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(54) TITLE OF THE INVENTION:

IMAGE DISPLAY DEVICE

(57) ABSTRACT

PROBLEM

To improve motion blur and reduce flicker disturbance in image display devices with hold type electrical-to-

optical conversion characteristics, astypified by liquid crystal display devices.

MEANSTO SOLVE THE PROBLEM
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The image display device of the present invention includes aliquid crystal panel 5 that modulates light based
on avideo signa and alamp 8i that illuminates the liquid crystal panel 5. Furthermore, the lamp 8i illuminates
theliquid crystal panel 5 using light that is a mixture of a pulse component i, which is emitted once per frame
of the video signal, and a pulse component h emitted at a frequency higher than the frame frequency.

[Selected Drawing] FIG. 1
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What isclaimed is.
[Claim 1]

An image display device, comprising:

image display means that modulates light based on avideo signal; and

alight source body for illuminating the image display means; wherein

the light source body illuminates the image display means using light that is a mixture of a pulse component i,
which is emitted once per frame of the video signal, and a pulse component h emitted at a frequency higher
than the frame frequency.

[Claim 2]
The image display device according to claim 1, wherein the light emission duration of the pulse component i
islonger than the light emission duration of the pulse component h.

[Claim 3]
The image display device according to claim 1 or 2, wherein the light emitting start time of the pulse
component h is in a non-synchronous relationship with the light emitting start time of the pulse component i.

[Claim 4]
The image display device according to any one of claims 1 to 3, wherein the pulse component h is emitted
two or more times per frame of the video signal.

[Claim 5]
The image display device according to any one of claims 1 to 4, wherein pulse component h is emitted at a
frequency that is higher than the critical fusion frequency.

[Claim 6]
The image display device according to any one of claims 1 to 5, wherein the same electrical power is supplied
to the light source body to cause emission of the pulse component i and the pulse component h.

[Clam 7]
The image display device according to any one of claims 1 to 6, wherein the light source body emits both the
pulse component i and the pulse component h.

[Claim §]
The image display device according to any one of claims 1 to 7, comprising alogic circuit for synthesizing a
signal to generate the pulse component i and a signal to generate the pulse component h.

[Claim 9]

The image display device according to any one of claims 1 to 8, wherein each of the circuits for generating
the pulse component i and the circuit for generating the pulse component h are configured using digital circuits
and the bit length of the circuit for generating the pulse component h is shorter than the bit length for
generating the pulse component i.

[Claim 10]

The image display device according to any one of claims 1 to 9, wherein asignal with afrequency higher
than the frequencies of the pulse component i and the pulse component his supplied to asignal that isa
composite of the signal for generating the pulse component i and the signal for generating the pulse component
h.

[Claim 11]

The image display device according to any one of claims 1 to 10, comprising image quality adjustment means
for fixing the light emission duration of the pulse component h while increasing or decreasing the frequency of
the pulse component h.
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[Claim 12]

The image display device according to any one of claims 1 to 10, comprising image quality adjustment means
for fixing the frequency of the pulse component h while increasing or decreasing the light emission duration of
the pulse component h.

[Claim 13]

The image display device according to any one of claims 1 to 12, wherein during the period when animageis
displayed on the image display means, there is no time where the plurality of lampsincluded in the light source
body are al ON at the same time.

[Claim 14]

The image display device according to any one of claims 1 to 12, wherein during the period when valid video
is being displayed on the image display device, there is no time where the lamps included in the light source
body are al OFF at the sametime.

[Claim 15]

An image display device, comprising:

image display means that modulates light based on a video signal; and

K (K> 2, K isaninteger) light source bodies for illuminating the image display means; wherein

the K light source bodies are grouped into N (2 <N <K, N is an integer) systems with light emissions
controlled in a mutually independent manner and light that is a mixture of pulse component i emitted once per
frame of the video signal and the pulse component h emitted at a frequency that is higher than frame frequency
is emitted from the respective systems to illuminate the image display means, and

the light emitting start time of the pulse component i is controlled for each of the N systems in accordance
with the video scan timing of the image display means.

[Claim 16]
The image display device according to claim 15, wherein with regards to the N systems, the pulse component
his controlled so that the light emitting start times are mutually offset.

[Claim 17]
The image display device according to claim 15, wherein with regardsto M systems (2<M <N <K, M isan
integer), the pulse component h is controlled so that the light emitting start times are mutually offset.

[Claim 18]

The image display device according to any one of claims 15 to 17, wherein during the period when an image
is displayed on the image display means, there is no time when all of the light source bodies are ON at the
same time.

[Claim 19]

The image display device according to any one of claims 15 to 17, wherein during the period when valid
video is being displayed on the image display device, there is no time where the light source bodies are all
OFF at the same time.

[Claim 20]

The image display device according to any one of claims 15 to 19, comprising:

a protection circuit provided between the generating circuit of the pulse component i and the pul se component
h and the switch that controls light emission of the light source bodies, wherein

the generating circuit outputs aturn ON signal made up of a plurality of systemsto the protection circuit to
cause the light source bodies to emit light, and
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the protection circuit counts the number of systemsin the same logic state with respect to the turn ON signa
made up of the plurality of systems, and if the number of systems exceeds a prescribed allowable value, a part
or al of the light source bodies are turned OFF.

[Claim 21]

An image display device, comprising:

image display means that modulates light based on avideo signal; and

K (K> 2, K isaninteger) light source bodies for illuminating the image display means, wherein

the K light source bodies are grouped into N systems (2 <N <K, N isan integer) with light emissions
controlled in a mutually independent manner and light provided as the pulse component i emitted from the
respective systems once per video signal frame is emitted, illuminating the image display means,

the light emitting start time of the pulse component i is controlled for each of the N systems in accordance
with the video scan timing of the image display means,

aprotection circuit provided between the generating circuit of the pulse component i and a switch that controls
light emission of the light source bodies,

the generating circuit outputs aturn ON signal made up of a plurality of systemsto the protection circuit to
cause the light source bodies to emit light, and

the protection circuit counts the number of systemsin the same logic state with regards to the turn ON signals
that make up the plurality of systems and if the number of systems exceeds an alowable value, turnsal or a
part of the light source bodies OFF.

[Claim 22]

The image display device according to any one of claims 1 to 21, comprising:

acurrent limiting element between the switch for controlling turning ON of the light source bodies and the
light source bodies.

[Claim 23]

The image display device according to any one of claims 1 to 22, comprising:

acurrent limiting element between the switch for controlling turning ON of the light source bodies and the
power supply circuit that supplies power for turning ON the light source bodies.

[Claim 24]
The image display device according to claim 22 or 23, wherein the current limiting element is a passive
element that consumes reactive power.

[Claim 25]

An image display device, comprising:

image display means that modulates light based on a video signal; and

K (K > 2, K isan integer) light source bodies for illuminating the image display means, wherein

the K light source bodies are grouped into N systems (2 < N <K, N isan integer) with light emitting
controlled in a mutually independent manner and light provided as a pulse component h is emitted from the
respective systems at a frequency higher than frame frequency, illuminating the image display means, and
with regards to the N systems, the pulse component h is controlled so that the light emitting start times are
mutually offset.

[Claim 26]

The image display device according to claim 25, comprising:

a protection circuit between the generating circuit of the pulse component h and the switch that controls light
emission of the light source bodies, wherein

the generating circuit outputs aturn ON signal made up of a plurality of systemsto the protection circuit to
cause the light source bodies to emit light, and

the protection circuit counts the number of systems with the same logic state with respect to the turn ON
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signal made up of the plurality of systems, and if the number of the systems exceeds a prescribed allowable
value, all or apart of the light source bodies are turned OFF.

[Claim 27]
The image display device according to claim 25 or 26, wherein during the period when an imageis displayed
on the image display means, there is no time when all of the light source bodies are ON at the same time.

[Claim 28]

The image display device according to claim 25 or 26, wherein during the period when valid video is being
displayed on the image display device, there is no time where the light source bodies are all OFF at the same
time.

[Claim 29]
The image display device according to any one of claims 1 to 28, wherein the light source body isa
semiconductor light emitting element.

[Claim 30]
The image display device according to claim 29, wherein the semiconductor light emitting element is alight
emitting diode.

[Claim 31]
The image display device according to any one of claims 1 to 30, wherein the image display meansisaliquid
crystal panel.

[Claim 32]
The image display device according to claim 31, wherein the liquid crystal panel isatransmissive liquid
crystal panel, and the light source body is configured by atransmissive liquid crystal panel backlight.

[Claim 33]
The image display device according to claim 31, wherein aplurality of gate lines connected to the liquid
crystal panel are sequentially scanned by an active element provided in the liquid crystal panel.

[Claim 34]
The image display device according to claim 31, wherein
the liquid crystal panel isatransmissive liquid crystal panel,
aplurality of gate lines connected to this transmissive liquid crystal panel are sequentially scanned using
active elements provided on the transmissive liquid crystal panel, and
the light source body is configured by a backlight of the transmissive liquid crystal panel backlight.

DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL FIELD
[0001]
The present invention relates to an image display device, particularly to an improvement in the display quality
of amotion picture of an active matrix type LCD (liquid crysta display).

BACKGROUND TECHNOLOGY
[0002]

In recent years, with the increase in size and luminance of LCDs (Liquid Crystal Display), applications have
expanding from there being used for PC monitorsto TVs.

[0003]

The LCD isaso-called hold type light emitting display device, and the display luminance does not sharply
change within a single frame. Therefore, there islittle flicker and they are suitable for displaying still images.
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On the other hand, regarding the display of motion pictures, as described in Non-Patent Document 1, an
impul se type light emitting display deviceis more suitable.

[0004]

In addition, with the hold type light emitting display device, the motion picture is displayed with a flow of
picture as of a subject in motion taken with along exposure. Thisis called maotion blur (blurring, shaking,
tailing, bleeding, dragging, blur).

[0005]

Several prior applications for impulse type light emission are listed below. In the technique disclosed in
Patent Document 1, the light of the lamp isintermittently blocked using a shutter. In the technique disclosed in
Patent Document 2, a plurality of lamps emit light sequentially in synchronization with the scanning of a gate
line. The technique disclosed in Patent Document 3 is the emitting of pulsed light synchronized with a vertical
sync signal vstwo or more times per frame.

[0006]

Hold Type Light Emitting Display Device

FIG. 33isablock diagram of atransmissive LCD having a hold type light emitting backlight. Here, as an
example of resolution, the LCD resolution is assumed to be 11 horizontal by 8 vertical. In addition, in FIG. 33,
the thin wiring represents asignal line or a bus line, and the thick wiring represents a power line.

[0007]

Asillustrated in FIG. 33, the hold type light emitting display device includes a video signal input terminal 1,
acontrol circuit 2, asource driver 3, agate driver 4, and aliquid crystal panel 5. In addition, source lines sO,
sl, s2, ..., s10 are connected to the source driver 3, and gate lines g0, g1, g2, ..., g7 are connected to the gate
driver 4. A liquid crystal cell (not shown) isformed at each intersection of the source line and the gate line.
The light transmittance is changed according to the video signal each time the liquid crystal cell is scanned.

[0008]

Furthermore, the hold type light emitting display device includes alight emission power input terminal 6, a
power supply circuit 7, alamp 8h, and alight guide plate 9. Fluorescent lamps and the like are suitable for hold
type light emitting.

[0009]

FIG. 34 isaquditative explanatory diagram of the motion blur caused by hold type light emitting. FIG. 34
schematically shows a state in which awhite object of 3 pixelsin the vertical direction and any sizein the
horizontal direction moves from top to bottom at the speed of one picture element per frame on a black
background.

[0010]

Part A in FIG. 34 shows the light emission waveform of the backlight. The horizontal axisistime (unitis
vertical period, frame), and the vertical axisis light emission luminance (unit is arbitrary). When displaying an
interlaced video signal, the unit on the horizontal axis may be field. Here, two fields correspond to one frame.

[0011]
In the part A of FIG. 34, the light emission luminance is always constant.

[0012]

Part B in FIG. 34 illustrates an object to be displayed on the display device. The horizontal axisis space (unit
is picture element, pixel), and the vertical axisis transmittance of each picture element (unit is arbitrary). Ina
black-and-white (monochrome) display device used in athree-panel projector, dots may be used as a unit on
the horizontal axis. Note, 1 pixel corresponds to 3 dots or 3 sub-pixels of RGB color.
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[0013]

In part B of FIG. 34, the contour of the object is sharply sloped. Part C of FIG. 34 represents a state in which
an object moves on the screen (horizontal axisistime, vertical axisis space). Each picture element is updated
at afrequency of once per frame. Furthermore, the diagonal line hatched area emits light according to
movement of the object. When movement of this object is followed by the eye, the change in luminanceis
integrated (averaged) on the retina of the eye aong the black arrow in the figure, and is visible to the user asin
part D of FIG. 34. Note, in thisfigure, the response time of the liquid crystal molecule and the scanning time
of the gate are ignored.

[0014]

Part E in FIG. 34 isthe shade of the abject actualy reflected on the retina. The horizontal axisis space (unit
is picture element), and the vertical axisis display brightness (unit is arbitrary). Comparing part E of FIG. 34
with part B, the contour of the object illustrated in part E of FIG. 34 is more dull than the object illustrated in
part B of FIG. 34. This manner of dulling of contour is motion blur.

[0015]

Impulse Type Light Emitting Display Device

FIG. 35to FIG. 39 are explanatory diagrams of an impulse type light emitting display device. FIG. 35isan
example of ablock diagram of an LCD having an impulse type light emitting backlight. The main differences
of an LCD with an impulse type light emitting backlight as compared to a hold type light emitting display
device will be described below.

[0016]

Asshown in FIG. 35, an LCD having an impulse type light emitting backlight includes aturn ON signal
generating circuit 10, aswitch 11, alamp 8i, and alight guide plate 9a. In FIG. 35, the same reference codes
are used for members that have the same functions and configuration asin FIG. 33.

