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FIG. 2
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FIG. 5 T

LUMINANCE AT THE END (LUMINANCE RATIO)
LUMINANCE [DVISIONAL SUB-PIXEL of ©01] 02 03] o4 05| o06] 07 o8] 08 1
ATTHE A 0 o| 0017} 0.017] 0016 0 of 0584 o069 08 09 1
BEGINNING |B 0 ol 0183] 0383] 0584] 08 1 0616 071 08| o8 1
(LUMINANCE fa 0 o{ 0016 0 0 [} 1] 067 0744| 0815 089 1
RATIO) |8 0.1 of 0184 04| 06| 08 o] 053] 0656/ 0785 091 1
If [} 0 0 of 001 o 1 1| 0.766[ 0.827] 0892 i
B 0.2 of 02/ 04 o059 08 o] 02| 0634 0773] 0908 1
A 0 [} of 0.013] 0012 0 1| 092 0879 093] 0875 1
8 0.3 ol 02! 0387 0588 08 ol 0.28] 0521 061| 0925 1
A 0 0 0 0 [i] 0 1| 0834 1 1l oss 1
B 0.4 of 02| 04 o6 o8 ol 0366 04 06] 092 1
A 0 0 0 o o0.011 0 1| 0747 0932 o034] 0892 1
B 0.5 0| o2 04} o589 08 ol 0453 0.468] 0.76] 0908 1
A 0 o om 0 0 0 t| o7ns| 0843 1| 0884 1
] 0.6 ol 019 04 06l 08 ol 0485 0557} 06| 0916 1
A 0 0| 0017 0 o] 001 t| o7 0767 0937 0876 1
8 0.7 ol 0183 04! 06l o079 ol _049] 0633] 0663 0924 1
A 0 ) 0 0 [) 0 1| 01| 0.772] 0847 1 1
B 0.8 ol 02 o4 o6 08 0{ 0482 0628] 0753 08 1
A 0 0 ) o] oo 0 1| 0747} 0787 081 094 1
B 0.9 of 02| 04| o058 08 ] 1
A 0 0 0 0 0 0 0 1
B 1 ol o2l o4l 06! 08 1 1
A 0.1 0f 0.184] 0.399| 0599 0.799 0 1
B 0 0| o016 0.001| 0001 o000t 1 1
A 0.1 o] o1} 02 0 0 0 i
B 0.1 of o1 o2 o6 08 1 1
A 0.1 0 o] oa27{ ool 0 1 1
B8 0.2 0| 02| 0273] os9l 08 0 1
A 0.1 o| 0.179] 0.1} 0.079] 0.799 1 [
B 0.3 ol 0.021] 03] 0521 0001 0 1
A 0.1 o 0.179 0| 0.126] 0798 1 [
8 0.4 0| 00211 04| 0474 0001 0 1
A 0.1 o] 0178 o] o1 0 1 1
8 0.5 ol 00211 04 05/ 08 0 1
A 0.1 o] 0.179 [} o| o0.27 1 1
3 0.6 ol 0ozt o4 o6l 0673 0 1
A 0.1 o| 0179 0 X 1 1
B 0.7 of 0.021] 04] o086 017 0 1
A 0.1 of ca79 0 0 o| o125 1
B8 0.8 of coz1] 04| o6l 08| 0815 1
A 0.1 o| 0.179 of o0o01] 0793 01 [
i N 0.9 ol 0021 04l nsa L
— <97 U007] 0.996| 0.534| 0748 098] 08%8] I
B 0.7 of o001| ooo1] 001] 0793] 0004| 0666l 0€52] 0.7 0945 1
A 09 of o.193] 03s9] 059 o 0995] 0.553| 0.708] 0.848) 0.973 |
B 048 ol 0.001] 0001| 001 - 08 0005| 0.641] 0.694] 0752 0.827 1
A 09 0 0 of o0 o| 6o0s| o059 07 08 09 1
B 0.9 ol o2 o4l oss] o8l o99s{ oei] o031 o8 09 1
A 0.9 0 0 0 o| 0.799 o 0709 08} 0758 0.871 1
B 1 of 02 04/ 06| 0001 1| D491 05| 0841] 0.929 ]
A i o| 0.199| 0399 0.598] 0.799 1] o044 05 08| 0.809 1
B 0 o| 0001| 0001 0.001] 0001 0l 078 08 1] _0.891 1
A 1 o| oo021] 0399 05 0 1] 0472] 05| 0837 0807 1
B 0.1 of 0179] 0001l 01| o8 ol 0728] o0sl 0763 0.893 1
A 1 0 0| 0.399{ 0599 [} 1 11 o5 o0s62| 0908 1
B 0.2 ol 02| oootl 0001 08 ol 02 08| 0738 0892 1
A 1 o| o.199{ 0022f 0015 05 1| 092 0895 06| 0.904) i
8 0.3 ol o0001] 0.378| 0585 03 o} 028! 0505 1| 0898 1
A 1 o 0.199 [} 0 0 1| 0838 1| 08| 0s0s5 1
B 0.4 o] 0001 o04f 06 o8 ol 03s4l 04 1l 0.895 1
A 1 o| o.198} 0399 oon 0 1| 0499] 0929; 0879 0.908 1
B 0.5 ol 0001] oooi] 0589 08 of 0701] 0471] 0721| 0892 1
A 1 o o0.199] 0.399 0 0 11 0501] 05 1| os07 1
B 06 ol o001l 0001l 06| 08 ol 0699 09 06| 0893 1
A 1 o| 0.199{ 0399} 0599 0.007 i| 05| os| 0929] 0s06 1
8 0.7 ol 0.001] 0.001] 0001] 0793 ol 01l 03] 0671 0894 1
A 1 o| o0.199} 02399 0539 0 1| 0494] 05| 0854 1 1
8 08 ol 0001| 0001 0001l o8 of o708| 09 0746] 08 1
A 1 o| 0.193] 0399 0599 0 1] 0491 05| 0841] 0929 1
B 0.9 ol 0001| coc1} 0001 o8 o] o708] o9l 0758] 08N 1
A 1 0 [} 0 0 [} of o6 05 06| 0895 1
8 1 ol 02 o4 06l 08 106l 09 1|_0.905 1




0 vl [LPL IVl ZPL eVl [Vl [2PL [CrLl [LVL JIVL (VI [0V [SPE [LGI |[PGK |LGI [8GL [6G1 [IOL [6¢I [001
LEL 0 vl (¥L |Lvi|cvl |cPh [evi [ovl [cvT |CvE SV [LvE |6Vl [¢GF [P GF [LGE [8GL |6G1 [€91 |61 | S60
OCL |[BEL|0 (VL |Lvi |L¥L |2Vl [2ht [evL [evl [P VL |0V [V |LGE [EGI |GGE |LGI |8GL |6GI |F91 [6¢I | 060
9Cl |LE1 |BEL 0 |PF |I VL |cvL EFl |CVE [P VL [SVL |LVL |6V [cGL |[EG) [GGH [LG) [8GL [6G) [S9L[6C) [S80
OCL |[LEL [8EL |6E1 |0 IVl (201 (601 |PPL |GV [LPL |6V |LGI [CGL |V Gl [9GI |8GI [8GL [6GI [L9L [6¢1 | 080
OCL [LEL [BEL 6ET [P [0  |2vi eVl [P ¥L OVl |8V |G |(2GL |[PGL |[GGI |LGE [8GI [8GL |[8GI (891 [6¢) [SLO
GEIL |OST ILEL [BEL|PL |V PE|0  |ePl |[PPL|OVE (8L |6V [1GL |CGL [GGF [LGy (9L |9t [rot[Lr [6c1]ol0
el [OCL |[LEL [BEL [6CL VI |cPL |0 PPy [OFF [LVL |6VL |GL [2GI |CGI [8GK [29F [€OL [V OI [LLL[62C1 [S90
el [90Cl [LEL|BCL [661 (VI | ¥I [e¥l |0 |SPF LVl |SPE|GF |1 GK|GGE [6GE [¥9I [GOL [£91 [€L1 [6¢) [090
vEL|CEL |0CL [BEL |6EL VI |1Vl |2Vl (PP |0 |9Vl |SVL [6VL |5F |6GI [9F |90OF 801 |[ZT [SLI [8ZI[SSO
VEL [CCL [9CL [LEL [BEL VI |1 VL cvi [EPE (VP [0 |Lvi |6V [6FF |GGE [¢9) [80OF [LL |€L) |9LL [8CI [0S0
VeI ICCL |LEL IBCL [P1T |2V {2Vi (2Pl |2Vl [EVI [bVL [0 |6VE|CGL [£GL |[€91 |69F |[¢LL |SLVT [6LL[8¢CI SO
VL OCL IBET (Wl (vl [Vl [EvL |evlL LV LVl [Ev)E |91 [0 |PGL|66GE V91 [691 [ELL |[LLV [¢8L |6l [0v0
Vel 0CL I6EL [T PL [SVL |OF] [V VL 2Pl [FL |8€l [L€L|GvE [1GL |0 |66G) [#P9L (L1 |SLL |81 |[v8L[6¢CI[GED (OLLYY
VEL IOCLIBEL VL |SvE [V VL [SVE [2VL (2Pl [VhT |[TVL [LVT [2SL [9GF [0 [POL [£91 Lt [e2L1 [¥8L |61 | OE0]3ONYNINNT)
VELIGSLILEL |6CL |Vl |2Vl [CvE [EVL [CVE VT [V VL [6V [VGI [BGE (191 [0 |G9I {991 [S91 [€8L[6¢I | SC0] ONINNIO3E
VEL |SCL |9CL |BEL |6€CL [Pt [evL [EvL [SPL|LvL|8vL (261 951 |91 (€9l [¥'91]0 ¥al (861 [¢81 [ 0z0 JHL LV
TR CEL [9CL [BEI (661 [TFT [CFL GV [LPL (671 [FGL (061 (1701 [L91 (901 [GO1 [G91 |0 v ol [#aL [1el | 51 0] IONVNINM
CELISEL ILEL [BEL 1v] 12VV [P VI [OFL [6VL [V GI [€GL |9t [Zot |pLt [LY (691 |[19f [¥LL [0 [9vL]eEl |00
ZEL Vel [OEr [BET [FT 12Vl |FPL [LVI |6F1 [CGL |FGL |01 |991 |LLI |[¢8F [¢61 |€0¢ [v6L [981 [0 |vE1 | 500
§Z1 |ZCL |SEL |6EL |cvE JovlE |Gt |GGI [9F |voOlL [691 [8LF [L8F |L6L V¢ |cce |6¥C |91z [Z0€ [¥¥E |0 000
0011560/ 060| 530] 080] GL 0| 0L 0| 90| 090| 6G0| 0G0| G¥ O] OV 0| GEO| OE0| G2 0] 020 S1'0] 0OL'0] SO0} 000
(OILvd IONVNIANT) AN3 3HL 1V 30ONVNIANT

US 2005/0052389 Al

9 OId

Patent Application Publication Mar. 10,2005 Sheet 6 of 19



Patent Application Publication Mar. 10,2005 Sheet 7 of 19 US 2005/0052389 Al

20 5
INPUT | OUTPUT \
GRADAmCOMBINATION CRADATION I ouD
SELECTING CRYSTAL
CIRCUIT MODULE

FRAME
MEMORY

30



Patent Application Publication Mar. 10,2005 Sheet 8 of 19 US 2005/0052389 Al

T2
FIG. 8 {

GRADATION AT THE END
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FIG. 10
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FIG. 12
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FIG. 14
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FIG. 15 (a)

FIG. 15 (b)

FIG. 16
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD FOR THE SAME

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on patent Application No. 2003/
317182 filed in Japan on Sep. 9, 2003, and No. 2004/199867
filed in Japan on Jul. 6, 2004, the entire contents of which
are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal lay
device used for a monitor of a computer, a TV etc., also
relates to the driving method thereof. More ifically, the
present invention relates to a method for roving a display
response speed upon display of a ing picture.

