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(57) ABSTRACT

There is provided a liquid crystal display having good
display characteristics and a method of driving the same.
Pixel data is written in plural pixels on one gate bus line at
a top end of a display area at a first point in time on a line
sequential basis. At a second point in time, the writing of
pixel data in pixels in an upper part of the screen is
completed, and writing of pixel data in pixels in a lower part
of the screen is started. At a third point in time, the writing
of pixel data in the pixels in the lower part of the screen is
completed. A fluorescent tube on the upper side of the screen
is turned on for a period between a third point in time after
the writing of pixel data in the upper part of the screen and
a fourth point in time before writing of pixel data for the next
frame is started and is turned off in other periods. A
fluorescent tube on the lower side of the screen is turned on
for a period between a fifth point in time after the writing of
pixel data in the lower part of the screen in the preceding
frame and a sixth point in time before writing of pixel data
in the lower part of the screen is started and is turned off in
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LIQUID CRYSTAL DISPLAY AND METHOD OF
MANUFACTURING THE SAME

[0001] This is a divisional of application Ser. No. 10/386,
135, filed Mar. 11, 2003.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display used as a display section of an information apparatus
and a method of driving the same.

[0004] 2. Description of the Related Art

[0005] Displays used as monitors of personal computers
(PCs) and television receivers include CRTs (cathode-ray
tubes) and liquid crystal displays. FIG. 27 shows changes of
the luminance of light emitted by one pixel of a CRT in
relation to time, and FIG. 28 shows changes of the lumi-
nance of light emitted by one pixel of a liquid crystal display
in relation to time. The abscissa axes of FIGS. 27 and 28
represent time, and the ordinate axes represent luminance.
As shown in FIG. 27, a CRT performs impulse type display
in which a pixel instantaneously emits light only once in one
frame (field) as a result of scanning of an electronic beam.
On the contrary, as shown in FIG. 28, a liquid crystal display
performs hold-type display in which a pixel keeps on
emitting light with substantially constant luminance in one
frame after new data is written in the next frame.

[0006] Further, a liquid crystal display requires a light
source device such as a backlight unit because it emits no
light unlike a CRT that emits light by itself. Backlight units
include direct type units that are constituted of a plurality of
fluorescent tubes (cold cathode tubes) as linear light sources
provided on a backside of a liquid crystal display panel and
edge-light type units that are constituted of fluorescent tubes
provided at an edge of a light guide plate provided on a
backside of a liquid crystal display panel. FIG. 29 shows a
configuration of a direct type light source device. As shown
in FIG. 29, a plurality of fluorescent tubes 112 are provided
on a backside of a diffuser 110.

[0007] A liquid crystal display employing the hold type
display method suffers from a blur at the contour of an image
when a dynamic image is displayed. In order to improve the
quality of a dynamic image by making light from each pixel
similar to that in a display employing the impulse type
display method, a method has been conceived in which
fluorescent tubes in a region where pixel data has already
been written are sequentially turned on. However, it is
difficult to achieve uniform luminance throughout a display
area with a direct type light source device because it is likely
to have irregularities of luminance depending on the posi-
tions of the fluorescent tubes 112 and differences in the
quantity of light and chromaticity between the fluorescent
tubes 112. Further, differences in deterioration between the
fluorescent tubes 112 are likely to be recognized as irregu-
larities of luminance, and the power consumption of the light
source device is increased when a great number of the
fluorescent tubes 112 are used to improve display quality.
For such reasons, the main stream is edge-light type light
source devices constituted of linear light sources provided at
an edge of a light guide plate.

[0008] FIG. 30 shows a configuration of an edge-light type
light source device. As shown in FIG. 30, florescent tubes
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116 are provided at an edge of a planar light guide plate 114
and another edge in a face-to-face relationship with that
edge.

[0009] When an edge-light type light source device is
used, a blur occurs at the contour of a dynamic image that
is displayed, although irregularities of luminance are less
likely to occur than when a direct type light source is used.
Ablur at the contour of an image attributable to the hold type
display method occurs because of the fact that image data for
each horizontal line for drawing a moving object is fixed in
one frame period whereas the viewpoint of a viewer of the
dynamic image changes with time while tracing the moving
object in the dynamic image. Further, since the speed of
response of liquid crystal molecules in a liquid crystal
display is low relative to frame periods at which pixel data
is rewritten, a blur of a contour is also recognized because
of the fact that pixels are recognized as having averaged
luminance by a viewer while the liquid crystal is responding
to rewriting of data. In the case of a normally black mode
liquid crystal display, the response speed of liquid crystal
molecules is low especially when low tones near black are
rewritten because a low voltage applied to the liquid crystal
layer is low.

SUMMARY OF THE INVENTION

[0010] The invention provides a liquid crystal display
having good display characteristics and a method of driving
the same.

[0011] The above problem is solved by a liquid crystal
display characterized in that it includes a liquid crystal
display panel having a two substrates provided opposite to
each other and a liquid crystal sealed between the two
substrate and a light source device having a planar light
guide plate for guiding light incident thereupon and a
plurality of linear light sources that are provided at an edge
of the planer light guide plate and that are turned on for a
predetermined turn-on time within a frame period at a
predetermined blinking frequency and at different timing.

[0012] The above problem is solved by a method of
driving a liquid crystal display having a plurality of planar
light sources, characterized in that it has the step of turning
on the plurality of planar light sources for predetermined
respective turn-on times within a frame period at different
timing.

