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(57) ABSTRACT 

A liquid crystal display apparatus includes a first liquid crys 
tal display panel, a second liquid crystal display panel Smaller 
in area than the first liquid crystal display panel. A flat back 
light has an optical waveguide and a point light source placed 
near one side Surface portion of the optical waveguide, and is 
placed between the first liquid crystal display panel and the 
second liquid crystal display panel. One reflecting layer is 
placed at least between the flat backlight and the second liquid 
crystal display panel. 
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LIQUID CRYSTAL DISPLAY APPARATUS 
HAVING DISPLAY PANELS ON BOTH UPPER 

AND LOWER SURFACES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 2002 
0.03122, filed Jan. 10, 2002, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a liquid crystal display 

apparatus having display panels on both upper and lower 
Surfaces. 

2. Description of the Related Art 
For example, as shown in FIG. 12, there is some cellphone 

designed Such that a display portion housing 2 is pivotally 
attached to an operation key portion housing 1 through a shaft 
3. In this case, a key operation portion 4 is formed in the area 
enclosed with chain lines on the opposite surface of the opera 
tion key portion housing 1 to the display portion housing 2. A 
liquid crystal display apparatus 5 is housed in almost the 
central portion inside the display portion housing 2. 
The display Surface of a main liquid crystal display panel 6 

is exposed on the opposite Surface side of the liquid crystal 
display apparatus to the operation key portion housing 1. As 
shown in FIG. 13, when the display portion housing 2 is 
closed with respect to the operation key portion housing 1, the 
display Surface of a Sub liquid crystal display panel 7 Smaller 
in area than the main liquid crystal display panel 6 is exposed 
on the opposite side to the opposite side of the display portion 
housing 2 to the operation key portion housing 1. 
As described above, there is some cell phone having the 

liquid crystal display panels 6 and 7 mounted on the two 
Surfaces of the display portion housing 2 pivotally attached to 
the operation key portion housing 1 through the shaft 3. The 
sub liquid crystal display panel 7 is used to display the date/ 
time, received contents, the telephone number of the sender, 
or the like while the display portion housing 2 is closed with 
respect to the operation key portion housing 1. 

FIG. 14 is a sectional view of part of a conventional liquid 
crystal display apparatus incorporated in Such a cellphone. In 
this liquid crystal display apparatus, the main liquid crystal 
display panel 6 and Sub liquid crystal display panel 7 are 
placed to oppose each other at a predetermined distance, a 
main backlight 8 is placed on the opposite side of the main 
liquid crystal display panel 6 to the display Surface side, and 
a sub backlight 9 is placed on the opposite side of the sub 
liquid crystal display panel 7 to the display Surface side. 
The backlights 8 and 9 are of an edge light type. Although 

not shown in detail, reflectors 12 and 13 are bonded on the 
opposite sides of these backlights to the opposite sides to the 
liquid crystal display panels 6 and 7 to which optical 
waveguides 10 and 11 correspond, and a light Source (not 
shown) such as a fluorescent tube or light-emitting diode is 
placed near one end face of each of the optical waveguides 10 
and 11. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
The light emitted from each light Source is incident on one 

end face of each of the optical waveguides 10 and 11. The 
respective incident light beams are reflected by the reflectors 
12 and 13 and two-dimensionally emerge from the opposite 
surfaces of the optical waveguides 10 and 11 to the liquid 
crystal display panels 6 and 7. These emerging light beams 
are incident on the liquid crystal display panels 6 and 7, and 
image light beams corresponding to the driving operations of 
the liquid crystal display panels 6 and 7 emerge from the 
display Surface sides of the liquid crystal display panels 6 and 
7. 

In the conventional liquid crystal display apparatus, since 
the dedicated backlights 8 and 9 are respectively arranged for 
the liquid crystal display panels 6 and 7, a large number of 
components are required, and the thickness of the overall 
apparatus is large. This leads to an increase in the thickness of 
the display portion housing 2 of the cell phone. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a liquid 
crystal display apparatus which can decrease the number of 
components and the thickness of the overall apparatus. 

According to an aspect of the present invention, there is 
provided a liquid crystal display apparatus comprising a first 
liquid crystal display panel, a second liquid crystal display 
panel Smaller in area than the first liquid crystal display panel, 
a flat backlight which has an optical waveguide and a point 
light source placed near one side Surfaceportion of the optical 
waveguide, and is placed between the first liquid crystal dis 
play panel and the second liquid crystal display panel, and 
one reflecting layer which is placed at least between the flat 
backlight and the second liquid crystal display panel. 

