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LIGHTING UNIT AND LIQUID CRYSTAL DISPLAY
DEVICE INCLUDING THE LIGHTING UNIT

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a lighting unit for
use as a backlight in a liquid crystal display device, for
example, and also relates to a liquid crystal display device
that uses the lighting unit.

[0003] 2. Description of the Related Art

[0004] A liquid crystal display device has a number of
advantageous features including light weight, reduced thick-
ness and low power consumption. Thus, a liquid crystal
display device is now used extensively in office automation
appliances, car mount TV sets, camcorder monitors and so
on. However, when a motion picture is displayed at a high
rate on a liquid crystal display device, the resultant quality
of the image displayed might deteriorate. For example, the
image once displayed thereon might lag or smear due to the
low response of its liquid crystal molecules to an applied
voltage.

[0005] According to a known technique, a quality motion
picture may be displayed on a transmission type liquid
crystal display device by getting the screen illuminated
intermittently with the light from a backlight. In this tech-
nique, only while the backlight is ON, the viewer senses an
image instantaneously. In this manner, the afterimage
remaining in the human eyes can be controlled appropri-
ately. Thus, compared to keeping the backlight ON continu-
ously, a motion picture of better quality can be displayed.

[0006] Liquid crystal display devices of the type turning
the backlight ON only during a predetermined period are
disclosed in Japanese Laid-Open Publications Nos.
1-082019, 11-202285 and 11-202286, for example. In the
liquid crystal display devices disclosed in Japanese Laid-
Open Publications Nos. 11-202285 and 11-202286, the
backlight (or the lighting unit) thereof includes a plurality of
light-emitting regions that are arranged in the vertical scan-
ning direction of the liquid crystal panel thereof (i.c., the
direction in which multiple gate lines are driven sequen-
tially). Light-emitting elements provided for those light-
emitting regions are sequentially turned ON and OFF syn-
chronously with the input of a vertical sync signal to the
liquid crystal panel. By sequentially lighting one of these
light-emitting regions after another in the vertical scanning
direction (i.e., scan lighting), an image is displayed only
during a predetermined period at each pixel while the liquid
crystal layer is responding. As a result, a quality motion
picture may be displayed.

[0007] FIGS. 24A and 24B illustrate an exemplary con-
figuration for a conventional backlight for use to carry out
the scan lighting. As shown in FIG. 24B, the backlight 900
includes a reflector 90, a diffuser 92 and a plurality of
light-emitting elements 94 that are arranged between the
reflector 90 and the diffuser 92. These light-emitting ele-
ments 94 may be driven independently. By controlling and
sequentially turning ON and OFF one of these light-emitting
elements 94 after another, light may be emitted from one
predetermined region on the diffuser 92 after another.

[0008] Although not shown in FIGS. 24A and 24B, the
backlight 900 may further include partitions. Each of the

Jan. 23, 2003

partitions is used to separate two adjacent ones of the
light-emitting elements 94 from each other. When such
partitions are provided for the backlight 900, most of the
light emitted from each light-emitting element 94 is directed
toward an associated region on the diffuser 92 (i.e., its
associated light-emitting region) as defined by the partitions.
Thus, the luminous efficacy of a predetermined light-emit-
ting region can be increased compared to providing no such
partitions. In this manner, a desired emission intensity is
realized for each light-emitting region and yet each light-
emitting element may be turned ON for a substantially short
time (i.c., at a short pulse width). As a result, even better
display quality is achievable in displaying a motion picture
at a high rate.

[0009] In the arrangement including those partitions to
divide the light-emitting plane of the backlight into a plu-
rality of light-emitting regions, it is possible to substantially
prevent a light-emitting region illuminated by one light-
emitting element from being affected by the light emitted
from an adjacent light-emitting element. Thus, each light-
emitting region can be illuminated at a sufficiently short
pulse width.

[0010] However, where the light-emitting plane is divided
by those partitions into a plurality of light-emitting regions,
the emission intensity of one of the light-emitting regions
may be different from that of another. In that case, the
difference in luminance may be noticeable to the human eyes
very easily. When those partitions are provided, a light-
emitting region illuminated by one light-emitting element
may be affected by the light emitted from an adjacent
light-emitting element to a much lesser degree. But it is very
difficult to completely eliminate the adverse effects of the
adjacent light-emitting element on the light-emitting region.
That is to say, each light-emitting region is inevitably
affected by a neighboring light-emitting element to a certain
degree. Also, as for the two outer light-emitting regions of
the lighting unit, no light-emitting element exists on one side
and light is incident thereon from only one direction. Thus,
compared to the other regions, these light-emitting regions
have decreased emission intensity. As a result, portions of an
image displayed on both ends of the display panel look
darker than the other portions of the image.

[0011] Furthermore, even if the adverse effects of the
adjacent light-emitting element could be eliminated com-
pletely, the light-emitting elements still might have mutually
different emission characteristics. Then, the difference in
luminance would be very sensible. A problem like this may
also arise in a lighting unit including no partitions between
the light-emitting elements. For example, even if just one of
the light-emitting elements has had its luminance decreased
for some reason, a similar variation in luminance will be
perceivable to the viewer.

SUMMARY OF THE INVENTION

[0012] In order to overcome the problems described
above, preferred embodiments of the present invention pro-
vide a lighting unit that causes a drastically reduced lumi-
nance variation and also provide a liquid crystal display
device that realizes significantly improved display quality by
using the lighting unit.

[0013] A lighting unit according to a preferred embodi-
ment of the present invention includes: a reflector; a plural-
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ity of light-emitting elements, which are respectively pro-
vided on the reflector for a plurality of light-emitting
regions; and a controller for supplying a periodic drive
signal to each of the light-emitting elements, thereby defin-
ing a state of the light-emitting element. The lighting unit
illuminates a display panel including a light modulating
layer with light that has been emitted from the light-emitting
elements. The controller supplies drive signals of substan-
tially different types to at least two of the light-emitting
elements.

[0014] In one preferred embodiment of the present inven-
tion, the lighting unit preferably further includes at least one
partition on the reflector so that the light-emitting regions
are defined by the at least one partition.

[0015] A lighting unit according to another preferred
embodiment of the present invention includes: a reflector; at
least one partition, which is provided on the reflector to
define a plurality of light-emitting regions; a plurality of
light-emitting elements, which are respectively provided on
the reflector for the light-emitting regions; a controller for
supplying a drive signal to each of the light-emitting ele-
ments, thereby defining a state of the light-emitting element;
and a plurality of detectors, which are respectively provided
for the light-emitting regions to detect luminances of the
light-emitting regions.

[0016] In one preferred embodiment of the present inven-
tion, the controller preferably changes the drive signals to be
supplied to the light-emitting elements in accordance with
outputs of the detectors.

[0017] In another preferred embodiment of the present
invention, the controller preferably supplies a drive signal,
having first and second signal intensities within one period,
to each of the light-emitting elements. The light-emitting
element is preferably controlled to change into a first state
responsive to the drive signal having the first signal intensity
and into a second state responsive to the drive signal having
the second signal intensity, respectively. The second state
preferably has an emission intensity lower than that of the
first state.

[0018] In this particular preferred embodiment, the con-
troller preferably controls the light-emitting elements to the
first or second state at mutually different points of times.

[0019] Specifically, the second state may be a zero-lumi-
nance state.

[0020] Alternatively, the second state may be a reduced-
luminance state.

[0021] In still another preferred embodiment, the control-
ler preferably supplies drive signals, which have the first
signal intensity for mutually different percentages of the one
period thereof, to at least two of the light-emitting elements,
respectively.

[0022] Inyet another preferred embodiment, the controller
preferably supplies drive signals, having mutually different
maximum signal intensities, to at least two of the light-
emitting elements, respectively.

