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1
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a liquid crystal display
device. More particularly, the present invention relates to a
liquid crystal display device which might be employed in
mobile electronic equipments, which enables two-sided dis-
play. and which is moreover capable of achieving thin and
light-weight devices.

Examples of conventionally suggested liquid crystal dis-
play devices capable of displaying images on both sides of
a panel are those employing a method in which two separate
liquid crystal panels are used, one on a front and on a rear
or a method in which a pair of glass substrates is used
wherein the substrates respectively serve as light-conducting
plates.

However, both of the above methods were disadvantaged
in that the thickness of the entire liquid crystal display
devices became thick so that the subject of application
thereof to mobile electronic equipments still remained. Par-
ticularly in the method in which glass substrates are
employed as light-conducting plates, the two glass sub-
strates needed to be of a thickness equivalent to light-
conducting plates (approximately 1 mm) for allowing trans-
mission of light into the interior of the glass substrates, and
the thickness thereof was thus required to be approximately
twice of the thickness of conventional glass substrates. This
resulted not only in an increase of thickness of the liquid
crystal panels but also in an increase of weight of a single
glass substrate to as much as approximately 300 g (in case
its thickness is approximately 1.1 mm) so as to lead to a
drawback that the weight of the entire liquid crystal panels
were increased. Another drawback was that the number of
process steps was increased since liquid crystal panels,
which were obtained by cutting glass substrates of large
dimensions into desired dimensions, required processing of
end surfaces through grinding or similar methods in order to
make light incident from the end surfaces of the cut glass
substrates.

SUMMARY OF THE INVENTION

The present invention has been made for solving the
above problems, and it is an object thereof to provide a
liquid crystal display device in which both-sided display is
enabled by using a single liquid crystal panel in a liquid
crystal display device of a type using light-conducting
plates, and which is capable of achieving thinning and cuts
in costs.

In accordance with a first aspect of the present invention,
there is provided a liquid crystal display device including a
single liquid crystal panel in which liquid crystal is sealed in
a clearance formed between two transparent substrates, at
least one light source, and at least one light-conducting
plate,

wherein the liquid crystal panel includes a transmitting type
region and a reflecting type region, a part of one surface of
the liquid crystal panel is defined to be a first display surface
for the transmitting type region, and a part of the other
surface of the liquid crystal panel is defined to be a second
display surface for the reflecting type region.

In accordance with a second aspect of the present inven-
tion, there is also provided a liquid crystal display device
including a single liquid crystal panel in which liquid crystal
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is sealed in a clearance formed between two transparent
substrates, at least one light source, and at least one light-
conducting plate,

wherein the liquid crystal panel is composed of a single
transmitting type liquid crystal panel, a part of one surface
of the liquid crystal panel is defined to be a first display
surface for display by using transmitted light from the other
surface of the liquid crystal panel, and a part of the other
surface of the liquid crystal panel is defined to be a second
display surface for display by using transmitted light from
the one surface of the liquid crystal panel.

According to the present invention, both-sided display is
enabled by using a single liquid crystal panel and a thin and
light-weighted structure of the liquid crystal display device
is achieved thereby. With this arrangement, the liquid crystal
display device of the present invention might be favorably
employed in both-sided displaying devices of mobile elec-
tronic equipments such as mobile telephones.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional explanatory view showing one
embodiment of a liquid crystal display device according to
the present invention;

FIGS. 2(a) and 2(b) are sectional explanatory views
showing a displaying condition of the liquid crystal display
device of FIG. 1;

FIG. 3 is a sectional explanatory view showing another
embodiment of a liquid crystal display device according to
the present invention;

FIG. 4 is a sectional explanatory view showing still
another embodiment of a liquid crystal display device
according to the present invention;

FIGS. 5(a) and 5(b) are sectional explanatory views
showing a displaying condition of the liquid crystal display
device of FIG. 4;

FIG. 6 is a sectional explanatory view showing yet
another embodiment of a liquid crystal display device
according to the present invention;

FIG. 7 is a sectional explanatory view of a conventional
transmitting type liquid crystal display device;

FIG. 8 is a sectional explanatory view showing a display-
ing condition of the transmitting type liquid crystal display
device of FIG. 7,

FIG. 9 is a sectional explanatory view of a conventional
reflecting type liquid crystal display device; and

FIG. 10 is a sectional explanatory view showing display-
ing condition of the reflecting type liquid crystal display
device of FIG. 9.

