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(57) ABSTRACT

Abacklight device which uses a light emitting diode as a light
source, the back light device being configured to irradiate a
liquid crystal display panel from a rear surface of the liquid
crystal display panel, the backlight device having a structure
where plural lines are provided on a backlight board with a
certain gap, each of the lines being where plural of the light
emitting diodes are provided, the backlight device includes a
light emitting diode driving part configured to segment an
entire screen of the backlight board into plural segmented
regions and configured to independently control brightness of
the light emitting diodes with a segmented region unit.
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BACKLIGHT DEVICE AND LIQUID
CRYSTAL DISPLAYING DEVICE USING THE
BACKLIGHT DEVICE

TECHNICAL FIELD

[0001] The present invention generally relates to backlight
devices where light emitting diodes are used at rear surfaces
of color liquid crystal display panels and liquid crystal dis-
playing devices using the back light devices. More specifi-
cally, the present invention relates to a structure or a driving
method ofa light emitting diode whereby low consumption of
electric power and high quality imaging are realized at low
COsts.

BACKGROUND ART

[0002] At present, a type where a transmission liquid crys-
tal display panel having a color filter is irradiated from a rear
surface side by a backlight device so that a color image is
displayed has been a mainstream type of a liquid crystal
displaying device. In addition, although a CCFL (Cold Cath-
ode Fluorescent Lamp) using a fluorescent tube has been
conventionally and widely used as the backlight device, there
is a limitation of use of mercury from the perspective of the
environment. As a light source instead of the CCFL using the
mercury, an LED (Light Emitting Diode) has been used. (See,
for example, Patent Document 1.)

[0003] The liquid crystal panel backlight device can be
classified into two types, namely an edge type or a direct type,
depending on arrangement of the light source. In the edge
type, a light guide plate is provided right under a rear surface
of the liquid crystal panel and a light source is provided at a
side surface part of the light guide plate. The edge type is used
for a relatively small liquid crystal panel such as a mobile
phone or a display of a notebook-type personal computer. In
addition, in the direct type, the light source is provided right
under the rear surface of the liquid crystal panel and is used
for a large size liquid crystal panel because the direct type has
a better utilization rate of light and less weight than the edge
type.

[0004] In the direct type backlight device where the light
emitting diode is used as the light source, there are two kinds
of lighting ways. One is a way where a white color light
emitting diode is used as the light source. Another is a way
where a light emitting diode irradiating three primary colors,
namely a red light, a green light, and a blue light, is used and
a white light is obtained based on a mixture of the red light,
the green light, and the blue light. There are two kinds of
arrangement of the light emitting diodes in the direct type
backlight device. One is, as shown in FIG. 1, where the light
emitting diodes are uniformly arranged at the rear surface of
the liquid crystal panel. Another is, as shown in FIG. 2, where
the light emitting diodes are arranged in a line state, like a
conventional CCFL (fluorescent tube). The arrangement
shown in FIG. 1 is used for large size liquid crystal television
screens or liquid crystal monitors. The arrangement shown in
FIG. 2 is used for middle size liquid crystal television screens
or liquid crystal monitors.

[0005] However, in the backlight device using the light
emitting diodes arranged as discussed above, as well as the
backlight device using the conventional CCFL, the light emit-
ting diodes are always lighted at the time when the liquid
crystal displaying device is being used. Accordingly, lower
consumption of the electric power is further required.
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Because of this, as discussed in Patent Document 2, a struc-
ture has been suggested where the backlight is segmented into
plural sub-units and brightness of the light emitting diodes are
adjusted for every sub-unit so that the lower consumption of
the electric power is achieved.

[Patent Document 1] Japanese Patent Application Laid-Open
Publication No. 7-191311

[Patent Document 2] Japanese Patent Application Laid-Open
Publication No. 2004-191490

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0006] The method, as discussed in Patent Document 2,
where the backlight is segmented into plural sub-units and
luminance of a surface image region corresponding to the
sub-unit is adjusted, can be performed by the backlight
device, as shown in FIG. 1, where the light emitting diodes are
uniformly arranged right under the displaying device. How-
ever, in the backlight device, as shown in FIG. 2, like a
conventional CCFL, where the light emitting diodes are
arranged in a line state, although the brightness of the entirety
of the backlight can be controlled and brightness of the back-
light can be changed for every line, there is no way that the
backlight can be segmented into regions and brightness can
be controlled for every region. Depending on the contents of
an image signal, a size or a place of a region where luminance
of a display surface is expected to be changed varies. There-
fore, if the brightness can be changed for only every line umt
as discussed above, it is difficult to realize a proper image.

Means for Solving Problems

[0007] Accordingly, embodiments of the present invention
may provide a novel and useful backlight device and liquid
crystal displaying device using the backlight device solving
one or more of the problems discussed above.

