
;WXYZe3eZEZB|B6T5L 1  DISPLAY' 1. Field of the Invention They present
invention relates to a display adapted to display an image by using light
emitted from a light source. More particularly, the present invention
relates to a display capable of turning ON/OFF the light source at
appropriate timings. 2. Description of the belated Art In recent years)
active matrix type liquid crystal displays (hereinafter simply referred to
as liquid crystal. displays ) have been widely used as displays for use in
personal computers or the like from the viewpoint of space saving. The
generalized method  for colour display conductor by the liquid crystal
displays is a color :filter method in which white light emitted from a
light sources is adapted to travel through valor filters of three primary
colors, ~-.e. , red) green, and blue provided for respective pixels,
thereby conducting solar display. On the other hand, attention has been
focused on a field sequential color method in which a plurality of light
sources capable of emitting lights of different prisms are turned ON (
lighted) by time division, thereby conducting color display, as a color
display method for the liquid crystal displays for oohing generation. hn
the above-mentioned Color filter method, since only a specific wavelength
spectrum component is selectively transmitted and the other wavelength
spectrum component is absorbed when the light emitted from the light source
travels through the color filters , light availability efficiency is low.
On the other hand, the field sequentiai solar method has an advantage in
that since the lights emitted from the light sources of the respective
colors can be directly   2 used for displaying image without traveling
through the color filters, high light availability efficiency is achieved,
and consequetrtly, Sow power consumption becomes possible . The field
sequential Galar method has a further advantage in that high definita.ou Ls
achieved because display is conducted far every pixel, although display is
conducted for each set of three pixels respectively having reed) green, and
blue filters ~ the color filter method. Moreover, in the field sequential
colour method) cast is reduced because of absence of the Color filters.
Figs . 14A -14C are timing charts showing an example of display oparation
of the liquid crystal display according to the conventional field
sequential color method. Fig. 14A shows timings at which scan signals are
output to gate lines in a. liquid crystal display panel. Fi.g. 14B shows
change in transmittance in pixels on respective rows included in the liquid
crystal display panel. Fig. 14C shows change in ON luminance (lighting
luminance) of respective light sources of red, green, and blue. Figs . 1AA
-14C illustrate that the liquid crystal display panel has N-row pixels and
N-row gate lines Corresponding to these pixels _ The display operation
illustrated here is similar to that described With reference to Fig. 12 or
13 as third embodiment in Publicatxon of Unexamined Patent Application Na .
Hea. . ~.1 - 11918 9 . As shown in Figs_ 14A -14C) az~e :frame period of
the video signals is divided into three sub-frame periods of respective
Goio~es (rEd sub-frame period, green sub--frame period, and blue sub-frame
period). Further) these sub-frame periods are each divided into write
period Ta, hold period Tb, and erase period Tc. first of all, as shown in
F~.g. 14A, in the write pe~riad Ta, the scan signals are sequent~.ally
output to the gate lines on 1st to N-th rows, and according to timings of
this output operation,  



3 video signals corresponding to red, green or blue are written onto pixels
on the respective rows. Consequently, the liquid crystal ~.n the pixels on
the rows responds and transmittance of the liquid crystal display panel
varies to have a value according to the video signals in such a manner that
it gently rises as shown i.u Fig. 14g because a certain time is needed for
reaching target transmittance due to viscosity of the liquid Crystal.
Subsequently, in the hold period Tb, the scan signal are not output to the
gate lines. Therefore, no signals are written onto the pixels and the video
signals written in the write period ma are held in the respective pixels.
