor of the photoreceptor 2a
to allocate an amplifier circuit connected to the drain elec-
trode and the source electrode of the transistor.

[0064] The insulating layer 105 is formed on the plurality
of photoreceptors 2a, 25 and liquid crystal driving elements
124 to 12¢.

[0065] The common electrodes 11a to 114 are formed on
the insulating layer 104.

[0066] The pixel electrodes 3a, 3 for image display and
the light-guiding electrodes 3¢, 3d for short-wavelength light
control are formed on the insulating layer 10c.

[0067] The liquid crystal driving elements 12a, 125 for
image display are electrically connected to the pixel elec-
trodes 3a, 35 for image display.

[0068] The liquid crystal driving element 12¢ for short-
wavelength light control is electrically connected to the light-
guiding electrodes 3¢, 3d for short-wavelength control.

[0069] As the liquid crystal driving elements 12a, 125 for
image display and the liquid crystal driving element 12¢ for
short-wavelength light control, for example, a TFT using an
oxide semiconductor as a channel layer is used.

[0070] For the array substrate 3, the other side of the trans-
parent substrate 8 becomes the back side of the liquid crystal
panel 7 and the side on which the pixel electrodes 3a, 35 and
the light-guiding electrodes 3¢, 3d are formed becomes the
side of the liquid crystal layer 6 via an orientation film (not
shown).

[0071] The liquid crystal contained in the liquid crystal
layer 6 is assumed to have, for example, an initial vertical
orientation. Incidentally, the liquid crystal display 1 may be a
VA liquid crystal type using the liquid crystal of initial verti-
cal orientation or an ECB type using the liquid crystal of
initial horizontal orientation. While a liquid crystal whose
dielectric constant anisotropy is negative will be described as
the VA liquid crystal below, a liquid crystal whose dielectric
constant anisotropy is positive may also be used. A liquid
crystal whose dielectric constant anisotropy is positive may
be used as the VA liquid crystal.
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[0072] Aliquid crystal of vertical orientation is used for the
liquid crystal layer 6. Thus, the orientation of the liquid crys-
tal layer 6 is basically perpendicular to the substrate surface.
Liquid crystal molecules L1 to 114 are vertically oriented to
the surface of the counter substrate 5 and the array substrate 4.
In the present embodiment, photo alighment and orientation
treatments of a vertical orientation film (not shown) such as
rubbing can be omitted by generating an oblique electric field
with respect to the substrate. In the present embodiment in
which an oblique electric field is used, exact pre-tilt angle
control such as 89° that is needed in the conventional VA type
is no longer needed and a liquid crystal of simple initial
vertical orientation like, for example, 90° can be used. The
pre-tilt angle means an angle between the surface of the
counter substrate 5 or the array substrate 4 and the major axis
of liquid crystal molecules when no liquid crystal driving
voltage is applied.

[0073] Inthe present embodiment, a liquid crystal material
containing fluorine atoms in the molecular structure (herein-
after, called a fluoric liquid crystal) can be used as a material
of liquid crystal. The fluoric liquid crystal has a low dielectric
constant and thus, incorporation of ionic impurities can be
decreased, performance degradation such as a lower voltage
retention due to impurities can be prevented, and an occur-
rence of display unevenness can be controlled.

[0074] When the position of polarizing plates (not shown in
FIG. 2) is crossed-Nicols, the liquid crystal panel is a nor-
mally-black. Alternatively, when optical axes of two polariz-
ing plates are made parallel to each other and the liquid crystal
panel is a normally-white, emission light from a short-wave-
length solid-state light-emitting device described later can be
caused to be emitted from the liquid crystal panel surface even
when no liquid crystal driving voltage is applied, which
makes the light easier to utilize as illumination light of a
finger, a pointer or the like.

[0075] The counter substrate 5 includes a transparent sub-
strate 13, the black matrix BM, the color filter layer 14, a
transparent resin layer (protective layer) 15, and counter elec-
trodes 16a to 164 as common electrodes. The blue filter 4B, a
red filter 14R, and a green filter 14G segmented by the black
matrix BM are formed on the surface of one side of the
transparent substrate 13. The transparent resin layer 15 is
provided on the color filter layer 14 containing the blue filter
14B, the red filter 14R, and the green filter 14G. The counter
electrodes 16a to 16d are formed on the transparent resin
layer 15. For the counter substrate 2, the other side (upper side
of the transparent substrate 22 in the illustration) of the trans-
parent substrate 13 becomes the observer side and the side of
the counter electrodes 16a to 16d becomes the side of the
liquid crystal layer 6 via an orientation film (not shown).

[0076] The black matrix BM corresponds to a plurality of
pixels or sub-pixels and is formed on one side of the trans-
parent substrate 13 such thata plurality of pixel openings AP1
segmented in a matrix shape in the plan view is formed. In the
present embodiment, the black matrix BM is formed in pixel
or sub-pixel units and includes two parallel long side portions
of the frame portion BM1 forming the pixel opening AP1 and
acenter portion BM2 dividing the pixel opening AP1 into two
portions. The center portion BM2 may be omitted.

[0077] In the present embodiment, the counter electrodes
164 to 16d of the counter substrate 13 shown in the section of
FIG. 2 are arranged symmetrically with respect to a center
axis C of a sub-pixel.
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[0078] In the present embodiment, the pixel electrodes 3a,
3b, the light-guiding electrodes 3¢, 3d, and the common elec-
trodes 11a to 11d of the array substrate 4 shown in the section
of FIG. 2 are arranged symmetrically with respect to the
center axis C of the sub-pixel.

[0079] An operation unit 17 calculates a value obtained by
subtracting an observed value of the photoreceptor 25 from an
observed value of the photoreceptor 2a as a compensated
observed value (actual measurement compensation value). In
other words, a corrected observed value of the photoreceptor
2a is determined by subtracting an observed value of the
photoreceptor 25 from an observed value of the photoreceptor
2a.

[0080] Inthe present embodiment, a sub-pixel includes the
two or more liquid crystal driving elements 12a to 12¢ and the
pixel electrode 3q, the pixel electrode 35, and the light-guid-
ing electrodes 3¢, 3d corresponding to each of the two or more
liquid crystal driving elements 12a to 12¢. More specifically,
the liquid crystal driving elements 12a, 125 are electrically
connected to the pixel electrodes 3a, 3b that drive the liquid
crystals L3 to .12 below the pixel opening AP1 to exercise
transmission control of visible light for image display to be
provided to the observer in the sectional view. The liquid
crystal driving element 12¢ is electrically connected to the
light-guiding electrodes 3¢, 34 that drive the liquid crystals
L1, L2, 113, L14 in the sectional view. The light-guiding
electrodes 3¢, 3d are driven by the common liquid crystal
driving element 12¢ in the present embodiment, but the light-
guiding electrodes 3¢, 3d may be driven by separate liquid
crystal driving elements.

[0081] 1In FIG. 3, a display element scanning unit 18, a
sensor scanning unit 19, a display element driving unit 20,
and a sensor reading unit 21 are electrically connected to the
liquid crystal panel 7. The backlight unit 30 including a light
source is provided on the back side of the liquid crystal panel
7, but is omitted in FIG. 3. Solid-state light-emitting devices
32a,32b, 35a, 354 like, for example, an LED of the backlight
unit 30 are arranged in an edge portion on both sides of the
liquid crystal panel 7. As will be described in detail in an
embodiment described below, for example, a light-emitting
device sequence of the visible region such as red, green, and
blue may be arranged on both ends of the backlight unit as an
installation form of solid-state light-emitting devices and fur-
ther, a short-wavelength solid-state light-emitting device
sequence may similarly be arranged on both ends of the
backlight unit. Short-wavelength solid-state light-emitting
devices may be arranged in two rows by using solid-state
light-emitting devices of different wavelengths. Solid-state
light-emitting devices of such a backlight may be arranged, in
addition to ends of both side portions of the liquid crystal
panel 7, on an end of the upper side of the liquid crystal panel
7 and on an end of the lower side of the liquid crystal panel 7.
Solid-state light-emitting devices of visible light arranged on
four sides of the liquid crystal panel 7 may be matched to
display content by the local dimming method to adjust an
emission intensity of each. Accordingly, the contrast of liquid
crystal display can be improved.

[0082] The timing oflight emission and emission intensity
of the solid-state light-emitting devices 32a, 325 of visible
light are adjusted by conforming to images of the two-dimen-
sional image display or three-dimensional image display or
the local dimming method as described above. Accordingly,
the liquid crystal display screen is in a state in which different
display portions are different in brightness and color depend-
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ing on display content. The intensity of visible light emitted
from such a liquid crystal display screen varies greatly in
accordance with the display portion, gradation display level,
and display timing. Therefore, it is preferable to avoid using
visible light emitted from the liquid crystal display screen as
illumination light of the input instructor such as a finger, a
pointer or the like. When the input instructor is detected by
using visible light that varies greatly, it may be difficult to
accurately detect the two-dimensional position of the input
instructor, height from the display surface, and moving speed.
Also, when ambient light (outside light) of the liquid crystal
display is used to detect the input instructor, the ambient light
varies greatly and it is difficult in some cases to detect the
input instructor with high precision.

[0083] Thus, in the present embodiment, the backlight unit
30 includes the solid-state light-emitting devices 35q, 356 of
short-wavelength light, in addition to the solid-state light-
emitting devices 32a, 325 of visible light, and reflected light
of short-wavelength light from the input instructor is detected
by the photoreceptor 2a capable of detecting short-wave-
length light. Further, in the present embodiment, a synchro-
nization control unit 36 makes emission timing 32a, 325 of
the solid light-emitting devices of visible light and emission
timing of the solid-state light-emitting devices 35a, 356 of
short-wavelength light different and synchronizes the emis-
sion timing of the solid-state light-emitting devices 35a, 356
of short wavelengths with a timing to receive light by the
photoreceptor 2a to achieve more accurate detection of the
input instructor.

[0084] Thewavelength of short-wavelength light applied in
the present embodiment is assumed to be in the range of, for
example, 360 nm to 420 nm.

[0085] Thetransmittance peak of the blue filter 14B isin the
range of about 430 nm to 460 nm and thus, in the present
embodiment, the emission peak of the solid-state light-emit-
ting devices 35a, 35b of short wavelengths is assumed to be
420nm or less, which is shorter than 430 nm. The upper limit
of short-wavelength light applied in the present embodiment
1s set to 420 nm in consideration of the facts that the visibility
of the human eye decreases rapidly in the region of wave-
lengths shorter than 420 nm, which makes visual recognition
difficult, and a conversion efficiency of a phototransistor in
which a transparent channel layer is formed from an oxide
semiconductor (described in detail later) rises when the wave-
length is shorter than 420 nm.