[0023] In yet another preferred embodiment, the at least
one partition is preferably elongated in a predetermined
direction.
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[0024] A liquid crystal display device according to still
another preferred embodiment of the present invention
includes: a liquid crystal panel that includes a pair of
substrates and a liquid crystal layer sandwiched between the
substrates; and the lighting unit according to any of the
preferred embodiments of the present invention described
above. The lighting unit is provided behind the liquid crystal
panel. Multiple gate lines are arranged substantially paral-
lelly to each other on one of the two substrates. A direction
in which the gate lines extend is substantially parallel to a
direction in which the at least one partition extends.

[0025] In the lighting unit according to preferred embodi-
ments of the present invention, the light-emitting elements
are respectively provided for the light-emitting regions, and
the controller supplies drive signals of substantially different
types to at least two of these light-emitting elements, thereby
controlling the emission intensities of the light-emitting
elements to mutually different levels. As already described
for the background of the invention, even if the light-
emitting elements have the same emission intensity, the
light-emitting regions may have mutually different lumi-
nance values. This is because a light-emitting region illu-
minated by one of the light-emitting elements may be
affected by the light emitted from an adjacent one of the
light-emitting elements. Even so, if the emission states of the
light-emitting regions are controllable independently by
varying the emission intensities of the light-emitting ele-
ments intentionally, the luminances of the light-emitting
regions can be substantially equalized with each other. As a
result, the lighting unit as a whole can emit light having a
uniform luminance without causing the unwanted variation
in luminance. Accordingly, a liquid crystal display device
including a lighting unit like this can display a motion
picture at a desired high rate.

[0026] As used herein, the “drive signals of substantially
different types” do include signals having mutually different
waveforms or amplitudes but do not include signals having
the same waveform, the same amplitude and mutually
different phases. Also, when the “drive signals of substan-
tially different types™ are supplied to the same light-emitting
element, the light-emitting element will emit light in respec-
tive quantities or at respective intensities that are signifi-
cantly different from each other due to the difference in
waveform or amplitude between the drive signals. It should
be noted that the “quantity of light” herein means a quantity
of light emitted in a period of time that is sufficiently longer
than one period of the drive signals and that the “emission
intensity” herein means an average of the quantity of light
per unit time. Furthermore, the “drive signal” may also be
either a voltage or a current itself that is applied to a
light-emitting element and changes its level or amount with
time. For example, when a light-emitting element is turned
ON and OFF by applying a voltage having a predetermined
level thereto intermittently, the “drive signal” may mean a
voltage that changes its level between the predetermined
level and zero with time.

[0027] Other features, elements, processes, steps, charac-
teristics and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments of the present invention with refer-
ence to the attached drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIGS. 1A and 1B are respectively a plan view and
a cross-sectional view, taken along the line Ib-Ib shown in
FIG. 1A, of a lighting unit according to a first specific
preferred embodiment of the present invention.

[0029] FIG. 2A is a plan view illustrating a lighting unit
including a reflector I; and

[0030] FIG. 2B is a cross-sectional view, taken along the
line IIb-IIb shown in FIG. 2A, of a liquid crystal panel
including the lighting unit shown in FIG. 2A.

[0031] FIG. 3 is a circuit diagram illustrating a configu-
ration for the liquid crystal panel shown in FIG. 2B.

[0032] FIG. 4 is a graph showing how one light-emitting
element associated with one light-emitting region may affect
the other light-emitting regions when the reflector I is used.

[0033] FIG. 5 is a timing diagram showing when the
respective light-emitting elements may be turned ON and
OFF where the reflector I is used.

[0034] FIG. 6 is a graph showing the resultant luminance
values of the respective light-emitting regions for the light-
ing unit including the reflector 1.

[0035] FIG. 7 is a timing diagram showing how the ON
period percentages of the respective light-emitting elements
may be adjusted to reduce a variation in luminance where
the reflector I is used.

[0036] FIG. 8 is a timing diagram showing timing rela-
tionships between the video signal and the ON and OFF
periods of the light-emitting elements for the lighting unit
including the reflector I.

[0037] FIG. 9A is a plan view illustrating a lighting unit
including a reflector II; and

[0038] FIG. 9B is a cross-sectional view, taken along the
line IXb-IXb shown in FIG. 9A, of a liquid crystal panel
including the lighting unit shown in FIG. 9A.

[0039] FIG. 10 is a graph showing how one light-emitting
element associated with one light-emitting region may affect
the other light-emitting regions when the reflector II is used.

[0040] FIG. 11 is a timing diagram showing when the
respective light-emitting elements may be turned ON and
OFF where the reflector II is used.

[0041] FIG. 12 is a graph showing the resultant luminance
values of the respective light-emitting regions for the light-
ing unit including the reflector II.

[0042] FIG. 13 is a timing diagram showing how the ON
period percentages of the respective light-emitting elements
may be adjusted to reduce a variation in luminance where
the reflector II is used.

[0043] FIG. 14 is a timing diagram showing timing rela-
tionships between the video signal and the ON and OFF
periods of the light-emitting elements for the lighting unit
including the reflector II.

[0044] FIG. 15A is a plan view illustrating a lighting unit
including a reflector III; and
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[0045] FIG. 15B is a cross-sectional view, taken along the
line XVb-XVb shown in FIG. 15A, of a liquid crystal panel
including the lighting unit shown in FIG. 15A.

[0046] FIG. 16 is a timing diagram showing when the
respective light-emitting elements may be turned ON and
OFF where the reflector III is used.

[0047] FIG. 17 is a graph showing the resultant luminance
values of the respective light-emitting regions for the light-
ing unit including the reflector II1.

[0048] FIG. 18 is a timing diagram showing how the ON
period percentages of the respective light-emitting elements
may be adjusted to reduce a variation in luminance where
the reflector III is used.

[0049] FIG. 19A is a timing diagram showing timing
relationships between the video signal and the ON and OFF
periods of the light-emitting elements for the lighting unit
including the reflector III.

[0050] FIG. 19B is a timing diagram showing the wave-
forms of drive signals and the periods in which the drive
signals are supplied to the respective light-emitting elements
for the lighting unit including the reflector III, where the ON
periods perceivable to the human eyes are supposed to be of
the same length for the respective light-emitting elements
and the drive signals have different ON-OFF ratios.

[0051] FIGS. 20A and 20B are respectively a plan view
and a cross-sectional view, taken along the line XXb-XXb
shown in FIG. 20A, of a lighting unit according to a second
specific preferred embodiment of the present invention.

[0052] FIG. 21 is a plan view of another lighting unit
according to the second preferred embodiment.

[0053] FIG. 22 is a timing diagram showing timing rela-
tionships between the video signal and the ON and OFF
periods of the light-emitting elements where the ON period
percentages of the respective light-emitting elements are
adjusted to reduce a variation in luminance for the lighting
unit shown in FIG. 21.

[0054] FIG. 23 is a timing diagram showing timing rela-
tionships between the video signal and the ON and OFF
periods of the light-emitting elements where the ON period
percentages of the respective light-emitting elements have
been adjusted because a variation in luminance was sensed
in the lighting unit shown in FIG. 21.

[0055] FIGS. 24A and 24B are respectively a plan view,
and a cross-sectional view taken along the line XXIVb-
XXIVb shown in FIG. 24A, of a conventional lighting unit.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0056] Embodiment 1

[0057] Hereinafter, a lighting unit according to a first
specific preferred embodiment of the present invention will
be described with reference to FIGS. 1 through 19B. In
FIGS. 1 through 19B, any member illustrated in multiple
drawings but having substantially the same function will be
identified by the same reference numeral.

