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DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a display device
including a display panel in which a light sensor element is
provided.

BACKGROUND ART

[0002] A flat panel display device as typified by a liquid
crystal display device has features such as flatness, light-
weight, and low power consumption. Further, a technological
development is advancing in such a flat panel display device
so as to improve a display performance such as causing the
flat panel display device to be colored, to have a higher
definition, and to respond to a moving picture. Therefore, the
flat panel display device is currently incorporated into various
electronic devices such as a mobile phone, a PDA, a DVD
player, a mobile game machine, a laptop PC, a PC monitor,
anda TV.

[0003] Against a backdrop of this, a liquid crystal display
device has recently been developed in which each pixel (or
any one of RGB pixels) in an image display region is provided
with a corresponding light sensor element. For example,
Patent Literature 1 discloses a liquid crystal display device in
which light sensor elements of photodiodes are provided in a
pixel region. In such a case where each pixel is provided with
a corresponding light sensor element, a function as an area
sensor (specifically, a scanner function, a touch panel func-
tion, or the like) can be implemented in a general liquid
crystal display device. Namely, in a case where a light sensor
element mentioned above serves as an area sensor, a touch
panel (or scanner) integrated display device can be made.

CITATION LIST
Patent Literature 1

[0004] Japanese Patent Application Publication, Tokukai,
No. 2006-18219 A (Publication Date: Jan. 19, 2006)

Patent Literature 2

[0005] Japanese Patent Application Publication, Tokukai,
No. 2000-112663 A (Publication Date: Apr. 21, 2000)

Patent Literature 3

[0006] Japanese Patent Application Publication, Toku-
kaihei, No. 10-68816 A (Publication Date: Mar. 10, 1998)

Patent Literature 4

[0007] Japanese Patent Application Publication, Tokukai,
No. 2000-259349 A (Publication Date: Sep. 22, 2000)

Non Patent Literature 1

[0008] ““Technologies and Developments of Touchpanels™,
p. 121 (Publishing Date: Dec. 27, 2004; Supervisor: Yuji
MITANI; Publisher: Kentaro SHIMA, Publishing Com-
pany: CMC Publishing Co., Ltd.)

SUMMARY OF INVENTION
Technical Problem

[0009] According to a display device having an area sensor
function as described above, a light sensor element provided
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in a panel detects, as an image, auser’s finger, a pen, or the like
with which a panel surface is touched, so as to recognize an
input location.

[0010] Namely, an image (a shade) formed when a finger, a
pen, or the like approaches a panel surface is detected in a
display device having an area sensor function. Such an area
sensor equipped display device has a problem such that an
image displayed on a display panel is reflected by a panel
surface, a finger, or the like.

[0011] According to an ideal display device having an area
sensor function, on a part of a panel surface which part is not
touched with a finger or the like (is not an input location), a
light sensor element is desired to output a value which is
uniform and substantially equal to a value outputted by an
external light sensor which detects a brightness of surround-
ing light. However, in a case where a display image is
reflected by the panel surface or the like, the light sensor
element also detects light reflected from the panel surface.
Therefore, an output value of the light sensor element
changes in accordance with a brightness of the display image.
As described above, a change in output value of the light
sensor element due to an influence of the display image
causes a serious deterioration in accuracy with which an input
location is determined.

[0012] For example, in a case where a display image is
bright, the display image is reflected by a boundary surface
between respective layers of a protection plate, an acrylic
plate, and the like which are provided in a device. A light
sensor element, which is influenced by light reflected from
the boundary surface, outputs a high value in a place different
from an actual input location. This causes an area sensor to
incorrectly recognize an input location.

[0013] Patent Literature 2 discloses a transparent touch
panel in which (i) two transparent electroconductive sub-
strates which are coated with respective transparent electro-
conductive films are provided so that the respective transpar-
ent electroconductive films face each other and (ii) location
determination is carried out by pressing the upper side trans-
parent electroconductive substrate to be in contact with the
lower side transparent electroconductive substrate. Patent
Literature 2 also discloses the technique in which, in a case
where the transparent touch panel is provided on a liquid
crystal panel, the upper side transparent electroconductive
substrate is provided with a A/4 phase plate so as to prevent an
image displayed on the liquid crystal panel from being less
visible due to a reflection of external light by a touch panel.
[0014] However, according to the arrangement, a deterio-
ration in visibility due to a reflection of external light by a
panel surface can be prevented, but light coming from a
display image cannot be prevented from being reflected by
the panel surface and then going back to inside the panel.
[0015] The present invention has been made in view of the
problems, and an object of the present invention is to make a
light sensor equipped display device which prevents a reflec-
tion of light coming from a display image and allows deter-
mination of an input location with higher accuracy.

Solution to Problem

[0016] In order to attain the object, a display device in
accordance with the present invention including a display
panel provided with a plurality of light sensor elements, and
having an area sensor function in which the plurality of light
sensor elements detect an image on a surface of the display
device, so as to determine a location of an input from outside,
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the display device includes: a polarizing plate provided on or
above a surface of the display panel which surface is on an
image display surface side; and a A/4 phase plate provided on
or above a surface of the polarizing plate which surface is on
the image display surface side.

[0017] Note here that “the surface of the polarizing plate
which surface is on the image display surface side” refers to
a surface of the polarizing plate on which surface no display
panel is provided and which surface is located between the
image display surface and the display panel.

[0018] According to the arrangement, since the display
device includes the A/4 phase plate provided on or above the
polarizing plate, light coming from an image displayed on the
display panel and being reflected by, for example, the surface
of the display device can be blocked in accordance with the
following principle.

[0019] (1) After passing through the polarizing plate, light
from the display panel becomes linearly polarized light (e.g.,
light which is linearly polarized in a horizontal direction).

[0020] (2) After passing through the A/4 phase plate, the
linearly polarized light (1) becomes right-handed circularly
polarized light.

[0021] (3) After being reflected by the surface of the display
device, a finger, or the like, the right-handed circularly polar-
ized light (2) becomes left-handed circularly polarized light.

[0022] (4) After passing through the A/4 phase plate, the
reflected left-handed circularly polarized light (3) becomes
linearly polarized light (e.g., light which is linearly polarized
in a vertical direction).

[0023] (5) The linearly polarized light (4), which is polar-
ized in a direction different from a transmission axis of the
polarizing plate, cannot pass through the polarizing plate.

[0024] According to the above principle, a combination of
the polarizing plate and the A/4 phase plate can prevent light
from entering the display panel, the light being caused by an
image display and reflected without passing through the sur-
face of the display device. This can (i) prevent a change in
output value of a light sensor element due to an influence of
reflected light from a display image and (ii) allows determi-
nation of an input location with higher accuracy.

[0025] In addition, a regular reflection component of
reflected light from an object (referred to as an input object)
such as a finger or an input pen by which an input is provided
on the surface of the display device can also be blocked. This
can prevent a deterioration in detection sensitivity of the light
sensor element due to an influence of the reflected light from
the input object.

ADVANTAGEOUS EFFECTS OF INVENTION

[0026] A display device in accordance with the present
invention including a display panel provided with a plurality
oflight sensor elements, and having an area sensor functionin
which the plurality of light sensor elements detect an image
on a surface of the display device, so as to determine a loca-
tion of an input from outside, the display device includes: a
polarizing plate provided on or above a surface of the display
panel which surface is on an image display surface side; and
a A4 phase plate provided on or above a surface of the
polarizing plate which surface is on the image display surface
side.
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[0027] According to the arrangement, a display device can
be made which prevents a reflection of light coming from a
display image and allows determination of an input location
with higher accuracy.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 schematically illustrates (i) an overall
arrangement of a liquid crystal display device illustrated in
FIG. 2 and (ii) optical paths in each of which reflected light
passes through boundary surfaces in the liquid crystal display
device.

