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(57) ABSTRACT

A display apparatus provides an improved control accuracy
of the brightness and the chromaticity. The liquid crystal
display apparatus has a liquid crystal panel and a backlight
unit for applying diffused light to the liquid crystal panel in
a form of a sheet. The backlight unit has a light source, a
light guide plate for converting light emitted from the light
source into a sheetlike beam of light, an optical sheet for
converting light emitted from the light guide plate into
condensed light or diffused light, and an optical sensor unit
for detecting a portion of light from the light guide plate and
converting the detected light into an electric signal. The
backlight unit also has a case housing the light source, the
light guide plate, the optical sheet, and the optical sensor
unit. The optical sensor unit is fixed to an area that is inside
of the light guide plate and exerts no influence on display.

1154 116

4

(22) Filed: Mar. 21, 2007
(30) Foreign Application Priority Data
Mar. 22, 2006 (JP) oo 2006-078018
115
104

102

- VARV >
= 2 P 2B 5 2D

C N NSNS NSNS LA

101

108
3
Operation 109
Part
¥
Backlight Controller |
. 103a
7
112
N

— Display Controller




US 2007/0222741 Al

Sep. 27,2007 Sheet 1 of 4

Patent Application Publication

l9jjo1u0) Aedsiq

I Old

N_\w\

Lo
AN

\A\ Y
mmwo.v = ~myﬁ\ﬂﬁ\f&m\/ﬁ\fmﬁu\/ﬁ\/ﬁ/
@OV / " e U e NP N N
18|jonuo) Wbipoeg \
\ T AN d
Hed

601 uoijetadQ

/

801

|

A0} 2

e

L0V

9Ly

\

|1

e

BGLY



US 2007/0222741 Al

Sep. 27,2007 Sheet 2 of 4

Patent Application Publication

Jajjonuon Aedsig

¢ Old

N

A"

L0l

lejjonuod ybippoeg

\ :
ued

601

801

uonetad)

\ L

\\\/

INANT AT AT AT AT A
T T NN NN NN T

¢0l

9Ll

BGLL



Patent Application Publication  Sep. 27,2007 Sheet 3 of 4 US 2007/0222741 A1

107

110

103

FIG. 3



US 2007/0222741 Al

Sep. 27,2007 Sheet 4 of 4

Patent Application Publication

A 4

J9jjlonuoyn Aeidsiq

N

cll

suesy Bunereusg
reuBig BurziuouysuAg | 0€f€l

isjjonuog ybipoeg

*
mo_‘\ co_%mmmao

901

K&mﬁ&m%ﬁﬁ%ﬁ\

N

. |

405

T T RN R AN AN AN TN T

!
i
I
I
i
I
|
!
t
|
1
|
1
]
|
|
|

l GOl

¥ Old

/ £01

140)"

Stl

9Ll



US 2007/0222741 Al

LIQUID CRYSTAL DISPLAY APPARATUS
AND BACKLIGHT UNIT USED IN LIQUID
CRYSTAL DISPLAY APPARATUS

[0001] This application claims priority to prior Japanese
patent application JP2006-078018, the disclosure of which
is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display apparatus, and more particularly to a liquid crystal
display apparatus having a function of controlling a bright-
ness or a chromaticity with an optical sensor and a backlight
unit used in such a liquid crystal display apparatus.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display apparatus employs tech-
nology of controlling a light source for adjusting a bright-
ness or a chromaticity of light applied to a liquid crystal
panel to a desired level. For example, Japanese laid-open
patent publication No. 2004-199968 (Patent Document 1)
discloses such a liquid crystal display apparatus.

