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TRANSFLECTIVE DISPLAY DEVICE,
ELECTRONIC APPARATUS, AND METHOD
OF DRIVING TRANSFLECTIVE DISPLAY
DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2012-243692 filed in the Japan
Patent Office on Nov. 5, 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, an electronic apparatus provided with the same,
and a method of driving a transflective display device.
[0004] 2. Description of the Related Art

[0005] Examples of a display device include a transmissive
display device that performs display using transmitted light of
backlight light on a rear surface side of a screen, and a reflec-
tive display device that performs display using reflected light
of external light. The transmissive display device has charac-
teristics that saturation is high, and a screen is easy to view
under a dark environment. The reflective display device has
characteristics that power consumption is low, and the screen
is easy to view under a bright environment.

[0006] Inaddition, examples of a display device which has
characteristics of both the transmissive display device and the
reflective display device include a transflective display device
having a transmissive display region (transmissive display
portion) and a reflective display region (reflective display
portion) in one pixel (for example, refer to Japanese Patent
Application Laid open Publication No. 2009-93115). The
transflective display device performs display using transmit-
ted light of backlight light under a dark environment, and
performs display using reflective light of external light under
a bright environment.

[0007] The transflective display device provides a screen
that is easy to view under both a bright environment and a
dark environment, and has low power consumption. Accord-
ingly, the transflective display device has been used as a
display unit of electronic apparatuses, particularly, mobile
type electronic apparatuses (portable electronic apparatuses)
that are frequently used in outdoor environments, for
example, portable information apparatuses such as digital
cameras, or portable communication apparatuses such as cel-
lular phones.

[0008] In the transflective display device, securement of a
transmissive display region and retention of reflective display
performance have a trade-off relationship. That is, in a case of
largely securing the transmissive display region to increase
transmissive display performance, since it cannot help reduc-
ing the reflective display region by the increase, reflective
display performance decreases. On the contrary, in a case of
maintaining the same reflective display performance as in the
reflective display device, since it is necessary to largely
secure the reflective display region, the transmissive display
performance decreases by that degree.

[0009] For the foregoing reasons, there is a need for a
transflective display device that is capable of performing
transmissive display while maintaining the same reflective
display performance as the reflective display device, an elec-
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tronic apparatus provided with the same, and a method of
driving the transflective display device.

SUMMARY

[0010] According to an aspect, a transflective display
device, includes a first substrate on which a first orientation
film and a plurality of reflective electrodes formed for each of
pixels are provided; a second substrate on which a second
orientation film and a transparent electrode that is opposite to
the reflective electrodes are provided; and a liquid crystal
layer including a plurality of liquid crystal molecules pro-
vided between the first substrate and the second substrate. A
direction of long axis of the liquid crystal molecules is par-
allel to surfaces of the first and second orientation films and
twisted between the first substrate and the second substrate.
The reflective electrode is configured to perform reflective
display, and a space between the reflective electrodes of the
adjacent pixels is configured to perform transmissive display.
[0011] According to another aspect, an electronic appara-
tus has a transflective display device. The transflective display
device includes a first substrate on which a first orientation
film and a plurality of reflective electrodes formed for each of
pixels are provided; a second substrate on which a second
orientation film and a transparent electrode that is opposite to
the reflective electrodes are provided; and a liquid crystal
layer including a plurality of liquid crystal molecules pro-
vided between the first substrate and the second substrate. A
direction of long axis of the liquid crystal molecules is par-
allel to surfaces of the first and second orientation films and
twisted between the first substrate and the second substrate.
The reflective electrode is configured to perform reflective
display, and a space between the reflective electrodes of the
adjacent pixels is configured to perform transmissive display.
[0012] According to another aspect, a method is for driving
a transflective display device including a first substrate on
which a first orientation film and a plurality of reflective
electrodes formed for each of pixels are provided, a second
substrate on which a second orientation film and a transparent
electrode that is opposite to the reflective electrodes are pro-
vided, and a liquid crystal layer including a plurality of liquid
crystal molecules provided between the first substrate and the
second substrate. The method includes: performing reflective
display using the reflective electrodes; and performing trans-
missive display using a space between the reflective elec-
trodes of the adjacent pixels. A direction of long axis of the
liquid crystal molecules is parallel to surfaces of the first and
second orientation films and twisted between the first sub-
strate and the second substrate.

[0013] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0014] FIG. 11is a perspective view schematically illustrat-
ing a configuration of a transflective display device, to which
the present disclosure is applied, in a state in which a part
thereof is notched;

[0015] FIG.2A is a circuit diagram illustrating a basic pixel
circuit;

[0016] FIG. 2B is a schematic diagram of a pixel in color
display;

[0017] FIG. 2C is a schematic diagram of a pixel in mono-
chrome display;
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[0018] FIG.3A is a plan view of a pixel portion of a reflec-
tive display device;

[0019] FIG. 3Bis a plan view of a pixel portion of a trans-
flective display device;

[0020] FIG. 4 is a plan view illustrating an electrode struc-
ture of a pixel portion according to the embodiment;

[0021] FIG.5A is a diagram illustrating a simulation result
of a case in which a voltage is not applied to the pixels;
[0022] FIG. 5B is a diagram illustrating a simulation result
of a case in which a line inversion driving method or a dot
inversion driving method is employed and a voltage is applied
to the pixels;

[0023] FIG.5C s a diagram illustrating a simulation result
of a case in which a frame inversion driving method is
employed and a voltage is applied to the pixels;

[0024] FIG. 6isa block diagram illustrating an example of
a circuit configuration of a pixel which employs an MIP
technology;

[0025] FIG. 7 is a timing chart provided for explaining an
operation of the pixel which employs the MIP technology;
[0026] FIG. 8is a diagram illustrating movement of liquid
crystal molecules between pixels in a case of performing
transmissive display using a space between reflective elec-
trodes of adjacent pixels;

[0027] FIG.9isadiagram illustrating a simulation result of
transmittance between pixels in a case of a normally white
mode;

[0028] FIG. 10A is a diagram illustrating color pixels
which are partitioned from each other by black matrices;
[0029] FIG. 10B is a diagram illustrating color pixels in
which pixels are partitioned from each other by overlapping
portions of color filters;

[0030] FIG. 11 is across-sectional view illustrating a trans-
flective display device to which the present disclosure is
applied,

[0031] FIG. 12 is an explanatory diagram illustrating a
rubbing direction;

[0032] FIG. 13 is a plan view illustrating a plurality of
divided pixel electrodes and a space between the divided
pixels;

[0033] FIG. 14 is a diagram illustrating a relationship
between the rubbing direction and transmittance;

[0034] FIG.15isaschematic diagram illustrating a rubbing
direction and a state of a liquid crystal molecule at the side of
a TFT substrate as a first substrate before application of a
voltage;

[0035] FIG.16isaschematic diagram illustrating a rubbing
direction and a state of a liquid crystal molecule at the side of
the TFT substrate as the first substrate before application of a
voltage;

[0036] FIG.17 is aschematic diagram illustrating a rubbing
direction and a state of a liquid crystal molecule at the side of
the TFT substrate as the first substrate during application of a
voltage;

[0037] FIG. 18 is a cross-sectional view of a scattering
layer;
[0038] FIG.19is aplan view illustrating an example of the

scattering layer;

[0039] FIG.20is aplan view illustrating an example of the
scattering layer;

[0040] FIG. 21A is a diagram illustrating an example of an
optical design of a normally black ECB mode in a case of a
single-gap structure;
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[0041] FIG. 21B is a diagram illustrating an example of an
optical design of a normally black ECB mode in a case of a
single-gap structure;

[0042] FIG.22isacross-sectional view illustrating a cross-
sectional structure of two pixels adjacent to each other in a
row direction of a transflective display device of a multi-gap
structure;

[0043] FIG. 23 is a diagram illustrating a calculation result
of a spectrum of a reflective display region;

[0044] FIG. 24 is a diagram illustrating a calculation result
of a spectrum of a transmissive display region;

[0045] FIG.25isaplanview illustrating an electrode struc-
ture of a pixel portion according to a modification;

[0046] FIG. 26A is a perspective view illustrating external
appearance of a digital camera to which the present disclosure
is applied,

[0047] FIG. 26B is a perspective view illustrating external
appearance of the digital camera to which the present disclo-
sure is applied;

[0048] FIG. 27 is a perspective view illustrating external
appearance of a video camera to which the present disclosure
is applied,

[0049] FIG. 28 is a perspective view illustrating external
appearance of a note-type personal computer to which the
present disclosure is applied,;

[0050] FIG. 29A is a front view illustrating a cellular
phone, to which the present disclosure is applied, in an
opened state;

[0051] FIG. 29B is a side view illustrating the cellular
phone to which the present disclosure is applied;

[0052] FIG. 29C is a front view illustrating the cellular
phone, to which the present disclosure is applied, in a closed
state;

[0053] FIG. 29D is a left side view illustrating the cellular
phone to which the present disclosure is applied;

[0054] FIG. 29E is a right side view illustrating the cellular
phone to which the present disclosure is applied;

[0055] FIG.29F isatop view illustrating the cellular phone
to which the present disclosure is applied; and

[0056] FIG. 29G is a bottom view illustrating the cellular
phone to which the present disclosure is applied.

