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(57) ABSTRACT

According to an aspect, a display device includes a liquid
crystal layer, a transparent electrode, a reflective electrode, a
drive circuit, and a controller. The controller is configured to
switch a mode between a first mode for driving the drive
circuit at a liquid-crystal inversion frequency of a first fre-
quency so that screen display using light reflected by the
reflective electrode is performed and a second mode for driv-
ing the drive circuit at a liquid-crystal inversion frequency of
a second frequency higher than the first frequency so that
screen display using light passing through the opening of the
reflective electrode is performed.
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DISPLAY DEVICE AND ELECTRONIC
APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2012-218633 filed in the Japan
Patent Office on Sep. 28, 2012, the entire content of which is
hereby incorporated by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to a transflective dis-

play device including a reflective section and a transmissive
section. The present disclosure further relates to an electronic
apparatus including the display device.

[0004] 2. Description of the Related Art

[0005] Inrecent years, the demand for display devices for a
mobile apparatus, such as a mobile phone and an electronic
paper, has been increasing. Regarding the display devices for
a mobile apparatus, reflective display devices have been
attracting attention in terms of the visibility under external
light and low power consumption (refer to Japanese Patent
No. 2771392, for example). There have also been developed
display devices that achieve both the visibility under external
light and the visibility in a dark place, including transflective
display devices combining characteristics of a transmissive
display device and a reflective display device. The transflec-
tive display devices, for example, include a transmissive dis-
play area (a transmissive display section) and a reflective
display area (a reflective display section) in one pixel (refer to
Japanese Patent Application Laid-open Publication No.
2009-93115 (JP-A-2009-93115), for example). The liquid
crystal display device disclosed in JP-A-2009-93115 has dif-
ference in level at a boundary between the transmissive dis-
play area and the reflective display area. The thickness of a
liquid crystal layer of the transmissive display area is made
approximately twice that of the reflective display area. This
configuration makes the phase differences equal to each other
between light passing through the liquid crystal layer once in
transmission and light passing through the liquid crystal layer
twice in reflection.

[0006] Display devices for a mobile apparatus are desired
to further reduce the power consumption while ensuring the
visibility under external light. In transmissive display
devices, a backlight consumes more than half of the power.
By contrast, transflective display devices have excellent
external light visibility under sunlight. The transflective dis-
play device disclosed in JP-A-2009-93115 makes the thick-
ness of the liquid crystal layer of the transmissive display area
approximately twice the thickness of the liquid crystal layer
of the reflective display area. This configuration generates no
reflection in a transmissive opening and the boundary
between the transmissive display area and the reflective dis-
play area, thereby reducing the aperture ratio in the reflective
display area. As a result, display performed simply by reflec-
tive display renders a screen darker in an environment such as
a room, making it necessary to perform transmissive display
by turning on the backlight. Thus, the transflective display
device fails to fully enjoy the low power consumption in
reflective display.

[0007] To reduce driving electric power, the transflective
display device may drive at low speed at an inversion fre-
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quency of lower than 30 Hz (equivalent to a frame rate of 60
ps), for example. However, drive at low speed at an inversion
frequency of lower than 30 Hz (equivalent to a frame rate of
60 fps) causes a flicker, thereby providing a user with a sense
of discomfort. For this reason, the drive at low speed cannot
be employed.

[0008] For the foregoing reasons, there is a need for a
display device that can reduce the power consumption while
reducing a flicker, and an electronic apparatus including the
display device.

SUMMARY

[0009] According to an aspect, a display device includes a
liquid crystal layer, a transparent electrode, a reflective elec-
trode, a drive circuit, and a controller. The transparent elec-
trode 1s arranged on a side of the liquid crystal layer on which
ambient light is incident. The reflective electrode is arranged
on a side of the liquid crystal layer opposite to the transparent
electrode and reflects light reaching from the liquid crystal
layer. The reflective electrode is divided into a plurality of
pixel electrodes formed for each pixel. Each pixel is formed
of one of the pixel electrodes, the transparent electrode, and
the liquid crystal layer interposed therebetween. The reflec-
tive electrode has a plurality of openings formed around the
respective pixel electrodes. The drive circuit controls a volt-
age applied to the pixel electrode and the transparent elec-
trode to drive each pixel. The controller controls an operation
of the drive circuit. The pixel is configured to display black
when a same potential is applied between the pixel electrode
and the transparent electrode and display white when a pre-
determined voltage difference is applied between the pixel
electrode and the transparent electrode. The drive circuit is
configured to perform switching in accordance with a video
signal such that a voltage for displaying white or black is
applied between the pixel electrode and the transparent elec-
trode. The controller is configured to switch a mode between
a first mode for driving the drive circuit at a liquid-crystal
inversion frequency of a first frequency so that screen display
using light reflected by the reflective electrode is performed
and a second mode for driving the drive circuit at a liquid-
crystal inversion frequency of'a second frequency higher than
the first frequency so that screen display using light passing
through the opening of the reflective electrode is performed.
[0010] According to another aspect, an electronic appara-
tus includes the display device and a control device that
supplies the video signal to the display device.

[0011] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0012] FIG. 1 is a block diagram of an example of a con-
figuration of a display device according to an embodiment of
the present disclosure;

[0013] FIG. 2 is a sectional view of an example of a con-
figuration of a liquid crystal module and a light source module
of the display device illustrated in FIG. 1;

[0014] FIG. 3 is a plane view of an example of an arrange-
ment pattern of reflective electrodes in the display device
illustrated in FIG. 2;

[0015] FIG. 4A is a plane view of an example of a configu-
ration of a pixel in the display device illustrated in FIG. 2;
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[0016] FIG. 4B is a plane view of an example of a configu-
ration of a pixel in the display device illustrated in FIG. 2;
[0017] FIG. 4C is a plane view of an example of a configu-
ration of a pixel in the display device illustrated in FIG. 2;
[0018] FIG. 5A is a sectional view of an example of a
structure of a light diffusion layer illustrated in FIG. 2;
[0019] FIG. 5B is a sectional view of an example of a
structure of another light diffusion layer illustrated in FIG. 2;
[0020] FIG. 6 is a view of an example of viewing angle
characteristics of the light diffusion layer illustrated in FIG. 2;
[0021] FIG.7A is a view of an example of a relation among
a transmission axis, an optical axis, a scattering central axis,
and a rubbing direction of components of the display device
viewed from the display surface side;

[0022] FIG. 7B is a view of an example of a direction in
which a flicker is made conspicuous in the display device
having the configuration illustrated in FIG. 7A;

[0023] FIG. 8is a circuit diagram of an example of a con-
figuration of a pixel electrode in the display device illustrated
in FIG. 2;

[0024] FIG. 9 is a waveform chart of an example of a drive
waveform in the display device illustrated in FIG. 2;

[0025] FIG. 10 is a graph of an example of a relation
between a time frequency and a flicker;

[0026] FIG. 11 is a view for explaining an operation of the
display device illustrated in FIG. 2;

[0027] FIG. 12 is a graph of an example of a relation
between the applied voltage and the reflectance in a normally
black display mode;

[0028] FIG. 13 is a graph of an example of a relation
between the reflectance and the lightness;

[0029] FIG. 14 is a graph of an example of a relation
between the applied voltage and the reflectance in a normally
white display mode;

[0030] FIG. 15 is a graph of an example of a relation
between the applied voltage and the display luminance when
the light diffusion layers illustrated in FIG. 2 are not provided;
[0031] FIG. 16 is a graph of an example of a relation
between the applied voltage and the display luminance in the
display device illustrated in FIG. 2;

[0032] FIG. 17 is a circuit diagram of another example of a
configuration of a pixel in the display device illustrated in
FIG. 2;

[0033] FIG.181is a timing chart for explaining an operation
of a pixel of the display device illustrated in FIG. 2;

[0034] FIG. 19 is a graph of a waveform of a voltage sup-
plied to an MIP;

[0035] FIG. 20 is a graph of a relation among the voltage,
the transmittance, and the reflectance of the display device
illustrated in FIG. 2;

[0036] FIG. 21 is a partially enlarged view of FIG. 20;
[0037] FIG.22 is aflowchart of an example of an operation
performed by the display device illustrated in FIG. 2;

[0038] FIG. 23 is a view for explaining another example of
the display device; and

[0039] FIG. 24 is a perspective view of an example of a
configuration of an electronic apparatus according to an
embodiment.

DETAILED DESCRIPTION

[0040] Exemplary embodiments according to the present
disclosure are described below in detail with reference to the
accompanying drawings. The explanation will be made in the
following order:
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[0041] 1. Embodiment (Display Device)

[0042] A display device capable of switching liquid-crystal
inversion frequency depending on drive mode,

[0043] area coverage modulation, normally black mode,
low liquid-crystal inversion frequency; and

[0044] 2. Example of Application (Electronic Apparatus)

[0045] An example in which the display device according
to the embodiment is applied to an electronic apparatus.

1. Embodiment

[0046] A display device according to the present embodi-
ment is applicable to flat-panel (flat) display devices includ-
ing a reflective electrode, a shutter provided to each pixel, and
a backlight. Examples of the flat-panel display devices
include, but are not limited to, display devices provided with
liquid crystal display (LCD) panels and display devices pro-
vided with micro electro mechanical systems (MEMS).
[0047] Thedisplay device according to the present embodi-
ment is applicable to both display devices supporting mono-
chrome display and display devices supporting color display.
If the display device is applied to display devices supporting
color display, one pixel (unit pixel) serving as a unit of a color
image is composed of a plurality of sub-pixels (sub-pixel).
More specifically, one pixel is composed of three sub-pixels
of a sub-pixel that displays red (R), a sub-pixel that displays
green (G3), and a sub-pixel that displays blue (B), for example,
in the display devices supporting color display.