[0006] According to Patent Document 1, light is applied
from a sheetlike light source device to an entire surface of
a liquid crystal panel. The sheetlike light source device
includes an LED light source and a light guide plate for
converting light emitted from the LED light source into a
sheetlike beam of light and directing the beam of light to the
liquid crystal panel. Some of light in the light guide plate is
monitored with an optical sensor provided on a side surface
of the light guide plate. The LED light source is controlled
according to the level of the detected light. In order to detect
light emitted from the side surface of the light guide plate
with a sensor, it is necessary to fix the sensor and a light
shield member enclosing the sensor to some portions in the
apparatus. However, Patent Document 1 fails to disclose
how to fix the optical sensor.

[0007] Heretofore, there has been known a liquid crystal
display apparatus in which an optical sensor for detecting
light emitted from a light guide plate is fixed onto a side
surface of a case for a backlight unit as shown in FIG. 1.
[0008] The liquid crystal display apparatus shown in FIG.
1 includes a light source 401 of two or more colors such as
red, green, and blue, a liquid crystal panel 402 for displaying
images, one or more light guide plates 403 for converting
light emitted from the light source 401 into a sheetlike beam
of light and guiding the beam of light into the liquid crystal
panel 402, a reflector plate 404 for reflecting light emitted
from the light guide plate 403 to an opposite side of the
liquid crystal panel 402 and directing the light to the liquid
crystal panel 402 through the light guide plate 403, and an
optical sheet 405 for condensing or diffusing light from the
light guide plate 403 and directing the light to the liquid
crystal panel 402.

[0009] Furthermore, the liquid crystal display apparatus
includes an inner case 415 and an outer case 416 disposed
on a rear side of the reflector plate 404. The inner case 415
serves as a case for a backlight, and the outer case 416 serves
as a monitor frame. The aforementioned light source 401,
liquid crystal panel 402, light guide plate 403, reflector plate
404, and optical sheet 405 are housed in the inner case 415.
The inner case 415 is housed in the outer case 416. The inner
case 415 has a recessed portion 415a formed on the right
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side surface thereof. The recessed portion 415¢ serves to
receive a projecting portion 403a provided on the right side
surface of the light guide plate 403 for positioning. An
optical sensor 406 is provided on a portion of a wall of the
recessed portion 415a. Thus, the liquid crystal display
apparatus has a backlight unit in which the reflector plate
404, the light guide plate 403, the optical sheet 405, and the
light source 401 are housed in the outer case 416. In this
backlight unit, the optical sensor 406, which is provided on
the wall of the recessed portion 4154 of the inner case 415,
receives light emitted from a side surface of the projecting
portion 4034 of the light guide plate 403. The optical sensor
406 is housed in a case 407 for shielding the optical sensor
406 from external light. Thus, the optical sensor 406 and the
case 407 form an optical sensor unit.

[0010] The light source 401 is controlled by an operation
part 408 and a backlight controller 409. The operation part
408 is operable to compare a detection level of light received
by the optical sensor 406 with a signal level that the display
apparatus requires for reproducing a desired brightness and
chromaticity of an image to be displayed and to perform
calculation. The backlight controller 409 is operable to
control the intensity of the light source 401 for each color
based on the calculated information of the operation part
408. The optical sensor 406 is fixed onto the inner case 415,
together with the case 407 for shielding the optical sensor
406 from external light, by a screw or the like.

[0011] However, the optical sensor 406, which is housed
in the light shield case 407, is fixed to the inner case 415,
which serves as a case for the backlight unit. The positional
relationship between the optical sensor 406 and the light
guide plate is changed by movement of the light guide plate
403, movement of the light shield case 407, which houses
the optical sensor 406, and expansion or shrinkage due to
temperature. Accordingly, the distance between a light-
emitting surface and a light-receiving portion of the optical
sensor 406 is varied so as to cause a variation in optical loss.
Thus, a difference is produced between output information
of the optical sensor 406 and information stored in the
operation part 408, so that values controlled by the backlight
controller 409 differ from proper values. Therefore, the
brightness and the chromaticity of an image displayed on the
liquid crystal panel 402 become different from desired
settings.