Then, in the erase period Tc, in the same manner as the write period 'fa,
the scan signals are sequentially output to the gate l~.nes on 1st to N-th
rows, and according to timings of this output operation, video signals
(reset signals) for returning the transmittance of the liquid crystal
display panel to a predetermined value , i.e. , resetting the written video
signals, are written onto the pixels on the respective rows. Also, in this
case, due to the visGasity of the lic3uid c~rstal, the transmittance of the
liquid crystal display paz~.el gently falls as shown in Fig. 14B. Fig. 1.48
illustrates that the transmittance is set to Q. As shown xn fig. 14C, the
respective light sources axe adapted to be ON exc,lus~.ve7.y during the
hold period Tb when the video signals are held in a11 the pixels of the
l~.quid crystal display panel. Such operation is z~epeated in the
respective sub-frame periods of red, green, and blue) thereby conducting
color displap. Iri the above-mentioned display operation of the liqu3.d
crystal display, as should be understood from Figs. 14A -14C) with regard
to the pixels corresponding to the gate lines to which the scan signals are
output relative~.x later, the light source is turned    ON before the
transmittanca fully reaches its t~get value. Due to the fact that the
luminance of Output light is propt~rtiona.7. to integral value o tk~e
transmittance in the period during which the 3.~.ght source is ON, there
are generated so-called luminance gradient arid chrome gradient which
respectively exh5.bit d~.tfe~~cance in luminance and difference in chrarna
between t?~e peels associated with the gate lines to ~rhi.Ch th$ scan
signals are output relatively earlier and the pixels associated With the
gate lies to which the scan signals are output relative~.y later. As a
solution to avoid such luminance gradient ar chro~aa gradient , the light
source could be turned ON after the traynSmittance in the p~.~eels
corresponding to the gate line to which the sown signal. is output lastly,
i . a . , the pixels an N-th row has baccrne suffioxently stable . When the
sub-frame period, the wnc~.te period, and the response time of the liquid
crystal era ropre~$ented by Tsub, Twrite, and T7.c, respectively, the time
Tlum during which they light source can be ON is given by: Tlum = Tsub -
(2Twrite + Tic)_ Ire this case, Tlum decreases with an increase in the
response time Tlo of the 7.i.quid crystal, anc~ luminance of the output
l~.ght correspondingly decreases. Consequently, i.t is impossible to ensure
suicient brightness. In extreme cases, (2Twxlte + Tlc) might be larger than
Tsub ( corresponding to the case where Tlc is larger than (Tsub - 2
To~rite)). In such cases, it is impossible to turn ON the light source
while keeping the transmittance in all the pixels inaludd~. in the lxcZuid
crystal display panel st~bla) and therefore, display of image with uniform
luminance and chrome beoornes .impossible. As a further solution, the
liquid czXstal with sufficiently quick response, e_g. , fez~eoelectric
liquid crystal, could be used  



5 to reduce the response time T1C_ However) a.t laW temperatures of not
higher than O `C, the response of such quick-response liquid crystal
becomes extremely slow due to increased viscosity of the liquid crystal ,
which makes it imposs~.ble to prevent the generation of the luminance
gradient or the Ghrama gradient . TYus problem is very serious, because,
inn parti.cu7.ar) cellular telephones, portable terminals, and the lie
wou~.d be used outdoors in cold district. The ferrdeleGtr3C lit~uid
crystal. i.r~volves a further problem that it is quick. in response but
less resistive to shock, and therefore, this liquid crystal i.s net
suitable far use in the aellu~.ar telephones or the portable terminals _
There has bean proposed a method ini which ON timings of the light source
is sh:i..fted far every predetermined display region according to t~lmings
of output aperata.on of the scan signals, as illustrated in the second
embod~.men~t disclosed in Publication of Unexamined Patent Application No .
Hei . 11 - 119l89 . This requires a piurality~ of rHgions for light
emi.ss~.on and results in high fabricating Cast. SL1L~1ARY OF THE INVENTION
The present invention has been made under the circumstances. and an object
of the present irrventian ~.s to provide a display capable of improving
uniforonity of luminance arid chrome in a plane and ensuring sufficient
brightness without an 3,ncrease in fabricating cost. Another abject of the
present invention is to provide a display capable of ensuring sufficiEnt
brightness while suppressixxg luminance gradient and chrome gradient even
at low temperatures. To achieve the above-described object, there is
provided a display comprisingc a light modulation element including light
madulatioz~ medium interposed between a pair of opposed substrates
and,having a plurality of pixels for displaying an image; an illuminating
device having a light source; a drive portion for driving the light
modt~lat3.on moai.~um by sec~tant~.ali~r re~ppating writ-ng and exssing of
video signals for each peel group to thereby change transmittance of light
emitted from the light source in the light modulation element; and an
illuminating device control portion for controlling the illuminating device
to cause the light source to be turned ON in the course of rising of
transmittance in a pixel included in a pixel group onto which the video
signals are being written at substantially intermediate time in a write
period during which the video signals are written and the ~.xght source to
be turned OFF in the course o a~.lalng o the transmittance in the pixel.