[0048] Each pixel is not necessarily composed of sub-pix-
els of the three primary colors of RGB and may be obtained
by further adding a sub-pixel of one color or sub-pixels of a
plurality of colors to the sub-pixels of the three primary colors
of RGB. More specifically, for example, each pixel may be
obtained by adding a sub-pixel that displays white (W) to
increase the luminance or adding at least one sub-pixel that
displays a complementary color to expand a color reproduc-
tion range. The following describes the case where the display
device is a display device supporting color display (a display
device in which three sub-pixels correspond to one pixel).

[0049]

[0050] FIG. 1 is a block diagram of an example of a con-
figuration of a display device according to an embodiment of
the present disclosure. FIG. 2 is a sectional view of an
example of a configuration of a liquid crystal module and a
light source module ofthe display device illustrated in FIG. 1.
FIG. 2 schematically illustrates the configuration and does
not necessarily illustrate it in actual size and shape. A display
device 1 corresponds to a specific example of the “display
device” according to the present disclosure. The display
device 1is a transflective display device and includes a liquid
crystal module 2, a light source module 3, a drive circuit 40,
a controller 42, and a state detecting unit 44, for example, as
illustrated in FIG. 1. The drive circuit 40 drives the liquid
crystal module 2 and the light source module 3. The controller
42 controls the drive circuit 40. The state detecting unit 44
detects a state related to the display device 1. As illustrated in
FIG. 2, the liquid crystal module 2 includes a lower substrate
10, an upper substrate 20, and a liquid crystal layer 30 inter-
posed between the lower substrate 10 and the upper substrate
20. The light source module 3 includes a backlight unit 31
arranged on the side of the lower substrate 10 opposite to the
liquid crystal layer 30. The liquid crystal layer 30 corresponds
to a specific example of a “liquid crystal layer” according to

1-1. Configuration
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the present disclosure. The controller 42 corresponds to a
specific example of a “controller” according to the present
disclosure.

[0051] In the display device 1, the upper surface of the
upper substrate 20 (e.g., a polarizing plate 29, which will be
described later) serves as a display surface. The backlight unit
31 is arranged at the back of the lower substrate 10. In other
words, the display device 1 can display an image by the two
following methods: a reflection method for displaying an
image by reflecting light incident from the display surface;
and a transmission method for displaying an image by trans-
mitting light incident from the back of the lower substrate 10.
[0052] Liquid Crystal Layer 30

[0053] The liquid crystal layer 30 includes nematic liquid
crystal, for example. The liquid crystal layer 30 is driven in
accordance with avideo signal. The liquid crystal layer 30 has
a modulation function to transmit or block light incident on
the liquid crystal layer 30 for each pixel by application of a
voltage in accordance with the video signal.

[0054] Lower Substrate 10

[0055] As illustrated in FIG. 2, the lower substrate 10
includes a drive substrate 11 on which thin film transistors
(TFTs) are formed, an insulating layer 12 that covers the TFT
and other components, a reflective electrode layer 13 electri-
cally connected to the TFT and other components, an orien-
tation film 14 formed on the upper surface of the reflective
electrode layer 13, a quarter-A plate 15, a half-A plate 16, and
a polarizing plate 17, for example. The reflective electrode
layer 13 corresponds to a specific example of “a plurality of
pixel electrodes” according to the present disclosure. The
lower substrate 10 is formed of the orientation film 14, the
reflective electrode layer 13, the insulating layer 12, the drive
substrate 11, the quarter-A plate 15, the half-A plate 16, and
the polarizing plate 17 stacked in this order from the surface
in contact with the liquid crystal layer 30.

[0056] The drive substrate 11 has pixel circuits each
obtained by forming a TFT, a capacitive element, and other
component on a transparent substrate made of a glass sub-
strate, for example. The transparent substrate may be made of
amaterial other than a glass substrate, including a translucent
resin substrate and a quartz substrate, for example.

[0057] The reflective electrode layer 13 drives the liquid
crystal layer 30 with the potential difference between the
reflective electrode layer 13 and a transparent electrode layer
22 of the upper substrate 20, which will be described later.
FIG. 3 is a plane view of an example of an arrangement
pattern of reflective electrodes in the display device illus-
trated in FIG. 2. In the reflective electrode layer 13, pixel
electrodes 62 each corresponding to one pixel 60 are arranged
two-dimensionally as illustrated in FIG. 3. In the reflective
electrode layer 13, one pixel electrode 62 corresponds to a
sub-pixel of one color, and each pixel 60 includes a plurality
of pixel electrodes 62. The pixel electrode 62 of the reflective
electrode layer 13 is connected to wires 64 and 66 viathe TFT.
The wire 64 and the wire 66 are a signal line and a gate line,
respectively. The wires 64 extend in a direction orthogonal to
the wires 66. While the wire 64 and the wire 66 are described
as an example of wires formed in the pixel unit in the present
embodiment, the wires formed in the pixel are not limited
thereto. Specifically, the wires include all the drive wires
(control wires) required for driving (controlling) the pixel
electrode 62.

[0058] The reflective electrode layer 13 has an opening
(also referred to as a space or a gap) 68 or 69 between the pixel
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electrode 62 and a pixel electrode 62 adjacent thereto. The
opening 68 extends along an array direction of pixels of a
pixel column, that s, along a column direction (vertical direc-
tion in FIG. 3). The opening 69 extends along an array direc-
tion of pixels of a pixel row, that is, along a row direction
(horizontal direction in FIG. 3). In other words, the opening
68 is adjacent to a side orthogonal to a side adjacent to the
opening 69, among sides of the pixel electrode 62. A pair of
the openings 68 and a pair of the openings 69 are adjacent to
two opposite sides of the outline of the pixel electrode 62,
respectively. Accordingly, each of the pixel electrodes 62 is
surrounded by a pair of the openings 68 and a pair of the
openings 69.

[0059] The wires 64 and 66 are arranged so as not to fill the
openings 68 and 69. Specifically, the wires 64 and 66 are each
arranged such that the position thereof in a direction orthogo-
nal to the extending direction overlaps with the pixel elec-
trode 62. Forming the wires 64 and 66 so as not to fill the
openings 68 and 69 between the pixel electrodes 62 of the
reflective electrode layer 13 enables transmissive display
using the space as a transmissive display area.

[0060] “Not to fill the spaces (openings)” does not mean
absence ofanareain which the wire 64 or 66 overlaps with the
opening 68 or 69 between the pixel electrodes 62 of the
reflective electrode layer 13. Specifically, as illustrated in
FIG. 3, the concept of “not to fill the spaces (openings)”
includes: a state where the wire 64 arranged in the column
direction overlaps with the opening 69 extending in the row
direction; and a state where the wire 66 arranged in the row
direction overlaps with the opening 68 extending in the col-
umn direction.

[0061] The concept of “not to fill the spaces (openings)”
also includes: a state where the wire 64 partially or in a part
thereof overlaps with the opening 68 extending in the column
direction; and a state where the wire 66 partially or in a part
thereof overlaps with the opening 69 extending in the row
direction. In both cases, the display device 1 uses areas in
which no wire 64 or no wire 66 overlaps with the openings 68
and 69 as the transmissive display area.

[0062] To form the wires so as notto fill the openings 68 and
69 between the pixel electrodes 62 of the reflective electrode
layer 13, the wires are preferably formed in a manner avoid-
ing at least either one of the openings 68 and 69 between the
pixel electrodes 62 of the reflective electrode layer 13.
“Avoiding the space (opening)” means a state where the wire
is not present in the opening 68 or 69 between the pixel
electrodes 62 of the reflective electrode layer 13 (that is, at
least either one of the openings 68 and 69 has no area in which
the wire overlaps therewith).

[0063] Specifically, as illustrated in FIG. 3, the wire 64 is
preferably arranged in a manner avoiding the opening 68
extending in the column direction, that is, with no area (por-
tion) thereof overlapping with the opening 68. The wire 66 is
preferably arranged in a manner avoiding the opening 69
extending in the row direction, that is, with no area thereof
overlapping with the opening 69. The openings 68 and 69
between the pixel electrodes 62 of the reflective electrode
layer 13 have no area in which the wires 64 and the wires 66
overlap therewith, respectively. This enables the use of the
substantially whole area of the openings 68 and 69 as the
transmissive display area. This can provide higher transmis-
sive display performance.

[0064] As described above, the display device 1 performs
transmissive display using the openings between the pixel
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electrodes 62 of the reflective electrode layer 13, that is, uses
the area of the openings as the transmissive display area.
Thus, it is not necessary to secure the transmissive display
area separately in the pixel electrode 62. This can make the
size of the reflective electrode layer 13 equivalent to that of a
reflective liquid crystal display device with the pixel elec-
trodes 62 in the same size. As aresult, the display device 1 can
perform transmissive display while maintaining reflective
display performance equivalent to that of the reflective dis-
play device.

[0065] When the drive circuit 40 applies a voltage to the
pixel electrode 62 and the transparent electrode layer 22, an
electric field corresponding to the potential difference
between the pixel electrode 62 and the transparent electrode
layer 22 is generated between them. The liquid crystal layer
30 is driven depending on the magnitude of the electric field.
A portion of the display device 1 corresponding to the portion
in which the pixel electrode 62 and the transparent electrode
layer 22 face to each other serves as a base unit capable of
partially driving the liquid crystal layer 30 by the voltage
applied between the pixel electrode 62 and the transparent
electrode layer 22. The base unit corresponds to a pixel. The
reflective electrode layer 13 also serves as a reflective layer
that reflects ambient light incident via the liquid crystal layer
30 toward the liquid crystal layer 30. The reflective electrode
layer 13 is made of a conductive material that reflects visible
light, such as a metal material including Ag and Al. The
surface of the reflective electrode layer 13 is formed into a
mirror surface, for example.

