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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
PCT Application No. PCT/JP2014/050841, filed Jan. 17,
2014, and based upon and claiming the benefit of priority
from Japanese Patent Application No. 2013-019689, filed
Feb. 4, 2013, the entire contents of all of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play.

[0004] 2. Description of the Related Art

[0005] Watches have primarily been used for character dis-

play such as time display, and thus have used a liquid crystal
display which can display characters and which consumes
lower power, for example, a reflective or semi-transmissive
liquid crystal display. On the other hand, smartphones are
now used as small portable information terminals. Such por-
table information terminals use a transmissive color liquid
crystal display, an organic EL display, or the like.

[0006] For a watch worn around a user’s wrist for use, a
mountable battery has only a small capacity. Hence, when the
transmissive color liquid crystal display or the organic EL
display is used for the watch in order to allow the watch to
implement display with a large amount of information which
is handled by the portable information terminal, power con-
sumption increases, and thus, this is unpractical.

BRIEF SUMMARY OF THE INVENTION

[0007] According to an aspect of the present invention,
there is provided a liquid crystal display comprising:

[0008] a first liquid crystal panel comprising first and sec-
ond substrates which are disposed opposite each other, and a
first liquid crystal layer of a polymer dispersed type or a
polymer network type sandwiched between the first and sec-
ond substrates;

[0009] a second liquid crystal panel comprising third and
fourth substrates which are disposed opposite each other, a
second liquid crystal layer sandwiched between the third and
fourth substrates, a color filter provided on the third substrate,
and first and second polarizing plates provided on the third
and fourth substrates, respectively; and

[0010] a transparent member sandwiched between the first
and second liquid crystal panels and in contact with the sec-
ond substrate, the transparent member having a refractive
index different from a refractive index of the second substrate.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0011] FIG. 1 is a cross-sectional view of a liquid crystal
display unit according to the present embodiment.

[0012] FIG. 2A is a schematic diagram of an electronic
watch.

[0013] FIG. 2B is a schematic diagram of the electronic
watch.

[0014] FIG. 3 is a block diagram of the electronic watch.
[0015] FIG. 4 is a diagram illustrating operations of the

liquid crystal display unit for character display.
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[0016] FIG. 5 is a diagram illustrating operations of the
liquid crystal display unit for information display.

[0017] FIG. 6isadiagram illustrating a detecting operation
of a tilt detecting unit.

[0018] FIG. 7 is a flowchart depicting operations of the
electronic watch.

[0019] FIG. 8A is a diagram illustrating that a user wears
the electronic watch.

[0020] FIG. 8B is a diagram illustrating that the user wears
the electronic watch.

[0021] FIG. 9 is a flowchart depicting operations of an
electronic watch according to a modification.

[0022] FIG. 10 is a block diagram of the electronic watch
according to the modification.

[0023] FIG. 11 is across-sectional view of the liquid crystal
display unit according to a second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The embodiments of the present invention will be
described below with reference to the accompanying draw-
ings. Note that the drawings are schematic and conceptual,
and the dimensions, ratios, and the like in the respective
drawings are not necessary the same as those in reality. In
addition, even the same portion may be shown in a different
dimensional relationship or with different ratios in different
drawings. Several embodiments to be described below repre-
sent examples of apparatuses and methods for embodying the
technical idea of the present invention, and the technical idea
of the present invention is not specified by the shapes, struc-
tures, and layouts of the constituent parts. The technical idea
of the present invention can be embodied by modifying con-
stituent elements without departing from the gist of the inven-
tion. Note that in the following explanation, the same refer-
ence numerals denote elements having the same functions
and arrangements, and a repetitive explanation will be made
only when necessary.

First Embodiment

1. Configuration of the Liquid Crystal Display Unit
10

[0025] A liquid crystal display unit 10 according to the
present embodiment is a liquid crystal panel used for, for
example, an electronic watch. FIG. 1 is a cross-sectional view
of the liquid crystal display unit 10 according to the present
embodiment. The liquid crystal display unit 10 comprises a
first liquid crystal panel 12 and a second liquid crystal panel
14. The first liquid crystal panel 12 and the second liquid
crystal panel 14 are laminated via a transparent member (for
example, an air layer) 13.