According to this apparatus, since liquid crystal display 
panels are placed on the two Surfaces of one optical 
waveguide, the number of components can be decreased, and 
the thickness of the overall apparatus can be reduced. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice of 
the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumentali 
ties and combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying drawings; which are incorporated in 
and constitute a part of the specification, illustrate embodi 
ments of the invention, and together with the general descrip 
tion given above and the detailed description of the embodi 
ments given below, serve to explain the principles of the 
invention. 

FIG. 1 is a plan view of a liquid crystal display apparatus 
according to an embodiment of the present invention; 

FIG. 2 is a bottom view of the liquid crystal display appa 
ratus in FIG. 1; 

FIG. 3 is a sectional view taken along a line III-III in FIG. 
1; 

FIG. 4 is a plan view of the apparatus in FIG. 1 from which 
a main case is removed; 

FIG. 5 is a bottom view of the apparatus in FIG. 2 from 
which the main case, Sub case, and Sub liquid crystal display 
panel are removed; 

FIG. 6 is a bottom view of the apparatus in FIG. 5 from 
which the main flexible wiring board is removed; 
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FIG. 7 is an enlarged sectional view of part of the first 
example of a translucent reflector, 

FIG. 8 is an enlarged sectional view of part of the second 
example of a translucent reflector, 

FIG. 9 is an enlarged sectional view of part of the third 
example of a translucent reflector, 

FIG. 10A is an enlarged plan view of an example of a 
portion corresponding to one pixel without any dedicated 
reflector; 

FIG. 10B is an enlarged sectional view taken along a line 
X-X in FIG. 10A: 

FIG. 11A is an enlarged sectional view of another example 
of a portion corresponding to one pixel without any dedicated 
reflector; 

FIG. 11B is an enlarged sectional view taken along a line 
XI-XI in FIG. 11A: 

FIG. 12 is a perspective view of an example of a conven 
tional cellphone; 

FIG. 13 is a perspective view showing the display portion 
housing of the cell phone in FIG. 12 in a closed state; and 

FIG. 14 is a sectional view of part of an example of a 
conventional liquid crystal display apparatus incorporated in 
the cell phone shown in FIGS. 12 and 13. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a plan view of a liquid crystal display apparatus 
according to an embodiment of the present invention. FIG. 2 
is a bottom view of the apparatus. FIG. 3 is a sectional view 
taken along a line III-III in FIG.1. This liquid crystal display 
apparatus is housed in a display portion housing 2 in FIG. 12 
and includes an intermediate case 21, main case 22, and sub 
case 23. 
The intermediate case 21 is made of a resin and has four 

strip portions 25 (see FIGS. 4 and 6; note that the convex strip 
portion 25 on the upper side is formed wider to a certain extent 
than the convex strip portions 25 on the remaining sides in 
FIGS. 4 and 6) which are integrally connected in the form of 
a ring protruding inward and located slightly above the 
middle portion in FIG. 3 in the direction of height of a rect 
angular frame-like portion 24. A main liquid crystal display 
panel housing portion 26 is formed on one side of these 
convex strip portions 25, and a backlight housing portion 27 
is formed on the other side. Engaging projection portions 28 
(see FIG. 6) are formed at a plurality of predetermined por 
tions of the outer surfaces of the two longside portions of the 
frame-like portion 24, and a notched portion 29 (see FIG. 6) 
is formed in a predetermined portion of the outer surface of 
the upper short side portion of the frame-like portion 24. 

The main case 22 is formed from a metal plate and has six 
side wall portions 33 (one on the upper and lower sides each, 
and two on the left and right sides each), each corresponding 
to one of the engaging projection portions 28 of the interme 
diate case 21, on the four side portions of an almost rectan 
gular frame-like portion 32 having a rectangular opening 31. 
Each side wall portion 33 of the main case 22 extends in the 
vertical direction on the drawing surface of FIG. 1, and an 
engaging hole 34 formed in the extended portion at the middle 
position thereof is engaged with the corresponding engaging 
projection portion 28 formed on the intermediate case 21, 
thus the main case 22 is mounted on the main liquid crystal 
display panel housing portion 26 of the intermediate case 21. 
The sub case 23 is formed from a metal plate smaller than 