[0066] Each pixel electrode 62 may include a plurality of
partial electrodes. Connection of the partial electrodes to the
wires 62 and 64 via respective different TFTs makes it pos-
sible to perform area coverage modulation display. Setting
the area ratio of the partial electrodes 2:1 enables the pixel
electrode 62 to achieve area coverage modulation in 2-bits of
0, 1, 2, and 3, for example. The pixel electrode 62 illustrated
in FIG. 4A is formed of a partial electrode 13A and a partial
electrode 13B having an area approximately twice larger than
that of the partial electrode 13A arranged parallel to each
other. The partial electrodes 13A and 13B are connected to the
wires 62 and 64 via respective different TFTs. The pixel
electrode 62 may be formed of a partial electrode 13C having
an opening and a partial electrode 13D arranged in the open-
ing of the partial electrode 13C as illustrated in FIG. 4B. The
pixel electrode 62 may be formed of three partial electrodes
13E, 13F, and 13G having the same area arranged in a line as
illustrated in FIG. 4C. In the case of the pixel electrode 62
illustrated in FIG. 4C, the partial electrodes 13E and 13G
among the three partial electrodes are electrically connected
to each other and connected to the wires 62 and 64 via a single
TFT. The partial electrode 13F is connected to the wires 62
and 64 via another TFT. This configuration can achieve area
coverage modulation in 2-bits while maintaining the center of
gravity.

[0067] The orientation film 14 aligns liquid crystal mol-
ecules in the liquid crystal layer 30 in a predetermined direc-
tion and is directly in contact with the liquid crystal layer 30.
The orientation film 14 is made of a high-molecular material,
such as polyimide, and is obtained by performing rubbing
treatment on applied polyimide, for example.

[0068] The quarter-A plate 15 is a uniaxially stretched resin
film, for example. The retardation of the quarter-A plate 15 is
0.14 um, for example, which is equivalent to approximately
one-fourth ofthe wavelength of green light having the highest
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luminosity in visible light. The quarter-A plate 15 converts
linearly polarized light incident thereon into circularly polat-
ized light or converts circularly polarized light incident
thereon into linearly polarized light. The quarter-A plate 15
according to the present embodiment converts linearly polar-
ized light incident from the polarizing plate 17 side, that is,
from the backlight unit 31 side into circularly polarized light.
The half-A plate 16 is a uniaxially stretched resin film, for
example. The retardation of the half-A plate 16 is 0.27 um, for
example, which is equivalent to approximately one-halfof the
wavelength of green light having the highest luminosity in
visible light. The half-A plate 16 rotates the polarization plane
of incident light 90 degrees. The quarter-h plate 15 and the
half-A plate 16, as a whole of the quarter-A plate 15 and the
half-A plate 16, convert linearly polarized light incident from
the polarizing plate 17 side into circularly polarized light. The
quarter-plate 15 and the half-A plate 16 function as a (broad-
band) circularly polarizing plate for a wide range of wave-
lengths. The polarizing plate 17 absorbs linear polarization
components in a predetermined direction and transmits polar-
ization components in a direction orthogonal thereto. The
polarizing plate 17 converts light incident from the backlight
unit 31 side into linearly polarized light.

[0069] Upper Substrate 20

[0070] As illustrated in FIG. 2, the upper substrate 20
includes an orientation film 21, the transparent electrode layer
22, a color filter (CF) layer 23, and a transparent substrate 24
stacked in this order from the liquid crystal layer 30 side, for
example.

[0071] The orientation film 21 aligns liquid crystal mol-
ecules in the liquid crystal layer 30 in a predetermined direc-
tion and is directly in contact with the liquid crystal layer 30.
The orientation film 21 is made of a high-molecular material,
such as polyimide, and is obtained by performing rubbing
treatment on applied polyimide, for example.

[0072] The transparent electrode layer 22 is arranged in a
manner facing respective pixel electrodes and is a sheet elec-
trode formed on the whole plane, for example. Because the
transparent electrode layer 22 is arranged in a manner facing
respective pixel electrodes, the transparent electrode layer 22
serves as a common electrode for the pixels. The transparent
electrode layer 22 is made of a conductive material that trans-
mits ambient light, such as an indium tin oxide (ITO).

[0073] The CF layer 23 is provided with a color filter 23A
in an area facing the pixel electrodes. The color filter 23A is
obtained by arranging, correspondingly to the pixels, a color
filter that separates light passing through the liquid crystal
layer 30 into the three primary colors of red, green, and blue,
for example. The transparent substrate 24 is a transparent
substrate for ambient light, such as a glass substrate.

[0074] As illustrated in FIG. 2, the upper substrate 20
includes a light diffusion layer 25, a light diffusion layer 26,
aquarter-A plate 27, ahalf-A plate 28, and the polarizing plate
29 stacked onthe upper surface of the transparent substrate 24
in this order from the liquid crystal layer 30 side, for example.
The light diffusion layer 25, the light diffusion layer 26, the
quarter-h plate 27, the half-A plate 28, and the polarizing plate
29 are each bonded with other layers adjacent thereto with an
adhesion layer or a bonding layer, for example. The quarter-A
plate 15 and the half-A plate 16, and the quarter-A plate 27 and
the half-A plate 28 correspond to a specific example of a
“phase difference layer” according to the present disclosure.
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The polarizing plates 17 and 29 correspond to a specific
example of a “polarizing plate” according to the present dis-
closure.

[0075] The light diffusion layers 25 and 26 are forward
scattering layers that generate large forward scattering and
small backward scattering. The light diffusion layers 25 and
26 are anisotropic scattering layers that scatter light incident
thereon in a specific direction. When light is incident on the
light diffusion layers 25 and 26 in the specific direction from
the polarizing plate 29 side with respect to the upper substrate
20, the light diffusion layers 25 and 26 transmit the incident
light almost without scattering the light. The light diffusion
layers 25 and 26 significantly scatter the light reflected and
returned by the reflective electrode layer 13.

[0076] Asillustrated in FIG. 5A, the light diffusion layer 25
transmits external light 1.1 when external light 1 is incident
thereon in a predetermined direction with respect to the upper
substrate 20, for example. The light diffusion layer 25 scat-
ters, among the transmitted light, light L.2 reflected by the
reflective electrode layer 13 within a predetermined range
with respect to a scattering central axis AX1. As illustrated in
FIG. 5B, the light diffusion layer 26 transmits external light
L1 when external light L1 is incident thereon in a predeter-
mined direction with respect to the upper substrate 20, for
example. The light diffusion layer 26 scatters, among the
transmitted light, light 1.2 reflected by the reflective electrode
layer 13 within a predetermined range with respect to a scat-
tering central axis AX2. The external light [1 is parallel light
incident on the polarizing plate 29 of the upper substrate 20.
The external light [.1 may be non-polarized light or polarized
light.

[0077] Asillustrated in FIG. 5A, the light diffusion layer 25
includes two types of areas (a first area 25A and a second area
25B) having different refractive indexes, for example. Simi-
larly, as illustrated in FIG. 5B, the light diffusion layer 26
includes two types of areas (a first area 26 A and a second area
26B) having different refractive indexes, for example. FIG.
5A and FIG. 5B illustrate examples of a sectional structure of
the light diffusion layers 25 and 26, respectively. In the light
diffusion layers 25 and 26, the two types of areas having
different refractive indexes may be formed in a louver struc-
ture or in a columnar structure.

[0078] Thelight diffusion layer 25 is formed of the first area
25A and the second area 25B extending in the thickness
direction and inclined in a predetermined direction, for
example. The light diffusion layer 26 is formed of the first
area 26 A and the second area 26B extending in the thickness
direction and inclined in a predetermined direction, for
example. The light diffusion layers 25 and 26 are each formed
by irradiating a resin sheet that is a mixture of two or more
types of monomers or oligomers capable of being photopo-
lymerized and having different refractive indexes with ultra-
violet rays in an oblique direction, for example. The light
diffusion layers 25 and 26 may have a structure different from
the structure described above and may be manufactured by a
method different from the method described above. The light
diffusion layers 25 and 26 may have the same structure or
structures different from each other.

[0079] The scattering center axes AX1 and AX2 of the light
diffusion layers 25 and 26, respectively, preferably extend in
the same direction, such as amain visual angle direction. The
scattering center axes AX1 and AX2 do not necessarily
extend in the same direction. One of the scattering center axes
AX1 and AX2 may extend in the main visual angle direction,
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and the other of the scattering center axes AX1 and AX2 may
extend in a direction different from the main visual angle
direction, for example. Alternatively, both the scattering cen-
ter axes AX1 and AX2 may extend in a direction different
from the main visual angle direction. In any cases, the direc-
tions of the scattering center axes AX1 and AX2 simply need
to be set such that the use of the light diffusion layers 25 and
26 makes the luminance in the main visual angle direction the
highest (that is, makes the reflectance the highest) because of
the effect of the light diffusion layers 25 and 26.

[0080] The main visual angle corresponds to a direction in
which a user of the display device 1 sees the display surface
when using the display device 1. When the display surface is
formed in a rectangular shape, the main visual angle corre-
sponds to a direction orthogonal to a side closest to the user
among the sides of the display surface.

[0081] As illustrated in FIG. 6, assuming that the vertical
direction of FIG. 6 corresponds to the main visual angle, the
scattered light generated by the light diffusion layers 25 and
26 is distributed in a band-shape from a polar angle of 0
degrees to 90 degrees in the main visual angle direction, for
example. FIG. 6 is a view of an example of viewing angle
characteristics of the light diffusion layers 25 and 26. A por-
tion represented by “scattered light .3 in FIG. 6 corresponds
to distribution of the scattered light generated by the light
diffusion layers 25 and 26.