[0058] FIGS. 1A and 1B are respectively a plan view of
a lighting unit 100 according to the first preferred embodi-
ment and a cross-sectional view thereof taken along the line
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Ib-Ib shown in FIG. 1A. The lighting unit 100 may have
approximate dimensions of 32 cm (vertically)x40. 5 cm
(horizontally)x2.5 em (thickness). As shown in FIGS. 1A
and 1B, the lighting unit 100 includes a reflector 7 with a
reflective plane 74, a diffuser 6 that faces the reflective plane
7a of the reflector 7, and a plurality of light-emitting
elements 2 interposed between the reflector 7 and the
diffuser 6. These members 2, 6 and 7 are stored inside a
casing 5.

[0059] A number of partitions 1, which extend in a pre-
determined direction d1, are provided on the reflective plane
7a of the reflector 7. These partitions 1 define a plurality of
light-emitting regions 4 on the light-emitting plane 100S of
the lighting unit 100. The partitions 1 and the reflector 7 may
be made of the same material (e.g., polycarbonate (PC),
acrylonitrile butadiene styrene (ABS) or any other suitable
plastic material). In that case, the partitions 1 may form
integral parts of the reflector 7. Alternatively, the partitions
1 and the reflector 7 may be made of mutually different
materials and then assembled together. It should be noted
that the partitions 1 do not have to be secured to the reflector
7. To increase the optical efficiency, the partitions 1 are
preferably reflective.

[0060] Each of the light-emitting elements 2 is provided
between an adjacent pair of partitions 1 and is associated
with one of the light-emitting regions 4. In the preferred
embodiment illustrated in FIGS. 1A and 1B, one light-
emitting element 2 is provided for one light-emitting region
4. Optionally, a plurality of light-emitting elements 2 may be
provided for a single light-emitting region 4. A cold-cathode
tube may be used as the light-emitting element 2.

[0061] Also, as shown in FIG. 1A, the lighting unit 100
further includes a lighting controller 30 that is made up of a
plurality of control circuits 3 connected to the respective
light-emitting elements 2. The lighting controller 30 controls
the emission states of the light-emitting elements 2 inde-
pendently by supplying drive signals (e.g., currents or volt-
ages) of substantially different types to the respective light-
emitting elements 2. It should be noted that as long as the
lighting controller 30 can control the emission states of the
respective light-emitting elements 2 independently, the
lighting controller 30 does not have to be made up of
multiple control circuits 3 as shown in FIG. 1A but may be
a single controller that is connected to the respective light-
emitting elements 2.

[0062] 1t should also be noted that when the partitions 1
are provided between the light-emitting elements 2, a
shadow may be cast on a region of the light-emitting plane
100s over each of the partitions 1. However, when the
diffuser 6 is provided as is done in this preferred embodi-
ment, the resultant luminance is not so much affected by the
shadows projected by the partitions 1.

[0063] Next, an exemplary application of the lighting unit
100 shown in FIGS. 1A and 1B to a liquid crystal panel 300
including a liquid crystal layer as its light modulating layer
will be described with reference to FIGS. 2A and 2B. In the
preferred embodiment shown in FIGS. 2A and 2B, the
reflector 7 of the lighting unit 100 includes the partitions 1
having a height hl of about 6 mm, and the distance h2
between the center of the light-emitting elements 2 and the
diffuser 6 is about 17 mm. The reflector 7 shown in FIG. 2B
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will be also referred to as a “reflector I” for convenience
sake. A cold-cathode tube is used as each of the light-
emitting elements 2.

[0064] FIG. 3 shows a configuration for the liquid crystal
panel 300. As shown in FIG. 3, the liquid crystal panel 300
includes a plurality of (e.g., 480) gate lines 31 that are
arranged substantially parallelly to each other and a plurality
of (e.g., 600) data lines 32 that are arranged so as to intersect
with the gate lines 31. A switching element 33 such as a
thin-film transistor (TFT) is provided near, and connected to,
each of the intersections between the gate lines 31 and the
data lines 32. The switching element 33 is also connected to
a pixel electrode 35 for use to apply a voltage to the liquid
crystal layer 34. FIG. 3 shows a portion of the liquid crystal
panel 300 to a larger scale so that the width of one of the
light-emitting regions 4 shown in FIGS. 2A and 2B corre-
sponds to the combined width of a great number of (e.g., 80)
gate lines 31.

[0065] In this liquid crystal panel 300, when the switching
element 33 is turned ON responsive to a scanning pulse
signal supplied through one of the gate lines 31, a prede-
termined voltage signal is supplied to the pixel electrode 35
by way of associated one of the data lines 32. In this manner,
a voltage applied to the liquid crystal layer 34, which is
interposed between the pixel electrode 35 and a counter
electrode 36, is controlled to display an image on the liquid
crystal panel 300.

[0066] When the lighting unit 100 is used for such a liquid
crystal panel 300, the lighting unit 100 and the liquid crystal
panel 300 are disposed so that the direction dl in which the
partitions 1 extend in the lighting unit 100 (see FIG. 2A)
corresponds to the direction d2 in which the gate lines 31
extend in the liquid crystal panel 300. The gate lines 31 are
sequentially scanned at predetermined intervals in the direc-
tion indicated by the arrow d3 in FIG. 3 (which direction
will be herein referred to as a “vertical scanning direction”™).
However, the direction dl in which the partitions 1 extend
crosses the vertical scanning direction d3 at right angles.
Thus, the light-emitting regions 4 of the lighting unit 100 are
arranged in the vertical scanning direction d3 of the liquid
crystal panel 300. Accordingly, as the pixels of the liquid
crystal panel 300 are sequentially rewritten in the vertical
scanning direction d3, light can be emitted from one of the
light-emitting regions 4 of the lighting unit 100 after another.

[0067] Referring back to FIGS. 2A and 2B, most of the
light emitted from the light-emitting element 2 for one of the
light-emitting regions 4 is used to illuminate its associated
region 4 due to the presence of the partitions 1 but may have
some effect on its neighboring light-emitting regions 4.

[0068] FIG. 4 is a graph showing how a predetermined
light-emitting element 2 (in this case, the light-emitting
element (or cold-cathode tube) associated with the
light-emitting region @) affected light-emitting regions
other than its associated light-emitting region @ The
results shown in FIG. 4 were obtained by using the reflector
I and measured with a luminance meter. As shown in FIG.
4, supposing the maximum luminance of the light-emitting
region associated with the ON-state light-emitting ele-
ment was 100%, the luminances of the two directly
neighboring light-emitting regions @ and thereof were
about 30%, those of the two light-emitting regions @ and
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(3 adjacent to the regions (2) and (%) were about 10% and
that of the light-emitting region @ outside of the region @
was within an error range.

[0069] In an illustrative example to be described below,
the lighting unit 100 in which the reflector I is used, the six
light-emitting elements 2 that are numbered from
through @ downward are arranged, and the six light-
emitting regions 4 (also numbered from @ through @) are
defined on the light-emitting plane, is combined with the
liquid crystal panel 300. In this example, the lighting con-
troller 30 is so constructed as to sequentially turn ON and
OFF the respective light-emitting elements 2 synchronously
with the input of the vertical sync signal to the liquid crystal
panel 300. A drive signal (i.e., a voltage signal or a current
signal) to be supplied to each of the light-emitting elements
is a periodic signal, of which one period is as long as one
vertical scanning period of the liquid crystal panel 300.

