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METHOD FOR DRIVING PLANAR LIGHT
SOURCE DEVICE, METHOD FOR DRIVING
COLOR LIQUID CRYSTAL DISPLAY DEVICE
ASSEMBLY, METHOD FOR DRIVING LIGHT
EMITTING DIODE, AND PULSE-WIDTH
MODULATING METHOD

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2006-057982 filed
in the Japanese Patent Office on Mar. 3, 2006, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a method for
driving a planar light source device, a method for driving a
color liquid crystal display (LLCD) device assembly, a
method for driving a light emitting diode (LED), and a
pulse-width modulating method.

[0004] 2. Description of the Related Art

[0005] Inacolor LCD device, liquid crystal itself emits no
light. Thus, a planar light source device (backlight) is placed
on a rear surface of the color LCD device so as to directly
light the color LCD device. In the color LCD device, each
pixel includes three sub-pixels: a red light emitting sub-
pixel; a green light emitting sub-pixel, and a blue light
emitting sub-pixel. By operating a liquid crystal cell con-
stituting each sub-pixel as a kind of light shutter (light
valve), that is, by controlling light transmittance of each
sub-pixel, light transmittance of illuminating light (e.g.,
white light) emitted from the planar light source device is
controlled, whereby an image is displayed.

[0006] Conventionally, a planar light source device in a
color LCD display device assembly evenly lights an entire
display area at constant luminance. Another planar light
source device having a configuration different from that of
the above-described planar light source device is known, as
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2005-17324. This planar light source device
includes a plurality of planar light source units, and distri-
bution of illuminance varies in a plurality of display area
units constituting the color LCD device. The planar light
source device including a plurality of planar light source
units may be called a “split-driven planar light source
device” for convenience. Each of the planar light source
units constituting the split-driven planar light source device
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2005-17324 includes a red LED (light emitting
diode), a green LED, and a blue LED. By mixing red light
emitted from the red LED, green light emitted from the
green LED, and blue light emitted from the blue LED, white
light having a high chromatic purity can be obtained, and the
white light is used as illuminating light.

[0007] The LED emits heat while being driven. Even
under the same condition, variation occurs in a Vf charac-
teristic as a result of heat emission, so that light output from
the LED reduces. A reduction rate is different in the respec-
tive red, green, and blue LEDs. Particularly, light output
from the red LED reduces significantly. This causes varia-

1. Field of the Invention
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tion in a so-called white balance (color temperature) of
white light, which is obtained as illuminating light by
mixing light emitted from the red, green, and blue LEDs.

[0008] Inthe technique disclosed in Japanese Unexamined
Patent Application Publication No. 2005-17324, the amount
of driving current detected by a driving current detecting
unit is fed back to a drive control unit. The amount of the fed
back driving current is compared with a predetermined
amount of current. On the basis of the comparison result, a
drive control signal is changed so as to control the amount
of light emitted from each of light emitting devices corre-
sponding to three colors, whereby the white balance of a
displayed image is controlled.

[0009] On the other hand, in the split-driven planar light
source device, each of the planar light source units is
controlled on the basis of the following method. This is
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 11-109317, for example. That is, maximum
luminance in the planar light source unit is represented by
Y oo a0d a maximum value (specifically, 100%) of light
transmittance (aperture ratio) of a liquid crystal cell consti-
tuting sub-pixels in a display area is represented by Lt_,,..
When the planar light source unit has the maximum lumi-
nance Y., light transmittance (aperture ratio) of a liquid
crystal cell constituting a pixel to obtain luminance y, in a
display area unit is represented by Lt,. In this case, lumi-
nance of the planar light source unit (light source unit
luminance Y,) is controlled so that y,Lt,=Y, Lt is sat-
isfied. Thus, in a case where LEDS constituting the planar
light source unit are driven in pulse-width modulation
(PWM), pulse-width modulation control to obtain the light
source unit luminance Y, may be performed. That is, in the
pulse-width modulation, a pulse-width modulation unit
clock is represented by CL__;,, an ON time is represented by
ton, an OFF time is represented by topg, and a value of a
pulse-width modulation output signal is represented by S. In
this case, when the light source unit luminance Yy, is to be
obtained, values S of three types of pulse-width modulation
output signals for ON/OFF control of the red, green, and
blue LEDs constituting the planar light source unit (a value
Sy of a pulse-width modulation output signal for ON/OFF
control of the red LED, a value S of a pulse-width modu-
lation output signal for ON/OFF control of the green LED,
and a value S of a pulse-width modulation output signal for
ON/OFF control of the blue LED) may be determined so that
expressions “to+opp=constant value t. ..~ and “to=
CL,,;:xS” are satisfied. The value of the pulse-width modu-
lation unit clock CL_, is invariable.

SUMMARY OF THE INVENTION

[0010] For example, in a case where the value S of a
pulse-width modulation output signal is controlled at 8 bits,
the value S of the pulse-width modulation output signal is an
integer in a range of 0 to 255. Now, assume that Sp=S,=
Sp=3, in order to obtain white light as illuminating light
from the planar light source unit. Also, assume that drive of
the red. green, and blue LEDs causes the respective LEDs to
emit heat, particularly that the Vf characteristic of the red
LED varies, that the light output therefrom significantly
reduces, and that the white balance of the white light varies.

[0011] Inthis case, the value Sy of the pulse-width modu-
lation output signal for ON/OFF control of the red LED is
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increased. A minimum increase of the value S; of the
pulse-width modulation output signal is “1”. Thus, Sp=4 and
Sg=Sp=3 are satisfied. That is, the ON time of the red LED
is 1.3 times with respect to the ON time of the green and blue
LEDs. Accordingly, a relatively large increase in the ON
time of the red LED makes an appropriate adjustment of the
white balance of white light difficult.

[0012] The present invention is directed to providing a
pulse-width modulating method enabling a precise adjust-
ment of characteristics (e.g., a VI characteristic and a light
output characteristic) even if characteristics of a device
driven in pulse-width modulation (PWM) (e.g., a V{f char-
acteristic and a light output characteristic of an LED) change
over time, and also providing a method for driving a planar
light source device, a method for driving a color LCD device
assembly, and a method for driving an LED applying the
pulse-width modulating method.

[0013] According to an embodiment of the present inven-
tion, there is provided a method for driving a planar light
source device. The planar light source device includes (a) a
plurality of planar light source units to light a color LCD
device from the back, each planar light source unit including
ared LED, a green LED, and-a blue LED; and (b) a driving
circuit to perform ON/OFF control of the red LED, the green
LED, and the blue LED included in each planar light source
unit on the basis of pulse-width modulation. When pulse-
width modulation unit clocks in the pulse-width modulation
for ON/OFF control of the red, green, and blue LEDs
included in each planar light source unit are CLg_ ..
CLg. i and CLg 17,,; when ON time of the red LED in
each planar light source unit is t;_oy; When OFF time of the
red LED is ty_opp; When a value of a pulse-width modulation
output signal to control light emission time of the red LED
is Sg; when ON time of the green LED is tg5 oy when OFF
time of the green LED is tg opp; When a value of a
pulse-width modulation output signal to control light emis-
sion time of the green LED is S; when ON time of the blue
LED is t_spg; When OFF time of the blue LED is t_opp; and
when a value of a pulse-width modulation output signal to
control light emission time of the blue LED is S,

IR ontHR oFF=lGoNtlGoFF=IR ONtiR opp=cODNStant
value feoneti

1R oN=CLR oSk (1-1);
1e-oN=CLGnit%Se (1-2); and
t5-on=CLp_yni%Sg (1-3) are satisfied.

The method includes the step of adjusting the respective
pulse-width modulation unit clocks CLy .., CLg. i and
CL, . in each planar light source unit to long or short by
increasing or decreasing the number of frequency division
cycles of a system clock in the driving circuit.

[0014] According to another embodiment of the present
invention, there is provided a method for driving a color
LCD device assembly. The color LCD device assembly
includes (a) a color LCD device including a display area
having PxQ display area units, the display area including
pixels arranged in a two-dimensional matrix pattern and
each of the display area units including a plurality of pixels;
(b) a planar light source device including PxQ planar light
source units corresponding to the PxQ display area units and
a driving circuit to drive the planar light source units, each
planar light source unit including a red LED, a green LED,
and a blue LED, and lighting the corresponding display area

Sep. 20, 2007

unit from the back; and (c) a color LCD device driving
circuit to drive the color LCD device. When pulse-width
modulation unit clocks in pulse-width modulation for
ON/OFF control of the red, green, and blue LEDs included
in each planar light source unit are CLy ;s CLg.me and
CLy_ i When ON time of the red LED in each planar light
source unit is ty ~y; When OFF time of the red LED is
tr.opps When a value of a pulse-width modulation output
signal to control light emission time of the red LED is Sg;
when ON time of the green LED is t5_oy; when OFF time
of the green LED is t5_oz; when a value of a pulse-width
modulation output signal to control light emission time of
the green LED is Sg; when ON time of the blue LED is
ts.ox; When OFF time of the blue LED is t;_opp; and when
a value of a pulse-width modulation output signal to control
light emission time of the blue LED is Sg,

I onHR oFF=lG-oN*G-oFF=lp.ontp opF=ConSstant
value fe e

Ig oN=CLp 1Sy (1-1);
16 oN=CLG xS (1-2); and
t5.oN=CLp_mi<Sy (1-3) are satisfied.

