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(7) ABSTRACT

A liquid crystal display including a blink backlight system
light source and a liquid crystal panel for adjusting the
amount of light transmitted from the light source. The light
source is made of a plurality of light emitting tubes each
having one or more kinds of phosphors, and having a
turned-on state and a turned-off state within one frame. A
luminance factor area of light from each of the phosphors is
substantially equal to that of light from any other phosphor
in at least one of a luminance rise time when the light source
changes from the turned-off state to the turned-on state and
aluminance fall time when the light source changes from the

(86) PCT No.: PCT/JP02/13122 turned-on state to the turned-off state.
+{ 4
1 2 1 3 [
5 7
R T T DL T e . 6
10 :
1 ™ '
¢ ' | 12A |
: b :
: b T >
1 ) ! 128 ll
: 8A L 113
] 1 L )
s a8 ;
s i



ASu(1)—ASu(2)—0
ASd(1)—ASd(2)—*O

—(

< )

-] [=]

(=2

2 4 »m

= S —— .

< =

[l

&

o

w

= (7 N

—

(g}

s

Al [] ]

- F | S emprmme e e b e e -~

2 Z | & =

wn — [xy £ :w
—

o . S

= G = <8

1 et o Y esSNNNNNNL _

= Lo =

=9

@

= X

= [x]

S~/ 77/ =

o 1 —~~

= - " o

A 1% ' 3

= — ! w

£ v i <

T [ =

= «

(=3

-« .

E JONVYNINNT YOHdSOHd LS¥Id  IONYNIWAT MOHdSOHd ANODIS

[~

o



US 2006/0208998 Al
’i
]
:
:
]
:
!
i
:
:
'
5
’
:
!
:
TIMET

ONE FRAME

OF FIRST PHOSPHOR

ATTENUATION OF LUMINANCE

TYNDIS MNITE  INT9¥AD Fgnl JONUNIWOT F€0d
. . : ONIILINI IHOIT

p—

[\

pm [=]

3 =

~—

£ o Z

e e
. S 5

E O =

—g

S I o3

1’ H

o ANUP

3 = Ho

- m =3

- Ak =5

= 1)

= 3] o

= = il

= © 21

= z

£ S

= MATA QIOYVING |

S v

. A

S

mu «

-

~—

=

2

[

=™



Patent Application Publication Sep. 21,2006 Sheet 3 of 21 US 2006/0208998 A1

FIG.3

L, ===~

| T hhh e

TUBE CURRENT

(a) A 5 -

FIRST PHOSPHOR LUMINANCE

0K
&e '
53§ i IN-FRAME ULTIMATE LUMINANCE
. 4
A : )
T 1/ N seconn prosPHOR LUMINANCE
] R
on - —»
HE 0 to TIMET
Atop
» ]
1 )
b e
= I, |--------- F]
Ix]
oo
r,
A -
[£a}
m
2
_ , —>
(b) 4
FIRST PHOSPHOR LUMINANCE

//1/// IN-FRAME ULTIMATE LUMINANCE

-

f;\.

SECOND PHOSPHOR LUMINANCE

—p
TIMET

LIGHT EMITTING
TUBE LUMINANCE

o
—

Q

<



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 4 of 21

FIG.4

ONE FRAME

Wu
ET)
jca]
=
®)

He =5
Z0o Q9
I S
= By AS
Hn 20O
o =
BT 2o
a2
=0
B 2
O O,m
S E
MF 7L =y
xo Ko
5 o,
N C
= =
H

TUYNDIS NITd

INAYEND d9nL dONYNIWOT HYNOL
: , ONILLIWA IHDIT

MHETA (OUDUYINF




US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 5 of 21

FIG.5

12B |

12A
s Ml

8A
8B

p S I e

£



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 6 of 21

FIG.6

>

TIMET

ONE FRAME

ONE FRAME

<
TYNDIS MNITIE LNEYMND HONYNTHAT - INTYNND EONYNTIHWOT
Hd9NL LSYIJd dd0QL ONILLIWH J9d0L dNODHS 9Nl ONILILIWA
: LJHOTIT ILSYTId LHODIT ANODHES



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 7 of 21

FIG.7

>

ONE FRAME

- -

TYNDIS MNITY

——t

A

LNHIIND

TIMET

HAONYNTHNAT S INEYEND AONYININAT

mmoa,emmHm d9NL ONILLIWA d90L ANODES 990I ONIIIIWF
IHOIT 1SYId IHDIT ANODHS



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 8 of 21

FIG. 8

ONE FRAME

ONE FRAME
i
)

A’

TUNOIS MNITH

LNEIIEND
ddNL LSYTd

dONYNINNT
d9NL ONILILTIWA

LHDIT LSYIdA

TIMET

- INTYHEND
AdNL ANODHES

AONYNIRWAOT
dd0NL DONILLIWH
LHODIT dNODIHS



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 9 of 21

FIG. 9

SECOND ULTIMATE LUMINANCE
TIMET

. FIRST ULTIMATE LUMINANCE

RO R TSN N P

INZEEND dd0L

FONYNIWANT ddNLl ONILLIWAE IHDII



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 10 of 21

FIG.10

=

ONE FRAME

ONE FRAME

TIMET

TUNDIS MNITH

LINHAEEIND
HANI LSYId

AONYNIWAOT
2905 ONIILLIWA

LHOIT LSYId

- INEYEND
A90L dNOJJES

FONYNIWNNT
390L ONILLIIWI
LHOIT ANODHS



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 11 of 21

FIG. 11

ONE FRAME

ONE FRAME

—————— - - - - - -

TYNDIS MNITH

LNFIHEND
dd0L LSYId

AONYNIWAT
A9NL ONIILLIWH

IHOIT LSYId

- LNHY¥ND
q9NL ANODIS

HONYNTIRWAT
d90L DONILIIWAH
LHDIT_ANODHS



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 12 of 21

FIG.12

Vi
\{

ONE FRAME

m.m .....

ONE FRAME
i
)
’

—>

TYNDIS MNITH

INIMMND
H9NI ISdId

AONYNIWNT
HdNL ONILLIWA

JHOTIT LSHIA

....... e————

INTFIHND
ddnd aNOD3S

<

TIMET

AONYNIWAT
dgNL ONIILIINE
IHOIT ANODHES



Patent Application Publication Sep. 21,2006 Sheet 13 of 21 US 2006/0208998 A1

FIG.13
L 4 ]
—
1 2 H 3 |
;
6

E 12Aj E
L 728 | |
i_____________,_______________,__,:13




US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 14 of 21

FIG.14

ONE FRAME

<

INT HONYNIWAT : _
TUNOTS JNITE LS¥Id  gan] gsurs HHAL ONTLLING TUNOLS INZNNDD  3E0I DNy poaal
9IT LS¥IA  MNITH ONODIS LLLLIWA

Fg0L aNoJdEs IHOIT ANODHES



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 15 of 21

FALL TIME

FIG.15

RISE TIME

.|||.ﬂ.A

AONUYNIWNT d90L ONILIIWA IHODIT

VS
©
S’

RISE TIME

. TIMET

/

-

=

T

AONYNIWNT HdNIl ONILLIWE IHDIT

VS
e
N’



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 16 of 21

ONE FRAME

FIG.16

ONE FRAME

- TIMET

- o g e ———

!

<

— - f

TYNDIS MNITH

LNHEEND

HONYNIHAT - LNIJEND HONYNIRWOT

A9d0L IS¥Id FdNl SNILIIWE HENL ANODJES WdNL SONILLIWI

IHOIT LSYIH IHDIT ANODHES



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 17 of 21

FIG.17

]
:
" m
: “
1 ]
] ]
! < faa] (@] !
— o o e m
1 m C '
m _\HW,_ M 0 0 :
1 1
[ < “
H e m H
1 - \hll o ]
! 1 Y r— !
| _ By o |
. . ey A=) '
1

[}




US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 18 of 21

[
s
[y
[
pe
O
—
L
M
o | --
[
8
z.
FO
S
HONYNIWOT .
HONYNINAT
€l PR e R A INEMNAD FEAL ONTLLING INGRE00  gE0L ONTLLIAT
TYNDIS MNITH ggng I1s9Id  LHOTT IS¥IA  JENL QNODES JIHOIT ANODES — HEAL QWIHL  IHSIT QUIHL

TIMET



US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 19 of 21

FIG.19

T

FrEsm_———

FIG.20

ONE FRAME

>

ONE FRAME

TENOIS MNITL

INTIEAD HENL

HONYNIHOT
(AE0L ONILLINE LHOIT)
IHOIT

304008S

TIMET

T1 T2

TO



Patent Application Publication Sep. 21,2006 Sheet 20 of 21 US 2006/0208998 A1

FIG.21

14

A

15

16




US 2006/0208998 A1

Patent Application Publication Sep. 21,2006 Sheet 21 of 21

FIG.22

ONE FRAME

ONE FRAME

'

1 g
]

!