[0082] The quarter-i plate 27 is a member similar to the
quarter-h plate 15 and is a uniaxially stretched resin film, for
example. The quarter-A plate 27 converts linearly polarized
light incident from the polarizing plate 29 side into circularly
polarized light. The half-2 plate 28 is a member similar to the
half-A plate 16 and is a uniaxially stretched resin film, for
example. The quarter-». plate 27 and the half-A plate 28, as a
whole of the quarter-A plate 27 and the half-h plate 28, con-
vert linearly polarized light incident from the polarizing plate
29 side into circularly polarized light. The quarter-A plate 27
and the half-A plate 28 function as a (broadband) circularly
polarizing plate for a wide range of wavelengths. The phase
difference between turning ON and OFF of the liquid crystal
is setto A/4. Because the light reflected by the reflective plate
passes through the liquid crystal twice, the phase difference
between turning ON and OFF of the liquid crystal is set to A/k.
When circularly polarized light entering the liquid crystal is
reflected and returned, the circularly polarized light is thus
converted into right or left circularly polarized light depend-
ing on the ON/OFF state of the liquid crystal. Subsequently,
when passing through the quarter-A plate 27 and the half-h
plate 28, the circularly polarized light is converted into lin-
early polarized light parallel to or orthogonal to the absorp-
tion axis of polarization depending on the ON/OFF state of
the liquid crystal. The polarizing plate 29 absorbs linear
polarization components parallel to the absorption axis of the
polarizing plate and transmits polarization components
orthogonal thereto. The polarizing plate 29 converts external
light incident from the outside into linearly polarized light
and transmits or blocks the light reflected by the reflective
plate depending on the ON/OFF state of the liquid crystal.
[0083] The LCD panel, which includes the lower substrate
10, the upper substrate 20, and the liquid crystal layer 30, is
configured such that, when the light diffusion layers 25 and 26
are not provided, a direction in which a flicker is made the
most conspicuous is different from the main visual angle. The
LCD panel is configured such that, when the light diffusion
layers 25 and 26 are provided, the direction in which a flicker
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is made the most conspicuous is deviated from the main
visual angle by tens of degrees, for example. The display
device 1, for example, has the following configuration: a
transmission axis AX29 of the polarizing plate 29, an optical
axis AX28 of the half-A plate 28, an optical axis AX27 of the
quarter-A plate 27, the scattering central axis AX2 of the light
diffusion layer 26, the scattering central axis AX1 of the light
diffusion layer 25, a rubbing direction AX21 of the orienta-
tion film 21, and a rubbing direction AX14 of the orientation
film 14 are set as illustrated in FIG. 7A viewed from the
display surface side. This configuration makes a flicker con-
spicuous in an area cc deviated from the main visual angle but
makes a flicker inconspicuous in the main visual angle direc-
tion as illustrated in FIG. 7B.

[0084] Backlight Unit 31

[0085] The backlight unit 31 is an illuminating unit that
illuminates the LCD panel from the back side of the panel,
that is, from the side of the lower substrate 10 opposite to the
liquid crystal layer 30. The backlight unit 31 includes a light
source 32 and a light guide plate 34. The light source 32 is a
light source outputting light, including a light-emitting diode
(LED) or a fluorescent tube, for example. The light guide
plate 34 is arranged in a manner facing the surface of the
lower substrate 10 opposite to the liquid crystal layer 30. The
light guide plate 34 causes light, which is output from the
light source 32 and enters the inside of the light guide plate 34,
to be output through the surface of the lower substrate 10
opposite to the liquid crystal layer 30. The light guide plate 34
scatters and reflects the light output from the light source 32
and entering the inside of the light guide plate 34. This
enables the light guide plate 34 to irradiate the surface of the
lower substrate 10 opposite to the liquid crystal layer 30 with
light having high in-plane uniformity. The backlight unit 31 is
not limited to the configuration according to the present
embodiment. The backlight unit 31 may be provided with
well-known members, such as a prism sheet and a diffusion
sheet, in addition to the light source 32 and the light guide
plate 34.

[0086] Pixel

[0087] FIG. 8 illustrates an example of a circuit configura-
tion in the lower substrate 10. The lower substrate 10 includes
a plurality of scanning lines WSL arranged as rows, a plural-
ity of signal lines DTL arranged as columns, and pixels 62
corresponding to respective pixel electrodes. As illustrated in
FIG. 8, the pixels 62 are provided correspondingly to respec-
tive portions where the scanning lines WSL and the signal
lines DTL intersect with each other, for example. The lower
substrate 10 further includes a plurality of band-shaped com-
mon connecting lines COM each provided commeonly to a
pixel row, for example. The scanning lines WSL correspond
to the wires 66 illustrated in FIG. 3, and the signal lines DTL
correspond to the wires 64 illustrated in FIG. 3.

[0088] As illustrated in FIG. 8, each pixel 62 includes a
transistor Tr and a liquid crystal element CL, for example.
The transistor Tr is a field-effect TFT, for example, and is
formed of a gate that controls a channel and a source and a
drain provided on both ends of the channel. The transistor Tr
may be a p-type transistor or an n-type transistor. The liquid
crystal element CL is formed of the liquid crystal layer 30, the
reflective electrode layer 13 provided to one side of the liquid
crystal layer 30, and the transparent electrode layer 22 pro-
vided to the other side of the liquid crystal layer 30, for
example.
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[0089] The transparent electrode layer 22 is connected to
the common connecting line COM, and the reflective elec-
trode layer 13 is connected to one of the source and the drain
of the transistor Tr. The gate of the transistor Tt is connected
to the scanning line WSL, and the other of the source and the
drain of the transistor Tr not being connected to the reflective
electrode layer 13 is connected to the signal line DTL. In a
plurality of pixels 62 belonging to the same horizontal line,
for example, the gates of the transistors Tr are connected to a
common scanning line WSL. In other words, the pixels 62
connected to the same scanning line WSL are aligned along
the single scanning line WSL.

[0090] To use the drive circuit of FIG. 8 in the present
disclosure, it is preferable that the liquid crystal perform
normally black binary display and that a transistor having low
leak characteristics be used as the transistor. Causing the
liquid crystal to perform normally black binary display makes
it possible to reduce a flicker even in low-frequency driving in
reflective display. The use of a transistor having low leak
characteristics makes it possible to reduce a flicker caused by
a leak of the transistor. An oxide semiconductor In—Ga—
Zn0, (IGZ0) is preferably used as a semiconductor material
of the transistor. This can achieve both the low leak and write
characteristics and the productivity.

[0091] Drive Circuit 40

[0092] Thedrive circuit 40 will now be described. The drive
circuit 40, for example, includes a video signal processing
circuit, a timing generating circuit, a signal line drive circuit,
a scanning line drive circuit, a common connecting line drive
circuit, and a light source drive circuit, neither of which is
illustrated. The arrangement position of the drive circuit 40 is
not particularly restricted. A part of the drive circuit 40
according to the present embodiment is arranged in the liquid
crystal module 2.

[0093] The video signal processing circuit corrects a digital
video signal received from the outside and converts the video
signal into an appropriate voltage Vsig to output the voltage
Vsig to the signal line drive circuit. The timing generating
circuit performs control such that the signal line drive circuit
and the scanning line drive circuit operate simultaneously
with each other. The timing generating circuit outputs a con-
trol signal to these circuits in response to (in synchronization
with) a synchronization signal received from the outside, for
example.

[0094] The signal line drive circuit converts a video signal
received from the video signal processing circuit into an
appropriate voltage Vsig and applies the voltage Vsig to each
signal line DTL, thereby writing the video signal to a pixel 62
to be selected. As illustrated in FIG. 9, the signal line drive
circuit can output the signal voltage Vsig corresponding to the
video signal, for example. As illustrated in FIG. 9, the signal
line drive circuit applies the signal voltage Vsig (performs 1H
inversion driving) to each signal line DTL such that the polar-
ity thereof is inverted in every frame period with respect to a
reference voltage (that is, the counter potential Vcom), for
example. Thus, the signal line drive circuit can perform driv-
ing for writing and holding the video signal in the pixel 62 to
be selected. The polarity of the voltage applied to the liquid
crystal is inverted in this manner as necessary to prevent
deterioration of the liquid crystal element CL. When 1H
inversion driving is performed by the signal line drive circuit,
the display device 1 may be provided with a black matrix at a
portion corresponding to the opening 69 of the color filter 23.
When 1H inversion driving is performed by the signal line
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drive circuit, the display device 1 can fill the opening 69 that
does not contribute to transmission of light. This makes it
possible to stabilize a response of the liquid crystal.

[0095] The scanning line drive circuit applies a selection
pulse to the scanning line WSL 66 in response to (in synchro-
nization with) input of the control signal, thereby selecting a
plurality of pixels 62 connected to the scanning line in units of
a scanning line 66. The scanning line drive circuit can output
a voltage Von applied to turn ON the transistors Tr and a
voltage Voff applied to turn OFF the transistors Tr, for
example. The voltage Von is a value (fixed value) equal to or
higher than the ON-voltage of the transistor Tr. The voltage
Voff is a value (fixed value) lower than the ON-voltage of the
transistor Tr. The scanning lines WSL are configured such
that the timings to select respective scanning lines (to apply a
voltage equal to or higher than the ON-voltage of the Tr) are
shifted. As a result, the voltage of the signal line 64 at the
selected timing is written to selected pixel electrodes via the
transistors Tr. The electric charge written to the pixel elec-
trodes is held until subsequent data is written. The potential
difference between the pixel electrode potential due to the
electric charge and the counter electrode potential drives the
liquid crystal layer. The frequency of intervals to write data
corresponds to the frame frequency. In the circuit illustrated
in FIG. 8, the pixel potential is written and the voltage Vcom
is applied such that the polarity of the liquid crystal is inverted
in each frame.

[0096] Asillustrated in FIG. 8, the common connecting line
drive circuit applies the predetermined voltage Vcom to each
common connecting line COM in each frame period, for
example. In VcomDC driving, for example, the common
connecting line drive circuit does not drive each common
connecting line COM but continues to apply a constant volt-
age thereto while frame inversion driving or 1H inversion
driving is being performed. The effective voltage applied to
the liquid crystal is preferably constant. Accordingly, the
common connecting line drive circuit preferably sets the rela-
tion between the signal voltage Vsig and the predetermined
voltage Vecom based on coupling with the transistor Tr. As
illustrated in FIG. 9, the present embodiment can make the
effective value when the electric charge written to each pixel
is inverted in each frame period and the effective value
applied to the liquid crystal in the case of a voltage V2 sub-
stantially equal to each other, thereby reducing a flicker. The
Veom voltage is adjusted such that the effective voltage
applied to the liquid crystal (an integrated value of difference
between Vsig and Vcom, that is, an area surrounded by Vsig
and Vcom in FIG. 9) is the same in positive and negative
polarities.