[0008] More specifically, the embodiments of the present
invention may provide a backlight device whereby even if the
light emitting diodes are arranged horizontally or vertically in
a line state as shown in FIG. 2 as a direct type backlight
device, it is possible to control the brightness of the backlight
for every region, depending on the contents of the image
signal, and a liquid crystal displaying device using the back-
light device.

[0009] One aspect of the present invention may be to pro-
vide a backlight device which uses a light emitting diode as a
light source, the back light device being configured to irradi-
ate a liquid crystal display panel from a rear surface of the
liquid crystal display panel, the backlight device having a
structure where plural lines are provided on a backlight board
with a certain gap, each of the lines being where plural of the
light emitting diodes are provided, the backlight device
including a light emitting diode driving part configured to
segment an entire screen of the backlight board into plural
segmented regions and configured to independently control
brightness of the light emitting diodes with a segmented
region unit.

[0010] With this structure, it is possible to control bright-
ness of a light source with a segmented region unit so that
proper control can be performed depending on the contents of
the image signal.
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[0011] The backlight device further includes a segmented
region setting part configured to optionally set a size of the
segmented region.

[0012] With this structure, it is possible to change the size
of a region to be segmented and proper control suitable for
contents to be controlled such as the contents of the image
signal or luminance or size of a screen can be performed.
[0013] The segmented region setting part may be config-
ured to set the size ofthe segmented region so as to change the
size of the segmented region based on contents of an image
signal; and the backlight device may further include a lumi-
nance control part configured to control brightness of the
segmented region based on the contents of the image signal.
[0014] With this structure, it is possible to control, depend-
ing on the contents of the image signal, the size of the region
to be segmented and control luminance of the segmented
region.

[0015] The backlight device as claimed in claim 1, further
includes a part configured to turn on the plural lines in order.
[0016] With this structure, it is possible to drive the line in
order in the region segmented in a plural manner so that the
low consumption of the electric power is achieved.

[0017] The light emitting diode may be formed by a com-
bination of a white light emitting diode, a red light emitting
diode, a green light emitting diode and/or a blue light emitting
diode.

[0018] With this structure, it is possible to combine various
kinds of the light emitting diodes so that a proper combination
depending on the use of the light emitting diodes can be made.
[0019] Another aspect of the present invention may be to
provide a liquid crystal displaying device, including the back-
light device mentioned above, a liquid crystal display panel
provided at a front surface of the backlight device, the liquid
crystal display panel being configured to display an image in
a state where the liquid crystal display panel is irradiated by
the backlight device; a source driver and a gate driver config-
ured to drive the liquid crystal display panel; and a liquid
crystal panel control circuit configured to control

[0020] With this structure, it is possible to properly control
light from the backlight, corresponding to a display image of
the liquid crystal displaying panel.

[0021] Additional objects and advantages of the embodi-
ments are set forth in part in the description which follows,
and in part will become obvious from the description, or may
be learned by practice of the invention. The object and advan-
tages of the invention will be realized and attained by means
of the elements and combinations particularly pointed out in
the appended claims. It is to be understood that both the
foregoing general description and the following detailed
description are exemplary and explanatory and are not restric-
tive of the invention as claimed.

EFFECT OF THE INVENTION

[0022] According to the embodiment of the present inven-
tion, itis possible to provide a backlight device, whereby even
if the light emitting diodes are arranged in a line state, it is
possible to realize the low consumption of the electric power
by decreasing the brightness of the backlight corresponding
to, for example, a dark region of a displaying screen, corre-
sponding to the contents of the image signal, and it is possible
to control the brightness of the backlight with a region unit
corresponding to the contents of the image signal so that high
quality image displaying can be made, and provide a liquid
crystal displaying device using the backlight device. Espe-
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cially, it is possible to achieve the practical effect of low price
middle size liquid crystal television screens or liquid crystal
MOonitors.

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1 is a view showing an arrangement of light
emitting diodes in a direct type backlight device;,

[0024] FIG. 2 is a view showing an arrangement of light
emitting diodes in a backlight device of the present invention;
[0025] FIG. 3 is a view showing a region segmentation of
the backlight device of the present invention;

[0026] FIG. 4 is a view showing another example of the
region segmentation of the backlight device of the present
invention;

[0027] FIG. 5 is a view for explaining driving of a light
emitting diode of the backlight device of the present inven-
tion;

[0028] FIG. 61sa view for explaining another driving of the
light emitting diode of the backlight device of the present
invention;

[0029] FIG. 7A is a view showing an example block dia-
gram of a driving circuit of a vertical direction Y driver 72;
[0030] FIG. 7B is a view showing an example circuit dia-
gram of a four-step ring counter 73;

[0031] FIG. 7C is a view showing an example of relation-
ships between waveforms of parts of the ring counter 73 and
timing;

[0032] FIG. 81s a view showing a case where the backlight

is segmented into plural regions in the vertical direction in the
backlight device of the present invention;

[0033] FIG. 9A is a view showing an example of structures
of a horizontal direction driving circuit X driver 91 and a
vertical direction driving circuit Y driver 92;