]

)

]

'

]

]

]

'

]

[}

]

)

'

]

]

]

!

)
‘R
L,
B

!

H

_

TIMET

LUMINANCE FALL TIME

TUNDIS MNITH INIMMAD F40l FONYNIWAT
(390 ONILLIWZE IHOSIT)

d2dN0S IHOIT

LIMINANCE RISE TIME



US 2006/0208998 A1

LIQUID CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display, and particularly relates to a liquid crystal display in
which color misregistration is improved to suppress moving
image blurring.

DESCRIPTION OF BACKGROUND ART

[0002] Liquid crystal displays have expanded their market
as small-size displays for watches, cellular phones, etc. and
as notebook-type personal computer monitors and desktop-
type personal computer monitors taking the place of CRTs
(Cathode Ray Tubes) due to their features of light weight,
low profile and low power consumption. Further, recently,
applications of liquid crystal displays have been expanded as
monitors or TV sets supporting DVD playback for display-
ing not only still images but also moving images. Thus, the
applications range widely.

[0003] However, when moving images are displayed in a
liquid crystal display serving as a personal computer moni-
tor in the background art, there appears an image quality
deterioration such as a phenomenon (hereinafter referred to
as “moving image blurring”) that the display contents are
blurred. Thus, the performance of the liquid crystal display
is inferior to that of a CRT.

[0004] This moving image blurring has been described in
detail, for example, in “Image Quality in Displaying Moving
Images in Hold-type Display” (IEICE Technical Report,
EID 99-10, p. 55), which suggests that the moving image
blurring is largely caused by a difference in display system
between a CRT and a liquid crystal display.

[0005] That is, the moving image blurring is caused by a
hold-type display system in which constant luminance is
always kept within one frame in the liquid crystal display, as
compared with an impulse display system in which lighting
is performed at only a certain moment in one frame in the
CRT. Tt is suggested that the moving image blurring appears
in the hold-type display system due to a difference between
an integral path assumed by the display system and an
integral path based on a human sight line.

[0006] Accordingly, when a display system close to an
impulse-type display system as in the CRT is used in the
liquid crystal display, it is possible to improve the moving
image blurring caused largely by the hold-type display
system. As a specific means for such a solution, there has
been proposed a blink backlight system in which a backlight
serving as a light source of a liquid crystal display is lit like
pulses in one display period so as to realize a pseudo impulse
display system.

[0007] Some liquid crystal displays using this blink back-
light system have been already manufactured by way of trial,
and it has been confirmed that the moving image blurring
can be improved. For example, the details have been
described in “Image Quality Revolution™ Flat-Panel Display
2002, p. 96) and so on.

[0008] Here, FIG. 19 shows a schematic diagram of a
background-art liquid crystal display using a blink backlight
system. In FIG. 19, the liquid crystal display is constituted
by a power supply 1; a video signal processing circuit 2; a
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control circuit 3; a drain driver 4; a gate driver 5; a common
driver 6; a liquid crystal panel 7; a light source drive circuit
11 having an inverter 8, a blink signal generation circuit 9
and a switching device 10; and a light source 13 formed out
of light emitting tubes 12.

[0009] Each light emitting tube 12 forming the light
source 13 of the liquid crystal display is typically made of
a three band fluorescent tube 12. The fluorescent tube is
connected to the inverter circuit 8. The on/off timing of a
voltage or a current supplied from the inverter circuit to the
fluorescent tube is controlled by a signal (hereinafter
referred to as “blink signal”) from the blink signal genera-
tion circuit 9.

[0010] For example, as shown in FIG. 20, a current value
1 is applied into the fluorescent tube in accordance with a
signal from the inverter circuit 8 at the timing T=T, when the
blink signal is turned on. Thus, the fluorescent tube is also
turned on at the same time. At the timing T=T, when the
blink signal is turned off, the current becomes zero. Thus, the
fluorescent tube is also turned off at the same time.

[0011] In such a manner, the backlight is blinked within
one frame so that a turned-on state and a turned-off state are
set. Thus, a pseudo impulse display system close to the CRT
display system is attained so that blurring of moving images
can be improved. Accordingly, the blink backlight system is
a very important technique in a moving image supporting
liquid crystal display such as a liquid crystal television set.

[0012] However, when the backlight is blinked like pulses
within one frame, there occurs a new problem. That is a
problem of “color misregistration” appearing in a moving
image contour portion.

[0013] For example, assume that a black window 15 is
displayed on a white background 14 and this black window
15 is moved from the left side of the screen to the right side,
as shown in FIG. 21. In this event, of the black window
contour portion, a contour portion 16 perpendicular to the
black window moving direction 17 has color fringing (color
misregistration).

[0014] This “color misregistration” phenomenon will be
described below.

[0015] A three band fluorescent tube is generally used as
a light source of a liquid crystal display as described
previously. The three band fluorescent tube is filled with
discharge gas such as mercury gas, and three color (R, G and
B) fluorescent materials are applied to the inner wall of the
tube. As soon as a current is applied to the fluorescent tube,
discharge breaks out inside the tube, and ultraviolet rays 254
nm long are chiefly emitted due to the mercury gas. The
ultraviolet rays excite the fluorescent materials applied to the
inner wall of the fluorescent tube so that three color (R, G
and B) lights are emitted from the fluorescent materials to
the outside of the tube.

[0016] Accordingly, the fluorescent materials are ideally
blinked in accordance with the on/off switching of the
current. In fact, however, due to the response speed of each
fluorescent material itself, it takes time for the fluorescent
material to reach its intended luminance after the fluorescent
material is irradiated with the ultraviolet rays, as shown in
FIG. 22. Further, the response time differs from one fluo-
rescent material (R, G, B) to another. Thus, color is shifted
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in the rise time of luminance. In addition, as for the fall time
of luminance, the time for the luminance to fall (turn off)
differs from one fluorescent material to another in the same
manner. Thus, color is shifted likewise.

[0017] Incidentally, the rise time of luminance here means
a time (T,<T<T,) required for enough rise of the luminance
of a fluorescent material having the slowest response speed
after the current is turned on. On the other hand, the fall time
of luminance means a time (T,<T<T,) required for enough
fall of the luminance of the fluorescent material having the
slowest response speed after the current is turned off.

[0018] At present, Y,O;:Eu, LaPO,:Tb,Ce and (Ba,
Sr)MgAl, ,O,,:Eu are used as fluorescent materials of the
three colors, that is, red, green and blue respectively in a
typical three band fluorescent tube. Of these fluorescent
materials, the blue fluorescent material typically has the
fastest response speed. The luminance rise response time
and the Iuminance fall response time of (Ba,
Sr)MgAl, ,0,,:Eu are shorter than 1 msec. The luminance
rise response time and the luminance fall response time of
the red Y,0;:Fu range from 3 msec to 4 msec, and those of
the green LaPQ,:Tb,Ce are longer, ranging from 6 msec to
7 msec. Incidentally, the luminance rise response time here
means a time required for the luminance to reach 90% from
0% on the assumption that the ultimate luminance is 100%.
On the other hand, the luminance fall response time here
means a time required for the luminance to reach 10% from
100%

[0019] For example, when the fluorescent tube has a
characteristic shown in FIG. 22, the fluorescent tube emits
white light with a bluish tone in the luminance rise time, and
white light with a greenish tone in the luminance fall time.

[0020] When the backlight is blinked like pulses within
one frame in order to improve blurring of moving images,
the blurring of moving images can be improved, but there

occurs a new problem of color misregistration due to blink-
ing of the backlight.