DETAILED DESCRIPTION

[0057] Hereinafter, an example of implementing a technol-
ogy of the present disclosure (hereinafter, simply referred to
as an “embodiment”) will be described in detail in the fol-
lowing order with reference to the attached drawings.
[0058] 1. Transflective Display Device to Which Present
Disclosure is Applied

[0059] 1-1. Transflective Display Device Capable of Color
Display

[0060] 1-2. Basic Pixel Circuit

[0061] 1-3. Pixel and Sub-pixel

[0062] 1-4. Examination on Electrode Structure of Pixel
Portion

[0063] 2. Description of Embodiment

[0064] 2-1. Driving method of Liquid Crystal Display
Panel

[0065] 2-2. MIP Technology

[0066] 2-3. Display Mode

[0067] 2-4. Black Matrix and Overlapping of Color Filter
[0068] 2-5. Orientation of Liquid Crystal Molecule

[0069] 2-6. Scattering Layer

[0070] 2-7. Specific Example
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[0071] 3. Modification
[0072] 4. Electronic Apparatus
[0073] 5. Aspects of Present Disclosure

1. Transflective Display Device to which Present
Disclosure is Applied

[0074] The technology of the present disclosure is appli-
cable to a flat panel type (plane type) display device.
Examples of the flat panel type display device include a
display device using a liquid crystal display (L.CD) panel, a
display device using an electro luminescence (EL) display
panel, a display device using a plasma display (PD) panel, and
the like.

[0075] When being classified according to a display type,
these flat panel type display devices may be classified into a
transmissive type, a reflective type, and a transflective type.
The technology of the present disclosure is applicable to a
transflective display device having characteristics of both a
transmissive display device and a reflective display device,
that is, a transflective display device that provides a screen
easy to view both in a bright environment and in a dark
environment, and has low power consumption. The transflec-
tive display device having these characteristics is very appro-
priate as a display unit of electronic apparatuses, particularly,
portable electronic apparatuses which is frequently used in
outdoor environments, that is, portable electronic appara-
tuses, for example, portable information apparatuses such as
digital cameras, or portable communication apparatuses such
as cellular phones.

[0076] Thetransflective display device to which the present
disclosure is applied may be a display device for mono-
chrome display, or a display device capable of color display.
In a case capable of color display, one pixel (unit pixel) that is
a unit for forming a color image includes a plurality of sub-
pixels. More specifically, in the display device capable of
color display, the unit pixel includes, for example, three sub-
pixels: a sub-pixel that displays a red color (R), a sub-pixel
that displays a green color (G), and a sub-pixel that displays
a blue color (B).

[0077] However, a pixel is limited to a combination of
sub-pixels of three primary colors of RGB. For example, a
sub-pixel of one color or sub-pixels of a plurality of colors
may be added to the sub-pixels of three primary colors of
RGB to constitute a unit pixel. More specifically, for example,
the unit pixel may be constituted by adding a sub-pixel that
displays a white color (W) to improve brightness, or the unit
pixel may be constituted by adding at least one sub-pixel that
displays a complementary color to enlarge a color reproduc-
ing range.

1-1. Transflective Display Device Capable of Color
Display

[0078] Hereinafter, description will be made by exemplify-
ing a transflective display device capable of color display as
the transflective display device to which the present disclo-
sure is applied while referring to the attached drawings.

[0079] As illustrated in FIG. 1, the transflective display
device 1 to which the present disclosure is applied includes a
first panel unit 10, a second panel unit 20, a liquid crystal layer
30, and a backlight unit 40 as main constituent elements. In
the transflective display device 1, a surface side of the second
panel unit 20 is a display surface side. The first panel unit 10
and the second panel unit 20 are disposed to be opposite to
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each other with a predetermined gap. A liquid crystal material
is sealed in the gap between the first panel unit 10 and the
second panel unit 20 to form a liquid crystal layer 30.
[0080] Inthe first panelunit 10, a polarization plate 11, a %2
wavelength plate 12, a ¥4 wavelength plate 13, a first substrate
14 formed using transparent glass or the like as a substrate
material, and a planarization film 15 are provided in order
from a side opposite to the liquid crystal layer 30, that is, from
the backlight unit 40 side.

[0081] In the first panel unit 10, a plurality of signal lines
(not illustrated) and a plurality of scanning lines (not illus-
trated) are formed to intersect each other on the first substrate
14. At portions at which the plurality of signal lines and the
plurality of scanning lines intersect each other, sub-pixels
(hereinafter, may be simply described as “pixels”) 50 are
two-dimensionally disposed in a matrix manner.

[0082] Furthermore, switching elements such as a TFT
(Thin Film Transistor), and circuit elements such as a capaci-
tative element are formed on the first substrate 14 for each of
the pixels 50. The planarization film 15 is formed on the
surface of the circuit elements, signal lines, and scanning
lines so that the surface of the first panel unit 10 is made
planar. In addition, a reflective electrode to be described later
is formed on the planarization film 15 for each of the pixels
50. Circuit elements including a TFT are formed in the first
substrate 14, and thus the first substrate 14 is also referred to
as a TFT substrate in some cases.

[0083] The plurality of signal lines are wirings through
which signals (display signals/video signals) for driving the
pixels 50 are transmitted, and have a wiring structure that
extends along an arrangement direction of pixels belonging to
apixel column, that is, a column direction (Y direction in FIG.
1) for each pixel column with respect to matrix arrangement
of the pixels 50. The plurality of scanning lines are wirings
through which signals (scanning signals) for selecting the
pixels 50 row by row are transmitted, and have a wiring
structure that extends along an arrangement direction of pix-
els belonging to a pixel row, that is, a row direction (X direc-
tion in FIG. 1) for each pixel row with respect to matrix
arrangement of the pixels 50. The X direction and the Y
direction are perpendicular to each other.

[0084] The second panel unit 20 has a configuration in
which a transparent electrode 21 formed from 1TO (Indium
Tin Oxide) or the like, a color filter 22, a second substrate 23
formed using transparent glass or the like as a substrate mate-
rial, a ¥4 wavelength plate 24, a 2 wavelength plate 25, and a
polarization plate 26 are provided in order from the liquid
crystal layer 30 side.

[0085] In the second panel unit 20, for example, the color
filter 22 has a configuration in which respective strip-shaped
filters of R (red color), G (green color), and B (blue color),
which extend in the column direction (Y direction), are
repetitively arranged at the same pitch as that of the pixels 50
in the row direction (X direction). The color filter (CF) 22 is
arranged on the second substrate 23, and thus the second
substrate 23 is also referred to as a CF substrate in some cases.
[0086] The transflective display panel is constituted by the
first panel unit 10, the second panel unit 20 disposed to be
opposite to the first panel unit 10, and the liquid crystal layer
30 disposed between the first panel unit 10 and the second
panel unit 20, and the top surface (front surface) of the second
panel unit 20 is a display surface.

[0087] The backlight unit 40 is an illumination unit which
illuminates the liquid crystal display panel from a rear surface
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side of the liquid crystal display panel, that is, from a side of
the first panel unit 10 which is opposite to the liquid crystal
layer 30. The structure and constituent elements of the back-
light unit 40 are not particularly limited, but for example, light
sources such as an LED (Light Emitting Diode) and a fluo-
rescent tube, and known members such as a prism sheet, a
diffusion sheet, and a light guiding plate may be used.
[0088] In the transflective display device 1 having the
above-described configuration, the pixels 50 include a reflec-
tive display region (reflective display portion) and a transmis-
sive display region (transmissive display portion) for each of
the pixels 50. As described above, the reflective display
region includes a reflective electrode on a surface of the
planarization film 15 for each of the pixels 50. External light,
which is incident from the outside through the second panel
unit 20, is reflected by the reflective electrode, and display is
performed by the reflected light. The transmissive display
region allows light from the backlight unit 40 to transmit
therethrough, and performs display by the transmitted light.
Details of the transmissive display region provided for each of
the pixels 50 will be described later.

1-2. Basic Pixel Circuit

[0089] A basic pixel circuit of the pixels 50 will be
described with reference to FIG. 2A. A direction (X direction)
indicated by X in FIG. 2A represents a row direction of the
transflective display device 1 illustrated in FIG. 1, and a
direction (Y direction) indicated by Y represents a column
direction.

[0090] As illustrated in FIG. 2A, a plurality of signal lines
61 (61, 61,, 615, . . .) and a plurality of scanning lines 62
(62,,62,,62,,...)are wired to intersect each other, and the
pixels 50 are disposed at intersections thereof. An extending
direction of the plurality of scanning lines 62 (62, 62,, 62,
... ) is the row direction (X direction), and an extending
direction of the plurality of signal lines 61 (61,, 61,61, ...
) is the column direction (Y direction). As described above,
the plurality of signal lines 61 and the plurality of scanning
lines 62 are formed on a surface of the first substrate (TFT
substrate) 14 of the first panel unit 10. One ends of the signal
lines 61 (61,,61,, 61, . ..) are connected to output terminals
of a signal output circuit 70 respectively, each of which cor-
responds to a column, and one ends of the plurality of scan-
ning lines 62 (62,, 62,, 62;, . . . ) are connected to output
terminals of a scanning circuit 80 respectively, each of which
corresponds to a row.

[0091] For example, each of the pixels 50 includes a pixel
transistor 51 using a thin film transistor (TFT), a liquid crystal
capacitor 52, and a holding capacitor 53. In the pixel transis-
tor 51, a gate electrode thereof is connected to the scanning
line 62 (62, 62,, 625, .. . ), and a source electrode thereof is
connected to the signal line 61 (61,, 61,, 61, ...).