[0013] The above problem is solved by a method of
driving a liquid crystal display, characterized in that it has
the steps of calculating luminance data of each pixel based
on the tone of the pixel in a predetermined period, calcu-
lating a duty ratio that is the ratio of a turn-on time to the
predetermined period based on at least any of a maximum
value, a minimum value or an average value of the lumi-
nance data, and blinking planar light sources based on the
duty ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 shows a configuration of a liquid crystal
display according to Embodiment 1-1 in a first mode for
carrying out the invention;

[0015] FIG. 2 shows the configuration of the liquid crystal
display according to Embodiment 1-1 in the first mode for
carrying out the invention;
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[0016] FIGS. 3A, 3B, and 3C show a method of driving
the liquid crystal display according to Embodiment 1-1 in
the first mode for carrying out the invention;

[0017] FIGS. 4A, 4B, and 4C show the method of driving
the liquid crystal display according to Embodiment 1-1 in
the first mode for carrying out the invention;

[0018] FIGS. 5A, 5B, and 5C show the method of driving
the liquid crystal display according to Embodiment 1-1 in
the first mode for carrying out the invention;

[0019] FIG. 6 shows a configuration of a liquid crystal
display according to Embodiment 1-2 in the first mode for
carrying out the invention;

[0020] FIG. 7 shows a configuration of a liquid crystal
display according to Embodiment 1-3 in the first mode for
carrying out the invention;

[0021] FIG. 8 shows a modification of the configuration of
the liquid crystal display according to Embodiment 1-3 in
the first mode for carrying out the invention;

[0022] FIG. 9 shows a configuration of a liquid crystal
display according to Embodiment 1-4 in the first mode for
carrying out the invention;

[0023] FIG. 10 shows a configuration of the liquid crystal
display according to Embodiment 1-4 in the first mode for
carrying out the invention;

[0024] FIG. 11 shows a configuration of the liquid crystal
display according to Embodiment 1-4 in the first mode for
carrying out the invention;

[0025] FIG. 12 is a functional block diagram showing a
configuration of a liquid crystal display according to
Embodiment 2-1 in a second mode for carrying out the
invention;

[0026] FIG. 13 is a flow chart showing a method of driving
the liquid crystal display according to Embodiment 2-1 in
the second mode for carrying out the invention;

[0027] FIG. 14 is a flow chart showing a method of driving
a liquid crystal display according to Embodiment 2-2 in the
second mode for carrying out the invention;

[0028] FIG. 15 is a flow chart showing a method of driving
a liquid crystal display according to Embodiment 2-3 in the
second mode for carrying out the invention;

[0029] FIG. 16 is a flow chart showing a method of driving
a liquid crystal display according to Embodiment 2-4 in the
second mode for carrying out the invention;

[0030] FIG. 17 is a flow chart showing the method of
driving the liquid crystal display according to Embodiment
2-4 in the second mode for carrying out the invention;

[0031] FIG. 18 is a flow chart showing a method of driving
a liquid crystal display according to Embodiment 2-5 in the
second mode for carrying out the invention;

[0032] FIG. 19 is a flow chart showing the method of
driving the liquid crystal display according to Embodiment
2-5 in the second mode for carrying out the invention;

[0033] FIG. 20 is a flow chart showing the method of
driving the liquid crystal display according to Embodiment
2-5 in the second mode for carrying out the invention;
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[0034] FIG. 21 is a flow chart showing the method of
driving the liquid crystal display according to Embodiment
2-5 in the second mode for carrying out the invention;

[0035] FIG. 22 is a flow chart showing the method of
driving the liquid crystal display according to Embodiment
2-5 in the second mode for carrying out the invention;

[0036] FIG. 23 is a flow chart showing the method of
driving the liquid crystal display according to Embodiment
2-5 in the second mode for carrying out the invention;

[0037] FIG. 24 is a flow chart showing the method of
driving the liquid crystal display according to Embodiment
2-5 in the second mode for carrying out the invention;

[0038] FIG. 25 is a flow chart showing amethod of driving
a liquid crystal display according to Embodiment 2-6 in the
second mode for carrying out the invention;

[0039] FIG. 26 shows a modification of a configuration of
a liquid crystal display in the second mode for carrying out
the invention;

[0040] FIG. 27 is a graph showing changes in the lumi-
nance of light emitted by one pixel of a CRT with time;

[0041] FIG. 28 is a graph showing changes in the lumi-
nance of light emitted by one pixel of a liquid crystal display
with time;

[0042] FIG. 29 shows a configuration of a direct type light
source device; and

[0043] FIG. 30 shows a configuration of an edge-light type
light source device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[First Mode for Carrying Out the Invention]

[0044] A liquid crystal display and a method of driving the
same in a first mode for carrying out the invention will now
be described with reference to FIGS. 1 to 11. In the present
mode for carrying out the invention, a linear light source
provided at an edge of a light guide plate and another linear
light source provided at another edge in a face-to-face
relationship are blinked at different times. This reduces a
data retention time (light-emitting time) and mitigates a blur
when a dynamic image is displayed. Data for pixels in a
display region on the side of one of the linear light sources
is rewritten while the linear light source is off and, in the
mean time, the other linear light source is turned on to
perform display, which makes it possible to mitigate a blur
attributable to rewriting of data.

[0045] The turn-on time of the light source device is
increased when the display area as a whole has a high tone.
When the display area as a whole has a low tone, the turn-on
time of the light source device is decreased to convert a tone
signal such that a relatively high voltage is applied to the
liquid crystal layer. This makes it possible to mitigate a blur
that is attributable to the response speed of liquid crystal
molecules without reducing the luminance of white display.
A description will now be made with reference to Embodi-
ment 1-1 to 1-4.

Embodiment 1-1

[0046] A description will now be made with reference to
FIGS. 1 to 5C on a liquid crystal display and a method of
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driving the same according to Embodiment 1-1 in the
present mode for carrying out the invention. FIG. 1 shows a
configuration of the liquid crystal display of the present
embodiment, and FIG. 2 shows a section of the liquid crystal
display taken along the line A-A in FIG. 1. As shown in
FIGS. 1 and 2, the liquid crystal display whose diagonal
dimension is 15 inches for example has a liquid crystal
display panel 2 and an edge-light type backlight unit 4. The
liquid crystal display panel 2 has two glass substrates 6 and
7 and a liquid crystal (not shown) sealed between the
substrates 6 and 7. The backlight unit 4 has a planar light
guide plate 10 and two fluorescent tubes 12¢ and 125
provided at two respective edges of the planar light plate 10
facing each other. The fluorescent tubes 12a and 125 are
linear light source extending along the edges of the planar
light guide plate 10. The florescent tube 12« that is located
above a display area illuminates a region A that is an upper
half of the display area, and the florescent tube 125 that is
located under the display area illuminates a region B that is
a lower half of the display area.

[0047] FIGS. 3A, 3B and 3C show timing of writing of
pixel data in the display area and blinking of the florescent
tubes 12a and 12b. FIG. 3A shows whether pixel data is
written in the display area or not (write/no-write). FIG. 3B
shows blinking (turn on/turn off) of the fluorescent tube 124,
and F1G. 3C shows blinking of the fluorescent tube 125. The
abscissa axes in FIGS. 3A, 3B, and 3C represent time. As
shown in FIG. 3A, pixel data is written in the display area
in the period from a time t1 to a time t5 within one frame
period from a time t0 to a time t0'. Pixel data is written on
a line sequential basis starting with a plurality of pixels for
one gate bus line at the top of the display area at the time t1.
At the time t3, the writing of pixel data in the pixels of the
region A is completed, and writing of data in the pixels in the
region B is started. The writing of pixel data in the pixels in
the region B is completed at the time t5.

