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(57) ABSTRACT

An ambient light sensor 10 and a backlight sensor 9 are
located on the liquid crystal panel 6 adjacently to each other,
for correcting a variation of an output characteristic of the
ambient light sensor 10. This location keeps the manufac-
turing variation of each liquid crystal panel 6 even in these
two light sensors 9 and 10. A degree of variation of an output
of the backlight sensor 9 for sensing a ray of backlight from
a backlight module relative to a predetermined reference
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makes it possible to improve sensing accuracy of the ambi-
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each liquid crystal panel provided with the ambient light
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DISPLAY DEVICE

INCORPORATION BY REFERENCE

[0001] The present application claims priority from Japa-
nese application JP2006-136377 filed on May 16, 2006, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a display device
which provides a capability of modulating a luminance of a
backlight ray to be radiated to a rear surface of a display
panel according to the ambient illuminance.

[0003] A liquid crystal display device, in particular, a
liquid crystal display device used in a portable instrument,
is equipped with a capability of modulating a luminance of
a backlight ray according to the ambient illuminance for the
purpose of improving visibility and image quality of the
display screen whenever the display device may be located
indoors or outdoors.

[0004] For example, when the display device is located in
an environment with high ambient light such as an outdoor
place in clear weather and daytime, the luminance of a
backlight ray is controlled to be larger for improving the
visibility of the display screen. On the other hand, when the
display device is located in an environment with low ambi-
ent light such as an indoor place or an outdoor place at night,
the luminance of a backlight ray is controlled to be smaller
for improving the visibility of the display device and reduc-
ing the power consumption thereof.

[0005] For controlling the illumination of the liquid crys-
tal display device so that the luminance of the backlight ray
may be kept optimal, it is necessary to provide a light sensor
that senses an illuminance of ambient light in the display
device. The light sensor is required to have a highly sensing
capability of accurately sensing an illuminance of ambient
light so that the luminance of the backlight ray in the display
device may be controlled according to the sensed illumi-
nance of the ambient light.

[0006] As a technology of mounting the light sensor in the
liquid crystal display device, a light modulating technology
with a built-in light sensor, in which a light sensor is
integrally formed with the liquid crystal display panel, has
been described in the Official Gazette of JP-A-2002-23658.

[0007] In the technology disclosed in JP-A-2002-23658,
for modulating light stepwise, a plurality of light sensing
means having their filters with respective light transmit-
tances and for sensing a light quality entered from the
outside through those filters are provided for comparing the
light qualities of those light sensing means with their cor-
responding predetermined reference light quantities and
controlling illumination of each luminous element whose
light is to be modulated. This composition offers a light
modulating system that has a capability of modulating light
in small circuit scale in the case of modulating light step-
wise.

SUMMARY OF THE INVENTION

[0008] As to the ambient light sensor built in the liquid
crystal display panel, the manufacturing variation or the
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other factors of the liquid crystal panel cause the character-
istic of an output intensity to an input intensity to be variable
in each liquid crystal panel. Hence, the capability of modu-
lating light is required to be corrected in each liquid crystal
panel, which leads to a factor of enhancing the manufactur-
ing cost. The technology disclosed in JP-A-2002-23658
realizes the stepwise light modulation but does not consider
reduction of a variation of each liquid crystal panel caused
by the manufacturing variation of each ambient light sensor.

[0009] That is, the output characteristic of the ambient
light sensor built in the liquid crystal display panel has been
variable in each liquid crystal panel because of the manu-
facturing variation of the liquid crystal panel. Hence, the
light modulation of the liquid crystal panel according to the
ambient light has been variable in each liquid crystal panel.

[0010] It is an object of the present invention to provide a
display device having incorporated an ambient light sensor
in a display panel which device is designed to reduce a
manufacturing variation of each display panel, for improv-
ing output accuracy of the ambient light sensor.

[0011] In order to correct a variation of an output charac-
teristic appearing in each ambient light sensor (ambient light
sensing means), the ambient light sensor is installed adjacent
to a backlight light sensor (backlight sensing means) for
sensing a ray of backlight. This adjacent installation of these
two light sensors makes the manufacturing variation even in
each display panel. The operation is executed to detect a
degree of variation of an output of the backlight sensor
relative to a predetermined reference value and to correct the
output of the ambient light sensor based on the detected
variation. This operation makes it possible to improve the
detecting accuracy of the ambient light sensor so that the
light modulation of the display panel through the ambient
light sensor may be implemented evenly in each display
panel.

[0012] The variation of each ambient light sensor may be
corrected by modulating a quantity of a backlight ray. This
makes it possible to reduce the manufacturing variation of
each display panel and to realize the highly accurate light
modulation.