[0026] The first liquid crystal panel 12 absorbs a substan-
tially reduced amount of light from the liquid crystal panel
itself to provide a bright screen and provide a lower portion of
the panel with high visibility. The first liquid crystal panel 12
can also be driven with reduced amount of power. Further-
more, the first liquid crystal panel 12 is of a pattern display
type that performs character display with a small amount of
information and graphic display with a small amount of infor-
mation (hereinafter referred to as character display) and can
display a transparent state and a scattering state, that is, can
perform black and white display. The character display
includes display of characters and graphics with a small
amount of information, and time display (segment display).
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The first liquid crystal panel 12 comprises a liquid crystal
panel selected from, for example, a polymer dispersed liquid
crystal (PDLC) or a polymer network liquid crystal (PNLC).

[0027] The second liquid crystal panel 14 performs the
character display with a large amount of information and
image display (hereinafter referred to as information display)
and can provide color display. The second liquid crystal panel
14 comprises a liquid crystal panel with a color filter. In the
liquid crystal display unit 10 in the present embodiment, the
first liquid crystal panel 12 performs the character display
(including time display and standby display), and the second
liquid crystal panel 14 performs the information display,
which involves a larger amount of information than the char-
acter display.

[0028] First, the structure ofthe first liquid crystal panel 12
will be described. The first liquid crystal panel 12 comprises
alower substrate 20 on which a common electrode is formed,
an upper substrate 21 on which a display electrode is formed
and which is disposed opposite the lower substrate 20, and a
liquid crystal layer 22 sandwiched between the lower sub-
strate 20 and the upper substrate 21. A surface of the upper
substrate 21 opposite to the liquid crystal layer 22 corre-
sponds to a display surface of the liquid crystal display unit
10. The lower substrate 20 and the upper substrate 21 each
comprise a transparent substrate (for example, a glass sub-
strate).

[0029] A common electrode 23 is provided on the lower
substrate 20. The common electrode 23 is formed all over the
display surface and has a planar shape. A plurality of display
electrodes 24 is provided on the upper substrate 21. The
plurality of display electrodes 24 is processed to have shapes
corresponding to characters that can be displayed on the first
liquid crystal panel 12. FIG. 1 illustrates only three display
electrodes 24 for simplification. However, in actuality, more
display electrodes 24 are provided to perform the character
display. The common electrode 23 and the display electrode
24 are each formed of a transparent conducive film of an ITO
(Indium Tin Oxide) or the like. An UV (Ultraviolet) cut film
27 is provided on a front surface side of the upper substrate
21. The disposition of the common electrode 23 and the
disposition of the display electrodes 24 may be reversed.

[0030] The liquid crystal layer 22 is sealed by a seal mem-
ber 26 that is used for bonding the lower substrate 20 and the
upper substrate 21. The liquid crystal layer 22 is formed of a
polymer dispersed liquid crystal (PDLC) or a polymer net-
work liquid crystal (PNLC) as described above. The PNLC
has a structure in which a liquid crystal material is dispersed
in apolymer network 25, and the liquid crystal material in the
polymer network 25 has a continuous phase. The PDLC has a
structure in which the polymer disperses the liquid crystals,
that s, the liquid crystals are subjected to phase separation in
the polymer. A photocurable resin may be used as a polymer
layer. For example, for the PNLC, ultraviolet light is radiated
to a solution containing photopolymerized polymer precur-
sors (monomers) mixed with liquid crystal materials to poly-
merize the monomers so that the liquid crystal material is
dispersed in the network of the resultant polymer. As the
liquid crystal material for the liquid crystal layer 22, positive
(P-type) nematic liquid crystals are used. That is, long axes
(directors) of liquid crystal molecules are randomly oriented
at the time of no voltage (no electric field) and oriented
substantially perpendicularly to a substrate surface at the time
of voltage application (electric field application).
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[0031] Next, the structure of the second liquid crystal panel
14 will be described. The second liquid crystal panel 14 uses
an active matrix scheme in which an active element is dis-
posed for each pixel.

[0032] The second liquid crystal panel 14 comprises a TFT
substrate 30 on which TFTs (Thin Film Transistors) serving
as active elements (switching elements), pixel electrodes, and
the like are formed, a color filter substrate (CF substrate) 31
disposed opposite the TFT substrate 30, and a liquid crystal
layer 32 sandwiched between the TF T substrate 30 and the CF
substrate 31. The TFT substrate 30 and the CF substrate 31
each comprise a transparent substrate (for example, a glass
substrate).