[0048] As shown in FIG. 3B, the fluorescent tube 12a on
the side of the region A is turned on for the period from a
time t4 when the writing of pixel data in the region A has
been completed and until the time t0' when the writing of
pixel data in the next frame has not been started yet and is
turned off in other periods. For example, the ratio of the
turn-on time of the fluorescent tube 12a to one frame period
(hereinafter referred to as duty ratio) is 30%.

[0049] As shown in FIG. 3C, the fluorescent tube 125 on
the side of the region B is turned on for the period from the
time t0 when the writing of pixel data in the region B in the
preceding frame has been completed and until a time t2
when the writing of pixel data in region B has not been
started yet and is turned off in other periods. For example,
the duty ratio of the fluorescent tube 1256 is 30%.

[0050] Thus, the light source on the side of a region whose
pixel data is being rewritten is turned off during the rewriting
of the data as far as possible. In one frame period, there is
a phase difference ¢ greater than 180° (¢p>180°) between the
time t0 at which the fluorescent tube 124 is turned on and the
time t4 when the fluorescent tube 124 is turned on. In order
to match the blinking period of the fluorescent tubes 12a and
126 and the frame period, driving circuits for light source
device that blinks the fluorescent tubes 12a¢ and 125 are
synchronized by a start pulse that indicates the beginning of
one frame.
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[0051] In the present mode for carrying out the invention,
the frame frequency and the blinking frequency of the
fluorescent tubes 12a and 125 are both 60 Hz, and the duty
ratios are in the range from 20 to 100% (30% in FIGS. 3A,
3B, and 3C). Since the speed of response of liquid crystal
molecules is in the range from several msec to a lot of msec,
the light source device is turned on when the response of
liquid crystal molecules of each pixel whose pixel data has
been rewritten has substantially been completed. Therefore,
desired image data (luminance) can be displayed as it is.
Since light-emitting time is shortened by blinking the fluo-
rescent tubes 12a and 124, a blur of a dynamic image can be
mitigated to achieve good display characteristics.

[0052] In the present embodiment, the liquid crystal dis-
play used has a configuration similar to that of a liquid
crystal display according to the related art, and the backlight
scans a plurality of regions in the display area with the
timing of blinking varied. The display characteristics can be
improved further in the vicinity of the boundary between the
regions A and B by providing the planar light guide plate 10
with scattering characteristics and reflecting characteristics
adapted such that light from the fluorescent tube 12a is
primarily guided to the region A and such that light from the
fluorescent tube 125 is primarily guided to the region B.

[0053] To display an image that has a relatively high
luminance in the region A and a relatively low luminance in
the region B, the difference in luminance between the upper
and lower parts of the screen can be provided by setting a
great duty ratio for the fluorescent tube 12¢ and a small duty
ratio for the fluorescent tube 1256, FIGS. 4A, 4B, and 4C
show the timing of blinking of the fluorescent tubes 12a and
125 whose duty ratios are different from each other. As
shown in FIGS. 4A, 4B, and 4C, the fluorescent tube 12a on
the side of the region A is turned on for a longer time
compared to the fluorescent tube 125 on the side of the
region B. For example, when an image is displayed in which
sky appears in the upper part of the display screen and a
forest appears in the lower part, the blue sky and the
whiteness of clouds can be highlighted, and a dark color of
trees can be emphasized. Further, since a blur attributable to
the speed of response of the liquid crystal can be mitigated,
leaves of the trees swinging in wind can be clearly recog-
nized. The duty ratios of the fluorescent tubes 12a and 125
are desirably kept at 40% or less because an extremely great
difference in luminance between the upper and lower parts
of the display screen changes the impression of the image
undesirably.

[0054] For example, the duty ratios of the fluorescent
tubes 12a and 126 may be changed from frame to frame
within the range from 20 to 100%. FIGS. 5A, 5B, and 5C
show an example in which the duty ratios of the fluorescent
tubes 12a and 12b are changed from frame to frame. As
shown in FIGS. 5A, 5B and 5C, both of the fluorescent tubes
124 and 124 have a duty ratio of 40% in a frame period C.
In a frame period D, both of the fluorescent tubes 12a and
125 have a duty ratio of 80%. In a frame period E, both of
the fluorescent tubes 12a and 125 have a duty ratio of 100%.

[0055] When both of the fluorescent tubes 12a and 125
have a duty ratio of 50% or more, the two fluorescent tubes
12a and 126 must be simultaneously turned on somewhere
in one frame period. At this time, in the case of a dynamic
image, the fluorescent tubes 12a and 125 are preferably
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turned off to mitigate any blur when pixel data is written in
pixels in the middle of the display screen because a viewer
focuses on the middle of the display screen. Therefore, when
the duty ratios of the fluorescent tubes 12 and 125 are
increased, e.g., when they have a duty ratio of 40% or more,
the tubes are turned on twice in a frame period, i.e., at the
beginning and end of the same, as in the case of the frame
period D shown in FIGS. 5A, 5B, and 5C and are turned off
in the middle of the same (in the vicinity of a time t3') As a
result, a blur in the middle of the display screen is mitigated
to provide good display characteristics when the duty ratios
are increased to about 80% to improve display luminance.
Blinking periods (the inverse numbers of blinking frequen-
cies) in the frame periods D and E are defined as (10"-t0") and
(t0™-t0"), respectively.

Embodiment 1-2

[0056] A liquid crystal display according to Embodiment
1-2 in the present mode for carrying out the invention will
now be described with reference to FIG. 6. FIG. 6 shows a
schematic sectional configuration of a backlight unit 4 of the
liquid crystal display of the present embodiment. As shown
in FIG. 6, the backlight unit 4 has a planar light guide plate
10 that is partially split by a splitting surface 14 formed in
the vicinity of the boundary between regions A and B as
shown in FIG. 1. For example, a high reflective material
such as aluminum is vacuum-deposited on the splitting
surface 14. As a result light which has been emitted by a
fluorescent tube 12¢ and which has reached the neighbor-
hood of the splitting surface 14 is reflected by the splitting
surface 14 instead of entering the region B of the planar light
guide plate 10 and is guided into the region A again.

