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(7) ABSTRACT

An optical device (100) includes a first substrate (10) and a
second substrate (20), and an optical layer (30) interposed
therebetween. The first substrate includes a first electrode
(11) and a second electrode (12), to which respectively dif-
ferent potentials can be applied. The optical layer (30) con-
tains a medium (31P) and anisotropically-shaped particles
(32) whose alignment direction changes in accordance with
the direction of an electric field applied to the optical layer.
The medium is a liquid crystal material. When no electric

(31) Imt.CL field is applied to the optical layer, the anisotropically-shaped
GO2F 1/1337 (2006.01) particles are aligned substantially vertically with respect to
GO2F 1/1343 (2006.01) the substrate plane.
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OPTICAL APPARATUS AND DISPLAY
APPARATUS PROVIDED WITH SAME

TECHNICAL FIELD

[0001] The present invention relates to an optical device,
and more particularly to an optical device including an optical
layer which contains anisotropically-shaped particles. More-
over, the present invention relates to a display device includ-
ing such an optical device.

BACKGROUND ART

[0002] An optical device which controls the transmittance
(or reflectance) of incident light needs a high contrast ratio
and a high efficiency of light utilization.

[0003] One well-known optical device for controlling
transmittance of light with voltage application is the liquid
crystal panel. A liquid crystal panel includes a pair of sub-
strates and a liquid crystal layer which is provided between
these substrates. In a liquid crystal panel, liquid crystal mol-
ecules within the liquid crystal layer undergo changes in their
alignment depending on the level of voltage being applied
across the liquid crystal layer, which results in changes in the
transmittance of light entering the liquid crystal panel. Liquid
crystal panels have a very high contrast ratio, and therefore
are widely used in display devices.

[0004] However, many liquid crystal panels are of the type
that employs polarizers; therefore, half or more of the light
which is utilized for displaying is absorbed at the polarizers.
This results in a low efficiency of light utilization. Accord-
ingly, development of optical devices which do not require
polarizers has been under way in the recent years.

[0005] Non-Patent Document 1 proposes a display cell
which does not require polarizers. The display cell disclosed
in Non-Patent Document 1 has a construction where a host
fluid (medium) and polymer (resin-coated) flakes dispersed
within the medium are interposed between a pair of elec-
trodes. By applying an electric field between the pair of
electrodes, the alignment directions of the polymer flakes are
changed, thereby altering the optical characteristics (light
reflectance) of the display cell. As a specific example of the
medium, Non-Patent Document 1 discloses propylene car-
bonate and epoxy-terminated polydimethylsiloxane (DMS-
E09).

[0006] Patent Document 1 discloses an optical device
including a suspension layer which contains polymer flakes.
In this optical device, the polymer flakes can be rotated with
application of an electric field to the suspension layer,
whereby the optical characteristics of the suspension layer are
altered.

[0007] The display cell of Non-Patent Document 1 and the
optical device of Patent Document 1 mentioned above do not
require polarizers, and therefore can attain a higher efficiency
of light utilization than that of a liquid crystal panel.

CITATION LIST
Patent Literature
[0008] [Patent Document 1] specification of U.S. Pat. No.
6,665,042
Non-Patent Literature
[0009] [Non-Patent Document 1]G. P. Cox, and five others,

“Modeling the Effects of Microencapsulation on the Electro-
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Optic Behavior of Polymer Cholesteric Liquid Crystal
Flakes”, LLE Review, UNIVERSITY OF ROCHESTER
LABORATORY FOR LASER ENERGETICS, January-
March 2009, volume 118, p. 86-99

SUMMARY OF INVENTION

Technical Problem

[0010] Currently, active matrix driving is adopted as a driv-
ing method for liquid crystal panels. In a liquid crystal panel
under active matrix driving, a thin film transistor (TFT) is
provided for each pixel. A write to a given pixel occurs as that
pixel is scanned and the TFT turns ON; thereafter, the TFT is
kept OFF until that pixel is scanned the next time. Therefore,
until the next write, the voltage applied to the liquid crystal
layer is retained (i.e., the electric charge is retained in the
pixel capacitor), whereby the alignment state of liquid crystal
molecules in the liquid crystal layer is maintained.

[0011] In the display cell proposed in Non-Patent Docu-
ment 1, it is difficult to perform active matrix driving. For
example, in the case where propylene carbonate or DMS-E09
is used as the medium, these have a resistivity which is several
digits lower than the resistivity of a commonly-used liquid
crystal material (the resistivity of propylene carbonate is
about 1x10 Q-cm, and the resistivity of DMS-E09 is about
1.1x107 Q-cm, as compared to the resistivity of commonly-
used liquid crystal material being on the order of 1x10'?
Q-cm). Therefore, in a state where the TFT is OFF after a
write to the pixel, the voltage retention rate significantly
lowers due to an off-leak via the medium. This causes the
polymer flakes, which would otherwise be aligned in the
vertical direction, to be inclined toward the horizontal direc-
tion (i.e., a parallel direction to the substrate plane) due to
their own weight. As a result, the pixel luminance changes,
thereby making it difficult to perform active matrix driving.
[0012] Moreover, in the absence of applied voltage, poly-
mer flakes cannot maintain their vertically aligned state, and
will turn toward the horizontal direction due to their own
weight. Therefore, the display cell of Non-Patent Document 1
does not have so-called memory ability, making it difficult to
realize low power consumption. Furthermore, if the display
cell becomes inclined, the polymer flakes will migrate within
the cell due to their own weight, thus precipitating at the
bottom side of the display cell.

[0013] On the other hand, Patent Document 1 describes an
example (Example 6) where a nematic liquid crystal material
is used as the medium of a suspension layer. In this Example,
an alignment film (polyimide coating) is formed on each ofa
pair of substrates that each include a transparent electrode.
The polymer flakes are aligned in parallel to the substrate
plane when no electric field is generated in the suspension
layer. On the other hand, when a longitudinal field is gener-
ated in the suspension layer, the polymer flakes will try to
become aligned perpendicularly to the substrate plane.
[0014] The above Example of Patent Document 1 is con-
sidered to suppress lowering of the voltage holding ratio due
to an off-leak via the medium. However, according to this
Example, in actuality, the polymer flakes will stick to the
surface of the alignment film, which is associated with a
strong polarity; therefore, even if a longitudinal field is gen-
erated in the suspension layer, the polymer flakes near the
alignment film will not be detached from the alignment film.
As a result, most polymer flakes will remain aligned in par-
allel to the substrate plane. This makes it impossible to obtain
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a sufficiently large difference in light transmittance between
presence of an applied electric field and absence of an applied
electric field; thus, a sufficiently high contrast ratio cannot be
realized. Moreover, in the optical device of Patent Document
1, the polymer flakes are transitioned from a state of being
parallel to the substrate plane to a state of being perpendicular
(or, from a state of being perpendicular to a state of being
parallel) with the application of an electric field; however, the
opposite transition occurs by way of thermal dispersion or
gravity. This too is a problem because a sufficient response
speed cannot be obtained, making difficult any application to
a display device.

[0015] The present invention has been made in view of the
above problems, and an objective thereof is to provide: an
optical device which is capable of active matrix driving,
excels in low power consumption characteristics, and realizes
a high efficiency of light utilization and a high contrast ratio;
and a display device including the same.

Solution to Problem

[0016] An optical device according to an embodiment of
the present invention is an optical device comprising: a first
substrate and a second substrate opposing each other; and an
optical layer interposed between the first substrate and the
second substrate, the first substrate including a first electrode
and a second electrode, the first electrode and second elec-
trode being capable of having respectively different poten-
tials applied thereto, the optical layer containing a medium
and anisotropically-shaped particles dispersed in the
medium, the anisotropically-shaped particles having shape
anisotropy, wherein, an alignment direction of the anisotro-
pically-shaped particles changes in accordance with a direc-
tion of an electric field applied to the optical layer; the
medium is a liquid crystal material; and when no electric field
is applied to the optical layer, the anisotropically-shaped par-
ticles are aligned substantially vertically with respect to the
substrate plane.

[0017] Inoneembodiment, at least one of the first substrate
and the second substrate includes a vertical alignment film
provided on the optical layer side.

[0018] Inoneembodiment, when a lateral field is generated
in the optical layer by the first electrode and the second
electrode, the anisotropically-shaped particles are aligned
substantially in parallel to the substrate plane.

[0019] In one embodiment, the liquid crystal material has
positive dielectric anisotropy.

[0020] In one embodiment, the liquid crystal material has
negative dielectric anisotropy.

[0021] Inoneembodiment, the second substrate includes a
third electrode opposing the first electrode and the second
electrode.

[0022] In one embodiment, when a longitudinal field is
generated in the optical layer by the first electrode and second
electrode and the third electrode, the anisotropically-shaped
particles are aligned substantially vertically with respect to
the substrate plane.

[0023] In one embodiment, the second substrate includes
no electrode opposing the first electrode or the second elec-
trode.

[0024] In one embodiment, the first substrate is an active
matrix substrate including a thin film transistor.

[0025] In one embodiment, the first substrate further
includes a gate line and a source line which are electrically
connected to the thin film transistor; and a voltage which is
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supplied from the source line to the thin film transistor is
inverted in polarity with a predetermined cycle.

[0026] In one embodiment, the first substrate is an active
matrix substrate including a thin film transistor, further
including a gate line and a source line which are electrically
connected to the thin film transistor; a voltage which is sup-
plied from the source line to the thin film transistor is inverted
in polarity with a predetermined cycle; and a voltage which is
supplied to the third electrode is inverted in polarity with the
predetermined cycle.

[0027] In one embodiment, the thin film transistor com-
prises an oxide semiconductor layer.

[0028] In one embodiment, the oxide semiconductor layer
is made of an In—Ga—Zn—O-type semiconductor.

[0029] A display device according to an embodiment of the
present invention comprises an optical device having the
above construction.

[0030] In one embodiment, the display device having the
above construction is capable of displaying in a reflection
mode by utilizing light which is incident from the exterior.
[0031] Inoneembodiment, the anisotropically-shaped par-
ticles are light reflective; and one of the first substrate and the
second substrate that is located on a rear face side includes an
optical absorption layer which absorbs light.

Advantageous Effects of Invention

[0032] According to an embodiment of the present inven-
tion, there is provided and optical device which is capable of
active matrix driving, excels in low power consumption char-
acteristics, and realizes a high efficiency of light utilization
and a high contrast ratio, as well as a display device including
the same.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1 A cross-sectional view schematically show-
ing a display device 110 according to an embodiment of the
present invention.

[0034] FIG. 2 A plan view schematically showing a first
electrode 11 and a second electrode 12 of the display device
110.

[0035] FIG. 3 A diagram showing an equivalent circuit of
the display device 110.

[0036] FIG. 4 (a) is a diagram schematically showing the
display device 110 when a lateral field is applied to the optical
layer 30;and (b)is a diagram showing alignment directions of
anisotropically-shaped particles 32 and liquid crystal mol-
ecules 31a in that case.

[0037] FIG. 5 (@) is a diagram schematically showing a
display device 110 in the case where a longitudinal field is
applied to the optical layer 30; and (b) is a diagram showing
alignment directions of anisotropically-shaped particles 32
and liquid crystal molecules 31a in that case.

[0038] FIG. 6 (a) is a diagram showing how the optical
layer 30 may appear immediately after the electric field being
applied to the optical layer 30 is changed from a lateral field
to a longitudinal field; and (b) is a diagram showing how the
optical layer 30 may appear after the lapse of a sufficient time
therefrom.