[0033] The liquid crystal layer 32 is formed of a liquid
crystal material sealed by a seal member 33 that is used for
bonding the TFT substrate 30 and the CF substrate 31. The
liquid crystal material has its optical characteristics changed
by controlling the orientation of liquid crystal molecules in
association with an electric field generated between the TFT
substrate 30 and the CF substrate 31. The second liquid crys-
tal panel 14 in the present embodiment uses a vertical align-
ment (VA) mode using, for example, vertical alignment (VA)
liquid crystals. That is, negative (N-type) nematic liquid crys-
tals are used as the liquid crystal layer 32. The liquid crystal
molecules are oriented substantially perpendicularly to the
substrate surface at the time of no voltage (no electric field).
In the arrangement of the liquid crystal molecules in the VA
mode, the long axes (directors) of the liquid crystal molecules
are vertically oriented at the time of no voltage and tilted
toward a horizontal direction at the time of voltage applica-
tion (electric field application). As liquid crystal modes other
than the VA mode, a homogeneous mode or a twisted nematic
(TN) mode may be used. The VA mode is more suitable in
view of improvement of contrast.

[0034] On the TFT substrate 30, TFTs 35 and pixel elec-
trodes 36 are provided for respective pixels 34. Furthermore,
on the TFT substrate 30, an orientation film 37 is provided so
as to cover the TFT's 35 and the pixel electrodes 36. A display
pixel comprises three subpixels with respective color filters in
red (R), green (G), and blue (B). The subpixel is hereinafter
referred to as the pixel unless the display pixel and the sub-
pixel need to be distinguished from each other. The TFT 35 is
aswitching element formed ona liquid crystal layer 32 side of
the TFT substrate 30 to switch the pixel 34 on and off. FIG. 1
depicts only three pixels for simplification. However, in actu-
ality, more pixels 34 are provided in order to perform the
information display.

[0035] The pixel electrode 36 is provided for each of the
pixels 34 and formed all over the corresponding pixel 34. The
pixel electrode 36 is intended to apply a voltage to the liquid
crystal layer 32 and electrically connected to an end of a
current path in the TFT 35. The pixel electrode 36 is formed
of atransparent conductive film of ITO (Indium Tin Oxide) or
the like. The orientation film 37 controls the orientation of the
liquid crystal molecules.

[0036] A color filter 38, a common electrode 39, and an
orientation film 40 are provided on the CF substrate 31. The
color filter 38 is provided on a liquid crystal layer 32 side of
the CF substrate 31 and comprises color filters in three colors
(coloring members) including a red filter R, a green filter G,
and a blue filter B. The red filter R, the green filter G, and the
blue filter B are disposed at positions opposite to the pixel
electrodes 36 to provide subpixels. A light-shielding film
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(black matrix) BK is formed between the red filter R and the
green filter G and the blue filter B in order to prevent color
mixture.

[0037] The common electrode 39 is provided on a liquid
crystal layer 32 side of the color filter 38. The common
electrode 39 is formed all over the display surface and has a
planar shape. The common electrode 39 is formed of a trans-
parent conductive film of an ITO or the like. The orientation
film 40 is paired with the orientation film 37 to control the
orientation of the liquid crystal molecules. In the present
embodiment, the orientation films 37 and 40 orient the liquid
crystal molecules substantially perpendicularly to the sub-
strate surface when no potential difference is present between
the pixel electrode 36 and the common electrode 39, in other
words, when no electric field is generated between the pixel
electrode 36 and the common electrode 39.

[0038] A phase plate (retardation plate) 41 and a polarizing
plate 42 are provided on a backlight 15 side of the TFT
substrate 30. A phase plate 43 (retardation plate) and a polar-
izing plate 44 are provided on a display surface side of the CF
substrate 31. The polarizing plates 42 and 44 transmit light
with a plane of vibration extending in a direction parallel to
the a transmission axis, that is, light in a polarized state of
linear polarization, from light with planes of vibration
extending in random directions. Each of the polarizing plates
42 and 44 has an absorption axis and a transmission axis that
are orthogonal to each other in a plane. The polarizing plates
42 and 44 are disposed such that the transmission axes thereof
are orthogonal to each other.

