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(57) ABSTRACT

In an edge-light type backlight device having a configuration
in which an LED mounting board with four LEDs (1(1) to
1(4)) placed thereon 1s disposed on one end side of a display
unit and an LED mounting board with four LEDs (1(5)-1(8))
placed thereon 1s disposed on the other end side of the
display unit, a cathode terminal of an LED (1(4)) disposed
most downstream on the LED mounting board disposed on
the one end side of the display unit and an anode terminal of
the LED (1(5)) disposed most upstream on the LED mount-
ing board disposed on the other side end of the display unit
are connected through wiring on an LED drive board. All of
the LEDs (1(1) to 1(8)) are driven by only one DC-DC
converter (11).
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Fig.9
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Fig.12
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BACKLIGHT DEVICE, AND DISPLAY
DEVICE PROVIDED WITH SAME

TECHNICAL FIELD

[0001] The following disclosure relates to a backlight
device, and more specifically, relates to an edge-light type
backlight device capable of performing a local dimming
process and a display device provided with the backlight
device.

BACKGROUND ART

[0002] In a transmissive liquid crystal display device, 1n
order to display an 1image, a backlight device that applies
light from the back surface of a display unit (liquid crystal
panel) 1s required. Conventionally, cold cathode tubes called
CCFLs have been widely adopted as a light source of the
backlight device. However, 1n recent years, light emitting
diodes (LEDs) have been increasingly adopted from the
viewpoint of low power consumption and the ease of
luminance control.

[0003] Focusing on the structure, the backlight device 1s
mainly classified into a so-called “direct type” in which the
light source 1s disposed on the back surface of the display
unit and a so-called “edge-light type” in which the light
source 1s disposed at the side edge portion of the display
unit. According to the direct type backlight device using an
LED as the light source, it 1s possible to increase the
luminance by arranging a large number of LEDs on the back
surface of the display unit and to perform a finer local
dimming process (described later). On the other hand,
according to the edge-light type backlight device using the
LED as the light source, 1t 1s possible to reduce the thickness
and to reduce the power consumption due to the smaller
number of LEDs used compared to the direct type.

[0004] In recent years, in order to reduce the power
consumption, there has been developed a liquid crystal
display device that performs the local dimming process 1n
which a screen 1s logically divided into a plurality of areas
and the luminance (light emission intensity) of the light
source (typically, LED) 1s controlled for each area. In the
local dimming process, the luminance of the light source 1s
controlled based on an input image in the corresponding
area. Specifically, the luminance of each light source 1is
obtained based on the maximum value, an average value, or
the like, of target luminance (luminance corresponding to
the input tone value) of pixels included 1n the corresponding
area. In an area where the luminance of the light source 1s
made smaller than the original luminance, the transmittance
of each pixel 1s increased. As a result, targeted display
luminance can be obtained 1n each pixel. Further, 1n recent
years, HDR drive for displaying an extremely wide dynamic
range has been developed actively. The local dimming
process 1s used also at the time of achieving this HDR
driving.

[0005] Three conventional examples concerning the cir-
cuit configuration of the edge-light type backlight device
(the configuration of the backlight drive circuit) will be
described. In the {following first to third conventional
examples, 1t 1s assumed that four LEDs 91 (1) to 91 (4) are
provided as light sources on one end side (e.g., upper end
side) of the display unit. In any of the following first to third
conventional examples, as shown 1n FIG. 31, four LEDs 91
(1) to 91 (4) are arranged side by side on an LED mounting
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board 910 provided on one end side of the display unit. In
the following description, when 1t 1s unnecessary to distin-
guish the four LEDs 91 (1) to 91 (4) from each other, the
LED 1s simply denoted by numeral 91. The same applies to
other constituent elements.