[0086] As a blue material of the blue filter 14B, for
example, a color material in which a blue pigment of C. 1.
Pigment Blue 15:6 and a violet pigment of C. I. Pigment
Violet 23 as organic pigments are mixed is used. The blue
filter 14B using these pigments allows light to pass through in
the wavelength range of 360 nm to 420 nm, but hardly allows
short-wavelength light of 360 nm or less to pass through. In
addition, the polarizing plate and organic films such as low-
reflection films used by being affixed to the front or back side
of the liquid crystal panel 7 have properties to cut or absorb
ultraviolet rays having short wavelengths of 360 nm or less.
The solid-state light-emitting devices 35a, 356 have high
luminous efficiency on the wavelength side longer than 360
nm, which can reduce power consumption of the liquid crys-
tal display 1. In consideration of the above characteristics, the
lower limit of the wavelength of light applied in the present
embodiment is set to 360 nm.

[0087] As the solid-state light-emitting devices 35a, 35b of
short wavelengths according to the present embodiment, an
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aluminum nitride-gallium light-emitting diode, a diamond
light-emitting diode. a zinc oxide light-emitting diode, or a
gallium nitride light-emitting diode is used. Among gallium
nitride light-emitting diodes (called GaN blue light-emitting
diodes), an InGaN light-emitting diode in which indium is
addedto an active layer of the light-emitting diode as a dopant
is preferable. By adjusting the composition of In, the emis-
sion peak can be adjusted in the range of 360 nm to 420 nm.
For example, an InGaN light-emitting diode whose emission
peak is 385 nm is a small chip that can be surface-mounted
and is sold on the market.

[0088] As the photoreceptors 2, 2b according to the present
embodiment, for example, a phototransistor including a
transparent channel layer containing two metallic oxides or
more from, as described above, gallium (Ga), indium (In),
zine (Zn), hafnium (Hf), tin (Sn), and yttrium (Y) can be used.
By forming an impurity level in the transparent channel layer
of these compound metallic oxides as oxide semiconductors,
the band gap thereof is made smaller and the sensitivity area
of the photoreceptors 2, 25 can be shifted to the visible region
on the longer wavelength side. Also, by forming the transpar-
ent channel layer from a compound of two or more oxides or
three or more oxides, the transparent channel layer can be
made amorphous and electric characteristics of a diode or
transistor including the transparent channel layer canbe made
uniform.

[0089] The blue sub-pixel, red sub-pixel, and green sub-
pixel shown in FIG. 1 includes a display area 22 and a sensor
area 23. The sub-pixel is the minimum display unit in the
present embodiment, but the pixel may be set as the minimum
display unit. For example, the pixel may include at least one
red sub-pixel, at least one blue sub-pixel, and at least one
green sub-pixel.

[0090] In the partial plan view in FIG. 1 and the partial
sectional view in FIG. 4, the photoreceptors 2a, 25 are shown.
The photoreceptors 2a, 25 are provided in the sensor area 23.
The sensor area 23 includes, for example, atransistor or diode
that performs signal processing of the photoreceptors 2a, 25,
a capacitor that stores received data, the operation unit 17 that
performs operation processing, and a signal line that delivers
a reset signal to the photoreceptors 2a, 2b. A plurality of
transistors that perform signal processing may be provided in
the sensor area of one pixel including a blue sub-pixel, a red
sub-pixel, and a green sub-pixel. By applying a transistor or
diode that performs signal processing to an output value of the
photoreceptors 2a, 2b, processing of an earlier output value is
enabled and a high-speed input operation by the input instruc-
tor can be performed. The liquid crystal driving elements 124
to 12¢ may be formed in the display area 22 or the sensor area
23. The liquid crystal driving elements 12a to 12¢ are elec-
trically connected to metal thin wires such as gate lines and
source lines (not shown).

[0091] As shown in FIG. 4, the blue filter 14B is arranged
above the photoreceptor 2a and the light shielding film 9 is
arranged below the photoreceptor 2a. The black matrix BM is
arranged above the photoreceptor 26 and the light shielding
film 9 is arranged below the photoreceptor 2b. By arranging
the photoreceptor 26 between the black matrix BM as a light
shielding pattern and the light shielding film 9, the entry of
light into the photoreceptor 25 from the normal direction on
the front side of the liquid crystal display 1 and the direct
entry of light into the photoreceptor 25 from the backlight umt
30 positioned on the back side of the liquid crystal panel 7 are
prevented. The photoreceptor 25 is used to remove reflection
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noise generated inside the liquid crystal cell to obtain a cor-
rect received light value. The photoreceptor 25 is used for
signal compensation. The light shielding film 9 may be
formed from the same material as that of agate electrode in the
same process. In FIG. 4, illustration of a source electrode and
adrain electrode included in each of the photoreceptors 2a, 25
is omitted.

[0092] Display content of the liquid crystal display 1 has a
difference arising between screen regions such as a bright
display and a dark display. Light from the backlight unit 30 is
partially reflected by various interfaces such as the color filter
14 of the counter substrate 5, one surface of the transparent
substrate 13, and polarization films and enters the photore-
ceptors 2a, 2b as reflected light. The reflected light causes
noise of intensity of received light. This also applies when an
optical input device such as a light pen, laser light or the like
is used as the input instructor and re-reflected light causes
noise.

[0093] To remove noise based on such reflected light or
re-reflected light to obtain a highly accurate observed value,
the operation unit 18 subtracts an observed value of the pho-
toreceptor 26 from an observed value (light receiving inten-
sity) of the photoreceptor 2a. Noise compensation is thereby
realized. The signal compensation can also compensate for
noise generated based on small variations of observed values
of the photoreceptors 2a, 25 having an oxide semiconductor
for a transparent channel layer, a dark current, or the tempera-
ture so that an extremely accurate observed value can be
obtained. The compensation based on the subtraction of an
observed value of the photoreceptor 26 from an observed
value (light receiving intensity) of the photoreceptor 2a can
provide an advantage such that the intensity of ultraviolet rays
contained in ambient light components of the sun and the like
can be measured. Measured values of intensity of ultraviolet
rays of ambient light components can be put to use to prevent,
for example, sunburn.

[0094] Performing a compensation operation between pho-
toreceptors having a difference in display portions thereof of
the screen such as a bright display and a dark display may not
be preferable because the amount of noise due to reflected
light or re-reflected light is significantly different. This also
applies when an optical input device such as a light pen, laser
light or the like is used as the input instructor and the level of
noise is significantly different between a photoreceptor in a
portion irradiated with light and a photoreceptor in a portion
not irradiated with light. Therefore, in the present embodi-
ment, the compensation operation is performed by the sub-
traction of observed values of the neighboring photoreceptors
2a,2b.

[0095] A switching unit 24 switches the intensity of emitted
short-wavelength light by a technique of, for example, chang-
ing the height of the voltage applied to the light-guiding
electrodes 11¢, 114.

[0096] If the compensated observed value determined by
the operation unit 17 indicates that an input instructor is
approaching the liquid crystal display screen, the switching
unit 24 can apply a high voltage to the light-guiding elec-
trodes 11¢, 11d via the liquid crystal driving element 12¢ to
automatically increase the intensity of short-wavelength light
emission. By increasing the intensity of short-wavelength
light emission, it becomes possible to recognize the input
instructor even if the distance from the liquid crystal display
screen to the input instructor is, for example, 7 mm, which
makes input providing a sense of clicking with a 3D button
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display on the liquid crystal screen easier to achieve. For the
recognition of the input instructor, for example, sections of
different sizes of two levels or a plurality of levels dividing
compensated observed values after the compensation opera-
tion by the operation unit 17 are set and the number of com-
pensated observed values (for example, corresponding to the
area of the finger on the liquid crystal screen) belonging to
each section or the speed of change of the number of com-
pensated observed values belonging to each section and their
positions are detected. Through the detection, an approximate
distance between the liquid crystal display screen and the
input instructor and movement thereof can be recognized.
[0097] For example, the switching unit 24 of the liquid
crystal display 1 may include an instruction receiving unit or
the liquid crystal display 1 may display a switching request
receiving unit on the screen to receive switching instructions.
The switching unit 24 switches the intensity of short-wave-
length light emission in accordance with input switching
instructions. For example, the switching unit 24 realizes the
mode specified by the user from “Display priority mode” that
does not emit short-wavelength light, “Finger operation
mode” to do finger input by emitting short-wavelength light,
and “Security mode” to prevent visual recognition by third
parties. When “Finger operation mode” is selected, the
switching unit 24 causes emission of short-wavelength light
of high intensity. The intensity of emitted short-wavelength
light is controlled based on, as described above, the liquid
crystal driving voltage applied to the light-guiding electrodes
3¢, 3d. “Security mode” is used in the third embodiment with
a slit opening described later.

[0098] In the example of the B-B' section in FIG. 4, the
counter electrodes 16a to 164 as transparent conductive films
are stacked on the surface of the transparent resin layer 15 in
contact with the liquid crystal layer 6 on the side of the
counter substrate 5. For example, a transparent conductive
film (ITO) is commonly formed by using a mixed oxide of
indium and tin. While the refractive index of the color filter
layer 14, the transparent resin layer 15, the transparent sub-
strate 13 and the like as members on the side of the counter
substrate 5 is in the range of about 1.5 to 1.6, the transparent
conductive film has a high refractive index of 1.8 to 1.9. Thus,
if transparent conductive films such as the counter electrodes
164 to 16d are stacked on the transparent resin layer 15 of the
counter substrate 5, the amount of observed values of
reflected light from the transparent conductive films added to
observed values of the photoreceptors 2¢, 2b increases. Inthe
present embodiment, however, transparent conductive films
are not formed at the position of the counter substrate 5
opposite to the photoreceptors 2a, 2b and thus, noise due to
reflected light can be reduced. Transparent conductive films
using a material of high refractive index as in the present
embodiment are preferably formed as required in a portion of
the display area 22 because of the amount of surface reflection
thereof.

[0099] FIG. 5isa sectional view showing an example of the
liquid crystal display 1 according to the present embodiment.
In FIG. 5, the physical relationship of the liquid crystal panel
7, the optical control element 31, and the backlight unit 30
included in the liquid crystal display 1 is illustrated.

[0100] The backlight unit 30 includes a sequence of the
solid-state light-emitting devices 32a, 32b, 354, 356 such as
LEDs on both sides of the back side of the liquid crystal panel
7 or on the back side of the liquid crystal panel 7. The solid-
state light-emitting devices are configured as a LED array in
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which a plurality of the short-wavelength solid-state light-
emitting devices 354, 355 and a plurality of the visible light
solid-state light-emitting devices 32a, 325 are arranged.
[0101] The optical control element 31 is arranged between
the back side of the liquid crystal panel 7 and the backlight
unit 30 to make the optical control element 31 less likely to be
observed by the observer (user) and to prevent recognition by
third parties and polarizes the emitted light. The optical con-
trol element 31 is generated by using, for example, methacry-
late resin. The optical control element 31 has a configuration
in which a prism sheet 33 and a lens sheet 34 are integrated in
a back-to-back state. In other words, the optical control ele-
ment 31 is a resin sheet integrating the prism sheet 33 and the
lens sheet 34 with back sides thereof put together.