The method includes the step of adjusting the respective
pulse-width modulation unit clocks CLg iy CLG e and
CL, . in each planar light source unit to long or short by
increasing or decreasing the number of frequency division
cycles of a system clock in the driving circuit.

[0015] In the above-described method for driving the
planar light source device or method for driving the color
LCD device assembly,

tR-ON-max<tcansts
t6-ON-max<tconsts and

[0016] th onmax<tcons are preferably satisfied when
maximum ON time of the red LED 1is ty onnaxs When
maximum ON time of the green LED 18 t5_qn.max: @0d When
maximum ON time of the blue LED is t5 on_nax- Accord-
ingly, even if heat generation due to driving of the red, green
and blue LEDs causes variation in the VT characteristic of
those LEDs and difference in output light, the variation and
difference can be adjusted by adjusting the pulse-width
modulation unit clocks CLy ..y CLlgoymi a0d Clp 0 in
each planar light source unit to long or short by increasing
or decreasing the number of frequency division cycles of the
system clock in the driving circuit, so that the length of the
ON times tx_oxo tg.one alld T ox can be controlled. In this
case, start of operations of the LEDs can be reliably syn-
chronized in the next light emission cycle.

[0017] Also, in the above-described method for driving
the planar light source device or method for driving the color
LCD device assembly, the respective pulse-width modula-
tion unit clocks Cly i, Clgyme and CLg . in each
planar light source unit are preferably adjusted to long or
short by increasing or decreasing the number of frequency
division cycles of the system clock in the driving circuit by
one unit clock, by two unit clocks, or by three unit clocks.

[0018] Furthermore. in the above-described method for
driving the planar light source device or method for driving
the color LCD device assembly, luminance of each of the
red, green, and blue LEDs included in each planar light
source unit is measured, and the number of frequency
division cycles of the system clock in the driving circuit is
desirably increased or decreased on the basis of a measure-
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ment result of the luminance. The luminance of the LEDs
can be measured by using a known optical sensor, such as a
photodiode or a CCD device.

[0019] According to another embodiment of the present
invention, there is provided a method for driving an LED. A
driving circuit to perform ON/OFF control of the LED on
the basis of pulse-width modulation is used. When a pulse-
width modulation unit clock in the pulse-width modulation
for ON/OFF control of the LED is CL;;; when ON time of
the LED is toy; when OFF time of the LED is togp; and
when a value of a pulse-width modulation output signal to
control light emission time of the LED is S,

tontopp=constant value f¢,,.; and

ton=CL ;xS (1) are satisfied.

The method includes the step of adjusting the pulse-width
modulation unit clock CL,,, to long or short by increasing
or decreasing the number of frequency division cycles of a
system clock in the driving circuit.

[0020] In the above-described method for driving the
LED, when maximum ON time of the LED is ton
U <lcone 18 preferably satisfied. The pulse-width modu-
lation unit clock CL,,;, is preferably adjusted to long or short
by increasing or decreasing the number of frequency divi-
sion cycles of the system clock in the driving circuit by one
unit clock, by two unit clocks, or by three unit clocks.
Alternatively, luminance of the LED is measured, and the
number of frequency division cycles of the system clock in
the driving circuit is desirably increased or decreased on the
basis of a measurement result of the luminance. The lumi-
nance of the LED can be measured by using a known optical
sensor, such as a photodiode or a CCD device.

[0021] According to another embodiment of the present
invention, there is provided a pulse-width modulating
method. When a pulse-width modulation unit clock in
pulse-width modulation is CL,,;; when ON time is toy;

when OFF time is tozg; and when a value of a pulse-width
modulation output signal is S,

tontHopp=constant value f,.; and

ton=CL;S (1) are satisfied.

The method includes the step of adjusting the pulse-width
modulation unit clock CL_;, to long or short by increasing
or decreasing the number of frequency division cycles of a
system clock in the pulse-width modulation.

[0022] In the pulse-width modulating method, t <tcopne
is preferably satisfied when a maximum ON time 18 Ty
Also, the pulse-width modulation unit clock CL,,, is pref-
erably adjusted to long or short by increasing the number of
frequency division cycles of the system clock in the pulse-
width modulation by one unit clock, by two unit clocks, or
by three unit clocks, or by decreasing the number by one unit
clock, by two unit clocks, or by three unit clocks.

[0023] 1In the method for driving the color LCD device
assembly, each pixel includes a set of three sub-pixels: a red
light emitting sub-pixel; a green light emitting sub-pixel,
and a blue light emitting sub-pixel. The color LCD device
driving circuit supplies a red light emission control signal to
control light transmittance of the red light emitting sub-
pixel; a green light emission control signal to control light
transmittance of the green light emitting sub-pixel; and a
blue light emission control signal to control light transmit-
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tance of the blue light emitting sub-pixel to the red light
emitting sub-pixel, the green light emitting sub-pixel, and
the blue light emitting sub-pixel included in each pixel,
respectively. The luminance of the planar light source units
corresponding to the respective display area units is desir-
ably increased or decreased under control by the driving
circuit so that the luminance of pixels under an assumed
condition can be obtained. The assumed condition is that a
red light emission control signal, a green light emission
control signal, and a blue light emission control signal
corresponding to a red light emitting sub-pixel driving
signal, a green light emitting sub-pixel driving signal, and a
blue light emitting sub-pixel driving signal having values
equal to a maximum value Xy 6,5y AMoNg a value Xz
of the red right emitting sub-pixel driving signal, a value x
of the green right emitting sub-pixel driving signal, and a
value x of the blue light emitting sub-pixel driving signal
input to the color LCD device driving circuit in order to
drive the red light emitting sub-pixel, the green light emit-
ting sub-pixel, and the blue light emitting sub-pixel in every
pixel constituting each display area unit are supplied to the
red light emitting sub-pixel, the green light emitting sub-
pixel, and the blue light emitting sub-pixel.

[0024] On the basis of the red light emitting sub-pixel
driving signal (value xy), the green light emitting sub-pixel
driving signal (value X), and the blue light emitting sub-
pixel driving signal (value x3), more specifically, on the
basis of the maximum value Xy .. r G5, Values Sg, Sg,
and Sy, of pulse-width modulation output signals to control
light emission time of the red LED, green LED, and blue
LED are generated in the diving circuit.

[0025] Herein, the values Sy, Ss, and Sy of the pulse-
width modulation output signals are typically equal to each
other (Sg=S5=Sg), but the values may be different from each
other.

[0026] The terms listed below may be abbreviated as
follows.

[0027] Red light emitting sub-pixel: sub-pixel [R]
[0028] Green light emitting sub-pixel: sub-pixel [G]
[0029] Blue light emitting sub-pixel: sub-pixel [B]
[0030] Red light emission control signal: control signal
[R]

[0031] Green light emission control signal: control signal
[G]

[0032] Blue light emission control signal: control signal
[B]

[0033] Red light emitting sub-pixel driving signal: driving
signal [R]

[0034] Green light emitting sub-pixel driving signal: driv-
ing signal [G]

[0035] Blue light emitting sub-pixel driving signal: driv-
ing signal [B]

[0036] Red light emitting sub-pixel, green light emitting

sub-pixel, and blue light emitting sub-pixel: collectively
referred to as sub-pixels [R, G, B]

[0037] Red light emission control signal, green light emis-
sion control signal, and blue light emission control signal:
collectively referred to as control signals [R, G, B]
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[0038] Red light emitting sub-pixel driving signal, green
light emitting sub-pixel driving signal, and blue light emit-
ting sub-pixel driving signal: collectively referred to as
driving signals [R, G, B]

[0039] Maximum value Xi;_ .z .5y aMoNg a value X of
a red light emitting sub-pixel driving signal, a value x of a
green light emitting sub-pixel driving signal, and a value xp
of a blue light emitting sub-pixel driving signal input to the
color LCD device driving circuit in order to drive the red
light emitting sub-pixel, the green light emitting sub-pixel,
and the blue light emitting sub-pixel in every pixel consti-
tuting each display area unit corresponding to each planar
light source unit: driving signal maximum value in display
area unit - ..(R,G,B )

[0040] Red light emission control signal, green light emis-
sion control signal, and blue light emission control signal
corresponding to red light emitting sub-pixel driving signal,
green light emitting sub-pixel driving signal, and blue light
emitting sub-pixel driving signal having values equal to the
driving signal maximum value in display area unit ;. (R,
G,B) : collectively referred to as maximum control signals
in display area unit [R, G, B]

[0041] Furthermore, a maximum value of values Xy , Xg,
and x5 of a red light emitting sub-pixel driving signal, a
green light emitting sub-pixel driving signal, and a blue light
emitting sub-pixel driving signal input to the color LCD
device driving circuit in order to drive the red light emitting
sub-pixel, green light emitting sub-pixel, and blue light
emitting sub-pixel constituting each pixel is X_ ..