DETAILED DESCRIPTION

The liquid crystal display device of the present invention
will now be explained in further details with reference to the
drawings.

The liquid crystal display device of the present invention
is so arranged that both-sided display of the liquid crystal
panel is enabled upon forming a transmitting type and a
reflecting type display region or two transmitting type
display regions by using a single liquid crystal panel.

Here, a conventional transmitting type liquid crystal dis-
play device will first be briefly explained. As shown in FIG.
7, the transmitting type liquid crystal display device includes
a liquid crystal panel 51 and a back light 52. The liquid
crystal panel 51 is so arranged that a liquid crystal layer 55
is sealed between an array substrate 53 made, for instance,
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of glass, and a color filter substrate 54, wherein polarizers
56, 57 are respectively provided outside of these substrates
53, 54. The back light 52 is composed of a light source 58,
a light-conducting plate 59 for guiding light which has been
emitted from the light source 58 to the entire surface of the
liquid crystal panel 51, a reflecting plate 60 for preventing
light passing through the light-conducting plate 59 from
leaking out in a rear direction, and a diffusion plate 61 for
making distribution of light which has been emitted from the
light-conducting plate 59 uniform.

As shown in FIG. 8 in more details, the liquid crystal
panel 51 is so arranged that a pixel electrode 62 and a TFT
63 are formed inside of the array substrate 53 onto which an
alignment layer 64 is further laminated whereas a color filter
65, a protective film 66, a common electrode 67 and an
alignment layer 68 are laminated in this order inside of the
color filter substrate 54.

With this arrangement, light which has been emitted from
the light source 58 transmits through the liquid crystal panel
51 in the direction of arrow G upon passing through the
light-conducting plate 59 as shown in FIGS. 7 and 8§,
whereupon an image is displayed in the direction of arrow
H in FIG. 7.

A conventional reflecting type liquid crystal display
device includes a liquid crystal panel 69 and a front light 70
disposed on a frontward side of the liquid crystal panel 69
as shown in FIGS. 9 and 10. The basic arrangements of the
liquid crystal panel 69 are common with those of the above
liquid crystal panel 51 shown in FIGS. 7 and 8 so that
portions which are marked with identical reference numerals
indicate identical portions, while the panel 69 differs from
the liquid crystal panel 51 of FIGS. 7 and 8 in that its pixel
electrode 71 on the array substrate 53 side is composed of a
reflecting layer.

With this arrangement, light which has been emitted form
the light source 58 will once enter the interior of the liquid
crystal panel 69 along the direction as illustrated by arrow 1
and will then be reflected at the pixel electrode 71 composed
of a reflecting layer as shown in FIGS. 9 and 10. In this
manner, an image will be displayed in the direction of arrow
J in FIG. 9.

A thin and light-weighted structure has been achieved in
the present invention by manufacturing a combination of a
transmitting type region in which images are displayed by
utilizing transmitting light as in the above transmitting type
liquid crystal display device shown FIGS. 7 and 8 and a
reflecting type region in which images are displayed by
utilizing reflecting light of a pixel electrode in the interior of
the liquid crystal panel as in the above reflecting type liquid
crystal display device shown in FIGS. 9 and 10, and alter-
natively a combination of two transmitting type regions,
within a single liquid crystal panel. Various forms for
embodying the present invention will now be explained.

EMBODIMENT 1

FIG. 1 shows one embodiment of a liquid crystal display
device according to the present invention which enables
both-sided display. The liquid crystal display device of the
present embodiment is composed of a liquid crystal display
panel 1 including a transmitting type region 3 and a reflect-
ing type region 4 as well as a common light unit 2.