[0013] Other objects, features and advantages of the
invention will become apparent from the following descrip-
tion of the embodiments of the invention taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram showing a liquid crystal
display device according to an embodiment of the present
invention;

[0015] FIG. 2 is a sectional view showing a part of a pair
of light sensors;
[0016] FIG. 3 is a block diagram showing a sensor output

control circuit;

[0017] FIG. 4 is a graph showing relation between an
incident light intensity and an output intensity of backlight
sensor pair;

[0018] FIG. 5 is a block diagram showing a light modu-
lation circuit;
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[0019] FIG. 6 is a graph showing relation between an
illuminance of received light and a backlight luminance of
ambient light sensors;

[0020] FIG. 7 is a sectional diagram showing a part of a
light sensor pair;

[0021] FIG. 8 is a sectional diagram showing a part of a
light sensor pair;

[0022] FIG. 9 is a sectional diagram showing a part of a
light sensor pair;

[0023] FIG. 10 is a diagram showing a liquid crystal
display device according to another embodiment of the
present invention;

[0024] FIG. 11 is a block diagram showing a liquid crystal
display device according to another embodiment of the
present invention;

[0025] FIG. 12 is a sectional diagram showing a part of a
light sensor pair;

[0026] FIG. 13 is a block diagram showing a sensor output
control circuit;

[0027] FIGS. 14A and 14B are graphs showing relation
between an incident light intensity and an output intensity of
light sensors; and

[0028] FIG. 15 is a sectional diagram showing a part of a
light sensor pair.

DESCRIPTION OF THE EMBODIMENTS

[0029] Hereafter, the embodiments of the present inven-
tion will be described with reference to the appended
drawings.

First Embodiment

[0030] The first embodiment of the present invention will
be described with reference to FIGS. 1 to 6.

[0031] FIG. 1 is a block diagram showing a liquid crystal
display device according to the present invention. A numeral
1 denotes a controller, a numeral 2 denotes display data, a
numeral 3 denotes a control signal, a numeral 4 denotes a
scan line drive circuit, a numeral 5 denotes a signal line drive
circuit, a numeral 6 denotes a liquid crystal panel, a numeral
7 denotes a backlight module, a numeral 8 denotes a light
sensor pair formed in the liquid crystal panel 6, a numeral 9
denotes a backlight sensing means (backlight sensor) of the
light sensor pair 8, a numeral 10 denotes an ambient light
sensing means (ambient light sensor) of the light sensor pair
8, a numeral 11 denotes light modulation setting data (to be
used for setting a light modulation level), a numeral 12
denotes a light sensor output, a numeral 13 denotes a sensor
output control circuit, a numeral 14 denotes a corrected
output, a numeral 15 denotes a light modulation control
means (light modulation control circuit), a numeral 16
denotes a light modulation control signal, a numeral 17
denotes a backlight module drive circuit, a numeral 18
denotes a backlight drive signal, a numeral 19 denotes a scan
line, a numeral 20 denotes a signal line, a numeral 21
denotes a TFT (Thin Film Transistor) element, a numeral 22
denotes a liquid crystal element, and a numeral 23 denotes
a pixel composed of the TFT element 21 and the liquid
crystal element.
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[0032] FIG. 2 is a sectional diagram showing a part of the
light sensor pair 8 shown in FIG. 1. In FIG. 2, a numeral 30
denotes an ambient light sensor, a numeral 31 denotes a
backlight shading means (backlight shading film), a numeral
32 denotes a backlight sensor, a numeral 33 denotes an
ambient light shading means (ambient light shading film), a
numeral 34 denotes an upper glass substrate located on the
display screen side, a numeral 35 denotes a color filter, a
numeral 36 denotes a liquid crystal layer, a numeral 37
denotes a lower glass substrate, and a numeral 38 denotes a
backlight unit. The ambient light sensor 30 and the backlight
sensor 32 are incorporated in the liquid crystal panel 6 in the
process of manufacturing the liquid crystal panel 6. For the
ambient light sensor 30 and the backlight sensor 32 may be
used a sensor having the same performance and function.

[0033] FIG. 3 is a block diagram showing the sensor
output control circuit 13 shown in FIG. 1. In FIG. 3, a
numeral 41 denotes a precharge switch for the ambient light
sensor, a numeral 43 denotes a precharge switch for the
backlight sensor, a numeral 42 denotes a precharge power
supply, a numeral 45 or 46 denotes a sensor output capaci-
tance, a numeral 47 or 48 denotes a buffer circuit, a numeral
49 or 50 denotes a sample and hold circuit, a numeral 51 or
52 denotes an AD converter circuit. Further, a denotes 54
denotes a correction value detecting means (correction value
detecting circuit) for detecting a correction value of the
backlight sensor 9, a numeral 55 denotes a reference value
table, and a numeral 53 denotes a correcting means (cor-
recting circuit) for correcting an output of the ambient light
sensor 10 based on the detected correction value.

[0034] FIG. 4 shows relation between an incident light
intensity and an output intensity of the backlight sensor 9 or
32 shown in FIG. 1 or 2.