[0057] Inthe present embodiment, the regions A and B can
be substantially separately illuminated with fluorescent
tubes 12a and 124, and the utilization of light in each of the
regions A and B of the planar light guide plate 10 is
improved. This makes it possible to achieve an improvement
of display characteristics over those of Embodiment 1-1.

Embodiment 1-3

[0058] A liquid crystal display according to Embodiment
1-3 in the present mode for carrying out the invention will
now be described with reference to FIGS. 7 and 8. FIG. 7
shows a schematic sectional configuration of a backlight unit
4 of the liquid crystal display of the present embodiment. As
shown in FIG. 7, the backlight unit 4 has two wedge-shaped
planar light guide plates 11a and 115. Fluorescent tubes 12a
and 126 are provided in the vicinity of respective light
entering surfaces 18 of the planar light guide plates 11a and
115 at edges on one end thereof facing apical angles of the
same. An end 19 of the planar light guide plate 11a and the
light entering surface 18 of the other planar light guide plate
115 are located substantially contiguously to each other. The
present embodiment provides advantages similar to those of
Embodiments 1-1 and 1-2.

[0059] FIG. 8 shows a configuration of a backlight unit 4
of a modification of the liquid crystal display according to
the present embodiment. As shown in FIG. 8, the backlight
unit 4 has four wedge-shaped planar light guide plates 11a
to 11d. Fluorescent tubes 12a to 12d are provided in the
vicinity of respective light entering surfaces 18 of the planar
light guide plates 12a to 12d at one end thereof. An end 19
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of the planar light guide plate 11a and the light entering
surface 18 of the planar light guide plate 115 are located
substantially contiguously to each other. An end 19 of the
planar light guide plate 114 and the light entering surface 18
of the planar light guide plate 11¢ are located substantially
contiguously to each other. An end 19 of the planar light
guide plate 115 and an end 19 of the planar light guide plate
11c are located substantially contiguously to each other.

[0060] In the example in which the display area is divided
into regions A and B as shown in FIG. 1, the backlight units
124 and 125 may be turned on when liquid crystal molecules
in lower parts of the regions A and B have not responded vet,
and it is difficult to turn the backlight units 124 and 125 on
at timing that is optimum for the entire display area.

[0061] Inthe present modification, the area can be divided
into smaller parts, and the fluorescent tubes 12a to 12d can
be blinked in better adaptation to the timing of rewriting of
pixel data. This makes it possible to achieve good display
characteristics even in the middle of the display area (the
lower part of the region A) and the bottom of'the display area
(the lower part of the region B).

Embodiment 1-4

[0062] A liquid crystal display according to Embodiment
1-4 in the present mode for carrying out the invention will
now be described with reference to FIGS. 9 to 11. FIG. 9
shows a schematic sectional configuration of a backlight unit
4 of the liquid crystal display of the present embodiment. As
shown in FIG. 9, the backlight unit 4 has a configuration in
which two planar light guide plates 13¢ and 134 having
substantially the same shape are stacked one over the other.
A fluorescent tube 12a is provided at an edge of the planar
light guide plate 134, and a fluorescent tube 125 is provided
at an edge of the planar light guide plate 135 on the other
side of the stack.

[0063] A scattering pattern 16 is formed in a region A of
abackside of the planar light guide plate 134 that is provided
closer to a liquid crystal display panel 2 which is not shown
(located upward in the figure), the region A being closer to
the fluorescent tube 12a. The scattering pattern 16 scatters
light that is guided in the planar light guide plate 13a to
cause it to exit the same toward the liquid crystal display
pane 12. A scattering pattern 16 is formed in a region B of
a backside of the planner light guide plate 135 closer to the
fluorescent tube 125. Thus, the fluorescent tube 124 illumi-
nates the region A on the upper part of the display area, and
the fluorescent tube 125 illuminates the region B on the
upper part of the display area.

[0064] FIG. 10 shows a configuration of a backlight unit
4 of a modification of the liquid crystal display according to
the present embodiment. As shown in FIG. 10, two planar
light guide plates 13a and 135 share fluorescent tubes 12a
and 12) that are provided at both edges thereof. Optical
shutters 20a and 205 are provided on a side of the planar
light guide plates 134 and 135 facing toward a liquid crystal
display panel 2 (upward in the figure). The optical shutter
20a is provided on a left half of the surface of the planar light
guide plate 13a (or the top side of the display screen), and
the optical shutter 205 is provided on a right half of the
surface of the planar light guide plate 134 (or the bottom side
of the display screen). Polymer-scattering liquid crystal cells
whose optical transmittance changes depending on the
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strength of an electric field are used as the optical shutters
20a and 205. Light may be blocked using other types of
liquid crystal cells or doors that are mechanically opened
and closed. For example, the optical shutters 20a and 205
have a light-reflecting surface on a side thereof toward the
planar light guide plates 134 and 135 and have a light-
absorbing surface on a side thereof facing toward the liquid
crystal display panel 2.

[0065] FIG. 11 shows a backlight unit 4 of another modi-
fication of the liquid crystal display according to the present
embodiment. As shown in FIG. 11, the backlight unit 4 has
optical shutters 20a and 205 provided on a side a planar light
guide plate 13a facing toward a liquid crystal display panel
2. The optical shutters 20a and 205 may be provided on a
side of the liquid crystal display panel 2 facing toward the
backlight unit 4.

[0066] While two planar light guide plates 13a and 135 are
stacked one over the other in the present embodiment, a
greater number of planar light guide plates may be stacked
to divide the display area into a greater number of regions
that can be sequentially scanned and illuminated where there
is no restriction on the volume of the liquid crystal display.