[0029] FIG. 2 is a cross-sectional view illustrating an
arrangement of a liquid crystal display device in accordance
with a first embodiment of the present invention.

[0030] FIG.3

[0031] (a)ofFIG. 3 schematically illustrates a liquid crystal
display device of the present invention provided with a broad-
band /4 phase plate. (b) of FIG. 3 schematically illustrates a
liquid crystal display device of a comparative embodiment
provided with no broadband A/4 phase plate.

[0032] FIG. 4 schematically illustrates a principle that a
combination of a polarizing plate and a A/4 phase plate blocks
reflected light.

[0033] FIG.5

[0034] (a) of FIG. 5 schematically illustrates coordinate
axes for explaining a positional relationship between respec-
tive optical axes of a polarizing plate and a phase plate. (b) of
FIG. 5 schematically illustrates angles of the respective opti-
cal axes on an x-y plane.

[0035] FIG. 6 schematically illustrates how reflected light
is blocked by a combination of a polarizing plate and a A/4
phase plate in the liquid crystal display device illustrated in
FIG. 1.

[0036] FIG.7

[0037] (a) of FIG. 7 illustrates an example of an image
displayed in the liquid crystal display device illustrated in
FIG.1. (b) of FIG. 7 illustrates an image recognized by a light
sensor element when the image illustrated in (a) of FIG. 7 is
displayed in the liquid crystal display device of the compara-
tive embodiment provided with no broadband A/4 phase plate.
(c) of FIG. 7 illustrates an image recognized by a light sensor
element when the image illustrated in (a) of FIG. 7 is dis-
played in the liquid crystal display device of the present
invention provided with a broadband A/4 phase plate.

[0038] FIG. 8 schematically illustrates a modification of
the liquid crystal display device illustrated in FIG. 1.

[0039] FIG. 9 schematically illustrates (i) an overall
arrangement of a liquid crystal display device illustrated in
FIG. 10 and (ii) optical paths in each of which reflected light
passes through boundary surfaces in the liquid crystal display
device.

[0040] FIG. 10 is a cross-sectional view illustrating an
arrangement of a liquid crystal display device in accordance
with a second embodiment of the present invention.

[0041] FIG. 11 schematically illustrates a modification of
the liquid crystal display device illustrated in FIG. 9.

[0042] FIG. 12 schematically illustrates (i) an overall
arrangement of a self-luminous display device in accordance
with a third embodiment of the present invention and (ii)
optical paths in each of which reflected light passes through
boundary surfaces in the liquid crystal display device.
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[0043] FIG. 13 schematically illustrates a modification of
the self-luminous display device illustrated in FIG. 12.

DESCRIPTION OF EMBODIMENTS
First Embodiment

[0044] An embodiment of the present invention is
described below with reference to FIGS. 1 through 8. Note
that the present invention is not limited to this.

[0045] The present embodiment discusses a touch panel
integrated liquid crystal display device which has an area
sensor function (specifically, a touch panel function).

[0046] An arrangement of the touch panel integrated liquid
crystal display device of the present embodiment is described
below with reference to FIG. 2. A touch panel integrated
liquid crystal display device 100 (also simply referred to as a
liquid crystal display device 100) illustrated in FIG. 2 has a
touch panel function in which a plurality of light sensor
elements which are two-dimensionally provided detect an
image on a device top surface, so as to determine an input
location.

[0047] The touch panel integrated liquid crystal display
device 100 of the present embodiment includes a liquid crys-
tal panel 20 and a backlight 10 which is provided on a back-
side of the liquid crystal panel 20 and emits light toward the
liquid crystal panel 20 (see FIG. 2).

[0048] The backlight 10 includes a plurality of white LEDs
as a light source.

[0049] The liquid crystal panel 20 includes (i) an active
matrix substrate 21 in which many pixels are provided in a
matrix pattern, (ii) a counter substrate 22 which is provided to
face the active matrix substrate 21, and (iii) a liquid crystal
layer 23 which is provided between the active matrix sub-
strate 21 and the counter substrate 22 and serves as a display
medium. Note that a mode in which the liquid crystal panel 20
carries out a display is not particularly limited in the present
embodiment and various display modes such as a TN mode,
an IPS mode, and a VA mode are applicable.

[0050] A front side polarizing plate 40a (a polarizing plate
provided on an image display surface side) and a backside
polarizing plate 405 are provided outside the liquid crystal
panel 20 so that the liquid crystal panel 20 is sandwiched
between the front side polarizing plate 40a and the backside
polarizing plate 404.

[0051] Each of the front side polarizing plate 40a and the
backside polarizing plate 405 serves as a polarizer. For
example, in a case where a vertical alignment liquid crystal
normally black liquid crystal display device can be made by
providing the front side polarizing plate 40a and the backside
polarizing plate 405 so that their respective directions of
polarization are in a crossed Nicols relationship.

[0052] A broadband A/4 phase plate 50 is provided on the
front side polarizing plate 40a. A TAC film 60 is provided on
the broadband A/4 phase plate 50. A top surface 100qa (i.e., a
surface 100a to be detected) of the liquid crystal display
device 100 is provided with a protection plate 90. The TAC
film 60 and the protection plate 90 are spaced at a given
distance. This forms an air layer 80 between the TAC film 60
and the protection plate 90.

[0053] The active matrix substrate 21 mainly includes
TFTs (not illustrated) serving as switching elements to drive
respective pixels, an alignment film (not illustrated), and light
sensor elements 30.
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[0054] The counter substrate 22 mainly includes a color
filter layer 24, a counter electrode (not illustrated), and an
alignment film (not illustrated). The color filter layer includes
(i) red (R), green (G), and blue (B) colored sections and (ii) a
black matrix.

[0055] As described earlier, the touch panel integrated lig-
uid crystal display device 100 of the present embodiment
includes the light sensor elements 30 provided in respective
pixel regions. This allows implementation of an area sensor
function. In a case where a specific part of the top surface (the
surface 100a to be detected) of the liquid crystal display
device 100 is touched with a finger or an input pen, the area
sensor function allows the light sensor elements 30 to read the
specific part, so as to supply information to the liquid crystal
display device 100 and cause an intended operation to be
carried out. The liquid crystal display device 100 of the
present embodiment thus allows the light sensor elements 30
to implement a touch panel function.

[0056] The light sensor elements 30 are made of a photo-
diode or a phototransistor and detect a received light amount
by a flow of an electric current in accordance with an intensity
of received light. The TFTs and the light sensor elements 30
can be monolithically formed on the active matrix substrate
21 by a substantially identical process. Namely, a part of
members of which the light sensor elements 30 are made can
be formed simultaneously with a part of members of which
the TFTs are made. Such a method for forming a light sensor
element can be carried out in conformity with a convention-
ally publicly known method for producing a light sensor
equipped liquid crystal display device.

[0057] Note that according to the present invention, a light
sensor element is not necessarily provided for each pixel. For
example, a light sensor can be provided for each pixel having
any one of R, G, and B color filters.

[0058] The TAC film 60 is such that, in a case where three
principal refractive indices in X, y, and z-axis directions which
are orthogonal to each other are nx, ny, and nz, nx, ny, and nz
has a relationship of nx=ny>nz, and a retardation value given
by Inx-nzl-d is generally not less than 50 nm and not more
than 60 nm.

[0059] The protection plate 90 constitutes the top surface of
the liquid crystal display device 100 which top surface is on
the image display surface side and protects the liquid crystal
display device 100. The protection plate 90 is made of a
transparent material such as acryl, polycarbonate, or PET.

[0060] The air layer 80 provided between the TAC film 60
and the protection plate 90 is formed by, for example, causing
a transparent pressure sensitive adhesive double coated film
sheet or the like to fix the TAC film 60 and the protection plate
90 so that the TAC film 60 and the protection plate 90 are
spaced at a given distance.