[0034] FIG. 9B is a view showing an example of an opera-
tions signal of the ring counter 93 in a case where the vertical
direction driving circuit Y driver 92 is driven by a line order
method;

[0035] FIG. 10A is a view showing an example in a case
where a set of a single red light emitting diode, a single green
light emitting diode, and a single blue light emitting diode is
used;

[0036] FIG. 10B is a view showing an example in a case
where a set ofa single red light emitting diode, two green light
emitting diodes, and a single blue light emitting diode is used
for the light emitting diode 11;

[0037] FIG. 11 is a view showing a driving structure of a
backlight device of an embodiment whetre a size of a region to
be segmented can be optionally set;

[0038] FIG. 12 is a view showing an example where a
backlight board 100 is segmented by a size of region segmen-
tation different from the example shown in FIG. 3;

[0039] FIG. 13 is an entire structural view of the backlight
device 200 and the liquid crystal displaying device 300 using
the backlight device 200 of the embodiment of the present
invention; and

[0040] FIG. 14 is a view showing an example of a lumi-
nance histogram and average luminance detected by a lumi-
nance detecting part.

EXPLANATION OF REFERENCE SIGNS

[0041] 11 Light emitting diode
[0042] 21 Line
[0043] 31, 61, 41 Segmented region
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[0044] 51, 61,81, 83,91, 101 X driver (horizontal direction
driving)
[0045] 52,6272, 82, 84,92, 102 driver (vertical direc-

tion driving)

[0046] 73,93 Ring counter

[0047] 74, 94 Drive amplifier

[0048] 100 Backlight board

[0049] 110,111, 112, 113, 114 Integrating part

[0050] 120 Control part

[0051] 140 Luminance detecting part

[0052] 150 Segmented region setting part

[0053] 160 Luminance control part

[0054] 170 Light emitting diode driving part

[0055] 200 Backlight device

[0056] 210 Image signal processing circuit

[0057] 220 Memory

[0058] 230 Liquid crystal panel control circuit

[0059] 240 Source driver

[0060] 250 Gate driver

[0061] 260 Liquid crystal display panel

[0062] 300 Liquid crystal displaying device
BEST MODE FOR CARRYING OUT THE

INVENTION
[0063] A descriptionis given below, with reference to FIG.

2 through FIG. 14 of embodiments of the present invention.
[0064] A case where a white light emitting diode is used as
alight source of a backlight is discussed as an example of the
present invention. F1G. 2 is a view showing an example of an
arrangement of light emitting diodes on a backlight board 100
of a backlight device of the present invention. The structure
shown in FIG. 2 is formed by basically, the CCFL of the
conventional backlight device being replaced with the light
emitting diodes, and techniques applied to the CCL can be
applied to this structure. As shown in FI1G. 2, plural lines 21,
on each of which light emitting diodes 11 are provided with
proper gaps, are provided side by side with the substantially
equal gaps.

[0065] Next, region segmentation of the backlight of the
embodiment of the present invention is discussed. FIG. 3
shows an example ofthe backlight board 100. In this example,
four lines 21 where the light emitting diodes 11 are provided
horizontally and in a line state are used as the backlight. Each
line 21 has nine emitting diodes 11 provided horizontally.
Since four lines 21 are provided, tetra-segmentation in a
vertical direction can be made. In addition, by independently
controlling an electric current flowing in each ofthe nine light
emitting diodes 11 provided in a horizontal direction, it is
possible to make nine-segmentation as maximum, as shown
by a frame with a dotted line in FIG. 3.

[0066] In addition, another example of the region segmen-
tation of the backlight on the backlight board 100 is shown in
FIG. 4. In this example, as well as the example shown in FIG.
3, tetra-segmentation in a vertical direction is made. Tri-
segmentation is made in a horizontal direction in this
example. In this case, the light emitting diodes 11 on each of
the lines 21 can be controlled as three-piece units. The bright-
ness of the backlights can be controlled by making tri-seg-
mentation, as maximum, in the horizontal direction. In the
examples shown in FIG. 3 and FIG. 4, four lines 21 are
arranged and nine light emitting diodes 11 are arranged on
each line 21. However, there is no limitation to the number of
the light emitting diodes 11 and the number of the lines 21.
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[0067] According to an embodiment of the present inven-
tion, in a direct type backlight device where the light emitting
diodes are arranged in a line state, by segmenting the back-
light into plural regions and providing a part configured to
control the brightness for every segmented region, it is pos-
sible to control the brightness of the backlight with a unit of
regions segmented based on luminance of an image signal.
Hence, it is possible to obtain high quality images and reduce
consumption of electric power by the backlight, by making
the backlight dark in a region where a luminance level of the
image signal is low and by making the backlight bright in a
region where a luminance level of the image signal is high.