SUMMARY OF THE INVENTION

[0021] Ttis an object of the present invention to provide a
moving image supporting liquid crystal display superior in
display performance and successful in improving “color
misregistration” in the luminance rise time and the lumi-
nance fall time that may occur when the backlight is turned
on/off to blink within one frame in order to improve blurring
of moving images. To achieve the object, the present inven-
tion uses the means as follows.

[0022] The present invention provides a liquid crystal
display including: a light source made of a plurality of light
emitting tubes each having one or more kinds of phosphors,
and having a turned-on state and a turned-off state within
one frame; and a liquid crystal panel for adjusting the
amount of light transmitted from the light source; wherein a
luminance factor area of light from each of the phosphors is
substantially equal to that of light from any other phosphor
in at least one of a luminance rise time when the light source
changes from the turned-off state to the turned-on state and
a luminance fall time when the light source changes from the
turned-on state to the turned-off state.

[0023] The present invention also provides a liquid crystal
display including: a light source made of a plurality of light
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emitting tubes each having one or more kinds of phosphors,
and having a turned-on state and a turned-off state within
one frame; and a liquid crystal panel for adjusting the
amount of light transmitted from the light source; wherein a
change in luminance factor per time of light from each of the
phosphors is substantially equal to that of light from any
other phosphor in at least one of a luminance rise time when
the light source changes from the turned-off state to the
turned-on state and a luminance fall time when the light
source changes from the turned-on state to the turned-off
state.

[0024] As a first configuration of the light source, the light
source is made of light emitting tubes of one kind, and each
of the light emitting tubes is a multicolor light emitting tube
having three or more kinds of phosphors. Then, luminance
of the phosphors is controlled by a current value of a current
applied to each of the light emitting tubes.

[0025] As for a current drive method, at the beginning of
the luminance rise time, the current value of the current
applied to the light emitting tube is set as a current value 1,
not smaller than a current value I, necessary for the phos-
phors to emit light with predetermined luminance in one
frame.

[0026] Itisdesired that a time At,,, when the current value
I, not smaller than the current value I; necessary for the
phosphors to emit light with the predetermined luminance is
applied to the light emitting tube, a ratio N of the current
value 1, to the current value I;, and a rise response time T_,
of a fastest luminance response phosphor of the phosphors
belonging to the light emitting tube, satisfy a relationship of
Expression 1:

AtgpE{-1.,/1110}x(1-1/N)
where N=I/1;.

[0027] Further, it is desired that the ratio N of the current
value I, to the current value I, is larger than 1 and smaller
than 6.5.

[0028] As for another current control method, there is a
method in which a current value of a current applied to each
of the light emitting tubes is increased stepwise in the
luminance rise time. In this event, it is desired that a step
time width At of the current whose current value is
increased stepwise is set to be shorter than a luminance rise
response time of a slow luminance response phosphor of the
phosphors and to be longer than a luminance rise response
time of a fast luminance response phosphor of the phos-
phors.

[0029] As for further another current control method, there
is a method in which a current value of a current applied to
each of the light emitting tubes is attenuated stepwise in the
luminance fall time. In this event, it is desired that a step
time width At of the current whose current value is
attenuated stepwise is set to be shorter than a luminance rise
response time of a slow luminance response phosphor of the
phosphors and to be longer than a luminance rise response
time of a fast luminance response phosphor of the phos-
phors.

[0030] Next, as a second configuration of the light source,
the light source is made of light emitting tubes of at least two
kinds, and each of the light emitting tubes is a multicolor
light emitting tube having at least two kinds of phosphors.

(Expression 1)
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[0031] As a third configuration of the light source, the
light source is made of light emitting tubes of at least two
kinds, and at least one of the light emitting tubes is a
unicolor light emitting tube having only one kind of phos-
phor.

[0032] As a fourth configuration of the light source, the
light source is made of light emitting tubes of at least three
kinds, and each of the light emitting tubes is a unicolor light
emitting tube having only one kind of phosphor.

[0033] In the second and third configurations of the light
source, at least two kinds of phosphors belonging to one and
the same tube of the multicolor light emitting tubes are
designed to have a substantially equal luminance rise
response time and a substantially equal luminance fall
response time. Also in these second to fourth configurations
of the light source, luminance of the phosphors is controlled
by a current value of a current applied to each of the light
emitting tubes.

[0034] As a current drive means, a current value of a
current applied to each light emitting tube having a fast
luminance response phosphor is increased gradually in the
luminance rise time.

[0035] In addition, at the beginning of the luminance rise
time, the current value of the current applied to each light
emitting tube having a slow luminance response phosphor is
set as a current value I, not smaller than a current value I
necessary for the phosphors to emit light with predetermined
luminance in one frame. Further, the current value of the
current applied to each light emitting tube having a fast
luminance response phosphor is attenuated gradually in the
luminance fall time.

[0036] In the luminance rise time and a lighting period, a
current value of a current applied to each light emitting tube
is changed like a rectangular shape so as to drive the light
emitting tube.

[0037] In the current having a current value changed like
a rectangular shape, a time width of the rectangular current
value immediately after beginning of application of the
current is made longer than a time width of the rectangular
current value immediately before termination of application
of the current. In addition, this configuration is characterized
in that the time width of the rectangular current value is not
longer than 3.3 msec.

[0038] In the luminance rise time, time of beginning of
application of a current to each light emitting tube having a
fast luminance response phosphor is controlled to be delayed
by a predetermined time At; with respect to time of begin-
ning of application of a current to each light emitting tube
having a slow luminance response phosphor, so that a
luminance factor area of the fast luminance response phos-
phor is substantially equal to a luminance factor area of the
slow luminance response phosphot.

[0039] Also in the luminance fall time, time of termination
of application of a current to each light emitting tube having
a slow luminance response phosphor is controlled to be
delayed by a predetermined time At with respect to time of
termination of application of a current to each light emitting
tube having a fast luminance response phosphor, so that a
luminance factor area of the fast luminance response phos-
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phor is substantially equal to a luminance factor area of the
slow luminance response phosphot.

[0040] Here it is desired that the luminance rise time and
the luminance fall time are made not longer than 3.3 msec.

[0041] Tt is also desired that a luminance rise response
time and a luminance fall response time of a slow luminance
response phosphor of the phosphors are made not longer
than 3.3 msec.

[0042] The delay times At; and At, are made almost half as
long as a luminance rise response time and a luminance fall
response time of a slow response phosphor of the phosphors
respectively. Further, the delay times At; and At;are made not
longer than 1.7 msec.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG. 1 is an explanatory diagram of a fundamental
idea of the present invention;

[0044] FIG. 2 is an explanatory diagram of a driving
waveform and a luminance in Embodiment 1;

[0045] FIGS. 3A and 3B are explanatory diagrams of a
driving idea in Embodiment 1;

[0046] FIG. 4 is an explanatory diagram of a driving
waveform and a luminance in Embodiment 2;

[0047] FIG. 5 is a schematic diagram showing a configu-
ration of a liquid crystal display according to Embodiment
3

[0048] FIG. 6 is a driving waveform chart in Embodiment
3

[0049] FIG. 7 is a driving waveform chart in Embodiment
55

[0050] FIG. 8 is a driving waveform chart in Embodiment
6;

[0051] FIG. 9 is a diagram of a driving idea in Embodi-
ments 6 and 7;

[0052] FIG. 10 is a driving waveform chart in Embodi-
ment 7;

[0053] FIG. 11 is a driving waveform chart in Embodi-
ment 8;

[0054] FIG. 12 is a driving waveform chart in Embodi-
ment 9;

[0055] FIG. 13 is a schematic diagram showing a con-

figuration of a liquid crystal display according to Embodi-
ment 10;

[0056] FIG. 14 is a driving waveform chart in Embodi-
ment 10;
[0057] FIGS. 15A and 15B are explanatory diagrams of a

driving idea in Embodiments 10 and 11;

[0058] FIG. 16 is a driving waveform chart in Embodi-
ment 11,
[0059] FIG. 17 is a schematic diagram showing a con-

figuration of a liquid crystal display according to Embodi-
ment 12;

[0060]
ment 12;

FIG. 18 is a driving waveform chart in Embodi-
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[0061] FIG. 19 is a schematic diagram showing a con-
figuration of a liquid crystal display in the background art;

[0062] FIG. 20 is a driving waveform chart in a back-
ground-art blink backlight system;

[0063] FIG. 21 is a display pattern view at the time of
evaluation of color misregistration; and

[0064] FIG. 22 is a diagram for explaining problems in the
background-art blink backlight system.