SUMMARY OF THE INVENTION

[0012] Ttis, therefore, an object of the present invention to
provide a liquid crystal display apparatus which has a
function of controlling a brightness or a chromaticity with an
optical sensor, can reduce a variation of a detection level of
a light-receiving portion in the optical sensor due to
mechanical factors, and can improve a control accuracy of
the brightness and the chromaticity.

[0013] Another object of the present invention is to pro-
vide a backlight unit used in such a liquid crystal display
apparatus.

[0014] According to the present invention, there is pro-
vided a backlight unit comprising a light source, a light
guide plate for converting light emitted from the light source
into a sheetlike beam of light, an optical sensor unit for
detecting a portion of light from the light guide plate and
converting the detected light into an electric signal, and a
case housing the light source, the light guide plate, and the
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optical sensor unit, wherein said optical sensor unit is fixed
to an area that is inside of said light guide plate and exerts
no influence on display.

[0015] According to another aspect of the invention, there
is provided a liquid crystal display apparatus comprising a
liquid crystal panel and a backlight unit for applying diffused
light to said liquid crystal panel in a form of a sheet. The
backlight unit includes a light source, a light guide plate for
converting light emitted from the light source into a sheet-
like beam of light, an optical sensor unit for detecting a
portion of light from the light guide plate and converting the
detected light into an electric signal, and a case housing the
light source, the light guide plate, and the optical sensor unit,
wherein the optical sensor unit is fixed to an area that is
inside of said light guide plate and exerts no substantial
influence on display.

[0016] Tt is preferred that the optical sensor unit in the
backlight unit is embedded in a hollowed portion of a side
surface of the light guide plate.

[0017] Preferably, the optical sensor unit includes a light-
receiving element, a light-diffusible resin having a light
transmittance and being disposed on a front surface of the
light-receiving element, and a light shield resin for molding
the light-diffusible resin and the light-receiving element to
fix the optical sensor unit so as to expose a surface of the
light-diffusible resin into which light is introduced.

[0018] The optical sensor unit may include a color filter
disposed between the light-receiving element and the light-
diffusible resin.

[0019] The light source may include LEDs of two or more
colors, or a cold cathode fluorescent lamp.

[0020] It is preferred that the liquid crystal display appa-
ratus includes operation means for comparing a signal level
detected by the optical sensor unit with a reference level to
generate control information, and backlight control means
for controlling an intensity of the light source based on the
control information from the operation means.

[0021] The liquid crystal display apparatus may be con-
trolled by a field sequential color technique.

[0022] According to the present invention, an optical
sensor is provided in a side surface of a light guide plate so
as to directly detect light within the light guide plate.
Accordingly, a positional relationship between the light
guide plate and the optical sensor is integrally fixed. Spe-
cifically, the positional relationship between the light guide
plate and the optical sensor is unlikely to be subjected to an
external influence. When a supply current to a light source
is controlled by a detection level sensed with this configu-
ration, it is possible to reduce a variation of a detection level
due to changes of the positional relationship.

[0023] Furthermore, according to an embodiment of the
present invention, resin containing a dispersing agent is
disposed on a light-receiving portion. Resin for light shield
is disposed around the sensor and fixed together with the
optical sensor and a color filter. With this configuration, it is
possible to prevent light having no directivity and biased
light from being introduced into the light-receiving portion
of the sensor. Moreover, it is also possible to reduce a
detection deviation due to entry of external light from side
surfaces of the sensor or the like. Accordingly, a level of
noise can be reduced so as to provide a signal level required
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for detection. As a result, the control of the liquid crystal
display apparatus is facilitated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is an exploded perspective view showing a
conventional liquid crystal display apparatus;

[0025] FIG. 2 is an exploded perspective view showing a
liquid crystal display apparatus according to a first embodi-
ment of the present invention;

[0026] FIG. 3 is an enlarged cross-sectional view of a
sensor unit in the liquid crystal display apparatus according
to the first embodiment of the present invention; and
[0027] FIG. 4 is an exploded perspective view showing a
liquid crystal display apparatus according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0028] Embodiments of the present invention will be
described below with reference to FIGS. 2 to 4.