[0102] The prism sheet 33 is formed by arranging a plural-
ity of prisms in a triangular prism shape such that the longer
directions (the direction of long lengths, ridge line direction,
or axial direction) of the prisms in a triangular prism shape are
parallel to each other and sectional triangles are oriented in
the same direction.

[0103] The lens sheet 34 is formed by arranging a plurality
of lenses in a semicircular columnar shape such that the
longer directions of the side of the lenses in a semicircular
columnar shape are parallel to each other and sectional semi-
circular arcs are oriented in the same direction.

[0104] By providing an angle 61 between the longer direc-
tion of the lens in a semicircular columnar shape or the prism
in a triangular prism shape and the liquid crystal display 1,
moire in the three-dimensional display can be reduced. The
more moire is mitigated the closer 61 is to 45°. However,
when 81 is 45°, interference with the polarizing plate or the
optical axis of a phase difference may occur and thus, it is
preferable to set 81 to an angle smaller than 45°. If an align-
ment error (+2°) of the polarizing plate and the liquid crystal
panel 7 is considered, the maximum value of the angle 01 is
preferably set to 43° orless. If 81 is close to zero, large moire
at low frequency becomes more conspicuous in the three-
dimensional image display and is likely to be recognized as
shade or color unevenness. To mitigate moire, therefore, the
angle 81 between the longer direction of the prism in a trian-
gular prism shape and the pixel arrangement of the liquid
crystal display 1 is preferably set to an angle larger than 3°.
[0105] Theemission angle (light distribution angle) of light
with respect to the normal direction of the liquid crystal panel
7 can be set by the angle of the tip of a prism in a triangular
prism shape whose sectional shape is an isosceles triangle.
Incidentally, as the optical control element 31, two prism
sheets or more with different angles 61 may be used.

[0106] For example, by synchronizing the visible light
solid-state light-emitting devices 32a, 32b of the backlight
unit 30 with a liquid crystal operation of the liquid crystal
display 1 to alternately cause emission, the three-dimensional
image display can be realized.

[0107] For example, the synchronization control unit 36
realizes recognition of the input instructor by synchronizing
the short-wavelength solid-state light-emitting devices 35a,
355 of the backlight unit 30 with the photoreceptors 2a, 2b
and the light-guiding electrodes 3¢, 34 of the liquid crystal
display 1 to cause emission.

[0108] The backlight unit 30 may further include a diffuser
panel, a light-guiding plate, a polarization separating film, a
retroreflective polarizing element and the like. A polarizing
plate, a phase difference plate and the like may be affixed to
the front or back side of the liquid crystal panel 7.
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[0109] The backlight unit 30 may include, for example, a
plurality of white LEDs including three wavelengths of red,
green, and blue in the emission wavelength region as the
plurality of visible light solid-state light-emitting devices
32a, 32b. As the visible light solid-state light-emitting
devices 324, 32b, apseudo-white LED combining a GaN blue
LED and aYAG fluorescent material may be used. When the
pseudo-white LED is used, LEDs having a main peak of one
color or more such as a red LED may be combined and used
to enhance color rendering. As the visible light solid-state
light-emitting devices 32a, 325, for example, a light source
combining a blue LED with red/green phosphors may be
used.

[0110] The color display can be realized without using the
color filter layer 14 by using solid-state light-emitting devices
individually emitting light of red, green, or blue as light
sources and causing field sequential (time division) light
emission in synchronization with liquid crystal driving.
[0111] The synchronization control unit 36 causes the vis-
ible light solid-state light-emitting devices 32a, 325 arranged
on both ends of the backlight unit 30 to alternately produce
emission in synchronization with the liquid crystal display to
allow light to enter the right eye and the left eye of the
observer. Accordingly, three-dimensional image display is
realized.

[0112] A bright two-dimensional image display with a
wide viewing angle can be made by simultaneously applying
a liquid crystal driving voltage to the pixel electrodes 3a, 3b
of the liquid crystal display 1 and causing the visible light
solid-state light-emitting devices 32a, 325 to simultaneously
emit light. In the present embodiment, the three-dimensional
image display and the two-dimensional image display can be
switched. In the present embodiment, a high-quality three-
dimensional image display can advantageously be created
using the two-dimensional image display without losses of
resolution of the three-dimensional image display.

[0113] In the present embodiment, the observer observing
the display screen can be made less subject to short-wave-
length light. By using the optical control element 31 accord-
ing to the present embodiment, a high-quality three-dimen-
sional image display can be realized.

[0114] Hereinafter, liquid crystal driving by the counter
substrate 5 and the array substrate 4 and light emitted by the
liquid crystal driving will be described using FIGS. 6 to 8.
[0115] FIG. 6 is a partial sectional view showing an
example of a state in which a liquid crystal driving voltage is
applied to only the first pixel electrode 3a of the liquid crystal
display 1 according to the present embodiment.

[0116] The liquid crystal molecules L1 to [.14 of the liquid
crystal display 1 have negative dielectric constant anisotropy.
The major axis direction of the liquid crystal molecules 1.1 to
L 14 is vertical before a driving voltage is applied, but when a
voltage is applied to the pixel electrode 3a by the liquid
crystal driving element 124, some of the liquid crystal mol-
ecules L1 to L14 (the liquid crystal molecules L4 to L10 in
FIG. 6) are inclined. FIG. 6 shows an example of a driving
state of the liquid crystals when a driving voltage is applied to
only the pixel electrode 3a.

[0117] Theliquid crystal molecules L4 to L9 fall in a direc-
tion perpendicular to an electric line of force. Emission light
D1 is emitted, for example, in the direction of one eye (for
example, the right eye) of the observer by passing through an
inclined portion of the liquid crystal. The liquid crystal mol-
ecule L4 starts to fall earlier than other liquid crystal mol-
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ecules due to a strong electric field formed between an end of
the pixel electrode 3a and the common electrode 11a. The
operation of the liquid crystal molecule 1.4 serves as a trigger
ofthe liquid crystal operation and enhances responsiveness of
the liquid crystal.

[0118] FIG. 7 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only the second pixel electrode 34 of the liquid
crystal display 1 according to the present embodiment.
[0119] When a liquid crystal driving voltage is applied to
the pixel electrode 35 by the liquid crystal driving element
124, some of the liquid crystal molecules L1 to 114 (the
liquid crystalmolecules L5 to L11 in FIG. 7) fallin a direction
perpendicular to the electric line of force. Emission light D2
is emitted, for example, in the direction of the other eye (for
example, the left eye) of the observer by passing through an
inclined portion of the liquid crystal. The liquid crystal mol-
ecule L11 starts to fall earlier than other liquid crystal mol-
ecules due to a strong electric field formed between an end of
the pixel electrode 35 and the common electrode 115. The
operation of the liquid crystal molecule L11 serves as a trig-
ger of the liquid crystal operation and enhances responsive-
ness of the liquid crystal.

[0120] FIGS. 6 and 7 show the operations of the pixel
electrodes and liquid crystal molecules to switch the emission
light between the right eye and the left eye needed for the
three-dimensional image display. For the two-dimensional
image display, the pixel electrodes 3a, 35 may be driven
simultaneously. In a liquid crystal display used only for the
two-dimensional image display, one liquid crystal driving
element may electrically be connected to the pixel electrodes
3a, 3b, instead of the two liquid crystal driving elements 12a,
125,

[0121] FIG. 8 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to the light-guiding electrodes 3¢, 3d of the liquid
crystal display 1 according to the present embodiment.
[0122] When a liquid crystal driving voltage is applied to
the light-guiding electrodes 3¢, 3d, the liquid crystal mol-
ecules L1 to L14 fall in a direction perpendicular to the
electric line of force. Short-wavelength light D3 is emitted to
the outside after passing through the color filter layer 14 and
apolarizing plate (not shown). The short-wavelength light D3
emitted from the short-wavelength solid-state light-emitting
devices 35a, 356 illuminates the input instructor such as a
finger and reflected light thereof is received by the photore-
ceptors 2a, 2b. Then, high-precision recognition and a stable
input operation are realized by determining a compensated
observed value by subtracting an observed value of the pho-
toreceptor 25 from an observed value of the photoreceptor 2a.
Stable finger recognition can be performed during a finger
operation on the liquid crystal display screen by sensing a
timing of the photoreceptors 2a, 2b and emission timing of
the short-wavelength solid-state light-emitting devices 35a,
355 being synchronized by the synchronization control unit
36. The synchronization control unit 36 applies a liquid crys-
tal driving voltage to the light-guiding electrodes 3¢, 3d at the
same timing as the sensing timing of the photoreceptors 24,
2b and the short-wavelength light D3 is thereby emitted from
the liquid crystal screen.

[0123] Inthe present embodiment described above, acom-
pensated observed value that is highly accurate, uniform, and
stable can be obtained by removing noise based on reflected
light inside the liquid crystal panel 7 from an observed value
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of the photoreceptor 2a and recognition of an operation by the
input instructor can be performed with high precision. In the
present embodiment, the three-dimensional image display or
the two-dimensional image display can be made. In the
present embodiment, visual sensitivity of short-wavelength
light illuminating the input instructor can be lowered by using
the short-wavelength light and the observer can observe vis-
ible light for image display.

[0124] In the present embodiment, the pixel electrode 3a,
the pixel electrode 35, and the light-guiding electrodes 3¢, 3d
are formed separately and are each driven by the different
liquid crystal driving elements 12a, 125 and the liquid crystal
driving element 12¢. In the present embodiment, the pixel
electrode 3a, the pixel electrode 34, and the light-guiding
electrodes 3¢, 3d can electrically be made independent and
different voltages can be applied thereto and the timing to
apply a driving voltage to the pixel electrodes 3a, 3b and the
timing to apply a driving voltage to the light-guiding elec-
trodes 3¢, 3d to sense the photoreceptor 2a, 26 may overlap.
In the present embodiment, a transistor (oxide semiconductor
TFT) including a transparent channel layer containing metal-
lic oxide is used as a liquid crystal driving element and the
oxide semiconductor TFT can be formed smaller than a tran-
sistor using amorphous silicon and polysilicon. By using a
smaller transistor, the aperture ratio of pixels is improved to
be able to make a brighter stereoscopic image display. Even if
no color filter is used, a color stereoscopic image display can
be made by including light-emitting device sequences indi-
vidually emitting light of red, green, or blue in the backlight
unit and causing field sequential (time division) light emis-
sion in synchronization with liquid crystal driving.

[0125] A control unit to adjust the angle of mission light
from the light-emitting device sequences that emit visible
light based on an operation to adjust the effect of three-
dimensional image display by the observer (user) may be
included. The control unit optimizes the effect of three-di-
mensional image display by adjusting the angle 6 of emission
light from the liquid crystal display surface in accordance
with the observer’s position or the spacing width between
both eyes of the observer. The adjustment of the angle 6 of
emission light may be such that a liquid crystal display pro-
posed by the present inventors includes an infrared-emitting
device and an infrared sensor in a portion of, for example, the
housing to detect the position of the observer and adjusts the
angle of emission light from the light-emitting device
sequences based on the position information. Itis particularly
preferable to cause the control unit to recognize the position
of the observer’s eyes by using an imaging device such as
CCD or CMOS, instead of the infrared-emitting device and
the infrared sensor. In addition, the control unit can be caused
to recognize the observer’s operation by using an imaging
device such as a CCD or CMOS to reflect the observer’s
operation in the liquid crystal display.