[0097] To display an image, the drive circuit 40 can switch
the liquid-crystal inversion frequency based on control of the
controller 42. Specifically, the drive circuit 40 switches
between a first mode and a second mode. The first mode is a
mode for driving at a liquid-crystal inversion frequency,
which is a first frequency. The second mode is a mode for
driving at a liquid-crystal inversion frequency, which is a
second frequency, higher than the first frequency. Light
mainly used to display an image differs between the first
mode and the second mode. Specifically, the first mode is a
mode for displaying an image by using mainly light reflected
by the pixel electrode 62 of the reflective electrode layer 13
(reflective display mode). The second mode is a mode for
displaying an image by using mainly light passing through
the openings 68 and 69 of the reflective electrode layer 13
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from the backlight unit 31 and reaching the liquid crystal
layer 30 (transmissive display mode). These modes will be
described later.

[0098] The drive circuit 40 can set the liquid-crystal inver-
sion frequency in the first mode to lower than 30 Hz (or 60
ps). More specifically, the drive circuit 40 sets the liquid-
crystal inversion frequency in the first mode to a value in a
range from 0.05 Hz to lower than 30 Hz to display an image.
Setting of the liquid-crystal inversion frequency in the first
mode lower, more specifically, setting of the liquid-crystal
inversion frequency to lower than 30 Hz will be described
later. The drive circuit 40 preferably sets the liquid-crystal
inversion frequency in the second mode to a frequency equal
to or higher than a critical flicker frequency (CFF). The drive
circuit 40 preferably sets the liquid-crystal inversion fre-
quency in the second mode to equal to or higher than 20 Hz.
[0099] FIG. 10 is a graph of an example of a relation
between time frequency and a flicker. In FIG. 10, the hori-
zontal axis represents time frequency [Hz], and the vertical
axis represents absolute sensitivity for detecting a flicker. In
FIG. 10, the amount of light that reaches a retina (trolands) is
represented as a variable. As the screen becomes darker, the
amount of light that reaches a retina (trolands) becomes
smaller. (Screen Luminance)x(Opening Degree of Iris) cor-
responds to (trolands). The time frequency corresponds to the
liquid-crystal inversion frequency. FIG. 10 illustrates time
frequency characteristics of a difference threshold when the
luminance is modulated. A critical flicker frequency (CFF) Fc
at which modulated light seems to be fixed light is expressed
by: Fe=axlog(I)+b, where I represents viewing average lumi-
nance, and a and b each represent a constant. As indicated by
Fe=axlog(I)+b, as the viewing average luminance, that is, the
luminance of light output from the display device increases,
the CFF Fc increases.

[0100] As indicated in FIG. 10 and the equation of Fc,
setting the liquid-crystal inversion frequency to a frequency
equal to or higher than the CFF enables the display device 1 to
reduce a flicker. It is also found that setting the liquid-crystal
inversion frequency equal to or higher than 30 Hz enables the
display device 1 to reduce a flicker. Setting the liquid-crystal
inversion frequency to equal to or higher than 20 Hz enables
the display device 1 to reduce a flicker to some extent. With
lower screen luminance, specifically, with screen luminance
of equal to or lower than 50 cd/m?, setting the liquid-crystal
inversion frequency to equal to or higher than 20 Hz enables
the display device 1 to reduce a flicker to some extent.
[0101] Controller 42

[0102] The controller 42 controls an operation of the drive
circuit 40. The controller 42 switches the mode for driving the
drive circuit 40 between the first mode and the second mode
based on results detected by the state detecting unit 44. The
controller 42 transmits a video signal to the drive circuit 40 to
control an image to be displayed on the display device 1. The
controller 42 also controls turning ON and OFF of the back-
light unit 31.

[0103] State Detecting Unit 44

[0104] The state detecting unit 44 detects the state of the
display device 1 and an electronic apparatus provided with
the display device 1. The state detecting unit 44 detects a
parameter corresponding to a reference for switching the
mode between the first mode and the second mode. The state
detecting unit 44 according to the present embodiment
detects whether the backlight unit 31 is turned ON or OFF.
The state detecting unit 44 may detect a condition serving as
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a trigger for turning ON or OFF the backlight unit 31, or may
detect a control signal output to turn ON or OFF the backlight
unit 31. While the state detecting unit 44 according to the
present embodiment detects turning ON or OFF of the back-
light unit 31, the state detecting unit 44 does not necessarily
detect it. In the case of the display device 1 switching the
mode between the first mode and the second mode depending
on the intensity of ambient light, that is, the intensity of
external light, for example, the state detecting unit 44 may be
provided with an optical sensor that detects the intensity of
external light. The state detecting unit 44 transmits the results
thus detected to the controller 42. Based on the results
detected by the state detecting unit 44, the controller 42
determines the mode for driving the drive circuit 40. The
function of the state detecting unit 44 may be incorporated
into the controller 42 in the display device 1.

[0105] 1-2. Advantageous Effects

[0106] The following describes advantageous effects of the
display device 1 according to the present embodiment.

[0107] FIG. 11 is a view for explaining an operation of the
display device illustrated in FIG. 2. In the display device 1
according to the present embodiment, for example, ambient
light 72 incident in a specific direction passes through the
upper substrate 20 and enters the liquid crystal layer 30 as
illustrated in FIG. 11. Specifically, the ambient light 72 is
converted into linearly polarized light by the polarizing plate
29 of the upper substrate 20. The linearly polarized light is
then converted into circularly polarized light by the half-h
plate 28 and the quarter-A plate 27 and enters theliquid crystal
layer 30. The light entering the liquid crystal layer 30 is
modulated in accordance with a video signal in the liquid
crystal layer 30 and is reflected by the reflective electrode
layer 13. The light reflected by the reflective electrode layer
13 passes through the upper substrate 20 and is output to the
outside as video light 74. Specifically, the light reflected by
the reflective electrode layer 13 is converted into linearly
polarized light by the quarter-h plate 27 and the half-A plate
28, passes through the polarizing plate 29, and is output to the
outside as the video light 74.

[0108] In the display device 1, light output from the back-
light unit 31 toward the lower substrate 10 passes through the
lower substrate 10 and is incident on the reflective electrode
layer 13. In the display device 1, light passing through the
openings 68 and 69 of the reflective electrode layer 13 among
the light incident on the reflective electrode layer 13 enters the
liquid crystal layer 30. The light entering the liquid crystal
layer 30 is modulated in accordance with a video signal in the
liquid crystal layer 30, passes through the upper substrate 20,
and is output to the outside as video light 76. Specifically, the
light passing through the openings 68 and 69 and through the
liquid crystal layer 30 is converted into linearly polarized
light by the quarter-2. plate 27 and the half-A plate 28, passes
through the polarizing plate 29, and is output to the outside as
the video light 76.

[0109] The display device 1 can display an image in two
modes of the first mode and the second mode. The first mode
is a mode for displaying an image by using the video light 74
as the major component. The second mode is a mode for
displaying an image by using the video light 76 as the major
component. The controller 42 switches the operation of the
drive circuit 40 between the first mode and the second mode.
Specifically, the controller 42 changes the liquid-crystal
inversion frequency between them.
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[0110] In the first mode, the controller 42 turns OFF the
light source 32 of the backlight unit 31, thereby preventing the
backlight unit 31 from outputting light. In the second mode,
the controller 42 turns ON the light source 32 of the backlight
unit 31, thereby causing the backlight unit 31 to output light.
This enables the display device 1 to use the video light 74 as
the major component in the first mode and to use the video
light 76 as the major component in the second mode. The
display device 1 outputs the video light 74 to the outside also
in the second mode unless there is no ambient light 72, that is,
unless it is dark therearound.

[0111] FIG. 12 schematically illustrates a relation between
an applied voltage V and reflectance Y in a normally black
display mode. FIG. 13 schematically illustrates a relation
between the reflectance Y and luminance L*. FIG. 14 sche-
matically illustrates a relation between the applied voltage V
and the reflectance Y in a normally white display mode as a
reference example.

[0112] As described above, the LCD panel according to the
present embodiment employs the normally black display
mode. When the drive circuit 40 applies potential difference
V1 to the liquid crystal element CL as a constant voltage that
causes the display surface to perform white display, for
example, the reflectance of the liquid crystal CL to which the
potential difference V1 is applied is predetermined reflec-
tance Ya.

[0113] Some optical designs may not allow reflectance dif-
ference AY to be approximated to zero. Even in this case,
assuming that the reflectance difference AY is a predeter-
mined value (fixed value) regardless of the magnification of
the reflectance Y as illustrated in FIG. 13, for example, light-
ness difference AL* considering the luminosity decreases as
the reflectance Y increases (as the luminance increases). Spe-
cifically, as illustrated in FIG. 13, lightness difference AL*2
considering the luminosity corresponding to the reflectance
difference AY near a reflectance 0f30% is smaller than light-
ness difference AL* 1 considering the luminosity correspond-
ing to the reflectance difference AY near a reflectance of 10%.
Lightness difference AL*3 considering the luminosity corre-
sponding to the reflectance difference AY near a reflectance
of 70% is smaller than the lightness difference AL*2 consid-
ering the luminosity corresponding to the reflectance differ-
ence AY near a reflectance of 30%. Thus, even if the reflec-
tance difference AY is a value incapable of being
approximated to zero, the LCD panel in the normally black
display mode reduces the fluctuation in luminance in white
display. As a result, even if the voltage of the common con-
necting line COM fluctuates, it is possible to reduce a flicker.
[0114] As illustrated in FIG. 14, the situation described
above does not apply to the case where the LCD panel
employs the normally white display mode. In the LCD panel
in the normally white display mode, the lightness considering
the luminosity in black display fluctuates. The fluctuation in
the lightness considering the luminosity in black display
becomes a flicker, thereby deteriorating the display quality.
[0115] To display an image, the present embodiment sets
the liquid-crystal inversion frequency to lower than 30 Hz (or
60 fps). This makes it possible to reduce the power consump-
tion. Because the fluctuation in white luminance can be
reduced as described above, a liquid-crystal inversion fre-
quency of lower than 60 Hz does not cause a conspicuous
flicker.