the main case 22 and has four sidewall portions37 (two on the 
left and right sides each), each corresponding to one of the 
engaging projection portions 28 of the intermediate case 21, 
formed on the two short side portions of a rectangular frame 
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4 
like portion 36 having a rectangular opening 35. In this case, 
the size of the opening 35 of the sub case 23 is smaller to a 
certain extent than that of the opening 31 of the main case 22. 
Each side wall portion 37 of the sub case 23 extends in the 
vertical direction on the drawing surface of FIG. 1, and an 
engaging hole 38 formed in the extended portion at the middle 
position is engaged with the predetermined engaging projec 
tion portion 28 of the intermediate case 21, thus the sub case 
23 is mounted on the backlight housing portion 27 of the 
intermediate case 21. 
A main liquid crystal display panel 41 is housed in the main 

liquid crystal display panel housing portion 26 of the inter 
mediate case 21. The main liquid crystal display panel 41 is 
formed by bonding two transparent substrates 42 and 43, each 
made of a glass material or the like, through an almost rect 
angular frame-like seal member (not shown), sealing a liquid 
crystal (not shown) between the two transparent substrates 42 
and 43 inside the seal member, and respectively attached with 
polarizing plates 44 and 45 on the outer surfaces of the two 
transparent substrates 42 and 43. 
The peripheral portion of the outer surface of the transpar 

ent substrate 43 on the opposite side to the display surface 
side of the main liquid crystal display panel 41 is Supported 
with the convex strip portions 25 of the intermediate case 21. 
The polarizing plate 44 on the display Surface side is placed 
inside the opening 31 of the main case 22. The peripheral 
portion of the outer surface of the transparent substrate 42 on 
the display Surface side is pressed against the inner Surface of 
the main case 22 at the outer peripheral portion of the opening 
31. In this state, the main liquid crystal display panel 41 is 
housed in the main liquid crystal display panel housing por 
tion 26 of the intermediate case 21. 
A flat backlight 51 is housed in the backlight housing 

portion 27 of the intermediate case 21. The backlight 51, 
which will be described in detail later, includes an almost 
rectangular optical waveguide 52 corresponding in size to the 
main liquid crystal display panel 41, and a reflector 53 bonded 
to a predetermined surface (the lower surface in FIG.3) of the 
optical waveguide 52. 
The backlight 51 is housed in the backlighthousing portion 

27 while the peripheral portion of the other surface of the 
optical waveguide 52 is in contact with the convex strip por 
tions 25 of the intermediate case 21. In this case, although 
described in detail later, a main flexible wiring board 72 and 
backlight flexible wiring board 57 are arranged between the 
reflector 53 and the Sub case 23. 
A Sub liquid crystal display panel 61 is placed on the outer 

side (lower side in FIG.3) of the opening 35 of the sub case 23 
So as to cover the opening. The Sub liquid crystal display 
panel 61 is formed by bonding two transparent substrates 62 
and 63 through an almost rectangular frame-like seal member 
(not shown), sealing a liquid crystal (not shown) between the 
two transparent substrates 62 and 63 inside the seal member, 
and respectively attached with polarizing plates 64 and 65 on 
the outer surfaces of the two transparent substrates 62 and 63. 
In this case, the size of the sub liquid crystal display panel 61 
is Smaller to a certain extent than that of the main liquid 
crystal display panel 41. A color sheet 66, e.g., a blue sheet, is 
attached to the outer surface of the polarizing plate 65 on the 
opposite side to the display Surface side. 
The polarizing plate 65 and the color sheet 66 attached on 

the outer surface of the polarizing plate 65 are arranged in the 
opening 35 of the sub case 23. In this state, the peripheral 
portion defining the outer Surface of the transparent Substrate 
63 on the opposite side to the display surface side is bonded to 
the outer surface of the outer peripheral portion defining the 
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opening 35 of the sub case 23. In this manner, the sub liquid 
crystal display panel 61 is placed outside the opening 35 of 
the sub case 23. 