[0061] The liquid crystal display device 100 further
includes aliquid crystal drive circuit (not illustrated in FIG. 2)
which drives the liquid crystal panel 20 to carry out a display
and an area sensor control section (not illustrated in FIG. 2)
for driving an area sensor. Note that the liquid crystal drive
circuit and the area sensor control section of the present
embodiment can be arranged by a conventionally publicly
known method.

[0062] Since the liquid crystal display device 100 is
arranged as described above, in a case where the top surface
(the surface 100a to be detected) of the liquid crystal display
device 100 is touched with a finger or an input pen, the light
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sensor elements 30 provided in the liquid crystal panel 20 can
determine an input location by recognizing the finger or the
input pen as an image.

[0063] Since the liquid crystal display device 100 of the
present embodiment includes the broadband A/4 phase plate
50 which is provided on the front side polarizing plate 40a,
the liquid crystal display device 100 can prevent the light
sensor elements 30 from detecting a reflected light compo-
nent of light coming from a display image which contains
light having various wavelengths. This allows determination
of an input location with high accuracy. The following
description discusses this point.

[0064] FIG. 1 schematically illustrates an arrangement of
each layer of the liquid crystal display device 100.

[0065] The broadband A/4 phase plate 50 includes a A/2
phase plate 505 and a A/4 phase plate 50a which are stacked
in this order from the front side polarizing plate 40a side (see
FIG. 1). The A/2 phase plate causes a state of polarization of
light transmitted therethrough to change by a wavelength of
M2, and is simply referred to as a A/2 plate. The A/4 phase
plate causes a state of polarization of light transmitted there-
through to change by a wavelength of A/4, and is simply
referred to as a A/4 plate.

[0066] FIG. 3 illustrates a comparison between (i) an
arrangement of the present invention (see (a) of FIG. 3) in
which the broadband A/4 phase plate 50 is provided and (ii) an
arrangement of a comparative embodiment (see (b) of FIG. 3)
in which no broadband A/4 phase plate 50 is provided.
[0067] According to each of the liquid crystal display
device 100 and a liquid crystal display device 101, light
emitted from the light source provided in the backlight 10 is
transmitted through the liquid crystal panel 20, so that a
display image is formed. A part of light coming from the
display image glares in the top surface 100a of the liquid
crystal display device 100 or a top surface 1014 of the liquid
crystal display device 101, a boundary surface between the
protection plate 90 and the air layer 80, a boundary surface
between the air layer 80 and the TAC film 60, and a finger.
[0068] According to the liquid crystal display device 101
(see (b) of FIG. 3) provided with no broadband A/4 phase
plate 50, the glaring image, which is reflected and then goes
back to inside the liquid crystal panel 20, is detected by the
light sensor elements 30 provided in the liquid crystal panel
20. This causes the light sensor elements 30 to detect an image
in accordance with the display image. This causes a deterio-
ration in accuracy with which an input location is detected.
[0069] In contrast, according to the liquid crystal display
device 100 (see (a) of FIG. 3) provided with the broadband
A4 phase plate 50, much of light reflected from each of the
boundary surfaces in the liquid crystal display device 100 and
the finger cannot pass through the front side polarizing plate
40a. This can prevent the light sensor elements 30 from
detecting light reflected from the display image.

[0070] A principle is described here that provision of the
A4 phase plate 50 can block reflected light.

[0071] First, the following description discusses, with ref-
erence to FIG. 4, a principle that the A/4 phase plate 50a
provided in the broadband A/4 phase plate 50 blocks reflected
light having a wavelength of 550 nm. Note here that a posi-
tional relationship between a transmission axis of a polarizing
plate and an optical axis (a slow axis) of a A/4 phase plate is to
be explained with reference to coordinate axes illustrated in
(a) of FIG. 5. Note also that the following explanation is given
with reference to what is disclosed in Non Patent Literature 1.
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[0072] A transmission axis of a polarizing plate extends in
an x-axis direction (see FIG. 4). (1) through (5) of FIG. 4
sequentially illustrate how light which has entered polarizing
plate is reflected and then goes back toward the polarizing
plate. The following description is given in this order.
[0073] (1) After passing through the polarizing plate, light
from a display panel becomes light which is linearly polar-
ized in the x-axis direction.

[0074] (2) After passing through the A/4 phase plate, the
linearly polarized light (1) becomes right-handed circularly
polarized light.

[0075] (3) After being reflected by a top surface of a liquid
crystal display device, a finger, or the like, the right-handed
circularly polarized light (2) becomes left-handed circularly
polarized light.

[0076] (4) After passing through the A/4 phase plate, the
reflected left-handed circularly polarized light (3) becomes
light which is linearly polarized in a y-axis direction.

[0077] (5) The linearly polarized light (4), which is polar-
ized in a direction that is orthogonal to the transmission axis
(x-axis direction) of the polarizing plate, cannot pass through
the polarizing plate.

[0078] As described above, the reflected light cannot enter
the display panel from the polarizing plate. This can prevent
a light sensor element from detecting the reflected light. Note
that it is only regularly reflected light but not scattering
reflected light that the polarizing plate blocks in accordance
with the above principle.

[0079] Ina case where the reflected light has only a regular
reflection component and the transmission axis of the polar-
izing plate and the optical axis (slow axis) of the A/4 phase
plate intersect with each other at an angle of 45°, the linearly
polarized light (4) is polarized in the direction which is
orthogonal to the transmission axis (x-axis direction) of the
polarizing plate, so that the reflected light is completely
blocked by the polarizing plate. As the transmission axis of
the polarizing plate and the optical axis (slow axis) of the A/4
phase plate intersect with each other at an angle greater or less
than 45°, the reflected light is less blocked.

[0080] As described earlier, in order to obtain a higher
effect of blocking the reflected light, it is preferable to cause
an angle at which the transmission axis of the polarizing plate
and the optical axis (slow axis) of the A/4 phase plate intersect
with each other to be closer to 45°. However, the present
invention is not limited to this. An effect of reducing the
reflected light can be obtained to some extent, provided that
the slow axis of the A/4 phase plate inclines toward the trans-
mission axis of the polarizing plate to some extent (namely,
the slow axis and the transmission axis is not parallel to each
other) and the slow axis and the transmission axis are not
orthogonal to each other.

[0081] As described earlier, it is only regularly reflected
light but not scattering reflected light that the polarizing plate
blocks. Of light reflected from each of the boundary surfaces
in the liquid crystal display device and the finger, much of the
light reflected from the finger is scattering reflected light. This
causes the polarizing plate to yield a comparatively small
effect of reducing the reflected light. In contrast, much of the
light reflected by each of the boundary surfaces in the liquid
crystal display device is light having a regular reflection com-
ponent. This causes the polarizing plate to yield a great effect
of reducing the reflected light.

[0082] As described earlier, according to the arrangement
in which only the A/4 phase plate 50a is provided on the front
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side polarizing plate 40a, light having a wavelength of 550
nm is converted to circularly polarized light by the A/4 phase
plate 50a and light having a wavelength other than 550 nm
becomes elliptically polarized light. Therefore, the arrange-
ment in which only the A/4 phase plate 504 is provided yields
less effect of removing reflected light for light having a wave-
length other than 550 nm.

[0083] Inview of the circumstances, the liquid crystal dis-
play device 100 of the present embodiment is arranged such
that the A/2 phase plate 504 is provided between the front side
polarizing plate 40a and the A/4 phase plate 50a so that an
optical axis (a slow axis) of the A/2 phase plate 505 and an
optical axis (a slow axis) of the A/4 phase plate 50a intersect
with each other. According to this, also for light having a
wavelength other than 550 nm, linearly polarized light can be
converted to circularly polarized light.