[0070] For example, each of the light-emitting elements
(or cold-cathode tubes) 2 may be turned ON in 50% of one
vertical scanning period T1 and turned OFF in the remaining
50% of the period T1 as shown in FIG. 5, thereby getting
light emitted from one of the light-emitting elements 2 after
another at mutually different points of times (or at regular
intervals). In this manner, so-called “scan lighting” is carried
out. Then, the controller 30 may supply a drive signal, which
has a first signal intensity high enough to turn each of the
light-emitting elements 2 ON in 50% of one period thereof
and a second signal intensity low enough to turn the light-
emitting element 2 OFF in the remaining 50% of the one
period, to one of the light-emitting elements 2 after another
at different points of times. In this case, the drive signal
supplied to one of the light-emitting elements 2 should have
its phase shifted from that of the drive signal supplied to
adjacent one of the light-emitting elements 2. The first signal
intensity corresponds to the maximum voltage or current
value, while the second signal intensity corresponds to a
zero voltage or current value. It should be noted that each
light-emitting element 2 should start to emit light synchro-
nously with the input of a video signal to a predetermined
display area of the liquid crystal panel 300 that is associated
with the light-emitting region 4 of the light-emitting element
2. Each predetermined display area of the liquid crystal
panel 300 includes the same number of gate lines (e.g., 80
gate lines in this specific example). Thus, the “timing at
which the video signal starts to be input to the predetermined
display area” herein means a point in time at which a
scanning pulse signal is input to the first one of the gate lines
included in that predetermined display area and the video
signal starts to be input to the pixels that are connected to the
first gate line.

[0071] In this specific example, the luminances of the
respective light-emitting regions @ through @ measured
as shown in FIG. 6: the two innermost light-emitting regions
(3@ and (@) had a luminance value of 360 cd/m?; the two
directly neighboring light-emitting regions @ and @ had a
luminance value of 340 cd/m?; and the other two outermost
light-emitting regions @ and @ had a luminance value of
280 cd/m*. That is to say, the respective light-emitting
regions (D), @), B), @), é and (6) had luminance values
of 280 cd/m?, 340 cd/m?, 360 cd/m>, 360 cd/m?, 340 cd/m?
and 280 cd/m?, respectively.

[0072] The results shown in FIG. 6 correspond with those
shown in FIG. 4. That is to say, supposing the maximum
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luminance of one light-emitting region 4 associated with an
ON-state light-emitting element 2 is 100%, the luminances
of the two directly neighboring light-emitting regions 4
thereof are about 30% and those of the two light-emitting
regions 4 adjacent to the directly neighboring regions 4 are
about 10%.

[0073] To reduce such a variation in luminance, some of
the light-emitting elements 2 for some of the light-emitting
regions 4 may be turned ON in a different percentage of one
vertical scanning period from that of the other light-emitting
elements 2 for the other light-emitting regions 4. In this
specific example, the light-emitting elements for the two
outermost light-emitting regions @ and @ are turned ON
in 70% of one vertical scanning period while the light-
emitting elements for the other light-emitting regions @,

, (@and are turned ON in 50% of one vertical
scanning period as shown in FIG. 7. That is to say, in the
controller 30, the control circuits 3 for the light-emitting
elements of the light-emitting regions @ and @ should
supply a drive signal, which is in ON state in 70% of one
period, to the two light-emitting elements. On the other
hand, the control circuits 3 for the light-emitting elements of
the light-emitting regions @, @, (% and @ should supply
a drive signal, which is in ON state in 50% of one period, to
the four light-emitting elements.

[0074] As a result, the luminances of the light-emitting
regions @ through @ could be substantially equalized with
each other to approximately 360 cd/m?. Thus, a lighting unit
causing substantially no luminance variation as a whole was
realized. And when such a lighting unit was combined with
a liquid crystal panel, a quality motion picture could be
displayed at a desired high rate.

[0075] A quality motion picture can be displayed at a high
rate in the following manner. Specifically, when the six
light-emitting elements 2 are used and each turned ON in
50% of one vertical scanning period, the effective scanning
period of one vertical scanning period is preferably equally
divided by six to determine the timings to turn ON and OFF
the light-emitting elements 2 as follows. It should be noted
that the “effective scanning period” is obtained by subtract-
ing a vertical retrace interval (i.e., a time it takes for a
scanning electron beam to return from the lower right corner
of an image to the upper left corner thereof after each
vertical sweep) from one vertical scanning period.

[0076] As shown in FIG. 8, the instant a vertical sync
signal is input to the liquid crystal panel 300 and a video
signal starts to be input to a display area associated with the
light-emitting region @ (which display area will be herein
referred to as a “display area @”) the light-emitting element
@ is turned OFF. The light-emitting element (5 is kept
OFF while the liquid crystal molecules are responding.
However, once 30% of one vertical scanning period has
passed, the light-emitting element @ will be ON for the
remaining 70% of the vertical scanning period. Next, the
instant a video signal starts to be input to a display area @
associated with the light-emitting region (5, the light-
emitting element @ is turned OFF. The light-emitting
element @ is kept OFF while the liquid crystal molecules
are responding. However, once 50% of one vertical scanning
period has passed, the light-emitting element @ will be ON
for the remaining 50% of the vertical scanning period.
Similar operations are performed on the next three light-
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emitting regions @, @ and @ Specifically, the instant a
video signal starts to be input to a display area (3), @ or
associated with the light-emitting region (3), or (5), the
light-emitting element (3), or é is turned OFF. Once
50% of one vertical scanning period has passed, the light-
emitting element 3), (4) or é will be ON for the remaining
50% of the vertical scanning period. As for the other
light-emitting region @, the light-emitting element @ is
turned OFF synchronously with the input of the video signal
to the associated display area (6). However, once 30% of one
vertical scanning period has passed, the light-emitting ele-
ment (6) will be ON for the remaining 70% of the vertical
scanning period.

[0077] To eliminate the lagging or smearing phenomenon
from a motion picture being displayed at a high rate, it is
important to minimize the transmitted light while the liquid
crystal molecules are responding (i.e., for a while after the
video signal has been input). If the respective light-emitting
elements 2 are operated by the lighting controller 30 in the
above-described manner, then no pixels will be displayed
while the liquid crystal molecules are responding. However,
once the liquid crystal molecules have finished their
response, only pixels in a predetermined state will be
displayed. Thus, a quality motion picture can be displayed.
As can be seen, the turn-OFF timings of the light-emitting
elements 2 are a key to displaying a quality motion picture.
Accordingly, the turn-ON and turn-OFF operations of the
light-emitting elements are preferably controlled by refer-
ence to the turn-OFF timings. In this case, the ON period of
each light-emitting element may be adjusted by appropri-
ately changing the turn-ON timing of the light-emitting
element. To perform a control in this manner, a control
circuit such as that disclosed in Japanese Laid-Open Publi-
cation No. 11-20285 may be used as the lighting controller
30. That is to say, the light-emitting elements may be
sequentially turned ON and OFF at respective timings that
are appropriately controlled by using such a control circuit.

[0078] The lighting unit according to the preferred
embodiment described above sequentially turns ON and
OFF the light-emitting elements provided for the respective
light-emitting regions at predetermined intervals, thereby
getting light emitted from one of the light-emitting regions
after another by the scan lighting technique. Also, the
controller 30 supplies drive signals of mutually different
types (i.e., having mutually different ON periods during one
vertical scanning period) to the respective light-emitting
elements, thereby controlling the emission intensities of the
light-emitting regions independently. Consequently, a light-
ing unit having a highly uniform light-emitting plane, on
which the luminance hardly varies from place to place, is
provided.

[0079] Next, a lighting unit including a different type of
reflector II as shown in FIGS. 9A and 9B will be described.
The reflector II has the same structure as the reflector I
except that the partitions 1 of the reflector II has a height h1
of 7 mm, which is greater than that of the reflector I. The
other members of the lighting unit shown in FIGS. 9A and
9B are the same as the counterparts of the lighting unit
shown in FIGS. 1A and 1B.