DETAILED DESCRIPTION OF THE
INVENTION

[0065] The present invention is principally characterized
as follows. That is, a liquid crystal display includes a light
source of a blink backlight system and a liquid crystal panel
for adjusting the amount of light transmitted from the light
source. For example, the light source is made of phosphors
such as fluorescent materials to be excited by ultraviolet rays
to thereby emit light, and the light source has a turned-on
state and a turned-off state within one frame. In the liquid
crystal display configured thus, the luminance factor area
from each phosphor is made substantially equal to that from
any other phosphor in at least one of a luminance rise time
when the light source changes from the turned-off state to
the turned-on state and a luminance fall time when the light
source changes from the turned-on state to the turned-off
state.

[0066] The principal characteristic will be described in
details with reference to FIG. 1. FIG. 1 is a diagram for
explaining the fundamental idea of the present invention. In
FIG. 1, the ordinate designates a luminance factor standard-
ized with ultimate luminance in each phosphor as 100%. On
the other hand, the abscissa designates time T.

[0067] Here, the time having been taken since the start of
emission of a slow response phosphor (first phosphor in
FIG. 1) and till sufficient rise of the luminance of the
phosphor is defined as a luminance rise time (Ty<T<T;). In
the same manner, the time having been taken since the start
of luminance lowering of the slow response phosphor and
till sufficient extinction of the luminance of the phosphor is
defined as a luminance fall time (T,<T<T),).

[0068] In the present invention, as shown in FIG. 1, a
luminance factor area ASu(1) obtained by the slow response
phosphor (first phosphor) is made substantially equal to a
luminance factor area ASu(2) obtained by a fast response
phosphor (second phosphor) in the luminance rise time. In
the same manner, the luminance factor area ASd(1) obtained
by the slow response phosphor is made substantially equal
to the luminance factor area ASd(2) obtained by the fast
response phosphor in the luminance fall time. That is, the
above description is intended to satisfy the following
(Expression 2) and (Expression 3).

ASu(1)-ASu(2)=0
ASd(1)-ASd(2)=0

[0069] Human eyes recognize luminance in a very short
time as an integral value thereof. Accordingly, when the
areas are made equal to each other as described above, color
misregistration which has occurred in the luminance rise
time and the luminance fall time in the background art can
be improved on a large scale.

(Expression 2)

(Expression 3)
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[0070] Also when a luminance curve (change of lumi-
nance factor) per time from each phosphor is made substan-
tially equal to that from any other phosphor, the color
misregistration can be improved. This produces the same
result as the aforementioned method in which the areas are
made equal to each other, as shown in the aforementioned
(Expression 2) and (Expression 3).

[0071] Next, description will be made on the light source.
A light source generally used in a liquid crystal display is
generally made of a plurality of light emitting tubes, that is,
cold cathode tubes, and each cold cathode tube is provided
with a fluorescent material as a phosphor. As shown in the
aforementioned FIG. 19, a light source 13 is made of cold
cathode tubes 12, and an inverter 8 is connected to each cold
cathode tube 12 so as to apply a current to the cold cathode
tube. When a current flows into the cold cathode tube,
ultraviolet rays are emitted due to discharge gas such as
mercury gas confined in the tube. Each fluorescent material
(phosphor) is irradiated with the ultraviolet rays so that the
fluorescent material emits visible light. That is, the intensity
of light emitted from each fluorescent material can be
controlled by a current value of a current applied to the light
emitting tube provided with the fluorescent material. In the
following description, the fluorescent materials will be also
referred to as phosphors, and the cold cathode tubes will be
also referred to as light emitting tubes.

[0072] In order to adjust the luminance of the phosphors
by current control and improve color misregistration as in
the present invention, it is necessary to take into consider-
ation the kinds of light emitting tubes forming the light
source. This is because there is a difference in luminance
response speed among the phosphors provided in the light
emitting tubes. Here, as the light source, the following four
kinds of light sources are assumed.

[0073] A first light source is made of light emitting tubes
of only one kind, and each light emitting tube is a multicolor
light emitting tube having at least three kinds of phosphors.
For example, the light source is made of white cold cathode
tubes each applied with three kinds of phosphors, that is, red,
green and blue phosphors in one and the same cold cathode
tube.

[0074] A second light source is made of light emitting
tubes of at least two kinds, and each light emitting tube is a
multicolor light emitting tube having at least two kinds of
phosphors. For example, the light source is constituted by
two kinds of cold cathode tubes, one of which is a cold
cathode tube applied with red and green phosphors and the
other of which is a cold cathode tube applied with red and
blue phosphors.

[0075] A third light source is made of light emitting tubes
of at least two kinds, and one of the light emitting tubes is
a unicolor light emitting tube having only one kind of
phosphor. For example, the light source is constituted by two
kinds of cold cathode tubes, one of which is a cold cathode
tube applied with a blue phosphor and the other of which is
a cold cathode tube applied with red and green phosphors.

[0076] A fourth light source is made of light emitting tubes
of at least three kinds, and each light emitting tube is a
unicolor light emitting tube having only one kind of phos-
phor. For example, the light source is constituted by three
kinds of unicolor cold cathode tubes applied with red, green
and blue phosphors individually and respectively.
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[0077] Description will be made below on a color mis-
registration improving means using current control in accot-
dance with each kind of light source described above.

[0078] In the first light source (such as a white cold
cathode tube), fluorescent materials having a large difference
in luminance response time from one another are applied
into one and the same tube. In such a case, current control
shown in FIG. 2 is effective. FIG. 2 is a diagram for
explaining the drive waveform and the luminance in an
embodiment which will be described later. That is, at the
beginning of the luminance rise time, a current value I, not
smaller than a current value I, necessary for phosphors
applied to a light emitting tube to emit light with luminance
required in a frame in question is applied to the light
emitting tube. On the other hand, in the luminance fall time,
a current value attenuated stepwise is applied to the light
emitting tube.

[0079] In the luminance rise time, when a large current is
applied (so-called overdriving is performed) temporarily (in
a time Atyp), the response time of a slow luminance
response phosphor can be accelerated.

[0080] Tt should be noted here that the response time of a
fast luminance response phosphor (first phosphor) is also
shortened by the large current applied. In this event, as
shown in FIG. 3A for explaining a drive idea in Embodi-
ment 1 which will be described later, the luminance of the
fast luminance response phosphor overshoots in some time
Atop when the large current is applied. As a result, the
difference in luminance factor area (color misregistration) is
increased adversely. In order to prevent such an adverse
effect from occurring, it is necessary for the time Atyp to
satisfy (Expression 4). Here, T_, designates a time required
for the luminance of the fast luminance response phosphor
to reach 90% from 0%.

Atgp = {=to,/In 10}x(1-1/N)
where N=L/1,.

[0081] On such a condition, as shown in FIG. 3B, the
large current I, is switched to the current value I, as soon as
the luminance of the fast luminance response phosphor
reaches its intended luminance. Accordingly, there is no fear
that there occurs an overshoot phenomenon. Thus, it is
possible to obtain an effect of improving color misregistra-
tion according to the present invention.

(Expression 4)

[0082] Further, it is desired that the ratio N of the large
current I, to the current I; is smaller than 6.5, This reason
will be described. The signal output frequency from the
inverter applying a current to each fluorescent tube ranges
from 30 kHz (0.03 msec) to 50 kHz (0.02 msec). It is
difficult to set the time Aty to be not longer than that.
Further, the time T, is about 0.5 msec in an existing fast
luminance response blue fluorescent material. From this
fact, in order to satisfy (Expression 4), it is desired that the
ratio N is not larger than 6.5.

[0083] On the other hand, it is desired that a step time
width At,, of the current value of the stepwise attenuated
current applied in the luminance fall time is set to be shorter
than the luminance fall response time of the slow luminance
response phosphor and to be longer than the luminance fall
response time of the fast luminance response phosphor.
Here, the luminance fall response time is defined as time
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required for the luminance of the fluorescent material of
each phosphor to reach 10% from 100%. Due to such
setting, the luminance of the fast luminance response fluo-
rescent material is held in accordance with the current held
stepwise. As a result, the luminance is attenuated in the
course shown by the broken line in the enlarged view of
FIG. 2. Thus, the difference in luminance factor area can be
reduced in comparison with that in the background art.