[0067] Inthe present mode for carrying out the invention,
the fluorescent tubes 12a and 125 provided above and below
the display area are blinked in synchronism with writing of
pixel data. The fluorescent tube 12a on the side of the region
A is turned off with the fluorescent tube 125 on the side of
the region B turned on while pixel data is written in the
region A that is an upper half of the display area. The
fluorescent tube 124 on the side of the region B is turned off
with the fluorescent tube 12a on the side of the region A
turned on while pixel data is written in the region B that is
a lower half of the display area. This makes it possible to
illuminate each of the regions with the backlight unit 4 when
pixel data has been written in the region and liquid crystal
molecules have substantially responded to the same. Since
turn-on time in one frame period can be reduced, data
retention time can be shortened. This makes it possible to
mitigate a blur of a dynamic image and to thereby improve
display characteristics. The present mode for carrying out
the invention can be easily implemented because there is
substantially no increase in the number of components of a
liquid crystal display except for a driving circuit for the
backlight unit 4. Since the back light unit 4 of a liquid crystal
display in the present mode for carrying out the invention is
an edge light type, the liquid crystal display is unlikely to
have irregularities of luminance on the display screen
thereof.

[Second Mode for Carrying Out the Invention]

[0068] A liquid crystal display and a method for driving
the same in a second mode for carrying out the invention
will now be described with reference to Embodiments 2-1 to
2-6.

[0069] The brightness of display of a liquid crystal display
has recently been improved and is approaching the bright-
ness of CRTs. In particular, there is a recent tend toward light
source devices having small sizes and higher luminance. The
brightness of display of a transmissive liquid crystal display
is improved by increasing transmittance of the liquid crystal
display panel and increasing the brightness of the light
source device thereof when it displays white.
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[0070] However, light can leak from a liquid crystal panel
even in displaying black if it is irradiated with extremely
intense light. Therefore, an increase in the luminance of a
light source device results in an increase in the maximum
luminance of white display and undesirably results in an
increase in the minimum luminance of black display too.
Thus, a problem arises in that a contrast ratio between white
and black display cannot be improved by increasing the
luminance of the light source device. Another problem arises
in that display quality is reduced because the display screen
does not appear in real black and has high luminance when
it is to display black.

[0071] For example, in the case of a VA (vertically align-
ment) mode liquid crystal display, liquid crystal molecules
are aligned substantially perpendicularly to the substrate
surfaces when no voltage is applied to the liquid crystal
layer. In this state, retardation in the liquid crystal layer is
substantially 0, and black is displayed in the case of a
normally black mode liquid crystal display. However, when
the display is viewed in a direction at an angle to the
substrate surfaces, leakage of light occurs because there is
predetermined retardation is caused by the liquid crystal
layer.

[0072] In the present mode for carrying out the invention,
there is provided a liquid crystal display which has high
contrast and excellent display characteristics and a method
of driving the same.

[0073] In order to solve the above-described problems, in
the present mode for carrying out the invention, the lumi-
nance of light emitted by a light source device is reduced
when an image in black or a low tone near black is to be
displayed in a substantially entire display area, and the
luminance of light emitted by the light source device is
increased when an image in a relatively high tone is to be
displayed. This makes it possible to provide a liquid crystal
display which has a light maximum luminance and in which
the luminance of an image in black or a low tone near black
is suppressed to achieve a wide dynamic range.

Embodiment 2-1

[0074] Aliquid crystal display and a method of driving the
same according to Embodiment 2-1 in the present mode for
carrying out the invention will now be described with
reference to FIGS. 12 and 13. FIG. 12 is a functional block
diagram showing a configuration of a liquid crystal display
in the present mode for carrying out the invention. As shown
in FIG. 12, the liquid crystal display has a signal analysis
section 30 for analyzing an image signal input from the
outside to calculate a duty ratio that is a ratio of a turn-on
time to one frame period. A backlight control section 32 is
connected to the signal analysis section 30. The backlight
control section 32 outputs a predetermined blinking signal
based on the duty ratio calculated by the signal analysis
section 30. Backlight inverters 36a and 365 for blinking a
plurality of fluorescent tubes 12a and 125 based on the
blinking signal are connected to the backlight control section
32. Further, an image signal control section 34 is connected
to the backlight control section 32. An LCD driving circuit
38 for performing control based on the image signal is
connected to the image signal control section 34.

[0075] A method of driving the liquid crystal display of
the present embodiment will now be described with refer-
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ence to FIG. 13. First, when image signals are input to the
signal analysis section 30 from the outside, the signal
analysis section 30 calculates data W of luminance on the
display screen from image signals in a specified range (e.g.,
one frame) and calculates a maximum value (max), mini-
mum value (min) and average value of the luminance data
W. Further, the signal analysis section 30 calculates a duty
ratio based on at least any of the maximum value max,
minimum value min and the average value ave.

[0076] FIG. 13 is a flow chart showing steps for calculat-
ing a duty ratio based on image signals in the present
embodiment. For example, red (R), green (G) and blue (B)
image signals each having six bits (0 to 63) for each of
1280x768 pixels are input to the signal analysis section 30
in a frame period of Yeo sec (16.7 msec) (step S1) When the
image signals are input (step S2), the signal analysis section
30 calculates luminance data W=(rxR+gxG+bxB)/(r+g+b)
having six bits (0 to 63) using the data values of the image
signals R, G and B and constants r (e.g., 7), g (e.g., 20) and
b (e.g., 5) (step S3). When image signals R, G and B for a
certain pixel have data values R=40, G=35 and B=59,
luminance data W=39 is obtained. Next, the signal analysis
section 30 compares the luminance data W with a maximum
value max (whose initial value is 0) (step S4) and, if the
luminance data W is greater than the maximum value max
(W>max), it stores the luminance data W in a memory that
is not shown as a maximum value max (step S5). When the
luminance data is equal to or smaller than the maximum
value max (W =max), the process returns to step S1. When
image signals in a specified range have been input (step S2)
by repeating the above steps, the process proceeds to step
S6.

[0077] At step S6, the signal analysis section 30 calculates
a duty ratio D (%) based on the maximum value max and
compares the maximum value max with 0. The process
proceeds to step S7 when max=0 and to step S8 when
max>(). When max=0, the duty ratio D (%) is set at 20 at step
S7. When max>0, the maximum value max is compared
with 60 at step S8. When max<60, the duty ratio D (%) is
set at maxx4+3+20 (step S9). When max>60, the duty ratio
D (%) is set at 100 (step S10).

[0078] Thus, when black is displayed throughout the dis-
play screen (max=0), the duty ratio D is decreased to 20%
to decrease the luminance of display, which makes it pos-
sible to display clear black by suppressing highlights in
black that occur depending on the viewing angle. When the
maximum value max of the luminance data W is increased
to present a screen in a high tone, the duty ratio D may be
gradually increased to improve the luminance of display. By
changing the duty ratio D in adaptation to the maximum
value max, power consumption can be reduced compared to
that in a case in which the duty ratio D is always kept at
100% or a similar value. Since a change in the duty ratio D
in response to a change in the maximum value max empha-
sizes a change in the brightness of the display screen, a more
striking image can be presented.