[0068] Nextis discussed driving of the light emitting diodes
of the backlight device of the example where the present
invention is applied. FIG. 5 shows an example of the driving
of the light emitting diodes of embodiments of the present
invention. In the example shown in FIG. 5, an X driver 51 is
a driving circuitin a horizontal direction of a large number of
the light emitting diodes 11 forming the backlight. AY driver
52 is a driving circuit in a vertical direction of the light
emitting diodes 11. As shown in FIG. 5, each of the light
emitting diodes 11 provided on the backlight board 100 is
connected to the X driver 51 independently from other light
emitting diodes 11. The light emitting diodes 11 are con-
nected to the Y driver 52 with a line unit. For example, all of
the light emitting diodes 11 provided on a line Y1 are con-
nected to the Y driver 52 with a single line. In the vertical
direction, each of the lines Y1, Y2, Y3, and Y4 can be inde-
pendently controlled by the Y driver 52, and in the horizontal
direction, the light emitting diode 11 can be controlled, as a
single unit, by the X driver 51.

[0069] However, in a case where the number of segmenta-
tions in the horizontal direction may be substantially the same
as that in the vertical direction, the tri-segmentation is made in
the horizontal direction as shown in FIG. 4. In this case, as
shown in FIG. 4, the light emitting diodes 11 are controlled
where three light emitting diodes 11 in the horizontal direc-
tion are used as a set. In the above-discussed driving method,
it is possible to individually and independently control the
electric current for each of the light emitting diodes 11. There-
fore, even if there is unevenness of luminance of the light
emitting diodes 11, it is possible to correct the unevenness by
adjusting, in advance, the electrical current flowing to each of
the light emitting diodes 11.

[0070] As another example where the light emitting diodes
11 are driven, a case where the light emitting diodes 11 are
lighted (turned on) in order is discussed. FIG. 6 is a view
showing a plane structure of a backlight device of an example
where the light emitting diodes 11 are lighted in order. In the
example shown in FIG. 6, as well as the example shown in
FIG. 5, the lines 21 of the light emitting diodes 11 on the
backlight board 100 are connected to the Y driver 62 sepa-
rated in the vertical direction. The lines 21 are selected not
simultaneously but in order such as in the order of Y1,Y2,Y3,
and Y4 from the upper one. Furthermore, in the horizontal
direction, as shown in FIG. 6, the light emitting diodes 11
arranged in mutually vertical directions on the lines are con-
nected to the X driver 61. In other words, the light emitting
diodes 11 arranged at the left-most of the lines Y1,Y2,Y3 and
Y4 are connected to the X driver 61 by a single line. Similarly,
the light emitting diodes 11 arranged at the 2nd left-most of
the lines Y1, Y2, Y3 and Y4 are connected to the X driver 61
by a single line. Hence, the number of wirings between the X
driver 61 and the light emitting diodes 11 may be the same as
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the number of the light emitting diodes 11 arranged in the
horizontal directions so that a structure may be simple. In
addition, the light emitting diodes 11 are lighted not simulta-
neously but in order, so that low consumption of the electric
power can be achieved.

[0071] Next, details of a driving method in the vertical
direction of a line order lighting type are discussed with
reference to FIG. 7A through FIG. 7C. FIG. 7A through FIG.
7C show an example of an internal structure of a vertical
direction Y driver 72. FIG. 7A is a view showing an example
block diagram of a driving circuit of the vertical direction Y
driver 72. FIG. 7B is a view showing an example circuit
diagram of a four-step ring counter 73. FIG. 7C is a view
showing an example of relationships among waveforms of
each part of the ring counter 73 and timing. The ring counter
73 outputs Q0, Q1, Q2, and Q3 in order for every one cycle of
the input clock signal. The light emitting diodes 11 on the
lines 21 can be selected in order via a drive amplifier 74 by the
output. In the above-discussed examples, a case where four
lines 21 are provided is discussed. However, the present
invention is not limited to this example. If the number of the
lines 21 is “n”, an “n”-step structure is provided in the ring
counter.

[0072] However, in the case of the line order driving dis-
cussed above, as shown as a waveform in FIG. 7C, a duty
cycle of an output pulse of the four-step ring counter 73 is
25%. Ina case where it is necessary to make the number of the
lines 21 larger, such as a case where it is used for a relatively
large liquid crystal television screen, the duty cycle is too low
so that the backlight may be dark. In a case where a large
number of the lines 21 are necessary, the light emitting diodes
11 are segmented in the vertical direction in a plural manner.
[0073] FIG. 8isa view showing a case where the backlight
is segmented into plural regions in the vertical direction in the
backlight device of the present invention. An example where
six lines 21 are divided into two regions is shown in FIG. 8. In
this example, a first Y driver 82 and a second Y driver 84 are
driving circuits in the vertical direction and can be driven
independently of each other. The first Y driver 82 and the
second Y driver 84 may be three-step ring counters where
there is no brightness problem because the duty pulse of the
driving counter is 33%.