[0084] The drive with the stepwise attenuated current in
the luminance fall time as shown in FIG. 2 can be also
applied to the luminance rise time. That is, it is desired that
a step time width At of the current value of the stepwise
increased current applied in the luminance rise time is set to
be longer than the luminance rise response time of the slow
luminance response phosphor. Here, the luminance rise
response time is defined as time required for the luminance
of the fluorescent material of each phosphor to reach 90%
from 0%. Due to such setting, the luminance of the fast
luminance response fluorescent material is held in accor-
dance with the current held stepwise. Thus, the difference in
luminance factor area can be reduced.

[0085] Next, description will be made on current drive in
the second light source and the third light source. In these
light sources, a fast luminance response fluorescent material
and a slow luminance response fluorescent material are
applied to different tubes respectively so that the tubes can
be current-controlled independently of each other. Accord-
ingly, when two or more kinds of fluorescent materials are
applied to one and the same tube, it is desired that fluores-
cent materials whose luminance rise response times and
luminance fall response times are as close to each other as
possible are applied.

[0086] In such a light source, roughly speaking, the
present invention provides two means for improving color
misregistration in the luminance rise time and the luminance
fall time.

[0087] One of them is a means for making a change in
luminance factor from each fluorescent material equal to that
from any other fluorescent material. The other means is a
means for making only the luminance factor area of each
fluorescent material equal to that of any other fluorescent
material without making their luminance factor changes
equal to each other, so as to compensate luminance sensible
by human eyes.

[0088] First, description will be made on improvement of
color misregistration using the means for making a change
in luminance factor from each fluorescent material equal to
that from any other fluorescent material.

[0089] Roughly speaking, there are two methods for
improving color misregistration in the luminance rise time in
the light sources described above. One of the methods is a
method in which the luminance response of a fast luminance
response fluorescent material is adjusted to the luminance
response of a slow luminance response fluorescent material.
The other method is a method in which the luminance
response of the slow luminance response fluorescent mate-
rial is accelerated.

[0090] In order to slow the luminance response of the fast
luminance response fluorescent material, for example, there
is a means for gradually increasing a current applied to a
second fluorescent tube (light emitting tube) applied with the
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fast luminance response fluorescent material as shown in
FIG. 6. Thus, the luminance factor change of the fast
luminance response fluorescent material can be made sub-
stantially equal to that of the slow luminance response
fluorescent material, so that color misregistration can be
improved.

[0091] On the other hand. in order to accelerate the
luminance response of the slow luminance response fluo-
rescent material, for example, a current value 1, not smaller
than a current value I, necessary to emit light with prede-
termined luminance in a frame may be applied in the
beginning of the luminance rise time as shown in FIG. 7.

[0092] Further, in order to accelerate the apparent lumi-
nance rise response speed, a means shown in FIG. 8 is also
effective. In this case, the current value to be applied the
fluorescent tube is formed into a rectangular shape. As
shown in FIG. 8, when the current value 1, is applied for a
long time, the luminance of the fluorescent material will
reach a second ultimate luminance. However, when the
rectangular current is applied thus, the luminance is lowered
as soon as the current value is turned off. Accordingly, the
luminance can reach only a first ultimate luminance finally.
In this case, the apparent luminance response time is short-
ened.

[0093] In addition, as shown in FIG. 8, when driving is
performed with the current having a rectangular waveform,
the luminance becomes lower than when the original current
value is applied for a long time. In order to suppress the
lowering of the luminance as well as possible, the time width
of the rectangular waveform for driving may be set to be
long only at the beginning as shown in FIG. 10.

[0094] When driving is performed thus, it is desired that
the time width At is set to be not shorter than 300 Hz (not
longer than 3.3 msec). This is because it is said that human
beings cannot recognize a difference between light wave-
forms within Y300 second. When the time width At is not
longer than 300 Hz, the change in luminance can be recog-
nized, resulting in flicker causing deterioration of image
quality.

[0095] On the other hand, in order to improve color
misregistration in the luminance fall time, there is a means
for slowing the response of the fast luminance response
fluorescent material so as to adjust the response to that of the
slow luminance response fluorescent material. That is, a
current applied to a fluorescent tube applied with the fast
luminance response fluorescent material is attenuated gradu-
ally as shown in FIG. 6 or the like.

[0096] Next, as another color misregistration improving
means, description will be made on a means for compen-
sating a luminance factor area.

[0097] FIGS.15A and 15B are diagrams showing the idea
of driving according to an embodiment. As shown in FIG.
15A, in the luminance rise time, time of start of application
of a current to each light emitting tube having a fast
luminance response fluorescent material is controlled to be
delayed by a predetermined time At, with respect to time of
start of application of a current to each light emitting tube
having a slow luminance response fluorescent material, so
that the luminance factor area of the fast luminance response
fluorescent material is substantially equal to the luminance
factor area of the slow luminance response fluorescent
material.
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[0098] Also in the luminance fall time, the current is
controlled to delay the timing of termination of application
of the current by a predetermined time At so that the
luminance factor areas of the fluorescent materials are
substantially equal to each other during the luminance fall
time.

[0099] Due such a means, color misregistration areas AS1
and AS2 are compensated so that the color misregistration
can be improved. The same thing can be also applied to the
fall time. Further, it is said that 300 or more pulses per
second cannot be output from a nerve cell which is an output
cell of a human retina, as described previously. When the
luminance rise time and the luminance fall time are not
longer than 3.3 msec, this effect of improving color misreg-
istration is large. In order to make the luminance rise time
and the luminance fall time not longer than 3.3 msec, the
luminance rise response time and the luminance fall
response time of a fluorescent material whose luminance
response speed is the slowest have to be not longer than 3.3
msec.

[0100] Further, when there is a large difference in lumi-
nance response time between the fast response fluorescent
material and the slow response fluorescent material, the
delay times At; and At, are made almost half as long as the
luminance rise time and the luminance fall time of the slow
response fluorescent material respectively. Thus, the areas
can be compensated easily. When the luminance rise time
and the luminance fall time are 3.3 msec, it is desired that the
delay times At; and At; are not longer than 1.7 msec.

[0101] Specific embodiments of the present invention will
be described below. However, the present invention is not
limited to the following embodiments.

EMBODIMENT 1

[0102] The outline of a liquid crystal display according to
this embodiment is fundamentally similar to the back-
ground-art liquid crystal display shown in FIG. 19, but
largely different from the background art in the waveform of
a current to control the luminance of each fluorescent tube.
FIG. 2 shows a blink signal waveform, a tube current
waveform and a light emitting tube luminance response
waveform in this embodiment.

[0103] In this embodiment, one kind of multicolor light
source is used. Specifically, cold cathode fluorescent tubes
internally applied with fluorescent materials of three colors
(red, green and blue) are used as the light source. The
waveform of a current applied to each of the cold cathode
tubes is shown in FIG. 2.

[0104] Here, (Ba,Sr)MgAl,,O,,Fu, Y,O;Fu and
LaPO,:Tb,Ce are used as blue, red and green fluorescent
materials respectively. The luminance response speeds of
these fluorescent materials are about 0.5 msec, 3 msec and
7 msec respectively.

[0105] As shown in FIG. 2, at the beginning of a lighting
period in one frame, a large current value I, not smaller than
a current value 1, required for predetermined luminance is
applied for a predetermined time (Atyp). In this embodi-
ment, those currents are set as I;=6 mA and [,=12 mA. At
this time, in the luminance rise time, the response of the red
and green fluorescent materials become faster apparently so
that the difference of the red and green fluorescent materials
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in luminance area from the blue fluorescent material can be
reduced. Thus, color misregistration in the luminance rise
time can be improved. In this event, however, the luminance
of the blue fluorescent material whose luminance response
speed is the fastest may overshoot depending on some size
of the time Aty so that the light is white with a bluish tone
due to the color misregistration, as described previously.
Accordingly, in this embodiment, the time Aty is set as
Ato,=0.15 msec in accordance with the aforementioned
(Expression 4).