BACKGROUND OF THE INVENTION

[0003] To increase the response speed of liquid crystal, a
method called overshoot driving or overdrive driving has
been used. Japanese Patent publication Tokukosho
63-25556/1988 (published on May 25, 1988) discloses an
example of such a method.

[0004] The method realizes an increase of the response
speed by providing extra change to a liquid crystal module
that has been changed by the input data. The following more
specifically explains this technique.

[0005] For example, now assumes a liquid crystal module
capable of 256 gradations.

[0006] Then, also assume that a picture element of the
liquid crystal is displayed as gradation 0, and then changes
to gradation 64 in response to the next input signal. In this
case, it may occur that the liquid crystal responses so slowly
to application of a voltage corresponding to 64 gradation
that the gradation level does not reach 64. Similarly, further
assume that the picture element is supplied with a voltage
corresponding to gradation 84 but the liquid crystal
responses so slowly that the gradation level does not reach
80 but reaches only 64.

[0007] Under such a condition, the liquid crystal is con-
trolled to be changed from O to 80, instead of controlling it
to be changed 0 to 64, so that the gradation reaches 64 more
quickly. This is the method called overshoot driving or
overdrive driving, that has been used for liquid crystal TVs
of various manufacturers since when the duration of the
patent of the foregoing publication had run out.

[0008] However, the conventional liquid crystal display
device has a problem as follows.

[0009] Inrecent years, a liquid crystal display device, that
had conventionally been used as a display device for a
computer, is more often used as a display device for dis-
playing a moving picture. This application has become more
common with the development of a liquid crystal display
device for a TV, and improvement of performance of a
computer that is now capable of displaying a moving
picture.

[0010] However, a critical problem of a liquid crystal
module in use for a display device of the moving picture is
low response speed of a liquid crystal. Namely, displaying a
moving picture by a liquid crystal display device with a low
response speed causes image-lag, thereby decreasing display
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quality. The response speed of the liquid crystal display
device is particularly slow in a change between a halftone to
a halftone compared to a change in monochrome display.
Therefore, the degradation of display quality becomes sig-
nificant in a particular moving picture of live action.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide a
liquid crystal display device that improves a response time,
and the driving method thereof.

[0012] In order to achieve the foregoing object, a liquid
crystal display device according to the present invention
comprises: liquid crystal elements, each of which is pro-
vided on one of a plurality of divisional display areas, that
are created by dividing a display area, so as to display the
divisional display area; and a display driving section for
displaying the liquid crystal elements with a weighted mean
of luminance ratios of the liquid crystal elements so as to
reduce a display response time of the display area to be
shorter than a hypothetical display response time in a case
where the display area is displayed with a single liquid
crystal element.

[0013] Further, in order to achieve the foregoing object, a
driving method of a liquid crystal display device according
to the present invention comprises the step of: (2) dividing
a display area into a plurality of divisional display area; and
(a) displaying the liquid crystal elements with a weighted
mean of luminance ratios of the liquid crystal elements so as
to reduce a display response time of the display area to be
shorter than a hypothetical display response time in a case
where the display area is displayed with a single liquid
crystal element.

[0014] More specifically, the display response time of a
liquid crystal display device greatly varies depending on the
combination of the luminance ratio at the beginning and the
luminance ratio at the end.

[0015] In this view, the present invention uses a liquid
crystal display device in which a display area is divided into
a plurality of divisional display areas, each of which is
displayed with a corresponding liquid crystal element by
using an individual luminance ratio. In this arrangement, the
luminance of each picture element is equivalent to a
weighted mean of the respective luminances of the liquid
crystal elements of the divisional picture elements. With this
method, it is possible to avoid a combination causing a long
response time, thereby reducing delay of response in a
specific halftone.

[0016] In the present invention, a display driving section
displays the liquid crystal elements with a weighted mean of
luminance ratios of the liquid crystal elements so as to
reduce a display response time of the display area to be
shorter than a hypothetical display response time in a case
where the display area is displayed with a single liquid
crystal element.

[0017] In this way, the present invention provides a liquid
crystal display device that improves a response time, and the
driving method thereof.

[0018] Additional objects, features, and strengths of the
present invention will be made clear by the description
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below. Further, the advantages of the present invention will
be evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1is ablock diagram illustrating a structure of
a display driving section of a liquid crystal display device
according to one embodiment of the present invention.

[0020] FIG. 2 is a plan view illustrating picture elements
of the liquid crystal display device, that are divided into two
divisional picture elements.

[0021] FIG. 3 is a table showing a display response time
taken for a change from a luminance ratio at the beginning
to a luminance ratio at the end, in the foregoing liquid crystal
display device.

[0022] FIG. 4 is a graph showing a display response time
taken for a change from a luminance ratio at the beginning=0
to the luminance ratio at the end in the example of FIG. 3.

[0023] FIG. 5 is a table showing a display response time
per 0.1 luminance ratio, taken for a change from a luminance
ratio at the beginning to a luminance ratio at the end in the
case of each picture element is divided into two divisional
picture elements.

[0024] FIG. 6 is a table as variation of the present embodi-
ment, showing a display response time taken for a change
from a luminance ratio at the beginning to a luminance ratio
at the end in the foregoing liquid crystal display device.

[0025] FIG. 7 is a block diagram according to another
embodiment of the present invention, illustrating a structure
of a display driving section of a liquid crystal display device
that drives a liquid crystal module with a combination
selecting circuit and a frame memory.

[0026] FIG. 8 is a drawing showing a lookup table of
gradation data achieving the shortest response time to dis-
play the next frame, with respect to the current frame.

[0027] FIG. %a) is a plan view illustrating a display area
made up of liquid crystal elements having different square
measure units and picture elements arranged differently.

[0028] FIG. 9(b) is a plan view illustrating a display area
having liquid crystal elements of Red (R), Green (G), Blue
(B), Yellow (Y), Magenta (M) and Cyan (CN).

[0029] FIG. 9(c) is a plan view illustrating a display area
having liquid crystal elements of Red (R), Green (G), Blue
(B), Yellow (Y) and Cyan (CN), and FIG. 9(d) is a plan view
illustrating a display area having liquid crystal elements of
Red (R), Green (G), Blue (B), Yellow (Y), White (W) and
Cyan (CN).

[0030] FIG. 10 is an explanatory view showing a calcu-
lation model for finding the respective display response
times in the structure of 9(a).

[0031] FIG. 11 is an explanatory view showing a calcu-
lation model for finding the respective display response
times in the structure of 9(b).

[0032] FIG. 12 is an explanatory view showing a calcu-
lation model for finding the respective display response
times in the structure of 9(c).
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[0033] FIG. 13 is an explanatory view showing a calcu-
lation model for finding the respective display response
times in the structure of 9(d).

[0034] FIG. 14 is a plan view showing the relation
between a UXGA module and a SVGA module, when a
SVGA signal is displayed in the UXGA module.

[0035] FIG. 15(a) is a plan view illustrating a mono-
chrome stripe pattern of low spatial frequency.

[0036] FIG. 15(b) is a plan view of an example showing
gradation 96 and gradation 128 with a small difference in
luminance and high spatial frequency.

[0037] FIG. 16 is a plan view illustrating a display area in
which gradation is varied for each picture element in con-
sideration of the spatial frequency.

[0038] FIG.17 s aplan view illustrating a data of 1 screen
divided into 8x8 pixels square to use spatial diffusion.

[0039] FIG. 18 is an explanatory view showing the first
through sixth spatial diffusion tables of the 32+1 types of
8x8 spatial diffusion tables.

[0040] FIG. 19 is an explanatory view showing the 27th
through 33rd spatial diffusion tables of the 32+1 types of
8x8 spatial diffusion tables.

[0041] FIG. 20(a) is an explanatory view illustrating data
of the immediately preceding frame of a matrix.

[0042] FIG. 20(b) is an explanatory view illustrating data
of the current frame.

[0043] FIG. 21 is an explanatory view showing the first
and second tables of the first through 33rd spatial diffusion
tables values of which have been added/subtracted to/from
the current frame data.

[0044] FIG. 22 is an explanatory view showing the first
and second tables of response times RT (ms), that are
calculated according to the values of the respective tables
found in the fifth step, and the data of the immediately
preceding frame.

DESCRIPTION OF THE EMBODIMENTS

[0045] [First Embodiment)]

[0046] One embodiment of the present invention is
described below with reference to FIGS. 1 through 6.

[0047] The present invention provides a liquid crystal
display device in which a conventional picture element is
divided into a plurality of divisional picture elements, that
are displayed with respective luminances so as to increase
the display response speed of the display area to be faster
than a hypothetical display response speed before the picture
element is divided. The following explains such a display
device and the driving method thereof.