[0039] FIG. 7 (a) is a diagram showing an alignment state
of anisotropically-shaped particles 32 when voltage is reset
after alongitudinal field is applied to the optical layer 30; and
(b) is a diagram showing an alignment state of anisotropi-
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cally-shaped particles 32 when voltage is reset after a lateral
field is applied to the optical layer 30.

[0040] FIG. 8 (@) is a diagram schematically showing a
prototyped display panel 100" and (b) is an optical micro-
graph where the optical layer 30 of the display panel 100' in
the absence of applied voltage is observed from the normal
direction of the substrate plane.

[0041] FIG. 9 A diagram showing another exemplary cit-
cuit construction of the display device 110.

[0042] FIG.10 (a)is a diagram schematically showing the
display device 110 when a lateral field is applied to the optical
layer 30; and (b) is a diagram schematically showing the
display device 110 when a longitudinal field is applied to the
optical layer 30.

[0043] FIG.11 A cross-sectional view schematically show-
ing a display device 210 according to an embodiment of the
present invention.

[0044] FIG.12 (a)1is a diagram schematically showing the
display device 210 when a lateral field is applied to the optical
layer 30; and (b)is a diagram showing alignment directions of
anisotropically-shaped particles 32 and liquid crystal mol-
ecules 315 in that case.

[0045] FIG.13 (@) is a diagram schematically showing the
display device 210 when a longitudinal field is applied to the
optical layer 30; and (b) is a diagram showing alignment
directions of anisotropically-shaped particles 32 and liquid
crystal molecules 315 in that case.

[0046] FIGS. 14 (a) and (b) are diagrams showing align-
ment states of anisotropically-shaped particles 32 and liquid
crystal molecules 315 when voltage is reset after a longitudi-
nal field is applied to the optical layer 30.

[0047] FIGS. 15 (a) and (b) are diagrams showing align-
ment states of anisotropically-shaped particles 32 and liquid
crystal molecules 315 when voltage is reset after a lateral field
is applied to the optical layer 30.

[0048] FIG.16 A cross-sectional view schematically show-
ing a display device 210A according to an embodiment of the
present invention.

[0049] FIG. 17 A plan view schematically showing a dis-
play device 310 (in its entirety) according to an embodiment
of the present invention.

[0050] FIG.18 A plan view schematically showinga region
corresponding to one pixel of the display device 310.

[0051] FIG. 19 A cross-sectional view taken along line
A-A"inFIG. 18.

[0052] FIG.20 A plan view showing only the first electrode
11 and the second electrode 12 among the component ele-
ments of the display device 310 shown in FIG. 18.

[0053] FIG. 21 A plan view showing only the light shield-
ing layer 61 among the component elements of the display
device 310 shown in FIG. 18.

[0054] FIG. 22 A plan view showing anything other than
the first electrode 11, the second electrode 12, and the light
shielding layer 61 among the component elements of the
display device 310 shown in FIG. 18.

[0055] FIG.23 A diagram showing another construction of
the display device 310, which is a cross-sectional view taken
along line A-A' in F1G. 18.

[0056] FIG. 24 A diagram showing still another construc-
tion of the display device 310, which is a cross-sectional view
taken along line A-A'in FIG. 18.

[0057] FIG. 25 (a) is a diagram showing regions where a
lateral field cannot be applied in the case where interdigitated
electrodes are used as the first electrode 11 and the second

Mar. 24, 2016

electrode 12; and (b) is a diagram showing regions where a
lateral field cannot be applied in the case where spiral elec-
trodes are used as the first electrode 11 and the second elec-
trode 12.

[0058] FIG. 26 A diagram showing the display device 310
when a longitudinal field is being applied to the optical layer
30.

[0059] FIG. 27 A diagram showing signal waveforms of a
gate signal, a first source signal, a second source signal, and
common voltage in the case where a longitudinal field is to be
applied to the optical layer 30 of the display device 310.
[0060] FIG. 28 A diagram showing the display device 310
when a lateral field is being applied to the optical layer 30.
[0061] FIG. 29 A diagram showing signal waveforms of a
gate signal, a first source signal, a second source signal, and
common voltage in the case where a lateral field is to be
applied to the optical layer 30 of display device 310.

[0062] FIG. 30 A diagram showing signal waveforms of a
gate signal, a first source signal, a second source signal, and
common voltage in the case where a longitudinal field is to be
applied to the optical layer 30 of the display device 310.
[0063] FIG. 31 A diagram showing signal waveforms of a
gate signal, a first source signal, a second source signal, and
common voltage in the case where a lateral field is to be
applied to the optical layer 30 of display device 310.

[0064] FIG. 32 A diagram showing signal waveforms of a
gate signal, a first source signal, a second source signal, and
common voltage in the case where a longitudinal field is to be
applied to the optical layer 30 of the display device 310.
[0065] FIG. 33 A diagram showing signal waveforms of a
gate signal, a first source signal, a second source signal, and
common voltage in the case where a lateral field is to be
applied to the optical layer 30 of display device 310.

[0066] FIG. 34 A plan view schematically showing a pixel
corresponding to one region of a display device 410 accord-
ing to an embodiment of the present invention.

[0067] FIG. 35 A plan view showing only the first electrode
11 and the second electrode 12 among the component ele-
ments of the display device 410 shown in FIG. 34.

[0068] FIG. 36 A plan view showing only the light shield-
ing layer 61 among the component elements of the display
device 410 shown in FIG. 34.

[0069] FIG. 37 A plan view showing anything other than
the first electrode 11, the second electrode 12, and the light
shielding layer 61 among the component elements of the
display device 410 shown in FIG. 34.

[0070] FIG. 38 A plan view schematically showing a pixel
corresponding to one region of a display device 510 accord-
ing to an embodiment of the present invention.

[0071] FIG. 39 A cross-sectional view taken along line B-B'
in FIG. 38.
[0072] FIG. 40 A plan view showing only the first electrode

11 among the component elements of the display device 510
shown in FIG. 38.

[0073] FIG. 41 A plan view showing only the second elec-
trode 12 and a connection electrode 12" among the component
elements of the display device 510 shown in FIG. 38.
[0074] FIG. 42 A plan view showing only the light shield-
ing layer 61 among the component elements shown in FIG.
38.

[0075] FIG. 43 A plan view showing anything other than
the first electrode 11, the second electrode 12, the connection
electrode 12', and the light shielding layer 61 among the
component elements shown in FIG. 38.
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DESCRIPTION OF EMBODIMENTS

[0076] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. Note that the
present invention is not limited to the following embodi-
ments.

Embodiment 1

[0077] FIG. 1 shows a display device 110 according to the
present embodiment. FIG. 1 is a cross-sectional view sche-
matically showing the display device 110.

[0078] The display device 110 is a reflection type display
device that can perform displaying in a reflection mode by
utilizing light which is incident from the exterior (ambient
light). As shown in FIG. 1, the display device 110 includes a
display panel (optical device) 100, and has a plurality of
pixels in a matrix array.

[0079] The display panel 100 includes a first substrate 10
and a second substrate 20 opposing each other, and an optical
layer (display medium layer) 30 which is provided between
the first substrate 10 and the second substrate 20. Between the
first substrate 10 and the second substrate 20, the first sub-
strate 10 that is relatively located on the rear face side may
hereinafter be referred to as the “rear substrate”, whereas the
second substrate 20 that is relatively located on the front face
side (i.e., the viewer’s side) may hereinafter be referred to as
the “front substrate”.

[0080] The first substrate (rear substrate) 10 includes first
electrodes 11 and second electrodes 12, to which respectively
different potentials may be supplied. A first electrode 11 and
a second electrode 12 are provided for each of the plurality of
pixels. Having a plurality of branches 11a and 12a, each first
electrode 11 and each second electrode 12 constitute intet-
digitated electrodes. FIG. 2 shows a planar structure of a first
electrode 11 and a second electrode 12.

[0081] As shown in FIG. 2, each first electrode 11 includes
astem 115 and a plurality of branches 11a extending from the
stem 115. Similarly, each second electrode 12 includes a stem
124 and a plurality of branches 12a extending from the stem
125. The first electrode 11 and the second electrode 12 are
disposed so that their respective branches 11a and 12a mesh
with one another via a predetermined interspace (which here-
inafter may be referred to as the “interelectrode distance™) g.
[0082] There is no particular limitation as to the interelec-
trode distance g. The interelectrode distance g may be e.g. 10
pm. There is also no particular limitation as to the width w, of
each branch 11a of the first electrode 11 and the width w, of
each branch 124 of the second electrode 12. The width w, of
each branch 11a of the first electrode 11 and the width w, of
each branch 124 of the second electrode 12 may be equal or
different. The width w, of each branch 11a of the first elec-
trode 11 and the width w, of each branch 12a of the second
electrode 12 is e.g. 10 pm.

[0083] Moreover, the first substrate 10 is an active matrix
substrate, including a thin film transistor (TFT) provided for
each pixel and various wiring lines (e.g., gate lines and source
lines electrically connected to the TFTs)(neither of them is
shown here). The first electrode 11 and the second electrode
12 are each electrically connected a corresponding TFT so as
to receive a voltage corresponding to a source signal via the
TFT.

[0084] The first substrate 10 further includes an optical
absorption layer 14 that absorbs light. There is no particular
limitation as to the material of the optical absorption layer 14.
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As the material of the optical absorption layer 14, pigments
can be used, for example, which are used as the material of a
black matrix, etc., that is included in the color filters of a
liquid crystal display device or the like. Alternatively, as the
optical absorption layer 14, a low-reflection chromium film of
double-layer structure (i.e., having a structure in which a
chromium layer and a chromium oxide layer are stacked) can
also be used.

[0085] The component elements of the first substrate 10
(i.e., the aforementioned first electrodes 11, second elec-
trodes 12, optical absorption layer 14, and so on) are sup-
ported by a substrate 10a which is electrically insulative (e.g.,
a glass substrate). Although FIGS. 1(a) and (b) illustrate the
optical absorption layer 14 as being provided at the rear face
side of the substrate 10a, the optical absorption layer 14 may
alternatively be provided on the optical layer 30 side of the
substrate 10a.

[0086] The second substrate (front substrate) 20 includes a
third electrode(s) 21 opposing the first electrodes 11 and the
second electrodes 12. The third electrode(s) 21 may be a
so-called spread electrode that does not have any slits or
bevels formed therein. It is not necessary that an electrically
independent third electrode 21 be provided for each pixel, but
a single continuous electrically conductive film may com-
monly be provided for all of the pixels (i.e., a common elec-
trode). In the case where the third electrode 21 is a spread
electrode that is common to all pixels, patterning by a photo-
lithography technique is not needed, so that the production
cost can be reduced. In the case of conducting multicolor
displaying, the second substrate 20 further includes color
filters (not shown).

[0087] The component elements of the second substrate 20
(the aforementioned third electrode(s) 21 and the like) are
supported on an electrically insulative substrate (e.g., glass
substrate) 20a.

[0088] The first electrodes 11, the second electrodes 12,
and the third electrode(s) 21 are each made of a transparent
electrically conductive material such as ITO (indium tin
oxide) or IZ0O (indium zinc oxide). There is no particular
limitation as to the method of depositing the electrically con-
ductive films to become these electrodes; various known
methods, such as a sputtering technique, a vacuum vapor
deposition technique, and a plasma CVD technique, can be
used. Also, there is no particular limitation as to the method of
patterning electrically conductive films to form the first elec-
trodes 11 and the second electrodes 12 which are interdigi-
tated electrodes; known patterning methods such as photoli-
thography can be used. The thicknesses of the first electrodes
11, the second electrodes 12, and the third electrode(s) 21 are
e.g. 100 nm.