FIG. 4 is a plan view of the apparatus in FIG. 1 from which 
the main case 22 is removed. The size of a long side of the 
transparent Substrate 43 on the opposite side to the display 
Surface side of the main liquid crystal display panel 41 is 
larger than that of the transparent Substrate 42 on the display 
Surface side, and the upper side portion of the transparent 
substrate 43 in FIG. 4 protrudes from the transparent substrate 
42 to form a protruding portion 43a. One semiconductor chip 
71 constituted by an LSI for driving the main liquid crystal 
panel and the like is mounted on the almost middle portion of 
the protruding portion 43a on the display Surface side. 
One end portion of the main flexible wiring board 72 is 

joined to the protruding end portion of the protruding portion 
43a on the display surface side. The main flexible wiring 
board 72 is bent through almost 180° near one end portion, 
and a lower portion of main flexible wiring board 72 is placed 
between the reflector 53 of the backlight 51 and the sub case 
23 through the notched portion 29 of the intermediate case 21, 
as shown in FIG. 3. 

FIG. 5 is a bottom view of the state shown in FIG. 2 from 
which the main case 22, Sub case 23, and Sub liquid crystal 
display panel 61 are removed. The main flexible wiring board 
72 has a double-sided wiring structure and includes a lower 
portion or base film 73 slightly larger than the reflector 53 of 
the backlight 51. A rectangular opening 74 is formed in a 
predetermined portion of the base film 73. This opening 74 is 
smaller than the outer size of the sub liquid crystal display 
panel 61 but is slightly larger than the area of the two polar 
izing plates 64 and 65, i.e., the display area of the sub liquid 
crystal display panel 61. 
The opening 74 of the main flexible wiring board 72 is 

located at a position corresponding to the two polarizing 
plates 64 and 65 of the sub liquid crystal display panel 61. In 
this case, since the base film 73 of the main flexible wiring 
board 72 is placed between the sub liquid crystal display 
panel 61 and the reflector 53 of the backlight 51, a portion of 
the reflector 53 which does not correspond to the polarizing 
plate 65 of the sub liquid crystal display panel 61 is covered 
with a portion of the main flexible wiring board 72 other than 
the opening 74. 

Referring to FIG. 5, a sub connector 75 and backlight 
connector 76 are mounted on the upper Surface (the opposite 
Surface to the Sub liquid crystal display panel 61 as shown in 
FIG. 2) of the base film 73, and chip components (not shown) 
Such as capacitors and resistors are mounted on other prede 
termined portions. 
As shown in FIG. 2, the size of a longside of the transparent 

substrate 63 on the opposite side to the display surface side of 
the sub liquid crystal display panel 61 is larger than that of the 
transparent Substrate 62 on the display Surface side, and the 
lower side portion of the transparent substrate 63 protrudes 
from the transparent substrate 62 on the display surface side 
to form a protruding portion 63a. A semiconductor chip 77 
constituted by an LSI for driving the sub liquid crystal display 
panel and the like is mounted on the display Surface side of 
this protruding portion 63a. One end portion of a sub flexible 
wiring board 78 is joined to the protruding end portion of the 
protruding portion 63a on the display surface side. The other 
end portion of the sub flexible wiring board 78 is inserted into 
the Sub connector 75. 

FIG. 6 is a bottom view of the state shown in FIG. 5 from 
which the main flexible wiring board 72 is removed. The 
backlight 51 includes the optical waveguide 52, reflector 53, 
light-emitting diode (point light Source) 54, and backlight 
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6 
flexible wiring board 57. The optical waveguide 52 is made of 
a transparent resin Such as acrylic resin and formed into an 
almost rectangular plate-like shape having an outer size that 
makes the optical waveguide be tightly housed in the back 
light housing portion 27 of the intermediate case 21. An 
opening 52a is formed in one corner portion of the optical 
waveguide 52. The reflector 53 has one side 53a and is smaller 
in outer size than the optical waveguide 52. The reflector 53 is 
bonded on one surface of the optical waveguide 52. The 
opening 52a of the optical waveguide 52 is located outside 
one side 53a of the reflector 53, and the light-emitting diode 
54 is embedded in the opening 52a. 
The light-emitting diode 54 is placed such that the normal 