[0092] The liquid crystal capacitor 52 represents a capaci-
tance component of a liquid crystal material which is gener-
ated between a pixel electrode and a counter electrode (cor-
responding to the transparent electrode 21 in FI1G. 1) formed
to be opposite to the pixel electrode, and the pixel electrode is
connected to a drain electrode of the pixel transistor 51. The
pixel electrode corresponds to a reflective electrode that is
formed for each sub-pixel in a case of color display, and
corresponds to a reflective electrode that is formed for each
pixel in a case of monochrome display. A common potential
V coas0f a direct voltage is applied to the counter electrode of
the liquid crystal capacitor 52 in a common manner for the
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entire pixels. In the holding capacitor 53, one electrode is
connected to the pixel electrode of the liquid crystal capacitor
52, and the other electrode is connected to the counter elec-
trode of the liquid crystal capacitor 52, respectively.

[0093] As is clear from the above-described pixel circuit,
the plurality of signal lines 61 (61, 61,, 61, . .. ) are wirings
through which signals for driving the pixels 50, that is, video
signals output from the signal output circuit 70 are transmit-
ted to the pixels 50 for each pixel column. The plurality of
scanning lines 62 (62, 62,, 625, . . . ) are wirings through
which signals for selecting the pixels 50 row by row, that is,
scanning signals output from the scanning circuit 80 are
transmitted for each pixel row.

1-3. Pixel and Sub-Pixel

[0094] In the case in which the transflective display device
1 is capable of color display, as illustrated in FIG. 2B, one
pixel that is a unit for forming a color image, that is, a unit
pixel 5 includes, for example, a plurality of sub-pixels 50. In
this example, the unit pixel 5 includes a sub-pixel 50R that
displays a red color, a sub-pixel 50B that displays a blue color,
and a sub-pixel 50G that displays a blue color. The sub-pixels
50R, 50B, and 50G of the unit pixel 5 are arranged in the X
direction, that is, the row direction of the transflective display
device 1. As described above, the unit pixel 5 may further
include a sub-pixel of one color or sub-pixels of a plurality of
colors. In the case in which the transflective display device 1
is only capable of the monochrome display, as illustrated in
FIG. 2C, one pixel that is a unit for forming a monochrome
image, that is, a unit pixel 5M is the pixel 50 (corresponds to
the sub-pixel 50 in the color image). The unit pixel 5 is a basic
unit for displaying a color image, and the unit pixel 5M is a
basic unit for displaying a monochrome image.

1-4. Examination on Electrode Structure of Pixel
Portion

[0095] Before describing the transmissive display region,
an electrode structure of the pixel 50 will be examined.

[0096] FIGS.3A and3B are diagrams provided for descrip-
tion of an electrode structure of a pixel portion in the related
art. FIG. 3A illustrates a plan view of a pixel portion of a
reflective (total reflection type) display device, and FIG. 3B
illustrates a plan view of a pixel portion of a transflective
display device in the related art, respectively. In FIGS. 3A and
3B, reflective electrodes 63 are illustrated by hatching.

[0097] As illustrated in FIGS. 3A and 3B, generally, the
pixel portion of the liquid crystal display device is configured
as follows. The pixels 50 are arranged in matrix. With regard
to the matrix arrangement, each of the signal lines 61 is wired
at a position of spaces between pixels 50 extending along a
column direction, and each of the scanning lines 62 is wired
at a position of spaces between pixels 50 extending along the
row direction. As described above, the signal lines 61 and the
scanning lines 62 are wired on the first substrate 14 of the first
panel unit 10 illustrated in FIG. 1 to intersect each other.

[0098] With regard to the pixel portion (pixel array portion)
of this configuration, in the reflective display device illus-
trated in FIG. 3A, each of the reflective electrodes 63 formed
from a metal such as aluminum is formed with substantially
the same size as the pixel 50, and the region of the reflective
electrode 63 is set as a reflective display region. Thatis, in the
reflective display device, desired reflective display perfor-
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mance is obtained by securing the reflective display region
having substantially the same size as the pixel 50.

[0099] On thecontrary, inthe transflective display device of
the related art which is illustrated in FIG. 3B, an opening 64
is formed together with the reflective electrode 63 within one
pixel 50, and the opening 64 is used as a transmissive display
region. In this manner, when the opening 64 is formed within
the pixel 50 to secure the transmissive display region, it can-
not help reducing the reflective electrode 63, that is, the
reflective display region by the area of the opening 64. In the
transflective display device in the related art, the reflective
display performance decreases compared to that of the reflec-
tive display device. That is, securement of the transmissive
display region and the retention of the reflective display pet-
formance have a trade-off relationship.

2. Description of Embodiment

[0100] The transflective display device 1 according to the
embodiment of the present disclosure performs transmissive
display using a space between the reflective electrodes 63 of
the adjacent pixels 50 to perform transmissive display while
maintaining the same reflective display performance as the
reflective display device. Specifically, as illustrated in FIG. 4,
in the pixel portion in which the pixels 50 are arranged in
matrix, wirings such as the signal lines 61 and the scanning
lines 62 are formed not to block aspace between the reflective
electrodes 63 of the adjacent pixels 50, and thus the space is
used as the transmissive display region to perform the trans-
missive display.

[0101] InFIG. 4, the reflective electrode 63 is indicated by
hatching. The space between the reflective electrodes 63 of
the adjacent pixels 50 includes a space 65, that extends along
the arrangement direction of the pixels of the pixel column,
that is, a column direction (Y direction illustrated in FIG. 4),
and a space 65 that extends along the arrangement direction
of the pixels of the pixel row, that is, a row direction (X
direction illustrated in FI1G. 4). In this example, as wirings
formed in the pixel portion, the signal lines 61 and the scan-
ning lines 62 are exemplified, but the wirings formed in the
pixel portions are not limited thereto. That is, any of drive
lines (control lines) necessary to drive (control) the pixels 50
are included in the wirings formed in the pixel portion.
[0102] “Notblocking aspace” does not exclude presence of
aregion in which the wirings overlap the spaces 65, and 65,
between the reflective electrodes 63 of the adjacent pixels 50.
Specifically, a state in which the signal line 61 wired in the
column direction overlaps the space 65, extending a row
direction, and a state in which the scanning line 62 wired in
the row direction overlaps the space 65, extending in a col-
umn direction are intended to be included in the concept of
“not blocking a space”.

[0103] In addition, a state in which the signal line 61 par-
tially overlaps the space 65, extending in the column direc-
tion or a state in which the scanning line 62 partially overlaps
the space 65, extending in the row direction is also intended
to be included in the concept of “not blocking a space”. In all
cases, the region of the spaces 65, and 65, which is not
overlapped by the signal line 61 and the scanning line 62 is
used as the transmissive display region.

[0104] Inaddition, to form the wirings so as not to block the
spaces 65, and 65 ; between the reflective electrodes 63 of the
adjacent pixels 50, it is preferable to form the wirings to avoid
the spaces 65, and 65 ; between the reflective electrodes 63 of
the adjacent pixels 50. “To avoid the spaces” represents a state
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in which the wiring is not present within the spaces 65 , or 65,
between the reflective electrodes 63 of the adjacent pixels 50
(that is, a region of the space 65, which is overlapped by the
wiring and a region of the space 655 which is overlapped by
the same wiring do not coexist).

[0105] Specifically, as illustrated in FIG. 4, it is preferable
that the signal line 61 be wired to avoid the space 65 , extend-
ing in the column direction, that is, without a region (portion)
overlapping the space 65 . It is preferable that the scanning
line 62 be wired to avoid the space 65, extending in the row
direction, that is, without a region overlapping the space 65 .
When the signal lines 61 and the scanning lines 62 are formed
to avoid the spaces 65, and 65, between the reflective elec-
trodes 63 of the adjacent pixels 50, since substantially the
entire region of the spaces 65, and 65, can be used as the
transmissive display region, the transflective display device 1
may obtain relatively high transmissive display performance.
[0106] As described above, the transflective display device
1 performs transmissive display using the space between the
reflective electrodes 63 of the adjacent pixels 50. That is, the
region of the space is set as the transmissive display region,
and thus it is not necessary to separately secure the transmis-
sive display region within the pixel 50. According to this
configuration, as is clear from comparison between FIG. 3A
and FIG. 4, the transflective display device 1 can secure the
reflective electrode 63 having the same dimensions as that of
the reflective display device if the pixels 50 have the same
size. As aresult, the transflective display device 1 can perform
the transmissive display while maintaining the same reflec-
tive display performance as the reflective display device.

2-1. Driving Method of Liquid Crystal Display Panel

[0107] In the liquid crystal display panel (liquid crystal
display device), a driving method in which the polarity of a
video signal is inverted at a predetermined period with a
common potential V., ,made as a reference is employed so
as to suppress deterioration of specific resistance (intrinsic
resistance value of a material) of liquid crystal due to con-
tinuous application of a direct voltage with the same polarity
to a liquid crystal.

[0108] As a driving method of the liquid crystal display
panel, driving methods such as the line inversion driving
method, the dot inversion driving method, and the frame
inversion driving method are known. The line inversion driv-
ing method is a driving method in which the polarity of a
video signal is inverted at a time period of 1 H (H represents
a horizontal period) which corresponds to one line (one pixel
row). The dot inversion driving method is a driving method in
which the polarity of a video signal is alternately inverted for
each of upper, lower, left, and right pixels adjacent to each
other. The frame inversion driving method is adriving method
in which the polarity of video signals to be written in the total
pixels is inverted at a time with the same polarity for each one
frame corresponding to one screen.