[0039] Each of the phase plates 41 and 43 has refractive
index anisotropy and has a slow axis and a fast axis which are
orthogonal to each other in a plane. The phase plates 41 and
43 are disposed such that the lag axes thereof are orthogonal
to each other. The phase plates 41 and 43 have a function to
provide retardation (a phase difference of A/4 when the wave-
length of transmitted light is denoted by &) between light with
a predetermined wavelength transmitted through the slow
axis and light with a predetermined wavelength transmitted
through the fast axis. That is, each of the phase plates 41 and
43 comprises a A/4 plate. The slow axis of each of the phase
plates 41 and 43 is set at approximately 45° to the transmis-
sion axis of each of the polarizing plates 42 and 44.

[0040] The first liquid crystal panel 12 and the second lig-
uid crystal panel 14 are laminated via a transparent meniber
13. The transparent member 13 contacts a lower substrate 20
of the first liquid crystal panel 12. The refractive index of the
transparent member 13 is set different from the refractive
index of the lower substrate 20. The transparent member 13
may be any transparent member that meets the above-de-
scribed conditions and may further be gas or liquid. In the
present embodiment, the transparent member 13 is formed of,
for example, an air layer (air space). The air layer that is an
example of the transparent member 13 is represented as an air
layer 13a. The use of the air layer 13a as the transparent
member 13 is preferable in terms of costs. The air layer 13a is
sealed between the first liquid crystal panel 12 and the second
liquid crystal panel 14 by a seal member 18. The air layer 13a
provided between the first liquid crystal panel 12 and the
second liquid crystal panel 14 causes light entering the first
liquid crystal panel 12 from a front surface side to be reflected
by an interface between the lower substrate 20 and the air
layer 13a. As a result, the first liquid crystal panel 12 enables
bright display to be provided.
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[0041] 1In a plane opposite to the display surface of the
liquid crystal display unit 10, the backlight (light source) 151s
disposed opposite the liquid crystal display unit 10. For
example, an EL (Electroluminescence) backlight is used as
the backlight 15.

[0042] A touch panel 11 is provided on a display surface
side of the first liquid crystal panel 12. The touch panel 11
comprises a transparent substrate (for example, a glass sub-
strate) 16 and a touch sensor 17. The touch panel 11 detects
that a user has depressed the panel and further identifies a
depressed position, in other words, the coordinates of the
touch position. The touch panel 11 may be based on any of the
following: a resistive film scheme, an electrostatic capacity
scheme, an electromagnetic induction scheme, an ultrasonic
surface acoustic wave scheme, and an infrared scan scheme.

2. Configuration of the Liquid Crystal Display
(Electronic Watch) 50

[0043] Next, a configuration of a liquid crystal display 50
with aliquid crystal display unit 10 depicted in FIG. 1 will be
described below. An electronic watch will be described as an
example of the liquid crystal display 50. FIGS. 2A and 2B are
schematic diagrams of the electronic watch 50. FIG. 2A
depicts an example of the character display provided by the
firstliquid crystal panel 12. FIG. 2B depicts an example of the
information display provided by the second liquid crystal
panel 14.

[0044] FIG. 3isablock diagram of the electronic watch 50.
The electronic watch 50 comprises a controller 51, a power
supply unit 52, a storage unit 53, a communication unit 54, a
clocking circuit unit 55, an oscillation circuit 56, a display
driving unit 57, a liquid crystal display unit 10, an input unit
58, and a tilt detecting unit 59.

[0045] The power supply unit 52 provides various power
supplies to modules in the electronic watch 50 via power
supply lines. The power supply unit 52 comprises, for
example, a button battery (primary battery).

[0046] The storage unit 53 comprises, for example, a ROM
(Read Only Memory) for data read, and a data readable and
writable RAM (Random Access Memory). The storage unit
53 includes a system program for allowing various functions
of the electronic watch 50 to be implemented, a program area
in which application programs and the like are stored, and a
data area in which various data such as image data are stored.
[0047] The communication unit 54 controls communica-
tion (wireless communication) with other apparatuses via a
network including the Internet. Furthermore, the communi-
cation unit 54 may have a function to control short-range
wireless communication such as Bluetooth (registered trade
mark) which is made with other apparatuses.