[0048] As shown in FIG. 2, the present embodiment uses
picture elements 11 of Red (R), Green (G) and Blue (B), that
are divided into, for example, two divisional picture ele-
ments RA/RB, GA/GB and BA/BB, respectively. The divi-
sional picture elements RA/RB, GA/GB and BA/BB are
individually driven by the respective liquid crystal elements
11a and 11b. Note that, the picture elements 11 correspond
to conventional picture element areas of Red (R), Green (G)
and Blue (B).
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[0049] To drive such a picture element 11 made up of two
liquid crystal elements 11a and 11b, a liquid erystal display
device according to the present embodiment is provided
with a display driving section 10 as display driving means,
that includes, as shown in FIG. 1, a gradation/luminance
ratio conversion block 1 functioning as gradation/luminance
ratio converting means; a combination selecting circuit 2
functioning as selecting means; a frame memory 3 function-
ing as combination storing means, gradation/luminance ratio
conversion result storing means and luminance ratio/grada-
tion conversion result storing means; a luminance ratio/
gradation conversion block 4 functioning as luminance
ratio/gradation converting means; and a liquid crystal mod-
ule 5.

[0050] The gradation/luminance ratio conversion block 1
converts a gradation data of an input signal into a luminance
ratio. Note that, in the present embodiment, brightness of the
display is expressed not as a luminance but as a luminance
ratio. The luminance ratio is a ratio of a gradation value to
the maximum gradation value. If assuming a case using a
luminance, the luminance of the picture element 11 is equal
to an arithmetic mean of the respective luminances of the
liquid crystal elements 11 and 11b. Thus, the explanation
will be more complicated.

[0051] Generally, in the case of ITU compliance, the value
of a luminance ratio Ynorm with respect to a gradation n
may be determined according to the following formula,
where N denotes the maximum gradation.

Ynorm=(n/N)>2 . .. (1)

[0052] In the present embodiment, to perform addition of
luminance, the input gradation data needs to be converted
into a luminance ratio using the foregoing formula. The
gradation/luminance ratio conversion block 1 performs this
calculation.

[0053] Similarly, the luminance ratio/gradation conver-
sion block 4 performs conversion from luminance ratio into
gradation according to the gradation/luminance ratio char-
acteristic of the liquid crystal module 5, that displays the
luminance ratio data of the liquid crystal elements 11 and
115, so as to again obtain the gradation data. Note that, the
conversion function in this operation depends on the char-
acteristic of the liquid crystal module 5. In the case of a
liquid crystal module of ITU compliance, the function is an
inverse function of that of the conversion block.

[0054] Meanwhile, the combination selecting circuit 2,
provided between gradation/luminance ratio conversion
block 1 and the luminance ratio/gradation conversion block
4, selects the respective luminance ratios of the divisional
liquid crystal elements 11g and 115 through calculation
based on the luminance ratio data outputted from the gra-
dation/luminance ratio conversion block 1.

[0055] Here, the following describes a selection operation
of the combination selecting circuit 2 in selecting the
respective luminance ratios of the divisional liquid crystal
elements 11a and 115

[0056] Firstly, a luminance ratio of a picture element
inputted to a time point t is expressed as Ynorm, t. Further,
the luminance ratios of the divisional liquid crystal elements
11 and 115 for displaying a single picture element 11 are
expressed as Ynorm, t, A and Ynorm, t, B, respectively. Note
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that, these luminance ratios Ynorm, t, Ynorm, t, A and
Ynorm, t, B are discrete values, each of which corresponds
to a gradation value.

[0057] Here, the combination selecting circuit 2 includes
a frame memory and stores information of the luminance
ratios of the liquid crystal elements 11a and 115 in the
immediately preceding frame. The information of the lumi-
nance ratios of the liquid crystal elements 11 and 115 in the
immediately preceding frame are expressed as Ynorm, t-1,
A and Ynorm, t-1, B, respectively.

[0058] First, the following describes a procedure of find-
ing the luminance ratios Ynorm, t, A and Ynorm, t, B
according to the luminance ratio Ynorm, t.

[0059] That is, the luminance ratio Ynorm, t, Ais varied by
a 0.005 pitch, and each value is then combined with the
luminance ratio Ynorm, t, B to calculate the response time,
so as to find the best response time. In other words, this
calculation is performed to find a combination of the lumi-
nance ratios of the Ynorm, t, A and Ynorm, t, B to achieve
the shortest response time.

[0060] The luminance ratio of a picture element 11 is
equal to a weighted mean of the respective luminance ratios
of the divisional liquid crystal elements 1lg and 115.
Accordingly, the relation among the Iuminance ratios
Ynorm, t, Ynorm, t, A and Ynorm, t, B may be expressed as
follows.

Ynorm, t=(Ynorm, t, A+Ynorm, t, B)x0.5 . .. (2)

[0061] According to the formula above, when the lumi-
nance ratios Ynorm, t and Ynorm, t, A are found, the
luminance ratio Ynorm, t, B can also be found. However,
since these values are discrete values, a value closest to the
theoretical value is selected.

[0062] Next, the response time of the liquid crystal for
display is expressed as a numeric value=a function f (x,

[0063] y). FIG. 3 shows examples of each given
values of the function f (x, y), where x corresponds
to the luminance at the beginning and y corresponds
to the luminance at the end.

[0064] Here, the following describes FIG. 3 in detail.
FIG. 3 shows required response times for a change from
10% to 90%. In the figure, a vertical axis corresponds to the
luminance ratio (the white luminance and the black lumi-
nance are normalized to 1.00 and 0.00, respectively) at the
beginning and the horizontal axis corresponds to the lumi-
nance ratio at the end. The variation pitch of the luminance
ratio 1s 0.05, for example. Note that, in the actual operation,
the optimum pitch is 0.005 in terms of accuracy. Further, in
the figure, the variation ranges from 10% to 90% instead of
0% to 100%. This is because a response time of a general
liquid crystal is regulated with a range from 10% to 90%. In
the case of VESA standard, it is measured from the signal
input to 90% luminance.

[0065] FIG. 4 shows a graph in which the relation
between the luminance ratio at the beginning=0.00 and the
luminance ratio at the end=0.00-1.00 are plotted. This figure
reveals that, when the luminance ratio at the beginning is
0.00, the response time RT becomes longer as the difference
with respect to the luminance ratio at the end becomes
smaller. More specifically, there exists an excessively slow
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response speed, that is, more than 100 ms. This is a char-
acteristic of MVA or ASV type liquid crystal, and causes
excessive slower response speed at a change of voltage
application from 1V to 2-3V. This defective characteristic,
that cannot be overcome even by the overshoot driving, can
be solved by the driving method of the present embodiment.
With this method, it is possible to screen out a combination
causing a long response time, thereby reducing delay of
response in a specific halftone.

[0066] As described, the luminance ratio of the immedi-
ately preceding frame is stored in the frame memory 3. Thus,
based on the response time RT shown in FIG. 3, the
response time RTA of the liquid crystal element 11a can be
expressed as follows.

RTA=f((Ynorm, t-1, A), (Ynorm, t, A)) . .. (3)

[0067] Similarly, the luminance ratio Ynorm, t, B can be
found by the foregoing formula (2), and therefore the
response time RTB of the liquid crystal element 115 can be
found by the following formula (4).

RTB=f((Ynorm, t-1, B), (Ynorm, t, B)) . .. (4)

[0068] The response time RT of the picture element 11 is
the one with a longer time between the results of Figures (3)

and (4).

[0069] In this way, the luminance ratio is calculated using
each value of the Ynorm, t, A. Then, the luminance ratio of
the Ynorm, t, A achieving the fastest response speed is
selected.

[0070] If the luminance ratio Ynorm, t, A is found, the
luminance ratio Ynorm, t, B can also be uniquely found
according to Formula (2).

[0071] The result is then sent to the luminance ratio/
gradation conversion block 4.

[0072] With the foregoing operation, the response speed
can be increased.

[0073] Further, the luminance ratios Ynorm, t, A and
Ynorm, t, B are found according to how much their lumi-
nance ratio values are changed in 1 frame after the imme-
diately preceding frame, instead of using stationary lumi-
nance ratio values, thereby enabling combination with the
overshoot driving,

[0074] The following described a specific example.

[0075] Currently, the response time RT taken for a change
of the luminance ratio at the beginning=0.00 (black display)
to the luminance ratio at the end=0.05 is 100.5 ms, as shown
in FIG. 3. Accordingly, if the picture element is made of a
single element, a change of the luminance ratio=0.00 to the
luminance ratio=0.05 takes 100.5 ms. When the picture
element includes two liquid crystal elements; for example,
one of the luminance ratio is fixed to 0.00 while the other
changes from 0.00 to 0.10. As shown in FIG. 3, the time
taken for this change of the luminance ratio from 0.00 to
0.10 is 83.6 ms. That is, the response speed can be increased
by approximately 17%.

[0076] In this way, the response speed can be increased in
proportion to the number of liquid crystal elements included
in the picture element.

[0077] The foregoing explanation can be expressed with
the foregoing Formulas (3) and (4) as: RT=f ((Ynorm, 0.00),
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(Ynorm, 0.05))=100.5 ms. Namely, the response time RT
taken to display a picture element 11 on a certain condition
was 100.5 ms in a conventional structure. On the other hand,
in the present embodiment, the picture element 11 is split
into, for example, two divisional areas, that are individually
driven by the liquid crystal elements 11a and 115.

[0078] In the foregoing manner, the liquid crystal element
11a is driven with a luminance ratio at the beginning=0.00
(black display) and a luminance ratio at the end=0.00. In this
case, the response time can be expressed as follows, accord-
ing to Formula (3) and FIG. 3.

RTA={((Ynorm, 0.00, A), (Ynorm, 0.00, A))=Oms

[0079] Meanwhile, the liquid crystal element 115 is driven
with a luminance ratio at the beginning=0.00 (black display)
and a luminance ratio at the end=0.10. In this case, the
response time can be expressed as follows, according to
Formula (4) and FIG. 3.

RTB=f ((Ynorm, 0.00, B), (Ynorm, 0.10, B))=83.6 ms

[0080] Further, the weighted mean of the respective lumi-
nance ratios of the liquid crystal element 11 and the liquid
crystal element 115 can be expressed according to Formula
(2) as: Ynorm, t=(Ynorm, 0.00, A+Ynorm, 0.10, B)x0.5=
0.05. This value is equal to the luminance ratio of 0.05 at the
end of a single picture element 11. Therefore, by displaying
the liquid crystal elements 11 and 115 in the foregoing
driving method, the display driving time will be 83.6 ms,
this is faster than the time 100.5 taken to drive a single
picture element 11.