[0029] FIG. 2 is an exploded perspective view schemati-
cally showing a liquid crystal display apparatus according to
a first embodiment of the present invention.

[0030] As shown in FIG. 2, the liquid crystal display
apparatus includes a liquid crystal panel 102, a LED light
source 101, an optical sheet 105, a light guide plate 103, and
a reflector plate 104. The liquid crystal display apparatus
also includes an inner case 115, which serves as a case for
a backlight unit. The liquid crystal display apparatus
includes an outer case 116, which serves as a monitor frame
housing the backlight unit and the liquid crystal panel 102.
The light guide plate 103 is formed of a transparent material,
such as acrylic resin, having substantially a rectangular
parallelepiped shape. The LED light source 101 is disposed
on a lower surface of the light guide plate 103. Light emitted
from the LED light source 101 is introduced into the light
guide plate 103 from the lower surface of the light guide
plate 103, reflected within the light guide plate 103, and
converted into light directed to a plane of the light guide
plate 103. The optical sheet 105 is disposed on a surface of
the light guide plate 103 near the liquid crystal panel 102.
The optical sheet 105 serves to condense or diffuse light
from the light guide plate 103 so as to emit the light to the
liquid crystal panel 102. The reflector plate 104 is disposed
on an opposite surface of the light guide plate 103 to the
optical sheet 105. The reflector plate 104 serves to reflect
light emitted from the light guide plate 103 toward the
reflector plate 104 so as to direct the light toward the light
guide plate 103 for the purpose of effective use of light.
[0031] The light guide plate 103 has a projecting portion
103a provided on the right surface thereof. The projecting
portion 1034 is hollowed out with a suitable size so that an
optical sensor unit 120 is embedded in the hollowed portion
on the side surface of the light guide plate 103. Portions
around the optical sensor unit 120 are fixed by resin. The
projecting portion 103a serves to position the light guide
plate 103 with respect to the inner case 115. The projecting
portion 103a is fitted into a recessed portion 1154 provided
on an inner surface of the inner case 115 and thus housed in
the inner case 115.

[0032] FIG. 3 shows a structure for receiving the optical
sensor unit 120 within the light guide plate 103. FIG. 3 is a
cross-sectional view taken along a plane that is parallel to a
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surface of the light guide plate 103 and passes through the
center of an optical sensor 106. In FIG. 3, the optical sensor
unit 120 includes an optical sensor 106 such as a photodiode,
a color filter 111 disposed on a light-receiving surface of the
optical sensor 106, and a diffusion resin member 110 dis-
posed on a foreside of the color filter 111. The diffusion resin
member 110 has light-transmittable and light-diffusible
properties. The optical sensor 106, the color filter 111, and
the diffusion resin member 110 are embedded in light shield
resin 107 except a front side (left side) of the diffusion resin
member 110. The optical sensor unit 120 is received in the
hollowed portion of the projecting portion 1034 of the light
guide plate 103 and fixed by an adhesive or the like.
[0033] In FIG. 3, an optical path in which light is intro-
duced through the diffusion resin member 110 into the color
filter 111 in the optical sensor unit 120 is illustrated together
with part of an optical path in which light passing through
the light guide plate 103 is reflected on the right surface of
the light guide plate 103 and an optical path in which light
passing through the light guide plate 103 is reflected on a
surface of the light shield resin 107.

[0034] The optical sensor 106 has three light-receiving
portions so as to receive light of red, green, and blue,
respectively. The color filter 111, which is disposed on a
front side of the optical sensor 106, has color areas for red,
green, and blue which corresponds to the light-receiving
portions of the optical sensor 106 to introduce each color
component to the corresponding light-receiving portion.
[0035] Referring back to FIG. 2, the LED light source 101
has an array of LEDs capable of emitting light of red, green,
and blue, respectively. When the red LEDs, the green LEDs,
and the blue LEDs are lighted at the same time, these colors
are mixed in the light guide plate 103 so as to provide white
light as backlight. White light may not be necessary depend-
ing upon the application of the liquid crystal display appa-
ratus. In such a case, only one or two types of colors may be
used in the LEDs.