Embodiment 2-2

[0079] A method of driving a liquid crystal display accord-
ing to Embodiment 2-2 in the present mode for carrying out
the invention will now be described with reference to FIG.
14. In the present embodiment, a duty ratio D is calculated
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based on an average value ave instead of a maximum value
max of luminance data W. FIG. 14 is a flow chart showing
steps for calculating a duty ratio D based on image signals
in the present embodiment. For example, image signals R, G
and B each having six bits (0 to 63) for each of 1280x768
pixels are input to the signal analysis section 30 in a frame
period of Yo sec (step S21). When the image signals are
input (step S22), the signal analysis section 30 calculates
luminance data W=(rxR+gxG+bxB)/(r+g+b) using the data
values of the image signals R, G and B and constants r, g and
b (step S23). The signal analysis section 30 sequentially
adds luminance data W to a total value sum (which is
initially 0) (step S24). When image signals in a specified
range have been input by repeating the above steps (step
S22), the total value sum is divided by the number of data
(1280x768) to calculate an average value ave (step S25).

[0080] Next, the signal analysis section 30 compares the
average value ave with 0 (step S26) and sets the duty ratio
D at 20 when ave=0 (step S27). When ave>0, the average
value ave is compared with 40 (step S28). When ave=40),
the duty ratio D is set at avex2+20 (step S29). When ave>40,
the duty ratio D is set at 100 (step S30).

[0081] In the present embodiment, when black is dis-
played throughout the display screen (ave=0), the duty ratio
D is decreased to 20% to decrease the luminance of display,
which makes it possible to display clear black by suppress-
ing highlights in black that occur depending on the viewing
angle similarly to Embodiment 2-1. When the average value
ave of the luminance data W is increased to present a screen
in a high tone, the duty ratio D may be increased to improve
the luminance of display. By changing the duty ratio D in
adaptation to the average value ave, power consumption can
be reduced compared to that in a case in which the duty ratio
D is always kept at 100% or a similar value.

Embodiment 2-3

[0082] A method of driving a liquid crystal display accord-
ing to Embodiment 2-3 in the present mode for carrying out
the invention will now be described with reference to FIG.
15. In the present embodiment, a duty ratio D is calculated
based on a maximum value max and an average value ave
of luminance data W. FIG. 15 is a flow chart showing steps
for calculating a duty ratio D based on a maximum value
max and an average value ave of luminance data W. First,
the signal analysis section 30 reads a maximum value max
and an average value ave that have been calculated through
steps shown in FIGS. 13 and 14 from a memory (step S41).
The signal analysis section 30 compares the maximum value
max with 0 (step S42) and sets the duty ratio D at 20 when
max=0 (step S43). When max>0, the average value ave is
compared with 40 (step S44). When ave =40, the duty ratio
D is set at {(avex2+20)+100}+2 (step S45). When ave>40,
the duty ratio is set at 100 (step S46).

[0083] In the present embodiment, the duty ratio D is set
at an average value between a value that is calculated at step
S29 in Embodiment 2-2 and 100 when max=0. Therefore,
points where luminance data W=0 on a display screen can be
displayed with high luminance when ave=0 and max=0. For
example, when a white spot appears on a screen that displays
black substantially in the entire area thereof, a viewer tends
to gaze at the white spot rather than black. In such a case, it
is important to increase the luminance of white even though
the luminance of black is also increased.
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Embodiment 2-4

[0084] A method of driving a liquid crystal display accord-
ing to Embodiment 2-4 in the present mode for carrying out
the invention will now be described with reference to FIGS.
16 and 17. In the present embodiment, a duty ratio D is
calculated based on a maximum value max, a minimum
value min and an average value ave of luminance data W
when the maximum value max of the luminance data W is
not a possible greatest value (e.g., 63).

[0085] The signal analysis section 30 calculates a maxi-
mum value max and an average value ave through steps
shown in FIGS. 13 and 14 and also calculates a minimum
value min. FIG. 16 is a flow chart showing steps for
calculating a minimum value min of luminance data W from
image signals R, G and B. For example, image signals R, G
and B each having six bits ( to 63) for each of 1280x768
pixels are input to the signal analysis section 30 in a frame
period of Yso sec (step S51). When the image signals are
input (step S52), the signal analysis section 30 calculates
luminance data W=(rxR+gxG+bxB)/(r+g+b) using the data
values of the image signals R, G and B and constants r, g and
b (step S53). The signal analysis section 30 compares the
luminance data W and a minimum value min (which is
initially 0) (step S54) and, if the luminance data W is smaller
than the minimum value min (W<min), the luminance data
W is stored in a memory as a minimum value min (step S55).
When the luminance data W is equal to or greater than he
minimum value min (W=Zmin), the process returns to step
S51. The above steps are repeated until image signals in a
specified range are input.

[0086] FIG. 17 is a flow chart of steps for calculating a
duty ratio D based on a maximum value max, a minimum
value min, and an average value ave of luminance data W.
As shown in FIG. 17, the signal analysis section 30 reads the
maximum value max, the minimum value min and the
average value ave from a memory (step S61). Next, it
calculates a duty ratio D=100-{(max-ave)/(max-min)}x80
(or D={(ave-min)/(max-min)}x80+20) (step S62).

[0087] Inthe present embodiment, for example, D=95 (%)
when max=40; min=5; and ave=38, and it is therefore
possible to display an image with high luminance.

Embodiment 2-5

[0088] A method of driving a liquid crystal display accord-
ing to Embodiment 2-5 in the present mode for carrying out
the invention will now be described with reference to FIGS.
18 to 24. In the case of an image displayed in only one or
two colors out of red, green and blue which is not encoun-
tered in displaying ordinary images, the screen will become
darker than when displaying white if a duty ratio D is
calculated based on a maximum value max or an average
value ave of luminance data W. A duty ratio D for an image
in only one color, e.g., red will be r/(r+g+b) times that in the
case of white display in the above-described example.
However, when the maximum value of red max(R) is 63, it
is desirable to set the duty ratio D near 100% to display a
bright and clear image.