[0074] Next, entire operations including the horizontal
direction driving circuit X driver are briefly discussed as an
example of a line order method of the embodiment of the
present invention. FIG. 9A is a view showing an example of
structures of a horizontal direction driving circuit X driver 91
and vertical direction driving circuit Y driver 92. For the
purpose of making explanation easy, as shown in FIG. 9A, in
this example, three light emitting diodes 11 are provided at
each of three lines. A line Y1 of the vertical direction driving
circuit Y driver 92 is connected to cathodes of the light emit-
ting diodes D11, D12, and D13. Similarly, a line Y2 is con-
nected to cathodes of the light emitting diodes D21, D22, and
D23. A line Y3 is connected to cathodes of the light emitting
diodes D31, D32, and D33. In addition, a driving circuit 1 in
the horizontal direction driving circuit X driver 91 is con-
nected to the light emitting diodes D11, D21, and D31. Simi-
larly, a driving circuit 2 is connected to the light emitting
diodes D12, D22, and 032. A driving circuit 3 is connected to
the light emitting diodes D13, D23, and D33.

[0075] Inthe example shown in FIG. 9A, when the line Y1
is selected by the ring counter 93, a transistor T1 of the drive
amplifier 94 is turned on, so that all of the light emitting

Sep. 16,2010

diodes D11, D12, and D13 on the line Y1 are grounded. On
the other hand, anodes of the light emitting diodes D11, D12,
and D13 are connected to the driving circuits 1, 2, and 3. Since
each of the driving circuits can independently control electri-
cal currents supplied to each of the corresponding light emit-
ting diodes, it is possible to independently change the bright-
ness of the light emitting diodes D11, D12, and D13 on the
line Y1. Similarly, by selecting the lines Y2 and Y3 in order,
it is possible to control the brightness of the backlight in the
vertical direction with line gaps and in the horizontal direc-
tion with light emitting diode units.

[0076] FIG. 9B is a view showing an example of an opera-
tions signal of the ring counter 93 in a case where the vertical
direction driving circuit Y driver 92 is driven by the line order
method. As shown in FIG. 9B, at the timing when the level of
the clock signal CL is changed from high to low after a reset
signal R and a clock signal CL are input to the ring counter 93,
the ring counter 93 makes outputs Q0, Q1, and Q2 while the
outputs Q0, Q1, and Q2 are shifted in order. For example, the
vertical direction driving circuit Y driver 92 may be driven in
order by an output signal of the ring counter 93.

[0077] In addition, it is general practice to use a constant
current circuit or a PWM (Pulse Width Modulation) circuit as
the driving circuits 1, 2 and 3 of the horizontal direction
driving circuit X driver 91. However, the present invention is
not limited to the above-discussed circuits.

[0078] Although the white light emitting diode is used in
the light emitting diode 11 for the light source in the above-
mentioned examples, a color light emitting diode may be
used. FIG. 10A shows an example where a set of a single red
(R) light emitting diode, a single green (G) light emitting
diode, and a single blue (B) light emitting diode, instead of the
white light emitting diode, is used. FIG. 10B is a view show-
ing an example where a set of a single red (R) light emitting
diode, two green (G) light emitting diodes, and a single blue
(B) light emitting diode, instead of the white light emitting
diode 11, is used. A combination of the color light emitting
diodes is not limited to the above-mentioned example. The
white light emitting diode and the color light emitting diode
may be combined (not illustrated).

[0079] Next, an example of control when the size of the
region to be segmented is optionally set based on the contents
of the image signal is discussed with reference to FIG. 11
through FIG. 14.

[0080] FIG. 11 is a view showing a driving structure of a
backlight device of an embodiment where a size of a region to
be segmented can be optionally set. The backlight device
shown in FIG. 11 includes the light emitting diodes 11 pro-
vided on the backlight board 100. The light emitting diodes
11 form the lines 21 extending in the horizontal direction. The
lines 21 are arranged in parallel in the vertical direction with
designated gaps.

[0081] An X driver 101 and aY driver 102 are provided so
as to drive the light emitting diodes 11. The Y driver 102
drives the light emitting diodes 11 in line 21 units. The X
driver 101 is configured to individually drive the light emit-
ting diodes 11. In addition, the backlight device of the
embodiment of the present invention includes a segmented
region setting part 150 configured to set the segmented
regions. The segmented region setting part 150 includes an
integrating part 110, a control part 120, and switches SW.
[0082] Arrangement of the light emitting diodes 11 and a
driving method ofthe Y driver 102 are the same as the opera-
tion of the backlight device shown in FIG. 5 and therefore



US 2010/0231573 Al

explanation thereof is omitted. Driving circuits 1 through 9
are provided in the X driver 101 for corresponding vertical
lines so that individual control can be made for every line. If,
for example, driver ICs (Integrated Circuits) having four out-
put terminals are applied to the driving circuits 1 through 9, it
is possible to independently control the light emitting diodes
11 of the same line and Y1 through Y4 rows. Accordingly, in
the normal state, as discussed with reference to FIG. 3, it is
possible to control the brightness with an individual light
emitting diode 11 unit. Hence, the region segmentation which
is the same as the region segmentation 31 shown in FIG. 3 can
be set.