[0109] In the embodiment, the transflective display device
1 may employ any one of the above-described driving meth-
ods. However, it is preferable to employ the frame inversion
driving method compared to the line inversion driving
method and the dot inversion driving method due to the fol-
lowing reason.

[0110] The reason why it is preferable to employ the frame
inversion driving method will be described by using a simu-
lation result in FIGS. 5A to 5C. FIG. 5A illustrates a simula-
tion result of a case in which a voltage is not applied to the
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pixels 50, FIG. 5B illustrates a simulation result of a case in
which the line inversion driving method or the dot inversion
driving method is employed and a voltage is applied to the
pixels 50, and FIG. 5C illustrates a simulation result of a case
in which the frame inversion driving method is employed and
a voltage is applied to the pixels 50. In FIGS. 5B and 5C,
equipotential lines are indicated by one-dot chain line.

[0111] In the case of the line inversion driving method or
the dot inversion driving method, the polarity of the potential
between the transparent electrode (counter electrode) 21 and
the reflective electrode (pixel electrode) 63 is different
between two adjacent pixels, and thus the behavior of liquid
crystal molecules in the vicinity of one pixel and the behavior
ofthe liquid crystal molecules in the vicinity of the other pixel
are different from each other within a space between pixels.
Therefore, liquid crystal orientation ina space between pixels
is not stable. This is clear also from the distribution of equi-
potential lines indicated by one-dot chain line in FIG. 5B.

[0112] As described above, in the case of the line inversion
driving method or the dot inversion driving method in which
the polarity of the potential is different between two adjacent
pixels, it is difficult to stably control the liquid crystal orien-
tation between pixels. When the transmissive display is per-
formed using the space between pixels, in which the liquid
crystal orientation is not stable, as a transmissive display
region, there is a concern that an afterimage may occur.

[0113] On the contrary, in the case of the frame inversion
driving method, since the polarity ofthe potential between the
transparent electrode 21 and the reflective electrode 63 is
equal between two adjacent pixels, liquid crystal molecules
behaves in the same manner in the vicinity of one pixel and in
the vicinity of the other pixel within a space between pixels.
Accordingly, in the case of using the frame inversion driving
method, the liquid crystal orientation between pixels
becomes more stable compared to the line driving method or
the dot inversion driving method. This is clear also from the
distribution of equipotential lines indicated by one-dot chain
line in FIG. 5C.

[0114] As described above, in the case of the frame inver-
sion driving method in which the polarity of the potential is
equal between two adjacent pixels, since the liquid crystal
orientation between pixels may be controlled in a relatively
stable manner, when the transmissive display is performed
using the space between pixels as the transmissive display
region, the afterimage may be effectively suppressed. From
the above-described reason, when performing the transmis-
sive display using the space between the reflective electrodes
63 of the adjacent pixels 50, it is preferable to use the frame
inversion driving method compared to the line inversion driv-
ing method or dot inversion driving method. However, as
described above, it is not intended to exclude the line inver-
sion driving method or dot inversion driving method.

2-2. MIP Technology

[0115] In the case of using the frame inversion driving
method, since signal voltages with the same polarity are writ-
ten to signal lines during one frame period, there is a possi-
bility that shading may occur. Therefore, in order to use the
frame inversion driving method, the transflective display
device 1 employs, as the pixels 50, pixels having a memory
function, for example, pixels using a so-called MIP (Memory
In Pixel) technology in which memory capable of storing data
is provided for each pixel. When the MIP technology is
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employed, a constant voltage is continuously applied to the
pixels 50, and thus the shading may be reduced.

[0116] In addition, since memory that stores data is pro-
vided within a pixel, the MIP technology allows display by an
analog display mode and display by a memory display mode.
The analog display mode is a display mode of displaying
gradation of pixels in an analog manner. The memory display
mode is a display mode of displaying gradation of pixels in a
digital manner based on binary information (logic “1” and
logic “0”) that is stored in a memory within a pixel.

[0117] Inthe case of the memory display mode, since infor-
mation held in the memory is used, it is not necessary to
perform a writing operation of a signal potential reflecting the
gradation at a frame cycle. Accordingly, in the case of the
memory display mode, power consumption may be lower
than that of a case of the analog display mode in which it is
necessary to perform the writing operation of the signal
potential reflecting the gradation at a frame cycle. In other
words, power consumption of the transflective display device
1 may be reduced.

[0118] FIG. 6 illustrates a block diagram illustrating an
example of a circuit configuration of a pixel which employs
the MIP technology. In the drawing, the same reference
numerals are given to the same portions as those in FIG. 2A.
FIG. 7 illustrates a timing chart provided for explaining an
operation of the pixel which employs the MIP technology.

[0119] As illustrated in FIG. 6, in addition to the liquid
crystal capacitor (liquid crystal cell) 52, each of the pixels 50
is provided with a drive circuit unit 58 including three switch
elements 54, 55, and 56, and a latch unit 57. A drive circuit
unit 58 has an SRAM (Static Random Access Memory) func-
tion. The pixel 50 provided with the drive circuit unit 58 has
a pixel configuration with the SRAM function. The liquid
crystal capacitor (liquid crystal cell) 52 represents a liquid
crystal capacitance that is generated between the pixel elec-
trode (for example, the reflective electrode 63 in FIG. 4) and
a counter electrode that is disposed to be opposite to the pixel
electrode.

[0120] Oneend ofthe switch element 54 is connected to the
signal line 61 (corresponding to signal lines 61,, 61, and 61,
in FIG. 2A). When a scanning signal ¢V is applied from the
scanning circuit 80 in FIG. 2A, the switch element 54 is set to
an ON (closed) state, and takes in data SIG that is supplied
from the signal output circuit 70 in FIG. 2 A through the signal
line 61. The latch unit 57 includes inverters 571 and 572 that
are connected in parallel in directions opposite to each other,
and holds (latches) a potential corresponding to the data SIG
taken in by the switch element 54.

[0121] A control pulse XFRP having an opposite phase
with respect to the common potential V., and a control
pulse FRP which is in phase with respect to the common
potential V., ,are given to one terminals of the switch ele-
ments 55 and 56, respectively. The other terminals of the
switch elements 55 and 56 are commonly connected, and a
common connection node is an output node N, of the drive
circuit unit 58. Fither one of the switch elements 55 and 56 is
set to an ON state depending upon the polarity of the holding
potential of the latch unit 57. According to this configuration,
in the liquid crystal capacitor 52 whose counter electrode (the
transparent electrode 21 in FIG. 1) is applied with where the
common potential V ., the control pulse FRP or the control
pulse XFRP is applied to the pixel electrode thereof (for
example, the reflective electrode 63 in FIG. 4).
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[0122] As is clear from FIG. 7, in the case of this example,
when the holding potential of the latch unit 57 has a negative
polarity, the pixel potential of the liquid crystal capacitor 52 is
in phase with respect to the common potential V ., , and thus
black display is performed. When the holding potential of the
latch unit 57 has a positive polarity, the pixel potential of the
liquid crystal capacitor 52 has an opposite phase with respect
to the common potential V,,, and thus white display is
performed.

[0123] As is clear from the above description, in the pixels
50 of the MIP, either one of the switch elements 55 and 56 is
set to an ON state depending upon the polarity of the holding
potential of the latch unit 57, and thus the control pulse FRP
orthe control pulse XFRPis applied to the pixel electrode (for
example, the reflective electrode 63 in FIG. 4) of the liquid
crystal capacitor 52. As a result, a constant voltage is continu-
ously applied to the pixels 50, and thus the occurrence of
shading may be suppressed.

[0124] In this example, a case in which the SRAM is used
as memory embedded in the pixels 50 has been described as
an example. However, the SRAM is illustrative only, and a
configuration of using other memories, for example, DRAM
(Dynamic Random Access Memory) may be employed.
[0125] In the embodiment, when employing the MIP tech-
nology, an area coverage modulation method, a time division
modulation method, and the like may be used. In the case of
the time division modulation method, even during display of
a still image, a pixel potential is different depending on time,
and liquid crystal molecules within a pixel or between pixels
move. Therefore, it is preferable to use the area coverage
modulation method compared to the time division modula-
tion method. In addition, in the case of the area coverage
modulation method, the pixel electrode, that is, the reflective
electrode 63 is divided, and thus a gap between electrodes
increases. Accordingly, there is an advantage that a transmit-
tance of a panel becomes higher than a non-division case.
[0126] In the above-described example, as the pixels hav-
ing a memory function, the pixels of the MIP provided with
memory capable of storing data for each pixel are used, but
this is illustrative only. As the pixels having the memory
function, as well as the pixels of the MIP, for example, pixels
using a memory-type liquid crystal known in the related art
may be exemplified.

2-3. Display Mode

[0127] Examples of the display mode of a liquid crystal
includes a normally white mode in which white display is
performed upon application of no electric field (voltage) and
black display is performed upon application of an electric
field; and a normally black mode in which black display is
performed upon application of no electric field and white
display is performed upon application of an electric field.
Both of these modes are common in the structure of a liquid
crystal cell, and different in disposition of the polarization
plates 11 and 26 illustrated in FIG. 1.