[0126] An optical control element used in the first embodi-
ment and aliquid crystal display including the optical control
element may include the following characteristics.

[0127] The liquid crystal display includes a liquid crystal
panel and a backlight unit. The liquid crystal panel includes a
plurality of pixels and a liquid crystal is driven by a plurality
of liquid crystal driving elements. The backlight unit includes
aplurality of light-emitting device sequences that emit light at
different timings. In the liquid crystal display, light emitted
from the light-emitting device sequences passes through the
liquid crystal panel via the optical control element. The opti-
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cal control element is an integrated resin sheet including a
first plane in which a plurality of prisms in a triangular prism
shape is arranged such that the longer directions of the prisms
in a triangular prism shape are parallel to each other and a
second plane in which a plurality of lenses in a semicircular
columnar shape is arranged in a back-to-back state to the
plurality of prisms in a triangular prism shape and such that
the longer directions of the side of the lenses in a semicircular
columnar shape are parallel to each other. The longer direc-
tion of the plurality of prisms in a triangular prism shape and
the longer direction of the plurality of lenses in a semicircular
columnar shape form a moire suppression angle 6 in the plan
view.

[0128] The plurality of liquid crystal driving elements may
be a transistor including a transparent channel layer contain-
ing two metallic oxides or more selected from gallium,
indium, zinc, hafnium, tin, and yttrium.

[0129] The liquid crystal panel may include a color filter in
which a red filter, a green filter, and a blue filter are contained
in each pixel. The light-emitting device sequences may
include two light-emitting device sequences that emit white
light containing three wavelengths of red, green, and blue.
The two light-emitting device sequences may be provided at
positions corresponding to two sides opposite to each other of
the liquid crystal panel to emit white light in a direction
perpendicular to the longer direction of the plurality of prisms
in a triangular prism shape.

[0130] The liquid crystal panel is configured based on a
matrix array of a plurality of pixels and the longitudinal
direction of the matrix array of the plurality of pixels and the
longer direction ofthe plurality of prisms ina triangular prism
shape may form the moire suppression angle 6 in the plan
View.

[0131] The moire suppression angle 8 may be any angle in
the range of 3° to 43°.

[0132] The liquid crystal display may further include a
control unit to adjust the angle of emission light from the
plurality of light-emitting device sequences.

Second Embodiment

[0133] In the present embodiment, a liquid crystal display
in which a liquid crystal driving element is allocated to a pixel
electrode configured by integrating a pixel electrode and a
light-guiding electrode will be described.

[0134] FIG. 9 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only a first pixel electrode 38a of a liquid crystal
display 37 according to the present embodiment.

[0135] Anarray substrate 39 of the liquid crystal display 37
includes the pixel electrode 38a configured by integrating a
pixel electrode 3a and a light-guiding electrode 3¢ in the first
embodiment and a pixel electrode 385 configured by integrat-
ing a pixel electrode 34 and a light-guiding electrode 3d in the
first embodiment.

[0136] The array substrate 39 of the liquid crystal display
37 includes a common electrode 40a configured by integrat-
ing common electrodes 11a, 11¢ and acommon electrode 405
configured by integrating common electrodes 115, 114.
[0137] A counter substrate 41 of the liquid crystal display
37 includes a counter electrode 42a configured by integrating
counter electrodes 16a, 16¢ and a counter electrode 425 con-
figured by integrating counter electrodes 165, 16d.

[0138] A switching unit 43 can apply various driving volt-
ages to the integrally configured pixel electrodes 384, 385 by

Sep. 18,2014

using liquid crystal driving elements 124, 125 to enable vari-
ous image displays including the gradation display. During
sensing of photoreceptors 2a, 25, short-wavelength light from
short-wavelength solid-state light-emitting devices 35a, 356
is emitted at a fixed intensity for metering. A voltage of an
almost fixed height is applied to the integrally configured
pixel electrodes 38a, 38) at the timing used as a light-guiding
electrode. In the present embodiment, the liquid crystal driv-
ing elements 12a, 12b apply a driving voltage for image
display and a driving voltage for sensing of the photorecep-
tors 2a, 2b at different timings. It is assumed that light for
image display is visible light and short-wavelength light emit-
ted from the short-wavelength solid-state light-emitting
devices 35a, 355 is, for example, ultraviolet light. Visible
light emitted from visible light solid-state light-emitting
devices 32a, 326 is emitted such that the visible light enters,
for example, the right eye of the observer. At this point, the
short-wavelength solid-state light-emitting devices 35a, 356
do not emit light and the photoreceptors 24, 25 do not receive
light.

[0139] FIG. 10 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only the second pixel electrode 385 of the liquid
crystal display 1 according to the present embodiment. Vis-
ible light emitted from visible light solid-state light-emitting
devices 32a, 32b is emitted such that the visible light enters,
for example, the left eye of the observer. At this point, the
short-wavelength solid-state light-emitting devices 35a, 356
do not emit light and the photoreceptors 2a, 25 do not receive

light.

[0140] FIG. 11 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
1s applied to both of the pixel electrodes 38a, 3856 of the liquid
crystal display 1 according to the present embodiment. After
short-wavelength illumination light (for example, near ultra-
violetlight whose wavelength is 385 nm to 400 nm) is emitted
from the short-wavelength solid-state light-emitting devices
35a, 35b, reflected light from the input instructor such as a
finger enters the photoreceptor 2a so that the position, size,
moving direction and the like of the input instructor are rec-
ognized. The application of a driving voltage for image dis-
play and the application of a driving voltage for sensing of the
photoreceptors 2a, 25 are controlled by time division (field
sequential). Short-wavelength illumination light for sensing
of the photoreceptors 2a, 2b is emission light of a short-
wavelength region where visual sensitivity of human eyes is
low and therefore, the quality of image display is hardly
degraded by the emission of the short-wavelength light.

[0141] When a driving voltage for two-dimensional image
display is applied (at the timing when sensing of the photo-
receptors 2a, 25 is turned off), liquid crystal molecules L1 to
L14 operate as shown in FIG. 11 and also visible light is
emitted from the visible light solid-state light-emitting
devices 32a, 32b. As shown in FIG. 11, the liquid crystal
molecules 11 to L.14 fall symmetrically with respect to the
center of the sub-pixel and also have a gradient and thus, a
wide view angle previously unobtainable in the past can be
gained. As will be described later, if, for example, a sub-pixel
has a dogleg shape in the plan view, a still wider view angle
can be gained in both the left and right direction and the up
and down direction of the liquid crystal display 37. The wide
view angle is realized in the present embodiment and also in
other embodiments.
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[0142] A technology similar to that in the present embodi-
ment can be applied to a liquid crystal display in which the
counter electrodes 42a, 425 shown in the present embodiment
are removed and further, the configuration of the pixel elec-
trodes 38a, 386 and the common electrodes 40a, 405 of the
array substrate 39 is an electrode configuration of the fringe
field mode including fine pectinate pixel electrodes used for
IPS (liquid crystal horizontally oriented and driven by atrans-
verse electric field) and solid common electrodes included via
the pectinate pixel electrodes and an insulating layer. In the
present embodiment, as described above, the direction of
orientation and the driving method of liquid crystal are not
limited.

Third Embodiment

[0143] In the present embodiment, a liquid crystal display
in which a slit opening is formed in a black matrix BM and,
for example, visible light and ultraviolet light for preventing
recognition by third parties are emitted from the slit opening
will be described.

[0144] Inthe present embodiment, for example, an oblique
light opening in a slit shape is formed on two parallel long
sides of the black matrix that segments pixels or sub-pixels
whose outside shape in the plan view is polygonal. In the
present embodiment, the oblique light includes oblique light
of short-wavelength light and that of visible light. The oblique
opening is an opening that emits near ultraviolet light of, for
example, the wavelength 385 nm to 400 nm in an oblique
direction from the display surface during sensing of the pho-
toreceptors 2a, 2b and becomes an opening that emits visible
light in an oblique direction when used for security purposes
to prevent visual recognition by third parties.

[0145] FIG.12is apartial plan view showing an example of
aliquid crystal display according to the present embodiment.
FIG. 12 shows the state in the plan view (state viewed from
the observer side) of a liquid crystal display 44 according to
the present embodiment.

[0146] FIG.13is apartial plan view showing an example of
the liquid crystal display 44 according to the present embodi-
ment. FIG. 13 shows a C-C' section of FIG. 12 and a section
perpendicular to the long side (side edge) of a frame portion
BMI1 of the black matrix BM included in a liquid crystal
display 1 and the major axis direction of pectinate or striped
pixel electrodes. In FIG. 13, vertical orientation films, polar-
izing plates, and phase difference plates and the photorecep-
tors 2a, 25 shown in FIG. 12 are not illustrated. As will be
described later, the liquid crystal display 44 according to the
present embodiment can switch between the three-dimen-
sional display and the normal two-dimensional display.

[0147] The array substrate 47 includes a transparent sub-
strate 8, alight shielding film 9, an insulating layer 10a, a
plurality of the photoreceptors 2a, 2b, an insulating layer 10,
a common electrode 11, an insulating layer 10c, pixel elec-
trodes 3a, 3b for image display, light-guiding electrodes 3c,
3d for oblique light control, liquid crystal driving elements
12a, 12b for image display, and liquid crystal driving ele-
ments 12¢, 12d for oblique light control.

[0148] The light shielding film 9 is formed from a metal

thin film used for a gate wire or a source wire on one side of
the transparent substrate 8 like, for example, glass.

[0149] The insulating layer 10 is formed on the transpar-
ent substrate 8 on which the light shielding film 9 is formed.
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[0150] The photoreceptors 2a, 2b are included in, for
example, neighboring pixels or sub-pixels. The plurality of
photoreceptors 2a, 25 are formed on the insulating layer 10a.
[0151] The photoreceptor 2a detects light having passed
through a blue filter 14B formed in a pixel opening AP1 of the
black matrix BM, but light reflected inside a liquid crystal
panel 45 may also be detected by the photoreceptor 2a. The
photoreceptor 2a overlaps with the blue filter 14B and the
light shielding film 9 in the plan view and is included between
the blue filter 14B and the light shielding film 9 in a direction
perpendicular to the section. The photoreceptor 2a s sensitive
in a near ultraviolet region of the wavelength 360 nm to 420
nm.