[0089] The optical layer (display medium layer) 30
includes: a medium 31P in liquid form; and particles having
shape anisotropy (hereinafter referred to as “anisotropically-
shaped particles”) 32, which are dispersed in the medium 31P.
The aforementioned first substrate 10 and second substrate 20
are attached together via a sealing portion (not shown here)
which is formed around the displaying region, such that the
medium 31P and the anisotropically-shaped particles 32 are
contained within a region that is surrounded by the sealing
portion (i.e., the displaying region). There is no particular
limitation as to the thickness (cell gap) of the optical layer 30.
The optical layer 30 may have a thickness of e.g. 50 pm to 100

pm.
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[0090] The anisotropically-shaped particles 32 are light
reflective. The anisotropically-shaped particles 32 are in flake
form (thin-strip shaped), for example.

[0091] The anisotropically-shaped particles 32 change
their alignment directions in accordance with the direction of
an electric field which is applied to the optical layer 30. In
other words, the anisotropically-shaped particles 32 take dif-
ferent alignment directions depending on whether a longitu-
dinal field is generated in the optical layer 30 by a first elec-
trode 11 and a second electrode 12 and the third electrode 21,
or a lateral field is generated in the optical layer 30 by a first
electrode 11 and a second electrode 12. Since the anisotropi-
cally-shaped particles 32 have shape anisotropy, if the align-
ment direction of the anisotropically-shaped particles 32
changes, the projected area of each anisotropically-shaped
particle 32 onto the substrate plane (the substrate plane of the
first substrate 10) also changes, whereby the optical charac-
teristics (i.e., reflectance herein) of the optical layer 30
changes accordingly. The display device 110 of the present
embodiment takes advantage of this to perform displaying.
The reason why the alignment direction of the anisotropi-
cally-shaped particles 32 changes in accordance with the
direction of an applied field will be described later in detail.

[0092] In the display device 110 of the present embodi-
ment, the medium 31P is a liquid crystal material, containing
liquid crystal molecules 31a. Herein, the liquid crystal mate-
rial has positive dielectric anisotropy. That is, the medium
31P is a liquid crystal material of a so-called positive type,
such that the dielectric constant €, of the liquid crystal mol-
ecules 31a along the major axis direction is greater than the
dielectric constant € along the minor axis direction.

[0093] The first substrate 10 and the second substrate 20
include, respectively, vertical alignment films 15 and 25 pro-
vided at the optical layer 30 side. As will be described in detail
later, the vertical alignment films 15 and 25 possess an align-
ment regulating force for aligning the anisotropically-shaped
particles 32 substantially vertically with respect to the sub-
strate plane (the substrate plane of the first substrate 10 or the
second substrate 20). Moreover, herein, the vertical align-
ment films 15 and 25 also possess an alignment regulating
force for aligning the liquid crystal molecules 31a contained
in the medium (liquid crystal material) 31P substantially ver-
tically with respect to substrate plane (the substrate plane of
the first substrate 10 or the second substrate 20). Note that it
is not necessary for both of the first substrate 10 and the
second substrate 20 to have vertical alignment films provided
thereon; only one of them (e.g., only the first substrate 10)
may have a vertical alignment film provided thereon.

[0094] Hereinafter, with reference also to FIG. 3, FIG. 4,
and FIG. 5, the reason why the alignment direction of the
anisotropically-shaped particles 32 changes in accordance
with the direction of an applied field will be described more
specifically. FIG. 3 is a diagram showing an equivalent circuit
of the display device 110. FIG. 4(a) is a diagram schemati-
cally showing the display device 110 when a lateral field is
applied to the optical layer 30, and FIG. 4(b) is a diagram
showing alignment directions of anisotropically-shaped par-
ticles 32 and liquid crystal molecules 31a in that case. FIG.
5(a) is a diagram schematically showing the display device
110 when alongitudinal field is applied to the optical layer 30,
and FIG. 5(b) is a diagram showing alignment directions of
anisotropically-shaped particles 32 and liquid crystal mol-
ecules 31a in that case.
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[0095] As shown in FIG. 3, the display device 110 further
includes a power source 40, a first switch 51, a second switch
52, a third switch 53, and a fourth switch 54. The power
source 40 is the sole power source for controlling the electric
field to be applied to the optical layer 30. The first switch 51,
the second switch 52, the third switch 53, and the fourth
switch 54 switch the electrical interconnection between the
first electrode 11, second electrode 12 and third electrode 13
and the power source 40. Note that a resistor R1 shown in
FIG. 3 represents the resistance within the display panel 100
when a lateral field is applied to the optical layer 30, whereas
aresistor R2 shown in FIG. 3 represents the resistance within
the display panel 100 when a longitudinal field is applied to
the optical layer 30.

[0096] When no electric field is applied to the optical layer
30, as shown in FIG. 1, the anisotropically-shaped particles
32 are aligned so that they are (i.e., their longitudinal direc-
tions are) substantially perpendicular to the substrate plane of
the first substrate 10 (i.e., taking a vertical alignment state)
due to the alignment regulating forces of the vertical align-
ment films 15 and 25. Moreover, the liquid crystal molecules
31a becoming aligned substantially vertically with respect to
the substrate plane, due to the alignment regulating forces of
the vertical alignment films 15 and 25, acts to assist in the
anisotropically-shaped particles 32 taking a vertical align-
ment state. In the present specification, that “the anisotropi-
cally-shaped particles 32 are aligned substantially vertically
with respect to the substrate plane” refers to a state where the
anisotropically-shaped particles 32 are aligned at angles
exhibiting substantially similar optical characteristics to
those in a state where they are aligned strictly vertically with
respect to the substrate plane: specifically, a state where the
anisotropically-shaped particles 32 are aligned at angles of
75° or more with respect to the substrate plane. As will be
described later, when voltage is reset after a longitudinal field
is applied to the optical layer 30, the anisotropically-shaped
particles 32 will also take a vertical alignment state for the
same reason.

[0097] As shown in FIG. 4(a), when the fourth switch 54 is
turned ON, the first switch 51 OFF, the third switch 53 OFF,
and the second switch 52 ON, the first electrode 11 becomes
connected to one end of the power source 40 while the second
electrode 12 and the third electrode 21 become connected to
the other end of the power source 40. As a result, a predeter-
mined voltage (e.g., an AC voltage of Vpp=70V (x35V) with
a duty ratio of 50% and a frequency of 60 Hz) is applied
between the first electrode 11 and the second electrode 12,
whereby a lateral field is generated in the optical layer 30. In
FIGS. 4(a) and (), the direction of the electric field is indi-
cated with arrow E. As can be seen from FIG. 4(a), the
direction E of the electric field is substantially parallel to the
substrate plane of the first substrate 10 (i.e., substantially
perpendicular to the thickness direction of the optical layer
30).

[0098] At this time, as shown in FIGS. 4(a) and (), the
anisotropically-shaped particles 32 are aligned so that they
are (i.e., their longitudinal directions are) substantially paral-
lel to the substrate plane of the first substrate 10 (i.e., taking a
horizontal alignment state). The liquid crystal molecules 31a
also are aligned substantially in parallel to the substrate plane
of the first substrate 10. In this state, a large part of the incident
ambient light L is reflected by the anisotropically-shaped
particles 32 in the optical layer 30. That is, the optical layer 30
takes a reflecting state; this state achieves white displaying.
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Moreover, gray scale displaying also becomes possible by
applying a relatively low voltage. Although anisotropically-
shaped particles 32 remaining aligned substantially vertically
with respect to the substrate plane may exist near the second
substrate 20, white displaying (or gray scale displaying) can
be performed without problems.

[0099] On the other hand, as shown in FI1G. 5(a), when the
fourth switch 54 is turned OFF, the second switch 52 OFF, the
third switch 53 ON, and the first switch 51 ON, the third
electrode 21 becomes connected to one end of the power
source 40 while the first electrode 11 and the second electrode
12 become connected to the other end of the power source 40.
As aresult, a predetermined voltage (e.g., an AC voltage of 70
V with a duty ratio of 50% and a frequency of 60 Hz) is
applied between the first electrode 11 and second electrode 12
and the third electrode 21, whereby a longitudinal field is
generated in the optical layer 30. In FIGS. 5(a) and (b), the
direction of the electric field is indicated with arrow E. As can
be seen from FIG. 5(a), the direction E of the electric field is
substantially perpendicular to the substrate plane of the first
substrate 10 (i.e., substantially parallel to the thickness direc-
tion of the optical layer 30).

[0100] In this case, the anisotropically-shaped particles 32
are aligned so that they are (i.e., their longitudinal directions
are) substantially perpendicular to the substrate plane of the
first substrate 10 (i.e., taking a vertical alignment state), as
shown in FIGS. 5(a) and (b). The liquid crystal molecules 31a
also are aligned substantially vertically with respect to the
substrate plane of the first substrate 10. In this state, a large
part of the incident ambient light L. is transmitted through the
optical layer 30. That is, the optical layer 30 takes a transpar-
ent state. Since the ambient light which is transmitted through
the optical layer 30 is absorbed by the optical absorption layer
14, this state achieves black displaying.

[0101] Such changes in the alignment of the anisotropi-
cally-shaped particles 32 are ascribable to a dielectrophoretic
force due to interaction between an electric field and an elec-
tric dipole moment induced thereby. Hereinafter, with refer-
ence to FIGS. 6(a) and (b), this will be described more spe-
cifically. FIGS. 6(a) and (b) are diagrams showing how the
optical layer 30 may appear (in terms of electric charge dis-
tribution and electric lines of force) immediately after the
electric field being applied to the optical layer 30 is changed
from a lateral field to a longitudinal field, and after the lapse
of a sufficient time therefrom.

[0102] Inthe case where the dielectric constant of anisotro-
pically-shaped particles 32 is unequal to the dielectric con-
stant of the medium 31P, if the direction of an applied field to
the optical layer 30 changes, a large distortion occurs in the
electric lines of force, as shown in FIG. 6(a). Therefore, as
shown in FIG. 6(b), the anisotropically-shaped particles 32
rotate so as to result in the smallest energy.

[0103] Generally speaking, a dielectrophoretic force F,,,
acting on particles which are dispersed in a medium is
expressed by eq. (1) below, where €, is the dielectric constant
of the particles, E m is the dielectric constant of the medium,
a is the radius of the particles, and E is the intensity of the
electric field. Note that Re in eq. (1) is an operator for extract-
ing the real part. In the present embodiment, the medium 31P
is a liquid crystal material, having dielectric anisotropy. That
is, the dielectric constant €,, along the major axis direction of
the liquid crystal molecules 31a is unequal to the dielectric
constant €, along their minor axis direction, presumably
€, ~C,~AC.
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[math. 1]
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[0104] Moreover, as will be seen from what has already
been described, in addition to the aforementioned dielectro-
phoretic force, assistance from the alignment regulating
forces of the vertical alignment films 15 and 25 and the liquid
crystal molecules 31a are at work in allowing the anisotropi-
cally-shaped particles 32 to assume a vertical alignment state,
whereby switching between a vertical alignment operation
and a horizontal alignment operation of the anisotropically-
shaped particles 32 can suitably occur.

[0105] As described above, the display device 110 of the
present embodiment performs displaying by switching
between a state in which a longitudinal field is generated in
the optical layer 30 and a state in which a lateral field is
generated in the optical layer 30. The transition from the
former state to the latter state, and the transition from the latter
state to the former state, are both effected by changing the
direction of an applied field, and thus a sufficient response
speed can be realized, unlike in the optical device of Patent
Document 3. Moreover, the display device 110 does not
require polarizers and therefore can achieve a high efficiency
of light utilization.