[0017]

The control circuit 2 of FIG. 35 outputs the vertical sync signal vsto the turn ON signal generating circuit 10,
and the turn ON signal generating circuit 10 outputs the turn ON signals p0 to p3 to the switch 11. The switch
11 passes or cuts off the electric power flowing from the power supply circuit 7 to the lamp 8i according to the
signal levels of the turn ON signals pO to p3. A lamp such asan LED (Light Emitting Diode) is suitable for
impul se type light emission.

[0018]

The light guide plate 9aiis divided into aplurality of rectangular areas parallel to gate lines g0 to g7. In the
configuration shown in FIG. 35, the light guide plate 9ais divided into four areas LOto L3. TheareaLO
illuminates the picture elements scanned by the gate lines g0 and g1. Similarly, the area L 1 illuminates the
picture elements scanned by the gate lines g2 and g3, the area L 2 illuminates the picture elements scanned by
the gate lines g4 and g5, and the area L 3 illuminates the picture elements scanned by the gate lines g6 and g7.
The turning ON and turning OFF of each area L0 to L3 are independently controlled by the corresponding turn
ON signals p0 to p3.

[0019]

Furthermore, the number of areas the light guide plate is divided up into is not always the same as the number
of gate lines. For example, in the configuration of FIG. 35, the light guide plate is divided into four but there
are eight gate lines.

In addition, the number of lamps that illuminate one areais not limited to one. In the configuration of FIG. 35,
two lamps illuminate one area.

[0020]

FIG. 36 is an example in which the turn ON signal generating circuit 10 of FIG. 35 isimplemented using a
digital circuit. Asillustrated in FIG. 36, the turn ON signal generating circuit 10 includes an input terminal 101
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for the vertical sync signal vs, acounter 102, turn ON time setting means 103r, turn OFF time setting means
103f, and an equality comparators 104r and 104f, an SR flip flop 105, output terminals 106 of the turn ON
signals p0 to p3, one-fourth frame hold setting means 107, and adelay circuit 108. The dotted line attached to
the reference number 109 in FIG. 36 indicates that the area surrounded by the dotted line isin the same circuit
block.

[0021]

In addition, in FIG. 36, the setting means 103r, 103f, and 107 are hatched. In addition, in FIG. 36, the thin
wiring represents one signal line, and the thick wiring represents abusline that is at least one bit wide.
Furthermore, the vertical sync signal vsis negative logic (high period islonger than the low period), and the
turn ON signals p0 to p3 are positive logic (turn ON on high and turn OFF on low). Note, in FIG. 36, the
power supply, the GND terminal, and the clock line are omitted.

[0022]

In addition, the counter 102p is not cleared by the vertical sync signal vs pulse. In other words, the counter
102 operates synchronized with the vertical sync signal vs. The circles on the input terminals of the counter
102 indicate that they operate based on negative logic.

[0023]

The setting means 103r and 103f have afunction of holding the turn ON timing and the turn OFF timing of
the lamp 8i, respectively. The two equality comparators 104r and 104f output a pulse to the SR flip flop 105
when the output value of the counter 102 matches a prescribed set value. The light emission luminance of the
lamp is set by the duty cycle of the output signal of the SR flip flop 105.

[0024]

In addition, there are atotal of four systems of circuit blocks 109. The setting means 107 and the delay circuit
108 have a function of setting the operation timing of each system. The four circuit blocks 109 operate in
parallel while maintaining a one-fourth frame phase difference.

[0025]

The setting means 103r, 103f, and 107 in FIG. 36 can be implemented using ajumper resistor, a DIP switch,
ROM, aregister, or the like. Furthermore, these setting means are not illustrated in FIG. 35. Display device
designers, production personnel, installers, viewers, and the like can change the parameters held by these
setting means according to the application, the source of the video signal, the taste of the viewer, and the like
to adjust for optimal image quality.

[0026]

FIG. 37 isadiagram illustrating operation waveforms of each part of FIG. 35. A pulse signal synchronized
with the vertical sync signal vsis output to the gate lines g0 to g7 and the turn ON signals p0 to p3. For
convenience of illustration, only 4 of the 8 gate lines g0 to g7 are drawn, g0, g2, g4 and g6. The ON/OFF
timing of the turn ON signals p0 to p3 is determined in consideration of the response time of the liquid crystal
molecules and the scan time of the gate.

[0027]

FIG. 38illustrates light emission waveforms of areas L0 to L3 of the light guide plate 9aof FIG. 35. As
illustrated in FIG. 38, the areas LO to L3 of the light guide plate 9a sequentially emit light in the same direction
as the scanning of the gate (from the upper part to the lower part of the screen in FIG. 38) synchronized with
the vertical sync signal vs.

[0028]
FIG. 39 describes mation blur of an LCD having an impul se type light emitting backlight.
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Note, the notation method of FIG. 39 isthe same asthat of FIG. 34. In addition, theareaLO in FIG. 38 and
part A in FIG. 39 indicate the same luminance waveform, but the scale of the horizontal axis (time axis) is
different for the convenience of notation in the drawings.

[0029]
Comparing part E of FIG. 39 with part E of FIG. 34, the shading of the contour is steeper for the former, in
other words, for impulse type light emission, and that motion blur isimproved.

Patent Document 1 Japanese Unexamined Patent Application H03-284791 (published December 16, 1991)
Patent Document 2 Japanese Unexamined Patent Application H11-202285 (published July 30, 1999)

Patent Document 3 Japanese Unexamined Patent A pplication 2000-322029 (published November 24, 2000)
[Non-Patent Document 1] "Liquid crystal hones motion picture display, PDP counters with low power
consumption”, Nikkei Electronics, 2002, 11-18, p. 110.

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0030]

Herein, flashing of light at 50 to 60 times per second has been said to exceed the critical fusion frequency
(hereinafter: CFF) and so cannot be perceived by the human eye, and thus flicker does not occur. Therefore,
the vertical frequency of the TV isaso set to about 50 to 60 Hz.

[0031]

However, in recent years, LCDs have become larger and brighter, and CFF has increased. Thisis dueto the
difference in characteristics between the cone and rod of photoreceptor cells and the Ferry-Porter law. Asa
result, flicker disturbance has started to occur in impulse type light emissions of 50 to 60 Hz. However, the
vertical frequency of TV broadcasting cannot be easily changed because this frequency is defined by NTSC
(National Television Standards Committee), PAL (Phase Alternation by Line) and other standards.

[0032]

In addition, use of TV's has expanded and L CDs are starting to be used for EPG (Electronic Program Guide),
web browsers, still photograph images, store advertising demonstrations, guides for various facilities, and
other displays. For this reason, LCDs are increasingly used to display still images, and their display quality is
becoming more and more important.

[0033]

Also, conventionally, flicker was considered to be only one of display inhibitors. However, thereafter, it was
pointed out that flicker can cause eye fatigue and contribute to reduction in work efficiency and thisled to an
increase in the refresh rate of PCs. And today, flicker is suspected of causing dizziness, malaise, vomiting, and
epilepsy. In the future, flicker may even be transformed into a safety issue rather than adisplay quality issue.

[0034]
For thisreason, it can be said that the adverse effect of flicker is currently greater than the effect of reducing
motion blur with regards to impulse type light emission.

[0035]

FIG. 40 is an explanatory diagram of the effect of reducing mation blur using the technique described in
Patent Document 3. The notation method of FIG. 40 isthe same asthat of FIG. 34. Flicker isimproved
through having two impulse light emissions per frame as indicated in part A of FIG. 40. However, as
illustrated in part E of FIG. 40, aflat portion 2 appears between gradient 1 and gradient 3 of the contour of the
motion picture, and the slope of the shade is split into two. In other words, there is a side effect that the contour
of the motion picture looks double.

[0036]
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In this manner, there has not been an effective countermeasure to flicker disturbance of impulse type light
emissions. In light of the conventiona problems described above, the present invention provides an image
display device with improved motion blur and flicker disturbance.

MEANS FOR SOLVING THE PROBLEM
[0037]

The present invention, in anutshell, revises the luminance change of the contour portion of a motion picture
on the display device (see part E of FIG. 39) to the luminance change as shown in part E of FIG. 5. Thisisan
application of the theory of “Studying Methods to Improve AMLCD Motion Picture Image Quality” published
by the Institute of Image Information and Television Engineers on March 22, 2004.

[0038]

Specifically, an image display device of the present invention includes:

image display means that modulates light based on avideo signal; and

alight source body for illuminating the image display means; wherein

the light source body illuminates the image display means using light that is a mixture of a pulse component i,
which is emitted once per frame of the video signal, and a pulse component h emitted at a frequency higher
than the frame frequency.

[0039]

With the configuration described above, the motion picture displayed by the image display meansis
illuminated by light that is a mixture of the pulse component i and the pulse component h emitted by the light
source body. Therefore, with respect to the brightness of the contour portion of the motion picture, a portion
where the pulse component i and the pulse component h change corresponding to the mixed light and a portion
where the pulse component h changes corresponding to the light are generated.

[0040]

Here, since the pulse component h is emitted at a frequency higher than the frame frequency, in other words,
at afrequency higher than the pulse component i, the portion where the luminance changes corresponding to
the pulse component h in the contour portion of the motion picture cannot be discerned by human dynamic
visual acuity. As aresult, the outline of the motion pictureis not duplicated. Furthermore, the portion of the
contour portion of the motion picture where the brightness changes in response to the mixed light of the pulse
component i and the pulse component h emits light for alonger time than the other portions by the amount of
the pulse component i and this gradient is readily discernible by human dynamic visual acuity. Asaresult,
there is no motion blur.

[0041]

Furthermore, since the frequency of the pulse component h is set higher than the frame frequency, the flicker
due to the pulse component h is not discernible to humans. In addition, since the luminance based on the pulse
component i can be reduced by the amount light emission luminance contributed by the pulse component h,
flicker can be reduced while keeping the display brightness constant as awhole.

[0042]
As described above, with the image display device of the present invention, flicker can be reduced while
improving motion blur.

[0043]
Furthermore, with the image display device of the present invention, the light emission duration of the pulse
component i is preferably longer than the light emission duration of the pulse component h.

[0044]

As described above, the portion of the contour portion of the motion picture where the luminance changesin
response to the mixed light of the pulse component i and the pulse component h emits light for alonger time
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than the other portions according to the size of the pulse component i. Therefore, as the light emission time of
the pulse component i is lengthened as in the configuration described above, the gradient becomes easier to
discern through human dynamic visual acuity. In other words, motion blur can be more reliably prevented.

[0045]

Furthermore, with the image display device of the present invention, the light emitting start time of the pulse
component his preferably in a non-synchronous relationship with the light emitting start time of the pulse
component i.

[0046]

According to the configuration described above, since the light emitting start time is always different between
the pulse component h and the pulse component i, the luminance of the contour portion of the motion picture
displayed by the image display means changes according to the pul se component h and is thus more reliably
non-discernible by human dynamic visual acuity. Furthermore, in the contour portion of the motion picture, the
gradient is even more easily discernible for the portion where the luminance corresponding to light where the
pulse component i and pulse component h are mixed changes and this enables more readily preventing of
motion blur.

[0047]
Furthermore, with the image display device of the present invention, the pulse component h is preferably
emitted two or more times per frame of the video signal.

[0048]

According to the configuration described above, the magnitude of the first harmonic component can be
reduced with respect to the luminance of the mixed pulse component h and pulse component i light. Thus,
flicker can be more reliably reduced.

[0049]
Furthermore, with the image display device of the present invention, the pulse component h is preferably
emitted at a frequency higher than the critical fusion frequency.

[0050]

According to the configuration described above, since the pulse component h is emitted at a frequency higher
than the critical fusion frequency, the pulse component h does not cause flicker. Thus, flicker disturbance can
be more reliably reduced.

[0051]
Furthermore, with the image display device of the present invention, the same electrical power is preferably
supplied to the light source body to cause emission of the pulse component i and the pulse component h.

[0052]

According to the configuration described above, the pulse component i and the pulse component h are emitted
with the same electric power. The generation of the pulse component i and the pulse component h with the
same electric power in this manner can readily be achieved, for example, by using a switch controlled using a
digital circuit to perform switching. Therefore, the power consumption of the image display device can be
reduced.

[0053]
Furthermore, with the image display device of the present invention, the light source body preferably emits
both the pulse component i and the pulse component h.

[0054]
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According to the configuration described above, since both the pulse component i and the pulse component h
are emitted by the light source body, mixing the pulse component i and the pulse component h using an optical
system such as alight guide plate is not necessary. Therefore, luminance unevenness and chromaticity
unevenness of the image display means can be reduced.

[0055]

Furthermore, the image display device of the present invention preferably includes alogic circuit for
synthesizing the signal for generating the pulse component i and the signal for generating the pulse component
h.

[0056]

According to the configuration described above, the pulse component i and the pulse component h can be
mixed using alogic circuit without using a power circuit or an optical system. Furthermore, since a power
circuit is not used, the cost increase due to use of the configuration described above can be minimized, and
since an optical system is not used, luminance unevenness and chromaticity unevenness in the image display
means can be reduced.

[0057]

Furthermore, the image display device of the present invention preferably includes circuits for generating the
pulse component i and the circuit for generating the pulse component h that are configured using digital
circuits where the bit length of the circuit for generating the pulse component h is shorter than the bit length for
generating the pulse component i.

[0058]

According to the configuration described above, since the bit length of the circuit that generates the pulse
component h is shorter than the bit length of the circuit that generates the pulse component i, the size of the
circuit that generates the pulse component h can be reduced. As aresult, increase in circuit size required for
improving motion blur and reducing flicker disturbance can be suppressed.

[0059]

Furthermore, with the image display device according to the present invention, as described below in
embodiment 1-3, asignal with afrequency higher than the frequencies of the pulse component i and the pulse
component his preferably supplied to asignal that is a composite of the signal for generating the pulse
component i and the signal for generating the pulse component h.