[0084] Further, for light having a broader band wavelength,
linearly polarized light can be converted to circularly polar-
ized light by providing the A/4 phase plate and the A/2 phase
plate so that the optical axis (slow axis) of the A/4 phase plate
the optical axis (slow axis) of the A/2 phase plate have a given
positional relationship. The following description discusses a
preferable positional relationship.

[0085] In order to explain a positional relationship, the
coordinate axes are defined as illustrated in (a) of FIG. 5. In
the coordinate axes illustrated in (a) of FIG. 5, the polarizing
plate, the A/4 phase plate, and the A/2 phase plate are provided
along an x-y plane and a ray of light travels along a z-axis.
Namely, an x-axis and a y-axis are in-plane orthogonal axes in
each of the polarizing plate, the A/4 phase plate, and the A/2
phase plate, and the z-axis extends in a thickness direction of
each of the polarizing plate, the A/4 phase plate, and the A/2
phase plate. Directions in which an optical axis (a slow axis)
of the polarizing plate and the respective optical axes (slow
axes) of the A/4 phase plate and the /2 phase plate extends are
defined by angles 8 obtained assuming that a rightward direc-
tion from the y-axis is positive in the x-y plane (see (b) of FIG.
5). Namely, a positive direction of the y-axis is defined as 0°,
and a positive direction of the x-axis is defined as 90°.
[0086] Assume that the A/4 phase plate 50a, the A/2 phase
plate 505, and the front side polarizing plate 40qa are provided
in this order in an arrow direction of the z-axis (see (a) of FIG.
5) (i.e., a direction from left to right in (a) of FIG. 5). In this
case, the A/4 phase plate 50qa, the A/2 phase plate 505, and the
front side polarizing plate 40a are provided so that in (b) of
FIG. 5, the optical axis of the A/4 phase plate 50a has the angle
0 of 20°, the optical axis of the A/2 phase plate 505 has the
angle 0 of 75°, and the optical axis of the front side polarizing
plate 40a has the angle 6 of 90° (namely, is in the x-axis
direction).

[0087] In a case where the A/4 phase plate 50a, the A/2
phase plate 505, and the front side polarizing plate 40a are
provided in such a positional relationship as described earlier,
linearly polarized light having gone out of the front side
polarizing plate 40a passes through the A/2 phase plate 505,
so as to be subjected to conversion that varies with each
wavelength. Then, the resulting light enters the A/4 phase
plate 50a. This causes light having a broadband wavelength
(specifically, visible light having a wavelength of not less than
400 nm and not more than 700 nm) and having passed through
the A/4 phase plate 50a to be converted to circularly polarized
light.

[0088] Therefore, according to the arrangement, a liquid
crystal display device can be obtained which (i) prevents a
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reflection of light coming from a display image that contains
light having various wavelengths and (ii) allows determina-
tion of an input location with higher accuracy.

[0089] Note that a positional relationship between the opti-
cal axis (slow axis) of the A/4 phase plate and the optical axis
(slow axis) of the A/2 phase plate is not limited to the posi-
tional relationship described above. Alternatively, for
example, the optical axis (slow axis) of the A/4 phase plate the
optical axis (slow axis) of the A/2 phase plate can be provided
in a positional relationship described below with reference to
the technique disclosed in Patent Literature 3.

[0090] Namely, it is preferable that the A/2 phase plate and
the /4 phase plate be provided so that their respective optical
axes (slow axes) intersect with each other at an angle p falling
within a range of 50°<p<70°.

[0091] According to the arrangement, of light which has
passed through the front side polarizing plate 40a and then
enters the A/2 phase plate 505 and the A/4 phase plate 50a, not
only light having a wavelength of 550 nm but also light having
a broadband wavelength can become circularly polarized
light.

[0092] Therefore, according to the arrangement, a liquid
crystal display device can be obtained which (i) prevents a
reflection of light coming from a display image that contains
light having various wavelengths and (ii) allows determina-
tion of an input location with higher accuracy.

[0093] Withreference to Patent Literature 3, it is preferable
that (i) the A/4 phase plate and the A/2 phase plate be made of
a single material and (ii) in a case where respective refractive
indices along orthogonal axes in a phase plate plane are nx
and ny and a refractive index in a phase plate thickness direc-
tion is nz in at least one of the A/2 phase plate and the A/4
phase plate, nx, ny, and nz satisfy a relationship of nx>ny and
(nx-nz)<(nx-ny) (or (nx-nz)/(nx-ny)<1). Note here that the
refractive indices nx, ny, and nz can also be referred to as
refractive indices in directions corresponding to the respec-
tive coordinate axes (x-axis, y-axis, and z-axis) illustrated in
(a) of FIG. 5.

[0094] According to the arrangement, of light which has
passed through the front side polarizing plate 40a and then
enters the A/2 phase plate 505 and the A/4 phase plate 504, not
only light having a wavelength of 550 nm but also light having
a broadband wavelength can become circularly polarized
light.

[0095] Therefore, according to the arrangement, a liquid
crystal display device can be obtained which (i) prevents a
reflection of light coming from a display image that contains
light having various wavelengths and (ii) allows determina-
tion of an input location with higher accuracy.

[0096] Since the liquid crystal display device 100 of the
present embodiment is arranged as described above, (a regu-
lar reflection component of) light of a display image which
light is reflected by each ofthe boundary surfaces in the liquid
crystal display device 100, a finger, and the like can be
blocked by the front side polarizing plate 40a and prevented
from going back to the liquid crystal panel 20 (see FIG. 6).
Note that (1) through (5) in FIG. 6 correspond to (1) through
(5) in FIG. 4.

[0097] FIG. 7 illustrates an example of an effect obtained in
a case where the liquid crystal display device 100 is provided
with the broadband A/4 phase plate 50. (a) of FIG. 7 illustrates
an example of an image (specifically, an image of a map)
displayed in the liquid crystal display device 100. (¢) of FIG.
7 illustrates an image recognized by a light sensor element
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when the image illustrated in (a) of FIG. 7 is displayed in the
liquid crystal display device 100. For comparison, (b) of FIG.
7 illustrates an image recognized by a light sensor element
when the image illustrated in (a) of FIG. 7 is displayed in a
liquid crystal display device provided with no broadband A/4
phase plate. Note that sensor images illustrated in (b) and (c)
of FIG. 7 are obtained in a case where device top surfaces are
not at all touched with a finger or the like.

[0098] According to the arrangement in which no broad-
band A/4 phase plate is provided, the image of the map which
image is displayed on the liquid crystal panel is reflected in
the sensor image (see (b) of FIG. 7). Therefore, for example,
a light sensor value of a part corresponding to a road on the
map increases to 100/256 gray scale though the surface of the
liquid crystal display device is not touched with a finger. This
may cause incorrect recognition that the surface of the liquid
crystal display device is touched with a finger.

[0099] In contrast, according to the arrangement in which
no broadband A/4 phase plate is provided, a light sensor value
of an entire display region of the liquid crystal panel is hardly
influenced by an image displayed on the liquid crystal panel
and is approximately 17/256 gray scale (see (c) of FIG. 7).
Since a light sensor value obtained in a case where the surface
ofthe liquid crystal display device is touched with a finger is
approximately 100/256 gray scale which is not less than
17/256 gray scale, incorrect recognition due to an influence of
a display image can be prevented.

[0100] The following description discusses a modification
of the liquid crystal display device of the present embodi-
ment. FIG. 8 illustrates an overall arrangement of a liquid
crystal display device 200 which is a modification of the
liquid crystal display device 100 illustrated in FIG. 1. The
liquid crystal display device 200 is provided with no air layer
80 and no protection plate 90 as shown by a comparison
between FIGS. 1 and 8. A TAC film 60 illustrated in FIG. 8
does not need to be provided. An arrangement other than the
above is identical to that of the liquid crystal display device
100.