[0006] FIG. 32 1s a circuit diagram showing the configu-
ration of the backlight drive circuit 1n the first conventional
example. Note that the configuration of the first conven-
tional example 1s a configuration that can be adopted i a
display device 1n which the local dimming process 1s not

performed. The backlight drive circuit shown 1n FIG. 32 1s
constituted by four LEDs 91 (1) to 91 (4), a DC-DC

converter 901, a DC-DC control unit 902, a FET 905, and a
sense resistor 906. The four LEDs 91 (1) to 91 (4) are
connected 1n series. An anode terminal of: the LED 91 (1)
disposed most upstream 1s connected to an output terminal
of the DC-DC converter 901, and a cathode terminal of the

LED 91 (4) disposed most downstream 1s connected to a
drain terminal of the FET 905.

[0007] Based on the control by the DC-DC control unit
902, the DC-DC converter 901 converts an input direct-
current voltage (input voltage DCDC_VIN) into a direct-
current voltage (output voltage DCDC_VOUT) necessary
for causing all of the LEDs 91 (1) to 91 (4) to emait light with
desired luminance. Based on a voltage obtained by the sense
resistor 906, the DC-DC control unit. 902 controls on/off of
switches (e.g., switch on the high side and a switch on the
low side) 1n the DC-DC converter 901 so that the output
voltage DCDC_VOUT has a desired magnmitude. In addition,
the DC-DC control unit 902 controls a gate voltage of the
FET 905 based on the voltage obtained by the sense resistor
906 so that a constant current 1s supplied to the LEDs 91 (1)
to 91 (4). As thus described, the constant current drive circuit
1s achieved by the FE'T 905, the sense resistor 906, and a part
of the DC-DC control unit 902.

[0008] With the configuration and operation as described
above, even when there occurs a change 1n a forward voltage
due to a change 1n temperature or the like 1n each of the
LEDs 91 (1) to 91 (4), a constant current 1s supplied to the
LEDs 91 (1) to 91 (4), and hence the LEDs 91 (1) to 91 (4)

emit light with constant luminance.

[0009] According to the first conventional example, all of
the LEDs 91 (1) to 91 (4) emit light with same luminance.
Therefore, the configuration of the f{first conventional
example cannot be adopted 1n the display device on which
the local dimming process 1s performed.

[0010] FIG. 33 1s a circuit diagram showing the configu-
ration of the backlight drive circuit 1n the second conven-
tional example. Note that the configuration of the second
conventional example 1s a configuration that can be adopted
in a display device on which the local dimming process is
performed. The backlight drive circuit shown 1n FIG. 33 1s
constituted by four LEDs 91 (1) to 91 (4) corresponding to
four areas, respectively, four FETs 915 (1) to 915 (4)
corresponding to the four LEDs 91 (1) to 91 (4), respec-
tively, four sense resistors 916 (1) to 916 (4) corresponding
to the four LEDs 91 (1) to LED 91 (4), respectively, a
DC-DC converter 901, a DC-DC control unit 902, a switch
control unit 904, an FET 905, and a sense resistor 906. In the
second conventional example, unlike the first conventional
example, the four LEDs 91 (1) to 91 (4) are connected 1n
parallel. Then, the switch control unit 904 controls the gate
voltages of the four FETs 915 (1) to 915 (4) based on the
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voltages obtained by the four sense resistors 916 (1) to 916
(4), respectively, so that the four LEDs 91 (1) to 91 (4) emat

light with desired luminance.
[0011] As understood from FIG. 33, according to the

second conventional example, a constant current drive cir-
cuit constituted by the FET 915, the sense resistor 916, and
a part of the switch control unit 904 1s required in number
equal to the number of areas. In addition, there 1s a concern
that a voltage loss at the FET 915 and the sense resistor 916
increases and the driving efliciency of The LED deteriorates.
Therefore, the configuration of the third conventional
example described below has been proposed.