[0060]

According to the configuration described above, the luminance of the light that is a mixture of pulse
component h and pulse component i can be adjusted by reducing the duty cycle of the signal (signal d) having
afrequency higher than the frequencies of the pulse component i and pulse component h. In addition, since the
frequency of the signal d is set higher than the frequencies of the pulse component h and the pulse component
i, the relationship between the pulse component h and the pulse component i is maintained before and after the
signal dis supplied. Therefore, the image display quality in the image display means does not deteriorate.

[0061]

Note, the order of the signal d frequency is desirably three orders of magnitude higher than the order of the
pulse component i and pulse component h frequencies. Thus, the light emitted by the signal d is not discernible
by humans. This enables preventing the light from being a cause of flicker.

[0062]

Furthermore, as described in embodiment 2-1 described above, the image display device of the present
invention preferably includes image quality adjustment means for fixing the light emission duration of the
pulse component h while increasing or decreasing the frequency of the pulse component h.
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[0063]

The image display means may display amotion picture or a still image. Furthermore, there is an appropriate
pulse component h frequency and pulse component h light emission duration for each of a case of displaying a
motion picture and a case of displaying a still image.

[0064]

According to the configuration described above, since the frequency of the pulse component h can be
increased or decreased using the image quality adjustment means, the frequency of the pulse component h can
be set to afrequency suitable for the image displayed by the image display means. Thus, image quality can be
adjusted according to the image display device application, source of the video signal, tastes of the viewer, and
thelike.

[0065]

Furthermore, the image quality adjustment means fixes the pulse component h light emission duration so the
pulse component h does not need to be dramatically shortened to adjust image quality. Therefore, switching
noise measures are simple.

[0066]

Furthermore, as described in embodiment 2-2 described below, the image display device of the present
invention preferably includes image quality adjustment means for fixing the frequency of the pulse component
h while increasing or decreasing the light emission duration of the pulse component h.

[0067]

In addition, according to the configuration described above, since the light emission duration of the pulse
component h can be increased or decreased using the image quality adjustment means, the pulse component h
can be set to a suitable light emission duration for the image displayed by the image display means. Thus,
image quality can be adjusted according to the image display device application, source of the video signal,
tastes of the viewer, and the like.

[0068]
Furthermore, since the image quality adjustment means fixes the frequency of the pulse component h,
countermeasures for beat due to interference with horizontal scanning frequencies can easily be performed.

[0069]

In addition, with the image display device of the present invention, as described in embodiment 3-1 described
below, while an image is displayed on the image display means, thereis preferably not any time when all of
the plurality of the lamps constituting the light source body described above are ON at the same time.

[0070]

According to the configuration described above, since there is no time when all the lamps constituting the
light source body are ON at the same time, the instantaneous maximum rating of the power supply circuit of
the light source body can be reduced. Therefore, a small and inexpensive power supply circuit can be used.

In addition, the harmonics flowing in the power supply circuit can be reduced.

[0071]

Furthermore, with the image display device of the present invention, as described in embodiment 3-1, while
valid video is displayed on the image display device, thereis preferably not any time when all of the lamps
congtituting the light source body described above are OFF at the same time.

[0072]

According to the configuration described above, as there is no time when all of the lamps constituting the
light source body are OFF at the same time, switching operation of the power supply circuit can be stabilized.
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[0073]

An image display device of the present invention may include:

image display means that modulates light based on avideo signal; and

K (K> 2, K isaninteger) light source bodies for illuminating the image display means,; wherein

the K light source bodies are grouped into N (2 <N <K, N isan integer) systems with light emissions
controlled in a mutually independent manner and light that is a mixture of pulse component i emitted once per
frame of the video signal and the pulse component h emitted at a frequency that is higher than frame frequency
is emitted from the respective systems to illuminate the image display means, and

the light emitting start time of the pulse component i is controlled for each of the N systems in accordance
with the video scan timing of the image display means.

[0074]

According to the configuration described above, as the image display meansisilluminated by light obtained
from mixing the pulse component i and the pulse component h, flicker can be reduced while motion blur is
improved.

[0075]

Furthermore, with the image display device of the present invention, as described in embodiment 3-1
described below, the pulse component h is preferably controlled so that the light emitting start time of the N
systems are mutually different.

[0076]

According to the configuration described above, the light emitting start times of the light source bodies made
up of N systems are controlled so as to be mutually offset; therefore, the maximum instantaneous rating of the
power supply circuit used for the light source bodies can be reduced.

[0077]

Furthermore, with the image display device of the present invention, as described in embodiment 3-2
described below, the pulse component h is preferably controlled so that the light emitting start time of the M (2
<M <N <K, M isan integer) systems are mutually different.

[0078]

According to the configuration described above, there are fewer pulse component h systems controlled so that
the light emitting start times thereof are offset than the number of systems for controlling the light emitting
start times of the pulse component i; therefore, the size of the circuit gate for generating the pulse component h
can be reduced.

[0079]

Furthermore, with the image display device of the present invention, as described in embodiment 3-1
described below, while an imageis displayed on the image display means, thereis preferably not any time
when the lamps constituting the light source body described above are ON at the same time.

[0080]

According to the configuration described above, since there is no time when all the light source bodies are
ON at the same time, the instantaneous maximum rating of the power supply circuit of the light source body
can be reduced. Therefore, a small and inexpensive power supply circuit can be used.

[o081]

Furthermore, with the image display device of the present invention, as described in embodiment 3-1
described below, while valid video is displayed on the image display device, there is preferably not any time
when all the light source bodies described above are OFF at the same time.
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[0082]
According to the configuration described above, asthere is no time when al of the light source bodies are
OFF at the same time, switching operation of the power supply circuit can be stabilized.

[0083]

Furthermore, the image display device of the present invention as described in embodiment 4-1 described
below may include:
aprotection circuit provided between the generating circuit of the pulse component i and the pul se component
h and the switch that controls light emission of the light source bodies, wherein
the generating circuit outputs aturn ON signal made up of a plurality of systemsto the protection circuit to
cause the light source bodies to emit light, and
the protection circuit counts the number of systems in the same logic state with respect to the turn ON signal
made up of the plurality of systems, and if the number of systems exceeds a prescribed alowable value, a part
or al of the light source bodies are turned OFF.

[0084]

According to the configuration described above, the protection circuit counts the number of systemsin the
same logical state with respect to the turn ON signal, in other words, the number of switches conducting
simultaneoudly. If the number of systems exceeds the permissible value, light source bodies are forcibly turned
OFF by the protection circuit, preventing an event where the number of light source bodies that are ON at the
same time exceeds the permissible number. This prevents, for example, the momentary exposure of the viewer
to a powerful flash of light.

[o085]

In addition, an image display device of the present invention as described in embodiment 4-2 described below
may include:

image display means that modulates light based on avideo signal; and

K (K> 2, K isaninteger) light source bodies for illuminating the image display means, wherein

the K light source bodies are grouped into N systems (2 <N <K, N isan integer) with light emissions
controlled in a mutually independent manner and light provided as the pulse component i emitted from the
respective systems once per video signal frame is emitted, illuminating the image display means,

the light emitting start time of the pulse component i is controlled for each of the N systems in accordance
with the video scan timing of the image display means,

aprotection circuit provided between the generating circuit of the pulse component i and a switch that controls
light emission of the light source bodies,

the generating circuit outputs aturn ON signal made up of a plurality of systemsto the protection circuit to
cause the light source bodies to emit light, and

the protection circuit counts the number of systemsin the same logic state with regards to the turn ON signals
that make up the plurality of systems and if the number of systems exceeds an allowable vaue, turnsall or a
part of the light source bodies OFF.

[0086]

According to the configuration described above, the protection circuit counts the number of systemsin the
same logical state with respect to the turn ON signal, in other words, the number of switches conducting
simultaneoudly. If the number of systems exceeds the permissible value, light source bodies are forcibly turned
OFF by the protection circuit, preventing an event where the number of light source bodies that are ON at the
same time exceeds the permissible number. This prevents, for example, the momentary exposure of the viewer
to a powerful flash of light.

[0087]

Furthermore, as described in embodiment 5-1 described below, the image display device of the present
invention preferably includes a current limiting element between the switch for controlling turning ON of the
light source body and the light source body. Alternatively, as described in embodiment 5-2 described below, a
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current limiting element may be provided between the switch for controlling turning ON of the light source
body and the power supply circuit for supplying power to turn ON the light source body.

[0088]

According to the configuration described above, the inrush current flowing through the light source body can
be reduced by the current limiting element, and this protects the image display device from a short circuit
failure.

[0089]
Furthermore, the current limiting element described above may be a passive element that consumes reactive
power.

[0090]

According to the configuration described above, a passive element that consumes reactive power is used as
the current limiting element; therefore, the power line of the image display device can be protected from a
short circuit failure without increasing the power consumption of the image display device.

[00971]

An image display device of the present invention as described in embodiment 6-2 described below preferably
includes:

image display means that modulates light based on avideo signal; and

K (K > 2, K isan integer) light source bodies for illuminating the image display means, wherein

the K light source bodies are grouped into N systems (2 < N <K, N isan integer) with light emitting
controlled in a mutually independent manner and light provided as a pulse component h is emitted from the
respective systems at a frequency higher than frame frequency, illuminating the image display means, and
with regards to the N systems, the pulse component h is controlled so that the light emitting start times are
mutually offset.

[0092]

Cases where the image display deviceis onethat is a guide for various types of facilities or for a mobile
device, motion blur is basically not a problem. Therefore, the pulse component i does not necessarily need to
be irradiated from the light source body to the image display means.

[0093]
In addition, the pulse component h is controlled so that the light emitting start times are mutually offset;
therefore, the load applied to the power supply circuit of the light source body can be reduced.

[0094]

Furthermore, the image display device of the present invention as described in embodiment 6-1 described
below may include:
aprotection circuit provided between the generating circuit of the pulse component h and the switch that
controls light emission of the light source bodies, wherein
the generating circuit outputs aturn ON signal made up of a plurality of systemsto the protection circuit to
cause the light source bodies to emit light, and
the protection circuit counts the number of systems in the same logic state with respect to the turn ON signal
made up of the plurality of systems, and if the number of systems exceeds a prescribed alowable value, a part
or al of the light source bodies are turned OFF.

[0095]

According to the configuration described above, the protection circuit counts the number of systemsin the
same logical state with respect to the turn ON signal, in other words, the number of switches conducting
simultaneoudly. If the number of systems exceeds the permissible value, light source bodies are forcibly turned
OFF by the protection circuit, preventing an event where the number of light source bodies that are ON at the
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same time exceeds the permissible number. This prevents, for example, the momentary exposure of the viewer
to apowerful flash of light.

[0096]

Furthermore, with the image display device of the configuration described above, as described in embodiment
6-1 described below, while an image is displayed on the image display means, there is preferably not any time
when the lamps constituting the light source body described above are ON at the same time.

[0097]

According to the configuration described above, since there is no time when all the lamps constituting the
light source body are ON at the same time, the instantaneous maximum rating of the power supply circuit of
the light source body can be reduced. Therefore, a small and inexpensive power supply circuit can be used. In
addition, the harmonics flowing in the power supply circuit can be reduced.

[0098]

Furthermore, the image display device of the configuration described above preferably does not have all of
the light source bodies described above OFF at the same time while valid video is displayed on the image
display device.

[0099]
According to the configuration described above, as there is no time when all of the lamps constituting the
light source body are OFF at the same time, switching operation of the power supply circuit can be stabilized.

[0100]
Furthermore, the light source body in the image display device of the present invention is preferably a
semiconductor light emitting element.

[01071]

According to the configuration described above, as a semiconductor light emitting element, for example, a
light emitting diode is used as the light source body, the pulse component h and the pulse component i can be
suitably emitted from the light source bodies.

[0102]
Furthermore, the image display means in the image display device of the present invention is preferably a
liquid crystal panel.

[0103]
According to the configuration described above, the effect of the image display device of the present
invention can be obtained for aliquid crystal display device using aliquid crystal panel.

[0104]

Furthermore, with the image display means of the image display device of the present invention, the liquid
crystal panel is preferably atransmissive liquid crystal panel and the light source body is preferably made up
of the backlight of the transmissive liquid crystal panel.

[0105]
According to the configuration described above, the effect of the image display device of the present
invention can be obtained for a direct-view liquid crystal display device.

[0106]

Furthermore, aplurality of gate lines connected to the liquid crystal panel may be sequentially scanned by an
active element provided in the liquid crystal panel.
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[0107]
According to the configuration described above, the effect of the image display device of the present
invention can be obtained for an active-matrix liquid crystal display device.

[0108]

Furthermore, the liquid crystal panel described above may be atransmissive liquid crystal panel, a plurality of
gate lines connected to this transmissive liquid crystal panel may be sequentially scanned using active elements
provided on the transmissive liquid crystal panel, and the light source body may be configured by a backlight
of the transmissive liquid crystal panel backlight.

[0109]
According to the configuration described above, the effect of the image display device of the present
invention can be obtained for an active-matrix transmissive liquid crystal display device.

EFFECT OF THE INVENTION
[0110]

With the present invention, the display quality of an image display device having hold type electrical-to-
optical conversion characteristics typified by aliquid crystal display device can be improved. Furthermore, the
video tail can be improved and flicker disturbance can be reduced.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0117]

Invention 1

FIG. 1to FIG. 11 described Invention 1 in the application. First, using FIG. 1 to FIG. 6, the principles of
LCD according to invention 1 will be described with focus on the differences with a conventional examplein
FIG. 35to FIG. 40. Next, avariant of the LCD according to invention 1 is described using FIG. 7 to FIG. 11.

[0112]

Principles of Invention 1

FIG. 1isablock diagram illustrating an example of an LCD according to invention 1. Asillustrated in FIG.
1, the LCD according to invention 1 replaces the turn ON signal generating circuit 10 of FIG. 35 with the turn
ON signal generating circuit 10a. In FIG. 1, the same reference codes are used for members that have the same
functions and configuration asin FIG. 35.