[0128] In a case of performing the transmissive display
using a space between the reflective electrodes 63 of the
adjacent pixels 50, liquid crystal molecules between pixels
are not switched entirely, and a region in which the liquid
crystal molecules do not move is present. In a case of the
normally white mode, it is difficult to deepen black due to the
presence of the region in which the liquid crystal molecules
do not move, and thus there is a concern that contrast
decreases.
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[0129] FIG. 8 illustrates movement of liquid crystal mol-
ecules between pixels in a case of performing transmissive
display using a space between the reflective electrodes 63 of
the adjacent pixels 50. In FIG. 8, at a position A of the central
portion of the reflective electrode 63, liquid crystal molecules
move completely. Contrary to this, at a position B which is
located between pixels and in the vicinity of the reflective
electrode 63, the liquid crystal molecules move to a certain
degree, and at a position C of the central portion between
pixels, the liquid crystal molecules do not move at all.
[0130] In this manner, in the region of the central portion
between pixels at which the liquid crystal molecules do not
move at all, a transmittance increases extremely compared to
the region of the reflective electrode 63, and thus light leakage
occurs. Therefore, black is not deepened, and thus contrast
decreases.

[0131] FIG. 9illustrates a simulation result of the transmit-
tance between pixels ina case of the normally white mode. In
FIG. 9, positions A, B, and C correspond to the position A, B,
and C in FIG. 8, respectively. From the simulation result in
FIG. 9, it can be understood that at the position C of the central
position between pixels in FIG. 8, the liquid crystal molecules
do not move at all, and thus a transmittance is high (for
example, approximately 0.35).

[0132] Accordingly, it is preferable to employ a normally
black mode as a display mode of the transflective display
device according to the embodiment. In a case of the normally
black mode, in a state in which a voltage is not applied to
liquid crystal, thatis, a state in which liquid crystal orientation
is uniform, black display is performed, and thus black may be
deepened and contrast may be increased. However, it is not
intended to exclude employment of the normally white mode.
[0133] As an example of a measurement result of optical
characteristics, in a case of the normally white mode, a white
transmittance (%) is approximately 0.93 and a black trans-
mittance (%) is approximately 0.29, and thus contrast is
approximately 3. In a case of the normally black mode, a
white transmittance (%) is approximately 0.71, and a black
transmittance (%) is approximately 0.06, and thus contrast is
approximately 12. That is, when employing the normally
black mode, the contrast may be improved approximately
four times the case of the normally white mode.

2-4. Black Matrix and Overlapping of Color Filter

[0134] As illustrated in FIG. 10A, in a case of shielding
spaces between sub-pixels 50R, 50G, and 50B (sub-pixels
50), a configuration may be employed in which the spaces
between the sub-pixels 50R, 50G, and 50B are shielded using
black matrices BM as a shielding zone, and the sub-pixels
50R, 50G, and 50B are partitioned by the same. Alternatively,
as illustrated in FIG. 10B, a configuration may be employed
in which the color filters 22R and 22G are partially over-
lapped with each other, and color filters 22G and 22B are
partially overlapped with each other, whereby the spaces
between the sub-pixels 50R, 50G, and 50B are shielded using
respective overlapping portions OL, and the sub-pixels 50R,
50G, and 50B are partitioned by the same. In the case of the
black matrix BM, a light transmittance becomes zero. In the
case of the overlapping portion OL, a light transmittance is
higher than that in the case of the black matrix BM, but the
light transmittance is lower than that in a case where the color
filters 22R, 22G, and 22B are not overlapped with each other.
Therefore, in a case of performing transmissive display using
the transflective display device 1 illustrated in FIG. 1, a space
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65, which is present between divided sub-pixels 501 adja-
cent in the Y direction and which extends in the X direction,
is used instead of the black matrix BM or the overlapping
portion OL. Accordingly. in a case of performing transmis-
sive display using the transflective display device 1, it is
preferable to improve usage efficiency of light in the space
65 so as to improve display quality.

2-5. Orientation of Liquid Crystal Molecule

[0135] To improve a transmittance of the space 65,
between the sub-pixels 50 or between the divided sub-pixels
501 illustrated in FIGS. 10A and 10B, it is preferable that the
orientation of liquid crystal molecules 31 provided to a trans-
flective display device 1a as illustrated in FIG. 11 be set to
twisted nematic (TN) orientation. The twisted nematic orien-
tationrepresents an orientation state in which, as illustrated in
FIG. 11, a direction of long axis AX1 of liquid crystal mol-
ecules 31 of the liquid crystal layer 30 interposed between the
first substrate 14 as the TFT substrate and the second substrate
23 as the CF substrate is parallel to surfaces 30FP and 20FP of
an orientation film 30F on the first substrate 14 side and an
otientation film 20F on the second substrate 23 side, and
twisted between the first substrate 14 and the second substrate
23. The transflective display device la illustrated in FIG. 11 is
obtained by adding a scattering layer 27 to the transflective
display device 1 illustrated in FIG. 1. Thus, in the embodi-
ment, as is the case with the transflective display device 1a,
the scattering layer 27 may be provided, or as is the case with
the transflective display device 1, the scattering layer 27 may
not be provided. The scattering layer 27 will be described
later.

[0136] Inthe embodiment, as illustrated in FIG. 12, a direc-
tion of rubbing (hereinafter, also referred to as a rubbing
direction) is expressed by an angle with respect to the X
direction in the XY plane, that is, the row direction of the
plurality of pixels (sub-pixels) 50 arranged in matrix. The Y
direction is a column direction of the plurality of pixels (sub-
pixels) 50 arranged in matrix. A straight line Ltft in FIG. 12
represents a rubbing direction on the first substrate 14 side,
and a straight line Lef represents a rubbing direction on the
second substrate 23 side. In the following description, each of
the straight lines Ltft and Lef is also referred to as a rubbing
axis. The liquid crystal molecules 31, which come into con-
tact with the first substrate 14 or the second substrate 23, more
specifically, an orientation film provided on the surface of the
first substrate 14 or the second substrate 23, are arranged in
such a manner that the long axis AX1 thereof'is parallel to the
rubbing axis Ltft or Lef of the corresponding orientation film.
[0137] An angle made by the rubbing axis and the X direc-
tion is referred to as a rubbing angle. In the embodiment, the
rubbing angle on the first substrate 14 side is expressed by 0.
In addition, an angle ¢ made by the rubbing axis Ltft on the
first substrate 14 side and the rubbing axis Lcf on the second
substrate 23 side is referred to as a twist angle. In the embodi-
ment, withregard to the rubbing angle 6 and the twist angle ¢,
rotation (counterclockwise rotation) around the Z axis from
the X axis toward a first quadrant is set as a positive direction,
and rotation (clockwise rotation) from the X axis toward a
fourth quadrant is set as a negative direction.

[0138] Inthe case in which the twist angle ¢ is 0° or £180°,
the orientation of liquid crystal molecules 31 is a homoge-
neous orientation. In FI1G. 13, one-dot chain line La indicates
a position of the space 65, which is located between divided
sub-pixels 501 adjacent in the Y direction and which extends
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in the X direction. A transmittance of the position indicated
by one-dot chain line La is approximately 0.4 in the homo-
geneous orientation. However, when the twist angle ¢
exceeds 0° or 180°, the transmittance is rapidly raised, and
increases to approximately 1.1 at an angle of approximately
+10° (or £170°). Then, as the twist angle ¢ increases, the
transmittance gradually decreases; however, even when the
twist angle ¢ is +90°, the transmittance at this angle reaches a
value approximately two times that of the homogeneous ori-
entation. On the other hand, in FIG. 13, one-dot chain line Lb
in FIG. 13 indicates a position of the space 65, which is
located between divided sub-pixels 501 adjacent in the X
direction and which extends in the Y direction. A transmit-
tance of the position indicated by one-dot chain line Lb is
approximately 0.2 in the homogeneous orientation. However,
when the twist angle ¢ exceeds 0° or 180°, the transmittance
is rapidly raised, and increases to approximately 0.8 at an
angle of approximately +40° (or)+140°. Then, as the twist
angle ¢ increases, the transmittance gradually decreases;
however, even when the twist angle ¢ is +90°, the transmit-
tance at this angle reaches a value approximately two times
that of the homogeneous orientation.

[0139] As described above, when the twist angle ¢ is set to
a value other than 0° or £180°, that is, the orientation of the
liquid crystal molecules 31 is set to a state other than the
homogeneous orientation, the liquid crystal molecules 31 is
set to a state of being twisted between the first substrate 14
and the second substrate 23. Accordingly, the transmittance
of the spaces 65, and 65; between the divided sub-pixels 501
greatly increases compared to the homogeneous orientation.
As a result, transmissive display may be performed while
maintaining the same reflective display performance as the
reflective display device. Then, the rubbing angle 0 on the first
substrate 14 side will be described.

[0140] The intensity of an electric field, which is formed in
the XY plane due to a voltage applied between the reflective
electrode 63 and the transparent electrode 21 illustrated in
FIG. 11, is higher on the first substrate 14 side than on the
second substrate 23 side. This is because the transparent
electrode 21 on the second substrate 23 side is continuous in
the XY plane, and thus a potential difference is not present in
the XY plane, whereas the adjacent reflective electrodes 63 on
the first substrate 14 side have a potential difference therebe-
tween, and thus the potential difference is present in the XY
plane. Accordingly, in the transmissive display by the trans-
flective display devices 1 and 14, the orientation direction of
liquid crystal molecules 31 on the first substrate 14 side is
more important. The orientation direction of the liquid crystal
molecules 31 on the first substrate 14 side is determined by
the rubbing direction on the first substrate 14 side.

[0141] In addition, when the liquid crystal molecules 31
present on the surface side of the reflective electrode 63
perform switch-operation to the 7 direction, reflective display
by the transflective display devices 1 or 1a is achieved. The
transmissive display of the transflective display devices 1 and
1a is achieved when the liquid crystal molecules 31 present
between the divided sub-pixels 501, between the sub-pixels
50, and the like perform switch-operating in the XY plane.
Accordingly, in the transmissive display, it is preferable to
consider the switch-operation of the liquid crystal molecules
31 that are present between the divided sub-pixels 501,
between the sub-pixels 50, and the like.