The liquid crystal panel 1 is so arranged that a liquid
crystal layer 7 having a thickness of several pm is sealed
between an array substrate 5 made, for instance, of glass,
and a color filter substrate 6, wherein polarizers 8, 9 are
respectively disposed outside of both substrates 5, 6.
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The glass substrates employed as the substrates 5, 6 might
be glass substrates for use in mobile equipments which are
generally used in these days with a thickness of approxi-
mately 0.6 mm. The polarizer 8 might, for instance, be of
PVA (polyvinyl alcohol) or iodine group, or alternatively of
dichroic organic dye group, and be of a thickness in a range
of approximately 0.12 to 0.4 mm.

As shown in FIGS. 2(a) and 2(), the liquid crystal panel
1 is so arranged that pixel electrodes 10, 11 and a TFT 12 are
formed inside of the array substrate 5, and an alignment
layer 13 is further laminated thereon. Here, the pixel elec-
trode 10 of the transmitting type region 3 is a transparent
pixel electrode comprising an ITO or the like through which
light can transmit, while the pixel electrode 11 of the
reflecting type region 4 is a pixel electrode which functions
as a reflecting film made, for instance, of an aluminum alloy.

A color filter 14, a protective film 15, a common electrode
16 and an alignment layer 17 are laminated onto the inner
surface of the color filter substrate 6 in this order.

As for the color filter 14, a coloring layer might be applied
onto the glass substrate to be of a thickness of approximately
1 to 2 pm. The coloring material might, for instance, be a dye
or a pigment. A transparent conductive film made, for
instance, of ITO having a thickness of approximately 1,000
to 1,500 angstrom is employed as the common electrode 16.
As for the alignment layer 17, a polyimide group orientation
film as generally used in these days might be employed.

The common light unit 2 is composed, as shown in FIG.
2, of a light source 18, a light-conducting plate 19 for
guiding light which has been emitted from the light source
18 to the entire surface of the liquid crystal panel 1, a
reflecting plate 20 for preventing light passing through the
light-conducting plate 19 formed in the transmitting type
region 3 from leaking out in a rear direction, and a diffusion
plate 21 for making distribution of light which has been
emitted from the light-conducting plate 19 formed on the
transmitting type region 3 uniform.

The light-conducting plate 19 might, for instance, be
formed of transparent acrylic resin, and since a thickness
more than a diameter of the light source (a lamp or a
white-colored LED) is required in view of efficiency of
incidence, one having a thickness of approximately 1 mm is
employed. As for the reflecting plate 20, there might be
employed aluminum foil or a plate on which aluminum is
vapor deposited.

In FIG. 1, directions for viewing the respective regions
are a direction A for viewing the transmitting type region 3
and a direction B for viewing the reflecting type region 4.

Display methods of the respective regions will now be
explained with reference to FIGS. 2(a) and 2(b). For display
of the transmitting type region 3, an image will be displayed
by utilizing light which has been emitted from the light
source 18 and passed through the light-conducting plate 19
as a back light as shown in FIG. 2(b), and by making the
light transmit through the transmitting type region 3 along
the direction of arrow C in FIG. 2(b). On the other hand, for
display of the reflecting type region 4, an image will be
displayed by utilizing light which has been emitted from the
light source 18 and passed through the light-conducting
plate 19 as a front light as shown in FIG. 2(a), and by
making the light transmit through the reflecting type region
4 along the direction of arrow D. With this arrangement,
both-sided display is enabled through a simple structure
composed of a single liquid crystal panel 1, and a group
composed of a light source 18 and an light-conducting plate
19, and it is possible to achieve a thin and light-weighted
structure of the liquid crystal display device.
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EMBODIMENT 2

In FIG. 3, the common light unit 2 including a group
composed of a light source 18 and a light-conducting plate
19 shown in FIG. 1 is separated into a back light unit 24
comprising a first group composed of a light source 22 and
a light-conducting plate 23 and a front light unit 27 com-
prising a second group composed of a light source 25 and a
light-conducting plate 26, respectively, for the transmitting
type region 3 and the reflecting type region 4, so as to be
individually controllable. The remaining arrangements are
common with those of the liquid crystal display device
shown in FIGS. 1 and 2, and reference numerals of FIG. 3
which are identical to the reference numerals of FIGS. 1 and
2 indicate portions which are identical with those shown in
FIGS. 1 and 2.