With such constitution, it is possible to ensure sufficient brightness foz~
satisfactory display while suppressing luminance gradient and chroma
gradient in the display region of the image_ zz~ the d~.splay, the
illuminating device control portion may be adapted to control the
illuminating device to cause the light source to be tuz~ed ON ire the
course of rising of transmittance in a p5.xe1 inaludad in a pix$1 group
onto which the video signals are being written substantially at start point
o the write period and the Sight souroe to be tuz~ed OfF in the course of
falling of t~caxmmi.ttanC~ in ~ pp.xol ixrcluded ~.z~ a pixel group onto
which the ~r~.deo signal$ are being wrifiten substantially at corn~letion
point o the write period. This makes it possible to prevent mixed color ~.n
the field sequential color method and image retention and blur in a
mavi..x~g image in the blinking baCkl.ight method. In the display, when
paint at which the light source is turned ON is represented by Tl)
transmittancE in display region onto which the video signals are being
written at thp point Tl ~.s represented   7 



by Ml ( paint at which the 3.ight source is turned OFF is represented by
TZ, trans~nittance in display region onto which the video signals are being
written at point T2 is represented by M2 ( a ma_~~ ~~~m value of the
transmittance ire the display ~cegio~n oaf the light modulation element in
a period during which the light source is ON is represented by MO , and the
wr~.te period is represented by Twrite , the illuminating device control.
portion may be adapted to control the illuminating dev~.Ce so as to satisfy
a formula given by [ ~ M2-M1 ~ Twrite ] / [MO (T2-.T1 ) ] ~0 . 92 . Also,
in the display, when response time of the liquid crystal is represented by
Tic, the iliumi.nating device control portion is adapted to control the
illuminating device so as to satisfy Tlc Twrite. This provides effects of
suppressing the luminance gradient and ahroma gradient noticeably. In the
displax, oae of the pair of substrates may be an array substrate having a
plurality of gate lines and source lines arranged so as to cross each
other; pixel electrodes respectively provided as corresponding to points at
which the plurality of gate lines aad the plurality of source lines cross
each other: a plurality of switching devices respectively prov.~ded as
corresponding to the pixel electrodes, for switching between a conductive
state and a non-conductive state between the pixel electrodes and the
source lines in accordance with a drive signal supplied through the gate
lines , and the other of the pair of substrates may be an opposing
substrcate hav~.ng a counter electrode disposed opposite to the array
substrate. The display may further Compr~.se: a temperature sensor fpr
measuring temperature of s vicinity of the light modulation element , and
the illuminating device control portion may be adapted to oox~trol the
illuminating device to cause the light source to be turned ON/OFF   8
according to measurement obtained by the temperature senso~c. This allows
the light source to be ON-controlled at appropriate t~l.mings according to
tempp~catures 3.n env'~.ronment rwhere the display is used. The display
according may further comprise: a receiving portion for receiving an input
for setting of ON timing of the light source, wherein the illuminating
device control portion is adapted to control the illuminating device to
cause the light source to be turned ON/OFF according to the setting
indicated by the input received by the receiving portion. This makes it
possible for a user to control or tuz~n~.r~g ON the light source at
des~.red tim~.ngs . zn the disp7.a~r, the light modulation medium may be
liquid crystal. Since the liquidcrystal is the least expensive and superior
in productivity, the display of the present invention can be fabricatesd
easily. The liquid crystal of the display map be OCB-mode(Optically
Self-Compensated Birefringence mode) liquid crystal. .Also, the light
source may be light-emitting diode, or elCtrolumine~scenCe light-emitfiing
element. 