[0042] The light transmittance (also called aperture ratio)
Lt in a liquid crystal cell constituting a sub-pixel, the
luminance (display luminance) y in the sub-pixel, and the
luminance (light source unit luminance) in the planar light
source unit are defined as follows.

[0043] Y,,..: maximum value of light source unit lumi-
nance

[0044] Lt,: light transmittance (aperture ratio) in a liquid
crystal cell constituting a sub-pixel when assuming that a
control signal corresponding to a driving signal having a
value equal to the driving signal maximum value in display
area Unit Xy ..wep 18 supplied to the sub-pixel
(0%=Lt, =100%)

[0045] y,: display luminance obtained when assuming that
light transmittance (aperture ratio) in a liquid crystal cell
constituting a sub-pixel is Lt, and that the light source unit
luminance has the maximum value Y,

[0046] The light source unit luminance is increased or
decreased so that the display luminance when the maximum
control signals in display area unit [R, G, B] are supplied to
the sub-pixels [R, G, B] can be obtained. Specifically, the
light source unit luminance Y, may be controlled
(decreased) so that the display luminance y, can be obtained
when assuming that the light transmittance (aperture ratio)
in the liquid cell constituting the sub-pixel is Lt, (Lt,>Lt,
and, for example, a maximum aperture ratio 100%). For
example, the light source unit luminance Y, may be con-
trolled so that Y, -Lt,=y,"Lt; is satisfied. The light source
unit luminance Y, is controlled on the basis of ON times
Tr.on La-ons ald 1y o Of the LEDs.
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[0047] In the above-described method for driving the
planar light source device, method for driving the color LCD
device assembly, and method for driving. the LED including
various preferable configurations, the red LED emits red
light having a wavelength of 640 nm, the green LED emits
green light having a wavelength of 530 nm, and the blue
LED emits blue light having a wavelength of 450 nm.

[0048] In the planar light source device, a plurality of red
LEDs emitting red light (e.g., the wavelength is 640 nm), a
plurality of green LEDs emitting green light (e.g., the
wavelength is 530 nm), and a plurality of blue LEDs
emitting blue light (e.g., the wavelength is 450 nm) are
placed and arranged in a housing. LEDs emitting light of a
fourth color other than red, green, and blue may be further
provided. By partitioning the plurality of LEDs by using
partitions, planar light source units constituting the planar
light source device can be obtained. Assuming that each
planar light source unit includes an LED unit having a
combination of (a red LED, a green LED, and a blue LED),
(a red LED, two green LEDs, and a blue LED), (two red
LEDs, two green LEDs, and a blue LED) or the like, those
colors being mixed to emit white light, each planar light
source unit includes at least one LED unit. When an LED
unit includes a plurality of LEDs of the same color, the
plurality of LEDs of the same color may be regarded as an
LED, so as to apply the present invention.

[0049] The LED may have a so-called face-up configura-
tion or a flip-chip configuration. That is, the LED includes
a substrate and a light emitting layer provided on the
substrate. Light may be directly emitted from the light
emitting layer, or may be emitted from the light emitting
layer through the substrate. More specifically, the LED has
a laminated configuration including a first clad layer includ-
ing a first-conductive-type (e.g., n-type) compound semi-
conductor layer provided on the substrate, an active layer
provided on the first clad layer, and a second clad layer
including a second-conductive-type (e.g., p-type) compound
semiconductor layer provided on the active layer. Also, the
LED includes a first electrode electrically connected to the
first clad layer and a second electrode electrically connected
to the second clad layer. The layers constituting the LED
may de made of a known compound semiconductor material
depending on a wavelength of light to be emitted.

[0050] Luminance of each planar light source unit (light
source unit luminance) is desirably not affected by an
adjoining planar light source unit as much as possible.
Specifically, as in a Lambertian method, a lens causing a
strong light intensity to a straight direction may be provided
at a light emitting portion of the LED, or a partition opaque
to illuminating light from planar light source units may be
provided between the planar light source units. Also, the
configuration may be designed so that the luminance in a
planar light source unit (light source unit luminance) is
affected by another planar light source unit.

[0051] When a configuration is designed so that light
emitted from the LED directly enters the color LCD device
positioned above, that is, when light is emitted from the LED
mostly in a z-axis direction, luminance variation may occur
in the planar light source device. In order to prevent the
occurrence of such a phenomenon, the following two-
dimensional direction emitting configuration may be used.
In this configuration, an LED assembly in which a light
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extracting lens is attached to an LED is used as a light
source, light emitted from the LED is totally reflected at the
top of the light extracting lens, and the light is emitted
mainly in the horizontal direction of the light extracting lens.
This configuration is disclosed in p. 128, vol. 889 of Nikkei
Electronics published on Dec. 20, 2004, for example.

[0052] The planar light source device may further include
a group of sheets having an optical function, such as a
diffuser plate, a diffuser sheet, a prism sheet, and a polarizing
converting sheet, and a reflective sheet.

[0053] The transmissive color LCD device includes, for
example, a front panel provided with a first transparent
electrode; a rear panel provided with a second transparent
electrode; and liquid crystal material placed between the
front and rear panels.

[0054] More specifically, the front panel includes a first
substrate made of a glass substrate or a silicon substrate; the
first transparent electrode (also called a common electrode
and made of ITO (indium tin oxide) or the like) provided on
an inner surface of the first substrate; and a polarizing film
provided on an outer surface of the first substrate. Further-
more, in the front panel, color filters covered with an
overcoat layer made of acrylic resin or epoxy resin are
provided on the inner surface of the first substrate. The first
transparent electrode is provided on the overcoat layer. An
oriented film is provided on the first transparent electrode.
The color filters may be placed in the following arrangement
patterns: a delta arrangement, a stripe arrangement, a diago-
nal arrangement, and a rectangle arrangement. On the other
hand, the rear panel includes a second substrate made of a
glass substrate or a silicon substrate; switching elements
provided on an inner surface of the second substrate; the
second transparent electrode (also called a pixel electrode
and made of ITO or the like) in which conduction/non-
conduction is controlled by the switching elements; and the
polarizing film provided on an outer surface of the second
substrate. An oriented film is provided over an entire surface
including the surface of the second transparent electrode.
Known members and materials may be used as the various
members and materials of the transmissive color LCD
device. Examples of the switching elements include a three-
terminal element, such as a MOS (metal oxide semiconduc-
tor) FET (field-effect transistor) or a TFT (thin-film transis-
tor) provided on a single-crystal silicon semiconductor
substrate, and a two-terminal element, such as an MIM
(metal injection molding) element, a varistor element, or a
diode.

[0055] An area where the first and second transparent
electrodes overlap each other and which includes a liquid
crystal cell corresponds to one sub-pixel. Each pixel
includes a red light emitting sub-pixel (sub-pixel [R]), which
includes a combination of the area and a color filter to pass
red light, a green light emitting sub-pixel (sub-pixel [G]),
which includes a combination of the area and a color filter
to pass green light, and a blue light emitting sub-pixel
(sub-pixel [B]), which includes a combination of the area
and a color filter to pass blue light. The arrangement pattern
of the sub-pixels [R], [G], and [B] is the same as that of the
above-described color filters.

[0056] When the number MyxN, of pixels arranged in a
two-dimensional matrix pattern is represented by (M, N),
some examples of image display resolution can be used as
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the value of (M, N,,): (1920, 1035) , (720, 480) , and (1280,
960), in addition to VGA (640, 480), S-VGA (800, 600),
XGA (1024, 768), APRC (1152, 900), S-XGA (1280, 1024),
U-XGA (1600, 1200), HD-TV (1920, 1080), and Q-XGA
(2048, 1536). However, the value of (Mg, N) is not limited
to those values. Examples of a relationship between (M,,
N,) and (P, Q) are shown in the following table 1, although
not limited. The number of pixels constituting a display area
unit may be 20x20 to 320x240, preferably, 50x50 to 200x
200. The number of pixels in the display area unit may be
constant or different.