[0083] FIG. 12 is a view showing an example where a
backlight board 100 is segmented by a size region segmenta-
tion 36 different from the example shown in FIG. 3 and FIG.
4. In FIG. 12, the size of the region segmentation 36 is set in
a state where neighboring two light emitting diodes 11 pro-
vided on the same line 21 are used as a single set. In a case
where, as shown in FIG. 3, individual segmentation is not
necessary, and lighting of the light emitting diodes 11 may be
controlled, for example as shown in FIG. 12, by setting the
region segmentation 36 with two light emitting diodes 11 as a
single set.

[0084] Referring back to FIG. 11, when the region segmen-
tation shown in FIG. 12 is set, the switches SW1, SW2, SW4,
SW5, SW7, SW8, SW9, and SW10 are turned on; the
switches SW3, SW6, and SW11 are turned off; the driving
circuit 1 and the driving circuit 2 are connected to the first
integrating part 111; the driving circuit 3 and the driving
circuit 4 are connected to the second integrating part 112; the
driving circuit 5 and the driving circuit 6 are connected to the
third integrating part 113; and the driving circuit 7 and the
driving circuit 8 are connected to the fourth integrating part
114. By these connections so that the driving control signal is
output from the control part 120 to the integrating parts 111
through 114, the driving circuits 1 through 9 integrated by the
integrating parts 111 through 114 can perform driving control
by using two light emitting diodes 11 neighboring on the line
21 as the region segmentation. In other words, the driving
control can be performed with the region segmentation 36
shown in FIG. 12. The switching control of the switches SW
may be performed by the control part 120.

[0085] Next, a case, as shown in FIG. 4, where the region
segmentation 41 is set by three diodes 11 on the same line 21
is discussed. In this case, the switches SW1, SW2, SW3,
SW6,SW7, SW8,SW9, SW10, and SW11 are turned on, and
the switches SW4 and SW5 are turned off. As aresult of this,
the driving circuits 1 through 3 are connected to the first
integrating part 111; the driving circuits 4 through 6 are
connected to the third integrating part 113; and the driving
circuits 7 through 9 are connected to the fourth integrating
part 114. The driving circuits 1 through 9 are not connected to
the second integrating circuit 112. In this connecting state, if
the driving control signal is output from the control part 120
to the first integrating part 111, the third integrating part 113,
and the fourth integrating part 114, as shown in FIG. 4, three
light emitting diodes 11 on the same line 21 can be driven as
a unit of the region segmentation. In this case, the switching
control of the switch SW may be performed by the control
part 120.

[0086] Thus, by properly integrating the driving circuits 1
through 9 based on the setting of the region segmentation, the
size of the region segmentation can be properly changed, if
necessary. Although the example where the X driver 101 is
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segmented and integrated is discussed with reference to FIG.
11, the Y driver 102 may be segmented and integrated.
[0087] Next, an example where a backlight device having
the above-discussed driving circuit is applied to a liquid crys-
tal displaying device and the setting of the region segmenta-
tion is changed based on the contents of the image signal is
discussed with reference to FIG. 13 and FI1G. 14. FIG. 13 is an
entire structural view of the backlight device 200 and the
liquid crystal displaying device 300 using the backlight
device 200 of the embodiment of the present invention.
[0088] Referring to FIG. 13, the backlight device 200 of the
embodiment of the present invention includes a luminance
detecting part 140, a region segmentation setting part 150, a
luminance control part 160, a light emitting diode control part
170, and a backlight board 100. In addition, the liquid crystal
displaying device 300 being a subject of application of the
backlight device 200 of the embodiment includes an image
signal processing circuit 210, a memory 220, a liquid crystal
panel control circuit 230, a source driver 240, a gate driver
250, and a liquid crystal display panel 260.

[0089] First, the liquid crystal display device 300 is dis-
cussed. The image signal processing circuit 210 is configured
to perform a process necessary for displaying an image of an
image signal when the image signal is input. The memory 220
1s a storing part configured to store the processed image signal
for a while. The liquid crystal panel control circuit 230 is
configured to control image displaying of the crystal display
panel 260. The liquid crystal panel control circuit 230 directly
controls driving of the source driver 240 and the gate driver
250 so as to control, for example, timing of horizontal syn-
chronization and vertical synchronization. The source driver
240 is adriving IC configured to drive the source of a thin-film
transistor forming a pixel of the crystal display panel 260 and
configured to supply a data signal to the source. In addition,
the gate driver 250 is a driving IC configured to drive a gate of
the above-mentioned thin-film transistor and configured to
supply an address signal (order scanning signal) to the gate.
The liquid crystal display panel 260 is configured to display
the input image on a display screen. The liquid crystal display
panel 260 is provided so as to face a front surface of the
backlight device 200. The liquid crystal display panel 260 is
driven by the source driver 240 and the gate driver 250 and
displays an image by being irradiated from the rear surface by
the backlight device 200.