[0012] FIG. 34 1s a circuit diagram showing the configu-
ration of the backlight drive circuit 1n the third conventional
example. The backlight drive circuit shown 1n FIG. 34 1s
constituted by four LEDs 91 (1) to 91 (4) corresponding to
four areas, respectively, four switches 903 (1) to 903 (4)
corresponding to the four LEDs 91 (1) to 91 (4), respec-
tively, a DC-DC converter 901, a DC-DC control unit 902,
a switch control unit 904, an FET 905, and a sense resistor
906. As understood from FIG. 34, the four LEDs 91 (1) to
91 (4) are connected 1n series. Further, each switch 903 is
connected 1n parallel with the corresponding LED 91.
[0013] In the above configuration on, the switch control
unit 14 controls on/off of the four switches 903 (1) to 903
(4). Thus, the supply of the current to each LED 91 1s
controlled, and the luminance 1s adjusted for each LED 91.
[0014] According to the third conventional example,
unlike the second conventional example, the number of
constant current drive circuits 1s not necessarily equal to the
number of areas. Thus, at the time of performing the local
dimming process, favorable drniving efliciency can be
obtained as compared to the second conventional example.

PRIOR ART DOCUMENTS

Patent Documents

[0015] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 2008-58367

[0016] [Patent Document 2] Japanese Laid-Open Patent
Publication No. 2012-33514

[0017] [Patent Document 3] Japanese Laid-Open Patent
Publication No. 2004-29370

[0018] [Patent Document 4] Japanese Laid-Open Patent
Publication. No. 2010-44399

[0019] [Patent Document 3] Japanese Laid-Open Patent
Publication No. 2009-290245

[0020] [Patent Document 6] Japanese Laid-Open Patent
Publication No. 2009-205964

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0021] As described above, with respect to the edge-light
type backlight device capable of performing the local dim-
ming process, conventionally, the configuration in which the
switch 1s provided 1n parallel with each LED (see FI1G. 34)
has been adopted so as to obtain favorable driving efliciency
for the LEDs. However, in the case of adopting the con-
figuration in which a plurality of LEDs are provided on one
end side and the other end side of the display unit as the
edge-light type backlight device, when the third conven-
tional example 1s applied, two circuits as shown 1n FIG. 34
are provided. That 1s, two systems of DC-DC converters 901
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are required. While the DC-DC converter 901 includes a
coil, the coil 1s an element having a large size among the
circuit elements. Therefore, when the two systems of DC-
DC converters 901 are provided, the circuit size remarkably
increases. For this reason, 1t 1s difhicult to realize reduction
in size, thickness, and weight of display devices, which has
been strongly required in recent years.

[0022] Further, according to the configuration shown 1n
FIG. 34, the switches 903 for controlling the supply of the
current to the LED 91 are required 1n number equal to the
number of the LEDs 91. The switches 903 are placed on an
LED drive board or a system board. As a result, the board
area increases. From this point of view as well, 1t has been
difficult to realize reduction 1n size, thickness, and weight of
the device.

[0023] Therefore, 1in the following disclosure, an object 1s
to realize reduction 1n size, thickness, and weight as com-
pared to the conventional one, concerning an edge-light type
backlight device capable of performing a local dimming
process and a display device provided with the backlight
device.

Means for Solving the Problems

[0024] A first aspect of the present invention 1s directed to
an edge-light type backlight device, including:

[0025] a light guide plate;

[0026] a first LED group that 1s a plurality of LEDs
connected 1n series;

[0027] a second LED group that 1s a plurality of LEDs
connected 1n series;

[0028] switches each being connected in parallel with a
corresponding LED;

[0029] a first LED mounting board which 1s disposed on
one end side of the light guide plate and on which the first
LED group 1s placed;

[0030] a second LED mounting board disposed on the
other end side of the light guide plate and on which the
second LED group 1s placed; and

[0031] an LED drive board on which a circuit for driving
the first LED group and the second LED group i1s formed;
[0032] wherein

[0033] control of supply of a current to each of the LEDs
1s performed by controlling on/off of a corresponding
switch, and

[0034] a cathode terminal of a LED disposed most down-
stream 1n the first TED group and an anode terminal of a
LED disposed most upstream of the second LED group are
electrically connected to each other through wiring on the
LED drive board.