In the display, the illuminating device may have a J.ight source for
ernittirng lights of different prisms, one frame period of the v~.deo
signals :nay be composed of a plurality of sub~frame periods. and the
x7.~.u:n3.nat~.ng device control portion may be adapted to control the
illuminating device to cause the light source for emitting light of a
specified prism in the course of rising of the transmittsnCe in the pixel
included in the pixel gra~xp onto ~hiCh the t~idea signals ere be~.ng
written at substantially ~tezmediate time in the write period and the light
source to be turned OFF in the course of falling of the transmittance in
the pixel in each sub-frame period. This constitution can realize the
display of the pr$sent invention   9 according to so-called field
sequential color method. In the display, one of the pair of substrates may
have color filters of red, blue, and green, and the ~.llurninating device
control portion may ba adapted to control the illuminating device to cause
the light source to be tuz~ned ON in the course of rising of the
transmittance in the pixel included in the pixel group onto Which the video
signals are being written at substantially intermediate time in the write
period and the light source to be turned OFF in the course of falling of
the transmittance in. the pixel in each frame period o the video signals .
This constitution can realize the display of the present s.nvent~.an
accoz~d~.ng to so-called blinking backlight method. According to the
present invention, there is also provided a cellular telephone comprisings
the above-identified display, and the cellular telephone may bE adapted to
output video signals to the d~.splay. According to the present invention,
there is further provided a. po~ctabie terminal comprising: the
above-identified display, and the portable terminal mag be adapted tv
output video signals to tho display. This ob,~eat, as well as other objects
) features and advantages of the inventiawariii became more appa~ee~nt to
those skilled in the art from the following desar~.ption taken with
reference to the accompanying drav~~.ngs . BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a cross-sectional vaLew schematically showing a
constitution of a d3.splay according to a first embodiment of the present
invent~.on: Figs. 2A, ZB are cross-sectional views show~.ng alignment   10
states of liquid crystal filled in a liquid crystal layer included in the
display according to the first embodiment; F~.g. 3 i.s a block d~.agr8m
showing a Constitution of the display according to the first embodiment;
Figs . 4A - 4C are timing charts showing an example of display 



operation of the display of the first embodiment, in which Fig. 4A shows
timings at ~rhioh scan signals are output to gate lines in a liqu~.d
crystal display panel, Fig. 4B shows change is transm:i.ttanoe 3.n pixels
on respective ro~c~rs included in the liquid crystal display panel, and
Fig. 4C shows change in ON luminance of respective light sources of red,
green and blue: Figs . 5A, 5B are explanatory views showing the ON timing
of the light source, in which Fig. 5A shows change in transmittance of the
liquid crystal display panel in a pixel on N/Z-th row, and Fig. 5H shows
change in ON luminance of the light source; Figs. 6A, 6B are explanatory
views showing ON timing of the light source, in Which Fig. 5A shows change
in transmittance of the liquid crystal display panel in a pixel on N/2-th
row, and Fig. 5H shows charxge ~.n c~N luminance of the light source Figs ,
~A - ~H are explaraatozy views showing time during which the light source
can continue to be ON in one sub-frame period, in which Fig. 7A shows
timing at which the scan signal is output to the gate line on N/2--th row,
Fig. 7B shows transmittance of the liquid crystal display panel in the
pixel on N/2-th row, cad Figs. 7C - 7E respectivalp show ON ZuminanGe of
th$ light source; Fig$ . $A - $C axe explanatory views for explai,n~.ng pN
lum~xance o the light souz~ce in one sub-frame period. in which Fig, eA
shows that tlae ON luminance has a rectangular wave shape, Fig. 8H shows
the ON luminance that gently varies, and Fig. 8C Shows that the ON
luminance has a plurality o pulses;   11 Fig _ 9 is a block diagram showing
a oonstitotion of a display aCGOrding to a second embodiment of the
pz~esent invention; Fags. 10A - 10E are explanatory views showing ON timing
of the light source in one sub-rame~ period, in which Fig. 10A shows timing
at which the scan signal is output t0 the gate line on N/2-th row, Fig. l08
shows transmittance of the lic;u3d crystal. dj.spia~r panel in the pixel on
N/2-th row, and Figs. 10C - 10E respeCt~.vely show ON luminance of the
light source; Fi.g. 11 is a block diagram showing a const?~tut~.on of a
display according to a third embodiment of the present invention; Figs .