In FIG. 3, a reflecting plate 20 is disposed on a lower
surface of the light-conducting plate 23 of the transmitting
type region 3. The light sources 22 and 25 might be of
weaker power when compared to the light source 18 of FIG.
1 since areas each of which irradiate will be smaller. In case
display is to be performed by using the transmitting type
region 3, only the light source 22 is illuminated whereas in
case display is to be performed by using the reflecting type
region 4, only the light source 25 is illuminated to thereby
reduce the power consumption. Since the display method of
the liquid crystal display device of FIG. 3 is identical to that
of FIG. 2, explanations thereof will be omitted.

EMBODIMENT 3

FIG. 4 shows one embodiment of a display device using
a liquid crystal panel 28 of which entire surface is of
transmitting type instead of the liquid crystal panel 1 includ-
ing the transmitting type region and the reflecting type
region in the liquid crystal display device of FIG. 1. More
particularly, as shown in FIG. 5, both of the pixel electrodes
31, 32 of the two transmitting type regions 29, 30 comprise
transparent picture electrodes made of ITO or similar
through which light might transmit. As shown in FIG. 4, the
present embodiment is further provided with a reflecting
plate 33 formed on an upper surface of the liquid crystal
panel 28 of the region 30. The region 29 is arranged similar
1o that of FIG. 1. The remaining arrangements are common
to those of the liquid crystal device shown in FIGS. 1 and 2,
and reference numerals which are identical to the reference
numerals of FIGS. 1 and 2 indicate portions which are
identical to the portions shown in FIGS. 1 and 2.

The display methods of the respective regions will now be
explained with reference to FIG. 5(a) and 5(b). Since the
first transmitting region 29 is identical to that of FIG. 2(a),
explanations thereof will be omitted. On the other hand, in
case display is to be performed using the second transmitting
type region 30, light which has been emitted from the light
source 18 and passed through the light-conducting plate 19
will once transmit through the second transmitting type
region 30 and upon being reflected by the reflecting plate 33,
the light will again be transmitted through the second
transmitting type region 30 whereby an image is displayed
in the direction of arrow B in FIG. 4. With this arrangement,
both-sided display by using a single liquid crystal panel, and
one pair of a light source and a light-conducting plate will
be enabled so as to achieve a thin and light-weighted
structure of the liquid crystal display device.
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6
EMBODIMENT 4

FIG. 6 shows a case in which, instead of the common light
unit 2 composed of one pair of a light source 18 and a
light-conducting plate 19 in the liquid crystal display device
of FIG. 4, a first back light unit 36 composed of a light
source 34 and a light-conducting plate 35 and a second back
light unit 39 composed of a light source 37 and a light-
conducting plate 38 are respectively used for the first
transmitting type region 29 and the second transmitting type
region 30 such that these can be individually controlled. By
respectively disposing reflecting plates 40, 41 for the light-
conducting plates 35, 38, light transmitting through the
light-conducting plates 35, 38 are prevented from leaking
out in rear directions. Similarly, the light-conducting plates
35, 38 are additionally provided with diffusion plates 42, 43,
respectively, for uniform diffusion of light. The light sources
34 and 37 might be of weaker power when compared to the
light source 18 of FIG. 4 since areas each of which irradiate
will be smaller.

The liquid crystal display device shown in FIG. 6 is so
arranged that an image is displayed by utilizing both of the
first group composed of the light source 34 and light-
conducting plate 35 and the second group composed of the
light source 37 and the light-conducting plate 38, respec-
tively as back lights for the first transmitting type region 29
and the second transmitting type region 30 and through light
transmitting through the first transmitting type region 29 and
the second transmitting type region 30. It should be noted
that conditions of light transmitting through the first trans-
mitting type region 29 and the second transmitting type
region 30 are identical to those shown in FIG. 5.