[0116] As described above, the present embodiment dis-
plays an image by the area coverage modulation and in the
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normally black mode. The area coverage modulation means
black-and-white binary gradation performed without half-
tone gradation. The normally black mode provides stable
luminance even if the voltage applied in white display fluc-
tuates. Thus, the present embodiment can provide stable
luminance even if the voltage applied to the liquid crystal
layer 30 of each pixel 62 is reduced during a frame period in
frame inversion driving or 1H inversion driving, for example.
Such stable luminance can reduce a flicker even if the drive
frequency is set to a low frequency. Accordingly, the present
embodiment can reduce the power consumption while reduc-
ing a flicker.

[0117] FIG. 15 schematically illustrates a relation between
the applied voltage and the display luminance when the light
diffusion layers 25 and 26 are not provided. FIG. 16 sche-
matically illustrates a relation between the applied voltage
and the display luminance when the light diffusion layers 25
and 26 are arranged at the positions described above. Solid
lines in FIG. 15 and FIG. 16 each represent a result obtained
when the display surface is seen by a polar angle of equal to
or larger than 45 degrees in the main visual angle direction.
Dashed-dotted lines in FIG. 15 and FIG. 16 each represent a
result obtained when the display surface is seen by a polar
angle of equal to or larger than 45 degrees in a direction
deviated from the main visual angle by 60 degrees.

[0118] AscanbeseeninFIG. 15 and FIG. 16, providing the
light diffusion layers 25 and 26 increases the luminance in the
main visual angle direction from Lc1 to Ld1. As can be seen
in FIG. 15 and FIG. 16, providing the light diffusion layers 25
and 26 decreases the reduction in luminance in white display
during a frame period from AL4 to ALS in the direction
different from the main visual angle. With the light diffusion
layers 25 and 26, the present embodiment can increase the
luminance in the main visual angle direction compared with
the case where the light diffusion layers 25 and 26 are not
provided. In addition, the present embodiment can make a
flicker occurring in a direction different from the main visual
angle inconspicuous.

[0119] As described above, because the light diffusion lay-
ers 25 and 26 are provided, the present embodiment can
increase the luminance in the main visual angle direction and
make a flicker occurring in a direction different from the main
visual angle inconspicuous.

[0120] An explanation will be made of processing per-
formed by the display device 1 in the first mode and the
second mode. The following describes the case where the
display device 1has a memory function, specifically, memory
in pixel (MIP) in each partial electrode of a pixel electrode. A
configuration and an operation of a pixel will be described
with reference to FIG. 17 and FIG. 18. FIG. 17 is a circuit
diagram ofanother example of a configuration ofa pixel in the
display device illustrated in FIG. 2. Specifically, FIG. 17 isa
block diagram illustrating an exemplary circuit configuration
of a pixel of MIP. FIG. 18 is a timing chart for explaining an
operation of a pixel of the display device illustrated in FIG. 2.

[0121] As illustrated in FIG. 17, a pixel 20A has a pixel
configuration with a static random access memory (SRAM)
function including three switching elements 54 to 56 and a
memory 57 in addition to the liquid crystal element (a liquid
crystal capacity, or a liquid crystal cell) CL. The liquid crystal
element CL means a liquid crystal capacity formed between a
pixel electrode and a counter electrode (transparent elec-
trode) arranged in a manner facing the pixel electrode.
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[0122] Oneend ofthe switching element 54 is connected to
the wire 64. The drive circuit 40 supplies a scanning signal
GATE to the gate wire 66, thereby bringing the switching
element 54 into an ON (open) state. Thus, the switching
element 54 retrieves data SIG supplied from the drive circuit
40 via the wire 64. The memory 57 is a latch circuit and is
formed of invertors connected in parallel and opposite to each
other. The memory 57 holds (latches) the electric potential
corresponding to the data SIG retrieved by the switching
element 54.

[0123] First ends of the switching elements 55 and 56 are
supplied with a control pulse XFRP in the reversed phase of
the common potential VCOM and a control pulse FRP in the
same phase as VCOM, respectively. Second ends of the
switching elements 55 and 56 are connected, and the connec-
tion node serves as an output node in this pixel circuit. One of
the switching elements 55 and 56 is turned ON correspond-
ingly to the polarity of the holding potential in the memory
57. As a result, the control pulse FRP or the control pulse
XFRP is applied to the pixel electrode 62 (more specifically,
to respective bit components of partial electrodes so as to
drive the partial electrodes independently) of the liquid crys-
tal element CL of which counter electrode (transparent elec-
trode layer 22) is supplied with the common potential VCOM.
[0124] As is clear from FIG. 18, when the memory 57
selects FRP, the pixel potential of the liquid crystal element
CL is in the same phase as the common potential VCOM,
resulting in black display in the present embodiment. When
the memory 57 selects XFRP, the pixel potential of the liquid
crystal element CL is in the reversed phase of the common
potential VCOM, resulting in white display. In black display,
an area of the liquid crystal layer 30 corresponding to the
pixel 20A blocks (cannot transmit) light. In white display, an
area of the liquid crystal layer 30 corresponding to the pixel
20A transmits light.

[0125] Inthe display device 1 including the MIP circuit in
each pixel electrode 62 according to the present embodiment,
one of the switching elements 55 and 56 is turned ON in
response to an electric potential (data SIG) written to the
memory 57 via the wire 64. As a result, the control pulse FRP
or the control pulse XFRP is applied to the pixel electrode 62
of the liquid crystal element CL. Thus, a constant voltage is
continuously applied to the pixel electrode 62.

[0126] Adding a circuit capable of performing analog dis-
play to the MIP circuit provided with a memory that stores
therein data in a pixel enables the display device 1 to perform
display in an analog display mode and display in a memory
display mode. The analog display mode is a display mode for
displaying the gradation of a pixel in an analog manner. The
memory display mode is a display mode for displaying the
gradation of a pixel in a digital manner based on binary
information (logic “17/logic “0”) stored in the memory in the
pixel. To perform analog display, the display device 1 per-
forms driving at the second frequency described above,
thereby preventing a flicker.

[0127] Because informationstored in the memory is used in
the memory display mode, it is not necessary to perform a
writing operation of a signal potential reflecting the gradation
for each frame period. Thus, the memory display mode
requires lower power consumption than the analog display
mode in which a writing operation of a signal potential
reflecting the gradation needs to be performed for each frame
period. In other words, the memory display mode can reduce
the power consumption in the display device.
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[0128] While the explanation has been made of the case
where the pixel electrode 62 is provided with an SRAM as the
internal memory in the present embodiment, the SRAM is
given just as an example. The pixel electrode 62 may be
provided with another memory, such as a dynamic random
access memory (DRAM), for example.

[0129] The display device 1 according to the present
embodiment changes the liquid-crystal inversion frequency
(time frequency) of a waveform of a voltage supplied to the
pixel electrode 62 depending on the drive mode. FIG. 191s a
graph of'a waveform of a voltage supplied to the MIP. In FIG.
19, the drive mode is the first mode and is switched from the
first mode to the second mode at time t,. Subsequently, the
drive mode is switched from the second mode to the first
mode at time t,.

[0130] The controller 42 drives VCOM, FRP, and XFRP at
square-wave pulses of the first frequency during a period 80.
FRP and XFRP are opposite to each other in phase as
described above. The first frequency is 0.5 Hz, for example. In
the first mode, the controller 42 turns OFF the backlight unit
(BACK LIGHT in FIG. 19) 31.

[0131] The controller 42 detects information serving as a
trigger for shifting to the second mode at time t, with the state
detecting unit 44. Information of an operation input through
an operating unit corresponding to the display device 1 is
detected as the information serving as a trigger, for example.
Specifically, pressing of a button is detected as the informa-
tion. In the case where the display device 1 is a touch panel, a
touch may be detected as the information via a touch sensor.
The illuminance of external light may be detected as the
information via an external-light sensor. When the state
detecting unit 44 detects an operation, the controller 42 shifts
to the second mode. The controller 42 drives VCOM, FRP,
and XFRP at square-wave pulses of the second frequency
during a period 82 in the second mode. FRP and XFRP are
opposite to each other in phase as described above. The sec-
ond frequency is 60 Hz, for example. In the second mode, the
controller 42 turns ON the backlight unit (BACK LIGHT in
FIG. 19) 31. Thus, the display device 1 causes light output
from the backlight unit 31 to pass through the lower substrate
10, the liquid crystal layer 30, and the upper substrate 20 and
to be output as video light. The display device 1 sets the
liquid-crystal inversion frequency to 60 Hz during the period
82.

[0132] The controller 42 detects information serving as a
trigger for shifting to the first mode at time t, with the state
detecting unit 44. When a certain period of time has elapsed
since time t,, for example, the state detecting unit 44 deter-
mines that the information serving as a trigger for shifting to
the first mode is detected. In this case, the state detecting unit
44 may make the determination on condition that no opera-
tion is detected during the certain period of time. The state
detecting unit 44 may make the determination on condition
that the external-light sensor detects the illuminance of exter-
nal light. In the same manner as in the period 80, the controller
42 controls the display device 1 in the first mode during a
period 84 after time t,.