TABLE 1
Value of P Value of Q
VGA (640, 480) 2~32 2~24
S-VGA (800, 600) 3~40 2~30
XGA (1024, 768) 4~30 3~39
APRC (1152, 900) 458 3~45
S-XGA (1280, 1024) 4~64 4~51
U-XGA (1600, 1200) 6~80 4~60
HD-TV (1920, 1080) 6~86 4~54
Q-XGA (2048, 1536) 7~102 5~77
(1920, 1035) T~64 4~52
720, 480) 3~34 2~24
(1280, 960) 4~64 3~48

[0057] The driving circuit to drive the planar light source
unit may include an operating circuit to determine pulse-
width modulation unit clocks CLg 155 CLgumies Clp timie
and CL,,,, the number of frequency division cycles, ON
times ty_oxs to.one thony a0d toy, and OFF times tg_opp,
{608 te.orr aNd topg, and to obtain values Sy, Sg, Sg, and
S of pulse-width modulation output signals; a storage device
(memory); an oscillator to generate unit clocks in a system
clock; and a frequency divider to determine the number of
frequency division cycles of the system clock. Furthermore,
the driving circuit may include, for example, an LED driving
circuit, a photodiode control circuit, switching elements to
control flow of current to LEDs, and an LED driving power
supply. The color LCD device driving circuit to drive the
color LCD device includes a known circuit, such as a timing
controller. The luminance of the display area units (display
luminance) and the luminance of the planar light source
units (light source unit luminance) are controlled for every
frame. The number of pieces of image information trans-
mitted as an electric signal to the color LCD device driving
circuit in one second (the number of images per second) is
a frame frequency (frame rate), and an inverse number of the
frame frequency is frame time (unit: second).

[0058] In the method for driving the planar light source
device, the method for driving the color LCD device assem-
bly, the method for driving the LED, and the pulse-width
modulating method according to an embodiment of the
present invention, the respective pulse-width modulation
unit clocks CLg 0 Clgumies Clgume and CL,;, are
adjusted to long or short by increasing or decreasing the
number of frequency division cycles of the system clock and
the length of the ON times t; o, to.ony te.ony A0 oy 18
controlled to adjust variation and difference, if the variation
and difference occur in characteristics (e.g., V{ characteristic
and light output characteristic) of the LEDs due to heat
generated by drive of the LEDs. Accordingly, the length of
the ON times ty_on: tg.ons te.one a0d 1oy can be easily and
accurately controlled. Accordingly, for example, white bal-
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ance of white light (temperature of white color) emitted
from the planar light source units can be kept constant with
high accuracy. Furthermore, in driving of each LED, the
relationship among expressions (1-1), (1-2), and (1-3) is the
same regardless of the values Sg, Sg, and Sy of the pulse-
width modulation output signals. Thus, the same algorithm
can be used in backlight adjustment, for example, a maxi-
mum value of Sy, Sg, and Sy is set to 255 in daylight,
whereas a maximum value of Sy, S, and Sy, is set to 127 in
the darkness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] InFIG.1, (A) schematically shows a waveform of
a system clock; (B) and (D) schematically show a frequency
division state of the system clock; and (C) and (E) sche-
matically show ON time tgy when S=2;

[0060] In FIG. 2, (A) schematically shows a pulse-width
modulation unit clock (CL,,); and (B), (C), (D), and (E)
schematically show ON time tqy when S=1, 2, 3, and 255
(maximum), respectively;

[0061] FIG. 3 is a conceptual view showing a color LCD
device assembly including a color LCD device, a planar
light source device, driving circuits, and a color LCD device
driving circuit appropriate for use in a first embodiment;

[0062] FIG. 4 is a conceptual view showing a part of the
driving circuit appropriate for use in the first embodiment;

[0063] FIG. 5 is a schematic partial cross-sectional view
showing the color LCD device assembly;

[0064] FIG. 6A schematically shows an arrangement state
of LED:s in the planar light source device; and FIG. 6B is a
schematic partial cross-sectional view of the planar light
source device and the color LCD device assembly;

[0065] FIG. 7A schematically shows a relationship
between 2.2-th power of a value of a driving signal input to
the color LCD device driving circuit in order to drive
sub-pixels (x'=x>?)and a duty period (=t /tcne); and FIG.
7B schematically shows a relationship between a value X of
a control signal to control light transmittance of sub-pixels
and display luminance y; and

[0066] FIG. 8 is a schematic cross-sectional view of a light
extracting lens disclosed in p. 128, vol. 889 of Nikkei
Electronics published on Dec. 20, 2004.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0067] Hereinafter, an embodiment of the present inven-
tion is described with reference to the drawings.

[0068] (First Embodiment)

[0069] A first embodiment of the present invention relates
a method for driving a planar light source device, a method
for driving a color liquid crystal display (LCD) device
assembly, a method for driving a light emitting diode (LED),
and a pulse-width modulating method.

[0070] As shown in a conceptual diagram in FIG. 3, a
color LCD device 10 according to the first embodiment
includes a display area 11 where M xN,, pixels are arranged
in a two-dimensional matrix pattern (Mo pixels along a first
direction and N, pixels along a second direction). The
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display area 11 includes PxQ display area units 12, each
including a plurality of pixels. More specifically, an HD-TV
standard is satisfied as resolution for image display, and the
number of pixels MxN, (M,, N,) arranged in a two-
dimensional matrix pattern is (1920, 1080), for example.
The display area 11 (indicated by a dashed-dotted line in
FIG. 3) including the pixels arranged in a two-dimensional
matrix pattern includes the PxQ display area units 12
(borders are indicated by dotted lines). Herein, the value of
(P, Q) is (19, 12), for example. However, the number of the
display area units 12 (and planar light source units 42
described below) shown in FIG. 3 is different from this value
for simplification of the figure. Each display area unit 12
includes a plurality of (MxN) pixels. The number of pixels
constituting each display area unit 12 is about ten thousand,
for example. Each pixel includes three sub-pixels [R, G, B].

[0071] As shown in a schematic partial cross-sectional
view in FIG. 5, the color LCD device 10 includes a front
panel 20 provided with a first transparent electrode 24; a rear
panel 30 provided with a second transparent electrode 34;
and a liquid crystal material 13 provided between the front
panel 20 and the rear panel 30.

[0072] The front panel 20 includes, for example, a first
substrate 21 made of a glass substrate and a polarizing film
26 provided on an outer surface of the first substrate 21.
Color filters 22 covered with an overcoat layer 23 made of
acrylic resin or epoxy resin are provided on an inner surface
of the first substrate 21. The first transparent electrode (also
called a common electrode and made of ITO (indium tin
oxide)) 24 is provided on the overcoat layer 23, and an
oriented film 25 is provided on the first transparent electrode
24. On the other hand, the rear panel 30 includes, for
example, a second substrate 31 made of a glass substrate,
switching elements (specifically, thin-film transistors
(TFTs)) 32 provided on an inner surface of the second
substrate 31, the second transparent electrode (also called a
pixel electrode and made of 1TO) 34 of which conduction/
non-conduction is controlled by the switching elements 32,
and a polarizing film 36 provided on an outer surface of the
second substrate 31. An oriented film 35 is provided over an
entire surface including a surface of the second transparent
electrode 34. The front panel 20 and the rear panel 30 are
bonded to each other in their periphery via a seal (not
shown). The switching elements 32 are not limited to the
TFTs, but metal injection molding (MIM) elements can also
be used. Also, an insulating layer 37 is provided between the
switching elements 32.

[0073] Known members and known liquid crystal material
can be used for this transmissive color LCD device. Thus,
the detailed description thereof is omitted.

[0074] A planar light source device (backlight) 40 includes
PxQ planar light source units 42 corresponding to the PxQ
display area units 12. Each of the planar light source units
42 lights the corresponding display area unit 12 from the
back. Although the planar light source device 40 is actually
placed under the color LCD device 10, the both devices 10
and 40 are separately shown in FIG. 3. Position and arrange-
ment of LEDs in the planar light source device 40 are
schematically shown in FIG. 6A. A schematic partial cross-
sectional view of the planar light source device 40 and the
color LCD device assembly is shown in FIG. 6B.