[0106] Furthermore, in the display device 110, a liquid
crystal material is used as the medium 31P. Generally speak-
ing, a liquid crystal material has a resistivity which is several
digits higher than those of the media (propylene carbonate,
etc.) which are mentioned as examples in Patent Documents
1 and 2. Therefore, in the display device 110, in a state where
the TFT is OFF after a write to a pixel, an off-leak is prevented
from occurring via the medium 31P. As a result, a high voltage
holding ratio is obtained, and active matrix driving can be
suitably performed. Moreover, power consumption can be
reduced because of there being little leak current. The power
consumption P of the display device 110 is expressed by eq.
(2) below, where C is the capacitance of the display panel 100,
V is the applied voltage to the optical layer 30, fis the driving
frequency, and [ is the leak current.

P=CVfIV 2

[0107] The first term on the right-hand side of eq. (2) is
what may be called a pixel capacitor term, and the second
term is what may be called a leak current term. In other words,
the power consumption P can be discussed separately in terms
of a pixel capacitor component and a leak current component.
When the resistivity of the medium 31P is high, the leak
current I will decrease, so that the power consumption P can
be reduced, as will also be clear from eq. (2).

[0108] Moreover, the alignment films used in the display
device 110 are vertical alignment films 15 and 25; that is,
when no electric field is applied to the optical layer 30, align-
ment regulating forces exist that cause the anisotropically-
shaped particles 32 to be aligned substantially vertically with
respect to the substrate plane, thereby preventing the aniso-
tropically-shaped particles 32 from sticking to the alignment
films while in their horizontal state. Thus, when a longitudinal
field is generated in the optical layer 30, a large number of
anisotropically-shaped particles 32 will take a vertical align-
ment state. This realizes a high contrast ratio.
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[0109] Furthermore, after an electric field is applied to the
optical layer 30 in the display device 110, even if the electric
field is removed (i.e., voltage is reset), the alignment state of
the anisotropically-shaped particles 32 will be maintained. In
other words, the display device 110 has memory ability.

[0110] FIG. 7(a) shows an alignment state of the anisotro-
pically-shaped particles 32 when voltage is reset after a lon-
gitudinal field is applied to the optical layer 30. As shown in
FIG. 7(a), even if voltage is reset, the anisotropically-shaped
particles 32 maintain a state of being aligned substantially
vertically with respect to the substrate plane. This is dueto the
alignment regulating forces of the vertical alignment films 15
and 25. Note that voltage resetting can be achieved by switch-
ing the ON/OFF state of the first switch 51, the second switch
52, the third switch 53, and the fourth switch 54 as illustrated
in FIG. 7(a). When the first switch 51 is turned OFF, the
second switch 52 OFF, the third switch 53 ON, the fourth
switch 54 ON, the first electrode 11, the second electrode 12,
and the third electrode 21 will conduct with one another,
whereby voltage is reset.

[0111] FIG. 7(b) shows an alignment state of the anisotro-
pically-shaped particles 32 when voltage is reset after a lateral
field is applied to the optical layer 30. As shown in F1G. 7(b),
even if voltage is reset, the anisotropically-shaped particles
32 will maintain a state of being aligned substantially in
parallel to the substrate plane. The reason thereof will be
described later.

[0112] Thus, since the display device 110 has memory abil-
ity, hardly any voltage needs to be supplied unless during a
rewrite. Therefore, further reduction in power consumption
can be achieved.

[0113] Moreover, in the display device 110, the alignment
regulating forces of the vertical alignment films 15 and 25
prevent the anisotropically-shaped particles 32 from precipi-
tating (while being oriented in the horizontal direction) due to
their own weight.

[0114] As described above, in the display panel (optical
device) 100 of the present embodiment, a liquid crystal mate-
rialis used as the medium 31P, and vertical alignment films 15
and 25 are provided on the optical layer 30 side of the first
substrate 10 and the second substrate 20, whereby the display
panel 100 is capable of active matrix driving, excels in low
power consumption characteristics, and realizes a high effi-
ciency of light utilization and a high contrast ratio.

[0115] Moreover, when the liquid crystal material is of a
positive type as in the present embodiment, the behavior of
the anisotropically-shaped particles 32 matches the behavior
of the liquid crystal molecules 31a when an electric field is
applied to the optical layer 30. For example, if the electric
field being applied to the optical layer 30 is switched from a
lateral field to a longitudinal field, the anisotropically-shaped
molecules 32 will try to transition from a horizontal align-
ment state to a vertical alignment state, and the liquid crystal
molecules 31a will also try to transition from a horizontal
alignment state to a vertical alignment state. This increases
the number (probability of existence) of anisotropically-
shaped particles 32 that will be vertically aligned as intended,
whereby an even higher contrast ratio can be realized.

[0116] Furthermore, the liquid crystal material being of a
positive type makes it possible to realize memory ability not
only in a state where the anisotropically-shaped particles 32
are vertically aligned, but also in a state where the anisotro-
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pically-shaped particles 32 are horizontally aligned (see FIG.
7(b)), thereby enabling further reduction in power consump-
tion.

[0117] Moreover, there being only one power source 40 for
controlling the electric field to be applied to the optical layer
30 as in the present embodiment makes it possible to reduce
the cost of the parts. In the case where power circuitry is made
onto the first substrate 10, there being only one power source
40 makes it possible to decrease the circuit scale, whereby the
frame region can be made smaller.

[0118] There is no particular limitation as to the specific
shape and material of the anisotropically-shaped particles 32,
so long as their projected area onto the substrate plane
changes in accordance with the direction of an applied field in
the manner described above. The anisotropically-shaped
members 32 may be in flake form (thin-strip shaped), or
cylindrical or ellipsoidal form, etc. From the standpoint of
realizing a high contrast ratio, preferably the anisotropically-
shaped particles 32 are shaped so that the ratio between the
maximum projected area and the minimum projected area is
2:1 or more.

[0119] As the material of the anisotropically-shaped pat-
ticles 32, metal material, a semiconductor material, a dielec-
tric material, or a composite material thereof can be used. The
anisotropically-shaped particles 32 may be a multilayer
dielectric film, or composed of a cholesteric resin material. In
the case where a metal material is used as the material of the
anisotropically-shaped particles 32, an insulating layer (di-
electric layer) is preferably formed on the surface of the
anisotropically-shaped particles 32. Although the dielectric
constant of a metal alone would be an imaginary number,
forming an insulating layer (e.g., a resin layer or a metal oxide
layer) on its surface will allow the anisotropically-shaped
particles 32 made of the metal material to be treated as a
dielectric. An insulating layer being formed on the surface
will also provide the effects of preventing electrical conduc-
tion due to contact between anisotropically-shaped particles
32 being made of the metal material, coagulation due to
physical interactions, and so on. As such anisotropically-
shaped particles 32, for example, aluminum flakes whose
surface is coated with a resin material (e.g., an acrylic resin)
can be used. The optical layer 30 has an aluminum flake
content of e.g., 3 weight %. Alternatively, aluminum flakes
having an SiO, layer formed on their surface, aluminum
flakes having an aluminum oxide layer formed on their sur-
face, and so on can also be used. It will be appreciated that
metal materials other than aluminum may also be used as the
metal material. Moreover, the anisotropically-shaped par-
ticles 32 may be colored.

[0120] There is no particular limitation as to the length of
the anisotropically-shaped particles 32. Typically, the length
of the anisotropically-shaped particles 32 is on the order of
several mm to several dozen mm (e.g., 10 um in the case
where the electrode pitch p (see FIG. 2) is 10 um; or 4 pm in
the case where the electrode pitch p is 4 um). Moreover, in a
reflection type display device such as that of the present
embodiment, in order to cover the entire substrate plane with
the anisotropically-shaped particles 32 in a horizontal align-
ment state for achieving high reflectance, it is preferable that
the length of the anisotropically-shaped particles 32 is equal
to or greater than the electrode pitch p. Also, there is no
particular limitation as to the thickness of the anisotropically-
shaped particles 32. However, the smaller the thickness of the
anisotropically-shaped particles 32 is, the higher the trans-
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mittance of the optical layer 30 in a transparent state can be.
Therefore, the thickness of the anisotropically-shaped pat-
ticles 32 is preferably smaller than the interelectrode distance
g (e.g., 4 umor less), and more preferably equal to or less than
the wavelength of light (e.g., 0.5 pm or less).

[0121] The specific gravity of the anisotropically-shaped
particles 32 is preferably 11 g/cm? or less, more preferably 3
g/em? or less, and further more preferably about the same
specific gravity as that of the medium 31P. This is because, if
the specific gravity of the anisotropically-shaped particles 32
is significantly different from the specific gravity of the
medium 31P, a problem may occur in that the anisotropically-
shaped particles 32 may precipitate or float around.

[0122] As a positive type liquid crystal material which is
the medium 31P, a wide range of liquid crystal materials for
use in liquid crystal display devices can be suitably used. For
example, a fluorine-type liquid crystal material having fluo-
rine introduced in a side chain thereof can be suitably used.
Fluorine-type liquid crystal materials, which are often used in
passive matrix-driven liquid crystal display devices, have
large dielectric anisotropy and high resistivity. Specifically,
for example, a liquid crystal material whose dielectric con-
stant €, along the major axis direction is 24.7, dielectric
constant €, along the minor axis direction is 4.3, and resis-
tivity p is 6x10"* Q-cm can be used. It will be appreciated that
the dielectric constant and resistivity of the liquid crystal
material are not limited to those mentioned here. From the
standpoint of sufficiently restraining an off-leak from occur-
ring via the medium 31P, the resistivity of the liquid crystal
material is preferably 1x10'* to ' ©-cm or more. Moreover,
the dielectric anisotropy A€ of the liquid crystal material is
preferably greater than 10 (AS>10).

[0123] As the vertical alignment films 15 and 25, vertical
alignment films for use in VA (Vertical Alignment) mode
liquid crystal display devices (e.g. polyimide-type or
polyamic acid-type vertical alignment films manufactured by
JSR CORPORATION or NISSAN CHEMICAL INDUS-
TRIES, LTD.) can be suitably used. In order to vertically
align a positive type liquid crystal material having a high
dielectric constant, it is preferable to use vertical alignment
films having a hydrophobic structure such as an alkyl group or
a fluorine-containing group relatively abundantly introduced
in a side chain thereof. The vertical alignment films 15 and 25
each have a thickness of e.g. 100 nm. Of course, this is not a
limitation.

[0124] Thus, a vertical alignment film for use in liquid
crystal display devices is able to exhibit an alignment regu-
lating force also for the anisotropically-shaped particles 32.
Hereinafter, a result of verifying this by actually prototyping
a display panel will be described. FIG. 8(a) is a diagram
schematically showing a prototyped display panel 100", and
FIG. 8(b) is an optical micrograph where the optical layer 30
of the display panel 100' in the absence of applied voltage is
observed from the normal direction of the substrate plane.
[0125] Adisplay panel 100" shownin FI1G. 8(a) differs from
the display panel 100 shown in FIG. 1, etc., in that, instead of
afirstelectrode 11 and a second electrode 12 (which would be
interdigitated electrodes), the first substrate 10 includes a
spread electrode 11'. In the prototyped display panel 100", the
optical layer 30 has a thickness (cell gap) of 50 um. As the
anisotropically-shaped particles 32, disk-shaped aluminum
flakes whose surface was coated with a resin material were
used. The aluminum flakes had alength (diameter) of about 5
um, and a thickness of about 0.1 um. No optical absorption
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layer 14 was provided on the first substrate 10 of the display
panel 100'; observation with an optical microscope was made
by placing a light source 101 behind the first substrate 10 and
observing the display panel 100' through the front face (in a
direction D1 in FIG. 8(a)).