[0142] FIG. 14 illustrates a simulation result when the twist
angle ¢ is set to 70°, and the rubbing angle 0 is varied. Solid



US 2014/0125933 Al

line La in FIG. 14 represents a relationship between a trans-
mittance at a position indicated by one-dot chain line La in
FIG. 13 and the rubbing angle 6. As can be seen from the
result in FIG. 14, it is preferable that the rubbing angle 6
which determines the rubbing direction on the first substrate
14 side be within a range of -45° to 0°, 0° to 45°, -180° to
-135°, or 135° to 180°. In these ranges, the transmittance of
light in the space 65 formed between the divided sub-pixels
501 adjacent in the Y direction may be made to be high. As a
result, usage efficiency of light in the space 65; may be
effectively improved, and thus in the case of performing
transmissive display using the transflective display devices 1a
or 1, display quality may be improved.

[0143] Inthe case in which the rubbing angle 0 is relatively
small, as illustrated in FIGS. 15 and 17, rotation of the liquid
crystal molecules 31 in the XY plane between before and after
application of a voltage increases, and as a result thereof, a
transmittance increases. On the contrary, in the case in which
the rubbing angle 0 is relatively large, as illustrated in FIGS.
16 and 17, rotation of the liquid crystal molecules 31 in the
XY plane between before and after application of a voltage
decreases, and as a result thereof, a transmittance decreases.
When the rubbing angle 6 on the first substrate 14 side is set
within the above-described range, the rotation of the liquid
crystal molecules 31 in the XY plane is increased, and thus the
transmittance is increased.

[0144] As described above, the black matrix BM or the
overlapping portion OL is provided in the space 65 , between
the divided sub-pixels 501 adjacent in the X direction.
Accordingly, it is preferable to improve the transmittance of
the space 65, formed between the divided sub-pixels 501 that
are adjacent in the Y direction so as to improve the entire
transmittance of the transflective display devices 1a and 1,
rather than increasing the transmittance of the space 65 .
Accordingly, in the embodiment, the rubbing angle 8 is set
within the above-described range to improve the transmit-
tance of the space 65,. According to this configuration, the
entire transmittance of the transflective display devices 1a
and 1 may be effectively improved. As a result, transmissive
display may be performed while maintaining the same reflec-
tive display performance as the reflective display device.

2-6. Scattering Layer

[0145] The transflective display device 1a illustrated in
FIG. 11 includes the scattering layer 27, which scatters light,
on a side of the liquid crystal layer 30 in which light reflected
by the reflective electrode 63 travels. More specifically, the
transflective display device 1a includes the scattering layer 27
between the second substrate 23 and the %4 wavelength plate
24. The scattering layer 27 is a non-isotropic or isotropic layer
that scatters the light reflected by the reflective electrode 63,
or backlight light that transmits through the space 65,
between pixels. As the scattering layer 27, for example, an
LCF (Light Control Film) may be used.

[0146] The scattering layer 27 is a forward scattering layer
generates large forward scattering and small backward scat-
tering. The scattering layer 27 is an anisotropic scattering
layer that scatters light incident from a specific direction. In
the case in which light is incident from a specific direction on
a polarization plate 26 side with respect to the second sub-
strate 23, the scattering layer 27 hardly scatters the incident
light and allows the incident light to transmit therethrough,
and then greatly scatters light that returns to the scattering
layer 27 after being reflected by the reflective electrode 63.
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[0147] Forexample, as illustrated in F1G. 18, when external
light L1 is incident from a predetermined direction with
respect to the second substrate 23, the scattering layer 27
allows the external light to transmit therethrough, and scatters
light L2, which is reflected by the reflective electrode 63, of
the transmitted light within a predetermined range around a
scattering central axis AX1. The external light L1 is parallel
light that is incident to the polarization plate 26 of the second
substrate 23. The external light I.1 may be non-polarized light
or polarized light. For example, as illustrated in FIG. 18, the
scattering layer 27 includes two kinds of regions (a first
region 27B and a second region 27S), each having a different
refractive index. As illustrated in F1G. 19, the scattering layer
27 may have a louver structure in which a plurality of plate-
shaped second regions 27S are arranged in the first region
27B at a predetermined distance. Alternatively, as illustrated
in FIG. 20, the scattering layer 27 may have a columnar
structure in which second regions 27Sa having a column
shape are arranged in the first region 27B.

[0148] Forexample, the scattering layer 27 is configured in
suich a manner that the first region 27B and the second region
278 extend in a thickness direction, and are inclined in a
predetermined direction. For example, the scattering layer 27
is formed by irradiating a resin sheet, which is a mixture of
two or more kinds of photopolymerizable monomers or oli-
gomers, each having a different refractive index, with ultra-
violetrays froman inclined direction. However, the scattering
layer 27 may have a structure different from the above-de-
scribed structure, and may be produced by a method different
from the above-described method. The scattering layer 27
may be constituted by one layer or a plurality of layers. In the
case in which the scattering layer 27 is constituted by the
plurality of layers, these layers may have the same structure or
structures different from each other.

[0149] It is preferable that the scattering central axis AX1
of the scattering layer 27 face, for example, a main viewing
angle direction. The scattering central axis AX1 may face a
direction different from the main viewing angle direction. In
any case, when the scattering layer 27 is used, the direction of
the scattering central axis AX1 is set such that brightness in
the main viewing angle direction is brightest due to the effect
of the scattering layer 27, that is, the reflectance in the main
viewing angle direction is highest. The main viewing angle
corresponds to an orientation in which when a user of the
transflective display device 1a uses the transflective display
device 1a, the user views an image display surface. In the case
in which the image display surface having a rectangular
shape, the main viewing angle corresponds to an orientation
perpendicular to a side, which is closest to the user, among
sides of the image display surface.

[0150] In a case of allowing backlight light or the like to
transmit through the space 65, between pixels, there is a
possibility that a variation in transmission of the backlight
light may increase due to patterning accuracy of the reflective
electrode 63, a deviation in overlapping between the reflec-
tive electrode 63 and the second substrate 23, or the like.
Particularly, in the case in which silver is used as the reflective
electrode by using a wet process, the above-described varia-
tion may significantly increase. Since the transmitted light is
scattered by the scattering layer 27, there is an advantage that
the above-described variation may be equalized.
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2-7. Specific Example

[0151] A specific example of the transflective display
device according to the embodiment will be described. Here-
inafter, a case in which the normally black mode is employed
as adisplay mode, and an ECB (Electrically Controlled Bire-
fringence) mode is employed as an operation mode will be
described as an example. However, the operation mode is not
limited to the ECB mode, and a VA (Vertically Aligned)
mode, an FFS (Fringe Field Switching) mode, or the like may
be employed.

[0152] An example will be described with reference to a
cross-section of FIG. 11 which illustrates a cross-sectional
structure of two pixels adjacent in a row direction (X direc-
tion) of the transflective display device 1a according to one
example of the embodiment. In FIG. 11, the same reference
numerals are given to the same portions as in FIG. 1. As
illustrated in FIG. 11, the first panel unit 10 has a configura-
tion in which the polarization plate 11, the %2 wavelength
plate 12, the ¥ wavelength plate 13, the first substrate 14 that
is a TFT substrate, and the planarization film 15 are formed in
order from a side opposite to the liquid crystal layer 30, and
the reflective electrode 63 is formed on the planarization film
15 for each pixel.

[0153] In the first panel unit 10, the reflective electrode 63
is formed to have substantially the same size as a pixel size. A
region of the reflective electrode 63 is a reflective display
region (reflective display portion). In addition, the space 65,
1s formed along the column direction (Y direction) between
the reflective electrodes 63 of two pixels adjacent in the row
direction (X direction). Although not illustrated in the cross-
section, as illustrated in FIG. 4, the space 65 is formed along
the row direction between the reflective electrodes 63 of two
pixels adjacent in the column direction.

[0154] Thesignal lines 61, through which video signals are
transmitted to respective pixels for each pixel column, are
wired on the first substrate 14. The signal lines 61 are formed
within a reflective display region so as not to block the space
65 , extending along the column direction, preferably, so as
not to overlap the space 65 ,. Although not illustrated in the
cross-section, the scanning lines 62 (refer to FIG. 4), through
which scanning signals are transmitted to respective pixels
for each pixel row, are formed within a reflective display
region so as not to block the space 65; extending the row
direction, preferably, so as not to overlap the space 65;.
[0155] The spaces 65, and 65, between the reflective elec-
trode 63 of the pixels, which are not overlapped by the signal
lines 61 and the scanning lines 62, are used as a transmissive
display region. Here, the pixel structure according to this
example is a single gap structure in which the thickness of the
liquid crystal layer 30 is the same between the reflective
display region and the transmissive display region, that is, a
cell gap is the same in each region.

[0156] The second panel unit 20, which is opposite to the
first panel unit 10 with the liquid crystal layer 30 interposed
therebetween, has a configuration in which the transparent
electrode 21, the color filter 22, the second substrate 23, the V4
wavelength plate 24, the V2 wavelength plate 25, and the
polarization plate 26 are provided in order from the liquid
crystal layer 30 side. Here, a pixel structure with respect to
two pixels adjacent in the row direction, for example, an R
sub-pixel that displays a red color, and a G sub-pixel that
displays a green color is illustrated.