[0075] The planar light source device 40 includes a hous-
ing 51 including an external frame 53 and an inner frame 54.
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An end portion of the transmissive color LCD device 10 is
held by the external frame 53 and the inner frame 54 via
spacers 55A and 55B so as to be sandwiched therebetween.
A guide member 56 is placed between the external frame 53
and the inner frame 54, so that the color LCD device 10
sandwiched by the external frame 53 and the inner frame 54
is fixed. A diffuser plate 61 is provided at an upper side of
the housing 51, inside the housing 51. The diffuser plate 61
is attached to the inner frame 54 via a spacer 55C and a
bracket 57. Also, a group of optical-function sheets includ-
ing a diffuser sheet 62. a prism sheet 63, and a polarizing
converting sheet 64 is laminated on the diffuser plate 61.

[0076] A reflective sheet 65 is provided at a lower side of
the housing 51, inside the housing 51. The reflective sheet 65
is placed such that a reflective surface thereof faces the
diffuser plate 61, and is attached to a bottom 52A of the
housing 51 via an attaching member (not shown). For
example, the reflective sheet 65 can be made of a silver
reflection enhancing film formed by laminating a silver
reflective film, a low-refractive-index film, and a high-
refractive-index film in this order on a sheet substrate. The
reflective sheet 65 reflects light emitted from LEDs 41 or
light reflected from a side surface 52B of the housing 51 or
a partition 43 shown in FIG. 6A. Accordingly, red light
emitted from a plurality of red LEDs 41R, green light
emitted from a plurality of green LEDs 41G, and blue light
emitted from a plurality of blue LEDs 41B are mixed, so that
white light of high chromatic purity can be obtained as
illuminating light. The illuminating light passes through the
group of optical function sheets including the diffuser plate
61, the diffuser sheet 62, the prism sheet 63, and the
polarizing converting sheet 64, and lights the color LCD
device 10 from the back. Photodiodes 44R, 44G, and 44B
are placed near the bottom 52A of the housing 51. The
photodiode 44R has a red filter to measure the intensity of
red light, the photodiode 44G has a green filter to measure
the intensity of green light, and the photodiode 44B has a
blue filter to measure the intensity of blue light.

[0077] The LEDs 41R, 41G, and 41B are arranged in the
following manner. For example, a plurality of LED units,
each unit including a set of a red LED 41R to emit red light
(the wavelength is 640 nm, for example); a green LED. 41G
to emit green light (the wavelength is 530 nm, for example);
and a blue LED 41B to emit blue light (the wavelength is
450 nm, for example), can be arranged in the horizontal and
vertical directions.

[0078] The planar light source units 42 constituting the
planar light source device 40 can be obtained by partitioning
the plurality of LEDs 41 by partitions 43 that are opaque to
illuminating light from the planar light source units 42 (more
specifically, light from the LEDs 41). In this configuration,
luminance in each planar light source unit 42 is not affected
by adjoining planar light source units 42.

[0079] A driving circuit to perform ON/OFF control of the
red LEDs 41R, green LEDs 41G, and blue LEDs 41B
constituting each planar light source unit 42 on the basis of
the pulse-width modulation includes a backlight control unit
70 and planar light source unit driving circuits 80. Herein,
the backlight control unit 70 includes an operating circuit 71
and a storage device (memory) 72. On the other hand, each
planar light source unit driving circuit 80 includes an
operating circuit 81, a storage device (memory) 82, an
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oscillator 83 serving as a system clock, a frequency divider
84, an LED driving circuit 85, a photodiode control circuit
86, switching elements 87R, 87G, and 87B including FETs,
and an LED driving power supply (constant current source)
88. Known circuits may be used as those circuits constitut-
ing the backlight control unit 70 and the planar light source
unit driving circuit 80. On the other hand, a color LCD
device driving circuit 90 to drive the color LCD device 10
includes a known circuit, such as a timing controller 91.
Also, the color LCD device 10 is provided with a gate driver
and a source driver (not shown) to drive the switching
elements 32 including TFTs.

[0080] Each pixel includes a set of three sub-pixels: a
sub-pixel [R] (red light emitting sub-pixel), a sub-pixel [G]
(green light emitting sub-pixel), and a sub-pixel [B] (blue
light emitting sub-pixel). In the following description, lumi-
nance of the respective sub-pixels [R, G, B] is controlled at
8 bits in 28 levels from O to 255 (gradation control).
Accordingly, each of values X, X, and X, of driving signals
[R, G, B] input to the color LCD device driving circuit 90
in order to drive the sub-pixels [R, G, B] of each pixel
constituting each display area unit 12 has values of 2% levels.
Also, each of values Sy, Sg, and Sy of pulse-width modu-
lation output signals to control light emission time of the red,
green, and blue LEDs constituting each planar light source
unit has values of 2% levels from 0 to 255. However, the
present invention is not limited to this, but 10-bit control can
be performed in 21° levels from 0 to 1023. In that case, an
expression of an 8-bit value may be quadrupled, for
example.

[0081] In the following description, assume that Sp=S=
Se=S.
[0082] Inthe color LCD device driving circuit 90, control

signals [R, G, B] are generated on the basis of input driving
signals [R, G, B], and the control signals [R, G, B] are
supplied (output) to the sub-pixels [R, G, B]. The control
signals [R, G, B] have values of 2.2-th power of values of
the driving signals [R. G, B]. That is, the control signals [R,
G, B] are transmitted from the timing controller 91 of the
color LCD device driving circuit 90 to the gate driver and
the source driver of the color LCD device 10 in a known
method, the switching elements 32 constituting the respec-
tive sub-pixels are driven on the basis of the control signals
[R, G, B], and a predetermined voltage is applied to the first
transparent electrode 24 and the second transparent elec-
trode 34. Accordingly, the light transmittance (aperture
ratio) Lt in the liquid crystal cell constituting the respective
sub-pixels is controlled. As the values of the control signals
[R, G, B] are larger, the light transmittance (aperture ratio)
Lt and the luminance of the sub-pixels [R, G, B] are higher.
That is, an image (normally a point) formed by light passed
through the sub-pixels [R, G, B] is bright.

[0083] Thedisplay area 11 including the pixels arranged in
a two-dimensional matrix pattern includes PxQ display area
units 12. If this state is expressed by using “rows” and
“columns”, the display area 11 includes display area units 12
of Q rowsxP columns. Fach of the display area units 12
includes a plurality of (MxN) pixels. If this state is
expressed by using “rows” and “columns”, the display area
unit 12 includes pixels of N rows x M columns. Among the
display area units’ 12 and the planar light source units 42
arranged in a two-dimensional matrix pattern, the display
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area unit and the planar light source unit positioned at a q-th
row and a p-th column (q=1, 2, . .., Qand p=1, 2, ..., P)
are referred to as a display area unit 12, and a planar light
source unit 42, . respectively. Among the pixels in the
display area unit 12(q,p), the pixel positioned at an n-th row
and an m-th column (n=1, 2, ..., Nand m=1, 2, ..., M)
is referred to as a pixel PX(, /, .y- Respective sub-pixels are
referred to as follows. Furthermore, various control signals
or their values corresponding to image signals supplied from
the color LCD device driving circuit 90 to the respective
sub-pixels [R, G, B] in order to control the light transmit-
tance (aperture ratio) Lt in the pixel PXy ,, ) may be
referred to as follows. As a method for transmitting driving
signals, an LVDS (low voltage differential signaling)
method can be used. In the LVDS method, a parallel signal
is transmitted after being converted to a low voltage differ-
ential serial signal. In this method, noise and unnecessary
radiation can be reduced and the number of transmission
lines can be reduced. However, the signal transmitting
method is not limited to the LVDS method, but an LVTTL
(low voltage transistor transistor logic) method may also be
adopted.