[0035] FIG. 5 is a block diagram showing the light modu-
lation control circuit 15 shown in FIG. 1. In FIG. 5, a
numeral 61 denotes a light modulation table, a numeral 62
denotes a light modulation data control circuit, a numeral 63
denotes a backlight modulation signal converter circuit, and
a numeral 64 denotes a holding circuit.

[0036] FIG. 6 shows relation between a received light
illuminance and a backlight luminance of the ambient light
sensor 10 or 30 shown in FIG. 1 or 2.

[0037] In turn, the description will be oriented to the
operation of the liquid crystal display device according to
the first embodiment of the invention. As shown in FIG. 1,
the pixel portion 23 of the liquid crystal panel 6 is operated
normally. That is, the controller 1 is supplied with a display
signal from a system apparatus (not shown) and generates
the display data 2 correspondingly with the signal line drive
circuit 5 and the control signal 3 correspondingly with the
scan line drive circuit 4.

[0038] The signal line drive circuit 5 outputs a liquid
crystal drive voltage of one line, the voltage corresponding
with the display data 2 transferred from the controller 1, to
the signal 20 at a time. The scan line drive circuit 4 operates
to output a selection voltage for switching on the TFT
elements 21 composing one scan line in sequence from the
head line of the display and to write a liquid crystal drive
voltage outputted from the signal line drive circuit 5 in the
liquid crystal elements 22. By sequentially executing this
operation from the head line of the liquid crystal panel 6 to
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the last line in each frame, the data display of one frame is
completed. In the next frame, the selection from the head
line is executed similarly, for realizing the data display of the
next frame.

[0039] In FIG. 1, the signal line drive circuit 5 is separate
from the liquid crystal panel 6 and the scan line drive circuit
4 is incorporated in the liquid crystal panel 6. Without being
limited to this arrangement, the scan drive circuit 4 may be
connected outside the liquid crystal panel 6. Instead, the
controller 1 and the signal line drive circuit 5 may be
implemented as a one-chip LSI. Further, the controller 1, the
scan line drive circuit 4 and the signal line drive circuit may
be implemented as a one-chip LSI.

[0040] As shown in FIG. 1, the light sensor pair 8 located
in the liquid crystal panel 6 includes the ambient light sensor
30 and the backlight sensor 32, each of which is composed
of a photoelectric converting thin film transistor, installed
adjacent to each other. The light sensor pair 8 is located on
the lower glass substrate 37 of the normally paired glass
substrates 34 and 37, that is, the glass substrate on which the
TFT elements are formed.

[0041] In FIG. 2, the ray of backlight (often referred
simply to as backlight) radiated from the backlight unit 38
is controlled through the effect of an electric field being
applied onto the liquid crystal layer 36. In the normal
longitudinal electric field drive liquid crystal panel, the
common electrodes and the signal electrodes for pixels are
provided on the upper glass substrate 34 and the lower glass
substrate 37 so that the electric field may be applied onto the
liquid crystal panel. On the other hand, in the horizontal
electric field drive liquid crystal panel, the common elec-
trodes and the signal electrodes for pixels are provided on
the lower glass substrate 37 so that the electric field may be
applied onto the liquid crystal panel. The control of the
backlight according to the applied electric field makes it
possible to display an image on the liquid crystal panel.

[0042] In turn, the description will be oriented to the light
modulation control of the liquid crystal display device
according to the first embodiment of the invention. As
shown in FIG. 2, the ambient light sensor 30 senses a light
quantity of the ambient light applied from the upper glass
substrate 34. The light applied from the backlight unit 38 is
cut off by the backlight shading film 31 so that the influence
on the ambient light sensor 30 by the backlight may be
eliminated.

[0043] Further, the backlight sensor 32 senses a light
quantity of the backlight applied from the lower glass
substrate 37. The light applied from the upper glass substrate
34 is cut off by the ambient light shading film 33 so that the
influence on the backlight sensor 32 by the ambient light
may be eliminated. Hence, the ambient light sensor 30
senses and outputs a light quantity of the ambient light and
the backlight sensor 32 senses and outputs a backlight
quantity at a time.

[0044] The output of the light sensor pair 8 shown in FIG.
1 made up of the ambient light sensor 30 and the backlight
sensor 32 is applied as the light sensor output 12 to the
sensor output control circuit 13.

[0045] The operation of this sensor output control circuit
13 will be described with reference to FIG. 3. The output of
the ambient light sensor 10 is connected with the sensor
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output capacitance 45 and also connected with the precharge
power supply 42 through the precharge switch 41. Further,
the output of the backlight sensor 9 is connected with the
sensor output capacitance 46 and also connected with the
precharge power supply 42 through the precharge switch 43.

[0046] The precharge power supply 42 is a power supply
for precharging a voltage to the sensor output capacitances
45 and 46. The output voltage of the power supply 42 may
be a predetermined constant voltage. Instead, the output
voltage may be modulated according to the backlight quan-
tity or the like.