[0081] The foregoing example however refers to only one
combination of the liquid crystal elements 11 and 115;
therefore other combination may enable further increase of
the response time RT.

[0082] Then, in the present embodiment, a combination
achieving the shortest response time RTA is selected, refer-
ring to a look-up table shown in FIG. 5, for example.

[0083] The look-up table T1 shows the response time RT
for each of combinations of the liquid crystal elements 11a
and 115 varying with a 0.1 pitch.

[0084] In the look-up table T1, a vertical axis corresponds
to luminance ratios of the liquid crystal elements 11a and
115 in the immediately preceding frame, while the horizon-
tal axis corresponds to the luminance ratio of input data of
the current frame. The values in the table denote the lumi-
nance ratios supposed to be given to the liquid crystal
elements 11 and 115 in the current frame. In this table T1
divided into two parts, the upper half corresponds to the
liquid crystal elements 11a, and the lower half corresponds
to the liquid crystal elements 11b. Further, the luminance
ratios of the liquid crystal elements 11z and 115 in the
immediately preceding frame, that are shown in the vertical
axis, include each pair of a luminance ratio=0 of the liquid
crystal elements 11a with respect to luminance ratios of the
liquid crystal elements 1156=0, 0.1, 0.2, . . ., 0.9, 1.0, and
each pair of a luminance ratio=0.1 of the liquid crystal
elements 11 with respect to luminance ratios of the liquid
crystal elements 115=0, 0.1, 0.2, . . ., 0.9, 1.0; in this
manner, each pair up to luminance ratio=1.0 of the liquid
crystal elements 11a with respect to luminance ratios of the
liquid crystal elements 116=0, 0.1, 0.2, ..., 0.9, 1.0 is shown
in the table.
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[0085] According to the look-up table T1, for example, in
the case where the luminance ratios of the liquid crystal
elements 11a and 115 in the immediately preceding frame
are “0.1” and “0.5”, respectively, and the luminance ratio of
input data of the current frame is “0.7; the luminance ratios
of the liquid crystal elements 11a and 11b are preferably
“0.934” and “0.466”, respectively, in the current frame.

[0086] As described, in the liquid crystal display device of
the present embodiment, a picture element 11 of Red (R) as
1 display area is divided into, for example, two divisional
picture elements RA/RB. The divisional picture elements
RA/RB are displayed based on the respective luminance
ratios of the liquid crystal elements 11 and 11b.

[0087] In this case, the luminance ratio of the picture
element 11 of Red (R) is equal to the weighted mean of the
respective luminance ratios of the liquid crystal elements
11a and 11b. Therefore, by carrying out display of the liquid
crystal elements 11a and 115 with luminance ratios that are
selected by screening out a combination of the luminance
ratio at the beginning and the luminance ratio at the end that
causes a long response time, it is possible to reduce delay of
response in a specific halftone.

[0088] In the present embodiment, the display driving
section 10 causes the liquid crystal elements 11a and 11b to
carry out display so that a display response time of the
picture element 11 of, for example, Red (R), when using a
weighted mean of luminance ratios of the liquid crystal
elements 11 and 115 is shorter than a hypothetical display
response time when assuming that the picture element 11 is
displayed with a single liquid crystal element.

[0089] On this account, it is possible to provide a liquid
crystal display device and the driving method thereof that
achieve an increase of response time.

[0090] Further, the liquid crystal display device according
to the present embodiment is arranged so that: the combi-
nation selecting circuit 2 of the display driving section 10
selects a combination offering a shortest response time
among a plurality of combinations of the luminance ratios of
the liquid crystal elements 11a and 11b that can reduce a
display response time of, for example, the picture element 11
of Red (R) to be shorter than a hypothetical display response
time that is obtained when the picture element 11 of Red (R)
is displayed with a single liquid crystal element.

[0091] This structure allows display with the fastest dis-
play response time.

[0092] Further, the liquid crystal display device according
to the present embodiment is arranged so that: the frame
memory 3 of the display driving section 10 stores a table of
various combinations of the luminance ratios of the liquid
crystal elements 11¢ and 115 that can reduce a display
response time of, for example, the picture element 11 of Red
(R) to be shorter than a hypothetical display response time
that is obtained when the picture element 11 of Red (R) is
displayed with a single liquid crystal element.

[0093] This structure allows easy selection of various
combinations achieving a short response time.

[0094] Further, the liquid crystal display device of the
present embodiment is provided with the display driving
section 10 including the gradation/luminance ratio conver-
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sion block 1 for converting gradation data into a luminance
ratio, thereby allowing high-speed display of gradation data.

[0095] Further, in the liquid crystal display device of the
present embodiment, the display driving section 10 includes
a gradation/luminance ratio conversion block 1 for convert-
ing gradation data into a luminance ratio; and a luminance
ratio/gradation conversion block 4 for converting the respec-
tive luminance ratios of the liquid crystal elements 11a and
115 achieving the shortest display response time, that is
selected by the combination selecting circuit 2, into grada-
tion data.

[0096] On this account, the gradation data can be dis-
played with the maximum response speed.

[0097] Further, the liquid crystal display device of the
present embodiment uses a driving method in which, for
example, the picture elements 11 of Red (R) is divided into
two divisional picture elements by halving the area of the
picture element 11 of Red (R).On this account, the divisional
area may be created by a simplest manner, and therefore the
process can be easily done while ensuring a relatively
significant effect, thereby increasing so-called cost-effec-
tiveness.

[0098] Further, to more easily realize the structure of the
present embodiment, an alternative may be a method of
blocking a luminance ratio at the end including a response
time range greater than 50 ms, with reference to FIG. 3. This
arrangement is shown in FIG. 6. In this way, it is no longer
necessary to refer to the preceding frame data while avoid-
ing a decrease of the response time. Thus, the frame memory
can be omitted, thereby reducing cost.

[0099] As shown in FIG. 6, an increase of cell thickness
causes a great decrease of yield; however, the response
speed is increased. The foregoing method is particularly
effective for such a case.

[0100] Note that, the combination selecting circuit 2 of the
present invention is not particularly limited to the DSP
(Digital Signal Processor) 2 used in the foregoing embodi-
ment. For example, the selecting circuit 2 may be made of
an analog circuit or any other circuit. Further, though the
foregoing embodiment adopts the structure with a system
outside the liquid crystal module, the system may also be
mounted to the liquid crystal module or may be directly
mounted to the liquid crystal panel.

[0101] [Second Embodiment]

[0102] Another embodiment of the present invention is
described below. Note that, any structure other than those
described in the following explanation is identical to that of
Embodiment 1. Therefore, for ease of explanation, materials
having the equivalent functions as those shown in the
drawings pertaining to Embodiment 1 above will be given
the same reference symbols, and explanation thereof will be
omitted here.

[0103] In addition to the structure of the liquid crystal
display device of Embodiment 1, the liquid crystal display
device of the present embodiment additionally uses the
following algorithm in the selection process of the lumi-
nance ratios Ynorm, t, A and Ynorm, t, B, that is described
in Embodiment 1.

[0104] (1) The calculation result of response time RT is
checked weather or not the value is shorter than the duration
of 1 frame
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[0105] (2) If there are a plurality of results less than the
duration of 1 frame, a result with the smallest difference
between the luminance ratios Ynorm, t, A and Ynorm, 1, B
is selected

[0106] Here, the duration of 1 frame has a frequency of 60
Hz and a length of 16.7 ms for NTSC, or a frequency of 50
Hz and a length of 20 ms for PAL or SECAM.

[0107] With this arrangement with the smallest difference
between the luminance ratios Ynorm, t, A and Ynorm, t, B,
coarseness of still picture can be reduced. More specifically,
the amplitude of the spatial frequency component is reduced
for each sub-pixel to a certain extent so that it cannot be
easily recognized by human’s visual sense characteristic.
The spatial frequency will be described in detail in Embodi-
ment 6.

[0108] In this way, in the liquid crystal display device of
the present embodiment, the DSP2a functioning as judging
means of the combination selecting circuit 2 checks, upon
selection process of the luminance ratios of the liquid crystal
elements 11a and 11b, weather or not the display response
time for the combination is shorter than the duration of 1
frame.

[0109] Therefore, the response times longer than the dura-
tion of 1 frame are screened out in this process so as to select
a combination realizing the shortest display response time.
In this manner, the structure can achieve the effect of
increasing the response speed.

[0110] Meanwhile, if the response time is shorter than the
duration of 1 frame, the reduction of the response time is not
necessary, and therefore, the selection is made to find a
combination ensuring a good display quality among the
combinations with the display response time shorter than 1
frame.

[0111] This selection in terms of both display quality and
response time becomes more important when the response
speed of the liquid crystal display device is successfully
increased. For example, the reduction of cell thickness
shown in FIG. 3 increases the response speed, as shown in
FIG. 6. In this case, the selection of the combination may be
performed with a wider range. Thus, by selecting the opti-
mum one from the range, it is possible to realize a liquid
crystal display device with a superior display quality and
speedy response.

[0112] Further, if there are a plurality of combinations of
the liquid crystal elements 11z and 115 making a response
time less than the duration of 1 frame, the combination
selecting circuit 2 selects a combination with the smallest
difference in display response time between the liquid
crystal elements 11a and 115, with calculation operation by
the DSP2a.

[0113] On this account, difference in luminance ratio
between the liquid crystal elements 11¢ and 115 is reduced
to a certain extent in the case of a still picture, so that it
cannot be easily recognized by human’s visual sense char-
acteristic, thereby preventing degradation of display quality.

[0114] [Third Embodiment]

[0115] Still another embodiment of the present invention
is described below with reference to FIGS. 7 and 8. The
structure described in the present embodiment does not
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include the gradation/luminance ratio conversion block 1
and the luminance ratio/gradation conversion block 4, and
instead includes a combination selecting circuit 20, that
selects gradation data from a gradation data table stored in
the frame memory 30 (gradation data storing means), as
shown in FIG. 7.

[0116] More specifically, in the present embodiment, the
frame memory 30 of the combination selecting circuit 20
stores gradation data of the liquid crystal elements 11 and
115. However, since the table has data of the third power of
color depth (input of the current frame, gradation of the
immediately preceding frame of the liquid crystal element
11a, and gradation of the immediately preceding frame of
the liquid crystal element 11b), the values are perceptibly
large as shown in FIG. 8.