[0080] As for the lighting unit including this reflector II,
the effects of one light-emitting element on the other light-
emitting regions were also analyzed by using a luminance
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meter. As a result, supposing the luminance value of the
light-emitting region (3) associated with the ON-state light-
emitting element 2 was 100%, the luminances of the two
directly adjacent light-emitting regions @ and @ were
approximately 20% but the luminances of the other regions
é, (3) and (6) were within an error range as shown in FIG.

[0081] In an illustrative example to be described below,
the lighting unit 100 in which the reflector II is used, the six
light-emitting elements 2 that are numbered from
through @ downward are arranged, and the six light-
emitting regions 4 (also numbered from @ through @) are
defined on the light-emitting plane, is combined with the
liquid crystal panel 300. In this example, the lighting con-
troller 30 is also so constructed as to sequentially turn ON
and OFF the respective light-emitting elements 2 synchro-
nously with the input of the vertical sync signal to the liquid
crystal panel 300. A drive signal to be supplied to each of the
light-emitting elements is a periodic signal, of which one
period is as long as one vertical scanning period of the liquid
crystal panel 300.

[0082] For example, each of the light-emitting elements 2
may be turned ON in 60% of one vertical scanning period T1
and turned OFF in the remaining 40% of the period T1 as
shown in FIG. 11. In that case, the luminances of the
respective light-emitting regions @ through @ measured
as shown in FIG. 12: the four inner light-emitting regions
@), @), (@) and (5) had a luminance value of 340 cd/m?; and
the two outermost light-emitting regions @ and @ had a
luminance value of 290 cd/m>. That is to say, the respective
light-emitting regions @, @, A A and @ had
luminance values of approximately 290 cd/m?, 340 cd/m?,
340 cd/m?, 340 cd/m>, 340 cd/m* and 290 cd/m?, respec-
tively. The results shown in FIG. 12 correspond with those
shown in FIG. 10. That is to say, supposing the maximum
luminance of one light-emitting region 4 associated with an
ON-state light-emitting element 2 is 100%, the luminances
of the two directly neighboring light-emitting regions 4
thereof are about 20%.

[0083] To correct such a variation in luminance, the light-
emitting elements for the two outermost light-emitting
regions (1) and (6) may be turned ON in 73% of one vertical
scanning period, the light-emitting elements for the two next
outermost light-emitting regions and may be turned
ON in 57% of one vertical scanning period, and the light-
emitting elements for the other two light-emitting regions

and (4) may be turned ON in 60% of one vertical
scanning period as shown in FIG. 13. As a result, the
luminances of the light-emitting regions @ through @
could be substantially equalized with each other to approxi-
mately 340 cd/m?. Thus, a lighting unit causing substantially
no luminance variation as a whole was realized. And when
such a lighting unit was combined with a liquid crystal
panel, a quality motion picture could be displayed at a
desired high rate.

[0084] A quality motion picture can be displayed at a high
rate in the following manner. Specifically, when the six
light-emitting elements 2 are used and each turned ON in
60% of one vertical scanning period, the effective scanning
period of one vertical scanning period is preferably equally
divided by six to determine the turn-ON and turn-OFF
timings of the light-emitting elements 2 as follows.
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[0085] As shown in FIG. 14, the instant a vertical sync
signal is input to the liquid crystal panel 300 and a video
signal starts to be input to a display area @ associated with
the light-emitting region @, the light-emitting element @
is turned OFF. The light-emitting element @ is kept OFF
while the liquid crystal molecules are responding. However,
once about 27% of one vertical scanning period has passed,
the light-emitting element @ will be ON for the remaining
73% of the period. Next, the instant a video signal starts to
be input to a display area @ associated with the light-
emitting region @, the light-emitting element @ is turned
OFF. The light-emitting element @ is kept OFF while the
liquid crystal molecules are responding. However, once 43%
of one vertical scanning period has passed, the light-emitting
element @ will be ON for the remaining 57% of the period.
Similar operations are performed on the next two light-
emitting regions @ and @ Specifically, the instant a video
signal starts to be input to a display area (3) or (4) associated
with the light-emitting region or @, the light-emitting
clement (3) or (4) is turned OFF. Once 40% of one vertical
scanning period has passed, the light-emitting element @ or
@ will be ON for the remaining 60% of the period. As for
the light-emitting region @, the light-emitting element @
is turned OFF synchronously with the input of the video
signal to the associated display area (5). However, once 43%
of one vertical scanning period has passed, the light-emitting
element @ will be ON for the remaining 57% of the period.
As for the light-emitting region @, the light-emitting ele-
ment @ is turned OFF synchronously with the input of the
video signal to the associated display area (6). However,
once 27% of one vertical scanning period has passed, the
light-emitting element @ will be ON for the remaining 73%
of the period.

[0086] To minimize the transmitted light while the liquid
crystal molecules are responding, the turn-ON and turn-OFF
operations of the respective light-emitting elements are
preferably controlled by reference to the turn-OFF timings
as in the preferred embodiment where the reflector I is used.
In that case, the ON period of each light-emitting element
may be adjusted by appropriately changing the turn-ON
timing of the light-emitting element.

[0087] Next, a lighting unit including another different
type of reflector III as shown in FIGS. 15A and 15B will be
described. The reflector III shown in FIGS. 15A and 15B
has the same structure as the reflector I shown in FIGS. 1A
and 1B except that the partitions 1 are in close contact with
the reflector 7 and the diffuser 6. The other members of the
lighting unit shown in FIGS. 15A and 15B are the same as
the counterparts of the lighting unit shown in FIGS. 1A and
1B.

[0088] As for the lighting unit including this reflector III,
the effects of one light-emitting element on the other light-
emitting regions were also analyzed by using a luminance
meter. As a result, supposing the luminance value of the
light-emitting region associated with the ON-state light-
emitting element 2 was 100%, the luminances of the two
directly adjacent light-emitting regions were almost within
an error range. Normally, a completely partitioned structure
like this is not preferable because a shadow is cast on the
partitions. However, such a problem is avoidable by modi-
fying the structure of the diffuser or by adding a lens sheet,
for example.
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[0089] In an illustrative example to be described below,
the lighting unit 100 in which the reflector III is used, the six
light-emitting elements 2 that are numbered from
through @ downward are arranged, and the six light-
emitting regions 4 (also numbered from @ through @) are
defined on the light-emitting plane, is combined with the
liquid crystal panel 300. In this example, the lighting con-
troller 30 is also so constructed as to sequentially turn ON
and OFF the respective light-emitting elements 2 synchro-
nously with the input of the vertical sync signal to the liquid
crystal panel 300. A drive signal to be supplied to each of the
light-emitting elements is a periodic signal, of which one
period is as long as one vertical scanning period of the liquid
crystal panel 300.

[0090] For example, each of the light-emitting elements 2
may be turned ON in 50% of one vertical scanning period T1
and turned OFF in the remaining 50% of the period T1 as
shown in FIG. 16. In that case, the luminances of the
respective light-emitting regions @ through @ measured
as shown in FIG. 17: all of the light-emitting regions
through @ but the light-emitting region @ had a luminance
value of 450 cd/m?; and only the light-emitting region @
had a luminance value of 400 cd/m® That is to say, the
respective light-emitting regions (1), @), @), @), é and

had luminance values of approximately 450 cd/m=, 450
cd/m?, 400 cd/m?, 450 cd/m?, 450 cd/m* and 450 cd/m?,
respectively. These results were obtained probably because
the luminous efficacy of the light-emitting element @
associated with the light-emitting region @ decreased com-
pared to the other light-emitting elements.

[0091] To correct such a variation in luminance, the light-
emitting elements for all of the light-emitting regions
through @ but the light-emitting region may be turned
ON in 50% of one vertical scanning period, while only the
light-emitting element for the light-emitting region @ may
be turned ON in 56% of one vertical scanning period as
shown in FIG. 18. As a result, the luminances of the
light-emitting regions @ through @ could be substantially
equalized with each other to approximately 450 cd/m*.
Thus, a lighting unit causing substantially no luminance
variation as a whole was realized. And when such a lighting
unit was combined with a liquid crystal panel, a quality
motion picture could be displayed at a desired high rate.