[0047] At the outset of the sensing operation of the light
sensor 9 or 10, the sensor output capacitance 46 or 45 is set
to a predetermined precharge voltage by turning on the
precharge switch 41 or 43. During the sensing period of the
light sensor 9 or 10, the precharge switch 41 or 43 is turned
off, so that the charges stored in the sensor output capaci-
tance 46 or 45 may be discharged through the light sensor 9
or 10 whose current amount is varied according to the
received light intensity. As a result, the charges correspond-
ing with the received light intensity are left in the sensor
output capacitance 46 or 45.

[0048] The buffer circuit 47 or 48 operates to buffer the
voltage charged in the sensor output capacitance 45 or 46
and to output the voltage to the sample and hold circuit 49
or 50 located at the next stage. A certain length of time later
than the initialization of the precharge voltage, the sample
and hold circuit 49 or 50 performs the sample and hold
operation for holding the voltage of the sensor output
capacitance 45 or 46. The voltage held in the sample and
hold circuit 49 or 50 is converted from an analog voltage to
digital data through the effect of the AD converter circuit 51
or 52. That is, the output corresponding with a light quantity
sensed by the ambient light sensor 10 or the backlight sensor
9 is outputted as the digital data from the AD converter
circuit 51 or 52.

[0049] In turn, the description will be oriented to the
operations of the correction value detecting circuit 54, the
reference value table 55 and the correcting circuit 53.

[0050] The correction value detecting circuit 54 calculates
a degree of variation of the output intensity of the backlight
sensor 9 relative to the reference value, based on the relation
between the incident light intensity of the backlight sensor
9 shown in FIG. 4 and the output intensity thereof.

[0051] The current light modulation is carried out by
referring to the light modulation setting data 11. The refer-
ence value corresponding with the light modulation setting
data 11 is read out of the reference value table 55. The
backlight luminance reference value in this case is set to E0
as shown in FIG. 4 and the reference output value of the
backlight sensor 9 in this case is set to S0.

[0052] For example, letting SA be the output intensity of
the backlight sensor 9 of the panel A shown in FIG. 4 against
the backlight luminance reference value E0, the output
intensity SA of the backlight sensor 9 of the panel A is
variable by a coefficient KA relative to the reference value.
Further, letting SB be the output intensity of the backlight
sensor 9 of the panel B against the backlight luminance
reference value E0, the output intensity SB of the backlight
sensor 9 of the panel B is variable by a coefficient KB
relative to the reference value. As such, the correction value



US 2007/0268241 Al

detecting circuit 54 detects the characteristic of the backlight
sensor 9 for each liquid crystal panel based on the backlight
luminance reference value EO0.

[0053] Next, the correcting circuit 53 corrects the output
of the ambient light sensor 10 based on the detected result
of the backlight sensor 9 and then outputs it as the corrected
output 14. For example, for the panel A shown in FIG. 4,
with respect to the incident light intensity, the output inten-
sity is KA times more variable than the reference value. It
means that the output of the ambient light sensor 10 is KA
times more shifted if the output is uses as it is. Hence, the
correcting circuit 33 corrects the output of the ambient light
sensor 10 by a factor of 1/KA. This correction results in
making the corrected output 14 more accurate. Likewise, for
the panel B, with respect to the incident light intensity, the
output intensity is KB times more variable than the reference
value. It means that the output of the ambient light sensor 10
is KB times more shifted if the output is used as it is. Hence,
the correcting circuit 53 corrects the output of the ambient
light sensor 10 by a factor of 1/KB. This correction also
results in making the corrected output 14 more accurate.

[0054] That is, the adjacent installation of the backlight
sensor 9 and the ambient light sensor 10 makes it possible
to keep the manufacturing variations like the process varia-
tion even in these two light sensors. Hence, for each panel,
by detecting the correction value about the degree of varia-
tion of the characteristic of the backlight sensor 9 against the
reference value and correcting the output of the ambient
light sensor 10 on the basis of the detected correction value,
it is possible to improve the detecting accuracy of the
ambient light sensor 10.

[0055] In turn, the description will be oriented to the
control for the light modulation. As shown in FIG. 5, based
on the corrected output 14, the next light modulation setting
data to be shifted according to the ambient light is read out
of the light modulation table 61. Then, the light modulation
setting data control circuit 62 selects the light modulation
data read out of the light modulation table 61 or the new light
modulation data not to be shifted with reference to the
relation between the currently set light modulation data held
in the holding circuit 64 and the new light modulation data
and then generates the light modulation setting data 11.

[0056] For example, as shown in FIG. 6, the backlight
modulation control is grouped into three levels of B1, B2
and B3 and the received light illuminances of the ambient
light sensor corresponding with these levels are denoted as
El, E2, E3 and E4 respectively. In this illustration, a
hysteresis given in the shift from a low luminance to a high
one or vice versa results in being able to reduce the display
flickering caused by the light modulation control.