[0117] In the look-up table T2, a vertical axis corresponds
to gradations of the liquid crystal elements 11a and 115 in
the immediately preceding frame, while the horizontal axis
corresponds to gradations of input data of the current frame.
The values in the table denote gradations supposed to be
given to the liquid crystal elements 11¢ and 115 in the
current frame. In this table T2 divided into two parts, the
upper half corresponds to the liquid crystal elements 1la,
and the lower half corresponds to the liquid crystal elements
11b. Further, the gradations of the liquid crystal elements
11¢ and 115 in the immediately preceding frame, that are
shown 1n the vertical axis, include each pair of gradation=0
of the liquid crystal elements 11a with respect to gradation
of the liquid crystal elements 116=0, 17, 34, . . ., 238, 255,
up to gradation=255 of the liquid crystal elements 11a with
respect to the luminance ratio of the liquid crystal elements
116 =0, 17, 34, . . ., 238, 255.

[0118] According to the look-up table T2, for example, in
the case where the gradations of the liquid crystal elements
11a and 115 in the immediately preceding frame are “17”
and “34”, respectively, and the luminance ratio of input data
of the current frame is “187; the gradations of the liquid
crystal elements 11 and 11b are preferably “255” and “31”,
respectively, in the current frame.

[0119] As described, the liquid crystal display device of
the present embodiment is provided with the frame memory
30 storing a table of display gradation data, that is converted
from a combination of luminance ratios enabling the shortest
display response time. The combination is previously
selected by the combination selecting circuit 20 from the
gradations of the liquid crystal elements 11¢ and 115, i.c.,
input data of the current frame.

[0120] Therefore, since the frame memory 30 stores a
table of the display gradation data, that is previously selected
as a combination of luminance ratios and then converted into
gradation data upon input of gradation of the current frame,
the conversion operation from gradation to luminance ratio
and the conversion operation from luminance ratio to gra-
dation can be omitted, thereby increasing processing speed.

[0121] Further, the increase of response speed can be
carried out with a compact structure using software.

[0122] [Fourth Embodiment)]

[0123] Yet another embodiment of the present invention is
described below with reference to FIGS. 9 through 13.
Note that, any structure other than those described in the
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following explanation is identical to that of Embodiments 1
through 3. Therefore, for ease of explanation, materials
having the equivalent functions as those shown in the
drawings pertaining to Embodiments 1 through 3 above will
be given the same reference symbols, and explanation
thereof will be omitted here.

[0124] The foregoing Embodiments 1 through 3 uses the
liquid crystal elements 11¢ and 115 created by halving a
pixel 11.

[0125] However, since the present invention requires a
plurality of liquid crystal elements, a single picture element
11 is not necessarily has to be halved but may be made up
of some elements having different square measure units or
those arranged in a different manner, as shown in FIG. 9(a).
More specifically, as shown in the figure, the picture element
Red (R) may be made up of two liquid crystal elements 12a
and 12b with an area ratio=3:1. Further, these liquid crystal
elements 124 and 12b may be laid out either adjacently or
with a distance.

[0126] Further, as shown in FIG. 9(b), it is not always
required to make up the liquid crystal element of a pixel 13
with Red (R), Green (G) and Blue (B). For example, the
liquid crystal element may be made up of Red (R), Green
(G), Blue (B), Yellow (Y), Magenta (M) and Cyan (CN).
Yellow (Y), Magenta (M) and Cyan (CN) pass through two
colors among Red (R), Green (G) and Blue (B), thereby
increasing luminance. However, since there are some diffi-
culties in creation of a color filter of magenta (M), a structure
without Magenta (M), that is shown in FIG. 9(c), is more
practical.

[0127] Further, in terms of increase of luminance ratio, a
structure additionally having a white (W) liquid crystal
element is more preferable. Here, the white (W) liquid
crystal element refers to one without a color filter, which
ensures a luminance three times greater than the element
having Red (R), Green (G) and Blue (B) filters. Such an
element without a color filter has been used for a display
device for a medical X-ray picture or the like that requires
only a monochrome image.

[0128] Here, the following describes how to find the
luminance ratio for each arrangement.

[0129] In the arrangement of FIG. 9(a), the size of the
divisional sub-pixel and the luminance ratio are defined as
shown in FIG. 10. In FIG. 10, m+n=1. Note that, a general
definition of pixel is a minimum area unit constituting an
image. In a single pixel, the luminance level and the color
are constant. Further, a pixel usually includes picture ele-
ments of Red (R), Green (G) and Blue (B), that are
expressed as units called sub-pixels. In the present embodi-
ment, the sub-pixel is divided into further smaller areas,
each of which is called a divisional sub-pixel.

[0130] The respective luminances of Red (R), Green (G)
and Blue (B) of the pixel may be expressed as follows,
where the luminance of Red (R) is denoted by Ynorm, t, R,
the luminance of Green (G) is denoted by Ynorm, t, G and
the luminance of Blue (B) is denoted by Ynorm, t, B.

Ynorm, t, R=Ynorm, t, RAxm+Ynorm, t, RBxn
Ynorm, t, G=Ynorm, t, GAxm+Ynorm, t, GBxn

Ynorm, t, B=Ynorm, t, BAxm+Ynorm, t, BBxn

Mar. 10, 2005

[0131] Next, in the arrangement of FIG. 9(b), the size of
the divisional sub-pixel and the luminance ratio are defined
as shown in FIG. 11 on condition that m+n=1. Note that, in
the present embodiment, each of the additional picture
elements, if there are any, is also called a divisional sub-
pixel.

[0132] In this arrangement, the respective luminances of
Red (R), Green (G) and Blue (B) of the pixel may be
expressed as follows, where the luminance of Red (R) is
denoted by Ynorm, t, R, the luminance of Green (G) is
denoted by Ynorm, t, G and the luminance of Blue (B) is
denoted by Ynorm, t, B.

Ynorm, 1, R = Ynorm, r, RAXm+ Ynorm, 1, YBXn+ Ynorm, 1, WBxn

Ynorm, 1, G = Ynorm, 1, GAXm+ Ynorm, 1, YBXn + Ynorm, 1, CB X

n+ Ynorm, 1, WBxn

Ynorm, 1, B = Ynorm, t, BA Xm + Ynorm, t, CBXn + Ynorm, 1, WBXn

[0133] Further, in the arrangement of FIG. 9(c), the size of
the divisional sub-pixel and the luminance ratio are defined
as shown in FIG. 12 on condition that m+n=1.

[0134] In this arrangement, the respective luminances of
Red (R), Green (G) and Blue (B) of the pixel may be
expressed as follows, where the luminance of Red (R) is
denoted by Ynorm, t, R, the luminance of Green (G) is
denoted by Ynorm, t, G and the luminance of Blue (B) is
denoted by Ynorm, t, B.

Ynorm, t, R=Ynorm, t, RAxm+Ynorm, t, YBx1.5n
Ynorm, t, G=Ynorm, t, GA x m+Ynorm, t, YBx1.5n
+Ynorm, t, CBx1.5n
Ynorm, t, B=Ynorm, t, BAxm+Ynorm, t, CBx1.5n
[0135] Finally, in the arrangement of FIG. 9(d), the size of

the divisional sub-pixel and the luminance ratio are defined
as shown in FIG. 13 on condition that m+n=1.

[0136] In this arrangement, the respective luminances of
Red (R), Green (G) and Blue (B) of the pixel may be
expressed as follows, where the luminance of Red (R) is
denoted by Ynorm, t, R, the luminance of Green (G) is
denoted by Ynorm, t, G and the luminance of Blue (B) is
denoted by Ynorm, t, B.

Ynorm, 1, R = Ynorm, 1, RA Xm + Ynorm, 1, YBXn+ Ynorm, 1, WBXn

Ynomm, 1, G = Ynorm, 1, GA Xm+ Ynorm, 1, YBXn + Ynorm, 1, CB X

n+ Ynorm, 1, WBXn

Ynorm, 1, B = Ynorm, 1, BA Xm + Ynorm, t, CBXn + Ynorm, 1, WBXn

[0137] The display area is divided into three picture ele-
ments of Red (R), Green (G) and Blue (B), and each of the
picture element is further divided into two divisional picture
elements. Thus, the display area includes six divisional
display areas.

[0138] Generally, a single pixel has picture elements of
Red (R), Green (G) and Blue (B). In the foregoing arrange-
ment, each picture element of Red (R), Green (G) and Blue
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(B) is further divided into smaller areas, thereby increasing
the response speed for each picture element of Red (R),
Green (G) and Blue (B) in one pixel.

[0139] Further, the driving method of a liquid crystal
display device according to the present embodiment is
arranged so that: a Blue (B) picture element is not adjacent
to another Blue (B) picture element.

[0140] With this arrangement, it is possible to prevent
degradation of display quality caused by a light-blocking
portion of wiring, called a BM (Black Matrix), that exists
between the respective sub-pixels and becomes visible as a
thick dark line by visually connecting to the picture element
of Blue (B) having low luminance.

[0141] Further, the driving method of a liquid crystal
display device according to the present embodiment is
arranged so that: when the display area is divided, the
display arca is divided into picture elements of Red (R),
Green (G), Blue (B) and at least one other color. For
example, the display area may be divided into picture
elements of Red (R), Green (G), Blue (B), Yellow (Y),
Magenta (M) and Cyan (CN).

[0142] With this arrangement, one pixel includes other
picture elements than Red (R), Green (G) and Blue (B),
thereby increasing the luminance of each of the picture
elements Red (R), Green (G) and Blue (B). Therefore, the
effect of increase in response time becomes more significant.

[0143] Further, the driving method of a liquid crystal
display device according to the present embodiment may be
arranged so that: when the display area is divided, the
display arca is divided into picture elements of Red (R),
Green (G), Blue (B), Yellow (Y) and Cyan (CN).

[0144] Since this arrangement does not include a picture
element of Magenta (M), it allows omission of the complex
creation of color filter of Magenta (M), thereby forming the
pixel in an easier way.

[0145] Further, the driving method of a liquid crystal
display device according to the present invention may be
arranged so that: the display area is divided into picture
¢lements of Red (R), Green (G), Blue (B), Yellow (Y), White
(W) and Cyan (CN).

[0146] With this arrangement of additionally including a
white (W) picture element, the luminance ratio in a single
pixel can be sufficiently increased.

[0147] [Fifth Embodiment]

[0148] Still another embodiment of the present invention
is described below with reference to FIG. 14. Note that, any
structure other than those described in the following expla-
nation is identical to that of Embodiments 1 through 4.
Therefore, for ease of explanation, materials having the
equivalent functions as those shown in the drawings per-
taining to Embodiments 1 through 4 above will be given the
same reference symbols, and explanation thereof will be
omitted here.