The liquid crystal display device shown in FIG. 6 is so
arranged that an image is displayed by utilizing both of the
first group composed of the light source 34 and light-
conducting plate 35 and the second group composed of the
light source 37 and the light-conducting plate 38, respec-
tively as back lights for the first transmitting type region 29
and the second transmitting type region 30 and through light
transmitting through the first transmitting type region 29 and
the second transmitting type region 30. It should be noted
that conditions of light transmitting through the first trans-
mitting type region 29 and the second transmitting type
region 30 are identical to those shown in FIG. 5(a).

According to the present invention, both-sided display is
enabled by using a single liquid crystal panel and a thin and
light-weighted structure of the liquid crystal display device
is achieved thereby. With this arrangement, the liquid crystal
display device of the present invention might be favorably
employed in both-sided displaying devices of mobile elec-
tronic equipments such as mobile telephones.

Further, according to the present invention, a common
light unit composed of one group of a light source and a
light-conducting plate can be employed as a light unit for
display regions on both surfaces so that the structure can be
simplified and the thickness of the entire liquid crystal
display device can be reduced.

Moreover, according to the present invention, by provid-
ing individual light units for two display regions, areas of
irradiation of the respective display regions will become
smaller so that the light sources might be of weaker power.
The power consumption might further be reduced since only
a required display region is irradiated.

What is claimed is:

1. A liquid crystal display device having opposed first and
second surfaces and providing a transmitted light display at
a transmitted region on the first surface and a reflected light
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display at a reflected region of the second surface, the liquid

crystal display device comprising;

a single liquid crystal display panel in which a liquid
crystal material is sealed in a clearance between two
transparent substrates; 5

a plurality of transistors disposed in the clearance between
the two transparent substrates for switching electrical
signals supplied to pixel electrodes of the liquid crystal
panel;

transparent pixel electrodes within the clearance and 10
connected to transistors opposite the transmitted
region;

light reflecting pixel electrodes within the clearance and
connected to transistors opposite the reflected region;

at least one light source supplying light for enhancing at
least one of the transmitted light display and the
reflected light display; and

15

8

at least one light-conducing plate for conducting light
from the at least one light source.

2. The liquid crystal display device of claim 1 including
a single light source and a single light-conducting plate
disposed closer to the first surface of the liquid crystal
display device than to the second surface of the liquid crystal
display device and providing a back light for the transmitted
light display and a front light for the reflected light display.

3. The liquid crystal display device of claim 1 including
a first light source and a first light-conducting plate located
opposite the transmitted region and providing a back light
for the transmitted light display and a second light source
and a second light-conducting plate located opposite the
reflected region and providing a front light for the reflected

light display.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

H b2 FF SRRk
HAEREEEE

E)

BRETER

US7345722 DF(E)A
US11/019318 B A
=8kt

=ZEdEHKRA 2t

ZZEENKR o

SUZUKI YUTAKA
DOI YOSHIFUMI

SUZUKI, YUTAKA
DOI, YOSHIFUMI

GO02F1/1335 G02F1/13357 F21V8/00

GO02F1/133555 G02F1/133615 G02F2001/133342 G02F2001/133616

NGUYEN , 2E{&T.
2002053655 2002-02-28 JP
US20050105024A1

Espacenet USPTO

—MHRREERRE  EENMNREER , EPREMHEBERER
iR, EL—AMRBFNED —MASRZAOERS. REERDIESE 5
SXEMRFXE. REERNE-—REAN—H22ATEHXENE

—ERKRE, ARRRERNE-REN -2 RATRAXHENE= 137\\3&5///,/, 7T
ERKRE. NEMNRSEREENEE RSF , HEXNFEABRNRRZE

REE,

patsnap

2008-03-18

2004-12-23

4o

!\ AN ANAIISSIISISSSN TN

TTTTTTT

T
N

v
L1
P
]

e e R R e B " \:.:;21

[T T T T T T T T T 7

EAOMOAANANNNRANNNY

5

Y

4

(77777777 7777777777771



https://share-analytics.zhihuiya.com/view/35fc3cf0-7221-43a7-beef-f0f612697d6c
https://worldwide.espacenet.com/patent/search/family/027750927/publication/US7345722B2?q=US7345722B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7345722.PN.&OS=PN/7345722&RS=PN/7345722