[0089] FIG. 18 is a flow chart showing a method of driving
a liquid crystal display according to the present embodi-
ment. First, maximum values (max(R), max(G) and max(B))
and average values (ave(R), ave(GG) and ave(B)) of data
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values of image signals R, G and B respectively are calcu-
lated. Next, as shown in FI1G. 18, max(R) is compared with
0 (step S71). When max(R)=0, max(G) is compared with 0
(step S72). When max(G)=0, max(B) is compared with 0
(step S73). When max(B)=0, a maximum value of 0 and an
average value of 0 are set (step S74). When max(B) is not
equal to 0, the maximum value is set at max(B), and the
average value is set ave(B) (step S75).

[0090] When max(G) is not equal to O at step S72, max(B)
is compared with O (step S76). When max(B)=0, the maxi-
mum value is set at max(G), and the average value is set at
ave(G) (step S77). When max(B) is not equal to 0, the max
value is set at max(GB), and the average value is set at
ave(GB) (step S78).

[0091] Whenmax(R) is not equal to O at step S71, max (G)
is compared with O (step S79). When max (G)=0, max(B) is
compared with 0 (step S80). When max(B)=0, the maximum
value is set at max(R), and the average value is set at ave(R)
(step S81). When max(B) is not equal to 0, the max value is
set at max(RB), and the average value is set at ave(RB) (step
S82).

[0092] When max(G) is not equal to O at step S79, max(B)
is compared with O (step S83). When max(B)=0, the maxi-
mum value is set at max(RG), and the average value is set
at ave (RG) (step S84). When max(B) is not equal to 0, the
max value is set at max(RGB), and the average value is set
at ave(RGB) (step S85).

[0093] WhenR, G and B of a certain pixel have values 40,
35 and 0 respectively, luminance data W=RG=(rR+gG)/(r+
) is calculated from a relationship expressed by r:g=7:20,
and values max(RG), min(RG) and ave(RG) of the lumi-
nance data W are calculated. Average values ave(R), ave(G)
and ave(B) may be substituted for values max(R), max (G)
and max(B), respectively.

[0094] FIG. 19 is a flow chart showing steps for obtaining
a maximum value max(R) from an image signal R. First, an
image signal R for each pixel is input to the signal analysis
section 30 (step S91). When the image signal R is input (step
S92), the data value of the signal R is compared with a
maximum value max(R) (which is initially 0) (step S93).
When the value R is greater than the maximum value
max(R) (R>max(R)), the value R is stored in a memory that
is not shown as a maximum value max(R) (step S94). When
the value R is equal to or smaller than the maximum value
max (R) (REmax(R)), the process returns to step S91. The
above steps are repeated until image signals R in a specified
range are input.

[0095] FIG. 20 is a flow chart showing steps for obtaining
a minimum value min(R) from an image signal R. First, an
image signal R for each pixel is input to the signal analysis
section 30 (step S101). When the image signal R is input
(step S102), the data value of the signal R is compared with
a minimum value min(R) (which is initially 0) (step S103).
When the value R is smaller than the minimum value min(R)
(R<min(R)), the value R is stored in a memory that is not
shown as a minimum value min(R) (step S104). When the
value R is equal to or greater than the minimum value min
(R) (RZmin(R)), the process returns to step S101. The
above steps are repeated until, image signals R in a specified
range are input.

[0096] FIG. 21 is a flow chart showing steps for obtaining
an average value ave (R) from an image signal R. First, an
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image signal R for each pixel is input to the signal analysis
section 30 (step S111). When image signals R are input (step
S112), the data values of the signals R are sequentially added
to a total value sum(R) (which is initially 0), and the results
are stored in a memory (step S113). The above steps are
repeated until image signals R in a specified range are input.
When the input of image signals in a specified range is
completed (step S112), the total value sum(R) is divided by
the number of data to calculate an average value (R) (step
S114).

[0097] FIG. 22 is a flow chart showing steps for obtaining
a maximum value max (RG) from image signals R and G.
FIG. 23 is a flow chart showing steps for obtaining a
minimum value min (RG) from image signals R and G. FIG.
24 is a flow chart showing steps for obtaining an average
value ave (RG) from image signals R and G. Those steps
will not be described here because they are similar to the
steps shown in FIGS. 19 to 21.

[0098] When there is a sufficient memory capacity in
performing the above-described calculations, image signals
for several frames are stored; the values max(R), max(G)
and max(B) are calculated from the image signals; and
luminance data W is calculated again to calculate the values
max, min and ave. Thereafter, the images are displayed with
a predetermined time lag. If there is a sufficient processing
capacity, image signals for one frame are stored to calculate
the values max(R), max(G) and max(B) and any of lumi-
nance data W=(rR+gG)/(r+g), luminance data W=(gG+bB)/
(g+b), luminance data W=(bB+rR)/(b+r) and luminance data
W=(rR+gG+bB)/(r+g+b) substantially simultaneously.

[0099] The present embodiment makes it possible to dis-
play even an image in only one or two colors among red,
green and blue with high luminance.

Embodiment 2-6

[0100] A method of driving a liquid crystal display accord-
ing to Embodiment 2-6 in the present mode for carrying out
the invention will now be described with reference to FIG.
25. In the present embodiment, a duty ratio D is changed
depending on changes in the image with time. When an
average value ave of luminance data W significantly changes
in a unit time, the duty ratio D is changed in adaptation to
the change. This makes it possible to obtain a striking image
on which changes in display luminance are emphasized. On
the contrary, when changes in the average value ave are
small, the duty ratio D is gradually changed toward a certain
reference value D0. The reference value D0 may be a
constant value such as 80% and may alternatively be
decreased with an increase of the average value ave in order
to reduce the glare of a display screen for comfort of a
viewer’s eyes when the average value is great (or when the
screen as a whole appears in near-white).

[0101] For example, a viewer can continue watching a
screen in comfort without feeling glare from a near-still
image (or still image) of characters displayed on a white
background when D0=80 (where ave=24) or when
D0=100-(avex50)/63 (where ave=25).

[0102] FIG. 25 is a flow chart showing steps for changing
a duty ratio D in adaptation to changes of an average value
ave. Let us assume that ave  represents an average value ave
of a certain frame; D, represents a duty ratio to be deter-
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mined; and ave_,_, and D_,_, represents an average value ave
and a duty ratio of the preceding frame, respectively. As
shown in FIG. 25, the signal analysis section 30 reads an
average value ave of each frame (step S151). The signal
analysis section 30 obtains a value d_=ave -ave_ ,, (step
S152) and compares |d_| with a predetermined value A (step
S153). When |d,|ZA, it compares d_, with O (step S154).
When d 2A, the duty ratio D is obtained from D_ =D,
ix(1+0) (step S155). When d_<A, the duty ratio D, is
obtained from D_=D__,x(1+A) (step S156).