[0035] According to a second aspect of the present inven-
tion, 1n the first aspect of the present invention,

[0036] the switches are placed on the first LED mounting
board and the second LED mounting board.

[0037] According to a third aspect of the present inven-
tion, 1n the second aspect of the present invention,

[0038] each of the switches 1s provided so as to correspond
to one LED, and

[0039] the LEDs and the switches are alternately arranged
in the first LED mounting board and the second LED
mounting board.

[0040] According to a fourth aspect of the present inven-
tion, 1n the second aspect of the present invention,

[0041] a packaged switch in which two switches are
integrally formed 1s used, and
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[0042] the packaged switch 1s disposed 1n a region
between the LED corresponding to one of the two switches
and the LED corresponding to the other of the two switches.
[0043] According to a fifth aspect of the present invention,
in the fourth aspect of the present invention,

[0044] a height of the packaged switch 1s equal to or
smaller than a thickness of a light incident portion of the
light guide plate.

[0045] According to a sixth aspect of the present inven-
tion, 1n the second aspect of the present invention,

[0046] each of the switches 1s connected in parallel with
two adjacent LEDs.

[0047] According to a seventh aspect of the present inven-
tion, 1n the second aspect of the present invention,

[0048] a height of each of the LEDs and a height of each
of the switches are equal to or smaller than a thickness of the
light incident portion of the light guide plate.

[0049] According to an eighth aspect of the present inven-
tion, 1n the first aspect of the present invention,

[0050] each of the LEDs 1s integrally formed with a
corresponding switch, as a composite element.

[0051] According to a ninth aspect of the present inven-
tion, 1n the eighth aspect of the present invention,

[0052] a height of the composite element 1s equal to or
smaller than a thickness of a light incident portion of the
light guide plate.

[0053] According to a tenth aspect of the present inven-
tion, in the eighth aspect of the present invention,

[0054] the composite element includes

[0055] a terminal connected to the anode terminal of a
LED constituting the composite element,

[0056] a terminal connected to the cathode terminal of
the LED constituting the composite element,

[0057] a termuinal configured to receive a control signal
that controls on/off of a switch constituting the com-
posite element, and

[0058] a termunal configured to receive a high-level
voltage for operation of the switch constituting the
composite element, and

[0059] a terminal configured to receive a low-level
voltage for operation of the switch constituting the
composite element.

[0060] According to an eleventh aspect of the present
invention, in the tenth aspect of the present invention,
[0061] the composite element further includes a terminal
for error output.

[0062] According to a twellth aspect of the present inven-
tion, 1n the first aspect of the present invention,

[0063] each of the LEDs 1s a side light-emitting type that
emits light in a direction horizontal to a surface of the board
on which the relevant LED 1s placed.

[0064] According to a thirteenth aspect of the present
invention, 1n the first aspect of the present invention,
[0065] only one DC-DC converter 1s provided, the con-
verter converting a direct-current input voltage into a direct-
current voltage for driving the first LED group and the
second LED group.

[0066] A fourteenth aspect of the present invention 1is
directed to a display device including:

[0067] a display panel including a display unit configured
to display an image; and

[0068] the backlight device according to any one of the
first to thirteenth aspect of the present invention, disposed on
a back surface of the display panel.
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Eftects of the Invention