[0152] The photoreceptor 25 detects light reflected inside
the liquid crystal panel 45. Light detected by the photorecep-
tor 25 includes, for example, reflected light from various
interfaces of the side of a counter substrate 46 and reflected
light from the interface between the counter substrate 46 and
a liquid crystal layer 6. The photoreceptor 2a overlaps with a
red filter 14R or a green filter 14G of the pixel opening AP1
and the light shielding film 9 in the plan view and is included
between the red filter 14R or the green filter 14G and the light
shielding film 17 in a direction perpendicular to the section.
The photoreceptor 25 is a photoreceptor for signal compen-
sation.

[0153] The photoreceptor 25 according to the present
embodiment is disposed between the green filter 14G and the
light shielding film 9. The transmittance of near ultraviolet
light near the wavelength 390 nm of; for example, the green
filter 14G of a green sub-pixel and the red filter 14R of a red
sub-pixel is low and thus, in the present embodiment, as
described in the first embodiment or the like, there is no need
to dispose the photoreceptor 2b between the black matrix BM
and the light shielding film 9. Particularly, the transmittance
of near ultraviolet light near the wavelength 390 nm of the
green filter 14G containing a zinc halide phthalocyanine
green pigment is lower than that of copper halide phthalocya-
nine and can be adopted as a light shielding pattern of near
ultraviolet light. The transmittance of near ultraviolet light
near the wavelength 390 nm when a yellow pigment as a color
matching pigment is added to the green filter 14G or the red
filter 14R is still lower.

[0154] In the present embodiment, the pixel aperture ratio
of a blue sub-pixel, that of a green sub-pixel, and that of a red
sub-pixel can be adjusted.

[0155] Theinsulating layer 10¢ is formed on the insulating
layer 105 on which the plurality of photoreceptors 2a, 2b are
formed.

[0156] The common electrode 11 is formed on the insulat-
ing layer 105.
[0157] The pixel electrodes 3a, 36 for image display and

the light-guiding electrodes 3¢, 3d for oblique light control
are formed on the insulating layer 10c.

[0158] The liquid crystal driving elements 12a, 125 for
image display are electrically connected to the pixel elec-
trodes 3a, 3b for image display.

[0159] The liquid crystal driving elements 12¢, 12d for
view angle control are electrically connected to the light-
guiding electrodes 3¢, 3d for oblique light control.

[0160] As the liquid crystal driving elements 12a, 125 for
image display and the liquid crystal driving elements 12¢, 124
for oblique light control, for example, a TFT in which a
transparent channel layer is formed from an oxide semicon-
ductor or the like is used.
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[0161] For the array substrate 47, the other side of the
transparent substrate 8 becomes the back side of the liquid
crystal panel 45 and the side on which the pixel electrodes 3a,
3b and the light-guiding electrodes 3¢, 3d are formed
becomes the side of the liquid crystal layer 6.

[0162] The liquid crystal contained in the liquid crystal
layer 6 is assumed to have, for example, an initial vertical
orientation. Incidentally, the liquid crystal display 44 may be
a VA liquid crystal type using the liquid crystal of initial
vertical orientation or an ECB type using the liquid crystal of
initial horizontal orientation. While a liquid crystal whose
dielectric constant anisotropy is negative will be described as
the VA liquid crystal below, a liquid crystal whose dielectric
constant anisotropy is positive may also be used. A liquid
crystal whose dielectric constant anisotropy is positive may
be used as the VA liquid crystal.

[0163] The counter substrate 46 includes the transparent
substrate 8, the black matrix BM, a color filter layer 14, a
transparent resin layer (protective layer) 7, and counter elec-
trodes 16a to 16d.

[0164] The black matrix BM corresponds to a plurality of
pixels or sub-pixels and is formed on one side of the trans-
parent substrate 13 such thata plurality of pixel openings AP1
segmented in a matrix shape in the plan view are formed.
Light for image display provided to the user is emitted from
the plurality of pixel openings AP1.

[0165] In the present embodiment, the black matrix BM is
formed in pixel or sub-pixel units and includes two parallel
long side portions of the frame portion BM1 forming the pixel
opening AP1 and a center portion BM2 dividing the pixel
opening AP1 into two portions. The center portion BM2 may
be omitted.

[0166] Further, in the present embodiment, the black matrix
BM includes an oblique light opening AP2 formed in a slit
shape on long side portions opposite to each other in the
horizontal direction in the plan view. Oblique light for the
purpose of preventing visual recognition by third parties and
short-wavelength light for sensing of the photoreceptor 2a are
emitted from the oblique light opening AP2.

[0167] One of the blue filter 14B, the green filter 14G, and
the red filter 14R is formed in the pixel opening AP1 formed
by the black matrix BM on the transparent substrate 13. The
color filter layer 14 contains the blue filter 14B, the green filter
14G, and the red filter 14R.

[0168] The transparent resin layer 15 is formed on the
transparent substrate 13 on which the black matrix BM and
the color filter layer 14 are formed.

[0169] The counter electrodes 16a to 164 are formed on the
transparent resin layer 15.

[0170] For the counter substrate 46, the other side of the
transparent substrate 13 becomes the observer side and the
side on which the counter electrodes 16a to 16d are formed
becomes the side of the liquid crystal layer 6.

[0171] Inthe present embodiment, the counter substrate 46
shown in the section of FIG. 13 is configured to be symmetric
with respect to the center axis C of the sub-pixel.

[0172] The pixel opening AP1 of a polygonal sub-pixel is
formed in a matrix shape. The plane shape of the pixel open-
ing AP1 can be a polygonal shape in which sides opposite to
each other are parallel like, for example, a square, a rectangle,
a parallelogram, or a polygonal bent shape like a dogleg (“<”
shape or a boomerang shape). In the counter substrate 46, the
transparent oblique light opening AP2 ina slit shape is formed
in a center portion of side portions opposite to each other of
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the black matrix BM. In other words, the oblique light open-
ing AP2 is sandwiched between linear light shielding portions
in side portions of the black matrix BM.

[0173] As shown in FIG. 13, the oblique light opening AP2
is preferably provided on both sides (left and right) of a
sub-pixel for finger recognition and prevention of visual rec-
ognition by third parties. If, for example, oblique light in the
up and down direction is emitted by providing an oblique
opening in upper and lower portions in the vertical direction
of a sub-pixel in the plan view, the effect of suppressing visual
recognition by third parties prying into the liquid crystal
display screen from the side is small. The shape of the oblique
light opening AP2 in the plan view is not limited to the slit
shape or the stripe shape and may be a dot shape, an elliptic
shape, a rectangular shape or the like. The arrangement of a
plurality of the oblique light openings AP2 may be asymmet-
ric or symmetric with respect to the center of a sub-pixel in the
plan view. The oblique light opening AP2 is preferably
arranged along the longer direction of sub-pixels.

[0174] In the present embodiment, the emission state of
oblique light from the oblique light opening AP2 is related to
the shape or position of the light-guiding electrodes 3¢, 34,
the common electrode 11, and the counter electrodes 16a to
164 to drive the liquid crystal and the operation of the liquid
crystal.

[0175] Therefore, oblique light can be caused to be emitted
efficiently by adjusting the shape or position of the oblique
light opening AP2 in accordance with the shape or position of
the light-guiding electrodes 3¢, 3d, the common electrode 11,
and the counter electrodes 164 to 16d.

[0176] Incidentally, it is preferable that the emission direc-
tion of oblique light be approximately orthogonal to the opti-
cal axis of a prism sheet (ridge line direction of the prism
sheet having a triangular section) contained in the configura-
tion of an optical control element according to the fourth
embodiment described later.

[0177] A switching unit 24 switches the intensity of oblique
light emitted from the oblique light opening AP2 by a tech-
nique of, for example, changing the height of the voltage
applied to the light-guiding electrodes 3¢, 3d.

[0178] If the compensated observed value from the opera-
tion unit 17 indicates that a finger is approaching the liquid
crystal display screen, the switching unit 24 can apply a
higher voltage to the light-guiding electrodes 3¢, 3d via the
liquid crystal driving elements 12¢, 124 to automatically
increase the intensity of oblique light emission. By increasing
the intensity of oblique light emission, it becomes possible to
recognize the finger even if the distance from the liquid crys-
tal display screen to the finger is, for example, 7 mm, which
makes input providing a sense of clicking with a 3D button
display on the liquid crystal screen easier to achieve. For the
recognition of the finger, for example, compensated observed
values obtained by performing a compensation operation
based on observed values of the photoreceptors 2a, 25 are
classified into sections of different sizes of two levels or a
plurality of levels and the number of compensated observed
values (for example, corresponding to the area of the finger on
the liquid crystal screen) belonging to each section is deter-
mined or the speed of change of the number of compensated
observed values belonging to each section and their positions
are detected. Accordingly, the distance between the liquid
crystal display screen and the input instructor such as the
finger, pointer or the like and movement thereof can be rec-
ognized. The finger can also be sensed based on, after short-
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wavelength light and visible light (for example, blue light) are
synchronized and emitted from the oblique light opening
AP2, a shift (phase difference) of timing of receiving the
wavelength light and visible light. By using photoreceptors of
different light receiving characteristics, the positional accu-
racy of the input instructor such as the finger, pointer or the
like can be improved.

[0179] For example, the switching unit 24 of the liquid
crystal display 44 may include an instruction receiving unit or
the liquid crystal display 44 may display a switching request
on the screen to receive switching instructions. The switching
unit 24 switches the emission state of oblique light in accor-
dance with input switching instructions. For example, the
switching unit 24 realizes the mode specified by the observer
from among “Display priority mode” that does not emit
oblique light, “Finger operation mode” to do finger input, and
“Security mode” to prevent visual recognition by third par-
ties. If “Security mode” is selected, the switching unit 24
causes emission of oblique light of high intensity as visible
light. The intensity of emitted light is controlled, as described
above, based on the liquid crystal driving voltage applied to
the light-guiding electrodes 3¢, 3d. The switching unit 24
causes short-wavelength solid-state light-emitting devices
35a, 35bt0 emit light during sensing of the photoreceptors 2a,
2b and applies a driving voltage to the light-guiding elec-
trodes 3¢, 3d in synchronization with the observation timing
of the photoreceptors 2a, 25.

[0180] Hereinafter, the operation of liquid crystal by the
counter substrate 46 and the array substrate 47 and light
emitted by the operation will be described using FIGS. 14 to
17.

[0181] FIG. 14 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only the first pixel electrode 3a of the liquid
crystal display 44 according to the present embodiment.
[0182] Liquid crystal molecules L1 to L14 of the liquid
crystal display 44 have negative dielectric constant anisot-
ropy. The major axis direction of the liquid crystal molecules
L1 to L14 is vertical before a driving voltage is applied, but
when a voltage is applied to any of the pixel electrodes 3a, 35
and the light-guiding electrodes 3¢, 3d by the liquid crystal
driving elements 12a to 12d, liquid crystal molecules are
inclined. F1G. 14 shows an example of the driving state when
the driving voltage is applied to only the first pixel electrode
3a.