to the light-emitting Surface, i.e., an optical axis 54a, is 
slightly shifted toward alongside of the optical waveguide 52 
near the light-emitting diode 54 with respect to a diagonal line 
connecting one corner portion of the reflector 53 and a corner 
portion on the opposite side. That is, the light-emitting diode 
54 is located slightly inside from a corner portion of the 
transparent substrate 42 on the display surface side of the 
main liquid crystal display panel 41. This makes it possible to 
reduce the width of the liquid crystal display apparatus. The 
upper side end (on the side where the light-emitting diode 54 
is placed) of the optical waveguide 52 has a notched portion 
55 forming an inclined surface 55a that gradually separates 
from the short side of the optical waveguide 52 with an 
increase in distance from the light-emitting diode 54. Since 
light emitted from the light-emitting diode 54 is partly 
reflected by the inclined surface 55a and incident on the 
optical waveguide 52, an increase in brightness can be 
attained as a whole. Almost the entire portion of the interme 
diate case 21 is formed into a frame-like shape, and a portion 
corresponding to the notched portion 55 of the optical 
waveguide 52, i.e., an inside surface 25a of the strip portions 
25, is located inward from the deepest portion of the notched 
portion 55 to cover the entire notched portion 55 of the optical 
waveguide 52. This prevents the light emitted from the light 
emitting diode 54 from leaking outside the main liquid crystal 
display panel 41. 
At a predetermined corner portion of the optical waveguide 

52, one end portion of the backlight flexible wiring board 57 
having an almost strip-like shape is connected and joined to 
the light-emitting diode 54. As shown in FIG. 5, the backlight 
flexible wiring board 57 is placed on the outer surface side of 
the main flexible wiring board 72, and the other end portion of 
the backlight flexible wiring board 57 is inserted into the 
backlight connector 76. 

In this liquid crystal display apparatus, when the main 
liquid crystal display panel 41 is to be used, the light-emitting 
diode 54 is turned on, and the light emitted from the light 
emitting diode 54 is incident on the optical waveguide 52 
through the inner surface of the opening 52a formed in one 
corner portion of the optical waveguide 52. This incident light 
is reflected by the reflector 53 and two-dimensionally 
emerges from the opposite Surface of the optical waveguide 
52 to the main liquid crystal display panel 41. The main liquid 
crystal display panel 41 is irradiated with this emerging light, 
and image light corresponding to the driving operation of the 
main liquid crystal display panel 41 emerges from the display 
Surface side of the main liquid crystal display panel 41. 
When the sub liquid crystal display panel 61 is to be used, 

the light-emitting diode 54 is turned off, and external light is 
used. That is, external light is transmitted through the Sub 
liquid crystal display panel 61, the color sheet 66, and the 
opening 74 of the main flexible wiring board 72 and then 
reflected by the reflector 53. The reflected light is transmitted 
through the opening 74 of the main flexible wiring board 72 
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and the color sheet 66. The sub liquid crystal display panel 61 
is irradiated with the transmitted light, and image light cor 
responding to the driving operation of the sub liquid crystal 
display panel 61 emerges from the display surface side of the 
Sub liquid crystal display panel 61. In this case, the image 
light emerging from the display surface side of the sub liquid 
crystal display panel 61 has a color (e.g., blue) corresponding 
to the color sheet 66. 

In this manner, in this liquid crystal display apparatus, the 
liquid crystal display panels 41 and 61 are placed on the 
opposite surface sides of the optical waveguide 52 having the 
reflector 53 mounted on the predetermined surface, and the 
main liquid crystal display panel 41 is used as a transmission 
type panel, while the sub liquid crystal display panel 61 is 
used as a reflection type panel. This allows only one backlight 
51 to be placed between both liquid crystal display panels 41 
and 61. This makes it possible to decrease the number of 
components and thickness of the overall apparatus. As a con 
sequence, when this liquid crystal display apparatus is incor 
porated in a cellphone like the one shown in FIGS. 12 and 13, 
a reduction in the thickness of the display portion housing 2 
can be attained. 

In addition, in this liquid crystal display apparatus, the 
main flexible wiring board 72 is placed between the sub liquid 
crystal display panel 61 and the reflector 53, and the portion 
of the reflector 53 which does not correspond to the polarizing 
plate 65 of the sub liquid crystal display panel 61 is covered 
with the portion of the main flexible wiring board 72 other 
than the opening 74. Even if, therefore, external light enters 
through the opening 35 of the sub case 23 around the polar 
izing plate 65 of the sub liquid crystal display panel 61, this 
external light can be absorbed by the main flexible wiring 
board 72. The main flexible wiring board 72 can therefore be 
made to have the function of a light-shielding film. This 
makes it possible to reliably prevent unnecessary light leak 
age through the opening 35 of the sub case 23 around the 
polarizing plate 65 of the sub liquid crystal display panel 61. 