[0084] Sub-pixel [R]: sub-pixel [R] ,/mm)

[0085] Sub-pixel [G]: sub-pixel [G] g »mm)

[0086] Sub-pixel [B]: sub-pixel [B] g »mm)

[0087] Driving signal [R]: driving signal [R], m m)
[0088] Driving signal [G]: driving signal [G]g m.m)
[0089] Driving signal [B]: driving signal [B]_ . m
[0090] Value x;, of driving signal [R], omm) Xr_(q,pimm)
[0091] Value x; of driving signal [G] o /nm)’ X6 (qpmm)
[0092] Value x5 of driving signal [B] g oimm)’ X8 @.pmm
[0093] Sub-pixels [R, G, B]: sub-pixel [R, G, B ,nm)
[0094] Driving signals [R, G, B]: driving signal [R, G,
B]m,p/nm)

[0095] Values X, Xg, and xg of driving signals [R, G,
B](q,p/n,m): XR-(q;p/mm)> XG-(q.pim,m) and XB_(q.p/nm)

[0096] Control signal [R]: control signal [R] g o/nm)
[0097] Control signal [G]: control signal [G], ., )
[0098] Control signal [B]: control signal [B] i,/ .m
[0099] Value x; of control signal [R] . m mit Xz (q.pinm)
[0100] Value x; of control signal [Gl ,m my: XG-tqpmm)
[0101] Value x5 of control signal [Bl g mm:* ¥5-qpmm)
[0102] In each of the planar light source units 42, a

maximum value among the values Xg_ g oin mp> X (qp/mmy
and Xp_(, i m) Of the .drlvm.g .s1gne.11s [R, G,.B](q’p fomy IPUL
to the color LCD device driving circuit 90 in order to drive
sub-pixels [R, G, B], ,/nm 10 all pixels constituting each
displ_ay area unit. 12(%,) is referreq to as “a driving si,gnal
maximum value in display area unit Xy .. 6.8)-(q.p) -

[0103] Display luminance and light source unit luminance
are controlled for every frame. In each frame, an operation
of the LCD device is synchronized with an operation of the
planar light source device.
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[0104] For example, the amount of light input to an image
pickup tube is represented by y', a value of an output signal
from the image pickup tube, that is, a value of a driving
signal output from a broadcast station or the like and is input
to the color LCD device driving circuit 90 in order to control
light transmittance of pixels is represented by x, and lumi-
nance (display luminance) of a pixel driven by a control
signal corresponding to the driving signal is represented by
y. In this case, the value x of the driving signal can be
expressed by a function of 0.45-th power of the amount of
input light y'. The value X of the control signal or the display
luminance y can be expressed by a function of 2.2-th power
of the value x of the driving signal. A relationship between
the display luminance y and the function of 2.2-th power of
the value x of the driving signal is called a y characteristic.
Herein, y=x>2=(y"***)>2=y" is satisfied. In this way, a sys-
tem from a broadcast station to a television receiver or a
system from a video playback apparatus to the television
receiver is established so that images picked up by the image
pickup tube are accurately reproduced on a screen.

[0105] Hereinafter, a method for driving the planar light
source device, a method for driving the color LCD device
assembly, a method for driving the LED, and a pulse-width
modulating method according to the first embodiment are
described.

[0106] [Step-100]

[0107] Driving signals [R, G, B] and a clock signal CLK
of a frame output from a known display circuit, such as a
scan converter, are input to the backlight control unit 70 and
the color LCD device driving circuit 90 (see FIG. 3). The
driving signals [R, G, B] are output signals from an image
pickup tube. For example, the driving signals are output
from a broadcast station, and are input to the color LCD
device driving circuit 90 in order to control light transmit-
tance of pixels. When the amount of light input to the image
pickup tube is represented by y', values of the driving signals
can be represented by a function of 0.45-th power of the
amount of input light y'. The values X5 , X, and x5 of the
driving signals [R, G, B] of the frame input to the backlight
control unit 70 are temporarily stored in the storage device
(memory) 72 included in the backlight control unit 70. Also,
the values X , Xg, and X of the driving signals [R, G, B] of
the frame input to the color LCD device driving circuit 90
are temporarily stored in a storage device (not shown)
included in the color LCD device driving circuit 90.

[0108] [Step-110]

[0109] Then, the operating circuit 71 included in the
backlight control unit 70 reads the values of the driving
signals [R, G, B] stored in the storage device 72. Then, the
operating circuit 71 calculates a maximum value (driving
signal maximum value in display area unit X,z 6.5y,
p)) among the values Xg_ (g n mys Xg-tq.p/nmy A0 X (g b m)
(these values are already stored in the storage device 72
included in the backlight control unit 70) of the driving
signals [R, G, B] g /. that are input also to the color LCD
device driving circuit 90 in order to drive sub-pixels [R, G,
Bl pmmy in all of the pixe1§ PX pinm) cpnstituting the
(p,q)-th (first, p=1 and q=1) display atea unit 12 _,. Then,
the driving signal maximum value in display area unit
U-max(R,GB)-(q,p) 18 Stored in the storage device 72. This step
is performed for all of m=1, 2, ..., M and n=1, 2, . . . | N,
that is, all of the MxN pixels.
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[0110] For exetmple, When Xg_ ) 18 @ value corre-

sponding to “1107, when Xg_¢, 1, ap) 152 value corresponding

to “150”, and when Xy (i) is a value corresponding to
507, XU mmantr.G,8)-(q.p) 1S @ Value corresponding to “150”.

[0111] This operation is repeated from (p, q)=(1, 1) to (P,
Q), and driving signal maximum values X;_ ..z 6,8)-(q.p) 11
all of the display area units 12(q,p) are stored in the storage
device 72.

[0112] Then, the luminance of the planar light source unit
42 ., (light source unit luminance) corresponding to the
display area unit 12, is increased or decreased under
control by the planar light source unit driving circuit 80
(described below) so that the display luminance to be
obtained when control signals [R, G, B] , ,, corresponding to
driving signals [R, G, B],, having values equal to the
driving signal maximum value indisplay areaunit X, ...z ,
B)-(q.p) are supplied to the sub-pixels [R, G, B], ,, can be
obtained in the planar light source unit 42, ... That is, the
display luminance to be obtained when control signals
corresponding to driving signals having values equal to the
driving signal maximum value indisplay areaunitxy; ...z ,
B)-(q.p) are supplied to the sub-pixels [R, G, B], , is repre-
sented by y,. The light transmittance (aperture ratio) in
liquid crystal cells constituting the respective sub-pixels is
represented by Lt; (0%=Lt, =£100%). The light source unit
luminance Y, of the planar light source unit 42, , may be
controlled so that the display luminance y, can be obtained
when the light transmittance (aperture ratio) in the liquid
crystal cells constituting the respective sub-pixels is Lt,
(note that Lt,>Lt,, for example, 100%). That is, the light
source unit luminance Y, may be controlled on the basis of
the following expression (2) expressing a planar light source
unit luminance controlling function g(x,, ...) so that
Y Lty=y, Lt is satisfied. A relationship among parameters
1o control the light source unit luminance Y, to obtain the
display luminance y, when the light transmittance (aperture
ratio) in liquid crystal cells constituting sub-pixels is Lt,
may be obtained in advance, the parameters including the
driving signal maximum value in display area unit, values of
control signals corresponding to driving signals having
values equal to the maximum value, the display luminance
y, to be obtained when the control signals are supplied to the
sub- pixels, and the light transmittance (aperture ratio) Lt, in
liquid crystal cells constituting the sub-pixels.

[0113] Herein, control of the luminance of the planar light
source unit 42, is based on the following expression (2)
expressing the planar light source unit luminance controlling
function (X, ma)- That is, when X, ... =Xy oxr 6.8y

X the planar light source unit luminance controlling
function  g(x,.;. mas) can be expressed by g(x
obmad) =31 (Koo man) - 2+8g (2). Note that a, and a, are con-
stants and a,+a,=1, O<ay<1, 0<a,<1. For example, a,=0.99
and a,=0.01.

[0114] Then, the value of g(X,..,...) Obtained in the
operating circuit 71 of the backlight control unit 70 is
converted to a corresponding integer in a range of 0 to 255
on the basis of a table stored in the storage device 72. In this
way, in the operating circuit 71 of the backlight control unit
70, a value Sy, . of a pulse-width modulation output signal
to control light emission time of the red LED 41R, , a
value S¢_ ) of a pulse-width modulation output signal to
control light emission time of the green LED 41G ), and
avalue Sg_, -y of a pulse-width modulation output signal to
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control light emission time of the blue LED 41B, , in the
planar light source unit 42, , can be obtained. Note that

SR (q,p)_SG (q,p)_SB (a:p)

[0115] [Step-120]

[0116] Then, the values Sy_ .1, S (g, 14 Sp_(q ) OF the
pulse-width modulation output signals obtained in the oper-
ating circuit 71 of the backlight control unit 70 are trans-
mitted to the storage device 82 of the planar light source unit
driving circuit 80, corresponding to the planar light
source unit 42, , and are stored in the storage device 82.
Also, the clock signal CLK is transmitted to the planar light
source unit driving circuit 80 (see FIG. 4).

[0117] [Step-130]

[0118] This step corresponds to the method for driving the
planar light source device, the method for driving the color
LCD device assembly, the method for driving the LEDs, and
the pulse-width modulating method according to the first
embodiment.