[0092] As shown in FIG. 19A, the respective light-emit-
ting elements (or cold-cathode tubes) may also be turned ON
and OFF 1n this specific example at the same timings as the
example where the reflector I is used. Also, the ON period
of each light-emitting element is preferably adjusted by
appropriately changing the turn-ON timing of the light-
emitting element.

[0093] In the preferred embodiments described above,
each light-emitting element is turned ON and OFF within
one vertical scanning period. Alternatively, each light-emit-
ting element may be in a “reduced-luminance state” instead
of being turned OFF. Even so, a lighting unit, which has a
luminance uniform enough to find application in displaying
a motion picture at a high rate, is also realized. As used
herein, the “reduced-luminance state” refers to a state of a
light-emitting element having a luminance value that is
lower than the ON-state value thereof but that is higher than
that of the OFF-state value thereof. If a light-emitting
element is not turned OFF completely but has its luminance
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reduced in this manner, the damage done on the luminophor
of the light-emitting element can be decreased significantly
and the lifetime of the light-emitting element can be
extended greatly. In addition, since there are no OFF peri-
ods, the luminance on the screen does not decrease consid-
erably.

[0094] In the preferred embodiment described above, the
turn-ON and turn-OFF timings of the respective light-
emitting elements are adjusted, thereby controlling the total
ON period of one vertical scanning period and realizing a
lighting unit that causes almost no luminance variation.
However, the total ON period does not have to be controlled
by this particular technique.

[0095] A lighting unit causing almost no luminance varia-
tion is also realized by adjusting the luminances of the
respective light-emitting regions in the following manner.
Specifically, even if the light-emitting elements are all
turned ON or OFF at regular intervals, the luminances may
also be adjusted by getting the waveforms of the drive
signals during the ON periods controlled by the controller so
that each of the light-emitting elements is turned OFF for too
short a period of time to be perceivable to the human eyes
during its ON periods. That is to say, the controller may
apply a turn-OFF pulse to each light-emitting element
during its ON period. For example, as for the lighting unit
including the reflector III, the cold-cathode tubes (or light-
emitting elements) through @ all have a human per-
ceivable ON period of the same length as indicated by
hatching in FIG. 19B. However, in their respective ON
periods, drive signals having the same waveform are sup-
plied to the cold-cathode tubes (1), @), @), &) and (6),
while a drive signal having a different waveform is supplied
to the other cold-cathode tube (3). That is to say, the drive
signal to be supplied to each of the cold-cathode tubes
during its ON period is a rectangular wave that has an ON
level (or high level) that turns the cold-cathode tube ON and
an OFF level (or low level) that turns it OFF. In the specific
example shown in FIG. 19B, the ON-OFF ratio (i.., the
duty cycle) of the drive signal to be supplied to the cold-
cathode tube @ is 56:44, while the ON-OFF ratio (i.e., the
duty cycle) of the drive signals to be supplied to the other
cold-cathode tubes (1), (2), (@), (3) and (6) is 50:50. In this
manner, the luminance value of the cold-cathode tube
during its ON period can be equalized with that of the other
cold-cathode tubes (1), @), @), () and (6) during their ON
periods. Thus, a lighting unit causing almost no luminance
variation can be obtained. In this case, the ON periods
perceivable to the human eyes are still the same for the
respective light-emitting regions. Accordingly, although the
luminances are actually adjusted, a display device including
such a lighting unit allows the viewer to sense no variations
in the quality of the motion picture displayed.

[0096] The technique of controlling the turn-ON and turn-
OFF timings and the technique of inserting short OFF
periods (or drive signal OFF-level periods) into each ON
period have their own merits and demerits, and neither of
these is always superior to, or more preferable than, the
other. It is rather preferable to adopt one of these techniques
according to the intended application of the display device.
Thus, the effects of the present invention are equally
achieved by any of these techniques. For example, if the
display device needs to exhibit relatively stabilized perfor-
mance, then the OFF period inserting technique would be
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more advantageous. On the other hand, if the motion picture
display performance of the display device needs to be
improved almost to the limit, then the turn-ON and turn-OFF
timing control would work better. It is naturally possible to
use these two techniques in combination.

[0097] In the preferred embodiments described above, a
number of light-emitting elements are sequentially turned
ON by the scan lighting technique. However, even when
these light-emitting elements are kept ON just like normal
lights, the emission intensities of the light-emitting elements
are also controllable by getting the magnitudes of the
currents or voltages, supplied or applied to the light-emitting
elements, (i.e., the maximum signal intensities of their drive
signals) adjusted by the lighting controller.

[0098] Embodiment 2

[0099] Hereinafter, a lighting unit according to a second
specific preferred embodiment of the present invention will
be described with reference to FIGS. 20A through 23. In
FIGS. 20A through 23, any member illustrated in multiple
drawings but having substantially the same function will be
identified by the same reference numeral.

[0100] As shown in FIG. 20A, the lighting unit 200 of the
second preferred embodiment includes not only all the
components of the lighting unit 100 of the first preferred
embodiment but also instruments 10 for measuring the
luminances of the respective light-emitting regions and a
circuit (not shown) for feeding back the luminance infor-
mation to the lighting controller 30.

[0101] Photodiodes may be used as the instruments 10. By
using the photodiodes, the variation in luminance of each
light-emitting region with time and the difference in lumi-
nance between the light-emitting regions can be detected. As
long as the instruments 10 can detect the luminances of the
respective light-emitting regions, the instruments 10 may
also be any of various other types of instruments, e.g.,
luminance meters or photometers. For example, even when
the luminance of one of the light-emitting regions decreases
suddenly during its ON period, the associated instrument 10
can sense that decrease in luminance. The feedback circuit
that is connected to the instruments 10 feeds the luminance
information back to the lighting controller 30 that is con-
nected to the light-emitting elements 2. In accordance with
that information, the lighting controller 30 can correct the
luminances of the light-emitting regions. Such a sudden
luminance drop may occur not only at the ends of the
lighting unit 200 but also in any other part thereof. Accord-
ingly, it is necessary to measure and monitor the luminances
of the respective light-emitting regions.

[0102] In an illustrative example to be described below, a
lighting unit, which includes the reflector I, light-emitting
elements (or cold-cathode tubes) 2 and diffuser 6 and in
which one light-emitting element 2 is provided for each of
multiple light-emitting regions 4 defined by the partitions 1
as in the first preferred embodiment described above, is
combined with the liquid crystal panel 300 as an image
display unit. In the lighting unit 200 of this preferred
embodiment, however, eight light-emitting regions 4 are
defined by the partitions 1 on the reflector I and eight
light-emitting elements @ through are respectively
provided for the eight light-emitting regions 4 as shown in
FIG. 21.
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[0103] In this lighting unit 200, the lighting controller 30
is also so constructed as to sequentially turn ON and OFF the
respective light-emitting elements @ through synchro-
nously with the input of a vertical sync signal to the liquid
crystal panel 300. A periodic drive signal, of which one
period has the same length as one vertical scanning period
of the liquid crystal panel 300, is supplied to each of the
light-emitting elements. Also, the instrument 10 provided
for each light-emitting region feeds back the luminance
information to the control circuit 3 that is connected to the
associated light-emitting element. In accordance with the
output of the instrument 10 (i.e., the luminance measured),
the control circuit 3 can change the drive signal to be
supplied to the associated light-emitting element 2.