[0133] FIG. 20 is a graph of a relation among the voltage,
the transmittance, and the reflectance of the display device
illustrated in FIG. 2. FIG. 21 is a partially enlarged view of
FIG. 20. FIG. 20 and FIG. 21 illustrate a voltage transmit-
tance (VT) curve and a voltage reflectance (VR) curve. As
illustrated in FIG. 20 and FIG. 21, in the display device 1,
when a voltage of a pixel (drive voltage) is determined such
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that the phase difference is reduced with respect to reflection,
arange in which the transmittance changes is obtained. Spe-
cifically, when a drive voltage is determined as 3.3V, fluctua-
tions in the reflectance are reduced but fluctuations in the
transmittance are increased as illustrated in FIG. 21. In other
words, the VT curve is inclined. A higher voltage can main-
tain both the reflectance and the transmittance as illustrated in
FIG. 20 and FIG. 21. An increase in the drive voltage, how-
ever, increases the power consumption.

[0134] In the second mode, the display device 1 according
to the present embodiment sets the liquid-crystal inversion
frequency to the second frequency higher than the first fre-
quency in the first mode. The display device 1 sets the liquid-
crystal inversion frequency to a higher frequency in the sec-
ond mode in which a flicker is likely to occur, thereby
reducing a flicker in the second mode. Regarding the first
mode, the display device 1 employs the normally black dis-
play mode as described above, thereby reducing a flicker even
with a low liquid-crystal inversion frequency in the first
mode. The second frequency is preferably set to equal to or
higher than the CFF. This makes it possible to reduce a flicker
in the second mode. The CFF is a value varying depending on
conditions, such as the screen luminance, as described above.
The second frequency is preferably set to equal to or higher
than 40 Hz. This makes it possible to reduce a flicker in the
second mode.

[0135] As described above, when display is performed in
the two modes, the display device 1 switches the liquid-
crystal inversion frequencies of the respective modes, thereby
reducing the power consumption and reducing a flicker.
Because of the capability to display an image in the two
modes, the display device 1 can change the mode for display
depending on the intensity of ambient light. This enables the
user to view an image in a dark place and to effectively use
ambient light.

[0136] The display device 1 according to the present
embodiment uses an opening in a reflective electrode, spe-
cifically, uses a space formed around a divided reflective
electrode as an opening, thereby causing light to pass through
the opening in the second mode (transmissive mode). This
enables the display device 1 to display an image in the trans-
missive mode while maintaining the size of the reflective
electrode. In other words, the use of the light passing through
the opening in the second mode (transmissive mode) enables
the display device 1 to use the liquid crystal of the same area
as that in the first mode. As a result, it is possible to effectively
use the area of a pixel and to increase the size of the reflective
electrode. The use of the space formed around the divided
reflective electrode as the opening enables the effective use of
a space required to arrange the pixel of the reflective elec-
trode. This can increase the area in which the reflective elec-
trode reflects light in the first mode, thereby lowering the
threshold of the intensity of ambient light to see an image. In
other words, the user can see the image in a darker environ-
ment.

[0137] The display device 1 is optically designed so as to
reduce the reflectance at an angle that makes a flicker con-
spicuous due to angular dependence of the liquid crystal as
illustrated in FIG. 7B in the use of the display device 1 in
reflection. Thus, the display device 1 can perform low-fre-
quency driving that cannot be achieved in the transmissive
mode (second mode). In other words, even if the liquid-
crystal inversion frequency is set to a low frequency in the
reflective mode (first mode), the display device 1 can reduce
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a flicker. In the second mode, the display device 1 sets the
liquid-crystal inversion frequency to a high frequency,
thereby suitably reducing a flicker even with liquid crystal
adjusted for the reflective mode, for example.

[0138] The display device 1 preferably uses the same volt-
age for the voltage applied to the pixel electrode in the two
modes. This can simplify the circuit configuration. In addi-
tion, there is no need to use a transistor having unnecessarily
high voltage resistance, for example. Even if the display
device 1 uses the same voltage for the voltage applied to the
pixel electrode in the two modes, the display device 1
switches the liquid-crystal inversion frequency, thereby
reducing a flicker.

[0139] FIG. 22 is aflowchart of an example of an operation
performed by the display device illustrated in FIG. 2. The
display device 1 controls an operation of each unit based on
the information acquired by the controller 42 from each unit,
mainly on the information detected by the state detecting unit
44, thereby performing the operation. FIG. 22 illustrates con-
trol for determining the mode based on turning ON or OFF of
the backlight (backlight unit 31). When the back light is
turned OFF, the first mode is performed; whereas when the
back light is turned ON. the second mode is performed in FIG.
22.

[0140] The controller 42 detects the state at Step S10. Spe-
cifically, the controller 42 acquires results of detection per-
formed by the state detecting unit 44. The controller 42 may
acquire information of control being performed (whether the
backlight is turned ON). After detecting the state at Step S10,
the controller 42 determines whether it is in a state where the
backlight is turned ON at Step S12. In other words, the con-
troller 42 determines whether the backlight unit 31 is turned
ON. When it is determined that the backlight is turned ON at
Step S12 (Yes at Step S12), the controller 42 determines
whether to turn OFF the backlight at Step S13. In other words,
the controller 42 determines whether a state where the back-
light unit 31 is turned ON and information of a trigger for
turning OFF the backlight unit 31 are detected. When deter-
mining to turn OFF the backlight at Step S13 (Yes at Step
S13), the controller 42 goes to Step S16. When determining
not to turn OFF the backlight at Step S13 (No at Step S 13),
that is, when determining to maintain the ON-state, the con-
troller 42 goes to Step S18.

[0141] When determining that the backlight is not turned
ON at Step S12 (No at Step S12), the controller 42 determines
whether to turn ON the backlight at Step S14. In other words,
the controller 42 determines whether a state where the back-
light unit 31 is turned OFF and information of a trigger for
turning ON the backlight unit 31 are detected. When deter-
mining to turn ON the backlight at Step S14 (Yes at Step S14),
the controller 42 goes to Step S18.

[0142] When determining not to turn ON the backlight at
Step S14 (No at Step S14), that is, when determining to
maintain the OFF-state, the controller 42 goes to Step S16.
When it is determined to be Yes at Step S13 or when it is
determined to be No at Step S14, the controller 42 controls the
drive circuit 40 in the first mode at Step S16. In other words,
the controller 42 sets the liquid-crystal inversion frequency to
the first frequency to perform control. The processing is then
terminated.

[0143] Whenitis determined to be No at Step S12 or when
it is determined to be Yes at Step S14, the controller 42
controls the drive circuit 40 in the second mode whose liquid-
crystal inversion frequency is higher than that of the first
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mode, at Step S18. In other words, the controller 42 sets the
liquid-crystal inversion frequency to the second frequency
higher than the first frequency to perform control. The pro-
cessing is then terminated.

[0144] The display device 1 repeatedly performs the pro-
cessing described above, thereby providing the liquid-crystal
inversion frequency corresponding to the mode for displaying
animage. Thus, the display device 1 can reduce a flicker in the
respective modes. The information detected by the state
detecting unit 44, that is, the trigger for switching the modes
is not limited to turning ON or OFF of the backlight and may
be various types of information. A dark environment with an
amount of ambient light of equal to or smaller than a prede-
termined value, for example, may be used as a trigger for
shifting to the second mode.

[0145] 1-3. Modification

[0146] FIG. 23 is a view for explaining another example of
the display device. A display device illustrated in FIG. 23 has
the same configuration as that of the display device 1 except
for arrangement of a transmissive electrode 19 in a lower
substrate 10¢ and the position at which an opening 70 is
formed. The opening 70 is formed at the center of the pixel
electrode 62. The openings 68 and 69 are formed around the
pixel electrode 62. While the opening 70 is formed at the
center of the pixel electrode 62, difference in level is not large.
This configuration can decrease influence of reduction in size
of the reflective electrode of the pixel electrode 62 compared
with the case where difference in level is made. This enables
the user to see an image in the first mode in a dark environ-
ment.

[0147] The transmissive electrode 19 is arranged at the
opening 70. The transmissive electrode 19 is made of a trans-
parent material that transmits light, such as an ITO (a trans-
parent conductive film or an indium tin oxide (a tin-doped
indium oxide)). The transmissive electrode 19 is arranged at
a portion with no electrode provided in the reflective elec-
trode layer 13, that is, at the opening 70, thereby stabilizing
the electric field on the surface of the reflective electrode layer
13. This makes it possible to control alignment of areas cor-
responding to respective pixels in the liquid crystal layer 30
with higher accuracy. The arrangement of the transmissive
electrode 19 can stabilize the electric field of an area in which
the opening 70 is formed.

[0148] The display device 1 according to the embodiment
has the backlight unit 31 arranged on the side of the lower
substrate 10 opposite to the liquid crystal layer 30 so as to
cause light output from the backlight unit 31 to enter the lower
substrate 10. The configuration is not limited thereto. The
display device 1 may use ambient light entering the lower
substrate 10 as the light entering the lower substrate 10, that
is, the light used in the second mode (transmissive display
mode). In this case, the display device 1 is formed of a
transparent housing, for example, so as to allow the ambient
light to enter from the surface on the side of the lower elec-
trode 10 opposite to the liquid crystal layer 30. As described
above, the display device 1 can display an image in the two
modes with no light source. Because the display device 1 is
not provided with the backlight unit 31 in this case, it is
possible to simplify the device configuration and reduce
energy consumption due to emission of light.

2. Example of Application

[0149] The following describes an example of application
of the display device 1 according to the embodiment and the
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modification thereof. FIG. 24 is a perspective view of an
example of a schematic configuration of an electronic appa-
ratus 100 according to the example of application. The elec-
tronic apparatus 100 is a mobile phone. As illustrated in FIG.
24, the electronic apparatus 100 includes a main body 111 and
a display body 112 provided in an openable and closable
manner with respect to the main body 111, for example. The
main body 111 includes operation buttons 115 and a mouth-
piece 116. The electronic apparatus 100 also includes a con-
trol device 120 that integrally controls the electronic appara-
tus 100. The display body 112 includes a display device 113
and an earpiece 117. The display device 113 displays various
types of display related to telephone communications on a
display screen 114 of the display device 113. The electronic
apparatus 100 includes a controller that controls an operation
of the display device 113. The controller is provided in the
main body 111 or the display body 112 as a part of the control
device 120 or separately from the control device 120. The
control device 120 that integrally controls the electronic
apparatus 100 supplies a video signal to the controller of the
display device 113. Specifically, the control device 120 deter-
mines an image to be displayed on the electronic apparatus
100 and transmits a video signal of the image thus determined
to the controller of the display device 113. Thus, the control
device 120 causes the display device 113 to display the image
thus determined.