[0101] Since the liquid crystal display device 200 is also
provided with a broadband A/4 phase plate 50, light which is
reflected by a device top surface and comes from a display
image cannot pass through a front side polarizing plate 40a.
This can prevent a reduction in detection sensitivity of a light
sensor element due to an influence of reflected light from an
input object.

[0102] However, a comparison between the liquid crystal
display device 100 and the liquid crystal display device 200
shows that the liquid crystal display device 100 yields a
greater effect of the present invention than the liquid crystal
display device 200. This is because a boundary surface by
which a display image may be reflected in a display device is
only a device top surface according to the liquid crystal dis-
play device 200, whereas a display image may be reflected by
three boundary surfaces (specifically (i) a boundary surface
between the TAC film 60 and the air layer 80, (ii) a boundary
surface between the air layer 80 and the protection plate 90,
and (iii) a boundary surface between the protection plate 90
and an air layer (i.e., the device top surface 100a)) according
to the liquid crystal display device 100.

[0103] As described earlier, the liquid crystal display
device 100 having more boundary surfaces causes an increase
in amount of reflected light from a display image, so that
incorrect recognition by a light sensor due to reflected light is
more likely to occur. Therefore, the liquid crystal display
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device 100 yields a greater effect of removing reflected light
by providing the broadband A/4 phase plate 50 than the liquid
crystal display device 200.

[0104] The liquid crystal display device 100 can be pro-
vided with a transparent resin layer instead of the air layer 80.
However, the liquid crystal display device 100 provided with
the air layer 80 causes (i) a larger difference in refractive
index between the boundary surfaces and (ii) an increase in
amount of light reflected by each of the boundary surfaces.
Therefore, the liquid crystal display device 100 provided with
the air layer 80 yields a greater effect of reducing reflected
light by providing the broadband A/4 phase plate 50 than the
liquid crystal display device 100 provided with the transpar-
ent resin layer.

Second Embodiment

[0105] A second embodiment of the present invention is
described below. According to the present embodiment, a
backlight includes an infrared light source. The present
embodiment discusses a touch panel integrated liquid crystal
display device which causes a light sensor element to detect
infrared light, so as to detect an input location.

[0106] FIG. 10 illustrates an arrangement of a touch panel
integrated liquid crystal display device 300 of the present
embodiment. The touch panel integrated liquid crystal dis-
play device 300 (also simply referred to as a liquid crystal
display device 300) illustrated in FIG. 10 has a touch panel
function in which a plurality of light sensor elements which
are two-dimensionally provided detect an image on a device
top surface 300q (a surface to be detected), so as to determine
an input location. Note that for convenience, members having
arrangements and functions identical to those of the respec-
tive members of the liquid crystal display device 100 of the
First Embodiment are given respective identical reference
numerals, and a description of those arrangements and mem-
bers of the liquid crystal display device 300 is omitted here.
[0107] The touch panel integrated liquid crystal display
device 300 of the present embodiment includes a liquid crys-
tal panel 20a and a backlight 11 which is provided on a
backside of the liquid crystal panel 20a and emits light toward
the liquid crystal panel 20a (see FIG. 10). The liquid crystal
panel 20a is an infrared light sensor equipped liquid crystal
panel.

[0108] Thebacklight 11 includes a plurality of white LEDs
and a plurality of infrared LEDs as a light source. Note that an
infrared LED emits infrared wavelength light. The present
embodiment particularly uses an infrared LED which emits
infrared wavelength light that passes through an infrared light
transmitting filter (infrared light transmitting section) 32 pro-
vided in the liquid crystal panel 20a.

[0109] The liquid crystal panel 20a includes (i) an active
matrix substrate 21 in which many pixels are provided in a
matrix pattern, (i1) a counter substrate 22 which is provided to
face the active matrix substrate 21, and (iii) a liquid crystal
layer 23 which is provided between the active matrix sub-
strate 21 and the counter substrate 22 and serves as a display
medium.

[0110] A front side polarizing plate 40¢ (a polarizing plate
provided on an image display surface side) and a backside
polarizing plate 404 are provided outside the liquid crystal
panel 20a so that the liquid crystal panel 20a is sandwiched
between the front side polarizing plate 40c and the backside
polarizing plate 40d.
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[0111] A broadband A/4 phase plate 50 is provided on the
front side polarizing plate 40c. A TAC film 60 is provided on
the broadband A/4 phase plate 50. The top surface 300aq (i.e.,
the surface 300a to be detected) of the liquid crystal display
device 300 is provided with a protection plate 90. The TAC
film 60 and the protection plate 90 are spaced at a given
distance. This forms an air layer 80 between the TAC film 60
and the protection plate 90.

[0112] The active matrix substrate 21 mainly includes
TFTs (not illustrated) serving as switching elements to drive
respective pixels, pixel electrodes 26, data signal lines 27, an
alignment film 28, and light sensor elements 31.

[0113] The light sensor elements 31 are made of a photo-
diode or a phototransistor, and detect a received light amount
by aflow of an electric current in accordance with an intensity
of received light. According to the present embodiment, a
light sensor element 31 is provided in a vicinity of a picture
electrode 26 which corresponds to a blue colored section 245
ofacolor filter layer 24. An infrared light transmitting filter 32
is provided in the blue colored section 24b. This causes light
from the device top surface 300a to pass through the infrared
light transmitting filter 32, so as to reach the light sensor
element 31.

[0114] The infrared light transmitting filter 32 selectively
transmits infrared light. Note that the infrared light transmit-
ting filter 32 does not necessarily need to completely block
visible light, provided that the infrared light transmitting filter
32 is provided to transmit infrared light and block visible
light. Alternatively, an infrared light transmitting filter which
transmits, for example, approximately several ten percent of
visible light can be used as the infrared light transmitting filter
32. Since the infrared light transmitting filter 32 is provided
above the light sensor element 31, the light sensor element 31
serves as an infrared light sensor to detect an amount of
infrared light.

[0115] The counter substrate 22 mainly includes the color
filter layer 24, a counter electrode 25, and an alignment film
28. The color filter layer includes (i) red (R), green (G), and
blue (B) colored sections 24r, 24g, and 245 and (ii) a black
matrix 24m.

[0116] The TAC film 60, the air layer 80, and the protection
plate 90 which are provided in the liquid crystal display
device 100 are usable as the TAC film 60, the air layer 80, and
the protection plate 90, respectively of the liquid crystal dis-
play device 300.

[0117] Since the liquid crystal display device 300 is
arranged as described above, in a case where the surface 300a
to be detected is touched with an object such as a finger or an
input pen, the light sensor elements 31 can detect infrared
light which has been emitted from the plurality of infrared
LEDs provided in the backlight 11 and then reflected by the
object. This makes it possible to determine, in accordance
with an intensity of the infrared light detected by the light
sensor elements 31, which part of the surface to be detected is
touched with the object.

[0118] Since the liquid crystal display device 300 includes
the broadband A/4 phase plate 50, as in the case of the liquid
crystal display device 100, a display device can be obtained
which (i) prevents a reflection of light coming from a display
image and (ii) allows determination of an input location with
high accuracy. The following description discusses this point
with reference to FIG. 9.

[0119] The broadband A/4 phase plate 50 includes a A/2
phase plate 505 and a A/4 phase plate 50a which are stacked
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in this order from the front side polarizing plate 40a side (see
FIG. 9). This arrangement is identical to that of the liquid
crystal display device 100.

[0120] In contrast, the liquid crystal display device 300
which includes the infrared light sensor equipped liquid crys-
tal panel 20q is partially different from the liquid crystal
display device 100 in respective arrangements of the front
side polarizing plate 40¢ and the backside polarizing plate
40d.