[0057] The backlight modulation signal converter circuit
63 converts the light modulating setting data 11 into the light
modulation control signal 16 being suited to the backlight
module drive circuit 17 shown in FIG. 1. For example, the
light modulation signal 16 is a pulse-width-controlled signal
or a voltage-modulated signal. As such, the backlight mod-
ule drive circuit 17 is supplied with the light modulation
signal 16, controls the backlight module 8 in response to the
backlight drive signal 18, and controls the backlight modu-
lation so that the backlight luminance may correspond with
the ambient light.

[0058] As set forth above, according to this embodiment,
for each panel, the correction value is detected by the
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backlight sensor with reference to the backlight luminance
reference value. By correcting the output of the ambient
light sensor on the detected correction value, the detecting
accuracy of the ambient light sensor is more improved.

Second Embodiment

[0059] The second embodiment of the present invention
will be described with reference to FIG. 7. The display
operation of the liquid crystal display device and the light
modulation control to be executed through the light sensors
are the same as those described with respect to the first
embodiment. The sectional structure of the light sensor pair
8 of the second embodiment is different from that shown in
FIG. 2.

[0060] FIG. 7 shows a partial sectional structure of the
light sensor pair 8. The difference of the structure shown in
FIG. 7 from that of the first embodiment shown in FIG. 1 is
a backlight shading film 31q and an ambient light shading
film 33a. The film 31a is located outside of the lower glass
substrate 37 and the film 33aq is located outside of the upper
glass substrate 34. The location of these light shading films
outside of the glass substrates makes it possible to reduce the
manufacturing cost of the liquid crystal panel.

Third Embodiment

[0061] The third embodiment of the present invention will
be described with reference to FIG. 8. The display operation
of the liquid crystal display device and the light modulation
to be executed through the light sensors are the same as
those described with respect to the first embodiment. The
difference between the third embodiment and the first
embodiment is location of the light sensor pair 8 shown in
FIG. 2.

[0062] FIG. 8 shows a partial sectional structure of the
light sensor pair 8 including an ambient light sensor 70, a
backlight shading film 71, a backlight sensor 72, an ambient
light shading film 73, an upper glass substrate 77, a color
filter 75, a liquid crystal layer 76, a lower glass substrate 74,
and a backlight unit 78. The difference of this structure
shown in FIG. 8 from that of the first embodiment shown in
FIG. 2 is a TFT element formed on the side of the upper
glass substrate 77.

[0063] Since the ambient light sensor 70 is located on the
upper glass substrate 77, as compared with the ambient light
sensor located on the lower glass substrate as shown in FIG.
2 with respect to the first embodiment, the quantity of the
received ambient light may be enlarged without having to
reduce the light quantity received by the ambient light
sensor by virtue of a light transmittance of the liquid crystal
layer through which light passes.

[0064] As the structure of the TFT element formed on the
upper glass substrate 77, a top gate structure or a bottom gate
structure may be used. In the bottom gate structure, the gate
lines are formed on the side of the upper glass substrate 77
on which the TFT elements are formed, while in the top gate
structure, no gate line is formed on the side of the upper
glass substrate 77 on which the TFT elements are formed.
Hence, the ambient light quantity to be shaded by the gate
lines is reduced in the top gate structure, so that the quantity
of light received from the outside of the upper glass substrate
77 in the top gate structure is greater than the quantity of
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light received therefrom in the bottom gate structure. It
means that the top gate structure improves a sensitivity of
the ambient light sensor.

[0065] As described above, in the case of forming the TFT
elements on the side of the upper glass substrate 77, which-
ever of the top gate structure or the bottom gate structure the
TFT elements may take, as compared with the case in which
the TFT elements are formed on the side of the lower glass
substrate as shown in FIG. 2 and described with respect to
the first embodiment, a detecting sensitivity of the ambient
light sensor may be improved more.

Fourth Embodiment

[0066] The fourth embodiment of the present invention
will be described with reference to FIG. 9. The display
operation of the liquid crystal display device and the light
modulation to be executed through the light sensors are the
same as those described with respect to the first embodi-
ment. The difference is the sectional structure of the light
sensor pair 8 shown in FIG. 8 and described with respect to
the third embodiment.

[0067] FIG. 9 shows a partial sectional structure of the
light sensor pair 8. The difference of the partial sectional
structure from that shown in FIG. 8 with respect to the third
embodiment is a backlight shading film 71a and an ambient
light shading film 73a. The film 71a is formed outside of the
lower glass substrate 74 and the film 734 is formed outside
of the upper glass substrate 77. This location of these
shading films outside of the glass substrates makes it pos-
sible to reduce the manufacturing cost of the liquid crystal
panel.

Fifth Embodiment

[0068] The fifth embodiment of this invention will be
described with reference to FIG. 10. The display operation
of the liquid crystal display device and the light modulation
to be executed through the light sensors are the same as
those described with respect to the first embodiment. The
difference of this embodiment from the first embodiment is
formation of the light sensor pair at two spots around the
pixel portion 23.