[0157] Anexample of an optical design of the ECB mode of
the normally black mode in a case of a single-gap structure is
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illustrated in FIGS. 21A and 21B. FIGS. 21A and 21B illus-
trate axial directions of constituent members of the first panel
unit 10, a liquid crystal cell (liquid crystal layer 30), and
constituent members of the second panel unit 20. Specifically,
asillustrated in FIG. 21B, with regard to the first panel unit 10
side, an absorption axis direction of the polarization plate 11,
an extending axis direction of the %2 wavelength plate 12, and
an extending axis direction of the Y4 wavelength plate 13 are
illustrated, respectively. In addition, as illustrated in FIG.
21A, with regard to the second panel unit 20 side, a rubbing
directions ofa liquid crystal cell on the TFT substrate side and
the CF substrate side, a scattering central axis direction of the
LCF (scattering layer 27), an extending axis direction of the
V4 wavelength plate 24, an extending axis direction of the 12
wavelength plate 25, and an absorption axis direction of the
polarization plate 26 are illustrated, respectively.

[0158] In FIGS. 21A and 21B, respective numeral values
represent an angle in an axial direction, or a phase difference
(retardation). The phase difference is anumeral value interms
of a wavelength when light with a wavelength 550 [nm] is
incident to each constituent element of the first and second
panel units 10 and 20. Here, as the specific example, a case of
the single gap structure has been described as an example;
however, a multi-gap structure as illustrated in FIG. 22, in
which a cell gap in the reflective display region and a cell gap
in the transmissive display region are different from each
other, may be employed.

[0159] However, as illustrated in FIG. 22, in the case in
which the transflective display device 15 has the multi-gap
structure, it is necessary to form a groove in the space 65,
(655) between the reflective electrode 63 of pixels so as to
form a step difference between the reflective display region
and the transmissive display region, an thereby the number of
processes increases compared to the case of the signal gap
structure. Therefore, from the viewpoint of the process, the
single gap structure, in which the number of processes may be
smaller than that of the multi-gap structure, is preferable.
[0160] FIGS. 23 and 24 illustrate calculation results of
spectrums of the reflective display region and the transmis-
sive display region, in cases of a voltage ON and a voltage
OFF regarding upper and lower electrodes that are the counter
electrode (transparent electrode 21) and the pixel electrode
(reflective electrode 63) with the optical design (single gap
structure) illustrated in FIGS. 21A and 21B. Here, “voltage
ON” represents a state in which a voltage is applied between
the upper and lower electrodes, and “voltage OFF” represents
astatein which a voltage is not applied between the upper and
lower electrodes.

[0161] FIG. 23 illustrates calculation results of a spectrum
of a reflectance in the reflective display region, and FIG. 24
illustrates calculation results of a spectrum of a transmittance
in the transmissive display region. The calculation results of
spectrums are ones to be obtained in a state in which an
electric field by the upper and lower electrodes completely
operates on liquid crystal molecules rather than ones one
obtained by reproducing an electric field distribution between
pixels. Due to the single gap structure, a phase difference of
the transmissive display region is small, and thus a transmit-
tance is low, unlike the transflective type of a common multi-
gap structure.

3. Modification

[0162] Intheabove-described embodiment, the signal lines
61 and the scanning lines 62 are formed as straight strip
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wirings, and have a wiring structure in which each of the
signal lines 61 is configured to cross the space 655, which is
extending in the row direction, at an intermediate position of
a pixel, and each of the scanning lines 62 is configured to
cross the space 65, which is extending in the column direc-
tion, at an intermediated position of a pixel (refer to FIG. 4).
However, the wiring structure of the signal lines 61 and the
scanning lines 62 is illustrative only, and is not limited
thereto.

[0163] For example, as illustrated in FIG. 25, a wiring
structure, in which the signal lines 61 and the scanning lines
62 are formed as a zigzag wiring and are wired as described
below, may be considered. That is, in a space between pixels
adjacent in the row direction, each of the signal lines 61 is
wired to pass through an intersection 65 of the space 65,
formed along the column direction and the space 65 ; formed
along the row direction, specifically, in such a manner that a
bent portion 61, of the signal line 61 is located at the inter-
section 65.... In addition, in a space between pixels adjacent in
the column direction, each of the scanning lines 62 is wired to
pass through the intersection 65 of the space 655 formed
along the row direction and the space 65, formed along the
column direction, specifically, in such a manner that a bent
portion 62, of the scanning lines 62 is located at the intersec-
tion 65

[0164] As described above with reference to FIGS. 13 and
14, liquid crystal molecules do not move at all at the position
C of the central portion between pixels, and thus it is consid-
ered that the center of the intersection 65, of the space 65,
formed along the column direction and the space 65 ; formed
along the row direction has the most adverse effect on trans-
missive display. Accordingly, when the signal lines 61 and the
scanning lines 62 are formed to pass through the intersection
65 - like the above-described wiring structure instead of pass-
ing through the spaces 65, and 65, at intermediate positions
of a pixel, more satisfactory transmissive display may be
realized.

4. Electronic Apparatus

[0165] The above-described transflective display device
according to the present disclosure may be used as a display
unit (display device) of any fields of electronic apparatuses
which display video signals input to the electronic appara-
tuses or video signals generated in the electronic apparatuses
as an image or a video.

[0166] The transflective display device according to the
present disclosure is preferably used as a display unit (display
device) of portable electronic apparatus that is frequently
used in outdoor environments among the all fields of elec-
tronic apparatuses. Examples of the portable electronic appa-
ratus include a portable information apparatuses such as digi-
tal cameras, video cameras, PDAs (Personal Digital
Assistants), gaming devices, note-type personal computers,
electronic books; and portable communication apparatuses
such as cellular phones; and the like.

[0167] As is clear from the description of the embodiment,
the transflective display device according to the present dis-
closure may perform transmissive display while maintaining
the same reflective display performance as the reflective dis-
play device, and thus characteristics that power consumption
is low and a screenis easy to view under a bright environment,
which are characteristics of the reflective display device, may
be sufficiently achieved. Accordingly, when being used as a
display unit of a portable electronic apparatus among the
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electronic apparatuses in all fields of electronic apparatuses,
the transflective display device according to the present dis-
closure may largely contribute to low power consumption of
the portable electronic apparatus.

[0168] Hereinafter, description will be given to electronic
apparatuses that use the transflective display devices 1 or 1a
as a display unit, that is, a specific example of the electronic
apparatus according to the present disclosure.

[0169] FIG. 26A illustrates external appearance of a digital
camera to which the present disclosure is applied, and illus-
trates a perspective view which is seen from the front side.
FIG. 26B illustrates a perspective view that is seen from the
rear side. The digital camera according to the application
example includes a light emitting portion 111 for flash, a
display unit 112, amenu switch 113, a shutter button 114, and
the like, and is prepared by using the transflective display
devices 1 or 1a according to the present disclosure as the
display unit 112.

[0170] FIG. 27 illustrates a perspective view illustrating
external appearance of a video camera to which the present
disclosure is applied. The video camera according to the
application example includes a main body portion 131, a lens
132 for capturing an object which is provided at a side surface
facing the front side, a start/stop switch 133 during capturing,
a display unit 134, and the like, and is prepared by using the
transflective display device 1 or 1a according to the present
disclosure as the display unit 134.

[0171] FIG. 28 illustrates a perspective view illustrating
external appearance of a note-type personal computer to
which the present disclosure is applied. The note-type per-
sonal computer according to the application example
includes a keyboard 122 that is provided to a main body 121
and is operated when inputting characters and the like, a
display unit 123 that displays an image, and the like, and is
prepared by using the transflective display device 1 or 1a
according to the present disclosure as the display unit 123.
[0172] FIGS.29A to 29G illustrate external views illustrat-
ing a portable communication apparatus to which the present
disclosure is applied, for example, a portable cellular phone.
FIG. 29A illustrates a front view in an opened state, FIG. 29B
1s a side view, FIG. 29C is a front view in a closed state, FIG.
29D is aleft side view, FIG. 29E is a right side view, FIG. 29F
is a top view, and FIG. 29G is a bottom view.

[0173] The portable cellular phone according to the appli-
cation example includes an upper casing 141, a lower casing
142, a connecting portion (here, a hinge portion) 143, a dis-
play 144, a sub-display 145, a picture light 146, a camera 147,
and the like. In addition, the portable cellular phone according
to the application example is prepared by using the transflec-
tive display device 1 or 1a according to the present disclosure
as the display 144 or the sub-display 145.

5. Aspects of Present Disclosure

[0174]
aspects:
(1) A transflective display device, comprising:

[0175] afirst substrate on which a first orientation film and
a plurality of reflective electrodes formed for each of pixels
are provided;

[0176] a second substrate on which a second orientation
film and a transparent electrode that is opposite to the reflec-
tive electrodes are provided; and

[0177] aliquid crystal layer including a plurality of liquid
crystal molecules provided between the first substrate and the

The present disclosure includes the following
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second substrate, a direction of long axis of the liquid crystal
molecules being parallel to surfaces of the first and second
orientation films and twisted between the first substrate and
the second substrate, wherein

[0178] the reflective electrode is configured to perform
reflective display, and

[0179] aspacebetween the reflective electrodes of the adja-
cent pixels is configured to perform transmissive display.
(2) The transflective display device according to (1), wherein
[0180] arubbing direction of the first orientation film has an
angle within a range of -45° to 0°, 0° to 45°, -180° to -135°,
or 135° to 180° with respect to a row direction of the pixels
arranged in matrix.