[0121] Namely, each of the front side polarizing plate 40a
and the backside polarizing plate 405 which are provided in
the liquid crystal display device 100 is a polarizing plate
which is generally used in a liquid crystal panel, and causes
light having a wavelength in a visible light region to be
linearly polarized light but does not polarize light having a
wavelength in an infrared region. In contrast, a polarizing
plate which causes infrared light to be linearly polarized light
is used as the front side polarizing plate 40¢ provided in the
liquid crystal display device 300 of the present embodiment,
and a polarizing plate which does not polarize infrared light is
used as the backside polarizing plate 40d provided in the
liquid crystal display device 300 of the present embodiment.
Note that both the front side polarizing plate 40¢ and the
backside polarizing plate 40d cause visible light to be linearly
polarized light.

[0122] In a case where the polarizing plates described
above are used, infrared light emitted from an infrared LED
can go out of the device top surface 300a, and the front side
polarizing plate 40c¢ can block infrared light reflected by the
device top surface 300a, and the like.

[0123] Note that the front side polarizing plate 40¢ and the
backside polarizing plate 404 which have respective charac-
teristics described above are both commercially available and
are appropriately obtainable according to need.

[0124] This allows the front side polarizing plate 40c¢ to
block infrared light which has been emitted from an infrared
LED and then reflected by the device top surface 300a, a
boundary surface between the protection plate 90 and the air
layer 80, and a boundary surface between the air layer 80 and
the TAC film 60. Note that, since much of light reflected from
an input object such as a finger with which the device top
surface 3004 is touched has a scattering light component, the
front side polarizing plate 40c is less likely to block the light.
This allows the light sensor elements 31 to detect the light.
[0125] The following description discusses a modification
of the liquid crystal display device of the present embodi-
ment. FIG. 11 illustrates an overall arrangement of a liquid
crystal display device 400 which is a modification of the
liquid crystal display device 300 illustrated in FIG. 9. The
liquid crystal display device 400 is provided with no air layer
80 and no protection plate 90 as shown by a comparison
between FIGS. 9 and 11. A TAC film 60 illustrated in FIG. 11
does not need to be provided. An arrangement other than the
above is identical to that of the liquid crystal display device
300.

[0126] Since the liquid crystal display device 400 is also
provided with a broadband A/4 phase plate 50, light which is
reflected by a device top surface and comes from a display
image cannot pass through a front side polarizing plate 40a.
This can prevent a reduction in detection sensitivity of a light
sensor element due to an influence of reflected light from an
input object.

[0127] However, a comparison between the liquid crystal
display device 300 and the liquid crystal display device 400
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shows that the liquid crystal display device 300 yields a
greater effect of the present invention than the liquid crystal
display device 400. This is because a boundary surface by
which a display image may be reflected in a display device is
only a device top surface according to the liquid crystal dis-
play device 400, whereas a display image may be reflected by
three boundary surfaces (specifically (i) a boundary surface
between the TAC film 60 and the air layer 80, (ii) a boundary
surface between the air layer 80 and the protection plate 90,
and (iii) a boundary surface between the protection plate 90
and an air layer (i.e., the device top surface 300a)) according
to the liquid crystal display device 300.

[0128] As described earlier, the liquid crystal display
device 300 having more boundary surfaces causes an increase
in amount of reflected light from a display image, so that
incorrect recognition by a light sensor due to reflected light is
more likely to occur. Therefore, the liquid crystal display
device 300 yields a greater effect of removing reflected light
by providing the broadband A/4 phase plate 50 than the liquid
crystal display device 400.

Third Embodiment

[0129] A third embodiment of the present invention is
described below. The present embodiment discusses a touch
panel integrated self-luminous display device having an area
sensor function (specifically, a touch panel function).

[0130] FIG. 12 illustrates an arrangement of a self-lumi-
nous touch panel integrated liquid crystal display device 500
of the present embodiment. The touch panel integrated liquid
crystal display device 500 (also simply referred to as a self-
luminous liquid crystal display device 500) illustrated in FIG.
12 has a touch panel function in which a plurality of light
sensor elements which are two-dimensionally provided
detect an image on a device top surface 5004 (a surface to be
detected), so as to determine an input location. Note that for
convenience, members having arrangements and functions
identical to those of the respective members of the liquid
crystal display device 100 of the First Embodiment are given
respective identical reference numerals, and a description of
those arrangements and members of the self-luminous liquid
crystal display device 500 is omitted here.

[0131] The self-luminous liquid crystal display device 500
of the present embodiment includes a self-luminous panel
204 (see FIG. 12). The self-luminous panel 2056 is a self-
luminous display panel such as a plasma display panel (PDP)
or an organic EL panel.

[0132] The self-luminous panel 205 is provided with not
only members constituting each pixel for displaying an image
but also the plurality of light sensor elements for implement-
ing the touch panel function. For example, the arrangement
disclosed in Patent Literature 4 is applicable to such an
arrangement in which a self-luminous display panel is pro-
vided with a light sensor element.

[0133] A front side polarizing plate 40a (a polarizing plate
provided on an image display surface side) is provided on the
self-luminous panel 2056. A broadband A/4 phase plate 50 is
provided on the front side polarizing plate 40a. The broad-
band A/4 phase plate 50 includes a A/2 phase plate 505 and a
M4 phase plate 50a which are stacked in this order from the
front side polarizing plate 40q side.

[0134] A TAC film 60 is provided on the broadband A/4
phase plate 50. The top surface 500a (i.e., the surface 5004 to
be detected) of the self-luminous liquid crystal display device
500 is provided with a protection plate 90. The TAC film 60
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and the protection plate 90 are spaced at a given distance. This
forms an air layer 80 between the TAC film 60 and the pro-
tection plate 90.

[0135] The front side polarizing plate 40a, the TAC film 60,
the air layer 80, and the protection plate 90 which are pro-
vided in the liquid crystal display device 100 are usable as the
front side polarizing plate 40a, the TAC film 60, the air layer
80, and the protection plate 90, respectively of the self-lumi-
nous liquid crystal display device 500.

[0136] Sincethe self-luminous liquid crystal display device
500 is arranged as described above, in a case where the
surface 5004 to be detected is touched with a finger, an input
pen, or the like, the plurality of light sensor elements provided
in the self-luminous panel 205 can determine an input loca-
tion by recognizing the finger or the input pen as an image.

[0137] Sincethe self-luminous liquid crystal display device
500 is provided with the broadband A/4 phase plate 50, much
of light reflected from each of boundary surfaces in the self-
luminous liquid crystal display device 500 and a finger cannot
pass through the front side polarizing plate 40a. This can
prevent the plurality of light sensor elements from detecting
light reflected from a display image. This makes it possible to
obtain a display device which allows determination of an
input location with high accuracy.

[0138] The following description discusses a modification
of the display device of the present embodiment. FIG. 13
illustrates an overall arrangement of a self-luminous liquid
crystal display device 600 which is a modification of the
self-luminous liquid crystal display device 500 illustrated in
FIG. 12. The self-luminous liquid crystal display device 600
is provided with no air layer 80 and no protection plate 90 as
shown by a comparison between FIGS. 12 and 13. A TAC film
60 illustrated in FIG. 13 does not need to be provided. An
arrangement other than the above is identical to that of the
self-luminous liquid crystal display device 500.

[0139] Sincetheself-luminousliquid crystal display device
600 is also provided with a broadband A/4 phase plate 50,
light which is reflected by a device top surface and comes
from a display image cannot pass through a front side polar-
izing plate 40a. This can prevent a reduction in detection
sensitivity of a light sensor element due to an influence of
reflected light from an input object.