[0069] According to the first aspect of the present inven-
tion, the cathode terminal of the LED located most down-
stream among the plurality of LEDs connected 1n series on
the first LED mounting board disposed on one end side of
the light guide plate and the anode terminal of the LED
located most upstream among the plurality of LEDs con-
nected 1n series on the second LED mounting board dis-
posed on the other end side of the light guide plate are
clectrically connected through wiring formed on the LED
drive board. As a result, all the LEDs on the first LED
mounting board and the LEDs on the second LED mounting
board are connected in series. Hence 1t 1s possible to drive
all the LEDs provided as light sources by using only one
system of DC-DC converter. Concerning this, convention-
ally, 1n the case of adopting a configuration in which a
plurality of LEDs are provided on one end side and the other
end side of the display unit as the edge-light type backlight
device, two systems of DC-DC converters have been
required. Since a coil being a constituent element of the
DC-DC converter has a large size, conventionally, 1t has
been diflicult to reduce the size, thickness, and weight of the
device. On the other hand, according to the first aspect of the
present ivention, as described above, only one system of
DC-DC converter may be provided. Therefore, 1n the case of
adopting the configuration 1n which a plurality of LEDs are
provided on one end side and the other end side of the
display unit as the edge light type backlight device, 1t i1s
possible to reduce the size, thickness, and weight of the
device as compared to the conventional one. It 1s also
possible to obtain the etfect of being able to realize improve-
ment 1n conversion efliciency of the voltage for driving the
LED and reduction 1n cost.

[0070] According to the second aspect of the present
invention, since the switch for controlling the supply of the
current to the LED 1s provided on the board (the first LED
mounting board and the second LED mounting board) on
which the LED 1s placed, it 1s possible to reduce the circuit
scale on the LED drive board.

[0071] According to the third aspect of the present inven-
tion, on the first LED mounting board and the second LED
mounting board, although the LEDs and the switches are
electrically connected in parallel, the LEDs and the switches
are spatially arranged alternately. Since the space between
the LEDs 1s utilized as a place in which the switch 1s placed
in this manner, high-density mounting 1s performed on the
first LED mounting board and the second LED mounting
board, and the board size of the backlight device as a whole
can be reduced. It 1s thus possible to realize reduction 1n size,
thickness, and weight of the device as compared to the
conventional one, more effectively. Further, since the LED
1s spatially present between the switches, the heat generation
in the switch 1s dispersed.

[0072] According to the fourth aspect of the present inven-
tion, further high-density mounting can be performed on the
first LED mounting board and the second LED mounting;
board.

[0073] According to the fifth aspect of the present inven-
tion, 1t 1s possible to more effectively reduce the thickness of
the device.

[0074] According to the sixth aspect of the present inven-
tion, since the number of switches can be reduced, 1t 1s
possible to further reduce the size, thickness, and weight of
the device.
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[0075] According to the seventh aspect of the present
invention, 1t 1s possible to more eflectively reduce the
thickness of the device.

[0076] According to the eighth aspect of the present
invention, due to the use of the composite element in which
the LED and the switch are integrally formed, 1t 1s possible
to perform more remarkable high-density mounting on the
first LED mounting board and the second LED mounting
board.

[0077] According to the ninth aspect of the present inven-
tion, 1t 1s possible to more effectively reduce the thickness of
the device.

[0078] According to the tenth aspect of the present inven-
tion, the same eflect as that of the first aspect of the present
invention can be obtained.

[0079] According to the eleventh aspect of the present
invention, when an abnormality occurs, processing 1in
response to the abnormality can be performed.

[0080] According to the twelfth aspect of the present
invention, the same eflect as that of the first aspect of the
present invention can be obtained.

[0081] According; to the thirteenth aspect of the present
invention, in the edge-light side backlight device having a
configuration in which a plurality of LEDs are provided on
one end side and the other end side of the display unit (the
one end side and the other end side of the light guide plate),
since only one DC-DC converter 1s provided, 1t 1s possible
to reliably realize reduction 1n size, thickness, and weight of
the device as compared to the conventional one.

[0082] According to the fourteenth aspect of the present
invention, the display device can be achieved, with which
the same eflect as the eflect of any one of the first to
thirteenth aspects of the present invention can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] FIG. 1 1s a block diagram showing an overall
configuration of a ligumd crystal display device provided
with a backlight device according to a first embodiment.
[0084] FIG. 2 1s a diagram for explaining an area in the
first embodiment.

[0085] FIG. 3 1s a schematic side view of the backlight
device 1n the first embodiment.

[0086] FIG. 4 1s a plan view for explaining the arrange-
ment of LEDs 1n the first embodiment.