[0150] The display device 113 has the same configuration
as that of the display device 1 according to the embodiment or
the modification thereof. This enables the display device 113
to reduce the power consumption while reducing a flicker.

[0151] Examples of the electronic apparatus to which the
display device 1 according to the embodiment and the modi-
fication thereof'is applicable include, but are not limited to, a
clock with a display device, a watch with a display device, a
personal computer, a liquid crystal television, a video camera
recorder with a viewfinder or a direct-view monitor, a car
navigation system, a pager, an electronic organizer, a calcu-
lator, a word processor, a workstation, a video phone, a point-
of-sale (POS) terminal, etc. besides the mobile phone
described above.

[0152] As described above, according to an aspect of the
present disclosure, a display device and an electronic appa-
ratus each include a liquid crystal layer, a transparent elec-
trode, and a reflective electrode. The transparent electrode is
arranged on a side of the liquid crystal layer on which ambient
light is incident. The reflective electrode is arranged on a side
ofthe liquid crystal layer opposite to the transparent electrode
and reflects light reaching from the liquid crystal layer. The
reflective electrode is divided into pixel electrodes. A pixel is
formed of the pixel electrode, the transparent electrode, and
the liquid crystal layer interposed therebetween. An opening
is formed around the pixel electrode in the reflective elec-
trode. The opening and the reflective electrode are formed in
a manner less likely to have difference in level, thereby pre-
venting reduction in the area of the reflective electrode. The
display device and the electronic apparatus each include a
drive circuit and a controller. The drive circuit controls a
voltage applied to the pixel electrode and the transparent
electrode to control a voltage applied to the liquid crystal
layer of each pixel, thereby driving each pixel. The controller
controls an operation of the drive circuit. Each pixel displays
black when the same potential is applied between the reflec-
tive electrode and the transparent electrode (when no voltage
generating a potential difference is applied between the
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reflective electrode (that is, the pixel electrode) and the trans-
parent electrode, that is, when the same potential is applied
thereto) and displays white when a predetermined voltage
difference is applied between the reflective electrode and the
transparent electrode. The drive circuit performs switching in
accordance with a video signal such that a voltage for dis-
playing black or white is applied to each pixel.

[0153] According to an aspect of the present disclosure, the
display device and the electronic apparatus display an image
by area coverage modulation and in a normally black mode.
The area coverage modulation means black-and-white binary
gradation performed without halfione gradation. The nor-
mally black mode provides stable luminance even if a voltage
applied to the liquid crystal in white display is reduced to
some extent during a frame period. Thus, even if the voltage
applied to the liquid crystal layer of each pixel is reduced to
some extent during a frame period in frame inversion driving,
1H inversion driving, 1V inversion driving, or dot inversion,
for example, it is possible to provide stable luminance. Such
stable luminance can reduce a flicker even if the drive fre-
quency is set to a low frequency to display an image in a first
mode (reflective display).

[0154] When an emphasis is placed on the aperture ratio in
the reflective display area, and the thickness of the liquid
crystal layer for transmission is not optimized, a voltage for
displaying white in transmission may set to a portion inclined
inaVT curve (refer to FIG. 20). Thus, a little fluctuationin the
voltage for displaying white may cause a flicker to be
detected.

[0155] To address the problem described above, according
to an aspect of the present disclosure, the controller switches
a mode between a first mode and a second mode. The first
mode is a mode for driving the drive circuit at a liquid-crystal
inversion frequency of a first frequency to perform screen
display using light reflected by the reflective electrode. The
second mode is a mode for driving the drive circuit at a
liquid-crystal inversion frequency of a second frequency
higher than the first frequency to perform screen display using
light passing through the opening of the reflective electrode.
[0156] According to an aspect of the present disclosure, the
display device and the electronic apparatus can perform dis-
play on the screen in the first mode and the second mode at
liquid-crystal inversion frequencies corresponding to the
respective modes. The first mode is a mode for performing
screen display using light reflected by the reflective electrode.
The second mode is a mode for performing screen display
using light reflected by the reflective electrode and light pass-
ing through the opening of the reflective electrode. Adjust-
ment of the liquid-crystal inversion frequency in this manner
makes it possible to perform control correspondingly to the
respective modes, thereby reducing a flicker. The display
device and the electronic apparatus set the liquid-crystal
inversion frequency used to display an image in the second
mode (transmissive display) in which low-frequency driving
is less likely to reduce a flicker higher than that of the first
mode. This makes it possible to suitably reduce a flicker
occurring when an image is displayed using light passing
through the opening of the reflective electrode.

[0157] According to an aspect of the present disclosure, a
display device and an electronic apparatus switch the liquid-
crystal inversion frequency between a first mode for display-
ing an image using ambient light reflected by a reflective
electrode and a second mode for displaying an image using
light reflected by the reflective electrode and light passing
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through the reflective electrode. In addition, the display
device and the electronic apparatus display an image by the
area coverage modulation and in the normally black mode,
thereby reducing a flicker. The display device and the elec-
tronic apparatus do not deteriorate the reflective characteris-
tics. Thus, the display device and the electronic apparatus can
display an image in the first mode performed without a back-
light in most environments. As a result, the display device and
the electronic apparatus can set the liquid-crystal inversion
frequency lower, thereby reducing the power consumption.
To display an image in the second mode performed with a
backlight, the display device and the electronic apparatus set
the liquid-crystal inversion frequency higher, thereby reduc-
ing a flicker. Thus, it is possible to reduce a flicker, reduce the
power consumption, and ensure the visibility in a dark place.
[0158] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:
1. A display device comprising:
aliquid crystal layer;
a transparent electrode arranged on a side of the liquid
crystal layer on which ambient light is incident;
areflective electrode arranged on a side of the liquid crystal
layer opposite to the transparent electrode and reflecting
light reaching from the liquid crystal layer, the reflective
electrode being divided into a plurality of pixel elec-
trodes formed for each pixel, each pixel being formed of
one of the pixel electrodes, the transparent electrode,
and the liquid crystal layer interposed therebetween, the
reflective electrode having a plurality of openings
formed around the respective pixel electrodes;
adrive circuit for controlling a voltage applied to the pixel
electrode and the transparent electrode to drive each
pixel; and
acontroller for controlling an operation of the drive circuit,
wherein
the pixel is configured to
display black when a same potential is applied between
the pixel electrode and the transparent electrode and
display white when a predetermined voltage difference
is applied between the pixel electrode and the trans-
parent electrode,
the drive circuit is configured to perform switching in
accordance with a video signal such that a voltage for
displaying white or black is applied between the pixel
electrode and the transparent electrode, and
the controller is configured to switch a mode between
a first mode for driving the drive circuit at a liquid-
crystal inversion frequency of a first frequency so that
screen display using light reflected by the reflective
electrode is performed and
a second mode for driving the drive circuit at a liquid-
crystal inversion frequency of a second frequency
higher than the first frequency so that screen display
using light passing through the opening of the reflec-
tive electrode is performed.
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2. The display device according to claim 1, wherein

the pixel electrode includes a plurality of partial electrodes,
and

the drive circuit drives the partial electrodes independently
based on the video signal.

3. The display device according to claim 1, wherein the
second frequency is a frequency equal to or higher than a
critical flicker frequency.

4. The display device according to claim 1, wherein the
second frequency is equal to or higher than 20 Hz.

5. The display device according to claim 1, wherein the first
frequency is equal to or lower than 30 Hz.

6. The display device according to claim 5, wherein the first
frequency is equal to or higher than 0.05 Hz.

7. The display device according to claim 1, further com-
prising

a backlight unit arranged on a side of the reflective elec-
trode opposite to the liquid crystal layer, wherein

the controller turns ON or OFF the backlight unit.

8. The display device according to claim 7, wherein

the controller drives the drive circuit in the first mode when
the backlight is turned OFF and drives the drive circuitin
the second mode when the backlight is turned ON.

9. The display device according to claim 1, wherein

the opening is formed between the adjacent reflective elec-
trodes.

10. The display device according to claim 1, wherein each

pixel includes a memory circuit.

11. The display device according to claim 1, further com-
prising:

a phase difference layer arranged closer to a side on which
the ambient light is incident than the liquid crystal layer;
and

a polarizing plate arranged closer to the side on which the
ambient light is incident than the liquid crystal layer.

12. The display device according to claim 11, further com-
prising

an anisotropic scattering layer arranged closer to the side
on which the ambient light is incident than the liquid
crystal layer, wherein

a scattering central axis of the anisotropic scattering layer
coincides with a main visual angle direction.

13. The display device according to claim 12, wherein

the liquid crystal layer, the phase difference layer, and the
polarizing plate are configured such that, when no aniso-
tropic scattering layer is provided, a direction in which a
flicker is made most conspicuous is different from the
main visual angle direction.

14. The display device according to claim 1, wherein

the transparent electrode is connected to a transparent elec-
trode of a pixel adjacent thereto, and

the drive circuit changes a voltage applied to the reflective
electrode to drive each pixel of the liquid crystal display
panel.

15. The display device according to claim 1, wherein

at least a part of the reflective electrode is connected to a
reflective electrode of a pixel adjacent thereto, and

the drive circuit changes a voltage applied to the transpar-
ent electrode to drive each pixel of the liquid crystal
display panel.

16. An electronic apparatus comprising:

the display device according to claim 1; and

acontrol device that supplies the video signal to the display
device.
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