[0126] Inthe absence of applied voltage to the optical layer
30, as can be seen from FIG. 8(d), a large number of aniso-
tropically-shaped particles 32 are aligned substantially verti-
cally with respect to the substrate plane. For example, an
anisotropically-shaped particle 32 that is indicated with a
reference numeral in FIG. 8(b) has a surface of projection
with a width (size S in FIG. 8(5)) of about 0.75 um on the
substrate plane. Therefore, the angle 0 that this anisotropi-
cally-shaped particle 32 constitutes with the substrate plane is
about 81° (=tan™*(5/0.75)).

[0127] From the standpoint of increasing reflectance, it is
preferable that as many anisotropically-shaped particles 32 as
possible are aligned substantially vertically with respect to
the substrate plane. For example, within each pixel, prefer-
ably 50% or more anisotropically-shaped particles 32 are
aligned at angles of 800 or more with respect to the substrate
plane. Alternatively, in a region measuring 150 umx150 pm
(i.e., 150 um on all sides) at the central portion of the display
surface, preferably 80% or more anisotropically-shaped par-
ticles 32 are aligned at angles of 80° or more with respect to
the substrate plane. In the example shown in FIG. 8(b), in a
region of about 100 umx100 pm, 90% or more anisotropi-
cally-shaped particles 32 are aligned at angles of 80° or more
with respect to the substrate plane.

[0128] Presumably, the reason why the anisotropically-
shaped particles 32 are vertically aligned in the absence of
applied voltage has to do with the surface tension of the
vertical alignment films 15 and 25 and macroscopic changes
in the alignment of the liquid crystal molecules 31a.

[0129] As the vertical alignment films 15 and 25, those
which will vertically align both a positive type liquid crystal
material and a negative type liquid crystal material may be
used, or those which will only vertically align either apositive
type liquid crystal material or a negative type liquid crystal
material may be used. In the present embodiment, the
medium 31P is a positive type liquid crystal material; how-
ever, as the vertical alignment films 15 and 25, those which
will vertically align a negative type liquid crystal material but
will not vertically align a positive type liquid crystal material
may be used. In other words, it suffices if the vertical align-
ment films 15 and 25 align the anisotropically-shaped par-
ticles 32 substantially vertically with respect to the substrate
plane.

[0130] Ithas been found through the inventors’ verification
that the memory ability which has been described with refer-
ence to FIG. 7(b) (the memory ability when voltage is reset
after a lateral field is applied) is mainly obtained when a
medium 31P which is a positive type liquid crystal material is
combined with vertical alignment films which will vertically
align a negative type liquid crystal material but will not ver-
tically align a positive type liquid crystal material. This is
presumably due to the following reason. When the anisotro-
pically-shaped particles 32 are in a horizontal alignment state
(a state shown in FIGS. 4(a) and (b)), the anisotropically-
shaped particles 32 and the first electrode 11 and the second
electrode 12 are in a charged state. The alignment regulating
forces which are directly exerted on the anisotropically-
shaped particles 32 by the vertical alignment films alone will
not be enough to eliminate this state; rather, assistance from
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the liquid crystal molecules 31a becoming vertically aligned
will be needed. In the aforementioned combination, no assis-
tance due to the liquid crystal molecules 31a becoming ver-
tically aligned exists, thus allowing the memory ability to be
exhibited.

[0131] Although the above description illustrates a con-
struction where the first substrate 10 being an active matrix
substrate is provided on the rear face side, the positioning of
the first substrate 10 is not limited to this. The first substrate
10 may be provided on the front face side. The first substrate
10, being an active matrix substrate, contains component
elements which are made of a material having light-shielding
property; therefore, adopting a construction where the first
substrate 10 is provided on the rear face side will make utmost
use of the reflection effect of the anisotropically-shaped par-
ticles 32.

[0132] Moreover, the specific circuit construction (the
number of switches and power sources interconnection
between them) for switching the direction of the electric field
to be applied to the optical layer 30 is not limited to what is
illustrated in FIG. 3 and the like. For example, a circuit
construction as shown in FIG. 9 may be adopted.

[0133] Inthe constructionshown in FIG. 3 and the like, four
switches (the first switch 51, the second switch 52, the third
switch 53, and the fourth switch 54) are provided. On the
other hand, in the construction shown in FIG. 9, three
switches are provided: a first switch 51, a second switch 52,
and a third switch 53. By adopting such a construction, too, it
is possible to switch the direction of the electric field to be
applied to the optical layer 30.

[0134] Specifically, in the case of generating a lateral field
in the optical layer 30, as shown in FIG. 10(a), the second
switch 52 may be turned ON, the first switch 51 OFF, and the
third switch 53 ON. As a result, the first electrode 11 becomes
connected to one end of the power source 40 while the second
electrode 12 and the third electrode 21 become connected to
the other end of the power source 40. Thus, a predetermined
voltage is applied between the first electrode 11 and the
second electrode 12, and a lateral field is generated in the
optical layer 30.

[0135] In the case of generating a longitudinal field in the
optical layer 30, as shown in F1G. 10(b), the second switch 52
may be turned OFF, the third switch 53 ON, and the first
switch 51 ON. As aresult, the first electrode 11 and the second
electrode 12 become connect to one end of the power source
40 while the third electrode 21 becomes connected to the
other end of the power source 40. As a result, a predetermined
voltage is applied between the first electrode 11 and second
electrode 12 and the third electrode 21, whereby a longitudi-
nal field is generated in the optical layer 30.

[0136] In the case of resetting voltage, as shown in FIG. 9,
the third switch 53 may be turned OFF, the first switch 51 ON,
and the second switch 52 ON. As a result, the first electrode
11, the second electrode 12, and the third electrode 21 will
conduct with one another, whereby voltage is reset.

Embodiment 2

[0137] FIG. 11 shows a display device 210 according to the
present embodiment. FIG. 11 is a cross-sectional view sche-
matically showing the display device 210. Hereinafter, dif-
ferences of the display device 210 of the present embodiment
from the display device 110 of Embodiment 1 will be mainly
described.
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[0138] The display panel 100 of the display device 110 of
Embodiment 1 includes a positive type liquid crystal material
as the medium 31P. On the other hand, a display panel 200 of
the display device 210 of the present embodiment includes a
so-called negative type liquid crystal material as a medium
31IN. In other words, the medium 31N is a liquid crystal
material having negative dielectric anisotropy, such that the
dielectric constant €, of the liquid crystal molecules 315
along the minor axis direction is greater than the dielectric
constant €, along the major axis direction.

[0139] Now, with reference also to FIG. 12 and FIG. 13,
changes in the alignment direction of anisotropically-shaped
particles 32 in accordance with the applied field will be
described. FIG. 12(a) is a diagram schematically showing the
display device 210 when a lateral field is applied to the optical
layer 30, and FIG. 12(5) is a diagram showing alignment
directions of anisotropically-shaped particles 32 and liquid
crystal molecules 315 in that case. FIG. 13(a) is a diagram
schematically showing the display device 210 when a longi-
tudinal field is applied to the optical layer 30, and FIG. 13(4)
is a diagram showing alignment directions of anisotropically-
shaped particles 32 and liquid crystal molecules 315 in that
case.

[0140] When no electric field is applied to the optical layer
30, the anisotropically-shaped particles 32 are aligned so that
they are (i.e., their longitudinal directions are) substantially
perpendicular to the substrate plane of the first substrate 10, as
shown in FIG. 11.

[0141] As shown in FIG. 12(a), when the fourth switch 54
is turned ON, the first switch 51 OFF, the third switch 53 OFF,
and the second switch 52 ON, the first electrode 11 becomes
connected to one end of the power source 40 while the second
electrode 12 and the third electrode 21 become connected to
the other end of the power source 40. As a result, a predeter-
mined voltage (e.g., an AC voltage of Vpp=70V with a duty
ratio of 50% and a frequency of 60 Hz) is applied between the
first electrode 11 and the second electrode 12, whereby a
lateral field is applied to the optical layer 30.

[0142] At this time, as shown in FIGS. 12(a) and (b), the
anisotropically-shaped particles 32 are aligned so that they
are (i.e., their longitudinal directions are) substantially paral-
lel to the substrate plane of the first substrate 10 (i.e., taking a
horizontal alignment state). Moreover, the liquid crystal mol-
ecules 316 are aligned substantially vertically with respect to
the substrate plane ofthe first substrate 10. In this state, a large
part of the incident ambient light L is reflected by the aniso-
tropically-shaped particles 32 in the optical layer 30. That is,
the optical layer 30 takes a reflecting state; this state achieves
white displaying. Moreover, gray scale displaying also
becomes possible by applying a relatively low voltage.
[0143] On the other hand, as shown in F1G. 13(a), when the
fourth switch 54 is turned OFF, the second switch 52 OFF, the
third switch 53 ON, and the first switch 51 ON, the third
electrode 21 becomes connected to one end of the power
source 40 whilethe first electrode 11 and the second electrode
12 become connected to the other end of the power source 40.
As a result, a predetermined voltage (e.g., an AC voltage of
Vpp=70V with a duty ratio of 50% and a frequency of 60 Hz)
is applied between the first electrode 11 and second electrode
12 and the third electrode 21, whereby a longitudinal field is
applied to the optical layer 30.

[0144] In this case, the anisotropically-shaped particles 32
are aligned so that they are (i.e., their longitudinal directions
are) substantially perpendicular to the substrate plane of the
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first substrate 10 (i.e., taking a vertical alignment state), as
shown in FIGS. 13(e) and (b). The liquid crystal molecules
31a are aligned substantially in parallel to the substrate plane
ofthe first substrate 10. In this state, a large part of the incident
ambient light T is transmitted through the optical layer 30.
That is, the optical layer 30 takes a transparent state. Since the
ambient light which is transmitted through the optical layer
30 is absorbed by the optical absorption layer 14, this state
achieves black displaying.

[0145] As described above, the display device 210 of the
present embodiment performs displaying by switching
between a state in which a longitudinal field is generated in
the optical layer 30 and a state in which a lateral field is
generated in the optical layer 30. The transition from the
former state to the latter state, and the transition from the latter
state to the former state, are both effected by changing the
direction of an applied field, and thus a sufficient response
speed can be realized. Moreover, the display device 210 does
not require polarizers and therefore can achieve a high effi-
ciency of light utilization.

[0146] Furthermore, since a liquid crystal material is used
as the medium 31N in the display device 210, in a state where
the TFT is OFF after a write to a pixel, an off-leak is prevented
from occurring via the medium 31N. As a result, a high
voltage holding ratio is obtained, and active matrix driving
can be suitably performed.

[0147] Moreover, the alignment films used in the display
device 210 are vertical alignment films 15 and 25, thereby
preventing the anisotropically-shaped particles 32 from stick-
ing to the alignment films while in their horizontal state. Thus,
when a longitudinal field is generated in the optical layer 30,
a large number of anisotropically-shaped particles 32 will
take a vertical alignment state. This realizes a high contrast
ratio.