[0036] The inner case 115 houses the reflector plate 104,
the LED light source 101, the light guide plate 103 with the
optical sensor unit 120, and the optical sheet 105, thereby
forming a backlight unit. The backlight unit and the liquid
crystal panel 102 are housed in the outer case 116 as the
monitor frame to thus form a liquid crystal display appara-
tus. In this embodiment, a usual panel, which performs
colorization with color filters, is used as the liquid crystal
panel 102.

[0037] Light received by the optical sensor 106 in the
optical sensor unit 120 is converted into an electric signal
and transmitted to an operation part 108. The operation part
108 compares the detection level of light received by the
optical sensor 106 with a signal level that the display
apparatus requires for reproducing a desired brightness and
chromaticity of an image to be displayed and performs
calculation. A backlight controller 109 controls the intensity
of the LED light source 101 for each color based on the
calculated information of the operation part 108. The opera-
tion part 108 stores information on detection of the sensor
which corresponds to the brightness and chromaticity of an
image displayed on the liquid crystal panel 102 which is
obtained by the light source 101 controlled with a desired
output. The backlight controller 109 performs a feedback
control so that the detection signal in the optical sensor 106
accords with the information stored in the operation part
108. Thus, an image having constant brightness and chro-
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maticity can be displayed on the liquid crystal panel 102.
The reference numeral 112 denotes a display controller for
controlling display of the liquid crystal panel 102.

[0038] As described above, in the present embodiment, the
optical sensor is embedded in the side surface of the light
guide plate so as to directly detect light within the light guide
plate. Accordingly, a positional relationship between the
light guide plate and the optical sensor is integrally fixed.
Specifically, the positional relationship between the light
guide plate and the optical sensor is unlikely to be subjected
to an external influence. When a supply current to the light
source is controlled by a detection level sensed with this
configuration, it is possible to reduce a variation of a
detection level due to changes of the positional relationship.
[0039] The resin containing a dispersing agent is disposed
on the light-receiving portion. The resin for light shield is
disposed around the sensor and fixed together with the
optical sensor and the color filter. With this configuration, it
is possible to prevent light having no directivity and biased
light from being introduced into the light-receiving portion
of the sensor. Furthermore, it is also possible to reduce a
variation of a detection level due to entry of external light
from side surfaces of the sensor or the like. Accordingly, a
level of noise can be reduced so as to provide a signal level
required for detection. As a result, the control of the liquid
crystal display apparatus is facilitated.

[0040] Furthermore, the optical sensor unit is formed in
the projecting portion, which is provided on the side surface
of the light guide portion for positioning with respect to the
recessed portion of the outer case. Accordingly, it is possible
to prevent a shadow of the optical sensor unit from appear-
ing on the display area.

[0041] In the above embodiment, the LED light source is
used in the backlight unit. However, a cold cathode fluo-
rescent lamp (CCFL) may be used in the backlight unit.
[0042] FIG. 4 is an exploded perspective view schemati-
cally showing a liquid crystal display apparatus according to
a second embodiment of the present invention.

[0043] The second embodiment shown in FIG. 4 differs
from the first embodiment shown in FIG. 2 in that a
synchronizing signal circuit 130 is provided in the liquid
crystal display apparatus. Components including a liquid
crystal panel, a light guide plate, an LED light source, an
optical sheet, a reflector plate, a light guide plate, and an
optical sensor unit provided integrally on the light guide
plate are the same as those in the aforementioned first
embodiment and are thus omitted from the following
description, which is focused on differences from the first
embodiment.