[0069] FIG. 10 is a block diagram showing a liquid crystal
display device according to the fifth embodiment of the
invention. Two light sensor pairs 8 and 84 are mounted on
the liquid crystal panel 6a. The other components and their
disposition are the same as those described and shown with
respect to the first embodiment.

[0070] In this embodiment, the outputs of the ambient
light sensors 10a and 10a and the outputs of the backlight
sensors 9 and 9a are applied into a sensor output control
circuit 13. Since the two light sensor pairs 8 and 8a are used
for the detection, the illuminance distribution variation on
the liquid crystal panel 6a and the characteristic variation of
each output area averaged by the outputs of the two light
sensor pairs 8 and 8a. This makes it possible to improve the
accuracy of the output. Moreover, in this embodiment, the
number of the light sensor pairs is two. However, the
number is not limited to two. For example, the light sensor
pairs may be at the four corners of the liquid crystal panel
6a.

Sixth Embodiment

[0071] The sixth embodiment of the present invention will
be described with reference to FIGS. 11 to 14. The display
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operation of the liquid crystal display device according to
this embodiment is the same as that of the first embodiment.
The difference of this embodiment from the first embodi-
ment is that the backlight is not completely cut off in the
light modulation to be executed through the use of the
ambient light sensor, for improving a sensitivity of a low
luminance area.

[0072] FIG. 11 is a block diagram showing a liquid crystal
display device according to the sixth embodiment of the
invention including a liquid crystal panel 64, a light sensor
pair 85 formed on the liquid crystal panel 65, a backlight
sensor 95 and an ambient light sensor 105 composing the
light sensor pair 85, and a sensor output control circuit 135.
A numeral 126 denotes an output of the light sensor. A
numeral 145 denotes a corrected output. The other compo-
nents and their disposition are the same as those shown in
FIG. 1 and described with respect to the first embodiment.

[0073] FIG. 12 shows a partial section of the light sensor
pair 85. In FIG. 12, a semi-transparent light shading means
(film) 315 serves to semi-transparently pass a ray of back-
light to be applied into the ambient light sensor 30. A
semi-transparent light shading means (film) 335 serves to
semi-transparently pass a ray of backlight to be applied into
the backlight sensor 32. The other components and their
disposition of this embodiment are the same as those shown
in FIG. 2 and described with respect to the first embodiment.

[0074] FIG. 13 is a block diagram showing the sensor
output control circuit 135. The control circuit 134 includes
a correction value detecting circuit for detecting a correction
value of the backlight sensor 95, a reference value table 556,
and a correcting circuit 534 for correcting an output of the
ambient light sensor 105 with the correction value sent from
the circuit 545 and outputting the corrected output. The other
components and their disposition are the same as those
shown in FIG. 3 and described with respect to the first
embodiment.

[0075] FIG. 14A shows relation between an incident light
intensity and an output intensity of the backlight sensor 95.
FIG. 14B shows relation between an incident light intensity
and an output intensity of the ambient light sensor 104.

[0076] The display device of this embodiment is operated
similarly to the display device of the first embodiment.
Hence, the description will be oriented to the light modu-
lation. The light sensor pair 85 located on the liquid crystal
panel 65, as shown in FIG. 11, is made up of the ambient
light sensor 30 composed of a photoelectric converting thin
film transistor and the backlight sensor 32 composed of the
same type of transistor, both of these sensors 30 being
formed adjacently to each other and on the side of the lower
glass substrate 37 on which the TFT elements are formed as
shown in FIG. 12.

[0077] Also as shown in FIG. 12, the ambient light sensor
30 senses a light quantity of the ambient light received from
the display side and the backlight side does not completely
shade the backlight but passes 20% of backlight through the
semi-transparent light shading film 315. The backlight sen-
sor 32 senses a quantity of backlight passed through the
semi-transparent light shading film 334 and received from
the lower side and the display side shades light through the
ambient light shading film 33 so that no influence by the
ambient light may be given to the sensor 32. The backlight
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transmittances of the semi-transparent light shading films
315 and 35 are set to the same value of 20%, for example.

[0078] As described above, the ambient light sensor 30
senses a light quantity totaling an ambient light quantity and
a quantity of backlight passed through the semi-transparent
light shading film 315. At a time, the backlight sensor 32
senses the backlight passed through the semi-transparent
light shading film 334.

[0079] The light sensor output 125 sent from the light
sensor pair 85 shown in FIG. 11 is inputted into the sensor
output control circuit 135 shown in FIG. 13. In FIG. 13, the
output of the ambient light sensor 105 is connected with the
sensor output capacitance 45 and with the precharge power
supply 42 through the precharge switch 41. Further, the
output of the backlight sensor 95 is connected with the
sensor output capacitance 46 and with the precharge power
supply 42 through the precharge switch 43. In the subse-
quent stage, the buffer circuits 47, 48, the sample and hold
circuits 49, 50, and the AD converter circuit 51, 52 are
operated similarly with those shown in FIG. 3 and described
with respect to the first embodiment.