[0148] Furthermore, the display device 210 has memory
ability.
[0149] FIGS. 14(a) and (b) show alignment states of aniso-

tropically-shaped particles 32 and liquid crystal molecules
315 when voltage is reset after a longitudinal field is applied
to the optical layer 30. As shown in FIGS. 14(a) and (5), even
if voltage is reset, the anisotropically-shaped particles 32
maintain a state of being aligned substantially vertically with
respect to the substrate plane. This is due to the alignment
regulating forces of the vertical alignment films 15 and 25.
Note that voltage resetting can be achieved by switching the
ON/OFT state of the first switch 51, the second switch 52, the
third switch 53, and the fourth switch 54 as illustrated in FIG.
14(a). When the first switch 51 is turned OFF, the second
switch 52 OFF, the third switch 53 ON, and the fourth switch
54 ON, the first electrode 11, the second electrode 12, and the
third electrode 21 will conduct with one another, whereby
voltage is reset.

[0150] Thus, the display device 110 has memory ability,
whereby further reduction in power consumption can be
achieved.

[0151] However, in the display device 210 of the present
embodiment, memory ability is realized in a state where the
anisotropically-shaped particles 32 are vertically aligned, but
not in a state where the anisotropically-shaped particles 32
are horizontally aligned.

[0152] FIGS.15(a) and (b) show alignment states of aniso-
tropically-shaped particles 32 and liquid crystal molecules
315 when voltage is reset after a lateral field is applied to the
optical layer 30. As shown in FIGS. 15(a) and (b), when
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voltage is reset, the anisotropically-shaped particles 32 will
return to a vertical alignment state.

[0153] As described above, in the display panel (optical
device) 200 of the present embodiment, a liquid crystal mate-
rial is used as the medium 31N, and vertical alignment films
15 and 25 are provided on the optical layer 30 side of the first
substrate 10 and the second substrate 20, whereby the display
panel 200 is capable of active matrix driving, excels in low
power consumption characteristics, and realizes a high effi-
ciency of light utilization and a high contrast ratio.

[0154] In the case where the liquid crystal material is a
negative type, memory ability is not realized in a state where
the anisotropically-shaped particles 32 are horizontally
aligned (see FIG. 15). Therefore, from the standpoint of
reducing power consumption, it may be preferable to use a
positive type liquid crystal material as the medium 31P, as in
the case of the display device 110 of Embodiment 1.

[0155] On the other hand, the following advantages will
result when the liquid crystal material is a negative type.
[0156] Ashasalready been described, when the liquid crys-
tal material is a negative type, if voltage is reset after a lateral
field is applied to the optical layer 30, the anisotropically-
shaped particles 32 will return to a vertical alignment state. In
other words, without applying a longitudinal field to the opti-
cal layer 30, the anisotropically-shaped particles 32 can tran-
sition from a horizontal alignment state to a vertical align-
ment state. This allows the third electrode 21 to be omitted, as
in a display device 210A shown in FIG. 16.

[0157] The display device 210A shown in FIG. 16 differs
from the display device 210 shown in FIG. 11, etc., in that the
third electrode 21 is omitted (i.e., the second substrate 20
lacks an electrode opposing the first electrode 11 and the
second electrode 12). The display device 210A performs
displaying by switching between applying and not applying a
lateral field to the optical layer 30. In the display device 210A,
omission of the third electrode 21 belonging to the display
device 210 permits reduction in the production cost.

[0158] As a negative type liquid crystal material which is
the medium 31N, a wide range of liquid crystal materials for
use in liquid crystal display devices can be suitably used. For
example, a liquid crystal material whose dielectric constant
€, along the major axis directionis 3.7, dielectric constant € |
along the minor axis direction is 7.8, and resistivity p is
1x10"* Q-cm can be used. It will be appreciated that the
dielectric constant and resistivity of the liquid crystal material
are not limited to those mentioned here. From the standpoint
of sufficiently restraining an off-leak from occurring via the
medium 31N, the resistivity of the liquid crystal material is
preferably 1x10*! to *2 Q-cm or more.

Embodiment 3

[0159] With reference to FIG. 17 to FIG. 22, a display
device 310 according to the present embodiment will be
described. FIG. 17 is a plan view schematically showing the
entire display device 310. FIG. 18 is a plan view schemati-
cally showing a region corresponding to one pixel of the
display device 310. FIG. 19 is a cross-sectional view taken
along line A-A' in FIG. 18. FIG. 20 is a plan view showing
only the first electrode 11 and the second electrode 12 among
the component elements shown in FIG. 18. FIG. 21 is a plan
view showing only the light shielding layer 61 among the
component elements shown in FIG. 18. FIG. 22 is a plan view
showing anything other than the first electrode 11, the second
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electrode 12, and the light shielding layer 61 among the
component elements shown in FIG. 18.

[0160] As shown in FIG. 17, the display panel 300 of the
display device 310 has a displaying region DR and a frame
region (non-displaying region) FR located outside the dis-
playing region DR. A sealing portion 60 is formed so as to
surround the displaying region DR.

[0161] Moreover, thedisplay panel 300 includes plural gate
lines 71 and 72 extending along the row direction and plural
source lines 81 and 82 extending along the column direction.
As can be seen from FIG. 17 and FIG. 18, two gate lines 71
and 72 are provided for each pixel row. Hereinafter, one 71 of
the two gate lines 71 and 72 will be referred to as the “first gate
line”, and the other 72 as the “second gate line”. Moreover,
two source lines 81 and 82 are provided for each pixel col-
umn. Hereinafter, one 81 of the two source lines 81 and 82
will be referred to as the “first source line”, and the other 82
as the “second source line”.

[0162] The first gate line 71 and the second gate line 72 are
branched out from a single gate line near the frame region FR.
In other words, the first gate line 71 and the second gate line
72 are electrically connected to each other, so that they supply
the same gate signal. On the other hand, the first source line 81
and the second source line 82 are not electrically connected to
each other, so that they independently supply their respective
source signals.

[0163] Moreover, in addition to the display panel 300, the
display device 310 includes a gate driver 91 and a source
driver 92 for supplying driving signals to the display panel
300. The first gate line 71 and the second gate line 72 are
connected to the gate driver 91 via terminal portions 78 which
are provided in the frame region FR. Moreover, the first
source line 81 and the second source line 82 are respectively
connected to the source driver 92 via terminal portions 88
provided in the frame region FR. Note that the gate driver 91
and the source driver 92 may be made onto the first substrate
10, which is an active matrix substrate (i.e., formed so as to
integral with the first substrate 10).

[0164] As shown in FIG. 22, two TFTs (first TFT and
second TFT) 17A and 17B are provided for each pixel. Each
of the first TFT 17A and the second TFTs 17B includes a gate
electrode 17g, a source electrode 17s, a drain electrode 174,
and a semiconductor layer 17a.

[0165] The gate electrode 17g, the source electrode 17s,
and the drain electrode 174 of the first TFT 17A are electri-
cally connected to the first gateline 71, the first source line 81,
and the first electrode 11, respectively. The gate electrode
17g, the source electrode 17s, and the drain electrode 17d of
the second TFT 17B are electrically connected to the second
gate line 72, the second source line 82, and the second elec-
trode 12, respectively.

[0166] As shown in FIG. 20, each of the first electrode 11
and the second electrode 12 includes plural branches 11a and
12a. However, whereas the first electrode 11 and the second
electrode 12 in the display device 110 of Embodiment 1 are
interdigitated electrodes (see FIG. 2), each of the first elec-
trode 11 and the second electrode 12 according to the present
embodiment is a spiral electrode having a swirling shape.
[0167] Moreover, two storage capacitor lines (first storage
capacitor line and second storage capacitor line) 75 and 76 are
provided for each pixel row. Each of the first storage capacitor
line 75 and the second storage capacitor line 76 supplies a
storage capacitor counter voltage (Cs voltage) to a storage
capacitor counter electrode 73 (which herein extends from
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the first storage capacitor line 75 or the second storage capaci-
tor line 76). Together with the storage capacitor electrode 74,
the storage capacitor counter electrode 73 constitute a storage
capacitor Cs. The storage capacitor electrode 74 is electri-
cally connected to a drain electrode 17d of the first TFT 17A
or the second TFT 17B (extending from the drain electrode
17d herein).

[0168] Now, the multilayer structure on the substrate 10a of
the first substrate 10 will be described (see FIG. 19).

[0169] On thesubstrate 10a, the gate electrode 17g, the gate
lines 71 and 72, the storage capacitor lines 75 and 76, and the
storage capacitor counter electrode 73 are provided. These
are made of amultilayer film of a titanium layer, an aluminum
layer, and a titanium layer (Ti/Al/Ti: these layers having
respective thicknesses of 100 nm, 300 nm and 30 nm), for
example.

[0170] A gateinsulating layer 62 is provided so as to cover
the gate electrode 17g and the like. The gate insulating layer
62 is made of a silicon nitride (SiNx) film having a thickness
of 400 to 1000 nm, for example.

[0171] On the gate insulating layer 62, the semiconductor
layer 17a, the source electrode 17s, the drain electrode 174,
the source lines 81 and 82, and the storage capacitor electrode
74 are provided. Various known semiconductor materials can
be used as the material of the semiconductor layer 17a; for
example, amorphous silicon, polycrystalline silicon, continu-
ous grain silicon (CGS), or the like can be used. The contact
layer (impurity-added semiconductor layer) and the intrinsic
semiconductor layer have respective thicknesses of 50 nm
and 230 nm, for example. The source electrode 175, the drain
electrode 174, the source lines 81 and 82, and the storage
capacitor electrode 74 are made of a multilayer film of an
aluminum layer and a titanium layer (Al/Ti: these layers
having respective thicknesses of 200 nm and 30 nm), for
example.

[0172] A transparent insulating layer 63 is provided so as to
cover the source electrode 17s, the drain electrode 174, and
the like. The transparent insulating layer 63 is made of an
SiNx film having a thickness of 250 nm, for example.
[0173] A light shielding layer 61 is provided on the trans-
parent insulating layer 63. The light shielding layer 61 is
disposed so as to overlap the first TFT 17A and the second
TFT 17B, and so on. The light shielding layer 61 is made ofa
molybdenum (Mo) film having a thickness of 100 nm, for
example.

[0174] An organic insulating layer 64 made of a photosen-
sitive resin is provided so as to cover the light shielding layer
61. The organic insulating layer 64 has a thickness of e.g. 2.5
pm.

[0175] Onthe organic insulating layer 64, the first electrode
11 and the second electrode 12 are provided. The first elec-
trode 11 and the second electrode 12 are made of an ITO film
having a thickness of 100 nm, for example. The width w, of
each branch 114 of the first electrode 11 and the width w, of
each branch 12a of the second electrode 12 is e.g. 10 #m. The
interelectrode distance g is e.g. 10 pm. Note that the material
of the first electrode 11 and the second electrode 12 does not
need to be transparent.

[0176] The first electrode 11 and the second electrode 12
are connected to the storage capacitor electrode 74 within a
contact hole CH which is formed in the transparent insulating
layer 63 and the organic insulating layer 64, and, via the
storage capacitor electrode 74, electrically connected to the
drain electrodes 17d of the first TFT 17A and the second TFT
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17B. The contact hole CH includes an opening 63a which is
formed in the transparent insulating layer 63 and an opening
64a which is formed in the organic insulating layer 64. When
forming the opening 63« in the transparent insulating layer
63, etching may be conducted by using the organic insulating
layer 64 as a mask, thus making it unnecessary to separately
provide a mask for the only sake of forming the opening 63a
in the transparent insulating layer 63, whereby the number of
masks can be reduced.

[0177] A vertical alignment film 15 is formed so as to cover
the first electrode 11 and the second electrode 12.