[0183] The liquid crystal molecules L4 to L10 fall in a
direction perpendicular to the electric line of force. Emission
light D4 is emitted, for example, in the direction of one eye
(right eye) of the observer by passing through an inclined
portion of the liquid crystal. The liquid crystal molecule L4
starts to fall earlier than other liquid crystal molecules due to
a strong electric field formed between an end of the pixel
electrode 3a and the common electrode 11. The operation of
the liquid crystal molecule L.24 serves as a trigger of the liquid
crystal operation and enhances responsiveness of the liquid
crystal.

[0184] FIG. 15 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only the second pixel electrode 35 of the liquid
crystal display 1 according to the present embodiment.
[0185] When a liquid crystal driving voltage is applied to
the pixel electrode 34, the liquid crystal molecules L5 to L11
fall in a direction perpendicular to the electric line of force.
Emission light D5 is emitted, for example, in the direction of
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one eye (left eye) of the observer by passing through an
inclined portion of the liquid crystal. The liquid crystal mol-
ecule L11 starts to fall earlier than other liquid crystal mol-
ecules due to a strong electric field formed between an end of
the pixel electrode 35 and the common electrode 11. The
operation of the liquid crystal molecule L11 serves as a trig-
ger of the liquid crystal operation and enhances responsive-
ness of the liquid crystal.

[0186] FIG. 16 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
is applied to only the first light-guiding electrode 3¢ of the
liquid crystal display 1 according to the present embodiment.

[0187] When a liquid crystal driving voltage is applied to
the light-guiding electrode 3¢, the liquid crystal molecules L1
to L3 fall in a direction perpendicular to the electric line of
force. Oblique light D6 passes through the inclined liquid
crystal molecules L1 to L3 obliquely and passes through a
polarizing plate (not shown) before being emitted to the out-
side as leakage light. In this case, the leakage light is visually
recognized as a black display from the observer direction, but
the leakage light is observed by third parties in an oblique
direction and is not visually recognized as a black display.
Visual recognition by third parties around the observer can be
prevented by a liquid crystal driving voltage being applied to
the light-guiding electrode 3¢ and the oblique light D6 being
caused to emit. Further, stable input by the photoreceptor 2a
can be done by the oblique light D6 being caused to emit so
that stable finger recognition can be realized while a finger
operation is performed on the liquid crystal screen.

[0188] The amount of leakage light and the angle of the
oblique light D6 can be controlled based on a width W1 of the
oblique light opening AP2, awidth W2 of the frame portion of
the black matrix BM, a thickness Ht from one side of the
transparent substrate 13 to the interface of the counter sub-
strate 46 on the side of the liquid crystal layer 6, a thickness Lt
of the liquid crystal layer 6, a width W3 of the light shielding
pattern 9 and the like.

[0189] The liquid crvstal molecule L3 starts to fall earlier
than other liquid crystal molecules due to a strong electric
field formed between an end of the light-guiding electrode 3¢
and the common electrode 11. The operation of the liquid
crystal molecule L3 serves as a trigger of the liquid crystal
operation and enhances responsiveness of the liquid crystal.

[0190] FIG. 17 is a partial sectional view showing an
example of the state in which the liquid crystal driving voltage
1s applied to only the second light-guiding electrode 3d of the
liquid crystal display 1 according to the present embodiment.

[0191] When a liquid crystal driving voltage is applied to
the light-guiding electrode 34, the liquid crystal molecules
L12to .14 fall in a direction perpendicular to the electric line
of force and oblique light D7 is emitted. The liquid crystal
molecule [12 starts to fall earlier than other liquid crystal
molecules due to a strong electric field formed between an
end of the light-guiding electrode 3d and the common elec-
trode 11. The operation of the liquid crystal molecule 112
serves as a trigger of the liquid crystal operation and enhances
responsiveness of the liquid crystal. The oblique light D7 is
emitted by a driving voltage being applied to the light-guiding
electrode 3d to prevent visual recognition by third parties
around the observer. The oblique light D6 in FIG. 16 and the
oblique light D7 in FIG. 17 may be caused to emit simulta-
neously.
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[0192] Inthe presentembodiment described above, the uni-
form photoreceptors 2a, 25 can be formed inside the liquid
crystal panel 45 by the photoreceptors 2a, 25 being formed
from an oxide semiconductor.

[0193] In the present embodiment, an observed value
detected by the photoreceptor 2a can be compensated for by
an observed value detected by the photoreceptor 25 and there-
fore, for example, finger input on the screen can be detected
with high precision and stability.

[0194] In the present embodiment, input into the liquid
crystal display 44 for three-dimensional image display can be
detected.

[0195] Inthe present embodiment, with the emission of the
oblique lights D6, D7, the view angle can be controlled and
also an observed value of the photoreceptor 2a can be pre-
vented from being adversely affected by reflected light inside
the liquid crystal panel 45.

[0196] In the present embodiment, visible light is emitted
from the oblique light opening AP2 to realize the prevention
of visual recognition by third parties by synchronizing visible
light solid-state light-emitting devices 32a, 325 of a backlight
unit 30 with the light-guiding electrodes 3¢, 3d to emit light.
[0197] Inthe present embodiment, an effective display area
can be prevented from decreasing and the observer can be
prevented from observing the oblique lights D6, D7 and
therefore, display quality can be maintained.

[0198] In the present embodiment, the liquid crystal dis-
play 44 can be prevented from becoming heavy and thick.

Fourth Embodiment

[0199] In the present embodiment, a modification of the
third embodiment will be described. The sectionofan oblique
opening AP2 according to the present embodiment has a
convex shape.

[0200] FIG. 18 is a partial sectional view showing an
example of a liquid crystal display according to the present
embodiment.

[0201] FIG. 18 is a section perpendicular to the longer
direction of comb teeth of a pectinate or striped electrode.
FIG. 18 shows orientation states of liquid crystal molecules
L1 to L16 between a counter substrate and an array substrate
and oblique lights D3, D4 emitted based on operations of
these liquid crystal molecules L1 to .16 and orientation films,
polarizing plates, liquid crystal driving elements, and phase
difference plates, and photoreceptors are omitted. FIG. 18
shows an initial orientation state of the liquid crystal to which
no liquid crystal driving voltage is applied.

[0202] A liquid crystal display 26 includes a liquid crystal
panel 29 in which array substrate 27 and a counter substrate
28 are opposed to each other via a liquid crystal layer 6. The
liquid crystal display 26 according to the present embodiment
is characterized by a transparent pattern 48 provided in the
oblique light opening AP2. The thickness Ht in the vertical
direction of the transparent pattern 48 is larger than that in the
vertical direction of a black matrix BM and that of a color
filter layer 14. A formation portion of the transparent pattern
48 in the counter substrate 28 protrudes to the side of the
liquid crystal layer 6 from other portions.

[0203] Further, a recess 49 is formed in the counter sub-
strate 28 in the center portion of each sub-pixel.

[0204] To generate the counter substrate 28, the black
matrix BM and the transparent pattern 48 in the oblique light
opening AP2 are first formed on a transparent substrate 13
such as glass. Next, a counter electrode 16 as a transparent
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electrode is formed such as to cover the black matrix BM and
the transparent pattern 48. A blue filter 14B, a green filter
14G, and ared filter 14R are stacked on the counter electrode
16 of respective pixel openings AP1 and further, a transparent
resin layer 15 as a protective layer is formed.

[0205] The array substrate 27 includes pixel electrodes 3e,
3/, a light-guiding electrode 3g, and common electrodes 11e,
11/, 11g for each polygonal sub-pixel.

[0206] A voltage to drive the liquid crystal is applied to
between the pixel electrodes 3e, 3fand the counter electrode
16 and between the pixel electrodes 3¢, 3f and the common
electrodes 11e, 11f. Incidentally, the array substrate 27 may
not include the common electrodes 11e, 111, 11g. The pattern
in the plan view of the pixel electrodes 3e, 3f may be a
pectinate pattern or a striped pattern. The pattern in the plan
view of the of the pixel electrodes 3e, 3f may be formed in
such way that a plurality of slit openings are arranged in a
direction in which the liquid crystal molecules L3 to [.14 are
oriented on a band (solid) transparent conductive film.
[0207] Anemissionangle 0 oftheobliquelights D6, D7 can
be controlled by using a width W1 of the transparent pattern
48, athickness H1 of the transparent pattern 48, a thickness Lt
of the liquid crystal layer 6, a width W3 of a light shielding
pattern 9 and the like.

[0208] The pixel electrodes 3e, 3f and the light-guiding
electrode 3g of a pectinate pattern and the common electrodes
11e, 11/, 11g of a pectinate pattern are arranged via an insu-
lating layer 10c. The pixel electrodes 3e. 3/ and the light-
guiding electrode 3¢, and the common electrodes 11e, 11,
11g are shifted in positions in the horizontal direction. In FIG.
18, the pixel electrodes 3e, 3fand the light-guiding electrode
3g, and the common electrodes 11e,11f; 11g partially overlap
in the horizontal direction and another portion protrudes. The
common electrodes 11e, 111, 11g are shifted to the side of the
transparent pattern 48 (end side of the sub-pixel) from the
corresponding pixel electrodes 3e, 3f'and the corresponding
light-guiding electrode 3g.

[0209] The pectinate pattern of the pixel electrodes 3e, 3f
and the light-guiding electrode 3g, and the common elec-
trodes 11e, 11f; 11g is formed by electrically connecting two
or more linear conductors of the width of, for example, 2 pm
to 20 um. The connecting portion of linear conductors may be
formed on one side or on both sides. The connecting portion
is a peripheral portion of the polygonal sub-pixel and is pref-
erably arranged outside the pixel opening AP1 in the plan
view. The interval of the pectinate pattern is set to the range of,
for example, about 3 pm and 100 um and is selected based on
liquid crystal cell conditions and the liquid crystal material.
The formation density, pitch, and electrode width of the pec-
tinate pattern can be changed within the sub-pixel or the pixel.
A protrusion amount W4 between the pixel electrodes 3e, 3/
and the light-guiding electrode 3g, and the common elec-
trodes 11e, 117, 11g in the horizontal direction can be adjusted
in various ways by the material of the liquid crystal 6, driving
conditions, and dimensions of the thickness of liquid crystal
cell and the like. The width W4 of protrusion may be a small
amount, for example, a value between 1 um and 6 pm. A width
W5 of an overlapping portion can be used as an auxiliary
capacity involved in liquid crystal driving. The liquid crystal
molecules L1, L3 to L7, L10 to L14, L16 are oriented almost
perpendicularly with respect to the substrate surface.

[0210] The number, density, and interval of comb teeth in
an opening width direction of a sub-pixel or pixel in the pixel
electrodes 3e, 3/ and the light-guiding electrode 3g. and the
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common electrodes 11e, 11f; 11g of a pectinate pattern can
appropriately be adjusted in accordance with the size and the
purpose of use of the liquid crystal display 26.