[0106] On the other hand, in the luminance fall time, the
current value is attenuated stepwise. In this event, the
current value is set so that its step current width has a time
width At It is important to set the time width At to be
shorter than the response time of the green fluorescent
material and to be longer than the response time of the blue
fluorescent material. By such setting, the luminance of the
green fluorescent material is attenuated in accordance with
its own luminance relaxation time constant, while the lumi-
nance of the blue and red fluorescent materials is once
attenuated in accordance with their own luminance relax-
ation time constants and then the luminance is kept until the
next current value attenuation time because the current value
has a stepped shape, as shown in the enlarged diagram of
FIG. 2. Thus, the difference between the area obtained in the
luminance fall time by the slow response fluorescent mate-
rial and the area obtained likewise by the fast response
fluorescent material can be reduced as compared with that in
the background art. In this embodiment, the time At __ is set
as At,.,=3 msec. As a result, color misregistration can be
improved in the luminance fall time.

[0107] By the means having been described above, color
misregistration can be improved in the luminance rise time
and the luminance fall time. Thus, it is possible to a
high-quality liquid crystal display supporting moving
images.

EMBODIMENT 2

[0108] This embodiment is different from Embodiment 1
only in the waveform of a current to control the luminance
of each fluorescent tube. Particularly the current waveform
is different in the luminance rise time. The blink waveform,
the tube current waveform and the light emitting tube
luminance response waveform in this embodiment will be
described with reference to FIG. 4. In FIG. 5, the reference
numeral 12A represents a first light emitting tube; 12B, a
second light emitting tube; and 8A and 8B, inverters for
driving the first light emitting tube 12A and the second light
emitting tube 12B respectively. The same reference numer-
als as those in FIG. 19 correspond to the same parts as those
in FIG. 19.

[0109] As shown in FIG. 4, in the luminance rise time, the
current value is increased stepwise. In this event, the current
value is set so that the step width of the current value has a
time width At,,. It is important to set the time width At
to be shorter than the response time of the green fluorescent
material (first phosphor in FIG. 4) and to be longer than the
response time of the blue fluorescent material (second
phosphor in FIG. 4).

[0110] By setting the response time thus, the luminance of
the green fluorescent material is increased in accordance
with its own luminance relaxation time constant, while the

Sep. 21, 2006

luminance of the blue and red fluorescent materials is once
increased in accordance with their own luminance relaxation
time constants and then the luminance is kept until the next
current value increase time because the current value has a
stepped shape, as shown in the enlarged diagram of FIG. 4.

[0111] Thus, the difference between the area obtained in
the luminance rise time by the slow response fluorescent
material and the area obtained likewise by the fast response
fluorescent material can be reduced as compared with that in
the background art.

[0112] In this embodiment, the time width At is set as
Aty,=3 msec. As a result, color misregistration can be
improved in the luminance rise time. Thus, it is possible to
a high-quality liquid crystal display supporting moving
images.

EMBODIMENT 3

[0113] The outline of a liquid crystal display according to
this embodiment will be described with reference to the
aforementioned FIG. 5. In the liquid crystal display accord-
ing to this embodiment, two kinds of light emitting tubes,
that is, a first light emitting tube 12A and a second light
emitting tube 12B are used. These two kinds of light
emitting tubes are connected to different inverter circuits 8
(8A and 8B), and controlled by one and the same blink signal
from a blink signal generation circuit 9 shared by the
inverter circuits 8.

[0114] The first light emitting tube 12A is applied with a
red fluorescent material and a green fluorescent material
having slow response speeds and having almost the same
response time. On the other hand, the second light emitting
tube 12B is applied with a blue fluorescent material having
a fast response speed. Here, (Ba,Sr)MgAl,,0,-:Fu,
Y,0;:Eu and LaPO,:Tbh,Ce are used as the blue, red and
green fluorescent materials respectively.

[0115] This embodiment will be described with reference
to FIG. 6. FIG. 6 shows the blink signal, the waveforms of
currents applied to the cold cathode tubes, the first light
emitting tube luminance and the second light emitting tube
luminance. In accordance with the ON timing of the blink
signal, a substantially rectangular current is applied to the
first light emitting tube 12A. In accordance therewith, the
luminance of each slow response fluorescent material gen-
erally increases and reaches a predetermined luminance
value. On the other hand, in the same timing, the amplitude
of the current to the second light emitting tube 12B is
increased gradually so that the rate of change in luminance
of the second light emitting tube 12B is made substantially
equal to that from the first light emitting tube 12A. Thus,
color misregistration can be improved in the luminance rise
time.

[0116] On the other hand, also in the luminance fall time,
the current applied to the first light emitting tube 12A is
turned off in accordance with the OFF timing of the blink
signal. Thus, the luminance of each slow response fluores-
cent material is attenuated gradually. On the other hand, the
current to the second light emitting tube 12B begins to be
attenuated at the OFF timing of the blink signal so that the
amplitude of the current is reduced gradually. Thus, the
luminance of the blue fluorescent material having a fast
response speed can be attenuated gradually so that the
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attenuation of the second light emitting tube can be made
substantially equal to that of the first light emitting tube.

[0117] By the means having been described above, color
misregistration can be improved in the luminance rise time
and the luminance fall time. Thus, it is possible to a
high-quality liquid crystal display supporting moving
images.

EMBODIMENT 4

[0118] The configuration of a liquid crystal display
according to this embodiment is similar to that in FIG. 5. A
green fluorescent material in this embodiment is different
from that in Embodiment 3. Aluminate-based SrAl,O,:Eu is
used as the green fluorescent material. This fluorescent
material has a fast luminance response speed of about 0.5
msec, which is as fast as that of the blue fluorescent material
(Ba,Sr)MgAl, 0, :Eu.

[0119] The first light emitting tube 12A is applied with the
green fluorescent material and the blue fluorescent material.
On the other hand, the second light emitting tube 12B is
applied with only the red fluorescent material.

[0120] These two kinds of tubes are current-controlled
independently of each other in the same manner as in
Embodiment 3. Thus, the difference in luminance area can
be reduced in the luminance rise time and the luminance fall
time.

EMBODIMENT 5

[0121] The configuration of a liquid crystal display
according to this embodiment is also similar to that in FIG.
5. This embodiment is the same as Embodiment 3, except
the waveform of a current applied to each fluorescent tube.
The blink signal, the waveforms of currents and the lumi-
nance responses in this embodiment will be described with
reference to FIG. 7.

[0122] In the luminance rise time, a large current value I,
not smaller than a current value I, required for predeter-
mined luminance is applied, for a predetermined time, to the
first fluorescent tube 12A applied with a slow response
fluorescent material. Here, the currents are set as 1,=6 mA
and 1,=12 mA.

[0123] Thus, the luminance response time of the slow
response fluorescent tube is shortened apparently. On the
other hand, in the luminance fall time, the attenuation of
luminance of the slow response fluorescent tube depends on
the luminance relaxation characteristic of the fluorescent
material thereof. It is therefore difficult to shorten the
response time of the slow luminance response fluorescent
tube by current control.

[0124] Tt is therefore effective to perform current control
to slow the luminance response of the second fluorescent
tube 12B applied with a fast response fluorescent material.
As shown in FIG. 7, in the luminance fall time, the current
applied to the second fluorescent tube 12B is attenuated
gradually in accordance with the OFF timing of the blink
signal so that the luminance response of the second fluo-
rescent tube 12B can be made substantially equal to that of
the first fluorescent tube 12A.

[0125] In such a manner, color misregistration can be
improved in the luminance rise time and the luminance fall
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time. Thus, it is possible to a high-quality liquid crystal
display supporting moving images.

EMBODIMENT 6

[0126] The configuration of a liquid crystal display
according to this embodiment is also similar to that in FIG.
5. This embodiment is the same as Embodiment 3, except
the waveform of a current applied to each fluorescent tube.
The blink signal, the waveforms of currents and the lumi-
nance responses in this embodiment will be described with
reference to FIGS. 8 and 9.