[0140] However, a comparison between the self-luminous
liquid crystal display device 500 and the self-luminous liquid
crystal display device 600 shows that the self-luminous liquid
crystal display device 500 yields a greater effect of the present
invention than the self-luminous liquid crystal display device
600. This is because a boundary surface by which a display
image may be reflected in a display device is only a device top
surface according to the self-luminous liquid crystal display
device 600, whereas a display image may be reflected by three
boundary surfaces (specifically (i) a boundary surface
between the TAC film 60 and the air layer 80, (ii) a boundary
surface between the air layer 80 and the protection plate 90,
and (iii) a boundary surface between the protection plate 90
and an air layer (i.e., the device top surface 300a)) according
to the self-luminous liquid crystal display device 500.

[0141] Asdescribed earlier, the self-luminous liquid crystal
display device 500 having more boundary surfaces causes an
increase in amount of reflected light from a display image, so
that incorrect recognition by a light sensor due to reflected
light is more likely to occur. Therefore, the self-luminous
liquid crystal display device 500 yields a greater effect of
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removing reflected light by providing the broadband A\/4
phase plate 50 than the self-luminous liquid crystal display
device 600.

[0142] In order to attain the object, a display device in
accordance with the present invention including a display
panel provided with a plurality of light sensor elements, and
having an area sensor function in which the plurality of light
sensor elements detect an image on a surface of the display
device, so as to determine a location of an input from outside,
the display device includes: a polarizing plate provided on or
above a surface of the display panel which surface is on an
image display surface side; and a A/4 phase plate provided on
or above a surface of the polarizing plate which surface is on
the image display surface side.

[0143] Note here that “the surface of the polarizing plate
which surface is on the image display surface side” refers to
a surface of the polarizing plate on which surface no display
panel is provided and which surface is located between the
image display surface and the display panel.

[0144] According to the arrangement, since the display
device includes the A/4 phase plate provided on or above the
polarizing plate, light coming from an image displayed on the
display panel and being reflected by, for example, the surface
of the display device can be blocked in accordance with the
following principle.

[0145] (1) After passing through the polarizing plate, light
from the display panel becomes linearly polarized light (e.g.,
light which is linearly polarized in a horizontal direction).
[0146] (2) After passing through the A/4 phase plate, the
linearly polarized light (1) becomes right-handed circularly
polarized light.

[0147] (3) After being reflected by the surface of the display
device, a finger, or the like, the right-handed circularly polar-
ized light (2) becomes left-handed circularly polarized light.
[0148] (4) After passing through the A/4 phase plate, the
reflected left-handed circularly polarized light (3) becomes
linearly polarized light (e.g., light which is linearly polarized
in a vertical direction).

[0149] (5) The linearly polarized light (4), which is polar-
ized in a direction different from a transmission axis of the
polarizing plate, cannot pass through the polarizing plate.
[0150] According to the above principle, a combination of
the polarizing plate and the A/4 phase plate can prevent light
from entering the display panel, the light being caused by an
image display and reflected without passing through the sur-
face of the display device. This can (i) prevent a change in
output value of a light sensor element due to an influence of
reflected light from a display image and (ii) allows determi-
nation of an input location with higher accuracy.

[0151] In addition, a regular reflection component of
reflected light from an object (referred to as an input object)
such as a finger or an input pen by which an input is provided
on the surface of the display device can also be blocked. This
can prevent a deterioration in detection sensitivity of the light
sensor element due to an influence of the reflected light from
the input object.

[0152] The display device of the present invention is pref-
erably arranged to further include: a A/2 phase plate provided
between the polarizing plate and the A/4 phase plate, an
optical axis of the A/2 phase plate and an optical axis of the A/4
phase plate intersecting with each other.

[0153] Note here that an arrangement in which only the A/4
phase plate is provided on the polarizing plate allows only
light having a wavelength of 550 nm to be circularly polarized
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light and causes light having a wavelength other than 550 nm
to be elliptically polarized light. In contrast, a phase plate
formed by stacking the A/2 phase plate and the A/4 phase plate
allows light having a wavelength other than 550 nm to be
circularly polarized light.

[0154] Therefore, according to the arrangement, a display
device can be obtained which (i) prevents a reflection of light
coming from a display image that contains light having vari-
ous wavelengths and (ii) allows determination of an input
location with high accuracy.

[0155] Note that the phase plate, which is formed by stack-
ing the A/2 phase plate and the A/4 phase plate and can convert
light having a broadband wavelength to circularly polarized
light as described above, is referred to as a broadband A/4
phase plate.

[0156] The display device of the present invention is pref-
erably arranged such that the A/2 phase plate and the A/4
phase plate are provided so that the optical axis of the A/2
phase plate and the optical axis of the A/4 phase plate intersect
with each other at an angle p falling within a range of
50°<p<70°.

[0157] The arrangement allows light having not only a
wavelength of 550 nm but also a broader band wavelength to
be circularly polarized light, the light passing through the
polarizing plate and then entering the /2 phase plate and the
A4 phase plate.

[0158] Therefore, according to the arrangement, a display
device can be obtained which (i) prevents a reflection of light
coming from a display image that contains light having vari-
ous wavelengths and (ii) allows determination of an input
location with higher accuracy.

[0159] The display device of the present invention is pref-
erably arranged such that: when (i) the A/4 phase plate, the A/2
phase plate, and the polarizing plate are provided along an x-y
plane defined by an x-axis and a y-axis which are two axes
that are orthogonal to each other, and (ii) a positive direction
of'the y-axis is 0° and a positive direction of the x-axis is 90°,
the A/4 phase plate, the A/2 phase plate, and the polarizing
plate are provided so that: the optical axis of the /4 phase
plate is at an angle of 20°, the optical axis of the A/4 phase
plate is at an angle of 75°, and a transmission axis of the
polarizing plate is at an angle of 90°.

[0160] The arrangement allows light having not only a
wavelength of 550 nm but also a broader band wavelength
(specifically, visible light having a wavelength of not less than
400 nm and not more than 700 nm) to be circularly polarized
light, the light passing through the polarizing plate and then
entering the A/2 phase plate and the A/4 phase plate.

[0161] Therefore, according to the arrangement, a display
device can be obtained which (i) prevents a reflection of light
coming from a display image that contains light having vari-
ous wavelengths and (ii) allows determination of an input
location with higher accuracy.

[0162] The display device of the present invention is pref-
erably arranged such that: the A/2 phase plate and the A/4
phase plate are made of a single material; and in a case where
respective refractive indices along orthogonal axes in a phase
plate plane are nx and ny and a refractive index in a phase
plate thickness direction is nz, nx, ny, and nz satisfy a rela-
tionship of nx>ny and (nx-nz)<(nx-ny) in at least one of the
A2 phase plate and the A/4 phase plate.

[0163] The arrangement allows light having not only a
wavelength of 550 nm but also a broader band wavelength to
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be circularly polarized light, the light passing through the
polarizing plate and then entering the A/2 phase plate and the
M4 phase plate.

[0164] Therefore, according to the arrangement, a display
device can be obtained which (i) prevents a reflection of light
coming from a display image that contains light having vari-
ous wavelengths and (ii) allows determination of an input
location with higher accuracy.

[0165] Note that according to the display device of the
present invention, it is only necessary that at least one of the
M2 phase plate and the A/4 phase plate satisfy the above
relationship and it is more preferable that both the A/2 phase
plate and the A/4 phase plate satisfy the above relationship.
[0166] The display device of the present invention is pref-
erably arranged to further include a TAC film provided on the
M4 phase plate.

[0167] TAC ofthe TAC film refers to triacetylcellulose. The
TAC film is such that nx, ny, and nz has a relationship of
nx=ny>nz and a retardation value given by Inx-nzl-d is gen-
erally not less than 50 nm and not more than 60 nm. Note here
that nx, ny, and nz refer to three principal refractive indices in
X, ¥, and z-axis directions which are orthogonal to each other.
[0168] Thedisplay device including the TAC film can yield
an effect of protecting the polarizing plate.