[0149] The present invention may have a similar structure
when adopted for an arrangement in which a low-resolution
signal is displayed by a high-definition module. For
example, as shown in FIG. 14, when a SVGA signal is
displayed by a UXGA module, four UXGA pixels exist in a
single SVGA pixel. Accordingly, the response speed for the
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SVGA signal may be increased by selecting a combination
for each of the four SVGA pixels.

[0150] Note that, UXGA has a resolution of 1600x1200
pixels. Further, SVGA has a resolution of 800x600 pixels.

[0151] The present embodiment describes a case where a
SVGA input signal is projected to a UXGA liquid crystal
display device through scaling.

[0152] A general TV signal, such as NTSC, PAL, SECAM
is substantially equivalent to VGA (640x480), and therefore
it may be more exact to explain scaling of the VGA input
signal; however, since there is no standard for resolution of
constant multiple of VGA, the present embodiment uses an
example of UXGA and SVGA for ease of explanation.

[0153] This driving method is capable of carrying out
display with suitable methods for both TVs and monitors.
This is because the use for a TV often requires display of a
moving picture even with low resolution, and therefore
faster response time is more important, whereas resolution
has priority in the use for a monitor. Also, a 3D simulator PC
game requiring high-speed drawing performs high-defini-
tion drawing, and therefore requires a large computation
ability, that results in low-resolution. In this case, the pro-
cesses of the present embodiment may be used for the driver
of the video card.

[0154] As described, the liquid crystal display device of
the present embodiment uses a method in which, when a
display area is divided into a plurality of smaller areas, and
a SVGA pixel (with a resolution of 800x600 pixels) includes
four UXGA pixels (with a resolution of 1600x1200 pixels),
1.e., the SVGA pixel and the UXGA pixels are in a constant
multiple relation, the four pixels have different luminances
to one another so as to increase response speed in the case
of low resolution. Note that., such as a pair of VGA (a
resolution of 640x480 pixels) and QVGA (a resolution of
1280x960 pixels), or a pair of XGA (a resolution of 1024x
768 pixels) and QXGA (a resolution of 2048x1536 pixels)
has a similar relation.

[0155] Therefore, for example, to deal with the use for a
TV that requires display of a moving picture even with low
resolution and therefore faster response time is preferable,
and the use for a computer monitor in which resolution has
priority; the liquid crystal display device of the present
embodiment is switched between those different uses. With
this divisional displaying function, the display device can
easily be switched to the TV mode when a TV video signal
is inputted to a computer monitor, so that the TV video
signal can be displayed with a high response speed.

[0156] [Sixth Embodiment]

[0157] Yet another embodiment of the present invention is
described below with reference to FIGS. 15 through 22.
Note that, any structure other than those described in the
following explanation is identical to that of Embodiments 1
through 5. Therefore, for ease of explanation, materials
having the equivalent functions as those shown in the
drawings pertaining to Embodiments 1 through 5 above will
be given the same reference symbols, and explanation
thereof will be omitted here.

[0158] Since the liquid crystal display is used by a person,
the present invention provides an effect that is realized by
being combined with a visual angle characteristic of human.
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[0159] The spatial resolving power of human being is
limited to a certain level. Therefore, it allows recognition of
a certain part but does not allow recognition of the other part
depending on the spatial frequency and the degree of change
in luminance. Therefore, these irresolvable parts cannot be
recognized by human’s eyes if there is no change in lumi-
nance within the range. Accordingly, the gradation may be
shifted for each picture element within this range. Further,
by performing the shifting in gradation in consideration of
the response speed, it is possible to increase the response
speed.

[0160] Due to the characteristic, the present embodiment
is more easily adopted for a liquid crystal module with a
finer definition.

[0161] Here, the spatial frequency refers to a result of
Fourier transformation of the alignment of pixels. A high
spatial frequency component denotes a tiny change compo-
nent such as a pixel-to-pixel change, while a low spatial
frequency component denotes a change involving many
pixels. Further, the spatial frequency to human’s eyes
depends on the angle of eyesight.

[0162] More specifically, for example, when looking at
lines drawn on a paper with a constant small pitch, it
gradually changes to a gray plane rather than lines as the
distance between our eyes and the paper becomes larger.
This is because the increase of distance changes the spatial
frequency, thus disabling human’s eyes to recognize the
change from White to Black. As a result, the lines look like
a gray plane to the viewer. Similarly, eye recognition also
hard in the case where change in luminance is small. For
example, FIG. 15(a) shows a White and Black stripe pattern
with a low spatial frequency, and FIG. 15(b) shows a case
with a high spatial frequency but a small luminance differ-
ence between gradation 96 and gradation 128. With an
increase of the distance between the eyes and the figures, the
one in FIG. 15(b) first start looking more like a gray plane.

[0163] The following describes shifting of gradation for
each picture clement. In the present embodiment, for
example, gradation is shifted for each picture element as
shown in FIG. 16. In FIG. 16, the gradation is shifted within
a range that the difference cannot be recognizable by
human’s eye. The gradation shifting is performed also in
consideration of the response speed, within a range of
causing no luminance change.

[0164] Specifically, as shown in FIG. 16, in the picture
element of Red (R), the four pixels are varied in gradations
by factors of +4, -2, +2 and -4, respectively. Accordingly,
the sum T of these variations in gradation is expresses as:
T=(+4)+(-2)+(+2)+(-4)=0. This indicates that the display
arca of Red (R) has no change in gradation, meaning that
there is no change in luminance ratio. Further, for the area
outside the recognition range of resolving power, human’s
eyes use recognition of the total number of luminous fluxes
in the resolvable range. Therefore, if those areas have the
same luminous flux value for the respective spectrums, they
result in the same vision. Accordingly, it is necessary for
these arcas to have the same luminance ratio. However,
since gradation and luminance value may be varied for each
pixel, by creating different variation patterns and adopting
one achieving the fastest response speed, the entire display
speed can be increased.

[0165] Inthe same figure, the sum T is O also in Green (G)
and Blue (B). Further, human’s eyes detect change in
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gradation with the largest sensitivity to Green (G), and then
Red (R), and then Blue (B); accordingly, Blue (B) has to
have the largest gradation shifting amount, then Red (R), and
Green (G).

[0166]

[0167] In the first step, data of a screen is split into squares
of 8x8 pixels as shown in FIG. 17. Then, in the second step,
a plurality of spatial diffusion tables are prepared as 8x8
gradation variation tables, as shown in FIGS. 18 and 19.
The values of these spatial diffusion tables to be added/
subtracted to/from the data are determined so that the result
of addition or subtraction will not be visually recognized by
human’s eyes.

[0168] The present embodiment uses 32+1 types of table.
The +1 spatial diffusion table is not subjected to spatial
diffusion. This table is useful in the case where a noise
component is not required.

[0169] Next, in the third step, each piece of the 8x8 data
split in the first step is processed. More specifically, as
shown in FIGS. 20(a) and 20(b), data of the current frame
and data of the immediately preceding frame are taken out
from the matrix.

[0170] Next, in the fourth step, the data of the current
frame and data of the immediately preceding frame are
compared with each other. Further, if the maximum value of
their difference is at or less than a certain gradation value,
the data of the current frame is outputted without modifi-
cation (followed by the ninth step below).

The following explains a specific example.

[0171] Namely, the fourth step is performed to judge
whether the current image is a still image or a moving image.
In the case of a still image, it is not necessary to increase the
response speed, and therefore the rest of the procedures can
be omitted. Further, an error at or less than certain gradation
value is likely to analog noise or noise caused by I/P
(Interlace progressive conversion) of TV, and therefore, an
image with such a noise can be treated as a still image.
Further, a still image may be displayed with superior appear-
ance if the noise is not precisely reproduced.

[0172] Next, in the fifth step, the values of the spatial
diffusion tables 1 through 33 are added/subtracted to/from
the data of the current frame, as shown in FIG. 21.

[0173] Next, in the sixth step, the response time RT (ms)
is found according to the values of the respective tables
calculated in the fifth step, and the data of the immediately
preceding frame, as shown in FIG. 22.

[0174] Next, in the seventh step, the optimum spatial
diffusion table is decided according to the result of the sixth
step. The criterion for this decision differs depending on the
resolution. Specifically, when the resolution is coarse, the
respective tables are compared with one another in terms of
the data with the longest response time, and then the table
having the shortest response time RT is selected. On the
other hand, when the resolution is fine, the average of the
values is found for each table, and the table having the
fastest average of the response speed is selected.

[0175] Further, in the case of ITU standard, the proportion
of the luminance component of Green (G) is large, account-
ing for approximately 60% in a single pixel Therefore, the
selection can be made only with the data of Green (G).
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However, it should be noted that there are some nonstandard
modules such as an office-automation module in which the
whiteness is more bluish (including a larger amount of the
luminance component of Blue (B)) or a domestic module for
a T corporation in which the whiteness is more reddish
(including a larger amount of the luminance component of
Red (R)). These nonstandard modules require some caution.

[0176] Next, in the eighth step, the data selected in the
seventh step is outputted. Note that, this calculation has
already been done in the fifth step.

[0177] Finally, in the ninth step, the data outputted in the
eighth step is written into the frame memory 3.

[0178] As described, the driving method of a liquid crystal
display device according to the present embodiment is
arranged so that: when the display area is divided into a
plurality of divisional areas, gradations of the divisional
display areas are varied within a range that a difference
cannot be recognizable by human’s eye and the gradations
are then converted into luminance ratios, so as to display the
liquid crystal elements with a weighted mean of luminance
ratios.

[0179] Therefore, the response speed can be increased by
using a visual angle characteristic of human.

[0180] Further, the driving method of a liquid crystal
display device according to the present embodiment is
arranged so that: gradations of the divisional display areas
are varied within a range that a difference cannot be recog-
nizable by human’s eye in accordance with a plurality types
of gradation variation tables and one type of gradation
variation table with no gradation variation.

[0181] In this arrangement, the +1 spatial diffusion table
with no gradation variation is not subjected to increase or
decrease in gradation. This table is useful in the case where
the spatial diffusion is not required, since an input signal can
be precisely outputted in the absence of spatial diffusion.

[0182] Further, the driving method of a liquid crystal
display device according to the present embodiment is
arranged so that: gradation of a current frame and gradation
of an immediately preceding frame for a display area are
compared with each other and, when a maximum value of a
difference between the gradation of the current frame and the
gradation of the immediately preceding frame among all
liquid crystal elements is at or less than a certain gradation,
the gradation of the current frame is outputted without
modification.