[0048] The oscillation circuit 56 constantly outputs a clock
signal with a constant frequency. The clocking circuit unit 55
counts signals received from the oscillation circuit 56 to
acquire the current time data and the like. The clocking circuit
unit 55 outputs the acquired current time data and date data to
the controller 51.

[0049] The display driving unit 57 drives the liquid crystal
display unit 10 based on control signals, data, and the like
from the controller 51 to allow the liquid crystal display unit
10 to display various characters and various types of infor-
mation. Furthermore, the display driving unit 57 individually
drives the first liquid crystal panel (PD-LCD or PN-LCD) 12
and second liquid crystal panel (color LCD) 14, which are
included in the liquid crystal display unit 10.
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[0050] Theinput unit 58 includes a plurality of pushbuttons
used to give instructions to execute various functions of the
electronic watch 50, and the touch sensor 17 depicted in FIG.
1. When the user operates the input unit 58, time setting, mode
selection, or the like is executed based on the operation.
[0051] The tilt detecting unit 59 detects a tilt of the display
surface of the electronic watch 50. Specifically, the tilt detect-
ing unit 59 detects the angle between the display surface of
the electronic watch 50 and a vertical line (direction of grav-
ity). The tilt detecting unit 59 comprises, for example, a
three-axis acceleration sensor.

[0052] The controller 51 controls the general operation of
the electronic watch 50. The controller 51 comprises a CPU
(Central Processing Unit). The controller 51, for example,
reads any of various programs stored in a ROM at a predeter-
mined timing or in accordance with an operation signal or the
like input via the input unit 58 and loads the program into a
work area of a RAM. The controller 51 then instructs (con-
trols) modules of the electronic watch 50, transfers data, or
performs any other operation in accordance with the program.
[0053] Furthermore, although not depicted in the drawings,
the electronic watch 50 comprises a camera function (imag-
ing unit).

3. Operations of the Liquid Crystal Display Unit 10

[0054] Next, operations of the liquid crystal display unit 10
comprising the first liquid crystal panel 12 and the second
liquid crystal panel 14 will be described. As described above,
the operations of the liquid crystal display unit 10 are con-
trolled by the display driving unit 57 and the controller 51.
Furthermore, an operation for the character display will be
described. F1G. 4 is a diagram illustrating an operation of the
liquid crystal display unit 10 in the character display.

[0055] Inthe character display, the first liquid crystal panel
12 performs a display operation, while the second liquid
crystal panel 14 is in an off state (the backlight 15 is also off).
The second liquid crystal panel 14 is based on a normally
black mode and provides black display in the off state.
[0056] Intheliquid crystallayer 22 in the first liquid crystal
panel 12, the liquid crystals are dispersed in the polymer
network, and the liquid crystal molecules are randomly
arranged at the time of voltage off (no electric field). When the
refractive index of extraordinary light from liquid crystal
molecules is denoted by n, and the refractive index of ordi-
nary light from liquid crystal molecules is denoted by n,,
“n_>n,”. When the refractive index of the polymer network is
denoted by n, “n=n,” is set. In an area in the off state, when
light enters the first liquid crystal panel 12 from the display
surface side, the light scatters to provide white display
because the liquid crystals are randomly arranged. At this
time, since the air layer 13a, which has a refractive index
different from the refractive index of the lower substrate 20, is
present under the lower substrate 20, light having reached the
lower substrate 20 is reflected by the interface between the
lower substrate 20 and the air layer 13a. As a result, the first
liquid crystal panel 12 allows bright display to be achieved.
[0057] On the other hand, when a voltage (electric field) is
applied to the liquid crystal layer 22 (on state), the long axes
(directors) of the liquid crystals are arranged in the direction
of the electric field, and the refractive index of the liquid
crystal layer 22 has a uniform value n. In this area in the on
state, light having entered the first liquid crystal panel 12 from
the display surface side transmits straight through the liquid
crystal layer 22. In this case, light having transmitted through
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the liquid crystal layer 22 reaches the polarizing plate 44 of
the second liquid crystal panel 14 but is then not reflected and
provides black display.