[0103] When |d_|<A at step S153, the duty ratio D, is
compared with a reference value DO (step S157). When
D, ,=D0, the duty ratio D_ isset at D ; (step S158). When
D, ,>D0, a count value count is compared with 10, for
example (step S159). When count=10, the duty ratio D, is
obtained from D_=D__,-f (step S160) When count<10, the
count value count is count+1 (step S161)

[0104] WhenD, <D0 at step S157, the count value count
is compared with 10 (step S162). When count=10, the duty
ratio D, is obtained from D_ =D, ,+f (step S163). When
count<10, the count value count is count+1 (step S164).

[0105] For example, preferable display having impressive
changes in brightness can be presented when the values A,
o and f are set at 2, 0.3 and 1, respectively. In order to
reliably decrease a duty ratio D when black is displayed
throughout a display screen, the duty ratio D is set at a low
value such as 20% by detecting an average value ave of 0
and a maximum value of 0. Even when the average value ave
is equal to O, the duty ratio D is increased to 80% or more,
for example, when the maximum value max is not equal to
0 to highlight white characters displayed on a black back-
ground, for example. For example, when pixels having a
maximum value of 63 consecutively reside in the horizontal
or vertical direction of a display screen because of uneven
distribution of high tones to display characters, the duty ratio
D is set at 100%, for example. This makes it possible to
display an image that appears striking to a viewer.

[0106] As described above, by changing the duty ratio D,
it is possible to obtain an image in which changes in the
brightness of display are emphasized. In order to prevent a
dynamic image from appearing dark as a whole, the follow-
ing measure is taken. When the duty ratio D is decreased, the
image is displayed with tone data of the same converted
upward. There will be no reduction in the luminance of
display when the decrease in the duty ratio D balances the
upward change of the tone. When the tone data is displayed
after converting it by dividing the initial tone data by the
duty ratio that changes in the range from 50 to 100%, an
image having a wide dynamic range can be obtained which
seems to have reduced luminance of black with the lumi-
nance of the screen kept high.

[0107] Alternatively, y-characteristics may be changed
instead of converting the tone data. Further, by increasing
the y-value when the duty ratio D is conversely increased, an
image appears brighter than display with a duty ratio D of
100%, and a wide dynamic range can be thus achieved.

[0108] While examples have been shown in which a duty
ratio is changed or an image is processed in one frame period
or in a display area as a whole, one screen can be more
minutely processed by dividing the display area into a
plurality of sections. For example, let us assume a display
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area as two separate upper and lower regions that are
associated with fluorescent tubes provided on top and bot-
tom edges of a planar light guide plate of a side-light type
backlight unit. Then, a maximum value max, a minimum
value min and an average value ave of pixel data for each of
the upper and lower halves of the display area (=V% of flame)
are calculated, and the upper and lower regions have duty
ratios D different from each other. In the case of an image in
which white clouds in blue sky appear in the upper half of
the display screen and in which a water mill appears in the
lower half, the duty ratio D for the upper half is set higher,
and the duty ratio D for the lower half is set lower than that
for the upper half. Thus, the fine sky and white cloud can be
highlighted, and the water mill can be rendered with a
realistic feel.

[0109] The display area may be further divided finely in
the vertical direction and may be vertically scanned using a
direct type backlight unit. FIG. 26 shows an example in
which a display area is divided into four regions A to D using
four fluorescent tubes 12a to 12d. Better display character-
istics can be achieved by thus dividing a display area into a
plurality of regions and by scanning each of the regions with
an adequate duty ratio D calculated for the same. Further, a
plurality of LEDs arranged in the form of a matrix may be
used as light sources, and a duty ratio may be calculated for
each of the regions divided in association with the LEDs to
cause each of the LEDs to blink in accordance with the duty
ratio.

[0110] In the present mode for carrying out the invention,
the output of a backlight unit can be increased to maintain
a maximum luminance when displaying an image in a light
color. When an image in black or a similar dark color is
displayed, the output of the backlight unit can be decreased
to enhance the black. This makes it possible to achieve a
wide dynamic range. It is also possible to display clear black
by reducing highlights in black depending on viewing angles
and to obtain a striking image by emphasizing changes in the
brightness of the image. It is also possible to achieve a
reduction in power consumption.

[0111] The invention is not limited to the above-described
modes for carrying out the same and may be modified in
various ways.

[0112] For example, while a backlight unit is used as a
light source device in the above-described modes for car-
rying out the invention, the invention is not limited to the
same, and a front-light unit may alternatively be used.

Mar. 20, 2008

[0113] As described above, the invention makes it possible
to provide a liquid crystal display having good display
characteristics.

What is claimed is:
1. A liquid crystal display comprising:

a backlight unit emitting light from a backside of a liquid
crystal display panel,

wherein the backlight unit has a plurality of planar light
guide plates having a light entering surface and
located contiguously to each other and a plurality of
light sources that are provided in a vicinity of a
respective light entering surface of the planar light
guide plates,

wherein a quantity of light emitted by the backlight unit
is controlled in accordance with a luminance data
based on an image signal.
2. A liquid crystal display according to claim 1,

wherein the quantity of light emitted by the backlight unit
is controlled based on at least any of a maximum value,
a minimum value, and an average value of the lumi-
nance data based on the image signal.

3. A liquid crystal display according to claim 1,

wherein the quantity of light of each of the planar light
guide plates is controlled in accordance with the image

signal.
4. A liquid crystal display according to claim 1,

further comprising a liquid crystal molecule perpendicu-

larly aligned.
5. A liquid crystal display according to claim 1,

wherein the planar light guide plate has a wedge-like
configuration.
6. A liquid crystal display according to claim 1,

wherein the plurality of the planar light guide plates are
provided one over the other.
7. A liquid crystal display according to claim 5,

wherein an end of the planar light guide plate is located
contiguously to the light entering surface of the other
planar light guide plate.

8. A liquid crystal display according to claim 5,

wherein an end of the planar light guide plate is located
contiguously to an end of the other planar light guide
plate.
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