[0183] With this arrangement, when a maximum value of
a difference between the gradation of the current frame and
the gradation of the immediately preceding frame among all
liquid crystal elements is at or less than a certain gradation,
it indicates that the difference in gradation occurs due to
typical noise of analog signal or noise caused by I/P con-
version. Therefore, since it can be seen that the difference is
not caused by a moving picture, the process of the present
embodiment can be omitted.

[0184] Further, the driving method of a liquid crystal
display device according to the present embodiment is
arranged so that: gradation of a current frame is added to
each of gradations of the gradation variation tables, and
resulting values are converted into luminance ratios to figure
out display response times so as to create display response
time tables.
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[0185] In this arrangement, plural types of display
response time tables are created, and one of these tables has
to be selected.

[0186] Then, in the present embodiment, in a case of
coarse resolution, the display response time tables are com-
pared with each other in terms of a longest response time so
as to carry out display using a display response time table
offering a shortest response time.

[0187] More specifically, the longest response time in each
display response time response table is time taken for
display in the pattern. Accordingly, in a case of coarse
resolution, the display response time tables are compared
with each other in terms of a longest response time, so as to
select a display response time table offering a shortest
response time.

[0188] On the other hand, in a case of fine resolution, the
display response time tables are compared with each other in
terms of an average display response time so as to carry out
display using a display response time table offering a short-
est response time.

[0189] More specifically, each display area has a small
square measure size in a case of fine resolution, and there-
fore, by selecting a display response time table having the
shortest average display response time, the whole display
area can be displayed with the shortest response time.

[0190] In this manner, the selection factor changes
depending on whether the resolution is coarse or fine,
thereby more practically increasing the response speed.

[0191] Further, the driving method of a liquid crystal
display device according to the present embodiment may be
arranged so that: according to the setting of whiteness
(chroma at the point where the all sub-pixels are lit at the
maximum luminance) when a pixel contains 50% or greater
Green (G) luminance component, comparison of the longest
response time or the average response time is performed
only with respect to gradation of Green (G).

[0192] In this manner, the response speed is determined
with reference to data of Green (G) whose luminance
component is large and significant, thereby achieving the
effect more easily.

[0193] As described, the liquid crystal display device
according to the present invention is arranged so that: the
display driving means includes selecting means for selecting
a combination offering a shortest response time among a
plurality of combinations of the luminance ratios of the
liquid crystal elements reducing a display response time of
the display area to be shorter than a hypothetical display
response time that is obtained when the display area is
displayed with a single liquid crystal element.

[0194] With this invention, the selecting means of the
display driving means selects a combination offering a
shortest response time among a plurality of combinations of
the luminance ratios of the liquid crystal elements reducing
a display response time of the display area to be shorter than
a hypothetical display response time that is obtained when
the display area is displayed with a single liquid crystal
element.

[0195] Therefore, the display can be carried out with the
shortest display response time.
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[0196] Further, the liquid crystal display device according
to the present invention is arranged so that: the display
driving means includes combination storing means for stor-
ing a table of various combinations of the luminance ratios
of the liquid crystal elements reducing a display response
time of the display area to be shorter than a hypothetical
display response time that is obtained when the display area
is displayed with a single liquid crystal element.

[0197] With this invention, the combination storing means
of the display driving means stores a table of various
combinations of the luminance ratios of the liquid crystal
elements reducing a display response time of the display
area to be shorter than a hypothetical display response time
that is obtained when the display area is displayed with a
single liquid crystal element.

[0198] Therefore, it is possible to easily select a required
combination offering the fast display response time from the
table.

[0199] Further, the liquid crystal display device according
to the present invention is arranged so that: the display
driving means includes gradation/luminance ratio convert-
ing means for converting gradation to a luminance ratio.

[0200] With this invention, the display driving means
includes gradation/luminance ratio converting means for
converting gradation to a luminance ratio, thereby display-
ing gradation data with high-speed.

[0201] Further, the liquid crystal display device according
to the present invention is arranged so that: the display
driving means includes gradation/luminance ratio convert-
ing means for converting gradation to a luminance ratio; and
luminance ratio/gradation converting means for converting
the combination of the luminance ratios of the liquid crystal
elements offering a shortest response time, that is selected by
the selecting means, into gradation.

[0202] Therefore, it is possible to display the gradation
data with the fastest response speed.

[0203] Further, the liquid crystal display device according
to the present invention is arranged so that: the display
driving means includes gradation data storing means that
stores a table of display gradation data, that has been
selected as the combination of luminance ratios and has been
converted into gradation, with respect to gradation of a
current frame that is input data inputted to each liquid crystal
display element.

[0204] With this invention, since the frame memory stores
a table of the display gradation data, that is previously
selected as a combination of luminance ratios and then
converted into gradation data upon input of gradation of the
current frame, the conversion operation from gradation to
luminance ratio and the conversion operation from lumi-
nance ratio to gradation can be omitted, thereby increasing
processing speed.

[0205] Further, the liquid crystal display device according
to the present invention further comprising: judging means
for judging, when selecting the combination of the lumi-
nance ratios of the liquid crystal elements offering the
shortest response time, weather or not the display response
time given by the combination is shorter than a duration of
1 frame.
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[0206] With this invention, the judging means of the
selecting means judges, when selecting the combination of
the luminance ratios of the liquid crystal elements offering
the shortest response time, weather or not the display
response time given by the combination is shorter than a
duration of 1 frame.

[0207] Therefore, the response times longer than the dura-
tion of 1 frame are screened out in this process so as to select
a combination realizing the shortest display response time.
In this manner, the structure can achieve the effect of
increasing the response speed.

[0208] Meanwhile, if the response time is shorter than the
duration of 1 frame, the reduction of the response time is not
necessary, and therefore, the selection is made to find a
combination ensuring a good display quality among the
combinations with the display response time shorter than 1
frame.

[0209] Further, the liquid crystal display device according
to the present invention is arranged so that: the selecting
means selects a combination with a smallest difference
between the luminance ratios of the liquid crystal elements,
when there are a plurality of combinations of luminance
ratios of the liquid crystal elements offering a response time
shorter than the duration of 1 frame.

[0210] With this invention, difference in luminance ratio
between the liquid crystal elements 11a¢ and 115 is reduced
to a certain extent in the case of a still picture, so that it
cannot be easily recognized by human’s visual sense char-
acteristic, thereby preventing degradation of display quality.

[0211] Further, a driving method of a liquid crystal display
device according to the present invention is arranged so that:
when the display area is divided, the display area is halved
into two areas.

[0212] With this method, the divisional arca may be
created by a simplest manner, and therefore the process can
be easily done while ensuring a relatively significant effect,
thereby increasing so-called cost-cffectiveness.

[0213] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: when the display area is divided, the display area is
divided into three picture elements of Red (R), Green (G)
and Blue (B), and each of the picture element is further
divided into two divisional picture elements.

[0214] With this invention, the display area is divided into
three picture elements of Red (R), Green (G) and Blue (B),
and each of the picture element is further divided into two
divisional picture elements. Thus, the display area includes
six divisional display areas.

[0215] Generally, a single pixel has picture elements of
Red (R), Green (G) and Blue (B). In the foregoing arrange-
ment, each picture element of Red (R), Green (G) and Blue
(B) is further divided into smaller areas, thereby increasing
the response speed for each picture element of Red (R),
Green (G) and Blue (B) in one pixel.

[0216] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: a Blue (B) picture element is not adjacent to another
Blue (B) picture element.
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[0217] With this arrangement, it is possible to prevent
degradation of display quality caused by a light-blocking
portion of wiring, called a BM (Black Matrix), that exists
between the respective sub-pixels and becomes visible as a
thick dark line by visually joining to the picture element of
Blue (B) having low luminance.

[0218] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: when the display area is divided, the display area is
divided into picture elements of Red (R), Green (G), Blue
(B) and at least one other color.

[0219] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: when the display area is divided, the display area is
divided into picture elements of Red (R), Green (G), Blue
(B), Yellow (Y), Magenta (M) and Cyan (CN).

[0220] With this arrangement, one pixel includes other
picture elements than Red (R), Green (G) and Blue (B),
thereby increasing the luminance of each of the picture
elements Red (R), Green (G) and Blue (B). Therefore, the
effect of increase in response time becomes more significant.

[0221] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: when the display area is divided, the display area is
divided into picture elements of Red (R), Green (G), Blue
(B), Yellow (Y) and Cyan (CN).

[0222] Since this arrangement does not include a picture
element of Magenta (M), it allows omission of the complex
creation of color filter of Magenta (M), thereby forming the
pixel in an easier way.

[0223] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: the display area is divided into picture elements of
Red (R), Green (G), Blue (B), Yellow (Y), White (W) and
Cyan (CN).

[0224] With this arrangement of additionally including a
white (W) picture element, the luminance ratio in a single
pixel can be sufficiently increased.

[0225] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: when the display area is divided, 1 pixel data of a
SVGA module is divided by constant multiple, such as into
four pixels of a UXGA module. Note that, such as a pair of
VGA (a resolution of 640x480 pixels) and QVGA (a reso-
lution of 1280x960 pixels), or a pair of XGA (a resolution
of 1024x768 pixels) and QXGA (a resolution of 2048x1536
pixels) has a similar relation.

[0226] With this invention, the liquid crystal display
device of the present embodiment uses a method in which,
for example, when a SVGA pixel (with a resolution of
800x600 pixels) includes four UXGA pixels (with a reso-
lution of 1600x1200 pixels), i.c., the SVGA pixel and the
UXGA pixels are in a constant multiple relation, the four
pixels have different luminances to one another so as to
increase response speed in the case of low resolution.

[0227] Therefore, for example, to deal with the use for a
TV that requires display of a moving picture even with low
resolution and therefore faster response time is preferable,
and the use for a computer monitor in which resolution has
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priority; the liquid crystal display device of the present
embodiment is switched between those different uses. With
this divisional displaying function, the display device can
easily be switched to the TV mode when a TV video signal
is inputted to a computer monitor, so that the TV video
signal can be displayed with a high response speed.

[0228] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: when the display area is divided, gradations of the
divisional display areas are varied within a range that a
difference cannot be recognizable by human’s eye and the
gradations are then converted into luminance ratios, so as to
display the liquid crystal elements with a weighted mean of
the luminance ratios.