[0058] Thus, individual control of the voltages of the plu-
rality of display electrodes 24 allows control of areas in the off
state and areas in the on state. An area in which the display
electrode 24 is in the off state provides white display. An area
in which the display electrode 24 is in the on state provides
black display. Thus, any character display (in the present
embodiment, time display and standby display) can be imple-
mented.

[0059] Next, an operation for the information display will
be described. FIG. 5 is a diagram illustrating an operation of
the liquid crystal display unit 10 in the information display.
[0060] Intheinformation display, the backlight 15 is turned
on, light from the backlight 15 enters the second liquid crystal
panel 14. Moreover, the second liquid crystal panel 14 is
driven, and the entire display surface of the first liquid crystal
panel 12 is set to a transmissive state (transparent state). That
is, the liquid crystal layer 22 in the first liquid crystal panel 12
is entirely set to the on state.

[0061] In pixels in the off state in the second liquid crystal
panel 14, the long axes of the liquid crystal molecules stand
upright. Thus, the phase difference in the liquid crystal layer
32 is approximately zero. Hence, in the off state, backlight
light having transmitted through the polarizing plate 42 is
transmitted through the liquid crystal layer 32 with approxi-
mately zero phase difference and absorbed by the polarizing
plate 44 disposed in a crossed Nichol state with respect to the
polarizing plate 42 to provide black display. The black display
on the second liquid crystal panel 14 is viewed by the user via
the first liquid crystal panel 12 in the transmissive state.
[0062] On the other hand, in pixels in the on state in the
second liquid crystal panel 14, the long axes of the liquid
crystal molecules are tilted from the vertical direction. The
phase difference in the liquid crystal layer 32 in this case is set
approximately to A/2. Hence, in the on state, backlight light
having transmitted through the polarizing plate 42 is trans-
mitted through the liquid crystal layer 32 and provided with a
phase difference. The backlight light then transmits through
the polarizing plate 44 to provide white display (color dis-
play). The color display on the second liquid crystal panel 14
is viewed by the user via the first liquid crystal panel 12 in the
transmissive state.

4. Operations of the Electronic Watch 50

[0063] Next, operations of the electronic watch 50 will be
described. First, operations of the tilt detecting unit 59 will be
described. FIG. 6 illustrates a detecting operation of the tilt
detecting unit 59.

[0064] A direction in which character strings are arranged
in the display surface of the electronic watch 50 is defined as
an X axis. A direction orthogonal to the X axis is defined as a
Y axis. Furthermore, the angle between the X axis and the
vertical line (the axis of anti-gravity) is defined as ¢. The
angle between the Y axis and the vertical line is defined as 6.
The tilt detecting unit 59 determines how the X axis is
inclined to the vertical line (what degree the angle ¢ is) and
how theY axis is inclined to the vertical line (what degree the
angle 0 is). It is assumed that “0°=¢=<90°" and “0°<6<90°”.
That is, the angles ¢ and 0 are each a smaller angle to the
vertical line.

[0065] FIG. 7 is a flowchart illustrating operations of the
electronic watch 50. It is assumed that the electronic watch 50
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is worn around the user’s wrist. The controller 51 monitors
detection results from the tilt detecting unit 59 (step S101).
When the angle ¢ is “0°<¢<30°”, the controller 51 sets the
electronic watch 50 to a sleep mode (power saving mode)
(step S100). The condition “0°=9<30°” is intended to detect
that the user is not viewing the display on the electronic watch
50. FIG. 8A is a diagram illustrating that the user is not
viewing the display on the electronic watch 50. The userholds
the user’s arm wearing the electronic watch 50, substantially
along the vertical line. In this case, for example, “6=~90° and
¢=0". “~” means approximation. In the sleep mode, the con-
troller 51 turns all of the following off: the backlight 15, the
first liquid crystal panel 12 (PD-LCD or PN-LCD), and the
second liquid crystal panel (color LCD) 14. Thus, in the sleep
mode, the power consumption f the electronic watch 50 can
be reduced.