[0211] Inthe presentembodiment, a transparent conductive
film as the counter electrode 16 is formed between the trans-
parent substrate 13 and the color filter layer 14. In the present
embodiment, when the counter substrate 28 is manufactured,
the color filter layer 14 is formed after the transparent con-
ductive film. In the liquid crystal display 26 configured as
described above and including the counter substrate 28, even
if light emitted from a backlight unit 30 is reflected by the
interface of the counter electrode 16, the reflected light is
absorbed by the color filter layer 14. Therefore, in the present
embodiment, it is possible to mitigate light emitted from the
backlight unit 30 installed on the back side of the liquid
crystal panel 29 being reflected by the interface of the counter
electrode 16 of the liquid crystal panel 29 and being observed
by the photoreceptors 2a, 25.

[0212] In the configuration of the counter electrode 15 in
which, like the present embodiment, the color filter layer 14
or the transparent resin layer 15, which are also a dielectric, is
stacked on the counter electrode 16, an equipotential line
related to a liquid crystal driving voltage applied to between
the pixel electrodes 3e, 3fand the counter electrode 16 can be
extended in the thickness direction of theliquid crystal, which
can improve the transmittance.

[0213] In the present embodiment, the liquid crystal mol-
ecules L.2, L15 near the transparent pattern 15 of the counter
substrate 28 and the liquid crystal molecules 1.8, L9 near the
recess 49 in the center portion of the counter substrate 28 are
inclined by a predetermined angle. Accordingly, the liquid
crystal molecules L1 to 116 can effectively be inclined when
a driving voltage is applied.

[0214] The oblique lights D6, D7 are one or both of visible
light emitted from visible light solid-state light-emitting
devices and short-wavelength light emitted from short-wave-
length solid-state light-emitting devices. A synchronization
control unit 36 synchronizes the application of aliquid crystal
driving voltage to the light-guiding electrode 3g and light
emission of one or both of visible light solid-state light-
emitting devices 32a, 325 and short-wavelength solid-state
light-emitting devices 35a, 35b. When the input instructor
such as a finger is recognized, the synchronization control
unit 36 synchronizes the application of a liquid crystal driving
voltage to the light-guiding electrode 3¢, light emission from
the short-wavelength solid-state light-emitting devices 35a,
355, and light reception by the photoreceptors 2a, 2b. The
three-dimensional image display and the two-dimensional
image display can be switched just as in the first embodiment.
“Finger operation mode” or “Security mode” can be applied
just as in the third embodiment.

[0215] While the formation position of the transparent con-
ductive film in FIG. 18 is set between the black matrix BM
and the color filter layer 14 in the present embodiment, the
transparent conductive film may also be formed in other posi-
tions, like between the transparent substrate 13 and the black
matrix BM.

Fifth Embodiment

[0216] In the present embodiment, the relationship
betweenthe plane shape of a sub-pixel and the shape of a pixel
electrode will be described.

[0217] FIG.19isaplanview showing a first example of the
relationship between the plane shape of a sub-pixel according
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to the present embodiment and shapes of pixel electrodes 3e,
3f'and a light-guiding electrode 3g.

[0218] In FIG. 19, the sub-pixel has a rectangular shape
long in the vertical direction in the plan view. The pixel
electrodes 3e, 3f and the light-guiding electrode 3g as pecti-
nate electrodes are each connected electrically to three dif-
ferent liquid crystal driving elements.

[0219] The light-guiding electrode 3g acts together with a
corresponding common electrode 11g and drives the liquid
crystal near an oblique light opening AP2 to emit oblique
lights D6, D7. In the configuration of FIG. 19, the oblique
light opening AP2 in a slit shape is formed in parallel with the
light-guiding electrode 3g to emit oblique light passing
through the liquid crystal driven by the light-guiding elec-
trode 3g. In the present embodiment, the connecting portion
of pectinate portions of the pixel electrodes 3e, 3f overlaps
with a lower portion of a black matrix BM of the sub-pixel in
the plan view. The connecting portion of pectinate portions of
the light-guiding electrode 3g overlaps with an upper portion
of the black matrix BM of the sub-pixel in the plan view. The
number of comb teeth, density thereof, and electrode width of
the pixel electrodes 3e, 3f and the light-guiding electrode 3g
can be changed in various ways depending on liquid crystal
cell conditions.

[0220] FIG. 20 is a plan view showing a second example of
the relationship between the plane shape of the sub-pixel
according to the present embodiment and shapes of the pixel
electrodes 3e, 3f'and the light-guiding electrode 3g.

[0221] FIG. 21 is a plan view showing a third example of
the relationship between the plane shape of the sub-pixel
according to the present embodiment and shapes of the pixel
electrodes 3e, 3f'and the light-guiding electrode 3g.

[0222] In FIG. 20, the sub-pixel has a parallelogrammic
shape in the plan view. In FIG. 21, the sub-pixel has a polygo-
nal shape like a dogleg in the plan view. F1 to F4 are inclina-
tion directions of the liquid crystal when a liquid crystal
driving voltage is applied to the pixel electrodes.

[0223] Ifthe emission direction of the oblique lights D6, D7
used for view angle control is considered, the plane shape of
the sub-pixel is preferably a parallelogrammic shape or a
polygonal shape like a dogleg. When characters are displayed
on the liquid crystal display, visibility of third parties can
easily be decreased in a wide range by applying a parallelo-
grammic sub-pixel in which the emission direction changes
from sub-pixel to sub-pixel configured for the character dis-
play. When two to four liquid crystal driving elements are
formed for each sub-pixel and the pixel electrodes 3e, 3/ for
pixel display and the light-guiding electrode 3g for view
angle control are separately driven in each liquid crystal driv-
ing element, the contribution of the pixel shape factor
decreases slightly. This is because when the pixel electrodes
3e, 3fTor pixel display and the light-guiding electrode 3g for
view angle control are separately driven, the oblique lights
D6, D7 can be controlled by the light-guiding electrode 3g for
view angle control separately from the pixel display. Further,
when the pixel electrodes 3e, 3f for pixel display and the
light-guiding electrode 3g for view angle control are sepa-
rately driven, the driving voltage signal may be randomized
and also the shape and arrangement ofa transparent pattern 48
may be randomized to further decrease visibility of third
parties by the oblique lights D6, D7 using the light-guiding
electrode 3g for view angle control. The oblique lights D6, D7
can individually be caused to emit when necessary by form-
ing two to four liquid crystal driving elements for each sub-
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pixel and visual recognition by third parties of the character
display on the display screen can be prevented at a high level
by randomization.

[0224] A synchronization control unit 36 synchronizes
emission of visible light from visible light solid-state light-
emitting devices 32a, 325 and application of a voltage to the
light-guiding electrode 3¢ for oblique emission light for view
angle control for the purpose of preventing visual recognition
by third parties. When the input instructor such as a finger is
recognized, the synchronization control unit 36 synchronizes
emission of short-wavelength light from short-wavelength
solid-state light-emitting devices 354, 356 and application of
avoltage to the light-guiding electrode 3¢. The emission peak
of the short-wavelength solid-state light-emitting devices
35a,35bcanbesetto alow visual sensitivity region for human
eyes and the emission peak of the visible light solid-state
light-emitting devices 32a, 326 can be set to the emission
peak of blue, green, or red as visible light. Photoreceptors 2a,
2b having a transparent channel layer formed of an oxide
semiconductor can set the sensitivity by biasing towards the
peak wavelength in the short-wavelength region of the short-
wavelength solid-state light-emitting devices and thus, in the
present embodiment, visible light and short-wavelength light
may be emitted simultaneously as oblique light or visible
light and short-wavelength light may be emitted in a time
division manner.

Sixth Embodiment

[0225] In the present embodiment, the manufacture of lig-
uid crystal driving elements 12a to 12d will be described. In
the present embodiment, the liquid crystal driving elements
12a to 12d are assumed to have, for example, a top contact
etching stopper structure of a bottom gate type.

[0226] According to the manufacturing method of the lig-
uid crystal driving elements 12a to 124 according to the
present embodiment, an aluminum alloy thin film is first
formed to a thickness of 140 nm by the DC magnetron sput-
tering method. Next, the aluminum alloy thin film is patterned
into a desired shape to form a gate electrode and an auxiliary
capacitor electrode. Further, an SiN, thin film is formed
thereon to a thickness of 350 nm by the plasma CVD method
using SiH,, NH;, and H, as material gases to form a gate
dielectric film as a transparent insulating layer. Further, an
amorphous In—Ga—7Zn—O thin film is formed as a trans-
parent channel layer to a thickness of 40 nm by the DC
sputtering method using an InGaZnQ, target and patterned
into a desired shape to form the transparent channel layer.
Further, an SiON thin film is formed by the RF sputtering
method while introducing Ar and O, using an SiN target and
patterned into a desired shape to form a transparent channel
protective layer. Further, an ITO thin film is formed to a
thickness of 140 nm by the DC magnetron sputtering method
and patterned into a desired shape to form a source/drain
electrode. Further, an SiN,, thin film is formed to a thickness
of 500 nm by the plasma CVD method using SiH,. NH;, and
H, as material gases to form a protective film.

[0227] Regarding the manufacturing method of photore-
ceptors 2a, 2b, the same method and process as those of the
liquid crystal driving elements 12a to 124 can be applied to
manufacture both products simultaneously. The top gate
structure may be adopted for the liquid crystal driving ele-
ments 12a to 124 and the photoreceptors 2a, 25 as phototrans-
istors. The liquid crystal driving elements 12a to 124 and the
photoreceptors 2a, 2b may also have a single gate structure in
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which one formationregion of the transparent channel layer is
formed, a double gate structure in which two formation
regions are formed, or a triple gate structure in which three
formation regions are formed. Alternatively, the liquid crystal
driving elements 12a to 124 and the photoreceptors 2a, 2b
may have a dual gate structure including two gate electrodes
arranged above and below a transparent channel layer region
via a gate dielectric film. In such a multi-gate structure, dif-
ferent voltages can be applied to respective gate electrodes. In
the present embodiment, the gate electrode is illustrated as an
aluminum alloy thin film and the source/drain electrode is
illustrated as an I'TO thin film, but thin films of metals/alloys
of titanium, tantalum, tungsten, molybdenum and the like can
also be applied as electrode materials. Further, the liquid
crystal driving elements 12a to 12d and the photoreceptors
2a, 2b may have a laminated structure containing a thin film
of copper or aluminum. The aluminum alloy thin film may
also be formed from an aluminum alloy to which at least one
metal from neodymium (Nd), lanthanum (La), tantalum (Ta),
zirconium (Zr), nickel (Ni), cobalt (Co), germanium (Ge),
silicon (Si), magnesium (Mg), and copper (Cu) is added to
aluminum in the quantity of 3 at % or less.

[0228] The sensitivity region of photoreceptors S1, S2 can
be shifted to the visible region on the long-wavelength side of
the wavelength of light by, for example, forming an impurity
level in the transparent channel layer to make the band gap
thereof smaller. For example, the thickness of the transparent
channel layer can be adjusted in the range of 5 nm to 200 nm.

Seventh Embodiment

[0229] In the present embodiment, examples of various
materials of transparent resins and organic pigments used in
counter substrates 5, 41, 46 of liquid crystal displays 1,37, 44
according to each of the above embodiments will be
described.