[0229] With this invention, when the display area is
divided, gradations of the divisional display areas are varied
within a range that a difference cannot be recognizable by
human’s eye (this effect is called spatial diffusion) and the
gradations are then converted into luminance ratios, so as to
display the liquid crystal elements with a weighted mean of
the luminance ratios.

[0230] Therefore, the response speed can be increased by
using a visual angle characteristic of human.

[0231] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: gradations of the divisional display areas are varied
within a range that a difference cannot be recognizable by
human’s eye in accordance with a plurality types of grada-
tion variation tables and one type of gradation variation table
with no gradation variation.

[0232] With this invention, gradations of the divisional
display areas are varied within a range that a difference
cannot be recognizable by human’s eye in accordance with
a plurality types of gradation variation tables and one type
of gradation variation table with no gradation variation.

[0233] In this arrangement, the +1 spatial diffusion table
with no gradation variation is not subjected to increase or
decrease in gradation. This table is useful in the case where
the spatial diffusion is not required, since an input signal can
be precisely outputted in the absence of spatial diffusion.

[0234] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: gradation of a current frame and gradation of an
immediately preceding frame for a display area are com-
pared with each other and, when a maximum value of a
difference between the gradation of the current frame and the
gradation of the immediately preceding frame among all
liquid crystal elements is at or less than a certain gradation,
the gradation of the current frame is outputted without
modification.

[0235] With this arrangement, when a maximum value of
a difference between the gradation of the current frame and
the gradation of the immediately preceding frame among all
liquid crystal elements is at or less than a certain gradation,
it indicates that the difference in gradation occurs due to
typical noise of analog signal or noise caused by I/P con-
version. Therefore, since it can be seen that the difference is
not caused by a moving picture, the process of the present
embodiment can be omitted.
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[0236] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: gradation of a current frame is added to each of
gradations of the gradation variation tables, and resulting
values are converted into luminance ratios to figure out
display response times so as to create display response time
tables, and in a case of coarse resolution, the display
response time tables are compared with each other in terms
of a longest response time so as to carry out display using a
display response time table offering a shortest response time,
and in a case of fine resolution, the display response time
tables are compared with each other in terms of an average
display response time so as to carry out display using a
display response time table offering a shortest response time.

[0237] With this invention, gradation of a current frame is
added to each of gradations of the gradation variation tables,
and resulting values are converted into luminance ratios to
figure out display response times so as to create display
response time tables.

[0238] In this arrangement, plural types of display
response time tables are created, and one of these tables has
to be selected.

[0239] Then, in the present invention, in a case of coarse
resolution, the display response time tables are compared
with each other in terms of a longest response time so as to
carry out display using a display response time table offering
a shortest response time.

[0240] More specifically, the longest response time in each
display response time response table is time taken for
display in the pattern. Accordingly, in a case of coarse
resolution, the display response time tables are compared
with each other in terms of a longest response time, so as to
select a display response time table offering a shortest
response time.

[0241] On the other hand, in a case of fine resolution, the
display response time tables are compared with each other in
terms of an average display response time so as to carry out
display using a display response time table offering a short-
est response time.

[0242] More specifically, each display area has a small
square measure size in a case of fine resolution, and there-
fore, by selecting a display response time table having the
shortest average display response time, the whole display
area can be displayed with the shortest response time.

[0243] In this manner, the selection factor changes
depending on whether the resolution is coarse or fine,
thereby more practically increasing the response speed.

[0244] Further, the driving method of a liquid crystal
display device according to the present invention is arranged
so that: when a pixel contains a Green (G) luminance
component in a proportion of 50% or greater, comparison of
the longest response time or the average response time is
performed only with respect to gradation of Green (G) in
selecting a display response time table offering a shortest
response time.

[0245] In other words, the driving method of a liquid
crystal display device according to the present embodiment
may be arranged so that: according to the setting of white-
ness (chroma at the point where the all sub-pixels are lit at
the maximum luminance) when a pixel contains 50% or
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greater Green (G) luminance component, comparison of the
longest response time or the average response time is
performed only with respect to gradation of Green (G).

[0246] In this manner, the response speed is determined
with reference to data of Green (G) whose luminance
component is large and significant, thereby achieving the
effect more easily.

[0247] For example, for a general ITU standard, a pixel
contains the luminance component of (G) at a proportion of
approximately 60%. Accordingly, with the foregoing
arrangement, the response speed may be easily increased for
a standard module.

[0248] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not
exceed the scope of the patent claims set forth below.

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

liquid crystal elements, each of which is provided on one
of a plurality of divisional display areas, that are
created by dividing a display area, so as to display the
divisional display area; and

display driving means for displaying the liquid crystal
elements with a weighted mean of luminance ratios of
the liquid crystal elements, so as to reduce a display
response time of the display area to be shorter than a
hypothetical display response time that is obtained
when the display area is displayed with a single liquid
crystal element.

2. The liquid crystal display device as set forth in claim 1,

wherein:

the display driving means includes selecting means for
selecting a combination offering a shortest response
time among a plurality of combinations of the lumi-
nance ratios of the liquid crystal elements reducing a
display response time of the display area to be shorter
than a hypothetical display response time that is
obtained when the display area is displayed with a
single liquid crystal element.

3. The liquid crystal display device as set forth in claim 1,

wherein:

the display driving means includes combination storing
means for storing a table of various combinations of the
luminance ratios of the liquid crystal elements reducing
a display response time of the display area to be shorter
than a hypothetical display response time that is
obtained when the display area is displayed with a
single liquid crystal element.

4. The liquid crystal display device as set forth in claim 1,

wherein:

the display driving means includes gradation/luminance
ratio converting means for converting gradation to a
luminance ratio.



US 2005/0052389 Al

5. The liquid crystal display device as set forth in claim 2,
wherein:

the display driving means includes gradation/luminance
ratio converting means for converting gradation to a
luminance ratio; and

luminance ratio/gradation converting means for convert-
ing the combination of the luminance ratios of the
liquid crystal elements offering a shortest response
time, that is selected by the selecting means, into
gradation.

6. The liquid crystal display device as set forth in claim 2,
wherein:

the display driving means includes gradation data storing
means that stores a table of display gradation data, that
has been selected as the combination of luminance
ratios and has been converted into gradation, with
respect to gradation of a current frame that is input data
inputted to each liquid crystal display element.

7. The liquid crystal display device as set forth in claim 2,
further comprising:

judging means for judging, when selecting the combina-
tion of the luminance ratios of the liquid crystal ele-
ments offering the shortest response time, weather or
not the display response time given by the combination
is shorter than a duration of 1 frame.

8. The liquid crystal display device as set forth in claim 7,
wherein:

the selecting means selects a combination with a smallest
difference between the luminance ratios of the liquid
crystal elements, when there are a plurality of combi-
nations of luminance ratios of the liquid crystal ele-
ments offering a response time shorter than the duration
of 1 frame.

9. A driving method of a liquid crystal display device,
comprising the step of:

(2) dividing a display area into a plurality of divisional
display area; and

(a) displaying the liquid crystal elements with a weighted
mean of luminance ratios of the liquid crystal elements,
so as to reduce a display response time of the display
area to be shorter than a hypothetical display response
time that is obtained when the display area is displayed
with a single liquid crystal element.

10. The driving method of a liquid crystal display device
as set forth in claim 9, wherein:

in the step (a), the display area is halved into two areas.

11. The driving method of a liquid crystal display device
as set forth in claim 9, wherein:

in the step (a), the display area is divided into three picture
elements of Red (R), Green (G) and Blue (B), and each
of the picture element is further divided into two
divisional picture elements.
12. The driving method of a liquid crystal display device
as set forth in claim 11, wherein:

a Blue (B) picture element is not adjacent to another Blue
(B) picture element.
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13. The driving method of a liquid crystal display device
as set forth in claim 9, wherein:

in the step (a), the display area is divided into picture
elements of Red (R), Green (G), Blue (B) and at least
one other color.
14. The driving method of a liquid erystal display device
as set forth in claim 13, wherein:

in the step (a), the display area is divided into picture
elements of Red (R), Green (G), Blue (B), Yellow (Y),
Magenta (M) and Cyan (CN).
15. The driving method of a liquid crystal display device
as set forth in claim 13, wherein:

in the step (a), the display area is divided into picture
elements of Red (R), Green (G), Blue (B), Yellow (Y)
and Cyan (CN).
16. The driving method of a liquid crystal display device
as set forth in claim 13, wherein:

the display area is divided into picture elements of Red
(R), Green (G), Blue (B), Yellow (Y), White (W) and
Cyan (CN).
17. The driving method of a liquid crystal display device
as set forth in claim 9, wherein:

in the step (a), 1 pixel data of a SVGA module is divided
by constant multiple, such as into four pixels of a
UXGA module.

18. The driving method of a liquid crystal display device
as set forth in claim 9, wherein:

in the step (a), gradations of the divisional display areas
are varied within a range that a difference cannot be
recognizable by human’s eye and the gradations are
then converted into luminance ratios, so as to display
the liquid crystal elements with a weighted mean of the
luminance ratios.

19. The driving method of a liquid crystal display device
as set forth in claim 18, wherein:

gradations of the divisional display areas are varied within
a range that a difference cannot be recognizable by
human’s eye in accordance with a plurality types of
gradation variation tables and one type of gradation
variation table with no gradation variation.

20. The driving method of a liquid crystal display device
as set forth in claim 18, wherein:

gradation of a current frame and gradation of an imme-
diately preceding frame for a display area are compared
with each other and, when a maximum value of a
difference between the gradation of the current frame
and the gradation of the immediately preceding frame
among all liquid crystal elements is at or less than a
certain gradation, the gradation of the current frame is
outputted without modification.

21. The driving method of a liquid crystal display device
as set forth in claim 19, wherein:

gradation of a current frame is added to each of gradations
of the gradation variation tables, and resulting values
are converted into luminance ratios to figure out display
response times so as to create display response time
tables, and
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in a case of coarse resolution, the display response time 22. The driving method of a liquid crystal display device
tables are compared with each other in terms of a  as set forth in claim 21, wherein:
longest response time 50 as to carry out display using when a pixel contains a Green (G) luminance component
a display response time table offering a shortest in a proportion of 50% or greater, comparison of the
response time, and in a case of fine resolution, the longest response time or the average response time is
display response time tables are compared with each performed only with respect to gradation of Green (G)
other in terms of an average display response time so as in selecting a display response time table offering a

to carry out display using a display response time table shortest response time.

offering a shortest response time. X ok % &
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