[0066] InstepS101, upon determining that the angle ¢ is at
least 30°, the controller 51 sets the electronic watch 50 to a
time display mode (step S102). The condition “$¢=30° is
intended to detect that the user is viewing the display on the
electronic watch 50. The angle ¢=30° intended to determine
whether the electronic watch 50 has been switched to the
sleep mode or to the time display mode is illustrative and can
be designed to be optimum in accordance with the specifica-
tion of the electronic watch 50. FIG. 8B is a diagram illus-
trating that the user is viewing the display on the electronic
watch 50. The user holds the user’s arm wearing the elec-
tronic watch 50, substantially in the horizontal direction. In
this case, for example, “0~80° and p=90°”. In the time display
mode, the controller 51 turns the backlight 15 off, performs
display driving on the first liquid crystal panel (PD-LCD or
PN-LCD) 12, and turns the second liquid crystal panel (color
LCD) 14 off. Thus, the user can view the time display as an
example of the character display. In the time display mode,
the backlight 15 and the second liquid crystal panel (color
LCD) 14 are off, allowing the power consumption of the
electronic watch to be suppressed.

[0067] Subsequently, the controller 51 monitors a detection
result from the touch panel 11 (step S103). When the touch
panel 11 detects a switching operation by the user, for
example, a double tapping operation on the touch panel 11,
the controller 51 sets the electronic watch 50 to an informa-
tion display mode (step S104). In the information display
mode, the controller 51 turns the backlight 15 on, turns the
entire display surface of the first liquid crystal panel (PD-
LCD or PN-LCD) 12 on (transmissive state), and performs
display driving on the second liquid crystal panel (color LCD)
14. In the information display mode, the electronic watch 50
displays information the amount of which is larger than in the
character display and can perform color display.

[0068] Subsequently, the controller 51 monitors a detection
result from the touch panel 11 (step S105). When the touch
panel 11 detects a double tapping operation on the touch panel
11, the controller 51 returns to step S101 to monitor a detec-
tion result from the tilt detecting unit 59.

[0069] FIG. 9 is a flowchart depicting operations of the
electronic watch 50 according to a modification. Subse-
quently to step S105, the controller 51 determines, for a
predetermined time, whether or not the user has performed an
input operation via the input unit 58 (step S106). Upon deter-
mining in step S106 that the user has performed no input
operation for the predetermined time, the controller 51
returns to step S101 to monitor a detection result from the tilt
detecting unit 59. The addition of step S106 allows the user to
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shift the electronic watch 50 to the sleep mode even when
forgetting to turn the information display mode off after the
use of the information display mode. This enables prevention
of a wasteful increase in the power consumption of the elec-
tronic watch 50.

[0070] Furthermore, when not worn around the user’s
wrist, the electronic watch 50 is set to the sleep mode. FIG. 10
is a block diagram of the electronic watch 50 according to a
modification. For example, the electronic watch 50 comprises
a sensor 60 that determines whether or not the electronic
watch 50 is worn around the user’s wrist. When the sensor
determines that the electronic watch 50 is not worn around the
user’s wrist, the controller 51 sets the electronic watch 50 to
the sleep mode. This enables a reduction in the power con-
sumption of the electronic watch 50.

[0071] [Effects]

[0072] As described above, in the first embodiment, the
electronic watch (liquid crystal display) 50 comprises the
liquid crystal display unit 10 with the first liquid crystal panel
12 and the second liquid crystal panel 14 laminated therein.
The first liquid crystal panel 12 performs the character dis-
play including the time display. The second liquid crystal
panel 14 performs the information display using a larger
amount of information than the character display. Moreover,
during the character display, the second liquid crystal panel
14 and backlight 15, which consume a large amount of power,
are off.

[0073] Therefore, according to the first embodiment, both
the character display and the information display can be per-
formed, and the power consumption during the character
display can be reduced. Thus, even when the capacity of the
power supply such as a primary battery is limited, display
time can be drastically increased.

[0074] Furthermore, between the first liquid crystal panel
12 and the second liquid crystal panel 14, the air layer 13a is
provided in contact with the lower substrate 20 of the first
liquid crystal panel 12. Thus, reflected light reflected by the
interface between the lower substrate 20 and the air layer 13a
can be utilized for display, allowing brighter display to be
achieved.

[0075] Additionally, when the tilt detecting unit 59 is used
to determine that the user is not viewing the liquid crystal
screen, the electronic watch 50 is set to the sleep mode. Inthe
sleep mode, the backlight 15, the first liquid crystal panel
(PD-LCD or PN-LCD) 12, and the second liquid crystal panel
(color LCD) 14 are all off. This enables a reduction in the
power consumption of the electronic watch 50.