[0127] In this embodiment, the blink signal is driven at a
high frequency in a lighting period. A current is also applied
to each fluorescent tube at a high frequency in sync with the
high-frequency blink signal. As shown in FIG. 9, when a
fixed current is applied continuously without being driven at
a high frequency, the luminance of each fluorescent tube
might reach its second ultimate luminance. However, as
soon as the current is turned off in a shorter time than the
response time of the fluorescent material, the luminance
begins to drop down. Further, when the current is turned on
in a shorter time than the attenuation response time of the
fluorescent material, the luminance begins to increase again.
This driving is repeated so that the luminance of the fluo-
rescent tube lands up on its first ultimate luminance aver-
agely. Here, the current is driven like a rectangular wave-
form at a frequency of 10 kHz (0.1 msec).

[0128] Such a drive can make the apparent response time
shorter than the original response time. Thus, in the lumi-
nance rise time, the luminance of the slow response fluo-
rescent tube can be made substantially equal to the lumi-
nance of the fast response fluorescent tube so that color
registration can be improved.

[0129] On the other hand, in the luminance fall time, the
response time of the fast response fluorescent tube is slowed
by the current applied thereto. Thus, the luminance of the
fast response fluorescent tube can be made substantially
equal to the luminance of the slow response fluorescent tube
so that color registration can be improved.

EMBODIMENT 7

[0130] The configuration of a liquid crystal display
according to this embodiment is also similar to that in FIG.
5. This embodiment is the same as Embodiment 6, except
the time width of a current driven at a high frequency. The
blink signal, the waveforms of currents and the luminance
responses in this embodiment will be described with refer-
ence to FIG. 10. As shown in FIG. 10, the currents are
driven at a high frequency in the ON period, similarly to
Embodiment 6. However, the time width of each current is
varied between the beginning of the ON period and the rest
of the ON period. For example. the time widths are set as
At, =1 msec and At,=0.1 msec

[0131] By such current control, the luminance can be
enhanced while color misregistration is improved, as com-
pared with Embodiment 6.

EMBODIMENT 8

[0132] The configuration of a liquid crystal display
according to this embodiment is also similar to that in FIG.
5. This embodiment is the same as Embodiment 6, except
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the blink signal. The blink signal, the waveforms of currents
and the luminance responses in this embodiment will be
described with reference to FIG. 11. When the blink signal
is in an ON state, a high-frequency current waveform is
output from each inverter circuit. Thus, color misregistration
can be improved as described above in Embodiment 6.

[0133] Inthis embodiment, the number of times of switch-
ing the blink signal is reduced as compared with that in
Embodiment 6. Thus, the power consumption can be
reduced.

EMBODIMENT 9

[0134] The configuration of a liquid crystal display
according to this embodiment is also similar to that in FIG.
5. This embodiment is the same as Embodiment 6, except
the blink signal waveform and the characteristic of a switch-
ing device put between each fluorescent tube and its corre-
sponding inverter circuit. The blink signal, the waveforms of
currents and the luminance responses in this embodiment
will be described with reference to FIG. 12. In Embodiment
6, as is understood from FIG. 9, each tube is used with
luminance that has not yet reached a luminance value the
tube should reach originally. Thus, there is a fear that the
efficiency is degraded. Therefore, in order to improve the
efficiency, as shown in FIG. 12, the characteristic of a first
switching device connected to the first fluorescent tube is
made different from the characteristic of a second switching
device connected to the second fluorescent tube, while the
blink signal is driven at a high frequency between two
voltages V; and Vi in the ON period of the blink signal.

[0135] The threshold voltage of the first switching device
is higher than V;. Thus, the first switching device has a
characteristic that no current flows when the voltage is lower
than V;. On the other hand, the threshold voltage of the
second switching device is set to be not higher than V;.
Thus, the second switching device has a characteristic that
a current always flows when the voltage is not lower than
V.. According to the switching devices configured thus, the
current to the first fluorescent tube is driven at a high
frequency in accordance with the illustrated blink signal.
Based on the same idea as those in Embodiments 4 and 5,
in the luminance rise time, the response speed is accelerated
so that color misregistration can be improved. On the other
hand, the current to the second fluorescent tube is not driven
at a high frequency. Thus, the luminance of the second
fluorescent tube reaches a luminance value the second
fluorescent tube should reach originally, so that the second
fluorescent tube can be made good use of, and the efficiency
can be enhanced.

[0136] With such a configuration, color misregistration
can be improved efficiently as compared with that in
Embodiment 6.

EMBODIMENT 10

[0137] The outline of a liquid crystal display according to
this embodiment is shown in FIG. 13. The reference numer-
als 9A and 9B represent blink signal generation circuits; and
10A and 10B, switching devices. parts having the same
functions as those in FIG. 5 are referenced correspondingly.
This liquid crystal display uses two kinds of light emitting
tubes, that is, a first fluorescent tube 12A and a second
fluorescent tube 12B. These two kinds of fluorescent tubes
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are connected to different first and second inverter circuits
8A and 8B respectively, and different blink signal generation
circuits 9A and 9B are disposed correspondingly to the
inverter circuits respectively.

[0138] The first fluorescent tube 12A is applied with a red
fluorescent material and a green fluorescent material having
slow response speeds and having almost the same response
time. On the other hand, the second fluorescent tube 12B is
applied with a blue fluorescent material having a fast
response speed.

[0139] FIG. 14 shows the blink signals, the waveforms of
currents applied to the cold cathode tubes, the first light
emitting tube luminance and the second light emitting tube
luminance in this embodiment. A current is applied to the
first fluorescent tube 12A having a slow response speed, in
sync with a first blink signal. In accordance therewith, the
luminance increases gradually. On the other hand, a current
is applied to the second fluorescent tube 12B in sync with a
second blink signal switched a delay time At; behind the first
blink signal. Further, in the luminance fall time, the first
fluorescent tube 12A having a slow response speed is turned
off, and the second fluorescent tube 12B is turned off a delay
time At, behind the first fluorescent tube 12A. Here, the
delay times are set as At,=At=3 msec.

[0140] In this manner. color misregistration luminance
areas can be compensated in the luminance rise time and the
luminance fall time as shown in FIGS. 15A and 15B. Thus,
color misregistration can be improved on a large scale.

EMBODIMENT 11

[0141] In Embodiment 10, the two different blink signal
generation circuits 9A and 9B are required to shift the timing
of application of a current from the first inverter circuit §A
and the timing of application of a current from the second
inverter circuit 8B. However, when the two blink signal
generation circuits are provided together, there occurs a
problem in cost. Therefore, this embodiment is devised to be
able to manage with one blink signal.

[0142] A liquid crystal display according to this embodi-
ment uses two kinds of light emitting tubes, that is, a first
fluorescent tube 12A and a second fluorescent tube 12B, as
shown in FIG. 5. These two kinds of light emitting tubes are
connected to different first and second inverter circuits 8A
and 8B respectively, and a blink signal generation circuit 9
is disposed in common for the inverter circuits 8§A and 8B.

[0143] Here, switching devices having different threshold
voltages are used as the switching devices put between the
inverter circuits 8A and 8B and the blink signal generation
circuit 9 respectively as shown in FIG. 13. A switching
device having a threshold value between V; and Vy is used
as the first switching device 10A, and a switching device
having a threshold value in V; or lower is used as the second
switching device 10B. Thus, at the beginning of one frame,
acurrent is applied only to the first fluorescent tube 12A, and
then a current is applied to the second fluorescent tube 12B
a delay time At behind the current to the first fluorescent tube
12A.

[0144] On the other hand, in the luminance fall time, it is
difficult to shift the timing of current application by only one
blink signal. In this embodiment, therefore, the current value
of the current applied to the second fluorescent tube 12B is
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attenuated gradually so that the luminance of the second
fluorescent tube 12B is reduced gradually. Thus, the lumi-
nance of the second fluorescent tube 12B is made substan-
tially equal to the luminance of the first fluorescent tube
12A. In this manner, the luminance of each light emitting
tube makes response as shown in FIG. 15B so that misreg-
istration can be improved in the luminance rise time and the
luminance fall time.