12A -- 22C are timing charts show9.ng an example of display operation of
the disp~.ay according to a fourth embodiment of the present invention, in
which F~.g. 12A shows tim5.ngs at which scan signals are output to gate
lanes in the liquid Crystal display panel, Fig. 12H shows change in
transmittance iu p~.ace~.s on respective rows included in the liquid
crystal. display panel, and fig_ 12C shows change in ON luminance of the
lig~.t source; Figs. 1.3A, 13B az~e views showing appearance of devices
l,nGludirrg thG displays of the present invention, in which Fig . i3A 



shawl a Cellular telephone and Fig_ l38 shows a portable terminal: and Figs
. 14A - 14C are timing Charts showing an example of display operati.vn of 8
liquid crystal display aGCOrding to the conventional field sequential color
method, in wh~lck~ Fig. 14A show$ timings at which the scan signals are
output to the gate lines in the liquid crystal display panel, Fig. 14B
shows change in transmittance in p~.xels on the ra~sppCt~.ve rows included
in the liquid crystal display panel, and Fig. 14C Shows Ghange~~.n ON
luminance of light $ourCas of red) green and blue.   12 DETATLED
DESCRIPTION OF THE PREFBRR~D EMBODIMENTS Now, preferred emb4diments of the
present invention will be described with reference to accompanying drawings
. Displays of the prasar~t invention are adapted to use a light modulation
element for image display. Hereinbelow, by wax of example, a liquid crystal
display panel i.s used as the light modulatioz~ element. (Rmbodiment 1)
Fig. 1 is a cross-sectional view schematicaii~r showing a constitution of a
display aocording to a first embodiment of the present invention. F~.gs.
2A, 2B are cross-sectional views showing a7.~.grunent states of liquid
crystal f~.lled in a, liquid crystal laxer ~.nciuded in the display
according to the first embodiment . In these F~.gures , for the sake of
convenience ) a direction indicated by an arrow ~ indicates an upper side
of a disp~.ay 1. Refez~ea.ng now to Fig. l, the display 1 comprises a
liquid crystal displap panel 10 structured such that polarizers 11 are
bonded to both sides of a liquid crystal ce7.7. ~.2 . The liquid crystal
cell 12 comprises two substrates, i.e. , an upper substrate 27 and a lower
substrate 29 disposed opposite to each other as spaced by a spacer ( not
shown ) between them. A liquid crystal layer 29 contains liquid crystal 26
filled into a gap between the upper substrate 27 and the lower substrate
28. The liquid crystal displaypanei iQ so constituted is sa-called OCH-mode
liquid crystal display panel ) in which a given voltage is applied across
the upper substrate 27 and the lower substrate 28 to cause the lic~ui.d
crystal 26 to transition from spray alignunent (Fig. 2A) to bend alignment
(Fig. 2B), and in this bend alignment stets, image is displayed. A
backlight 20 is placed below the liquid crystal display panel 10. The
backlight 20 comprises a light guiding plate 22   13 



comprised of transparent rectangular synthetic resin plate, a light source
21 placed in the ~ricinity of an end face 22a of the light guiding plate 22
as opposed to the end face 22a, a reflector 23 placed below the light
guiding plate Z2, and a l.~.ght diffusing sheet 24 provided on err upper
surface of the light guid3~ng piste 22. The light source 21 of the
backlight 20 is comprised of hED$ (light-emitting diodes) or the like for
emitting light of three primary colors ~ red, green, and blue. That is, the
backlight 20 has the light source 2Z for emitting lights of different
prisms. rn this embodiment) thus, the backlight 24 has fiha light source 21
for erni.tting lights of three colors( a..a. , red, green, and blue, but
the colors are not intended to be limited to these . Alternatively, the
backlight 20 may have a light source 2~, for emitting lights o three colors
of yellow, magenta, and cyan, xt should be noted that for the purpo$e of
natural color display, lights of three colors - red, green, and blue, are