[0113]

FIG. 2 isone configuration example (embodiment 1-1) of the turn ON signal generating circuit 10afor the
LCD of invention 1. In FIG. 2, the same reference codes are used for members that have the same functions
and configuration asin FIG. 36. In addition, the turn ON signal generating circuit 10aillustrated in FIG. 2
generates impulse signalsi0 to i3 synchronized with a vertical sync signal vs.

[0114]

Furthermore, asillustrated in FIG. 2, the turn ON signal generating circuit 10aincludes a counter 202p, count
period setting means 203a for the counter 202p, turn ON time setting means 203r, turn OFF time setting means
203f, equality comparators 204a, 204r, 204f, SR flip flop 205, OR gates 110, and turn ON signals p0 to p3
output terminal 106.

[0115]

In addition, the counter 202p is not cleared by the vertical sync signal vs. Instead, the counter is cleared by an
output signal of the equality comparator 204a. Note, the counter 102 operates on negative logic while the
counter 202p operates on positive logic; however, invention 1 is not limited whatsoever to this manner of logic
polarity.
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[0116]

Furthermore, the frequency of clearing the counter 202p, in other words the count frequency, must be set
higher than the critical fusion frequency (CFF) where flicker is not visible. Note, the count frequency can be an
integer multiple or a non-integer multiple of the vertical frequency and simply needs to be set so as to not
interfere with horizontal scanning frequencies or other frequencies that would generate bits. The setting means
203a holds parameters for setting this frequency.

[0117]

Furthermore, currently the CFF is higher than the vertical frequency Therefore, the count period of the
counter 202p of FIG. 2 is shorter than the period of the counter 102. Therefore, the bit length of the counter
202p may be shorter than the bit length of the counter 102. Thus, increase in the size of the circuit associated
with implementation of invention 1 can be suppressed.

[0118]

In addition, the lamp turn ON timing is created by the setting means 203r of FIG. 2 and the equality
comparator 204r while lamp turn OFF timing is created by the setting means 203f and the equality comparator
204f. The turn ON/turn OFF timing created in this manner is sent to the SR flip flop 205. Furthermore, an
output signal h of the SR flip flop 205 is output to the OR gates 110.

[0119]

Note, as counter 202 is not cleared by the vertical sync signal vs, the output signal h will not be output at a
fixed phase difference (time difference) from the impulse signalsiO to i3. In other words, the output signal h
and the impulse signalsi0 to i3 are in a non-synchronized rel ationship.

[0120]

The OR gate 110 captures alogical sum of the impulse signalsiO to i3 synchronized with the vertical sync
signal vs and a high frequency signal h that exceeds CFF and thisis output to output terminals 106 of the turn
ON signals p0 to p3.

[0121]

FIG. 3illustrates operating waveforms of the vertical sync signal vs, the impulse signalsiO to i3, the high
frequency signal h, and the lamp turn ON signals p0 to p3. The gate line scanning waveforms are the same as
in the conventional example of FIG. 37 so the description thereof is omitted from FIG. 3.

[0122]

Asillustrated in FIG. 3, theimpulse signalsiO to i3 are emitted once per vertical period while the high
frequency signal h is emitted a plurality of times per vertical period. The lamp turn ON signa pOisa
composite of the impulse signal i0 and high frequency signa h. Similarly, the turn ON signal p1 is a composite
of theimpulse signal i1 and the high frequency signal h, the turn ON signal p2 is a composite of the impulse
signal i2 and the high frequency signal h, and the turn ON signal p3 is acomposite of the impulse signal i3 and
the high frequency signal h.

[0123]

FIG. 4 illustrates the light emission waveforms of areas L0 to L3 on the light guide plate 9ain FIG. 1 and the
waveform of power P flowing in the power supply circuit 7 from the light emission power input termina 6.
Note the conventional drawing corresponding to FIG. 4isFIG. 38

[0124]

The part in FIG. 4 hatched with thick lines indicates light emission corresponding to impulse signalsiOto i3
in FIG. 3 and the part in FIG. 4 hatched with thin linesindicates light emission corresponding to the high
frequency signal h of FIG. 3. Asillustrated in FIG. 4, normally the light emission time (pul se width) using the
impulse signalsiO to i3 islonger than the light emission time (pulse width) using the high frequency signal h.
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[0125]

Herein, the light emission luminance of the backlight by itself with the liquid crystal panel removed, in other
words, the luminance of the light emitted from the light guide plate (areas L0 to L3 of FIG. 4) is proportional
to the average value of the light emission waveform. In this embodiment, the average value of the light
emission waveform is proportional to the duty cycle (turn ON time) thereof. Therefore, if the specification of
the display device luminance is the same, the duty cycle of the impulse signalsiOto i3 (see FIG. 3) can be
reduced by the amount the high frequency signal h (see FIG. 3) isincreased based on invention 1.

[0126]
FIG. 5isan explanatory drawing of motion picture contour shading according to invention 1. Note the
conventional explanatory drawings corresponding to FIG. 5 are FIG. 32, FIG. 39, and FIG. 40.

[0127]

The pulses with along timeinterval in part A of FIG. 5 are the part where light emission corresponds to the
impulse signalsiOto i3 of FIG. 3. The pulsesthat are short in part A of FIG. 5 are the part where light
emission corresponds to the high frequency signal h of FIG. 3.

[0128]

Step 1 and step 3 in part E of FIG. 5 are not recognized as motion blur because they are difficult to
distinguish using human dynamic visual acuity. Even the details of such images are indistinguishable by
dynamic visua acuity. In the end, only a steep slope 2 is recognized as a contour in the motion picture. Note, if
the object is stationary, step 1 and step 3 will disappear so that the steps are not perceived even with static
visual acuity. Therefore, an object can be illuminated with the backlight using the same light emission
waveform after the object stops as was used prior to stopping.

[0129]

Ininvention 1, the influence of the high frequency signal h appears at both ends of the contour (step 1 and
step 3in part E of FIG. 5). On the other hand, in the technique described in Patent Document 3, a motion blur
defect appearsin the center of the contour (flat portion 2 in part E of FIG. 40). The former shows an
improvement in the display quality of motion picture contour over the latter.

[0130]

FIG. 6isacalculation result of the Fourier series of the light emission waveform of the area L0 according to
invention 1 (see FIG. 4) and the emission waveform of the region L0 according to the prior art (see FIG. 38).
Part | of FIG. 6 has the same waveform as the light emission waveform of thearea LO illustrated in FIG. 4, and
part 11 of FIG. 6 has the same waveform as the light emission waveform of the area LO illustrated in FIG. 38.
Part I11 of FIG. 6 isthe harmonic component of the light emission waveform of area L0 in each of invention 1
and the conventional example.

[0131]

However, the main cause of flicker isthe first harmonic, that is, a component having the same frequency as
the vertical frequency. The DC component does not cause flicker. Second-order and higher harmonic
components are also negligible sources of flicker.

[0132]

Furthermore, since the degree of flicker disturbance depends on the display luminance, in the third part of
FIG. 6, the average value of the waveforms is the same for invention 1 and for the conventional example.
Under these conditions, we can compare the magnitude of the first harmonics of both.

[0133]

Asillustrated in part |11 of FIG. 6, the first harmonic of the light emission waveforms of invention 1 and the
conventional example are 0.820 and 1.277 respectively. This means that the former, in other words, invention
1, has reduced flicker compared to the latter, in other words, the conventional example.
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[0134]
Note, the frequency of the high frequency signal h should be at least twice the vertical frequency, since the
effect of second-order or higher harmonic components on flicker is almost negligible.

[0135]

Ininvention 1, the luminous component corresponding to the high frequency signal h flashes at a frequency
higher than the critical fusion frequency CFF, and so does not cause flicker. However, the high frequency
signal h contributes to the light emission luminance of the backlight.

[0136]

In other words, the light emission generated by the high frequency signal h is easily perceived. And the light
emission luminance corresponding to the impulse signalsiO to i3 can be lowered by this amount. Thus, flicker
disturbance is suppressed. In invention 1, thisisthe effect of replacing the turn ON signal generating circuit 10
of FIG. 35 with the turn ON signal generating circuit 10a.

[0137]

Further, the light emission based on the high frequency signal h can be said to be a pseudo hold type light
emission. Therefore, hereafter, a control signal similar to the high frequency signal h, or the light emission
waveform generated by this manner of signal, will be referred to as a pseudo hold pulse.

[0138]

According to invention 1, thereis no need to mix a plurality of types of lamps, in other words, impulse type
light emitting lamps and hold-type light emitting output lights, inside the light guide plate 9a (FIG. 1).
Therefore, invention 1 offers the advantage that uneven brightness and uneven chromaticity are lesslikely to
occur.

[0139]

Furthermore, the switches are easily controlled using digital circuits, and the switches themselves do not
consume power whether they are ON or OFF. For example, when switching with abipolar transistor, there are
no significant collector lossesin either the saturation area or cutoff area. Therefore, invention 1 not only
eliminates the need for heat dissipation design such as a heat sink, but also contributes to lower power
consumption.

[0140]

Thisisfor the same reason that the efficiency of the class D amplifier circuit is high. However, the present
invention is related to a method for controlling alight source utilizing the features of class D amplification and
not about dimming alight source of adisplay device viaclass D amplification.

[0141]

In addition, invention 1 isonly aslight addition to the turn ON signal generating circuit 10in Fig. 35, so the
cost increase over the conventional example is minimal. Furthermore, large members such as the light guide
plate 9a divided along the gate line and components surrounding the power circuit such as the switch 11 are
costly components, but members of the conventional LCD in FIG. 35 can be used as-is.

[0142]

Invention 1 does not preclude the division of the light guide plate. In other words, in invention 1, asin the
conventional example, the light guide plate may be divided into a plurality of areas and each area may be
illuminated by a different system of lamps.

[0143]

In other words, asin the LCD illustrated in FIG. 35, the plurality of lamps 8i are divided into four systems for
illuminating areas L0 to L3 of the light guide plate 9a. ON/OFF of each of the areas L0 to L3 can be
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configured enabling independent control using the turn ON signals p0 to p3. Furthermore, the transition up
timing of each of the impulse signalsiO to i3 may be controlled independently according to the timing at which
the image is scanned on the liquid crystal panel 5.

[0144]
Note, the number of systems the light guide plate 9A isdivided into is not limited to four. The number of
lamps illuminating one areais not limited to two.

[0145]

Another Embodiment of Invention 1

FIG. 7 illustrates another configuration example of the turn ON signal generating circuit 10ain FIG. 1
(embodiment 1-2). The difference with FIG. 2 isthat the two setting means 203a and 203r are integrated into
one setting means 203 and the two equality comparators 204a and 204r are integrated into a single equality
comparator 204. The counter 202p in FIG. 7 is cleared by the positive logic output signal of the equality
comparator 204. However, the function thereof isthe same asthat for FIG. 2. In FIG. 7, the same reference
numbers are used for members that have the same functions and configuration asin FIG. 2.

[0146]

In embodiment 1-2, the period and duty cycle of the pseudo hold pulse signal h can be adjusted using setting
means 203 and 203f, respectively. Note, the phase of the pseudo hold pulse signal his not adjustable.
However, since the pseudo hold pulse signal h is a high-frequency signal emitted asynchronous to the vertical
sync signal vs, there is no issue because image quality is not changed by the phase thereof.

[0147]

With embodiment 1-2 illustrated in FIG. 7, the scale of the turn ON signal generating circuit 10a can be
suppressed from that of embodiment 1-1 (FIG. 2). That is, with embodiment 1-2, the setting means 203a and
the equality comparators 204a and 204r that are in embodiment 1-1 can be omitted.

[0148]

FIG. 8 illustrates yet another configuration example of the turn ON signal generating circuit 10ain FIG. 1
(embodiment 1-3). The difference from the turn ON signal generating circuit 10aillustrated in FIG. 7 isthe
addition of a PWM (pulse width modulation) dimming function.

[0149]

If the video is too bright, narrowing the amplitude of the video signal may cause loss of dark detail or
increase quantization noise. The output of lamps provided in the display deviceis normally constricted to
prevent this. Product value of the display device will be reduced unless both image quality improvement and
dimming function are achieved. Therefore, in embodiment 1-3, the image quality improvement and the
dimming function are both achieved.

[0150]

Asillustrated in FIG. 8, the turn ON signal generating circuit 10a of embodiment 1-3 includes a counter 302p
that is cleared by a positive logic signal, counter period and turn ON timing setting means 303, turn OFF
timing setting means 303f, equality comparator 304, and SR flip flop 305. In addition, the turn ON signal
generating circuit 10aincludes AND gates 111. In FIG. 8, the same numbers are used for members that have
the same functions and configuration asin FIG. 7.

[0151]
The SR flip flop 305 outputs a PWM dimming signal d to the AND gates 111. The AND gates 111 capture a

logical product of the output signal of the PWM dimming signal d and the OR gates 110 and output the results
thereof to the turn ON signals p0 to p3 and the output terminals 106.

[0152]
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Thecircuit for generating the PWM dimming signal d is similar to the circuit for generating the impulse
signalsiO to i3 and the pseudo hold pulse signal h. However, the frequency and function are completely
different for each signal.

[0153]

In other words, the impulse signalsi0 to i3 have the same frequency as the vertical sync signal vs, for
example, 60 Hz signals. On the other hand, the pseudo hold pulse signal h has a frequency exceeding the
critical fusion frequency CFF, for example, a 600 Hz signal. The PWM dimming signal d has a frequency
sufficiently higher than that of the pseudo hold pulse signal h, for example a 600 kHz signal. Therefore, the bit
length of a counter 302 is shorter than the bit length of counter 102 or counter 202p.

[0154]

FIG. 9 illustrates operation waveforms of each part of the circuit of FIG. 8, in other words, the vertical sync
signal vs, impulse signal i0, pseudo hold pulse signal h, PWM dimming signa d, and lamp turn ON signal pO.
Asfor the PWM dimming signal d and the lamp turn ON signal p0, a part of the signal is extracted and the
time axisis drawn enlarged.