EMBODIMENT 12

[0145] FIG. 17 shows the outline of a liquid crystal
display according to this embodiment. In this liquid crystal
display, three kinds of light emitting tubes, that is, a first
fluorescent tube 12A, a second fluorescent tube 12B and a
third fluorescent tube 12C are used. These three kinds of
fluorescent tubes are applied with fluorescent materials of
three different colors (red, blue and green) respectively.
Further, the first, second and third fluorescent tubes 12A,
12B and 12C are connected to different first, second and
third inverter circuits 8A, 8B and 8C respectively. Different
blink signal generation circuits 9A, 9B and 9C are disposed
correspondingly to the inverter circuits respectively. Switch-
ing devices 10A, 10B and 10C are put between the inverter
circuits 8A, 8B and 8C and the blink signal generation
circuits 9A, 9B and 9C respectively.

[0146] Blink signals, currents to the light emitting tubes,
and luminance of each light emitting tube in this embodi-
ment are shown in FIG. 18. As shown in FIG. 18, the
currents to the three fluorescent tubes 12A, 12B and 12C are
controlled independently of one another so that the lumi-
nance response rate-of-change curves of the fluorescent
materials formed in the fluorescent tubes 12A, 12B and 12C
coincide with one another.

[0147] Thus, color misregistration can be improved in the
luminance rise time and the luminance fall time.

[0148] According to the present invention, it is possible to
provide a high-quality liquid crystal display in which a blink
backlight system light source including a plurality of light
emitting tubes each having at least one kind of phosphor, and
having a turned-on state and a turned-off state within one
frame, is provided, and a luminance factor area from each
phosphor is made substantially equal to that from any other
phosphor in at least one of a luminance rise time when the
light source changes from the turned-off state to the turned-
on state and a luminance fall time when the light source
changes from the turned-on state to the turned-off state, so
that blurring of moving images can be improved when the
moving images are displayed.

What is claimed is:
1. A liquid crystal display comprising:

a light source made of a plurality of light emitting tubes
each having one or more kinds of phosphors, and
having a turned-on state and a turned-off’ state within
one frame; and

a liquid crystal panel for adjusting the amount of light
transmitted from said light source;

wherein a luminance factor area of light from each of said
phosphors or a change in luminance factor per time of
said light is substantially equal to that of light from any
other phosphor in at least one of a luminance rise time
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when said light source changes from said turned-off
state to said turned-on state and a luminance fall time
when said light source changes from said turned-on
state to said turned-off’ state.

2. A liquid crystal display according to claim 1, wherein
said light source is made of light emitting tubes of one kind,
and each of said light emitting tubes is a multicolor light
emitting tube having three or more kinds of phosphors.

3. A liquid crystal display according to claim 1, wherein
luminance of said phosphors is controlled by a current value
of a current applied to each of said light emitting tubes.

4. A liquid crystal display according to claim 3, wherein
at the beginning of said luminance rise time, said current
value of said current applied to said light emitting tube is a
current value I, not smaller than a current value 1, necessary
for said phosphors to emit light with predetermined lumi-
nance in one frame.

5. A liquid crystal display according to claim 4, wherein
a time At,, when said current value I, not smaller than said
current value I, necessary for said phosphors to emit light
with said predetermined luminance is applied to said light
emitting tube, a ratio N of said current value 1, to said
current value I, and a rise response time T, of a fastest
luminance response phosphor of said phosphors belonging
to said light emitting tube, satisfy a relationship of Expres-
sion 1:

AlonE{=to/In 10}x(1-1/N)

where N=I,/1,.

6. A liquid crystal display according to claim 5, wherein
said ratio N of said current value 1, to said current value I,
is larger than 1 and smaller than 6.5.

7. A liquid crystal display according to claim 2, wherein
a current value of a current applied to each of said light
emitting tubes is increased stepwise in said luminance rise
time.

8. A liquid crystal display according to claim 7, wherein
a step time width At of said current whose current value
is increased stepwise is set to be shorter than a luminance
rise response time of a slow luminance response phosphor of
said phosphors and to be longer than a luminance rise
response time of a fast luminance response phosphor of said
phosphors.

9. A liquid crystal display according to claim 2, wherein
a current value of a current applied to each of said light
emitting tubes is attenuated stepwise in said luminance fall
time.

10. A liquid crystal display according to claim 9, wherein
a step time width At of said current whose current value
is attenuated stepwise is set to be shorter than a luminance
fall response time of a slow luminance response phosphor of
said phosphors and to be longer than a luminance fall
response time of a fast luminance response phosphor of said
phosphors.

11. A liquid crystal display according to claim 1, wherein
said light source is made of light emitting tubes of at least
two kinds, and each of said light emitting tubes is a
multicolor light emitting tube having at least two kinds of
phosphors.

12. A liquid crystal display according to claim 1, wherein
said light source is made of light emitting tubes of at least
two kinds, and at least one of said light emitting tubes is a
unicolor light emitting tube having only one kind of phos-
phor.

(Expression 1)
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13. A liquid crystal display according to claim 1, wherein
said light source is made of light emitting tubes of at least
three kinds, and each of said light emitting tubes is a
unicolor light emitting tube having only one kind of phos-
phor.

14. A liquid crystal display according to claim 11, wherein
at least two kinds of phosphors belonging to one and the
same tube of said multicolor light emitting tubes have a
substantially equal luminance rise response time and a
substantially equal luminance fall response time.

15. A liquid crystal display according to claim 12, wherein
at least two kinds of phosphors belonging to one and the
same tube of said multicolor light emitting tubes have a
substantially equal luminance rise response time and a
substantially equal luminance fall response time.

16. A liquid crystal display according to claim 1, wherein
luminance of said phosphors is controlled by a current value
of a current applied to each of said light emitting tubes.

17. Aliquid crystal display according to claim 16, wherein
a current value of a current applied to each light emitting
tube having a fast luminance response phosphor is increased
gradually in said luminance rise time.

18. A liquid crystal display according to claim 16, wherein
at the beginning of said luminance rise time, said current
value of said current applied to each light emitting tube
having a fast luminance response phosphor is a current value
1, not smaller than a current value I, necessary for said
phosphors to emit light with predetermined luminance in
one frame.

19. A liquid crystal display according to claim 16, wherein
said current value of said current applied to each light
emitting tube having a fast luminance response phosphor is
attenuated gradually in said luminance fall time.

20. Aliquid crystal display according to claim 16, wherein
in said luminance rise time and a lighting period, a current
value of a current applied to each light emitting tube is
changed like a rectangular shape so as to drive said light
emitting tube.

21. Aliquid crystal display according to claim 20, wherein
in said current having a current value changed like a
rectangular shape, a time width of said rectangular current
value immediately after start of application of said current is
longer than a time width of said rectangular current value
immediately before termination of application of said cur-
rent.
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22. Aliquid crystal display according to claim 20, wherein
a time width of said rectangular current value is not longer
than 3.3 msec.

23. Aliquid crystal display according to claim 16, wherein
in said luminance rise time, time of start of application of a
current to each light emitting tube having a fast luminance
response phosphor is controlled to be delayed by a prede-
termined time At; with respect to time of start of application
of a current to each light emitting tube having a slow
luminance response phosphor, so that a luminance factor
area of said fast luminance response phosphor is substan-
tially equal to a luminance factor area of said slow lumi-
nance response phosphor.

24. Aliquid crystal display according to claim 16, wherein
in said luminance fall time, time of termination of applica-
tion of a current to each light emitting tube having a slow
luminance response phosphor is controlled to be delayed by
a predetermined time At, with respect to time of termination
of application of a current to each light emitting tube having
a fast luminance response phosphor, so that a luminance
factor area of said fast luminance response phosphor is
substantially equal to a luminance factor area of said slow
luminance response phosphor.

25. Aliquid crystal display according to claim 24, wherein
said luminance rise time and said luminance fall time are not
longer than 3.3 msec.

26. Aliquid crystal display according to claim 16, wherein
a luminance rise response time and a luminance fall
response time of a slow luminance response phosphor of
said phosphors are not longer than 3.3 msec.

27. A liquid crystal display according to any one of claims
22 through 25, wherein said delay times At; and At; are
almost half as long as a luminance rise response time and a
luminance fall response time of a slow response phosphor of
said phosphors respectively.

28. A liquid crystal display according to any one of claims
22 through 26, wherein said delay times At and At; are not
longer than 1.7 msec.

29. A liquid crystal display according to claim 1, wherein
said phosphors are fluorescent materials to be excited by
ultraviolet rays to thereby emit visible light.

30. A liquid crystal display according to claim 1, wherein
said light emitting tubes are cold cathode tubes.
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