The above embodiment has exemplified the case wherein a 
total reflection type reflector is used as the reflector 53. If, 
however, a translucent reflector is used as the reflector 53, the 
Sub liquid crystal display panel 61 can be used as both a 
transmission type and a reflection type. 
Assume that the reflector denoted by reference numeral 53 

in FIG. 3 serves as a translucent reflector. In this case, while 
the light-emitting diode 54 is OFF, external light from the 
display surface side of the sub liquid crystal display panel 61 
is transmitted through the sub liquid crystal display panel 61 
and color sheet 66 and partly reflected by the reflector 53. This 
light is then transmitted through the color sheet 66 again and 
emerges to the display surface side of the sub liquid crystal 
display panel 61, thereby realizing reflection type display of 
a color (e.g., blue) corresponding to the color sheet 66. 

While the light-emitting diode 54 is ON, the light emitted 
from the light-emitting diode 54 is incident through the inner 
surface of the opening 52a of the optical waveguide 52, trav 
els in the optical waveguide 52, and is transmitted through the 
reflector 53. This transmitted light is transmitted through the 
opening 74 of the main flexible wiring board 72 and the color 
sheet 66. The sub liquid crystal display panel 61 is irradiated 
with this transmitted light, and image light corresponding to 
the driving operation of the subliquid crystal display panel 61 
emerges from the display surface side of the sub liquid crystal 
display panel 61. As a consequence, the sub liquid crystal 
display panel 61 performs transmission type display. In this 
case as well, the image light emerging from the display sur 
face side of the sub liquid crystal display panel 61 has a color 
corresponding to the color sheet 66. 
When the main liquid crystal display panel 41 is to be used, 

the light emitted from the light-emitting diode 54 is incident 
through the inner surface of the opening 52a of the optical 
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8 
waveguide 52, travels in the optical waveguide 52, and is 
partly reflected by the translucent reflector 53. This light then 
emerges to the main liquid crystal display panel 41 side. 
When the main liquid crystal display panel 41 is used, reflec 
tion type display can be performed. However, external light 
from the display surface side of the main liquid crystal display 
panel 41 travels in the direction of thickness of the optical 
waveguide 52, is partly reflected by the reflector 53, and 
emerges to the display surface side of the main liquid crystal 
display panel 41. In this case, since a shade corresponding to 
the thickness of the optical waveguide 52 is cast on a display 
image, the thickness of the waveguide 52 is preferably mini 
mized. 
The optical waveguide 52 and translucent reflector 53 are 

almost equal in size to the main liquid crystal display panel 41 
and larger than the subliquid crystal display panel 61. For this 
reason, light is also transmitted through the translucent reflec 
tor 53 even at a position around the polarizing plate 65 of the 
sub liquid crystal display panel 61. 
As described above, however, since the main flexible wir 

ing board 72 is placed between the sub liquid crystal display 
panel 61 and the reflector 53, and the portion of the reflector 
53 which does not correspond to the sub liquid crystal display 
panel 61 is covered with the portion of the main flexible 
wiring board 72 other than the opening 74, even if light is 
transmitted through the reflector 53 at a position around the 
polarizing plate 65 of the sub liquid crystal display panel 61, 
the transmitted light can be absorbed by the main flexible 
wiring board 72. In this case as well, therefore, the main 
flexible wiring board 72 can be made to have the function of 
a light-shielding film. This makes it possible to reliably pre 
Vent unnecessary light leakage through the opening 35 of the 
Sub case 23 around the polarizing plate 65 of the sub liquid 
crystal display panel 61. 
As a translucent reflector, as shown in FIG. 7, a plate 

obtained by dispersing reflecting particles 82 in a transparent 
resin plate 81 may be used. Alternatively, as shown in FIG. 8, 
a plate obtained by forming one reflecting layer 85 made of 
aluminum, silver, or the like on one surface of a transparent 
resin plate 83 in correspondence with one pixel 84 indicated 
by chain lines may be used. In this case, the area of the 
reflecting layer 85 is 30 to 70% of the area of one pixel 84. 
Alternatively, as shown in FIG.9, a plate obtained by forming 
a plurality of dotted reflecting layers 88 made of aluminum, 
silver, or the like on one surface of a transparent resin plate 86 
for one pixel 87 indicated by a chain line may be used. In this 
case, the total area of the plurality of reflecting layers 88 is 30 
to 70% of the area of one pixel 87. Furthermore, translucent 
reflectors may be placed on the opposite surfaces of the opti 
cal waveguide 52. In this case, reflection type display and 
transmission type display can be done on both the main liquid 
crystal display panel and the sub liquid crystal display panel 
under almost the same conditions. 