[0080] In turn, the description will be oriented to the
operation of the correction value detecting circuit 545, the
reference value table 556 and the correcting circuit 534.

[0081] The correction value detecting circuit 545 calcu-
lates a degree of variation o the output intensity of the
backlight sensor 95 relative to the reference value on the
basis of the relation between the incident light intensity and
the output intensity of the backlight sensor 95 shown in FIG.
14A.

[0082] The current light modulation is carried out by
referring to the light modulation setting data 11. The refer-
ence value corresponding with this light modulation setting
data 11 is read out of the reference value table 55b. The
backlight luminance reference value corresponding there-
with is let to be Ef0 and the reference output value of the
backlight sensor 9 corresponding therewith is let to be Sf0
as shown in FIG. 14.

[0083] For the panel A shown in FIG. 14A, for example,
letting STA be the output of the backlight sensor 94 with
respect to the backlight luminance reference value Ef0, the
output of the backlight sensor 96 provided in the panel A is
variable by a coefficient KA relative to the reference value.
Turning to the panel B, letting SfB be the output of the
backlight sensor 95 relative to the backlight luminance
reference value Ef0, the output of the backlight sensor 95
provided in the panel B is variable by a coefficient KB
relative to the reference value. As described above, the
correction value detecting circuit 545 detects the character-
istic of the backlight sensor 956 for each liquid crystal panel
based on the backlight luminance reference value EfD.

[0084] Then, the correcting circuit 535 corrects the output
of the ambient light sensor 105 based on the sensed output
of the backlight sensor 95 located in the correction value
detecting circuit 54b and then outputs the result as the
corrected output 145. Herein, since the ambient light sensor
104 receives the quantity of backlight passed through the
semi-transparent light shading film 3154, as shown in FIG.
14B, even if the incident ambient light intensity is zero (0),
the ambient light sensor 105 obtains as its output intensity
SfA for the panel A, SIB for the panel B, and Sf0 for the
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reference value. It means that if the ambient light sensor 105
is inferior in detecting sensitivity on a low luminance area,
since the ambient light sensor 105 receives the part of
backlight passed through the semi-transparent light shading
film 315, the ambient light sensor 10 may have the
improved detecting sensitivity even in the low luminance
environment.

[0085] For the panel A shown in FIG. 14B, for example,
with respect to the incident light intensity of the ambient
light sensor 105, the output intensity of the ambient light
sensor 105 is KA times more variable than the reference
value, so that the sensed output of the sensor 105 is KA times
more shifted if it is used as it is. To overcome this shift, the
correcting circuit 535 corrects the output of the ambient light
sensor 105 by a factor of 1/KA, for obtaining a more
accurate corrected output 14b. Turning to the panel B,
likewise, with respect to the incident light intensity, the
output intensity of the ambient light sensor 105 is KB times
more variable than the reference value, so that the sensed
output of the sensor 105 is KB times more shifted if it is used
as it is. Hence, the correcting circuit 53b corrects the output
of the sensor 105 by a factor of 1/KB, for obtaining a more
accurate corrected output 144.

[0086] As described above, the location of the backlight
sensor 95 and the ambient light sensor 106 adjacently to
each other makes it possible to keep the manufacturing
variations such as the process variation even in these two
light sensors. Hence, about a degree of variation of the
characteristic of the backlight sensor 956 as compared with
the reference value, the correction value is detected for each
panel. If the sensitivity is inferior in a low luminance area,
since the ambient light sensor 104 receives a part of back-
light passed through the semi-transparent light shading film
315, the ambient light sensor 105 keeps its sensitivity high.
As described above, by correcting the output of the ambient
light sensor 104, it is possible to improve the detecting
accuracy of the ambient light sensor 104.

[0087] The later control for light modulation is likewise to
that shown in FIGS. 5 and 6 and described with respect to
the first embodiment and thus is not described herein. As set
forth above, in this embodiment, even in the low luminance
environment, the light modulation of the liquid crystal
display device can be carried out with high accuracy.

Seventh Embodiment

[0088] The seventh embodiment of the present invention
will be described with reference to FIG. 15. The display
operation of the liquid crystal display device and the light
modulation to be executed through the ambient light sensor
are the same as those described with respect to the sixth
embodiment. However, the semi-transparent light shading
means (film) formed on part of the light sensor pair is
different therefrom.

[0089] FIG. 15 shows a partial structure of a light sensor
pair 8¢ including a semi-transparent light shading film 31¢
of the ambient light sensor 30 and a semi-transparent light
shading film 33c¢ of the backlight sensor 32. The other
components and their disposition are the same as those of the
sixth embodiment.

[0090] InFIG. 15, the semi-transparent light shading films
31c and 33¢ do not completely cover the ambient light
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sensor 30 and the backlight sensor 32 but pass 20% of
backlight therethrough. Like the sixth embodiment, if the
ambient luminance is low, the light modulation of the liquid
crystal display device can be carried out more accurately
according to the ambient light.