(3) The transflective display device according to (1), wherein
[0181] the liquid crystal layer is configured to be driven by
a frame inversion driving method in which a polarity of sig-
nals for driving the pixels is inverted with the same polarity
for each frame with respect to all of the pixels.

(4) The transflective display device according to (3), wherein
the liquid crystal layer has a display mode of a normally black
mode.

(5) The transflective display device according to (1), further
comprising a wiring that is formed not to block the space
between the reflective electrodes of the adjacent pixels.

(6) The transflective display device according to (5), wherein
the wiring is formed to avoid the space between the reflective
electrodes of the adjacent pixels.

(7) The transflective display device according to (6), wherein
[0182] the wiring is a signal line which is formed for each
pixel column with respect to matrix arrangement of the pix-
els, and through which signals for driving the pixels are
transmitted, and

[0183] the signal line is wired to avoid the space formed
between pixels along a pixel arrangement direction of the
pixel column.

(8) The transflective display device according to (7), wherein
[0184] in a space between pixels adjacent in the pixel
arrangement direction of a pixel row, the signal line is wired
to pass through an intersection of the space formed along the
pixel arrangement direction of the pixel column, and the
space formed along the pixel arrangement direction of the
pixel row.

(9) The transflective display device according to (6), wherein
[0185] the wiring is a scanning line which is formed for
each pixel row with respect to a matrix arrangement of the
pixels, and through which signals for selecting the pixels are
transmitted, and

[0186] the scanning line is wired to avoid the space formed
between pixels along a pixel arrangement direction of the
pixel row.

(10) The transflective display device according to (9),
wherein

[0187] in a space between pixels adjacent in the pixel
arrangement direction of a pixel column, the scanning line is
wired to pass through an intersection of the space formed
along the pixel arrangement direction of the pixel row, and the
space formed along the pixel arrangement direction of the
pixel column.

(11) The transflective display device according to (1),
wherein the pixels have a memory function.

(12) The transflective display device according to (11),
wherein the pixels have a memory unit that stores data.

(13) The transflective display device according to (11),
wherein the pixels use memory-type liquid crystal.
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(14) An electronic apparatus having a transflective display
device, the transflective display device comprising:

[0188] a first substrate on which a first orientation film and
a plurality of reflective electrodes formed for each of pixels
are provided,

[0189] a second substrate on which a second orientation
film and a transparent electrode that is opposite to the reflec-
tive electrodes are provided; and

[0190] aliquid crystal layer including a plurality of liquid
crystal molecules provided between the first substrate and the
second substrate, a direction of long axis of the liquid crystal
molecules being parallel to surfaces of the first and second
orientation films and twisted between the first substrate and
the second substrate, wherein

[0191] the reflective electrode is configured to perform
reflective display, and

[0192] aspace between the reflective electrodes ofthe adja-
cent pixels is configured to perform transmissive display.
(15) A method of driving a transflective display device includ-
ing a first substrate on which a first orientation film and a
plurality of reflective electrodes formed for each of pixels are
provided, a second substrate on which a second orientation
film and a transparent electrode that is opposite to the reflec-
tive electrodes are provided, and a liquid crystal layer includ-
ing a plurality of liquid crystal molecules provided between
the first substrate and the second substrate, the method com-
prising:

[0193] performing reflective display using the reflective
electrodes; and

[0194] performing transmissive display using a space
between the reflective electrodes of the adjacent pixels,
wherein

[0195] a direction of long axis of the liquid crystal mol-
ecules is parallel to surfaces of the first and second orientation
films and twisted between the first substrate and the second
substrate.

[0196] Inatransflective display device, an electronic appa-
ratus having a transflective display device, and amethod is for
driving a transflective display device that have above-de-
scribed configurations, performing transmissive display
using a space between the reflective electrodes of the adjacent
pixels means using the space between the pixels as a space
between the reflective electrodes. Thus, it is not necessary to
secure a dedicated area for transmissive display in a pixel.
This means that it is possible to secure the same size (area) of
a reflective display region for a pixel as that of a reflective
display region of a reflective display device. Accordingly, it is
possible to perform transmissive display through the space
between reflective electrodes of adjacent pixels while main-
taining the same reflective display performance as in the
reflective display device.

[0197] Inaddition, in the liquid crystal layer, a direction of
long axis of liquid crystal molecules provided between the
first substrate and the second substrate is parallel to the sur-
faces of the first substrate and the second substrate, and
twisted between the first substrate and the second substrate.
Accordingly, transmittance in a space between pixels may be
improved. As a result, it is possible to perform transmissive
display through the space between reflective electrodes of
adjacent pixels while maintaining the same reflective display
performance as in the reflective display device.

[0198] According to one embodiment of the present disclo-
sure, the transmissive display is performed using a space
between reflective electrodes of adjacent pixels, and thus the
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transmissive display may be performed while maintaining the
same reflective display performance as in the reflective dis-
play device.

[0199] Although the present disclosure has been described,
the present disclosure is not limited thereto. In addition, the
components in the above-described disclosure include those
which are easily conceived by persons skilled in the art, those
which are substantially identical thereto, and those in a scope
of so-called equivalents. Further, the above-described com-
ponents can be combined with each other as necessary. The
components can be arbitrarily omitted, replaced, or modified
within a scope that does not depart from the gist of the present
disclosure.

[0200] 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 transflective display device, comprising:

a first substrate on which a first orientation film and a
plurality of reflective electrodes formed for each of pix-
els are provided,

a second substrate on which a second orientation film and
a transparent electrode that is opposite to the reflective
electrodes are provided; and

a liquid crystal layer including a plurality of liquid crystal
molecules provided between the first substrate and the
second substrate, a direction of long axis of the liquid
crystal molecules being parallel to surfaces of the first
and second orientation films and twisted between the
first substrate and the second substrate, wherein

the reflective electrode is configured to perform reflective
display, and

a space between the reflective electrodes of the adjacent
pixels is configured to perform transmissive display.

2. The transflective display device according to claim 1,

wherein

arubbing direction of the first orientation film has an angle
within a range of -45° to 0°, 0° to 45°, =180° to -135°,
or 135° to 180° with respect to a row direction of the
pixels arranged in matrix.

3. The transflective display device according to claim 1,

wherein

the liquid crystal layer is configured to be driven by a frame
inversion driving method in which a polarity of signals
for driving the pixels is inverted with the same polarity
for each frame with respect to all of the pixels.

4. The transflective display device according to claim 3,
wherein the liquid crystal layer has a display mode of a
normally black mode.

5. The transflective display device according to claim 1,
further comprising a wiring that is formed not to block the
space between the reflective electrodes of the adjacent pixels.

6. The transflective display device according to claim 5,
wherein the wiring is formed to avoid the space between the
reflective electrodes of the adjacent pixels.

7. The transflective display device according to claim 6,
wherein
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the wiring is a signal line which is formed for each pixel
column with respect to matrix arrangement of the pixels,
and through which signals for driving the pixels are
transmitted, and

the signal line is wired to avoid the space formed between
pixels along a pixel arrangement direction of the pixel
column.

8. The transflective display device according to claim 7,

wherein

in a space between pixels adjacent in the pixel arrangement
direction of a pixel row, the signal line is wired to pass
through an intersection of the space formed along the
pixel arrangement direction of the pixel column, and the
space formed along the pixel arrangement direction of
the pixel row.

9. The transflective display device according to claim 6,

wherein

the wiring is a scanning line which is formed for each pixel
row with respect to a matrix arrangement of the pixels,
and through which signals for selecting the pixels are
transmitted, and

the scanning line is wired to avoid the space formed
between pixels along a pixel arrangement direction of
the pixel row.

10. The transflective display device according to claim 9,

wherein

in a space between pixels adjacent in the pixel arrangement
direction of a pixel column, the scanning line is wired to
pass through an intersection of the space formed along
the pixel arrangement direction of the pixel row, and the
space formed along the pixel arrangement direction of
the pixel column.

11. The transflective display device according to claim 1,

wherein the pixels have a memory function.

12. The transflective display device according to claim 11,

wherein the pixels have a memory unit that stores data.

13. The transflective display device according to claim 11,

wherein the pixels use memory-type liquid crystal.

14. An electronic apparatus having a transflective display

device, the transflective display device comprising:

a first substrate on which a first orientation film and a
plurality of reflective electrodes formed for each of pix-
els are provided,

a second substrate on which a second orientation film and
a transparent electrode that is opposite to the reflective
electrodes are provided; and

a liquid crystal layer including a plurality of liquid crystal
molecules provided between the first substrate and the
second substrate, a direction of long axis of the liquid
crystal molecules being parallel to surfaces of the first
and second orientation films and twisted between the
first substrate and the second substrate, wherein

the reflective electrode is configured to perform reflective
display, and

a space between the reflective electrodes of the adjacent
pixels is configured to perform transmissive display.

15. A method of driving a transflective display device

including a first substrate on which a first orientation film and
a plurality of reflective electrodes formed for each of pixels
are provided, a second substrate on which a second orienta-
tion film and a transparent electrode that is opposite to the
reflective electrodes are provided, and a liquid crystal layer
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including a plurality of liquid crystal molecules provided
between the first substrate and the second substrate, the
method comprising:
performing reflective display using the reflective elec-
trodes; and
performing transmissive display using a space between the
reflective electrodes of the adjacent pixels, wherein
a direction of long axis of the liquid crystal molecules is
parallel to surfaces of the first and second orientation
films and twisted between the first substrate and the
second substrate.

® 0% % % %
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