preferably used. Further, the number of the colors is not necessarily three
but light of two or four or more Colors may be used for color disQlay, xn
brief , the light source capable of emitting ~.i.ght havi-ng different
prisms is satisfactory. As a matter of Course, some of the p7.ura~.ity of
light sources included in the backlight z0 may have the same pxisms . For
instance, two red light sources , two green light sources , and tyro blue
light sources. i.e., six light sources in total may be provided. The
respect~.ve color lights may be lights near single wavelengtk~ ~.ike laser
beam, ar otherwise ) may bs lights having wide wavelength region generated
by combination of color fiiter,~ into a white light source. Since the light
source 21 capable of being turned ON/OFF at a high-speed is desirable, the
above-identified LED or electrolumine$cence(EL)light-emitting element is
suitable.   14 The electrolumineseence light-emitting element ~trxclude
inorganic and organic EL lyght-emitting elements . Off course , the 7.ight
source 21 may be comprised of a laser. Further, the light source 2~.
~.tseif rnay be adapted to perform switching operation batween emissi.o~n
and non-emission, or otherwise may look like as if it were
on/off-controlled by combination of light shutter, rotary color filter or
the like into the light source which is always ON. The rotary color filter
refers to a filter structured such that a circular filter is divided into
three sector forms respectively provided with red) green az~d blue filters
. The rotary calor filter is adapted to be rotated in synoh~coni~ation With
frame periods for emitta.ng lights of respecti~te Colars. Publication of
Unexamined Patent ~lpp~.icatio~r No. Hei. 3 - 163985 discloses a projection
type display using the rotary color fi~.ter. In that case, the combination
of the light source and the light shutter or the rotary color ~.lte~r
correspond to a light source for blinking. From the viewpoint of aa.glat
availability efficiency (or power consumption) , it is desirab~.e that the
light source itself perform switching operation between sm5.ss~.on and
non-emission. In the backlight 20 so constituted, the light emitted from
the l.~.ght source xl is 731cident on the light guiding plate 22 through
the end face 22a.. The incident light is m~titip.le-scattered inside of the
a.j.ght gu~.dl.ng plate 22 and emanates from tha ent3.re~ upper surface
thereof . In this case ) the light leaking downward from the light guiding
plate 22 and incident on the reflector 23 is reflected by the reflector 23
and returned to the inside of tha light guiding plate 22. The light
emanat9.ng from the light g~xiding plate 22 ~,s diffused by the light
diffusing sheet 24 and the r$s~xlting diffused light is incident on the
liquid crXstal display panel 10 . mhereby, the liquid crystal display panel
10 is entirely and uniformly   i~ irradiated with red, green, or blue
light. Fig. 3 is a block diagram showing a constitution of the display 1
according to the ~~l.rst embodiment. Referring to Figs. 1, 2, 3, the liquid
crystal display pane. 10 is a well-known TFT (Thin Film Transistor) type
display panel compr~.sed of an oppas~.ng substrate ( not shown ) provided
with counter electrodes ( not shown ) on an inner surface thereof, and an
array substratE (not shown) provided w3.th pixel electrodes 39, gate lines
31, source lines 32) and switching devices 33 on an inner surface of
thereof ( which are disposed opposite to each otherwith the liquid crystal
7.ayer z9 interposed ~herebetween . In the array substrate, tk~e gate lines
31 and the source lines 32 are arranged to cross each othez~, and the
pixel. electrode 39 and the switching dEVice 33 are prov~.ded for every
pixel defined by the gate lines 31 and the source laaaes 32. 'X'he gates
lines 91 and the souu~ce lines 32 are respectively driven bx a gate driver
34 and a source driver 35, which are controlled by a Contrui circuit 36. 