[0155]

If the duty cycle of the PWM dimming signal d is reduced using the setting means 303 and 303f, the
relationship between the impulse signalsi0 to i3 and the pseudo hold pulse signal his maintained, in other
words, the display quality is maintained and lamps can be dimmed.

[0156]

Furthermore, if the frequency of the PWM dimming signal d is raised higher than the frequency of the pseudo
hold pulse signa h by, for example, three orders of magnitude, the dimming error is 0.1% (1/1000) or less
without phase control of the PWM dimming signal d. In other words, the effect of the phase of the PWM
dimming signal d is not identifiable by means of human eyesight. Of course, light emission by PWM dimming
signal d does not cause flicker.

[0157]

Further, if, for example, aclock of 100 times the frequency of the PWM dimming signal d, in other words 60
MHz, is supplied to the circuit for generating the PWM dimming signal d, 100 steps of dimming becomes
possible, enabling fine dimming.

[0158]
The frequencies of each signal listed above are only one example. However, both frequencies can be achieved
at reasonable cost using today's technology.

[0159]

Thus, according to embodiment 1-3, image quality improvement and dimming function can be achieved at the
same time. Moreover, it is easier than adjusting the duty cycle of impulse signalsiO to i3 and pseudo hold
pulse signal hindividualy.

[0160]

FIG. 10illustrates yet another configuration example of the turn ON signal generating circuit 10ain FIG. 1
(embodiment 1-4). The difference from FIG. 7 isthat alogic gate 212 is added between the input terminal 101
of the vertical sync signal vs, the equality comparator 204, and the counter 202p. With this change, the counter
202p is cleared by either the pulse of the vertical sync signal vs or the output of the equality comparator 204.
In FIG. 8, the same reference numbers are used for members that have the same functions and configuration as
inFIG. 7.

[0161]
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The polarity of the signal does not limit the invention. The appropriate logic gate 212 should be selected
according to the polarity of each signal.

[0162]

In embodiment 1-4, the counter 202p is cleared synchronized with the pulse of the vertical sync signal vs.
Thisfacilitates debugging of the circuit. Furthermore, the effort required to create patterns (on the test bench)
used in 1C outgoing inspection can be reduced. In addition, even if the turn ON signal generating circuit 10a
mal functions due to an instantaneous power failure or the like, reliably restoring to normal operation is feasible
within one frame. This reduces the amount of time viewers have to wait after a malfunction occurs before
returning to normal operation.

[0163]

In embodiment 1-4, if the period of the pseudo hold pulse signal h is sufficiently short relative to the vertical
period, the effect of insertion of alogic gate 212 is essentially negligible. If the frequency at which the equality
comparator 204 outputs pulses is sufficiently higher than the frequency of the pulses of the vertical sync signal
vs (= vertical frequency), the difference in image quality between embodiment 1-2 (FIG. 7) and embodiment
1-4 (FIG. 10) isminimal.

[0164]

FIG. 11illustrates yet another configuration example of the turn ON signal generating circuit 10ain FIG. 1
(embodiment 1-5). This means that the delay circuit 108 (see FIG. 7) for embodiment 1-2 is replaced with an
adder 113. In addition, in the turn ON signal generating circuit 10a according to embodiment 1-5, the number
of counters 102 is one regardless of the number of systems (number of circuit blocks 109). The function and
output waveform of the turn ON signal generating circuit 10a according to embodiment 1-5 are the same as
that of the turn ON signal generating circuit 10a of embodiment 1-2.

[0165]
If the configuration of embodiment 1-5 is adopted, for example, for a constant delay time, there only needs to
be one counter 102 so circuit size can be reduced compared to FIG. 7.

[0166]

As described above, invention 1 enables reducing flicker while suppressing interference to motion picture
contours. Furthermore, if flicker can be reduced, one of the barriersto larger display devices and higher
brightness will be eliminated. Moreover, according to invention 1, thereislittle increase in cost associated with
achieving flicker reduction. Although the size of signal circuits will increase dlightly, the large components and
power circuitsthat are relatively expensive can be used with almost no change.

In addition, thisis highly efficient in utilizing the features of class D amplification. In addition, invention 1
does not preclude implementation of a dimming function.

[0167]

Invention 2

Invention 2 is a method for adjusting the light emission waveform to more effectively implement invention 1
aswell as adisplay device equipped with an adjustment function.

[0168]

FIG. 12illustrates the light intensity waveforms of adisplay device according to afirst configuration example
of invention 2 (embodiment 1-2). The waveforms (1) to (7) illustrated in FIG. 12 are examples of light
emission waveforms that can be output by adjusting various setting values (parameters) held in the setting
means 103r, 103f, 203, 203f of FIG. 7.

[0169]

In addition, in the waveforms (2) to (7) of FIG. 12, the portions hatched using athick line are the portions that
emit light corresponding to the impulse signalsiO to i3. In addition, in the waveforms (1) to (6) of FIG. 12, the
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portions hatched using a thin line are the portions that emit light corresponding to the pseudo hold pulse signal
h.

[0170]

Here, theimpulse signalsiO to i3 are emitted in synchronization with the vertical sync signal vs, and have at
most one pulse per frame. The frequency of impulse signalsiOto i3 is, for example, approximately 60 Hz for
the case of displaying aNTSC video signal.

[0171]

On the other hand, the pseudo hold pulse light emission signal h is emitted at a frequency exceeding the
vertical frequency or the critical fusion frequency CFF, and may have two or more pulses per frame. Further,
the pseudo hold pulse light emission signal h does not necessarily have to be synchronized with the vertical
sync signal vs.

[0172]

In addition, the waveform (1) in FIG. 12 does not contain any impulse light emitting components, but
includes only a pseudo hold pulse light emitting component. To prevent flicker, the frequency of this pseudo
hold pulse light emitting component may be set higher than the critical fusion frequency CFF. Theimage
quality herein is almost the same as that of the hold type light emitting display device, FIG. 33. Note, turning
lamps on using this waveform (1) is well known technology.

[0173]

Furthermore, waveform (7) in FIG. 12 does not include any pseudo hold pulse light emitting component
whatsoever. Thisis the same as the impulse type light emission waveform described in Non-Patent Document
1 and thelike. In other words, turning ON alamp using waveform (7) is also well known as well.

[0174]

Furthermore, the emission time of the impulse component gradually becomes longer from the waveform (1)
to the waveform (7) in FIG. 12, in other words, the pul se becomes thicker and the number of pseudo hold
pulses decreases. Of these, waveform (1) in FIG. 12 is best suited for displaying still images, while waveform
(7) is best suited for displaying motion pictures. However, typical video signals contain a mixture of still and
motion pictures. Therefore, a preferable waveform should be sel ected between waveform (1) and waveform

).

[0175]

In other words, in the display device according to invention 2, the designer, production personnel, installer,
viewer, and the like of the display device selects the appropriate waveform from waveform (1) to waveform
(7) of FIG. 12 according to the application, source of the video signal, and tastes and the like of the viewer. In
particular, embodiment 2-1 enables adjusting the width of the impulse component and the number of pseudo
hold pulse components. In other words, in embodiment 2-1, the light emission time (pulse width) of the pseudo
hold pulse light emitting component is fixed and the frequency (number of times light is emitted) of the pseudo
hold pulse component is adjusted. DIP switches, variable resistance knobs, an infrared remote control, or the
like can be configured as the image quality adjustment means to perform this manner of adjustment.

[0176]

The desired light emission waveform may be selected for each video signal input terminal. For example, the
image input from an RCA connector may be displayed based on the light emission waveform (6) in FIG. 12,
while the image input from a high-density D-SUB 15-pin (hereinafter D-SUB) connector may be displayed
based on the light emission waveform (2). Thisis because the RCA is often connected with a source with a
higher number of movies such asaVCR, DVD player, game console, or the like while a D-SUB connector is
often connected to sources with alot of still images such asa PC.

[0177]
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Here, when the viewer switches the video input from the RCA input to the D-SUB input, if the light emission
waveform isinstantly switched from the waveform (6) to the waveform (2), the image quality may suddenly
change and the viewer may be confused. Therefore, if the light emission waveform is gradually switched from
(6) to (5) to (4) to (3) to (2), the viewer will not notice that the light emission waveform has been switched.

[0178]

In addition, if the light emission waveform is suddenly switched from the waveform (1) to the waveform (7)
(or vice versa), the image quality will suddenly change, which may surprise the viewer. With invention 2,
sequentially outputting intermediate states between waveform (1) and waveform (7), in other words from
waveform (2) to waveform (6) eliminates danger of surprising the viewer due to a sudden change in image
quality.

[0179]

FIG. 13illustrates alight emission waveform of adisplay device according to a second configuration
example (referred to as “embodiment 2-2") of the Invention 2. Embodiment 2-1 above adjusts the light
emission waveform and image quality by changing the number of pseudo hold pulses per frame (see FIG. 12).
In contrast, embodiment 2-2 adjusts the light emission waveform and image quality by changing the duty cycle
of the pseudo hold pulse. In other words, in embodiment 2-2, the frequency of a pseudo hold pul se component
(frequency of light emission) is fixed, while the light emission duration (pulse width) of the pseudo hold pulse
component is adjusted. Otherwise, the same configuration as in embodiment 2-1 is used in embodiment 2-2.

[0180]

In embodiment 2-1 (FIG. 12), there is no need to output extremely narrow pulses, and therefore, switching
noise countermeasures are easy to implement. On the other hand, in embodiment 2-2 (FIG. 13), thereisno
need to change the frequency of the pseudo hold pulse, and therefore, countermeasures against beats due to
interference with horizontal scanning frequencies, and the like, are simple. It is within the discretion of the
designer which of embodiment 2-1 and embodiment 2-2 to employ.

[0181]

According to Invention 2, image quality can be adjusted more finely than a conventional case based on an
application of a display device, source of avideo signal, or viewer preferences, and the like. Moreover, by
simply controlling the switch 11 (FIG. 1) of one type of lamp 8i (FIG. 1), the light emission waveform, for
example, waveform (1) to waveform (7) (see FIG. 12 or FIG. 13) can be smoothly switched.

[0182]
Invention 3
Invention 3 of the present application will be described based on FIGS. 14 through 21.

[0183]

Now, if the specification values of the luminance of the display devicein FIG. 1 (Invention 1) and the display
devicein FIG. 35 (conventional example) are the same, the average power capacity of the power supply circuit
7inFIG. 1 and FIG. 35 may be the same. However, in Invention 1, there is an instant where the switches 11 in
all the systems become conductive at the same time, al the lamps 8i are turned ON at the same time, and all
the areas LO to L3 of the light guide plate 9a emit light. This would cause the instantaneous maximum power
capacity of the power supply circuit 7 in FIG. 1 to exceed that of the power supply circuit 7 in FIG. 35. Thisis
because even if the average value of the load (lamp power consumption) is the same, the instantaneous value is
higher. Furthermore, the rated performance of the power supply circuit, unlike the size of adigital circuit gate,
directly affectsincreasein cost.

[0184]

In general, power circuits require more effort to verify safety and reliability compared to signal processing
circuits; in particular digital signal processing circuits. Therefore, in order to introduce products to the market
with short product life spans, it is customary means to customize only software and digital circuits, while
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analog and power circuits are general -purpose circuits where operation has aready been verified. Furthermore,
if design changes are unnecessarily applied to the power supply circuit, thereisarisk of losing business
opportunities and holding inventory.

[0185]
Invention 3 was madein light of the foregoing problems. In other words, an object of Invention 3isto
suppress cost increase surrounding the power supply circuit.

[0186]

Invention 3isadisplay device in which alamp isdivided into a plurality of systems and each system has a
circuit configuration that can be individually controlled, and the light emission timing of the pseudo hold pulse
signal h is shifted for each system.

[0187]

FIG. 14 isablock diagram illustrating a configuration of an LCD according to Invention 3. Asillustrated in
FIG. 14, the LCD according to Invention 3 replaces the turn ON signal generating circuit 10a (FIG. 1)
according to Invention 1 with aturn ON signal generating circuit 10b. Note that in FIG. 14, the same reference
numbers are used for members that have the same functions and configuration asin FIG. 1.

[0188]

FIG. 15isaview illustrating a configuration example of the turn ON signal generating circuit 10bin FIG. 14
(embodiment 3-1). In FIG. 15, the operation of members with reference numbers 101, 102, 103r, 103f, 104r,
104f, 105, 107, 108, and 109, respectively, isthe same as the operation of the members with the same numbers
in FIG. 7. These generate impulse signalsiO to i3 synchronized with avertical sync signal vs.

[0189]

Furthermore, asillustrated in FIG. 15, the turn ON signal generating circuit 10b also includes a counter 202p,
setting means 203, equality comparators 203f, 204, 204f, and an SR flip flop 205, and the number of
components forming the circuit is higher than for the turn ON signal generating circuit 10aillustrated in FIG.
7. However, the operation and function of the turn ON signal generating circuit 10b is the same as that of the
Turn ON signal generating circuit 10b [sic] in FIG. 7. These generate a pseudo hold pulse signal with a
frequency higher than the critical fusion frequency CFF.

[0190]

The turn ON signal generating circuit 10b according to Invention 3 will be described more specifically below.
Asillustrated FIG. 15, the turn ON signal generating circuit 10b includes time difference setting means 207
and adelay circuit 208. Note that in FIG. 15, the same circuit blocks 209 are represented by dotted lines.
Furthermore, the turn ON signal generating circuit 10b includes the OR gates 110 and the output terminals 106
for turn ON signals pO to p3.

[01971]

The time difference setting means 207 retains an offset in the light emission time between the pseudo hold
pulse systems. Furthermore, the setting means 107 retains one-fourth of the time of one frame. However, in
Invention 3, the setting means 107 does not necessarily have to be one-fourth of a pseudo hold pulse period,
and may be three-fourths for example.