[0087] FIG. 5 1s a circuit diagram showing a configuration
of a backlight drive circuit 1n the first embodiment.

[0088] FIG. 6 1s a schematic side view of a backlight
device 1n a second embodiment.

[0089] FIG. 7 1s a diagram for describing a height of an
LED 1n the second embodiment.

[0090] FIG. 8 1s a diagram for describing a height of a
switch 1n the second embodiment.

[0091] FIG. 9 1s a plan view for explaining the arrange-
ment of LEDs and switches 1n the second embodiment.
[0092] FIG. 10 1s a perspective view of an LED mounting
board 1n the second embodiment.

[0093] FIG. 11 1s a circuit diagram showing a configura-
tion of a backlight drive circuit in the second embodiment.
[0094] FIG. 12 1s an external perspective view of a pack-
aged switch 1n a first modification of the second embodi-
ment.

[0095] FIG. 13 1s a diagram showing a detailed configu-
ration of the inside of the packaged switch i1n the first
modification of the second embodiment.
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[0096] FIG. 14 1s a plan view for explaining the arrange-
ment of LEDs and packaged switches in the first modifica-
tion of the second embodiment.

[0097] FIG. 15 1s a perspective view of an LED mounting
board 1n a first modification of the second embodiment.
[0098] FIG. 16 1s a circuit diagram showing a configura-
tion of a backlight drive circuit 1n the first modification of
the second embodiment.

[0099] FIG. 17 1s a plan view for describing the arrange-
ment of LEDs and switches 1n a second modification of the
second embodiment.

[0100] FIG. 18 1s a perspective view of an LED mounting
board 1n the second modification of the second embodiment.
[0101] FIG. 19 1s a circuit diagram showing a configura-
tion of a backlight drive circuit in the second modification of
the second embodiment.

[0102] FIG. 20 1s a schematic side view of a backlight
device 1n a third embodiment.

[0103] FIG. 21 1s a plan view for explaining the arrange-
ment of LEDs and switches 1n the third embodiment.
[0104] FIG. 22 1s a circuit diagram showing a configura-
tion of a backlight drive circuit in the third embodiment.
[0105] FIG. 23 1s an external perspective view of a pack-
aged LED module 1n a fourth embodiment.

[0106] FIG. 24 1s a diagram showing a detailed configu-
ration of the imside of the packaged LED module in the
fourth embodiment.

[0107] FIG. 25 1s a schematic side view of a backlight
device 1n the fourth embodiment.

[0108] FIG. 26 1s a plan view for explaining the arrange-
ment of packaged LED modules 1n the fourth embodiment.
[0109] FIG. 27 1s a circuit diagram showing a configura-
tion of a backlight drive circuit 1n the fourth embodiment.

[0110] FIG. 28 1s a schematic side view of a backlight
device 1n a fifth embodiment.

[0111] FIG. 29 1s a plan view for explaining the arrange-
ment of packaged LED modules in the fifth embodiment.
[0112] FIG. 30 1s a circuit diagram showing a configura-
tion of a backlight drive circuit in the fifth embodiment.
[0113] FIG. 31 1s an example of a perspective view of an
LED mounting board in a conventional example.

[0114] FIG. 32 1s a circuit diagram showing a configura-
tion of a backlight drive circuit 1n a first conventional
example.

[0115] FIG. 33 1s a circuit diagram showing a configura-
tion of a backlight drive circuit in a second conventional
example.

[0116] FIG. 34 15 a circuit diagram showing a configura-
tion of a backlight drive circuit 1n a third conventional
example.

MODES FOR CARRYING OUT THE
INVENTION

[0117] Embodiments will be described below with refer-
ence to the accompanying drawings.

1. First Embodiment

[0118] 1.1 Overall Configuration and Overview of Opera-
tion
[0119] FIG. 1 1s a block diagram showing an overall

configuration of a liquid crystal display device provided
with a backlight device 100 according to a first embodiment
This liquid crystal display device 1s constituted by the