[0119] In each planar light source unit driving circuit 80,
the oscillator 83 serving as a system clock constantly
operates (see a schematic waveform of the system clock
shown in (A) in FIG. 1). Pulse-width modulation unit clocks
CLg imit-tapyr CLlGunit-apy A4 CLp i py 0 the pulse-
width modulation for ON/OFF control of the red LED
41R(q.,p), .the green LED 41G(q,p)5 and tne blue LED 41B.(q,p)
constituting each planar light source unit 42, ., are obtained
by the oscillator 83 and the frequency divider 84 under
control by the operating circuit 81. The number of frequency
division cycles of the system clock is “K”. That is, the
number of frequency division cycles of the system clock is
K times the “one unit clock”. A waveform in this state is
schematically shown in (B) in FIG. 1. In (B) in FIG. 1, only
the pulse- width modulation unit clock CLy ¢ q ) 15 shown
as “CL,

umt :

[0120] In the planar light source unit 42, a luminance
value Y'g_(, oy of the red LED 41R _, a luminance value
Y'G( of the green LED 41G,, and a luminance value

) of the blue LED 41B , that are measured by the
photodlodes 4R . 44G(q y» and 44B_ . in a previous
frame are analog/digital- converted by the photodlode con-
trol circuit 86. Then, the operating circuit 81 determines
whether a difference exists between the converted digital
luminance values and an estimated luminance value Y'r@
p of the red LED 4R . an estimated luminance value
Y, btao of the green LED 41G,,,, and an estimated lumi-
nancé value Y' Bo(p O the blue LED 41B , ) based on the
values Sg_. s Seqpy> a1 Sy (g ) 0F the pulse-width modu-
lation output signals in the previous frame. A threshold of
the difference between the luminance values may be prede-
termined and stored in the storage device 82.

[0121] If the operating circuit 81 determines that no dif-
ference exists therebetween, the values CLy i .00 Cl.
unit-(q.p), ANd CLg_ ;¢ ¢ ) are not changed. Then, the oper-
ating circuit 81 determines ON time tp_ on.qp): ON time
{6.0N-(q,py a0d ON time ty o oy Of the red LED 41R, (@p)
the green LED 41G,, ., and the blue LED 41B,,  consti-
tuting the planar hght source unit 42, , on the ba51s of the
values Sg_ 1 Sgq,p)» a0d S ) of the pulse-width modu-
lation output signals in this frame by using the following
expressions. Note that S _, =S =S ,=S in the first
embodiment.

G-(a.p)” “B-(a.p
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1R-0N-(g.9=CLR unit-£0.R-(ap) -1
16-0N-{q.»=CL G unit-(0.*5G(a.) (1-2)
15 ON-(q,p=CLB unit-(q,0**B-(q.p) (1-3)
[0122] The ON-time tg . (qpy When Sy, =2 is sche-

matically shown in (C) in FIG. 1. In (C) in FIG. 1, Sy, jis
represented by “S” and tg_ o qp 15 tepresented by Ton -

[0123] On the other hand, if the operating circuit 81
determines that a difference exists between the luminance
value Y'y 1, of the red LED 41R, ) measured by the
photodiode 44R  , in the previous frame and the estimated
luminance valve Y"y .y of the red LED 41R,_ , based on
the value Sg (. of the pulse-width modulation output
signal in the previous frame, the pulse-width modulation
unit clock CLy 15, 15 adjusted to long or short by increasing
or decreasing the number of frequency division cycles of the
system clock in the driving circuit (in other words, in the
pulse-width modulation). More specifically, if the luminance
value Y'g ., o of the red LED 41R . measured by the
photodiode 44R , ., in the previous frame is larger than the
estimated luminance value Y", ,  of thered LED 41R
based on the value Sg_, ., of the pulse-width modulation
output signal in the previous frame, the pulse-width modu-
lation unit clock C; g e 15 shortened by decreasing the
number of frequency division cycles of the system clock
(e.g., the number of cycles is decreased by one unit clock to
“K-17). (D) and (E) in FIG. 1 schematically show this state.
In (D) and (F) in FIG. 1, the pulse-width modulation unit
clock CLg it qp) 18 Tepresented by “CL,..7 Sg qp 18
represented by “S”, and tg gy 18 Tepresented by “toy”.
On the other hand, if the luminance value Y'y_, . of the red
LED 41R, , measured by the photodiode 44R  in the
previous frame is smaller than the estimated luminance
value Y"y ) Of the red LED 41R ,, based on the value
SR of the pulse-width modulation output signal in the
previous frame, the pulse-width modulation unit clock CLy,
unic 18 made long by increasing the number of frequency
division cycles of the system clock (e.g., the number of
cycles is increased by one unit clock to “K+17). The increase
or decrease of the number of frequency division cycles of the
system clock is not limited to one unit clock. For example,
the number of frequency division cycles of the system clock
may be increased or decreased by k unit clocks (k=1, 2,3 .
.) in accordance with a difference between the luminance
value Y' of the red LED 41 measured by the photodiode 44
in the previous frame and the estimated luminance value Y"
of the LED 41 based on the value S of the pulse-width
modulation output signal in the previous frame.

[0124] When OFT times of the red LED 41R  _,,, the green
LED 4G, and the blue LED 41B ) are tg opp.qpy
tG-OFF-(q,p)’ an tB—OFF—[q,p)’ tR—ON-(q,p)"'tR—OFF—(q,p)=t(}—ON-(qJ
P16 OFE- (.0 =B -ON-(q,p) HB-OFE-(qmy=CONStaNt value te, .-
[0125] For example, assume that the system clock is 100
MHz (=10* Hz) and that the driving frequency of the LED
is 600 Hz, the value of the pulse-width modulation unit
clock CL,, is 108/(600x256)=~650, that is, about 650 times
one unit clock. Thus, a change of one unit clock in the
number of frequency division cycles of the system clock is
(Y650)=0.15%. That is, ON times ty_qn, tg.on» a0d t_ ong OF
the LEDs can be controlled on about 0.15% basis. This value
is an example, and the present invention is not limited to this
value.

[0126] (A)inFIG. 2 schematically shows the pulse-width
modulation unit clock (CL,;,). (B), (C), (D), and (E) in FIG.
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2 schematically show ON times tqy in cases where S=1, 2,
3, and 255 (maximum). The constant value t.,,. corre-
sponding to one operation cycle and the maximum ON time
ton-max Nave a relationship of ty . <t

[0127] The signals corresponding to the ON times tg_on.
@)s tG-ON-tq,p) and B oL (ap) of the red LED 41R the
green LED 41G, ,, and the blue LED 41B(q o) constituting
the planar light source unit 42, (@) obtained in this way are
transmitted to the LED driving circuit 85. On the basis of the
values of the signals corresponding to the ON times t;_ o
@)s tgonigpy @0 ta on. (g p)» the switching elements 87R,
87G, and 87B are in an ON-state during the ON times
tr on-(.p) 16Ny 3] Ts 0N (qpy 20d LED driving cur-
rent from the LED driving power supply 88 is supplied to
eachofthe LEDs 41R ,, 41G ., and 1B . Asaresult,

the LEDs 41R, ., 41G( oy and 4B emlt light during
the ON times ty_ o (qpp G-ON-(a.p) and . oN.(q,p)> TESDEC-
tively, in one frame period. Accordingly, the (q, p)-th display
area unit 12, ; is lighted at predetermined illuminance. A
state of the display luminance obtained in the above-de-
scribed manner is shown by solid lines in FIGS. 7A and 7B.
FIG. 7A schematically shows a relationship between 2.2-th
power of a value of a driving signal input to the color LCD
device driving circuit in order to drive sub-pixels (x'=x>~

and a duty period (=ton/tcone)- FIG. 7B schematically
shows a relationship between a value X of a control signal
to control the light transmittance of the sub-pixels and the
display luminance y.

[0128] On the other hand, the values X, /n 1 X6 (q.pm,
m), and Xg_(q pmmy OF the driving signals [R, G, Bl omm
input to the color LCD device driving circuit 90 are trans-
mitted to the timing controller 91. The timing controller 91
supplies (outputs) control signals [R, G, Bl s m corre-
sponding to the input driving signals [R, G, B], s, ) t0 the
sub-pixels [R, G, B] g pinm) The values Xg_ o ommy X
nm, and Xp (g ) OF the control signals [R, G, B] g /nmys
which are generated in the timing controller 91 of the color
LCD device driving circuit 90 and which are supplied from
the color LCD device driving circuit 90 to the sub-pixels [R,
G, Bl pmmy and the values xg_ (qp/n w2 XG-(a,p/mm)s and

of the driving signals [R, G, Bl ,/mm) are in the
foﬁ‘owmg relationship. Note that b1 _® Do rs by s by g
b, 5. and b, ; are constants. On the basis of the values
XR- (g pimm) X6-@pmmy A Xp_ (g pmm Of the control sig-
nals [R, G, B], ./, ), the light transmittance (aperture ratio)
Lt of the liquid crystal cells constituting the sub-pixels [R,
G, Bl pram 18 controlled.