[0104] In an illustrative example to be described below,
drive signals that turn the respective light-emitting elements
2 ON in 50% of one vertical scanning period T1 and turn
them OFF in the remaining 50% of the period T1 are initially
supplied to the respective light-emitting elements. Then, the
drive signals are subjected to a feedback control in such a
manner as to minimize the difference in luminance between
the respective light-emitting regions as detected by the
instruments 10.

[0105] The feedback control may be carried out in the
following manner. For example, if the luminance value of
one light-emitting region as measured by the instrument 10
is found smaller than a predetermined target luminance
value, then the lighting controller 30 supplies such a drive
signal as to increase the percentage of the ON period to one
vertical scanning period T1 to the associated light-emitting
element. On the other hand, if the luminance value of one
light-emitting region as measured by the instrument 10 is
found larger than the predetermined target luminance value,
then the lighting controller 30 supplies such a drive signal as
to decrease the percentage of the ON period to one vertical
scanning period T1 to the associated light-emitting element.

[0106] Suppose a light-emitting region, associated with a
light-emitting element that has been turned ON for a period
T, within one vertical scanning period T1, had a luminance
value L. In that case, if the luminance value L is smaller than
a target luminance value L,, then the percentage of the ON
period T, to one vertical scanning period T1 may be
increased by 2%. On the other hand, if the luminance value
L is larger than the target luminance value L,, then the
percentage of the ON period T, to one vertical scanning
period T1 may be decreased by 2%. Thereafter, the same
control is performed a number of times. That is to say, the
luminance value L of the same light-emitting region is
measured and compared with the target luminance value L,
over and over again and the length of the ON period T_ is
further increased or decreased based on the result of com-
parison. These feedback control operations are preferably
performed until the luminance value L. measured becomes
approximately equal to the target luminance value L.

[0107] Tt should be noted that the target luminance value
L, may be either a predefined one or obtained as the average
of the luminances L of all light-emitting regions. However,
when the average luminance value of the light-emitting
regions is used as the target luminance value L,, the target
luminance value L, might vary and diverge. Thus, upper and
lower limits are preferably defined for the target luminance
value L,.

[0108] In the illustrative example described above, the
percentage of the ON period T, to one vertical scanning
period T1 is either increased or decreased by 2%. However,
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this increase or decrease may be changed appropriately. For
example, if the increase and decrease are defined at 5%, the
actual luminance value L. may be different from the target
luminance value L, by about 5% or less even after the
luminance value L has been corrected by the feedback
control. However, this variation will be negligible unless the
variation of such a degree is observed as a variation in
luminance of the overall lighting unit. Also, if the increase
and decrease defined are too small, then it would take too
much time to correct the luminance value. For that reason,
the increase and decrease are preferably at least about 1%.

[0109] The luminances of the respective light-emitting
regions are preferably corrected one after another by such a
feedback control technique within one vertical scanning
period T1. However, since the luminance value normally
does not change so steeply, the luminance value of just one
light-emitting region may be corrected either per vertical
scanning period T1 or per second.

[0110] When the lighting unit was subjected to a feedback
control like this, the luminances of the respective light-
emitting regions were substantially equalized with each
other to about 360 cd/m>. The duty cycles of the drive
signals that were supplied to the respective light-emitting
elements through (ie., the percentages of the ON
periods of the respective light-emitting elements to one
vertical scanning period T1) were also measured. As a result,
the light-emitting elements (1) through (8 ) were respectively
turned ON in 70%, 50%, 48%, 50%, 50%, 48%, 50% and
70% of one vertical scanning period T1 as shown in FIG.
22.

[0111] These results substantially correspond with the ON
periods of the respective light-emitting elements that are
obtained through the following calculation to substantially
equalize the luminances of the light-emitting regions with
the target luminance L,. In this case, supposing the lumi-
nance value of a light-emitting region associated with an
ON-state light-emitting element is 100%, those of the two
directly neighboring light-emitting regions are affected by
30%, those of the two outer light-emitting regions 10% and
those of the two even outer light-emitting regions 0%.
Specifically, suppose the (front) luminance values of the
light-emitting elements provided for a number n of light-
emitting regions Nos. 0, 1, . . ., and n-1 are represented by

,Y,,...,and Y, _,, the percentages of the ON periods of
the light-emitting elements to one vertical scanning period
T1 are represented by t, ty, . .., and t,_;, and the luminances
of the respective light-emitting regions are affected by the
light-emitting element associated with a predetermined
light-emitting region m (where 0=m=n-1) by f_=100%,
f..1=30% and f .,=10% according to the supposition
described above. Then, the luminance value L of the
light-emitting region m is given by:

Lm=Y Xty oXfm oY 1Xtm 1 Xfmo1+ Y mX Xt
Yoo 1¥tm 1 me1 tYmeoX tmioXfmz

[0112] The luminances L, L,, . . ., and L__; of the
respective light-emitting regions may be obtained by this
equation. And if the luminances L,, L,, . . ., and L. _, are
supposed to be equal to the target luminance value L, for
calculation purposes, then the ON period percentages t of the
respective light-emitting elements can be obtained through
calculation. According to this method, the ON period per-
centages t of the light-emitting elements (1) through (8) are
respectively calculated at 70%, 49%, 48%, 51%, 51%, 48%,
49% and 70%.

[0113] Thereafter, an intentionally decreased voltage was
applied to the light-emitting element to decrease the
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luminance value thereof to 80%. However, when the lighting
unit was subjected to the feedback control, no luminance
variation was observed and the luminances of the respective
light-emitting regions were substantially equalized with
each other to about 360 cd/m>. The duty cycles of the drive
signals that were supplied to the respective light-emitting
elements @ through (8) (i.e., the ON period percentages of
the respective light-emitting elements with respect to one
vertical scanning period T1) were also measured. As a result,
the light-emitting elements @ through (8) were respectively
turned ON in 70%, 50%, 48%, 64%, 50%, 48%, 50% and
70% of one vertical scanning period T1 as shown in FIG.
23.

[0114] The ON period percentages calculated by the above
method substantially match with the ON period percentages
that were actually measured except that of the light-emitting
element @ The reason is as follows. Specifically, since the
luminance value of the light-emitting element was
decreased intentionally, the instruments 10 measure the
luminances of the light-emitting regions @ through as
280 cd/m?, 340 cd/m>, 350 cd/m?>, 320 cd/m?, 350 cd/m?>,
360 cd/m?, 340 cd/m* and 280 cd/m?, respectively. Thus, the
information about this luminance variation is fed back from
the instruments 10 to the control circuits 3 for the respective
light-emitting elements 2. In accordance with that informa-
tion, the lighting controller 30 adjusted the ON period
percentages of the light-emitting elements @ through (8) to
70%, 49%, 48%, 63%, 51%, 48%, 49% and 70%, respec-
tively. As a result, a lighting unit causing substantially no
luminance variation overall could be obtained and a quality
motion picture could be displayed at a desired high rate.

[0115] In the preferred embodiment described above, the
luminances of the respective light-emitting elements 2 are
adjusted by providing means for measuring the luminances
for the light-emitting regions 4 and by continuously moni-
toring the luminances. In that case, even if one of the
ON-state light-emitting elements has decreased its lumi-
nance, that luminance drop is quickly correctable. That is to
say, the instrument provided for the light-emitting region 4
that emits an insufficient quantity of light senses the lumi-
nance drop immediately and sends a signal to the light
controller 30, thereby getting the luminance adjusted by
extending the ON period of the light-emitting element 2 in
question, for example.

[0116] To display a quality motion picture at a desired high
rate, it is important to minimize the transmitted light while
the liquid crystal molecules are responding as in the first
preferred embodiment described above. For that purpose,
the turn-OFF timings of the light-emitting elements 2 are a
key. Accordingly, the ON period percentages are preferably
adjusted by changing the turn-ON timings.