[0192]

Furthermore, the turn ON signal generating circuit 10b according to embodiment 3-1 includes four systems of
circuit blocks 209. Each circuit block 209 of the four systems has the time difference setting means 207 and
the delay circuit 208, and operate simultaneously while retaining a prescribed time difference. Therefore, four
pseudo hold pulse signals hO to h3 with offset phases for each system can be generated. Thisisthe difference
between Invention 3 (see FIG. 15) and Invention 1 (see FIG. 7).
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[0193]

Each of the OR gates 110 captures alogical sum of the impulse signalsiO to i3 synchronized with the vertical
sync signal vs and the pseudo hold pulse signals h0 to h3, respectively, and then outputs this to each of the
output terminals 106 of the turn ON signals p0 to p3.

The purpose of synthesizing the impulse signal and the pseudo hold pulse signal isthe sasme asin Invention 1
(FIG. 7).

[0194]

FIG. 16 isadiagram illustrating waveforms of each of the vertical sync signals vs, theimpulse signalsiO to
i3, pseudo hold pulse signals hO to h3, and the lamp turn ON signals pO to p3. Note that in FIG. 16, the
waveforms are denoted in the same manner asin FIG. 3. Note that the number of pseudo hold pulse signals
increases in conjunction with the adoption of the turn ON signal generating circuit 10b in Invention 3.

[0195]

FIG. 17 isadiagram illustrating the light emission waveforms of areas L0 to L3 (see FIG. 14) on the light
guide plate 9a and the waveform of power P flowing in the power supply circuit 7 from the light emission
power input terminal 6. Note that FIG. 17 illustrates light emission waveforms and power using the denoting
method asin FIG. 4. Furthermore, in FIG. 17, portions hatched with thick lines are those emitting light in
response to impulse signalsi0 to i3, and portions hatched with thin lines are the those emitting light in
response to the pseudo hold pulse signals hO to h3.

[0196]

Comparing the total turn ON power Pin FIG. 17 with the total turn ON power P in FIG. 4, the instantaneous
maximum power consumption is reduced from 8.0 to 6.0. Thisis because the number of simultaneously
conducting switches 11 (see FIGS. 1 and 14) is reduced from four to three. Accordingly, the maximum number
of lamps that can be turned ON simultaneously is also reduced from eight to six.

[0197]

Thetotal turn ON power P can be reduced according to Invention 3 compared to Invention 1. Therefore, as
the power supply circuit 7 (FIG. 14), a power supply circuit having alower performance than that of the power
supply circuit used in Invention 1 is sufficient, and a small and inexpensive power supply circuit can be
adopted. Thisisthe effect of Invention 3, that is, adopting of the turn ON signal generating circuit 10b.

[0198]

FIG. 18 is an explanatory drawing of an effect of Invention 3. In other words, Invention 3 can reduce not only
the instantaneous maximum power consumption but also the harmonics flowing in the power supply circuit. A
more concrete description is as follows.

[0199]

Part (1) of FIG. 18 isthe same waveform as the total turn ON power P (see FIG. 4) in Invention 1. Part (11) of
FIG. 18 isthe same waveform as the total turn ON power P (see FIG. 17) in Invention 3. Furthermore, part
(111 of FIG. 18 isadiagram showing the results of calculating the harmonic components with respect to the
waveforms shown in parts (1) and (11).

[0200]

Unlike the calculation resultsin FIG. 6, in the calculation results shown in part (iii) of FIG. 18, it is necessary
to focus on higher-order harmonics. In other words, it can be seen that the maximum harmonicsin Invention 1
is2.667 isreduced to amaximum of 1.106 in Invention 3. Therefore, it can be seen that applying Invention 3
can suppress harmonics flowing in the power supply circuit better than applying Invention 1.

[0201]

If the harmonics flowing through the power supply circuit 7 (see FIG. 14) are reduced, noise is reduced and
other circuits are less likely to malfunction. For example, noise picked up by a TV tuner is reduced and thus
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display quality isimproved. Furthermore, aripple current flowing through an electrolytic capacitor (not
shown), which is an essential component of the power supply circuit, is reduced, resulting in reduced heat
generation in the capacitor and thus extending the life of the power supply circuit.

[0202]

In particular, when LEDs are used for the lamp 8i in FIG. 14, the lifespan of the power supply circuit 7
becomes amajor problem. In general, thisis because the lifespan of LEDs is longer than that of incandescent
and fluorescent lamps, and if the lifespan of the power supply circuit expires before the LED, the commercial
valueisimpaired. Therefore, it is particularly effective to extend the lifespan of the power supply circuit 7 by
applying Invention 3 when an LED is adopted as the lamp 8i.

[0203]

Note that in order to shift the light emission timing based on the impul se synchronized with the vertical sync
signal vsto match gate line scanning, in the conventional example (see FIG. 35), the lamp turn ON circuit is
divided into a plurality of systems. Furthermore, according to Invention 3 (see FIG. 14), a cost increase from
the conventional example (FIG. 35) is minimal due to the conventional circuit configuration being utilized as-
isto form aturn ON circuit.

[0204]
Furthermore, when a DC/DC converter is employed in the power supply circuit 7 (FIG. 14), that is, when
Invention 3 is combined with a DC/DC converter, the following effects are achieved.

[0205]

Again, thetotal turn ON power Pin FIG. 17 is compared with the total turn ON power Pin FIG. 4. In both
cases, the instantaneous minimum power consumption is 2.0. However, in the case of the former (Invention 3),
the power is minimized for an instant. On the other hand, for the latter (Invention 1), the state where the power
is minimized continues for alonger period of time. This means that when a power supply circuit with an
efficiency that decreases when the load is lower than the rating, in other words, a DC/DC converter, is used,
the former can achieve power savings more than the latter.

[0206]

Furthermore, the DC/DC converter may even stop switching, a malfunction, when the load is extremely
reduced. This phenomenon will be described with reference to FIGS. 19 and 20. FIG. 19 isadiagram
illustrating waveforms of the luminance and total turn ON power P of the areas L0 to L3 when only Invention
lisapplied. FIG. 20 isadiagram illustrating waveforms of the luminance and total turn ON power P of the
areas L0 to L3 when Invention 3 is applied in addition to Invention 1. When detecting the waveforms of FIG.
19 and FIG. 20, the turn ON signal generating circuit 10b is operated with a smaller duty cycle than when
detecting the waveforms of FIG. 4 and FIG. 17.

[0207]

Note that the total turn ON power Pisthe total power consumption in the areas L0 to L3. Furthermore, the
average value of the total turn ON power P in FIG. 19 and the average value of the total turn ON power Pin
FIG. 20 are described so as to be equal to each other.

[0208]

As can be seen by referring to the waveform of the total turn ON power Pin FIG. 19, thereisatimein the
waveform in which al the areas L0 to L3 are turned OFF at the same time. In other words, the power load is
intermittently interrupted. On the other hand, as can be seen by referring to the waveform of the total turn ON
power Pin FIG. 20, if the turn ON signal generating circuit 10b according to Invention 3 is used, any one of
theareas LO to L3 isaways turned ON. In other words, there is always a power load.

[0209]
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Thus, according to Invention 3, the effect of turning OFF all the systems at the same time can be avoided or
reduced, enabling stable operation of the power supply circuit. Furthermore, a backlight can be operated even
with alow load, and therefore, the dimming range of the backlight can be expanded.

[0210]

FIG. 21 isaview illustrating another configuration example of the turn ON signal generating circuit 10b in
FIG. 14 (embodiment 3-2). The difference between the turn ON signal generating circuit 10b of FIG. 21 and
the turn ON signal generating circuit 10b of FIG. 15 isthat the number of systems of the pseudo hold pulse
generating circuit 209 of FIG. 21 is smaller than the number of systems of the impulse type light emitting
circuit 109 of FIG. 21. In other words, in the turn ON signal generating circuit 10b of FIG. 21, there are two
pseudo hold pulse generating circuits 209 (h0 and hl), while there are four impulse type light emitting circuits
109 (i0toi3).

[0211]

Note that the OR gate 110 composites the pseudo hold pulse signal hO with the impulse signalsil and i3, and
composites the pseudo hold pulse signa h1 with the impulse signalsiO and i2. Note that in FIG. 21, the same
reference numbers are used for members that have the same functions and configuration as the membersin
FIG. 15.

[0212]

Theturn ON signal generating circuit 10b of FIG. 21 also provides atime difference to the light emission
times of the pseudo hold pulse signals hO and h1. Moreover, the size of the gate can be reduced by the amount
that the number of circuit blocks 209 is smaller than that of the circuit of FIG. 15 (embodiment 3-1).
Furthermore, the larger the number of systems of the impulse type light emitting circuit 109, in other words,
the number of divisions of the light guide plate 9a (FIG. 14), the greater the effect of reducing the gate size.

[0213]

Therefore, according to embodiment 3-2, the effect of reducing the number of systems that are turned ON or
OFF at the same time and suppressing the harmonics flowing in the power supply circuit is somewhat reduced,
but the number of divisions of the light guide plate 9ais large. For example, the effect of reducing the gate size
islarge, and therefore, the embodiment 3-2 is more practical than embodiment 3-1.

[0214]

The embodiment 3-1 and embodiment 3-2 that is selected may be determined after considering the balance
between the gate size of the turn ON signal generating circuit 10b, the instantaneous maximum rating of the
power supply circuit 7, and other interactions.

[0215]

As described above, Invention 3 has the effect of reducing the instantaneous maximum rating of the power
supply circuit and reducing the harmonics associated with the switching operation. Furthermore, an effect
where the power supply circuit for turning ON the lamp can be operated stably is achieved. Moreover, the cost
increase associated with achieving these effectsis small.

[0216]
Invention 4
Invention 4 of the present application will be described based on FIG. 22 through FIG. 25.

[0217]

According to embodiment 3-1 of Invention 3 (see FIG. 15), in the turn ON signal generating circuit 10b of
FIG. 14, by design, the switches 11 for more than 3 systems are not conducted simultaneously. However, it is
not possible to design a product without considering circuit malfunction.

[0218]
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In other words, if the instant the channel is switched or the radio wave condition is poor for a TV display
device, if the resolution is changed for a PC display device, or immediately before the battery runs out for a
mobile device display, the vertical sync signal vs may be disrupted, and the display may behave unexpectedly.
Furthermore, at the instant of this manner of malfunction, there is a possibility that many of the switches 11 in
FIG. 14 will conduct, and alarge load applied to the power supply circuit 7. Moreover, even under normal use
conditions, the frequency of malfunction of the power supply circuit 7 is not so low.

[0219]

Furthermore, alamp with a high instantaneous maximum rating is used for an impulse type light emitting
backlight. For example, as can be seen by comparing the part A of FIG. 34 with the part A of FIG. 40, the
instantaneous luminance of the impulse type light emitting backlight is higher than the instantaneous
luminance of the hold type light emitting backlight. In this case, it is doubled. By limiting the light emission
time of the backlight to a short time by adopting impul se type light emission, the instantaneous luminance
must be increased in order to maintain the average luminance.

[0220]

For the reasons described above, if the turn ON signal generating circuit 10b in FIG. 14 malfunctions and all
the lamps are turned ON at the same time for one frame or more, the viewer is exposed to a powerful flash of
light, albeit for an instant, thereby making the viewer feel uncomfortable.

[0221]
Invention 4 was madein view of the foregoing problems. In other words, Invention 4 relatesto a
countermeasure for malfunctions of the circuit of Invention 3.

[0222]

In other words, invention 4 counts the number of switches that are in a conductive state prior to actually
causing alamp to emit light, and if the number is not within a prescribed allowable range, prevents
inappropriate light emission by forcibly stopping light emission.

Invention 4 will be more specifically described below.

[0223]

FIG. 22 isablock diagram illustrating a configuration of an LCD according to invention 4. Asillustrated in
FIG. 22, in an LCD according to invention 4, a protection circuit 12 is provided between the turn ON signal
generating circuit 10b and the switch 11. In this respect, the LCD according to invention 4 is different from the
LCD according to invention 3. Note that in FIG. 22, the same reference numbers are used for members that
have the same functions and configuration asin FIG. 14.

Theturn ON signal generating circuit 10b of FIG. 22 outputs provisional turn ON signals p0 to p3 to the
protection circuit 12. The protection circuit 12 monitors the provisional turn ON signals p0 to p3, confirms that
there are no abnormalities, and then outputs effective turn ON signals q0 to g3 to the switch 11.

[0224]
FIG. 23 isablock diagram illustrating a configuration example of the protection circuit 12 in FIG. 12
(embodiment 4-1).

[0225]

Asillustrated in FIG. 23, the protection circuit 12 includes input terminals 401 of the provisional turn ON
signals p0 to p3, half adders (HA) 402, afull adder 403, a dummy buffer 404, setting means 405 of the number
of systems capable of emitting light at the same time, a magnitude comparator 406, AND gates 407, and valid
turn ON signal output terminals 408.

[0226]
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The half adders 402 and the full adder 403 count the number of systems that are turned ON at the same time,
in other words, the number of switches 11 (FIG. 22) that are conducting at the same time. Furthermore, the
buffer 404 is adummy for changing asignal name, and may be omitted in an actual circuit.

[0227]

The setting means 405 retains the number of systems capable of emitting light at the same time. For example,
referring to the waveform of the total turn ON power P in FIG. 17, amaximum of three systems are emitting
light at the same time. Therefore, when adopting this light emission waveform, the setting means 405 retains
"3" asthe number of systems.

[0228]

The magnitude comparator 406 outputs a value of 1 to the AND gate 407 if the number of systems A [2: Q]
that areturned ON at the same time is the number of systems that can emit light at the same time (allowable
value) B [2: 0] =3 or less. If not, avalue of 0 isoutput. Furthermore, the AND gates 407 capture alogical
product of the provisional turn ON signals p0 to p3 and the output value of the magnitude comparator 406, and
outputs valid turn ON signals g0 to g3 to the output terminals 408.