Const’

XR (g pom=? 1JXR—(q,p/n.m)z'2+b0J G-1)
Xo (qpmmy=b1_cX G—(q‘p/n,m)22+b07G (3-2)
X (q.phn.m=P lj:XB—(q,p/n,m)z.z+b0J (3-3)
[0129] Inthis way, an image of one frame is displayed. In

one frame, an operation of the color LCD device 10 is
synchronized with an operation of the planar light source
device 40 on the basis of the clock signal CLK.

[0130] The embodiment of the present invention has been
described above, but the present invention is not limited to
this embodiment. The configurations of the transmissive
color LCD device, the planar light source device, and the
color LCD device assembly described in the embodiment
are examples. Also, the components and materials consti-
tuting those devices are examples and can be adequately
modified. Alternatively, temperature of the LEDs may be
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monitored by a temperature sensor and the result may be fed
back to the planar light source unit driving circuit 80, so that
the luminance of the planar light source units may be
compensated (corrected) or the temperature thereof can be
controlled.

[0131] As shown in a conceptual view in FIG. 8, an LED
assembly including an LED 41 attached with a light extract-
ing lens 100 may be used as a light source, light emitted
from the LED 41 may be totally reflected on a top surface
103 of the light extracting lens 100, and the light may be
output mainly in the horizontal direction of the light extract-
ing lens 100 in a two-dimensional direction output configu-
ration. In FIG. 8, reference numeral 101 denotes a bottom
surface of the light extracting lens 100, and reference
numeral 102 denotes a side surface of the light extracting
lens 100. As the material of the light extracting lens, material
used for an eyeglass lens can be used. For example, plastic
material having a high refractive index can be used. The
examples include “Prestige” (refractive index: 1.74) made
by Seiko Optical Products Co., Ltd.; “ULTIMAX V AS
1.74” (refractive index: 1.74) made by SHOWA OPT. Co.,
Ltd.; and “NL5-AS (refractive index: 1.74) made by Nikon-
Essilor Co., Ltd. Also, optical glass such as glass material
“NBFD11” (refractive index n;: 1.78), “M-NBFDS82”
(refractive index n,: 1.81), and M-LAF81 (refractive index
n;: 1.731) made by HOYA Corporation; and inorganic
dielectric material such as KTiOPO, (refractive index n;:
1.78) and lithium niobate (LiNbO;) (refractive index: n,:
2.23) can be used.

[0132] Tt should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:
1. A method for driving a planar light source device, the
planar light source device including

(a) a plurality of planar light source units to light a color
LCD device from the back, each planar light source
unit including a red LED, a green LED, and a blue
LED; and

(b) a driving circuit to perform ON/OFF control of the red
LED, the green LED, and the blue LED included in
each planar light source unit on the basis of pulse-width
modulation,

wherein, when pulse-width modulation unit clocks in the
pulse-width modulation for ON/OFF control of the red,
green, and blue LEDs included in each planar light
source unit are CLy 17,5, CLgyni a0d CLg 17, When
ON time of the red LED in each planar light source unit
18 ty_on; When OFF time of the red LED is ty_opr; when
a value of a pulse-width modulation output signal to
control light emission time of the red LED is Sg; when
ON time of the green LED is t5_ox; When OFF time of
the green LED is t5_qpg; When a value of a pulse-width
modulation output signal to control light emission time
of the green LED is S5; when ON time of the blue LED
18 tp_ox; When OFF time of the blue LED is ty_opp; and
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when a value of a pulse-width modulation output signal
to control light emission time of the blue LED is S,

IR oN+R oFF=lG oN+G oFF=lB ontHp opp=constant
Value eonss

1R oN=CLR y0it¥Sx;
L6.oN=CLg 03iSc; and
t5.on=CLp_emixSp are satisfied,

the method comprising the step of:

adjusting the respective pulse-width modulation unit
clocks CLy 17pi0 CL ot @d CLy 17,;, 11 €ach planar
light source unit to long or short by increasing or
decreasing the number of frequency division cycles of
a system clock in the driving circuit.
2. The method for driving the planar light source device
according to claim 1,

wherein, when maximum ON time of the red LED is
tr ON-mas When maximum ON time of the green LED
18 T onmexs a01d When maximum ON time of the blue
LED 18 ts on-max

R ON-max<tConsts
tG-ON-max<teonsts 20

th-ON-max<tconstdte satisfied.

3. The method for driving the planar light source device
according to claim 1,

wherein the respective pulse-width modulation unit
clocks CLg i Clgmie and CLy .. in each planar
light source unit are adjusted to long or short by
increasing or decreasing the number of frequency divi-
sion cycles of the system clock in the driving circuit by
one unit clock.

4. The method for driving the planar light source device

according to claim 1,

wherein luminance of each of the red, green, and blue
LEDs included in each planar light source unit is
measured, and the number of frequency division cycles
of the system clock in the driving circuit is increased or
decreased on the basis of a measurement result of the
luminance.

5. A method for driving a color LCD device assembly, the

color LCD device assembly including

(a) a color LCD device including a display area having
PxQ display area units, the display area including
pixels arranged in a two-dimensional matrix pattern
and each of the display area units including a plurality
of pixels;

(b) aplanar light source device including PxQ planar light
source units corresponding to the PxQ display area
units and a driving circuit to drive the planar light
source units, each planar light source unit including a
red LED, a green LED, and a blue LED, and lighting
the corresponding display area unit from the back; and

(¢) a color LCD device driving circuit to drive the color
LCD device,
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wherein, when pulse-width modulation unit clocks in
pulse-width modulation for ON/OFF control of the red,
green, and blue LEDs included in each planar light
source unit are CLg ..o Clgume a0d Clg 15, When
ON time of the red LED in each planar light source unit
18 tg_ongs When OFF time of the red LED is ty_orp; When
a value of a pulse-width modulation output signal to
control light emission time of the red LED is S;; when
ON time of the green LED is t5_qpg; when OFF time of
the green LED is t5_opp; When a value of a pulse-width
modulation output signal to control light emission time
of the green LED is S; when ON time of the blue LED
18 tg_oa; When OFF time of the blue LED is ty oz and
when a value of a pulse-width modulation output signal
to control light emission time of the blue LED is Sy,

R oN*R oFF=!G.ont G oFF=!B oN+HB oFp=constant
value feg

1R ON=CLR qni¥SR5
16-0N=CLG umit¥S5 and
tn.on=CLp_unixSp are satisfied,

the method comprising the step of:

adjusting the respective pulse-width modulation unit
clocks CLg i CLgymi and CL in each planar
light source unit to long or short by increasing or
decreasing the number of frequency division cycles of
a system clock in the driving circuit.

6. A method for driving an LED,

B-unit

a driving circuit to perform ON/OFF control of the LED
on the basis of pulse-width modulation being used,

wherein, when a pulse-width modulation unit clock in the
pulse-width modulation for ON/OFF control of the
LED is CL,,: when ON time of the LED is t,; when
OFF time of the LED is topp; and when a value of a
pulse-width modulation output signal to control light

emission time of the LED is S,

12
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tontopp=constant value fe,.; and
ton=CLuxS are satisfied,

the method comprising the step of:

adjusting the pulse-width modulation unit clock CL,, to
long or short by increasing or decreasing the number of
frequency division cycles of a system clock in the
driving circuit.

7. The method for driving the LED according to claim 6,

wherein, when maximum ON time of the LED 18 toyy a0,
ton-max<tconst 15 satisfied.
8. The method for driving the LED according to claim 6,

wherein the pulse-width modulation unit clock CL_,, it is
adjusted to long or short by increasing or decreasing the
number of frequency division cycles of the system
clock in the driving circuit by one unit clock.

9. The method for driving the LED according to claim 6,

wherein luminance of the LED is measured, and the
number of frequency division cycles of the system
clock in the driving circuit is increased or decreased on
the basis of a measurement result of the luminance.
10. A pulse-width modulating method,

wherein, when a pulse-width modulation unit clock in
pulse-width modulation is CL__,; when ON time is

tons When OFF time is topp; and when a value of a
pulse-width modulation output signal is S,

tontHopp=constant value fe ;. and
ton=CLnirxS are satisfied,

the method comprising the step of:

adjusting the pulse-width modulation unit clock CL _;, to
long or short by increasing or decreasing the number of

frequency division cycles of a system clock in the
pulse-width modulation.

¥ ok %k k%
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