[0117] In the second preferred embodiment described
above, the reflector I is used for illustrative purposes only.
Alternatively, any of the other reflectors II and III described
for the first preferred embodiment may also be used. This is
because no matter which of the reflectors I, IT and III is used,
the luminances can also be adjusted and a lighting unit that
emits light of substantially the same luminance from the
respective light-emitting regions can also be obtained by
subjecting the drive signals, supplied to the respective
light-emitting elements, to the feedback control.

[0118] In the preferred embodiments described above,
each light-emitting element is turned ON and OFF within
one vertical scanning period. Alternatively, each light-emit-
ting element may exhibit a “reduced-luminance state”
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instead of being turned OFF. Even so, a lighting unit, which
has a luminance uniform enough to find application in
displaying a motion picture at a high rate, is also realized. As
used herein, the “reduced-luminance state” refers to a state
of a light-emitting element having a luminance value that is
lower than the ON-state value thereof but that is higher than
that of the OFF-state value thereof. If a light-emitting
element is not turned OFF completely but has its luminance
reduced in this manner, the damage done on the luminophor
of the light-emitting element can be decreased significantly
and the lifetime of the light-emitting element can be
extended greatly. In addition, since there are no OFF peri-
ods, the luminance on the screen does not decrease consid-
erably.

[0119] In the second preferred embodiment described
above, the turn-ON and turn-OFF timings of the respective
light-emitting elements are adjusted, thereby realizing a
lighting unit that causes almost no luminance variation.
However, as already described with reference to FIG. 19B,
the luminances of the respective light-emitting regions may
also be adjusted by equalizing the ON period lengths of the
light-emitting elements to the human eyes and by changing
the ON-OFF ratios (i.e., duty cycles) of the drive signals that
are supplied to the light-emitting elements during the ON
periods. Even so, a lighting unit causing almost no lumi-
nance variation can also be obtained.

[0120] Also, in the second preferred embodiment
described above, a number of light-emitting elements are
sequentially turned ON by the scan lighting technique.
However, even when these light-emitting elements are kept
ON just like normal lights, the luminances of the light-
emitting elements are also controllable by getting the mag-
nitudes of the currents or voltages, supplied or applied to the
light-emitting elements, (i.e., the maximum signal intensi-
ties of their drive signals) adjusted by the lighting controller.

[0121] The lighting unit according to various preferred
embodiments of the present invention described above can
control each of multiple light-emitting elements, respec-
tively provided for the same number of light-emitting
regions, into one of mutually different emission states. For
example, a light-emitting element provided for some light-
emitting region may affect two directly adjacent light-
emitting regions. However, as for a light-emitting element
provided for one of the two outermost light-emitting
regions, there is just one light-emitting region next to the
light-emitting element. That is to say, since the light-emit-
ting element affects the adjacent light-emitting region to a
lesser degree, the luminance value of that light-emitting
region may be lower than those of the other light-emitting
regions. Even so, according to preferred embodiments of the
present invention, the emission intensity of the light-emit-
ting elements provided for the two outermost light-emitting
regions may be set higher than that of the other light-
emitting elements. In this manner, the luminances of the
respective light-emitting regions can be substantially equal-
ized with each other and the lighting unit can emit light
almost without causing any luminance variation.

[0122] While the present invention has been described
with respect to preferred embodiments thereof, it will be
apparent to those skilled in the art that the disclosed inven-
tion may be modified in numerous ways and may assume
many embodiments other than those specifically described
above. Accordingly, it is intended by the appended claims to
cover all modifications of the invention that fall within the
true spirit and scope of the invention.
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What is claimed is:
1. A lighting unit comprising:

a reflector;

a plurality of light-emitting elements, which are respec-
tively provided on the reflector for a plurality of
light-emitting regions; and

a controller for supplying a periodic drive signal to each
of the light-emitting elements, thereby defining a state
of the light-emitting element,

wherein the lighting unit illuminates a display panel
including a light modulating layer with light that has
been emitted from the light-emitting elements, and

wherein the controller supplies drive signals of substan-
tially different types to at least two of the light-emitting
elements.

2. The lighting unit of claim 1, further comprising at least
one partition on the reflector, the light-emitting regions
being defined by the at least one partition.

3. The lighting unit of claim 1, wherein the controller
supplies a drive signal, having first and second signal
intensities within one period, to each of the light-emitting
elements, the light-emitting element being controlled to
change into a first state responsive to the drive signal having
the first signal intensity and into a second state responsive to
the drive signal having the second signal intensity, respec-
tively, the second state having an emission intensity lower
than that of the first state.

4. The lighting unit of claim 3, wherein the controller
controls the light-emitting elements to the first or second
state at mutually different points of times.

5. The lighting unit of claim 3, wherein the second state
is a zero-luminance state.

6. The lighting unit of claim 3, wherein the second state
is a reduced-luminance state.

7. The lighting unit of claim 3, wherein the controller
supplies drive signals, which have the first signal intensity
for mutually different percentages of the one period thereof,
to the at least two light-emitting elements, respectively.

8. The lighting unit of claim 3, wherein the controller
supplies drive signals, having mutually different maximum
signal intensities, to the at least two light-emitting elements,
respectively.

9. A lighting unit comprising:

a reflector;

at least one partition, which is provided on the reflector to
define a plurality of light-emitting regions;

a plurality of light-emitting elements, which are respec-
tively provided on the reflector for the light-emitting
regions;

a controller for supplying a drive signal to each of the
light-emitting elements, thereby defining a state of the
light-emitting element; and

a plurality of detectors, which are respectively provided
for the light-emitting regions to detect luminances of
the light-emitting regions.

11
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10. The lighting unit of claim 9, wherein the controller
changes the drive signals to be supplied to the light-emitting
elements in accordance with outputs of the detectors.

11. The lighting unit of claim 9, wherein the controller
supplies a drive signal, having first and second signal
intensities within one period, to each of the light-emitting
elements, the light-emitting element being controlled to
change into a first state responsive to the drive signal having
the first signal intensity and into a second state responsive to
the drive signal having the second signal intensity, respec-
tively, the second state having an emission intensity lower
than that of the first state.

12. The lighting unit of claim 11, wherein the controller
controls the light-emitting elements to the first or second
state at mutually different points of times.

13. The lighting unit of claim 11, wherein the second state
is a zero-luminance state.

14. The lighting unit of claim 11, wherein the second state
is a reduced-luminance state.

15. The lighting unit of claim 11, wherein the controller
supplies drive signals, which have the first signal intensity
for mutually different percentages of the one period thereof,
to at least two of the light-emitting elements, respectively.

16. The lighting unit of claim 11, wherein the controller
supplies drive signals, having mutually different maximum
signal intensities, to at least two of the light-emitting ele-
ments, respectively.

17. The lighting unit of claim 2, wherein the at least one
partition is elongated in a predetermined direction.

18. A liquid crystal display device comprising:

a liquid crystal panel that includes a pair of substrates and
a liquid crystal layer sandwiched between the sub-
strates; and

the lighting unit of claim 17, which is provided behind the
liquid crystal panel,

wherein multiple gate lines are arranged substantially
parallelly to each other on one of the two substrates,
and

wherein a direction in which the gate lines extend is
substantially parallel to a direction in which the at least
one partition extends.
19. The lighting unit of claim 9, wherein the at least one
partition is elongated in a predetermined direction.
20. A liquid crystal display device comprising:

a liquid crystal panel that includes a pair of substrates and
a liquid crystal layer sandwiched between the sub-
strates; and

the lighting unit of claim 19, which is provided behind the
liquid crystal panel,

wherein multiple gate lines are arranged substantially
parallelly to each other on one of the two substrates,
and

wherein a direction in which the gate lines extend is
substantially parallel to a direction in which the at least
one partition extends.

#* #* #* #* #*
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