[0230] Photosensitive coloring compositions used for the
formation of a color filter layer 14 contain, in addition to a
pigment dispersion, a multifunctional monomer, a photosen-
sitive resin or non-photosensitive resin, a polymerization ini-
tiator, and a solvent. Highly transparent organic resins used in
the present embodiment like a photosensitive resin or non-
photosensitive resin are generically called transparent resins.

[0231] Itis preferable to use a photosensitive resin compo-
sition capable of pattern formation by photolithography or a
transparent resin of a thermoset resin or the like for a black
matrix BM, a transparent resin layer 15, and the color filter
layer 14. The resin used for the black matrix BM and the color
filter layer 14 is preferably a resin having alkali solubility. The
alkali soluble resin may be any resin containing the carboxyl
group or hydroxyl group. As the alkali soluble resin, for
example, an epoxy acrylate resin, a novolac resin, a polyvinyl
phenol resin, an acrylic resin, an epoxy resin containing the
carboxyl group, a urethane resin containing the carboxyl
group and the like are used. Among these resins, the epoxy
acrylate resin, the novolac resin, and the acrylic resin are
preferable. Particularly, the epoxy acrylate resin or the
novolac resin is preferable.

[0232] As red pigments, for example, C. I. Pigment Red 7,
9,14,41,48:1,48:2,48:3,48:4,81:1, 81:2,81:3,97,122, 123,
139, 146, 149, 168, 177, 178, 179, 180, 184, 185, 187, 192,
200, 202, 208, 210, 215, 216, 217, 220, 223, 224, 226, 227,
228, 240, 242, 246, 254, 255, 264, 272, 279 and the like can
be used.
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[0233] As red pigments, for example, C. I. Pigment Yellow
1,2,3,4,5,6,10,12,13, 14,15, 16,17, 18,20, 24,31,32, 34,
35,35:1,36,36:1,37, 37:1, 40, 42, 43, 53, 55, 60, 61, 62, 63,
65,73, 74,71, 81, 83, 86, 93, 94, 95, 97, 98, 100, 101, 104,
106, 108, 109, 110, 113, 114, 115, 116, 117, 118, 119, 120,
123, 125, 126, 127, 128, 129, 137, 138, 139, 144, 146, 147,
148, 150, 151, 152, 153, 154, 155, 156, 161, 162, 164, 166,
167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 179,
180, 181, 182, 185, 187, 188, 193,194, 199, 213, 214 and the
like can be used.

[0234] As blue pigments, for example, C. I. Pigment Blue
15,15:1,15:2, 15:3, 15:4, 15:6, 16,22, 60, 64, 80 and the like
can be used and, among these blue pigments, C. 1. Pigment
Blue 15:6 is preferable.

[0235] As violet pigments, for example, C. 1. Pigment Vio-
let 1,19, 23,27, 29, 30, 32, 37, 40, 42, 50 and the like can be
used and, among these violet pigments, C. I. Pigment Violet
23 is preferable.

[0236] As green pigments used for a green filter 14G, for
example, C. I. Pigment Green 1, 2, 4,7, 8,10, 13, 14, 15,17,
18, 19, 26, 36, 45, 48, 50, 51, 54, 55, 58 and the like can be
used and, among these green pigments, C. 1. Pigment Green
58, which is a zinc halide phthalocyanine green pigment, is
preferable. A green filter using a zinc halide phthalocyanine
green pigment has a lower relative dielectric constant than a
green filter of copper halide phthalocyanine, which has gen-
erally been used as a green pigment. By using a zinc halide
phthalocyanine green pigment for the green filter 14G, the
relative dielectric constant thereof can approximately be
matched to those of a red filter 14R and a blue filter 14B
contained in the color filter 14. If, for example, the relative
dielectric constant of the blue filter 14B of a blue sub-pixel
and the relative dielectric constant of the red filter 14R ofared
sub-pixel in the respective thickness of 2.8 pm are measured
when, for example, a voltage of 5V is applied and the driving
frequency of the liquid crystal is 120 Hz or 240 Hz, the
measured relative dielectric constants fall within the range of
about 3 to 3.9. The relative dielectric constant of the green
filter 14G containing a zinc halide phthalocyanine green pig-
ment as the main coloring material (a yellow pigment may be
added for color adjustments) is 3.4 to 3.7 and the relative
dielectric constant of the green filter 14G can be matched to
those of the red filter 14R and the blue filter 14B of the other
two colors. Matching the relative dielectric constants of the
blue filter 14B, the green filter 14G, and the red filter 14R
greatly affects the configuration in which the color filter layer
14 is formed on the transparent electrode (common electrode
16), as shown in the fourteenth embodiment or aliquid crystal
display of the transverse electric field type called IPS. If the
respective relative dielectric constants of the blue filter 14B,
the green filter 14G, and the red filter 14R are at the same
level, unwanted effects such as an occurrence of leakage of
light due to different relative dielectric constants of the color
filter when the liquid crystal is driven can be reduced. For
example, the relative dielectric constant of the green filter
14G using copper halide phthalocyanine as the main coloring
material is about 4.4 to 4.6, which is considerably larger than
those of the blue filter 14B and the red filter 14R and is not
preferable. In addition, the green filter 14G containing a zinc
halide phthalocyanine green pigment has a steep spectral
characteristic curve and has a higher transmittance than that
of a copper halide phthalocyanine green pigment.
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[0237] A mixture of the above various organic pigments
can be used as a light blocking coloring agent used for the
black matrix BM or carbon superior in the light blocking
effect can be used.

[0238] Each of the above embodiments can be applied after
modifications without deviating from the spirit of the inven-
tion and can also be freely combined.

What is claimed is:

1. A liquid crystal display comprising:

an array substrate including a plurality of photoreceptors, a
plurality of electrodes, and at least one liquid crystal
driving element electrically connected to the plurality of
electrodes;

a counter substrate including a black matrix corresponding
to a plurality of sub-pixels or pixels and forming a plu-
rality of pixel openings segmented in a matrix shapeina
plan view and a color filter layer containing a blue filter,
a green filter, and a red filter corresponding to the plu-
rality of pixel openings;

a liquid crystal panel in which the array substrate and the
counter substrate are opposed to each other via a liquid
crystal layer; and

abacklightunit provided on a back side of the liquid crystal
panel and containing a solid-state light-emitting device,
wherein

the solid-state light-emitting device includes a first light-
emitting device that emits short-wavelength light of a
wavelength 360 nm to 420 nm and a second light-emit-
ting device that emits visible light,

the plurality of electrodes contain a light-guiding electrode
that drives a liquid crystal contained in the liquid crystal
layer to emit the short-wavelength light and a pixel elec-
trode that drives the liquid crystal contained in the liquid
crystal layer to emit the visible light, and

the plurality of photoreceptors are each a phototransistor
including a transparent channel layer containing two
metallic oxides or more from gallium, indium, zinc,
hafnium, tin, and yttrium, wherein the plurality of pho-
toreceptors include a first photoreceptor overlaps with
the blue filter in the plan view and a second photorecep-
tor overlaps with the green filter, the red filter, or the
black matrix in the plan view.

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

comprising:

a control unit that synchronizes an emission timing of the
first light-emitting device and an observation timing of
the first photoreceptor.

3. The liquid crystal display according to claim 1, wherein

the light-guiding electrode further drives the liquid crystal
contained in the liquid crystal layer to emit the visible
light and

the liquid crystal display, further comprising:

a control unit that synchronizes an emission timing of the
first light-emitting device and liquid crystal driving volt-
age application timing of the light-guiding electrode and
synchronizes an emission timing of the second light-
emitting device, which is different from the emission
timing of the first light-emitting device, and a liquid
crystal driving voltage application timing of the plurality
of electrodes.

4. The liquid crystal display according to claim 1, wherein

a plurality of the liquid crystal driving elements are
arranged for the pixel or the sub-pixel,
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at least one of the plurality of liquid crystal driving ele-
ments arranged in the pixel or the sub-pixel is electri-
cally connected to the light-guiding electrode, and

at least another one of the plurality ofliquid crystal driving
elements arranged in the pixel or the sub-pixel is elec-
trically connected to the pixel electrode.

5. The liquid crystal display according to claim 1, wherein

the first photoreceptor has a light-receiving sensitivity in a
range of the wavelength 360 nm to 420 nm to observe the
short-wavelength light and

the liquid crystal display, further comprising;

an operation unit that determines a compensated observed
value by subtracting an observed of the second photore-
ceptor from an observed value of the first photoreceptor.

6. The liquid crystal display according to claim 5, wherein

the first photoreceptor and the second photoreceptor are
included in neighboring pixels or sub-pixels.

7. The liquid crystal display according to claim 1, wherein

the black matrix includes an oblique light opening formed
on two sides opposite to each other in the plan view and

the plurality of electrodes contain the pixel electrode to
drive the liquid crystal corresponding to the pixel open-
ing and the light-guiding electrode to drive the liquid
crystal corresponding to the oblique light opening.

8. The liquid crystal display according to claim 1, wherein

the array substrate further includes a light shielding film
and

the second photoreceptor is arranged at a position overlap-
ping with the black matrix and the light shielding film in
the plan view in a state sandwiched between the black
matrix and the light shielding film in a sectional view to
detect reflected light generated in the liquid crystal
panel.

9. The liquid crystal display according to claim 1, wherein

the array substrate further includes a light shielding film
and

the second photoreceptor is arranged at a position overlap-
ping with the green filter or the red filter and the light
shielding film in the plan view in a state sandwiched
between the green filter or the red filter and the light
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shielding film in a sectional view to detect reflected light
generated in the liquid crystal panel.

10. The liquid crystal display according to claim 1, wherein

the counter substrate includes

the black matrix formed on one side of a transparent sub-
strate,

a transparent conductive film formed on the one side on
which the black matrix is formed,

the color filter layer formed on the transparent conductive
film, and

a transparent resin layer formed on the color filter layer.

11. The liquid crystal display according to claim 1, wherein

the counter substrate includes

the black matrix formed on one side of a transparent sub-
strate,

the color filter layer formed on the one side on which the
black matrix is formed,

a transparent resin layer formed on the color filter layer,
and

a transparent conductive film formed on the transparent
resin layer, wherein

the transparent conductive film is not formed at a position
opposite to the plurality of photoreceptors.

12. The liquid crystal display according to claim 1, wherein

the green filter contains a zinc halide phthalocyanine green
pigment as a main coloring material.

13. The liquid crystal display according to claim 1, wherein

the liquid crystal layer contains the liquid crystal in an
initial vertical orientation.

14. The liquid crystal display according to claim 1, further

comprising:

an optical control element included between the backlight
unit and the liquid crystal panel to emit light radiated
from the backlight unit in an oblique direction inclined
with respect to a normal direction of the liquid crystal
panel.

15. The liquid crystal display according to claim 1, further

comprising:

a switching unit that switches an intensity of the short-
wavelength light.
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