[0090] Next, thebacklight device 200 of the embodiment of
the present invention is discussed with reference to FIG. 13.
The image signal having been input to the image signal pro-
cessing circuit 210 is input to the luminance detecting part
140 via the memory 220. The luminance detecting part 140 is
configured to detect, analyze, and recognize the luminance of
the image signal. The luminance detecting part 140 detects
luminance distribution of the image signal by using, for
example, a luminance histogram or average luminance.
[0091] FIG. 14 is a view showing an example of the lumi-
nance histogram and the average luminance detected by the
luminance detecting part. In FIG. 14, a horizontal axis
denotes luminance [cd/m2] and a vertical axis denotes fre-
quency. In addition, an average luminance APL is also shown
in FIG. 14. For example, in a case of a bright image, there is
high frequency of an area where luminance is high. In a case
of a dark image, there is low frequency of a left side area
where luminance is low. It is possible to recognize the lumi-
nance distribution or luminance average APL of the unit by
calculating this, for example, for every unit. The luminance
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detecting part 140 detects luminance of the image signal by,
for example, the above-mentioned method. Various methods
may be applied as a method of detecting luminance as long as
luminance in the image signal can be recognized.

[0092] Referring back to FIG. 13, the segmented region
setting part 150, based on luminance information detected by
the luminance detecting part 140, determines the size of the
segmented region and performs switch control of changing of
the segmented region. For example, in a case where it is
found, via luminance information detected by the luminance
detecting part 140, the luminance of the image in a certain
area is relatively lower than the periphery, the segmented
region setting part 150 performs a computing process
whereby an entire area of the light emitting diodes 11
included in the area where the luminance is low is segmented.
For example, a computing process mentioned below may be
performed. That is, when the luminance of the image signal
for every segmented region or corresponding to each pixel is
detected, the difference of luminance of neighboring seg-
mented regions or each pixel is calculated so that the seg-
mented regions or the pixels where the difference of lumi-
nance is equal to or lower than the designated value are
collected. The segmented region setting part 150 may include
an electronic circuit, a CPU (Central Processing Unit), a
RAM (Random Access Memory), a ROM (Read Only
Memory), and others whereby the above-mentioned comput-
ing process can be performed. The segmented region setting
part 150 may be formed as a microcomputer operated by a
program.

[0093] In addition, the segmented region setting part 150
may set the segmented region based on the ratio of a large area
part in the image signal or the quantity of high frequency
components. For example, in a case where a display subject is
large so that the large area part is formed and the ratio of the
large area part is high in the image signal, the segmented
region may be set by performing segmentation where the
large area part is included so that the large area 1s collected, so
that it is possible to perform proper control of the luminance
of the segmented region based on the luminance of the display
subject. In addition, in a case where the region where the high
frequency components are largely contained exists in the
image signal, the region may be displayed in a dazzling man-
ner and the quantity of noise may be large. Hence, in this case,
the segmented region including a region where a large num-
ber of high frequency components are included may be set so
that it is possible to turn the luminance down. In addition, the
ratio of the large area in the image signal and determination
based on the quantity of the high frequency components may
be combined.

[0094] After performing the computing process of setting
of the segmented region, the segmented region setting part
150 performs switch SW control for switching the control so
that the light emitting diode driving part 170 operates with a
designated segmented region unit. As discussed with refer-
ence to FIG. 11, for example, the switch SW control part may
switch the driving area of the X driver 101 or the Y driver 102
which is a part of the light emitting diode driving part 170, by
using the control part 120, the integrating part 110, and other
parts. Since the explanation of its control operation is already
provided with reference to FIG. 11, details of the explanation
thereof are omitted here.

[0095] The luminance control part 160 performs the lumi-
nance control independently with respect to each of the seg-
mented regions determined by the segmented region setting
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part 150. The luminance control part 160, based on the lumi-
nance information including the luminance distribution
detected by the luminance detecting part 140 and the infor-
mation of the setting of the segmented region set by the
segmented region setting part 150, controls so that each of the
segmented regions is driven with a proper luminance. In other
words, the control is performed, so that the light emitting
diodes 11 are driven with low luminance in the segmented
region where the luminance of the image signal is low and
thereby electric power saving is achieved; and the light emit-
ting diodes 11 are driven with high luminance in the seg-
mented region where the luminance of the image signal is
high and thereby a high quality image can be obtained. For
example, in a case where the driving circuit included in the
light emitting diode driving part 170 is a constant electrical
current circuit, the luminance of the light emitting diode 11
may be adjusted with a supplied electrical current. In a case
where the driving circuit is a pulse width modulation (PWM)
circuit, the luminance is adjusted by adjusting the duty ratio.
[0096] In addition, as discussed above, in a case where the
segmented region is set based on the ratio of a large area part
in the image signal, the luminance control may be performed
so that this is properly displayed based on the luminance of
the image signal of the display subject of the segmented
region. In a case where the segmented region is set based on
the quantity of high frequency components, if the quantity of
the high frequency components is large, the luminance may
be turned down so that the dazzling or noise can be prevented.
In a case where the quantity of the high frequency compo-
nents is small, for example, the luminance of the light emit-
ting diodes 11 may be controlled based on the luminance of
the normal image. These controls may be combined. For
example, in a case where the display subject occupying a
large area has high luminance, the light emitting diodes 11 are
controlled with high luminance based on this. In a case where
a large quantity of high frequency components is detected, a
viewer may feel dazzled and therefore it is possible to per-
form correction control so that the luminance is slightly low-
ered. Thus, the luminance control part 160 can perform
proper and various controls of the segmented region based on
the contents of the image signal.