[0169] The display device of the present invention is pref-
erably arranged to further include a protection plate provided
a protection plate provided above a surface of the TAC film on
which surface no A/4 phase plate is provided.

[0170] The display device including the protection plate
can prevent (i) a crack and/or a stain in the display panel
including the polarizing plate provided in the display panel
and (ii) breakage of the display panel. Note that, since the
display device includes the protection plate, there exist a
plurality of layers between the display panel and a top surface
of the display device. Therefore, it is expected that a display
image will be reflected by a boundary surface between the
respective layers, so as to cause a deterioration in detection
accuracy of a light sensor element. However, according to the
present invention, the display device including the polarizing
plate, the A/2 phase plate, and the N/4 phase can reduce light
reflected by each of the boundary surfaces. This can prevent a
deterioration in accuracy of a light sensor element.

[0171] The display device of the present invention is pref-
erably arranged to further include an air layer provided
between the TAC film and the protection plate.

[0172] Since the display device includes the air layer or a
resin layer provided between the TAC film and the protection
plate, there exist more layers between the display panel and
the top surface of the display device. Therefore, it is expected
that light reflected by a boundary surface between the respec-
tive layers influences a further deterioration in detection accu-
racy of a light sensor element. However, according to the
present invention, the display device including the polarizing
plate, the /2 phase plate, and the A/4 phase can reduce light
reflected by each of the boundary surfaces. This can prevent a
deterioration in accuracy of a light sensor element.

[0173] The display device of the present invention can be
arranged such that the display panel is a liquid crystal panel.
[0174] The display device of the present invention can be
arranged to further include: a backlight which emits light
toward the liquid crystal panel, the backlight including a light
source which emits visible light.

[0175] The display device of the present invention can be
arranged to further include: a backlight which emits light
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toward the liquid crystal panel, the backlight including (i) a
light source which emits visible light and (ii) a light source
which emits infrared light.

[0176] The display device of the present invention can be
arranged to further include an infrared light transmitting sec-
tion which is provided above a corresponding one of the
plurality of light sensor elements and selectively transmits
infrared light.

[0177] The display device of the present invention can be
arranged to further include: a backside polarizing plate pro-
vided between the liquid crystal panel and the backlight, the
polarizing plate causing infrared light to be linearly polarized,
the polarizing plate being provided on or above the surface of
the liquid crystal panel which surface is on the image display
surface side, the backside polarizing plate causing visible
light to be linearly polarized and preventing infrared light
from being linearly polarized.

[0178] According to the arrangement, infrared light emit-
ted from the light source which emits infrared light can go out
of the device top surface, and the polarizing plate (front side
polarizing plate) provided on the image display surface side
can block infrared light reflected by the device top surface,
and the like.

[0179] The display device of the present invention can be
arranged such that the display panel is a self-luminous display
panel.

[0180] The present invention is not limited to the descrip-

tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0181] A display device of the present invention (i) pre-
vents a reflection of light coming from a display image which
contains various wavelengths and (ii) allows determination of
an input location with high accuracy. The display device of
the present invention is usable for a display device having a
touch panel function.

REFERENCE SIGNS LIST
[0182] 10 Backlight
[0183] 11 Backlight
[0184] 20 Liquid crystal panel (Display panel)
[0185] 20 Infrared light sensor equipped liquid crystal

panel (Display panel)

[0186] 204 Self-luminous panel (Display panel)

[0187] 21 Active matrix substrate

[0188] 22 Counter substrate

[0189] 23 Liquid crystal layer

[0190] 24 Color filter layer

[0191] 30 Light sensor element

[0192] 31 Light sensor element

[0193] 32 Infrared light transmitting filter (Infrared light

transmitting section)

[0194] 404 Front side polarizing plate (Polarizing plate)
[0195] 40c¢ Front side polarizing plate (Polarizing plate)
[0196] 50 Broadband A/4 phase plate

[0197] 50a A4 phase plate

[0198] 505 A2 phase plate

[0199] 60 TAC film

[0200] 80 Air layer
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[0201] 90 Protection plate

[0202] 100 Liquid crystal display device (Display
device)

[0203] 200 Liquid crystal display device (Display
device)

[0204] 300 Liquid crystal display device (Display
device)

[0205] 400 Liquid crystal display device (Display
device)

[0206] 500 Self-luminous display device (Display
device)

[0207] 600 Self-luminous display device

1. A display device including a display panel provided with
a plurality of light sensor elements, and having an area sensor
function in which the plurality of light sensor elements detect
animage on a surface of the display device, so as to determine
a location of an input from outside,

said display device comprising:

a polarizing plate provided on or above a surface of the
display panel which surface is on an image display sur-
face side; and

a M4 phase plate provided on or above a surface of the
polarizing plate which surface is on the image display
surface side.

2. The display device as set forth in claim 1, further com-

prising:

aM2 phase plate provided between the polarizing plate and
the /4 phase plate,

an optical axis of the A/2 phase plate and an optical axis of
the A/4 phase plate intersecting with each other.

3. The display device as set forth in claim 2, wherein the A/2
phase plate and the A/4 phase plate are provided so that the
optical axis of the A/2 phase plate and the optical axis of the
M4 phase plate intersect with each other at an angle p falling
within a range of 50°<p<70°.

4. The display device as set forth in claim 3, wherein:

when (i) the A/4 phase plate, the A/2 phase plate, and the
polarizing plate are provided along an x-y plane defined
by an x-axis and a y-axis which are two axes that are
orthogonal to each other, and

(ii) a positive direction of the y-axis is 0° and a positive
direction of the x-axis is 90°,

the A/4 phase plate, the A/2 phase plate, and the polarizing
plate are provided so that:

the optical axis of the A/4 phase plate is at an angle of 20°,

the optical axis of the A/4 phase plate is at an angle of 75°,
and

a transmission axis of the polarizing plate is at an angle of
90°.
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5. The display device as set forth in claim 2, wherein:

the A/2 phase plate and the A/4 phase plate are made of a

single material; and
in a case where respective refractive indices along orthogo-
nal axes in a phase plate plane are nx and ny and a
refractive index in a phase plate thickness direction is nz,

nx, ny, and nz satisty a relationship of nx>ny and (nx-nz)
<(nx-ny) in at least one ofthe A/2 phase plate and the A./4
phase plate.

6. The display device as set forth in claim 1, further com-
prising a TAC film provided on the A/4 phase plate.

7. The display device as set forth in claim 6, further com-
prising a protection plate provided above a surface of the TAC
film on which surface no A/4 phase plate is provided.

8. The display device as set forth in claim 7, further com-
prising an air layer provided between the TAC film and the
protection plate.

9. The display device as set forth in claim 1, wherein the
display panel is a liquid crystal panel.

10. The display device as set forth in claim 9, further
comprising;

a backlight which emits light toward the liquid crystal

panel,

the backlight including a light source which emits visible

light.

11. The display device as set forth in claim 9, further
comprising:

a backlight which emits light toward the liquid crystal

panel,

the backlight including (i) a light source which emits vis-

ible light and (ii) a light source which emits infrared
light.

12. The display device as set forth in claim 11, further
comprising an infrared light transmitting section which is
provided above a corresponding one of the plurality of light
sensor elements and selectively transmits infrared light.

13. The display device as set forth in claim 11, further
comprising;

a backside polarizing plate provided between the liquid

crystal panel and the backlight,

the polarizing plate causing infrared light to be linearly

polarized, the polarizing plate being provided on or
above the surface of the liquid crystal panel which sur-
face is on the image display surface side,

the backside polarizing plate causing visible light to be

linearly polarized and preventing infrared light from
being linearly polarized.

14. The display device as set forth in claim 1, wherein the
display panel is a self-luminous display panel.
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