[0076] In addition, the electronic watch 50 comprises the
touch panel 11 that can be easily operated by the user. The
display mode is switched depending on a touch operation
detected by the touch panel 11. Thus, even when the elec-
tronic watch 50 has a plurality of display modes, the display
modes can be easily switched.

Second Embodiment

[0077] A second embodiment is a configuration example in
which a semi-transmissive liquid crystal panel is used as a
second liquid crystal panel 14. FIG. 11 is a cross-sectional
view of a liquid crystal display unit 10 according to the
second embodiment.

[0078] Pixels 34 in the second liquid crystal panel 14 each
comprise a reflective area 34R and a transmissive area 34T.
The reflective area 34R corresponds to an area of the pixel 34
in which a reflective film 45 is provided. The transmissive
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area 34T corresponds to an area of the pixel in which the
reflective film 45 is not provided.

[0079] The reflective film 45 is formed on a TFT substrate
30 and has a function to reflect outside light incident through
a display surface of the liquid crystal display unit 10. Alumi-
num (Al) is used as the reflective film 45. For the remaining
part of the configuration, the second embodiment is the same
as the first embodiment.

[0080] In the liquid crystal display unit 10 configured as
described above, when the display on the liquid crystal dis-
play unit 10 is viewed in a bright outdoor environment,
reflected light from the reflective area 34R of the second
liquid crystal panel 14 can be utilized for display. This
improves the outdoor visibility of the liquid crystal display
unit 10 and allows the information display on the second
liquid crystal panel 14 to be made brighter.

[0081] In the first and second embodiments, the watch has
been illustrated as the electronic equipment. However, the
present invention is not limited to this. The liquid crystal
display unit 10 with the first liquid crystal panel 12 and the
second liquid crystal panel 14 laminated therein may be
applied to small, potable shapes such as cellular phones and
portable information terminals and other types of electronic
equipment such as displays, computers, and cameras which
serve as wearable devices carried by the user.

[0082] The present invention is not limited to the embodi-
ments described above, and can be embodied by modifying
constituent elements without departing from the gist of the
invention. In addition, the above embodiments include inven-
tions of various stages, and various inventions can be formed
by proper combinations of a plurality of constituent elements
disclosed in one embodiment or proper combinations of con-
stituent elements disclosed in different embodiments. When,
for example, the problems to be solved by the present inven-
tion can be solved and the effects of the invention can be
obtained even if several constituent elements are omitted
from all the constituent elements disclosed in each embodi-
ment, an embodiment from which these constituent elements
are omitted can be extracted as an invention.

What is claimed is:

1. A liquid crystal display comprising:

a first liquid crystal panel comprising first and second
substrates which are disposed opposite each other, and a
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first liquid crystal layer of a polymer dispersed type or a
polymer network type sandwiched between the first and
second substrates;

a second liquid crystal panel comprising third and fourth
substrates which are disposed opposite each other, a
second liquid crystal layer sandwiched between the third
and fourth substrates, a color filter provided on the third
substrate, and first and second polarizing plates provided
on the third and fourth substrates, respectively;

an air layer sandwiched between the first and second liquid
crystal panels and in contact with the second and third
substrates; and

aseal member which seals the air layer between the second
and third substrates.

2. The liquid crystal display according to claim 1, wherein
the second liquid crystal panel is a normally black mode and
a vertical alignment (VA) mode.

3. The liquid crystal display according to claim 1, wherein
the second liquid crystal panel comprises pixels, and

each of the pixels comprises a reflective area and a trans-
missive area.

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

the first liquid crystal panel performs character display,

the second liquid crystal panel performs information dis-
play using a larger amount of information than the char-
acter display,

in the character display, the first liquid crystal panel is
driven, and the second liquid crystal panel is off, and

in the information display, the first liquid crystal panel is
set to a transmissive state, and the second liquid crystal
panel is driven.

5. The liquid crystal display according to claim 4, further

comprising:

atouch panel provided on the first liquid crystal panel; and

a controller configured to switch between the character
display and the information display depending on a
touch operation detected by the touch panel.

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

comprising:

a detecting unit configured to detect a tilt of a display
surface; and

a controller configured to control turn-on and -off of the
first and second liquid crystal panels depending on a
detection result from the detecting unit.
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