Instead of a dedicated reflector, a reflecting layer made of 
aluminum, silver, or the like may be formed on one surface of 
the optical waveguide 52 by vapor deposition, sputtering, or 
the like. Alternatively, instead of a dedicated translucent 
reflector, one or a plurality of dotted reflecting layers may be 
formed on one or two surfaces of the optical waveguide 52 
with respect to one pixel by properly patterning a reflecting 
layer made of aluminum, silver, or the like formed by vapor 
deposition, sputtering, or the like. 

In addition, only the optical waveguide 52 may be placed 
between the main liquid crystal display panel 41 and the sub 
liquid crystal display panel 61. In this case, however, both 
liquid crystal display panels 41 and 61 are of an active matrix 
type, with one pixel being constituted by a transmitting por 
tion and reflecting portion. 

For example, as shown in FIGS. 10A and 10B, a reflecting 
layer 92 made of aluminum, silver, or the like is formed on the 
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upper Surface (the opposite Surface to the transparent Sub 
strates 42 and 62 in FIG. 3) of a transparent substrate 91 
corresponding to the transparent substrates 43 and 63 in FIG. 
3. An insulating film 93 is formed on the entire upper surface, 
and a pixel electrode 94 made of ITO is formed on the upper 
surface of the insulating film 93. In this case, the area of the 
reflecting layer 92 is 30 to 70% of the area of the pixel 
electrode 94. In one pixel, the reflecting layer 92 forms a 
reflecting portion, and a portion of the pixel electrode 94 
which does not overlap with the reflecting layer 92 forms a 
transmitting portion. 

Alternatively, as shown in FIGS. 11A and 11B, a plurality 
of dotted reflecting layers 92a may be formed for one pixel 
electrode 94. In this case, the total area of the plurality of 
reflecting layers 92a is 30 to 70% of the area of the pixel 
electrode 94. In one pixel, the plurality of reflecting layers 92a 
form reflecting portions, and a portion of the pixel electrode 
94 which does not overlap with the reflecting layers 92a form 
transmitting portions. 

In the arrangement shown in FIGS. 10A and 10B or 11A 
and 11B, only one optical waveguide 52 is placed between the 
main liquid crystal display panel 41 and the Sub liquid crystal 
display panel 61, and hence a reflector or translucent reflector 
becomes unnecessary. The number of components can be 
reduced accordingly, and the thickness of the overall appara 
tus can be reduced. 

In addition, the above embodiment has exemplified the 
structure in which the point light source formed from a light 
emitting diode is embedded in the optical waveguide. How 
ever, an inclined Surface (serving as a light incident Surface) 
may beformed to extend across two sides adjacent to a corner 
portion (one or a plurality of portions) of the optical 
waveguide, and a point light source may be placed near the 
inclined surface. The above embodiment has exemplified the 
case wherein the point light source formed from a light 
emitting diode is used. However, the present invention is not 
limited to this, and a line light source Such as a fluorescent 
lamp may be used. In this case, the line light source may be 
placed near one side of the optical waveguide. In addition, the 
above embodiment has exemplified the case wherein the 
backlight having the optical waveguide is used as a flat back 
light. However, the present invention is not limited to this, and 
a flat light-emitting device Such as an EL (electrolumines 
cence) panel may be used. 
AS has been described above, according to the present 

invention, since the liquid crystal display panels are placed on 
the two surface sides of one optical waveguide, the number of 
components can be reduced, and the thickness of the overall 
apparatus can be reduced. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the specific details and rep 
resentative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A liquid crystal display apparatus comprising: 
a first liquid crystal display panel; 
a second liquid crystal display panel Smaller in display area 

than the first liquid crystal display panel; 
a flat backlight which has an optical waveguide and a point 

light source placed near one side Surface portion of the 
optical waveguide, and is placed between and illumi 
nates the first liquid crystal display panel and the second 
liquid crystal display panel; and 
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10 
one reflecting layer which is placed at least between the flat 

backlight and the second liquid crystal display panel 
and 

a flexible wiring board disposed between said second liq 
uid crystal display panel and said one reflecting layer, 
said flexible wiring board being connected to said first 
liquid crystal display panel and having an opening cor 
responding to said display area of said second liquid 
crystal display panel. 