[0178] FIG. 23 shows another example of the multilayer
structure on the substrate 10q. In the structure shown in FIG.
23, after forming the opening 63« in the transparent insulating
layer 63 by etching, a film of photosensitive resin to become
the organic insulating layer 64 is formed.

[0179] Note that the semiconductor layer 17a may be an
oxide semiconductor layer which is made of an oxide semi-
conductor. The oxide semiconductor layer contains an
In—Ga—7Zn—O-type semiconductor, for example. Herein,
the In—Ga—Zn—0O-type semiconductor is a ternary oxide
of In (indium), Ga (gallium), and Zn (zinc); there is no par-
ticular limitation as to the proportion (composition ratio) of
In, Ga, and Zn; examples thereof include In:Ga:Zn=2:2:1,
In:Ga:Zn=1:1:1, In:Ga:Zn=1:1:2, and so on. The In—Ga—
Zn—O-type semiconductor may be amorphous or crystal-
line. As crystalline In—Ga—7Zn—O-type semiconductors,
those in which the ¢ axis is essentially vertically aligned with
respect to the layer plane are preferable. The crystal structure
of such an In—Ga—7n—O-type semiconductor is disclosed
in Japanese Laid-Open Patent Publication No. 2012-134475,
for example. The entire disclosure of Japanese Laid-Open
Patent Publication No. 2012-134475 is incorporated herein
by reference. A TFT that includes an In—Ga—Zn—O-type
semiconductor layer has a high mobility (20 times that of
a-SiTFT or greater) and a low leak current (less than Y100 of
that of a-SiTFT). Therefore, when an oxide semiconductor
layer made of an In—Ga—7n—O-type semiconductor is
used as the semiconductor layer 17a, the first TFT 17A and
the second TFT 17B have little off-leak, so that greater
memory ability is realized, and further reduction in power
consumption can be attained.

[0180] Note that the oxide semiconductor layer is not lim-
ited to an In—Ga—7n—O-type semiconductor layer. The
oxide semiconductor layer may contain a Zn—O-type semi-
conductor (ZnQ), an In—Zn—O-type semiconductor (IZ0),
a Zn—Ti—O-type semiconductor (ZTO), a Cd—Ge—O-
type semiconductor, a Cd—Pb—O-type semiconductor, an
In—Sn—7n—O-type semiconductor (e.g. In,0;—SnO,—
Zn0), an In—Ga—Sn—O-type semiconductor, or the like,
for example.

[0181] FIG. 24 shows still another example of the multi-
layer structure on the substrate 10a. In the structure shown in
FIG. 24, a further transparent insulating layer (etching stop-
per film) 65 is provided between the semiconductor layer 17a
and the source electrode 175, drain electrode 174, etc. The
source electrode 17s and the drain electrode 174 are con-
nected to the source region and the drain region of the semi-
conductor layer 17a within a contact hole which is formed in
the transparent insulating layer 65. By adopting this structure,
it becomes possible to protect the semiconductor layer 174
from damage resulting from etching when forming the source
electrode 17s, drain electrode 174, etc., whereby the charac-
teristics of the first TFT 17A and the second TFT 17B can be
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improved. This structure is effective in the case where the
semiconductor layer 17« is an oxide semiconductor layer.
[0182] Moreover, as in the present embodiment, using spi-
ral electrodes (see FIG. 20) as the first electrode 11 and the
second electrode 12 provides an advantage of achieving
brighter displaying over the case of using interdigitated elec-
trodes (see FIG. 2). Hereinafter, the reasons thereof will be
described with reference to FIGS. 25(a) and (4).

[0183] When not only the first electrode 11 and the second
electrode 12 of a given pixel, but also the first electrode 11 and
the second electrode 12 of a pixel adjoining that pixel is to be
considered, if the first electrode 11 and the second electrode
12 are interdigitated electrodes, as shown in FIG. 25(a),
regions where first electrodes 11 oppose each other or second
electrodes 12 oppose each other (regions surrounded by bro-
ken lines in FIG. 25(a)) exist at positions that correspond to
almost one side of the four sides of the pixel. Such regions are
regions where a lateral field cannot be applied, thus serving to
lower the brightness of displaying. On the other hand, if the
first electrode 11 and the second electrode 12 are spiral elec-
trodes, as shown in FIG. 25(b), regions where first electrodes
11 oppose each other or second electrodes 12 oppose each
other (regions surrounded by broken lines in FIG. 25(5)) only
exist at positions corresponding to the four corners of the
pixel, whereby brighter displaying can be performed.

[0184] Next, with reference to FIG. 26 to FIG. 29, a first
example of a driving method for the display device 310 will
be described. FIG. 26 is a diagram showing the display device
310 when a longitudinal field is being applied to the optical
layer 30.F1G. 27 is adiagram in the case where a longitudinal
field is to be applied to the optical layer 30, showing the signal
waveforms of: a gate signal which is supplied from the first
gate line 71 and the second gate line 72, a source signal (first
source signal) which is supplied from the first source line 81,
a source signal (second source signal) which is supplied from
the second source line 82, and a common voltage (Vcom)
whichis applied to the third electrode 21. FIG. 28 is a diagram
showing the display device 310 when a lateral field is being
applied to the optical layer 30. FIG. 29 is a diagram showing
signal waveforms of a gate signal, a first source signal, a
second source signal, and common voltage when a lateral
field is to be applied to the optical layer 30.

[0185] Inthe case where alongitudinal field is to be applied
to the optical layer 30 (i.e., performing black displaying), in
the example shown in FIG. 27, the low level of the gate signal
is =10V, and the highlevel is +45 V. The first source signal and
the second source signal which are supplied when the first
TFT 17A and the second TFT 17B is in an ON state (i.e., the
gate signal is at the high level) are +35 V in both of a first
frame and a second frame. The common voltageis 0 V in both
of the first frame and the second frame. In the case of per-
forming gray scale displaying, the first source signal and the
second source signal may be varied within the range from 0V
to +35V (excluding 0 V and +35 V).

[0186] Inthecase where alateral field is to be applied to the
optical layer 30 (i.e., performing white displaying), in the
example shown in FIG. 29, the low level of the gate signal is
-10V, and the high level is +45 V. Moreover, the first source
signal to be supplied when the first TFT 17A is in an ON state
15 +35 V in both of the first frame and the second frame, and
the second source signal to be supplied when the second TFT
178 is in an ON state is 0 V in both of the first frame and the
second frame. The common voltage is 0 V in both of the first
frame and the second frame. Note that gray scale displaying
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can be performed by varying the first source signal within the
range from 0V to +35V (excluding 0 V and +35 V). More-
over, the source signals in the case where the first TFT 17A
and the second TFT 17B are in an OFF state (OFF period) do
not affect the voltages of the first electrode 11 and the second
electrode 12; therefore, for example, the second source signal
does notneed to be +35V during the OFF period indicated in
FIG. 29, but may be any level within the range from 0V to +35
V, for example, or 0 V in order to achieve low voltage con-
figuration. This similarly applies to the examples illustrated
hereinbelow.

[0187] Since the display device 310 has memory ability,
supply of voltage may be stopped after performing the driving
illustrated in FIG. 27 and FIG. 29.

[0188] Next, with reference to FIG. 30 and FIG. 31, a
second example of the driving method will be described. FIG.
30 is a diagram showing signal waveforms of a gate signal, a
first source signal, a second source signal, and common volt-
age in the case where a longitudinal field is to be applied to the
optical layer 30. FIG. 31 is a diagram showing signal wave-
forms of a gate signal, a first source signal, a second source
signal, and common voltage in the case where a lateral field is
to be applied to the optical layer 30.

[0189] Inthe case where alongitudinal field is to be applied
to the optical layer 30 (i.e., performing black displaying), in
the example shown in FIG. 30, the low level of the gate signal
is —45V, and the high level is +45 V. Moreover, the first source
signal and the second source signal to be supplied when the
first TFT 17A and the second TFT 17B is in an ON state (i.e.,
the gate signal is at the high level) are +35 V in the first frame,
and -35V in the second frame. The common voltage is 0 V in
both of the first frame and the second frame. In the case of
performing gray scale displaying, the first source signal and
the second source signal may be varied within the range from
0V to £35V (excluding 0 V and +35 V).

[0190] Inthe case where alateral field is to be applied to the
optical layer 30 (i.e., performing white displaying), in the
example shown in FIG. 31, the low level of the gate signal is
-45'V, and the high level is +45 V. Moreover, the first source
signal to be supplied when the first TFT 17A is in an ON state
is +35V in the first frame, and =35V in the second frame. On
the other hand, the second source signal to be supplied when
the second TFT 17B is in an ON state is 0V in both of the first
frame and the second frame. The common voltage is 0 V in
both of the first frame and the second frame. Note that gray
scale displaying can be performed by varying the first source
signal within the range from 0V to +35V (excluding 0 V and
*35V).

[0191] Since the display device 310 has memory ability,
supply of voltage may be stopped after performing the driving
illustrated in FIG. 30 and FIG. 31 for a predetermined period.

[0192] In the second example, where the polarities of the
voltages (source signals) which are supplied to the TFTs 17A
and 17B from the source lines 81 and 82 are inverted with a
predetermined cycle, deterioration in the liquid crystal mate-
rial which is the medium 31P can be suppressed.

[0193] Next, with reference to FIG. 32 and FIG. 33, a third
example of the driving method will be described. FIG. 32isa
diagram showing signal waveforms of a gate signal, a first
source signal, a second source signal, and common voltage in
the case where a longitudinal field is to be applied to the
optical layer 30. FIG. 33 is a diagram showing signal wave-
forms of a gate signal, a first source signal, a second source
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signal, and common voltage in the case where a lateral field is
to be applied to the optical layer 30.

[0194] Inthe case where alongitudinal field is to be applied
to the optical layer 30 (i.e., performing black displaying), in
the example shown in FIG. 32, the low level of the gate signal
is —45V, and the high level is + 10 V. Moreover, the first source
signal and the second source signal to be supplied when the
first TFT 17A and the second TFT 17B are in an ON state (i.e.,
the gate signal is at the high level) are 0V in the first frame,
and -35V in the second frame. The common voltage is =35V
in the first frame, and 0V in the second frame. In the case of
performing gray scale displaying, the first source signal and
the second source signal may be varied within the range from
=35V to 0V (excluding =35V and 0 V).

[0195] Inthe case where alateral field is to be applied to the
optical layer 30 (i.e., performing white displaying), in the
example shown in FIG. 33, the low level of the gate signal is
-45V, and the high level is +10 V. Moreover, the first source
signal to be supplied when the first TFT 17A is in an ON state
18 0V in the first frame, and -35 V in the second frame. On the
other hand, the second source signal to be supplied when the
second TFT 17B is in an ON state is =35V in the first frame,
and 0V in the second frame. The common voltageis =35V in
the first frame, and 0 V in the second frame. Note that gray
scale displaying can be performed by varying the first source
signal and the second source signal within the range from -35
Vto 0V (excluding =35V and 0 V).

[0196] Since the display device 310 has memory ability,
supply of voltage may be stopped after performing the driving
illustrated in FIG. 32 and FIG. 33 for a predetermined period.
[0197] In the third example, the polarities of the voltages
(source signals) which are supplied to the TFTs 17A and 17B
from the source lines 81 and 82 are inverted with a predeter-
mined cycle, and also the polarity of the voltage (common
voltage) which is supplied to the third electrode 13 is inverted
with the predetermined cycle. As a result, deterioration in the
liquid crystal material which is the medium 31P can be sup-
pressed while keeping the source signals at low amplitude.
This permits even lower power consumption.