[0229]

Thus, in invention 4, instead of calculating the total power consumption value (continuous analog amount) of
each lamp, the number of systems that turn ON is counted. Therefore, the protection circuit 12 can be achieved
by adigita circuit having a small number of bits. For example, the precision of the magnitude comparator 406
in FIG. 23 isonly 3 bits.

[0230]

In general, asmaller size protection circuit is more favorable. Thisis because the possibility that it will not
operate due to bugs, noise, failures, and the like is reduced. Furthermore, regarding Invention 3, it can be said
that Invention 4 makes full use of the lamp 8i (FIG. 14) that is dimmed using D class amplification using
switches 11 (FIG. 14)

[0231]

The configuration and operation of the protection circuit 12 according to embodiment 4-1 are as described
above. Therefore, if the number of systems turned ON at the same time does not exceed the allowable value,
the provisional turn ON signals p0 to p3 are output as valid turn ON signals q0 to g3 as-is. In this case, the
LCD of invention 4 appears to behave in the same manner as the LCD of invention 3.

[0232]

On the other hand, if the number of systems that are turned ON at the same time exceeds the allowable value,
thelamp 8i (FIG. 22) isforcibly turned OFF. Thisis the effect of providing the protection circuit 12 according
to invention 4.

[0233]

In addition, the circuit example of the protection circuit 12 according embodiment 4-1, in other words, the
configuration of FIG. 23 is not optimized. Therefore, even if the number of systemsis not four, a prototype of
the present invention can be easily produced by changing the logic with reference to FIG. 23. In actudlity,
optimization may be performed after finishing logic design. If optimized, the circuit size will be reduced,
which not only leads to cost reduction, but also reduces the probability that the protection circuit itself will
malfunction or fail. Note that a known technique can be used for optimization, and therefore, a detailed
description of the circuit for which FIG. 23 has been optimized will be omitted.

[0234]

Furthermore, in the present invention, the logic in the control circuit is not an essential part. For example,
instead of the number of systems that are turned ON, the number of systems that are turned OFF may be
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counted, and the control circuit may be designed to stop turning ON of the lamp if it does not exceed a
prescribed value. In that case, the logic isthe reverse of FIG. 23.

[0235]

Furthermore, in the present invention, a mounting form of acircuit is not an essentia part. For example, FIG.
22, which isablock diagram of the LCD according to invention 4, does not mean that the control circuit 2, the
turn ON signal generating circuit 10b, and the protection circuit 12 are separately mounted in different IC
packages. All of these circuits can be implemented using digital circuits, and therefore, implementation is easy
using oneIC.

[0236]
FIG. 24 isablock diagram illustrating yet another configuration example of the protection circuit 12 in FIG.
12 (embodiment 4-2).

[0237]

Asillustrated in FIG. 24, the protection circuit 12 according to embodiment 4-2 includes an AND gate 407a
and alogic gate 407b including an inverter and an OR gate. In FIG. 24, the same reference numbers are used
for members that have the same functions and configuration asin FIG. 23.

[0238]

In the protection circuit 12 according to embodiment 4-2, if the number of systems that are turned ON at the
same time does not exceed the allowable value, the provisional turn ON signals p0 to p3 are output as valid
turn ON signals g0 to g3 as-is. Thisisthe same asin embodiment 4-1.

[0239]

On the other hand, if the number of systems that are turned ON at the same time exceeds the allowable value,
the effective turn ON signals g0 and g3 are forcibly set to alow level, and the turn ON signals gl and g2 are
forcibly set to ahigh level. Asaresult, two of the four systems are forcibly turned OFF, and the remaining two
systems are forcibly turned ON. Note that the number of systems that are forcibly turned ON must be less than
or equal to the allowable value.

[0240]

Therefore, al the lamps 8i (see FIG. 22) are forcibly turned OFF based on embodiment 4-1, and thus, the
protection circuit 12 according to embodiment 4-2 is superior when the switching operation of the power
supply circuit 7 (see FIG. 22) becomes unstable. This is because with the protection circuit 12 according to
embodiment 4-2, when the number of systems that are turned ON at the same time exceeds the alowable
value, some lamps are forcibly turned OFF without turning OFF all of the lamps.

[0241]

Note that in embodiment 4-2, whether positive logic or negative logic is adopted for the protection circuit 12
isnot an essential part. In other words, the number of systems that are turned ON may be counted, or the
number of systems that are turned OFF may be counted.

[0242]

Furthermore, asillustrated in FIG. 25, the protection circuit 12 can be applied to an LCD provided with the
turn ON signal generating circuit 10.

Note that the LCD illustrated in FIG. 25isthe LCD illustrated in FIG. 22 in which the turn ON signal
generating circuit 10b is replaced with the turn ON signal generating circuit 10. There is no difference in other
configurations.

[0243]

In other words, the protection circuit 12 according to invention 4 can aso be applied to the turn ON signal
generating circuit 10 (see FIG. 35 and FIG. 36). Therefore, the turn ON signal generating circuit 10 itself is
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outside the scope of the present invention, but the LCD provided with the protection circuit 12 isincluded in
the present invention.

[0244]

Note that the turn ON signal generating circuit 10 can be easily prototyped by referring to the description in
the BACKGROUND TECHNOLOGY, and the protection circuit 12 can be easily prototyped by with
reference to embodiment 4-1 and embodiment 4-2.

[0245]

As described above, applying the protection circuit of Invention 4 to Invention 3 or a conventional example
enables preventing an incident in which alarge number of lamps exceeding the permissible limit emit light at
the same time. Further, since the size of the logic circuit added by Invention 4 is not large, low cost and high
reliability can be obtained.

[0246]
Invention 5
Invention 5 of the present application will be described based on FIG. 26 and FIG. 27.

[0247]

FIG. 26 isablock diagram illustrating a configuration example (referred to as "embodiment 5-1") of the LCD
according to Invention 5. In embodiment 5-1, asillustrated in FIG. 26, the current limiting elements 13 are
provided between the switches 11 and the lamp 8i. In FIG. 26, the same numbers are used for members that
have the same functions and configuration asin FIG. 22.

[0248]

The current limiting element 13 can be configured by, for example, combining an inductor and capacitor that
only consume reactive power. Note that since the present invention employs intermittent pulse light emission,
thereis no need to limit the current with aresistor that consumes active power.

[0249]

For example, incandescent lamps and halogen lamps have an excessive inrush current when they are turned
ON. However, the current limiting element 13 can prevent the power supply circuit 7 from failing due to the
inrush current. Furthermore, the current limiting element 13 also has an effect of consuming reactive power in
the event of a short-circuit accident due to alamp failure, mounting failure, or the like, and preventing smoking
or burning of the power line.

[0250]

In addition, the role of the current limiting element 13 is not to cut off harmonics, unlike the L C passive filter
provided in the class D amplifier circuit. To begin with, since the frequency of the pseudo hold pulse exceeds
the CFF, thereis no need to smooth the turn ON waveform. In other words, the turn ON waveform is
smoothed on the human retina without smoothing the turn ON waveform in acircuit.

[0251]

In addition, if the harmonics of the impulse waveform synchronized with the vertical sync signal are removed
more than necessary, the effect of improving the quality of the motion picture of the impulse type light
emission is reduced. In this sense, the present invention is different from a simple class D amplifier circuit.

[0252]

FIG. 27 illustrates another configuration example (referred to as "embodiment 5-2") of the LCD according to
Invention 5. In Invention 5, asillustrated in FIG. 27, the current limiting element 13 isinserted between the
switch 11 and the power supply circuit 7. That isto say, that the LCD illustrated in FIG. 26 differs from the
LCD illustrated in FIG. 27 only in that the order of the switch 11 and the current limiting element 13 is
exchanged.
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[0253]

In the LCD according to Invention 5, the type of the turn ON signal generating circuit is not limited. In other
words, the turn ON signal generating circuit can use the configuration asillustrated in FIG. 26, the
configuration asillustrated in FIG. 35, or the configuration asillustrated in FIG. 36.

In addition, the protection circuit 12 (FIG. 26) does not necessarily need to be provided.

[0254]
As described above, according to Invention 5, inrush current flowing through the lamp can be reduced to
protect the power line from a short circuit accident.

[0255]
Invention 6
Invention 6 of the present application will be described based on FIG. 28 and FIG. 29.

[0256]

Impulse type light emission is harmful and useless when the display deviceis used for an application where
thereis amost not opportunity to display motion pictures, for example, when the display device is used for
guidance displays of various facilities. Invention 6 relates to a display device suitable for such an application.

[0257]
FIG. 28 isablock diagram illustrating a configuration example (referred to as "embodiment 6-1") of the LCD
according to Invention 6.

[0258]

The configuration of the LCD of embodiment 6-1 will be described focusing on the difference from the
configuration of the LCD according to Invention 4 (FIG. 22). In the LCD according to embodiment 6-1, the
turn ON signal generating circuit 10b is replaced with the turn ON signal generating circuit 10c, and the
vertical sync signal vsis not output from the control circuit 2 to the turn ON signal generating circuit 10c.
Further, the light guide plate 9 is not divided into areas LO to L3.

[0259]

Consequently, the degree of freedom is further increased with respect to the connection form between the
switch 11 and the lamp 8i. For example, the switch 11 at the top of the diagram does not need to control the
lamp at the top of the light guide plate 9. In other words, asillustrated in FIG. 28, the signal line p0 may
control the lamps 8i located at the first and fifth positions from the top. In FIG. 28, the same reference codes
are used for members that have the same functions and configuration asin FIG. 22.

[0260]

FIG. 29 isablock diagram illustrating the configuration of the turn ON signal generating circuit 10c provided
inthe LCD of FIG. 28. The configuration of the turn ON signal generating circuit 10c illustrated in FIG. 29
will be described focusing on the differences from the configuration of the turn ON signal generating circuit
10b (see FIG. 15) according to Invention 3.

[0261]

Asillustrated in FIG. 29, the turn ON signal generating circuit 10c includes a counter 202p, count cycle and
turn ON time setting means 203, turn OFF time setting means 203f, equality comparators 204, 204f, an SR flip
flop 205, time difference setting means 207, and adelay circuit 208. In FIG. 29, the same circuit block 209 is
illustrated by dotted lines. In addition, the turn ON signal generating circuit 10c includes the output terminal
106 of the provisional turn ON signals p0 to p3.

[0262]
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The operation of the above circuit is the same as that of the generating circuit for the pseudo hold pulses hO to
h3 (see FIG. 15) according to Invention 3. Moreover, the provisional turn ON signals p0 to p3 must be set
higher than the critical fusion frequency CFF. The method of setting is the same as that of Invention 3.

[0263]

In other words, the turn ON signal generating circuit 10c according to Invention 6 has the same operation as
the turn ON signal generating circuit 10b (see FIG. 15) in Invention 3, excluding not having a function of
generating an impulse component synchronized with the vertical sync signal vs.

[0264]

In addition, according to Invention 6, there are a plurality of pseudo hold pulse generating circuit 209
systems, and the light emission timing of each system is shifted by a delay circuit 208 with a prescribed time
difference. Therefore, since the peak of the turn ON power is dispersed, the rating of the power supply circuit 7
can be lowered. Furthermore, the harmonics flowing into the power supply circuit are also reduced.

[0265]
Moreover, according to embodiment 6-1, since the protection circuit 12 is provided, even if the turn ON
signal generating circuit 10c malfunctions, no electric shock is applied to the power supply circuit.

[0266]

Note that in embodiment 6-1, it does not matter whether the turn ON signal generating circuit 10c uses
positive logic or negative logic. In other words, the number of systems that are turned ON may be counted, or
the number of systemsthat are turned OFF may be counted.

[0267]

Furthermore, in embodiment 6-1, if the power consumption before and after the light is turned OFF iswithin
the power capacity of the power supply circuit 7, either al systems can be forcibly turned off, or only some of
the systems can be forcibly turned off.

[0268]
FIG. 30isablock diagram illustrating another configuration example (referred to as "embodiment 6-2") of
the LCD according to Invention 6.

[0269]

Asillustrated in FIG. 30, in the LCD according to embodiment 6-2, the protection circuit 12 is omitted.
Therefore, the turn ON signals p0 to p3 are directly input to the switch 11 without going through a protection
circuit. The other functions and operations of the turn ON signal generating circuit 10c are the same asthosein
embodiment 6-1.

[0270]

In thefirst place, LCDs have emerged as display devices for portable or so-called mobile devices. Motion
blur is not currently an issue for such applications. Therefore, the impulse component synchronized with the
vertical sync signal vsisunnecessary for the LCD.

[0271]

In addition, the output of the lamp 8i is lower than that of the stationary display device, and the number of
lamps 8i is small. Therefore, there is no problem even if the power supply circuit 7 has a performance capable
of turning ON all the lamps 8i with a duty cycle of 100%. In that case, the protection circuit 12 can be omitted
asin embodiment 6-2.

[0272]

Whether to adopt embodiment 6-1 or embodiment 6-2 shall be determined in consideration of the use of the
LCD.
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[0273]
Incidentally, in mobile devices, DC/DC converters (switching regulators) are often used rather than linear
regulators (series regulators) in order to extend the battery drive time.

[0274]

When the power load of the DC/DC converter is set lower than the rating, the utilization efficiency of the
battery decreases. That isto say, that the smaller the fluctuation of the power load, the easier it isto increase
the power conversion efficiency. Thisis because the DC/DC converter can be configured according to the
magnitude of the power load under typical usage conditions. This means that distributing and averaging the
power load according to Invention 6 will lead to power savings.

[0275]
Also, DC/DC converters may even malfunction when the power load is dramatically reduced. Thisis because
the switching operation of the DC/DC converter stops when the power load is removed.

[0276]

FIG. 31 isan operation waveform of conventiona PWM dimming. In FIG. 31, p0 to p3 are light emission
waveforms of each system, and Pis the total turn ON power for all systems. With reference to the waveform of
the total turn ON power Pin FIG. 31, it can be seen that the load is frequently removed. In this case, the
operation of the DC/DC converter may become unstable. If the power supply circuit becomes unstable, noiseis
added to the video signal, and the so-called SNR (power signal-to-noiseratio) is lowered.