2. An apparatus according to claim 1, wherein the reflect 
ing layer includes a total reflection type reflecting layer. 

3. An apparatus according to claim 1, wherein the reflect 
ing layer includes a translucent reflecting layer. 

4. An apparatus according to claim 3, wherein the translu 
cent reflecting layer includes a transparent resin and a reflect 
ing member. 

5. An apparatus according to claim 4, whereinan area of the 
reflecting member included in the translucent reflecting layer 
is 30 to 70% of an area of one pixel. 

6. An apparatus according to claim 1, wherein a size of the 
optical waveguide is Substantially equal to a size of the first 
liquid crystal display panel. 

7. An apparatus according to claim 1, which further com 
prises a wherein 

the flexible wiring board is connected to the first and 
second liquid crystal display panels, and placed 
between the reflecting layer and the second liquid crystal 
display panel. 

8. An apparatus according to claim 71, 
wherein said opening of the flexible wiring board has an 

opening corresponding to coincides with said display 
area of the second liquid crystal display panel. 

9. An apparatus according to claim 8. 
wherein a size of the opening of the flexible wiring board is 

smaller larger than a size of the display area of the 
second liquid crystal display panel and is smaller than a 
size of a display area of the first liquid crystal display 
panel. 

10. An apparatus according to claim 1, wherein the optical 
waveguide has a Substantially rectangular shape, and the 
point light Source is placed on a short-side side near one 
corner portion of the optical waveguide. 

11. An apparatus according to claim 10, wherein the point 
light source is placed such that an optical axis thereof is 
slightly shifted toward a long side of the optical waveguide 
near the point light source with respect to diagonal line con 
necting one corner portion of the optical waveguide and a 
corner portion on an opposite side thereto. 

12. An apparatus according to claim 10, wherein a short 
side portion of the optical waveguide near the point light 
Source has a notched portion forming an inclined Surface that 
gradually separates from a short side with distance from the 
point light source. 

13. An apparatus according to claim 1, wherein the optical 
waveguide has an opening, and the point light source is placed 
inside the opening. 

14. An apparatus according to claim 1, which further com 
prises a backlight flexible wiring board connected to the point 
light source, and placed between the reflecting layer and the 
second liquid crystal display panel. 

15. An apparatus according to claim 1, further comprising 
a case, the case having a liquid crystal display panel housing 
portion which houses the first liquid crystal display panel and 
a backlight housing portion which houses the backlight. 

16. An apparatus according to claim 15, wherein the case 
has an intermediate case having the liquid crystal display 
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panel housing portion and the backlight housing portion, and 
a pair of metal plate cases placed on upper and lower Surfaces 
of the intermediate case. 

17. An apparatus according to claim 16, wherein one of the 
metal plate cases has an opening corresponding to the second 
liquid crystal display panel. 

18. An apparatus according to claim 17, wherein the sec 
ond liquid crystal display panel is placed outside one of the 
metal plate cases. 

19. A liquid crystal display apparatus comprising: 
a first liquid crystal display panel; 
a second liquid crystal display panel Smaller in area than 

the first liquid crystal display panel; 
a flat backlight placed between the first liquid crystal dis 
EY panel and the second liquid crystal display panel; 
al 

a translucent reflecting layer placed between the flat back 
light and the second liquid crystal display panel. 

20. An apparatus according to claim 19, wherein the flat 
backlight includes an optical waveguide, and the translucent 
reflecting layer is formed on the optical waveguide. 
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21. A liquid crystal display apparatus comprising: 
a first liquid crystal display panel; 
a second liquid crystal display panel Smaller in area than 

the first liquid crystal display panel; and 
a flat backlight which has an optical waveguide and a point 

light source placed near one side Surface portion of the 
optical waveguide, and is placed between the first liquid 
crystal display panel and the second liquid crystal dis 
play panel, 

wherein the first liquid crystal display panel has a translu 
cent reflecting layer including a reflecting layer and a 
transparent pixel electrode, and the second liquid crystal 
display panel has a translucent reflecting layer including 
a reflecting layer and a transparent pixel electrode. 

22. An apparatus according to claim 21, wherein an area of 
at least one of the reflecting layers is 30 to 70% of an area of 
the transparent pixel electrode. 