[0097] The light emitting diode driving part 170 is config-
ured to drive the light emitting diodes 11 provided on the
backlight board 100 so that the light emitting diodes 11 are
lighted. The light emitting diode driving part 170 includes the
above-mentioned X drivers 51, 61, 81, 83,91, and 101 andY
drivers 52, 62, 72, 82, 84, 92, and 102 and other parts. The
light emitting diode driving part 170 includes a driving circuit
configured to drive a minimum unit of the segmented region
of the light emitting diodes 11. Tt is possible to form a large
segmented region by connecting the driving circuit to the
peripheral segmented region. Details of this have already
been discussed with reference to FIG. 11 and explanation
thereof is omitted.

[0098] Plural light emitting diodes 11 are provided on the
surface of the backlight board 100. The light is irradiated onto
the rear surface of the liquid crystal display panel 260 by the
light emitting diodes 11. Accordingly, the light emitting
diodes 11 are supported and arranged by the backlight board
100.

[0099] In the backlight device 200 having the above-dis-
cussed structure and the liquid crystal displaying device 300
using the backlight device 200, by setting the segmented
regions based on the contents of the image signal, especially
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the luminance of the image signal so that the luminance
control is made with the segmented region units, it is possible
to perform proper luminance control based on the contents of
the image signal. As a result of this, the luminance in the block
of the dark image signal is lowered so that electric power can
be made low and the luminance in the block of the bright
image signal is raised so that the high quality image can be
displayed.

[0100] As for detailed settings of the segmented region, as
discussed with reference to FIG. 11, by setting so that the
minimum segmented region is integrated, it is possible to
realize the proper lighting control of the light emitting diodes
11 for the image signal variously changing by flexible and
simple switching control.

[0101] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority or
inferiority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

INDUSTRIAL APPLICABILITY

[0102] The present invention is applicable to a backlight
device configured to irradiate light onto a rear surface of a
liquid crystal display panel and an image displaying device,
such as a liquid crystal display, using the backlight device.
[0103] This application claims priority based on Japanese
Patent Application No. 2007-294189 filed in Japan on Nov.
13, 2007 and Japanese Patent Application No. 2008-270221
filed in Japan on Oct. 20, 2008. The foregoing applications are
hereby incorporated herein by reference.

1. A backlight device which uses a light emitting diode as
a light source, the back light device being configured to irra-
diate a liquid crystal display panel from a rear surface of the
liquid crystal display panel, the backlight device having a
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structure where plural lines are provided on a backlight board
with a certain gap, each of the lines being where plural of the
light emitting diodes are provided, the backlight device com-
prising:

alight emitting diode driving part configured to segment an
entire screen of the backlight board into plural seg-
mented regions and configured to independently control
brightness of the light emitting diodes with a segmented
region unit.

2. The backlight device as claimed in claim 1, further

comprising:

asegmented region setting part configured to optionally set
a size of the segmented region.

3. The backlight device as claimed in claim 2,

wherein the segmented region setting part is configured to
set the size of the segmented region so as to change the
size of the segmented region based on contents of an
image signal; and

the backlight device further comprises a luminance control
part configured to control brightness of the segmented
region based on the contents of the image signal.

4. The backlight device as claimed in claim 1, further

comprising:

a part configured to turn on the plural lines in order.

5. The backlight device as claimed in claim 1,

wherein the light emitting diode is formed by a combina-
tion of a white light emitting diode, a red light emitting
diode, a green light emitting diode and/or a blue light
emitting diode.

6. A liquid crystal displaying device, comprising:

the backlight device as claimed in claim 1,

a liquid crystal display panel provided at a front surface of
the backlight device, the liquid crystal display panel
being configured to display an image in a state where the
liquid crystal display panel is irradiated by the backlight
device;

a source driver and a gate driver configured to drive the
liquid crystal display panel; and

a liquid crystal panel control circuit configured to control
driving of the source driver and the gate driver.

® ok % ok %
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