[0091] Tt should be further understood by those skilled in
the art that although the foregoing description has been
made on embodiments of the invention, the invention is not
limited thereto and various changes and modifications may
be made without departing from the spirit of the invention
and the scope of the appended claims.

1. A display device comprising:

a display panel having an ambient light sensing circuit for
sensing ambient light and a backlight sensing circuit for
sensing a ray of backlight located adjacent to each other
and on part of a peripheral portion of a pixel module on
which pixels are located in matrix;

a reference value table for saving reference values corre-
sponding with the rays of backlight;

a detecting circuit for comparing an output value of the
backlight sensing circuit with the reference value read
from the reference value table, for detecting a correc-
tion value;

a correcting circuit for correcting an output from the
ambient light sensing circuit based on the correction
value; and

a control circuit for controlling the ray of backlight

according to the output from the correcting circuit.

2. The display device as claimed in claim 1, wherein the
ambient light sensing circuit is shaded from the ray of
backlight by a backlight shading member and the backlight
sensing circuit is shaded from the ambient light by an
ambient light shading member.

3. The display device as claimed in claim 2, wherein the
display panel is made up of an upper glass substrate located
on the side of a display surface and a lower glass substrate
located on the side of a backlight surface and,

the backlight shading member and the ambient light
shading member are formed between the upper glass
substrate and the lower glass substrate.
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4. The display device as claimed in claim 2, wherein the
display panel is made up of an upper glass substrate located
on the side of a display surface and a lower glass substrate
located on the side of a backlight surface and,

the backlight shading member is formed on the outside of
the lower glass substrate and the ambient light shading
member is formed on the outside of the upper glass
substrate.

5. The display device as claimed in claim 3, wherein the
ambient light sensing circuit and the backlight sensing
circuit are formed of thin film transistors on the lower glass
substrate.

6. The display device as claimed in claim 3, wherein the
ambient light sensing circuit and the backlight sensing
circuit are formed of thin film transistors on the upper glass
substrate.

7. The display device as claimed in claim 1, wherein the
ambient light sensing circuit and the backlight sensing
circuit are shaded by semi-transparent shading members
each of which has the same light transmittance.

8. The display device as claimed in claim 1, further
comprising:

a sensor output control circuit for detecting a degree of
variation of the output from the backlight sensing
circuit relative to the reference value and correcting the
output from the ambient light sensing circuit based on
the detected result;

an output circuit for outputting a control signal based on
the corrected output from the sensor output control
circuit; and

a backlight module drive circuit for modulating a ray of

backlight based on the control signal.

9. The display device as claimed in claim 1, wherein the
correction value is a value to be used for canceling a
variation of the ray of backlight relative to the reference
value.

10. The display device as claimed in claim 1, wherein the
correction circuit operates to integrate a reverse number of
the correction value into the output from the ambient light
sensing circuit.



THMBW(EF)

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

LL-EEPN

RBA

IPCH %S
CPCH(S
£ AR
ShEREERE

E)

R AR BER 10 B KA BIBRIOBUL AU TRIEERC L , ATRE

ERRE

US20070268241A1

US11/747975

#FHEHIROYUKI
SATO HIDEO
T#EYASUYUKI

#TAHIROYUKI
SATO HIDEO
THEEYASUYUKI

WM TRBERCO. , LTD.

NITTA HIROYUKI
SATO HIDEO
KUDO YASUYUKI

NITTA, HIROYUKI
SATO, HIDEO
KUDO, YASUYUKI

G09G3/36
G09G3/3406 G09G2360/145 G09G2360/144 G09G2320/0633
2006136377 2006-05-16 JP

Espacenet USPTO

20

20

CONTROLLER 1
2
3

patsnap

07-11-22

07-05-14

TR J 4 BEE 108 4 S S L, B B RISE N S FARGM B2 1 s o oneon g, .
fo. EMEERERA/N A BEOR10% | RMEATFNEHERBNEX [ R
BB ARN TR S 2 IS K BB E N B LRE, ETRNGE S E
B ORERERAEBEI0WH L. ZREEETIURSIREXABE0 5 T |z
N i p= CAE AL R HAgATE B = S 1 21| L 21 |
iﬁ;&ﬂﬂ%ﬁ#ﬂﬂﬂfﬁmﬁ_ﬁﬂﬁﬂﬁ L10M BN RS ERH IR % oA Bl I
° = ; g ; =118
: HIEH]-9
L H[BHtre
[
14 I~—12
BACKLIGHT LIGHT SENSOR
Tw'a?g.ﬁm.him%%‘ra;m‘—

5 16
17

15

13


https://share-analytics.zhihuiya.com/view/1ee63fdd-6d05-43a1-98df-f4628ad07028
https://worldwide.espacenet.com/patent/search/family/038711524/publication/US2007268241A1?q=US2007268241A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070268241%22.PGNR.&OS=DN/20070268241&RS=DN/20070268241