[0198] Inthe present specification, to “invert voltage polar-
ity” also encompasses any voltage change from zero to a
positive value (or a negative value), and any voltage change
from a positive value (or a negative value) to zero.

Embodiment 4

[0199] With reference to FIG. 34 to FIG. 37, a display
device 410 according to the present embodiment will be
described. FIG. 34 is a plan view schematically showing a
pixel corresponding to one region of the display device 410.
FIG. 35 is a plan view showing only the first electrode 11 and
the second electrode 12 among the component elements
shown in FIG. 34. FIG. 36 is a plan view showing only the
light shielding layer 61 among the component elements
shown in FIG. 34. FIG. 37 is a plan view showing anything
other than the first electrode 11, the second electrode 12, and
the light shielding layer 61 among the component elements
shown in FIG. 34.

[0200] Asshown in FIG. 34 and FIG. 37, the display device
410 differs from the display device 310 of Embodiment 3 in
that only one gate line 71 is provided for each pixel row. The
gate line 71 traverses the center of the pixel. In the display
device 410, because of the different positioning of the gate
line 71, the first TFT 17A and the second TFT 17B are also
positioned differently from those in the display device 310 of
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Embodiment 3, as will be seen from FIG. 37. Furthermore, in
the display device 410, as will be seen from FIG. 35 and FIG.
36, the shapes of the first electrode 11 and the second elec-
trode 12 and the positioning of the light shielding layer 61 are
also different from those in the display device 310 of Embodi-
ment 3.

[0201] Thus, there may only be one gate line 71 provided
for each pixel row. In this case, the footprint of the wiring
lines within the pixelis reduced as compared to a construction
where two gate lines 71 and 72 are provided for each pixel
row, thereby allowing a large geometric area for the storage
capacitor Cs. Moreover, in a construction where two gate
lines 71 and 72 are provided for each pixel row, a discrepancy
in signal delay may possibly occur between the gate lines 71
and 72, dueto fluctuations ofline widths between the two gate
lines 71 and 72 or the like. Such a problem will not occur in a
construction where there is only one gate line 71 provided for
each pixel row.

[0202] Moreover, in a construction where two gate lines 71
and 72 are provided foreach pixel row. four (i.e., two sidesx2)
end faces (i.e., end faces extending along the length direction)
of the gate lines 71 and 72 exist for each pixel row, thus
resulting in large fluctuations in the etching amount when
forming the gate lines 71 and 72 through patterning. On the
other hand, in a construction where there is only one gate line
71 provided for each pixel row, there are two end faces of the
gate line 71 for each pixel row, so that the aforementioned
fluctuations in the etching amount are small.

[0203] Moreover, as shown in FIG. 35, when the first elec-
trode 11 and the second electrode 12 of adjoining pixels are
also taken into consideration, the first electrode 11 and the
second electrode 12 according to the present embodiment are
shaped so that regions where first electrodes 11 oppose each
other or second electrodes 12 oppose each other only exist at
positions corresponding to the four corners ofthe pixel; there-
fore, brighter displaying can be performed as in the case of
using spiral electrodes as shown in FIG. 20. For example, in
the case where white displaying is performed in all pixels, a
large number of anisotropically-shaped particles 32 existing
in between pixels can be horizontally aligned, thereby pre-
venting dark lines from occurring.

Embodiment 5

[0204] With reference to FIG. 38 to FIG. 43, a display
device 510 according to the present embodiment will be
described. FIG. 38 is a plan view schematically showing a
pixel corresponding to one region of the display device 510.
FIG. 391s a cross-sectional view taken along line B-B'in FIG.
38.FIG. 40 is a plan view showing only the first electrode 11
among the component elements shown in FIG. 38. FIG. 41 is
a plan view showing only the second electrode 12 and a
connection electrode 12' among the component elements
shown in FIG. 38. FIG. 42 is a plan view showing only the
light shielding layer 61 among the component elements
shown in FIG. 38. FIG. 43 is a plan view showing anything
other than the first electrode 11, the second electrode 12, the
connection electrode 12', and the light shielding layer 61
among the component elements shown in FIG. 38.

[0205] In the display panels of the display devices 110 to
410 according to Embodiments 1 to 4, the first electrode 11
and the second electrode 12 are provided in the same level.
That is, the first electrode 11 and the second electrode 12 are
formed through the same step by using the same material.
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[0206] On the other hand, in the display panel 500 of the
display device 510 according to the present embodiment, as
shown in FIG. 39, the first electrode 11 and the second elec-
trode 12 are provided in different levels. That is, the first
electrode 11 and the second electrode 12 are formed through
different steps. Specifically, a dielectric layer (transparent
insulating layer) 66 is provided so as to cover the second
electrode 12, and the first electrode 11 is provided on the
second electrode 12 via the dielectric layer 66. The dielectric
layer 66 is an SiNx film having a thickness of 200 nm, for
example.

[0207] The first electrode (upper electrode) 11 includes a
plurality of branches 11a, as shown in FIG. 40. On the other
hand, the second electrode (lower electrode) 12 is a so-called
spread electrode, as shown in FIG. 41.

[0208] The first electrode 11 is electrically connected to the
storage capacitor electrode 74 and the drain electrode 174 of
the first TFT 17A via the connection electrode 12' The con-
nection electrode 12'is made of the same electrically conduc-
tive film as the second electrode 12 (i.e., through the same
step as the second electrode 12), and is connected to the
storage capacitor electrode 74 within a contact hole CH
which is formed in the transparent insulating layer 63 and the
organic insulating layer 64. The first electrode 11 is connected
to the connection electrode 12" within a contact hole CH'
which is formed in the dielectric layer 66.

[0209] Inaconstruction where the first electrode 11 and the
second electrode 12 are provided in the same level, e.g., the
display devices 110 to 410 of Embodiments 1 to 4, there are
relatively many regions where neither the first electrode 11
nor the second electrode 12 exists within the pixel when
viewed from the normal direction of the substrate plane. In
such regions, it is difficult to apply a longitudinal field near
the interface between the first substrate 10 and the optical
layer 30.

[0210] On the other hand, in a construction where the first
electrode 11 is provided as the upper electrode and the second
electrode 12 as the lower electrode, e.g., the display device
510 of the present embodiment, the regions where neither the
first electrode 11 nor the second electrode 12 exists within the
pixel when viewed from the normal direction of the substrate
plane can be made fewer (i.¢., the second electrode 12 may be
a spread electrode). This provides an advantage in that a
longitudinal field can be uniformly applied within a plane
which is parallel to the substrate plane, thus making it easier
to vertically align the anisotropically-shaped particles 32.

INDUSTRIAL APPLICABILITY

[0211] According to an embodiment of the present inven-
tion, there is provided an optical device which is capable of
active matrix driving, excels in low power consumption char-
acteristics, and realizes a high efficiency of light utilization
and a high contrast ratio. An optical device according to an
embodiment of the present invention is suitably used as a
display panel ofa display device. Moreover, an optical device
according to an embodiment of the present invention is also
usable as various optical devices (e.g., optical switches) other
than display panels.

REFERENCE SIGNS LIST

[0212] 10 first substrate
[0213] 104 substrate
[0214] 11 first electrode
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[0215] 11a branch of first electrode

[0216] 115 stem of first electrode

[0217] 12 second electrode

[0218] 12a branch of second electrode

[0219] 125 stem of second electrode

[0220] 12' connection electrode

[0221] 14 optical absorption layer

[0222] 15, 25 vertical alignment film

[0223] 17A, 17B thin film transistor (TFT)
[0224] 174 semiconductor layer

[0225] 17d drain electrode

[0226] 17g gate electrode

[0227] 17s source electrode

[0228] 20 second substrate

[0229] 20a substrate

[0230] 21 third electrode

[0231] 30 optical layer (display medium layer)
[0232] 31P. 31N medium (liquid crystal material)
[0233] 31a, 315 liquid crystal molecule

[0234] 32 anisotropically-shaped particles
[0235] 40 power source

[0236] 51 first switch

[0237] 52 second switch

[0238] 53 third switch

[0239] 54 fourth switch

[0240] 60 sealing portion

[0241] 63, 65 transparent insulating layer
[0242] 64 organic insulating layer

[0243] 66 dielectric layer

[0244] 71, 72 gate line

[0245] 73 storage capacitor counter electrode
[0246] 74 storage capacitor electrode

[0247] 75, 76 storage capacitor line

[0248] 78, 88 terminal portion

[0249] 81, 82 source line

[0250] 91 gate driver

[0251] 92 source driver

[0252] 100,200,300, 500 display panel (optical device)
[0253] 110, 210, 2104, 310, 410, 510 display device

1. A optical device comprising:

afirst substrate and a second substrate opposing each other;
and

an optical layer interposed between the first substrate and
the second substrate,

the first substrate including a first electrode and a second
electrode, the first electrode and second electrode being
capable of having respectively different potentials
applied thereto,

the optical layer containing a medium and anisotropically-
shaped particles dispersed in the medium, the anisotro-
pically-shaped particles having shape anisotropy,
wherein,

an alignment direction of the anisotropically-shaped par-
ticles changes in accordance with a direction of an elec-
tric field applied to the optical layer;

the medium is a liquid crystal material; and

when no electric field is applied to the optical layer, the
anisotropically-shaped particles are aligned substan-
tially vertically with respect to the substrate plane.

Mar. 24, 2016

2. The optical device of claim 1, wherein at least one of the
first substrate and the second substrate includes a vertical
alignment film provided on the optical layer side.

3. The optical device of claim 1, wherein, when a lateral
field is generated in the optical layer by the first electrode and
the second electrode, the anisotropically-shaped particles are
aligned substantially in parallel to the substrate plane.

4. The optical device of claim 1, wherein the liquid crystal
material has positive dielectric anisotropy.

5. The optical device of claim 1, wherein the liquid crystal
material has negative dielectric anisotropy.

6. The optical device of claim 1, wherein the second sub-
strate includes a third electrode opposing the first electrode
and the second electrode.

7. The optical device of claim 6, wherein, when a longitu-
dinal field is generated in the optical layer by the first elec-
trode and second electrode and the third electrode, the aniso-
tropically-shaped particles are aligned substantially
vertically with respect to the substrate plane.

8. The optical device of claim 5, wherein the second sub-
strate includes no electrode opposing the first electrode or the
second electrode.

9. The optical device of claim 1, wherein the first substrate
is an active matrix substrate including a thin film transistor.

10. The optical device of claim 9, wherein,

the first substrate further includes a gate line and a source
line which are electrically connected to the thin film
transistor; and

a voltage which is supplied from the source line to the thin
film transistor is inverted in polarity with a predeter-
mined cycle.

11. The optical device of claim 6, wherein,

the first substrate is an active matrix substrate including a
thin film transistor, further including a gate line and a
source line which are electrically connected to the thin
film transistor;

a voltage which is supplied from the source line to the thin
film transistor is inverted in polarity with a predeter-
mined cycle; and

avoltage which is supplied to the third electrode is inverted
in polarity with the predetermined cycle.

12. The optical device of claim 9, wherein the thin film

transistor comprises an oxide semiconductor layer.

13. The optical device of claim 12, wherein the oxide
semiconductor layer is made of an In—Ga—Zn—O-type
semiconductor.

14. A display device comprising the optical device of claim
1.

15. The display device of claim 14 capable of displaying in
areflection mode by utilizing light which is incident from the
exterior.

16. The display device of claim 15, wherein,

the anisotropically-shaped particles are light reflective;
and

one of the first substrate and the second substrate that is
located on a rear face side includes an optical absorption
layer which absorbs light.
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