[0044] The liquid crystal display apparatus in the present
embodiment employs field sequential color (FSC) technique
in which each color of red, green and blue displayed on a
liquid crystal panel is synchronized with each color of light
emission from red, green and blue light sources. Accord-
ingly, the liquid crystal display apparatus in the present
embodiment uses a liquid crystal panel different from a usual
panel, which performs colorization with color filters. In the
FSC method, backlight of the three primary colors of red,
green, and blue is sequentially applied without use of color
filters. An image having only a color component synchro-
nized with each color is displayed on pixels by a control
circuit. Thus, the three colors of red, green, and blue are
temporally mixed with each other so as to obtain a colored
image. Accordingly, the synchronizing signal generation
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means 130 is needed for a display controller 112 and a
backlight controller 109 to synchronize lighting of red,
green, and blue colors in the backlight light source with
fields for each signal of colors to be displayed on the liquid
crystal panel.

[0045] In the FSC method of the present embodiment, the
optical sensor unit may have one light-receiving area or may
have no color filter provided therein. Since red LEDs, green
LEDs, and blue LEDs are sequentially lighted in the LED
light source, one light-receiving area is sufficient for the
optical sensor unit. In fact, an operation part 108 is required
to perform correction of the chromatic sensitivity of the
optical sensor which corresponds to each color of red, green,
and blue.

[0046] Although certain preferred embodiments of the
present invention have been shown and described in detail,
the present invention is not limited to these illustrated
embodiments. It should be understood that various changes
and modifications may be made therein without departing
from the sprit of the present invention.

What is claimed is:

1. A backlight unit comprising a light source, a light guide
plate for converting light emitted from said light source into
a sheetlike beam of light, an optical sensor unit for detecting
a portion of light from said light guide plate and converting
the detected light into an electric signal, and a case housing
said light source, said light guide plate, and said optical
sensor unit, wherein:

said optical sensor unit is fixed to an area that is inside of

said light guide plate and exerts no influence on display
substantially.

2. A liquid crystal display apparatus comprising a liquid
crystal panel and a backlight unit for applying diffused light
to said liquid crystal panel in a form of a sheet, wherein:

said backlight unit includes a light source, a light guide

plate for converting light emitted from said light source
into a sheetlike beam of light, an optical sensor unit for
detecting a portion of light from said light guide plate
and converting the detected light into an electric signal,
and a case housing said light source, said light guide
plate, and said optical sensor unit, and
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said optical sensor unit is fixed to an area that is inside of

said light guide plate and exerts no influence on display.

3. The liquid crystal display apparatus as recited in claim
2, wherein said optical sensor unit in said backlight unit is
embedded in a hollowed portion of a side surface of said
light guide plate.

4. The liquid crystal display apparatus as recited in claim
3, wherein said optical sensor unit includes a light-receiving
element, a light-diffusible resin having a light transmittance
and being disposed on a front surface of said light-receiving
element, and a light shield resin for molding said light-
diffusible resin and said light-receiving element to fix said
optical sensor unit so as to expose a surface of said light-
diffusible resin into which light is introduced.

5. The liquid crystal display apparatus as recited in claim
4, wherein said optical sensor unit includes a color filter
disposed between said light-receiving element and said
light-diffusible resin.

6. The liquid crystal display apparatus as recited in claim
5, wherein said light source includes LEDs of two or more
colors.

7. The liquid crystal display apparatus as recited in claim
5, wherein said light source includes a cold cathode fluo-
rescent lamp.

8. The liquid crystal display apparatus as recited in any
one of claims 3 to 7, further including operation means for
comparing a signal level detected by said optical sensor unit
with a reference level to generate control information, and
backlight control means for controlling an intensity of said
light source based on the control information from said
operation means.

9. The liquid crystal display apparatus as recited in any
one of claims 3 to 7, further including operation means for
comparing a signal level detected by said optical sensor unit
with a reference level to generate control information, and
backlight control means for controlling an intensity of said
light source based on the control information from said
operation means, said liquid crystal display apparatus being
controlled by a field sequential color method.
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