[0277]

On the other hand, FIG. 32 is an operation waveform of the LCD according to Invention 6. The meaning of
each graphin FIG. 32 isthe same asthat in FIG. 31. As can be seen by referring to the waveform of the total
turn ON power Pin FIG. 32, thereis no instant when the load is completely eliminated. Therefore, the
operation of the DC/DC converter is more stable than in the conventional example (FIG. 31).

[0278]

As described above, according to Invention 6, by dispersing the peak of the total turn ON power, the
harmonics of the current flowing through the power supply circuit 7 can be reduced and the load current can be
made uniform. The present invention enables easy design of a high-efficiency power supply circuit. The
present invention also enables stabilizing the operation of the power supply circuit.

[0279]

Configuration of the Liquid Crystal Display Device

The life span of afluorescent lamp is shortened because the discharge el ectrode deteriorates each timeit is
turned ON and OFF. Therefore, examples of alamp suitable for impulse type light emission in the present
invention include semiconductor light emitting elements, for example, LEDs.

[0280]

In order to carry out the present invention, a non-light emitting panel in which a plurality of picture elements
areformed isrequired. Currently, aliquid crystal panel is common as an example of said panel. In particular,
in the case of adirect-view liquid crystal display device, improving the image quality can be easily
accomplished using a configuration of illuminating atransmissive liquid crystal panel from behind with a
backlight. As described above, an active-matrix type liquid crystal display device is suitable for the present
invention because it is capable of analog multi-gradation display and each gate line is sequentially selected and
scanned.

[0281]

As described above, the present invention enables improving the image quality of the active-matrix
transmissive liquid crystal display device.
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[0282]

When interlacing (jump) scanning, the frame may be replaced with afield. In color LCDs, three RGB liquid
crystal cells may be regarded as one pixel (picture el ement). One impulse type light emission may be narrowed
down by high frequency PWM dimming to form aplurality of emissions. Even if the impulse light emissionis
divided into a plurality of flashes, thereis only one impulse component.

[0283]

The image display device of the present invention includes image display means that modul ates light based
on avideo signal and alight source body that illuminates the image display means. The light source body can
illuminate the video display means [sic] using light that is a mixture of a pulse component emitted once per
frame of the video signal (hereinafter referred to as "pulse component i) and a pul se component emitted at a
frequency higher than the frame frequency (hereinafter referred to as "pulse component h").

[0284]
The light emission time of the pulse component i may be longer than the light emission time of the pulse
component h.

[0285]
The light emission time of the pulse component h does not have to be afixed relationship with the light
emission time of the pulse component i.

[0286]
The light emission frequency of the pulse component h may be two or more times per frame cycle.

[0287]
The light emission frequency of the pulse component h may exceed the critical fusion frequency.

[0288]
In addition, the light emission of the pulse component i and the light emission of the pulse component h may
be performed by supplying the same electric power (power, energy per unit time) to the light source body.

[0289]
The light emission of the pulse component i and the light emission of the pulse component h may be
performed by the same physical light source body.

[0290]
The mixing of the pulse component i and the pulse component h may be performed by alogic circuit.

[0291]

Both the pulse component i generating circuit and the pulse component h generating circuit are composed of
digital circuits, and the bit width of the circuit that generates the latter pulse component h may be smaller than
the bit width of the circuit that generates the former pulse component i.

[0292]

The image display device may be provided with alight source body having a dimming function of
intermitting the light emission waveforms of the pulse component i and the pulse component h at a frequency
sufficiently higher than the frequencies of both pulse components.

[0293]

The image display device of the present invention may have a function of continuously adjusting the image
quality by fixing the light emission time of the pulse component h and increasing or decreasing the light
emission frequency.
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[0294]

The image display device of the present invention may have a function of continuously adjusting the image
quality by fixing the frequency of occurrence of the pulse component h and increasing or decreasing the light
emission time.

[0295]

Further, the image display device of the present invention includes image display means that modulates light
based on avideo signal, and K (K > 2, where K is an integer) light source bodies that illuminate the image
display means. The K light source bodies are based on a light emission waveform obtained by mixing a pulse
component i emitted once per frame of the video signal and a pulse component h emitted at a frequency higher
than the frame frequency, which isthen grouped into N systems (2 < N <K, where N is an integer) that can
independently control light emission while illuminating the video display means [sic], and the light source time
of the pulse component i can be configured to be controlled according to the timing at which theimage is
scanned for each of the N systems.

[0296]
The light emission time of the pulse component h may be controlled so that the turn ON times are dispersed
among the N systems.

[0297]
The light emission time of the pulse component h may be controlled so that the turn ON times are dispersed
among the M systems (2<M <N <K, M isan integer).

[0298]

In the image display device of the present invention, while valid video is being displayed on the image
display means, thereis no need for atime where all of the equipped light source bodies are turned ON at the
same time.

[0299]

In addition, in the image display device of the present invention, while vaid video is being displayed on the
image display means, there is no need for atime where all of the equipped light source bodies are turned OFF
at the sametime.

[0300]

Further, the image display device of the present invention includes a protection circuit between the generating
circuits of the pulse component h and pulse component i, and the switch for controlling light emission of the
light source body. The protection circuit can count the number of signals in the same logic state among the
output signals of the generating circuit, compare this number of signals with the prescribed tolerance, and turn
OFF part or al of the light source bodies if the number is not within the range of tolerance.

[0301]

In addition, the image display device of the present invention includes an image display means that modul ates
light based on avideo signal, and K (K > 2, where K is an integer) light source bodies that illuminate the
image display means. The K light source bodies are image display devices that illuminate the video display
means [sic] using alight emission waveform composed of a pulse component i emitted once per frame of the
video signal, and the K light source bodies are grouped into N (2 <N <K, where N isan integer) systemsin
which, light emission can be controlled independently, and the light emission time of the pulse component i is
controlled according to video scan timing for each of the N systems. A protection circuit is provided between
the generating circuit of the pulse component i and the switch that controls the light emission of the light
source body. The protection circuit is one of the output signals of the generating circuit. The number of signals
in the same logical state may be counted and compared with a predetermined allowable value, and if the
number is not within the allowable range, some or al of the light source bodies may be turned OFF.

Petitioner Samsung Ex-1005, 0041



[0302]

Furthermore, the image display device of the present invention may have a configuration in which a current
limiting element is provided between the switch for controlling turning ON of the light source body and the
light source body.

[0303]

Moreover, the image display device of the present invention may have a configuration in which a current
limiting element is provided between the switch for controlling turning ON of the light source body and the
power source for supplying the turn ON power of the light source body.

[0304]
In addition, the current limiting element may be a passive element that consumes reactive power.

[0305]

Furthermore, the image display device of the present invention includes image display means that modul ates
light based on avideo signal, and K (K > 2, K is an integer) light source bodies that illuminate the image
display means. The K light source bodies turn ON the video display means [sic] according to alight emission
waveform composed of pulse component h that is emitted at afrequency greater than frame frequency and
light emission timing of the pulse component h may be controlled so that turn ON timing is dispersed for each
of the N systems.

[0306]

Further, the image display device of the present invention includes a protection circuit between the generating
circuit of the pulse component h and the switch for controlling the light emission of the light source body. The
protection circuit can have a configuration of counting the number of signalsin the same logic state (logic
indicating ON or OFF) among the output signals of the generating circuit, compare this number of signals with
aprescribed allowable value, and turn OFF a part or al of the light source bodies if the number is not within
the range alowable.

[0307]

Furthermore, the image display device of the present invention may have a configuration in which thereis not
atime when al of the light source bodies provided are turned ON at the same time while valid video is
displayed by the image display means.

[0308]

Moreover, the image display device of the present invention may have a configuration in which thereisnot a
time when all of the light source bodies provided are turned OFF at the same time while valid video is
displayed by the image display means.

[0309]

The present invention is not limited to the embodiments described above, and various modifications can be
made within the scope of the claims, and embodiments obtained by appropriately combining the technical
means disclosed in the different embodiments are also included in the technical scope of the present invention.

INDUSTRIAL APPLICABILITY
[0310]

With the present invention, the display quality of an image display device having hold type electrical-to-
optical conversion characteristics typified by aliquid crystal display device can be improved. Furthermore, the
video tail can be improved and flicker disturbance can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0311]
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FIG. 1isablock diagram illustrating an example configuration of an image display device according to
Invention 1.

FIG. 2 isablock diagram illustrating a configuration of aturn ON signal generating circuit according to
embodiment 1-1 of Invention 1.

FIG. 3isadiagram illustrating the operating waveform of the turn ON signal generating circuit according to
embodiment 1-1 of Invention 1.

FIG. 4isadiagram illustrating the light emission waveform and power waveform of the lamp according to
embodiment 1-1 of Invention 1.

FIG. 5isaqualitative explanatory diagram illustrating that Invention 1 improves motion blur.

FIG. 6 isaquantitative explanatory diagram for flickering of an image display device according to Invention 1.
FIG. 7 isablock diagram illustrating a configuration of aturn ON signal generating circuit according to
embodiment 1-2 of Invention 1.

FIG. 8isablock diagram illustrating a configuration of aturn ON signal generating circuit according to
embodiment 1-3 of Invention 1.

FIG. 9isadiagram illustrating the operating waveform of the turn ON signal generating circuit according to
embodiment 1-3 of Invention 1.

FIG. 10 isadiagram illustrating a configuration of aturn ON signal generating circuit according to
embodiment 1-4 of Invention 1.

FIG. 11 isadiagram illustrating a configuration of aturn ON signal generating circuit according to
embodiment 1-5 of Invention 1.

FIG. 12 isadiagram illustrating the light emission waveform of the lamp according to embodiment 2-1 of
Invention 2.

FIG. 13 isadiagram illustrating the light emission waveform of the lamp according to embodiment 2-2 of
Invention 2.

FIG. 14 isablock diagram illustrating a configuration of an image display device according to Invention 3.
FIG. 15isablock diagram illustrating a configuration of aturn ON signal generating circuit according to
embodiment 3-1 of Invention 3.

FIG. 16 isadiagram illustrating the operating waveform of the turn ON signal generating circuit according to
embodiment 3-1 of Invention 3.

FIG. 17 isadiagram illustrating the light emission waveform and power waveform of the lamp according to
embodiment 3-1 of Invention 3.

FIG. 18 isa quantitative explanatory diagram of the effects according to embodiment 3-1 of Invention 3.

FIG. 19 isadiagram illustrating the light emission waveform and power waveform of alamp where dimming
is performed by applying Invention 1.

FIG. 20 isadiagram illustrating the light emission waveform and power waveform of alamp where dimming
is performed by applying Invention 3.

FIG. 21 isablock diagram illustrating a configuration of aturn ON signal generating circuit according to
embodiment 3-2 of Invention 3.

FIG. 22 isablock diagram illustrating a configuration of an image display device according to Invention 4.
FIG. 23 isablock diagram illustrating a configuration of the protection circuit according to embodiment 4-1 of
Invention 4.

FIG. 24 isablock diagram illustrating a configuration of the protection circuit according to embodiment 4-2 of
Invention 4.

FIG. 25 isablock diagram illustrating a configuration of an image display device according to embodiment 4-
3 of Invention 4.

FIG. 26 isablock diagram illustrating a configuration of an image display device according to embodiment 5-
1 of Invention 5.

FIG. 27 isablock diagram illustrating a configuration of an image display device according to embodiment 5-
2 of Invention 5.

FIG. 28 isablock diagram illustrating a configuration of an image display device according to embodiment 6-
1 of Invention 6.

FIG. 29 isablock diagram illustrating a configuration of the turn ON signal generating circuit according to
Invention 6.
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FIG. 30 isablock diagram of the image display device according to embodiment 6-2 of Invention 6.

FIG. 3lisadiagram illustrating the light emission waveform and power waveform of alamp with
conventional PWM dimming.

FIG. 32 isadiagramillustrating the light emission waveform and power waveform of alamp according to
Invention 6.

FIG. 33 isablock diagram illustrating a configuration of a conventional hold type light emitting display
device.

FIG. 34 isaqualitative explanatory diagram of mation blur of a conventional hold type light emitting display
device.

FIG. 35isablock diagram illustrating a configuration of a conventiona impulse type light emitting display
device.

FIG. 36 isablock diagram illustrating a configuration of the turn ON signal generating circuit of a
conventional impulse type light emitting display device.

FIG. 37 isadiagram illustrating the operating waveform of the turn ON signal generating circuit of a
conventional impulse type light emitting display device.

FIG. 38 isadiagram illustrating the light emission waveform of alamp for a conventional impulse type light
emitting display device.

FIG. 39 isaqualitative explanatory diagram of motion blur of a conventional impulse type light emitting
display device.

FIG. 40 isaqualitative explanatory diagram of mation blur of the impulse type light emitting display device
according to Patent Document 3.

DESCRIPTION OF REFERENTIAL NUMERALS AND CODES

[0312]

5: Liquid crystal panel (image display means)

7: Power supply circuit

10, 10a, 10b, 10c: Generating circuit for pulse component i and pulse component h
8i: Lamp (light source body)

11: Switch

12: Protection circuit

13: Current limiting element

102: Counter (circuit that generates pulse component i)

110: OR gate (logic circuit that synthesizes the signal generating the pulse component i and the signal
generating the pulse component h)

202p: Counter (signal that generates pulse component h)
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FIG. 1
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FIG. 2
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FIG. 7
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FIG. 8
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FIG. 10
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FIG. 11
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FIG. 14
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FIG. 15
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FIG. 21
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FIG. 22
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FIG. 23
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FIG. 24
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FIG. 25
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FIG. 26
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FIG. 27
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FIG. 28
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FIG. 29

Petitioner Samsung Ex-1005, 0073



FIG. 30
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FIG. 33
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FIG. 35
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FIG. 36
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5C080 AA10 BBO5 DDO5 DDO6 EE19 FF11 Jj02 JJI03 Jio4
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