The switching devices 33 may be compz~i.sed of , es , g _ , amorphous
silicon ) polycz~stal siliCOn, single Crystal. silicon, SOI ( silicon on
insulator) , as prganiG SFamiCOnduCtor, or the like, or otherwise may be
comprised of another devices so long as their have function for switching
between conduction and non-COnduCtion between the pixel electrodes 39 ar;d
tixe source li.r~es 32, as mpnt~.oned later. In the display 1 so
constituted, the control cirvuit 36 output$ a control signal to a backlight
control circuit 37 to cause the LEDS to sequentially emit respective color
lights as the light source 2~. in a given cycle. TO perform display in
synah~conization with this light emission, tt~e Control C~.roui.t 36 also
converts a video signal 38 externally input into a field sequential collar
video signal (video signal compressed in time-axis direction for the   16
purpose of di~piaying S.mage in each sub-frame period) . the control
ctrcu~l.t 36 outputs the oon~rerted v~.deo signal to the source driver 35)
and outputs control signals to the gate dz~~.ver 34 end the source driver
35 , according to the converted video signal . As a result , the gate
driver 34 outputs scan signals to the gate lines 31, thereby sequentially
turning pn the sWitahing devises 33 of the respective pixe7.s to cause the
pi~eel electrode$ ~9 and the source lines 32 to be conductive, and
according to these timings, the source driver 35 sequentially writes the
video signals onto the pixel electrodes 39 of the respective pixels through
the source lines 32. To be a groater detail ) the gate driver 3~4 outputs
the scan signal corresponding to voltage for turning on the switching
devices 33 to the gate line 31 on 1st row, thereby turning on the switching
devices 33 connected to the gate line 31 on 1st row. Tn this 4N state, the
video signals output from the source driver 35 to the respective source
lines 32 are written onto the pixel electrodes 39 of the pixels on 1st row.
Then, the gate driver 34 outputs a signal corresponding to voltage for
tuzw~.ng off the switcha.ng devices 33 to cause the pixel electrodes 39 and
the source limes 32 to be r~ou-conductive to the gate line 31 on 1st row,
thereby turning off the switching devices 33 connected to the gate line 31
on 1st row. Siunultaneously) the gate driver 34 outputs the scan signal to
the gate line 31 on 2nd row, thereby turning on the switching devices 33
connected to the gate line 31 on 2nd row. Thereby, as in the case of 1st
row, the video signals output from the source driver 35 to the respective
source iies 32 are wxitten~ onto the pixel electrodes 39 of the pixels on
2nd rows. Thereafter, the same operation continues, and video signals are
sequentially written onto the pixel elect~codes S9 of the pixels   on
respective rows, which operation generates potential difference between the
counter electrodes and the pixel electrodes 39 ( thereby causing the
i~.qtxid crystal 26 to be driven az~d transmittance of the light emitted
from the backlight 20 to ba changed. As a result. image corresponding to
the video signal 38 is observed by a viewer. Subsequently, operat~lan of
the display 1 of this embodiment will be described. 



Figs . 4A - ~C are tim~.ng charts showing an example of display operation
of the display of the first embad~.ment. Fig. 4A shows timings at which
scan signals are output to gate lines in a liquid oxysta3~ display panel .
Fig _ 4B shows change in transmi.ttamce in pat.xels on respective rotes
included in the liquid crystal display panel. Fig. 4C shows change in ON
luminance of respective light sources of red, gz~een and blue_ These
Figures illustrate that the liquid crystal display panel has N-raw p~..xels
and N-row gate lines corresponding to these pzxels_ As shown ~.r~ Fig. 4A,
th$ timings at which the scan signals are output are identiaai to those of
the conventional example. Speo3fS.aaliy, in the write period Ta, the gate
driver 34 sec~uentia7.ly outputs the scan signals to the gate lines 31 on
l.st to N-th row. Adcard~.ng td tjm~.ngs of this output operation, the
video signals ddrresponding to r$d, green or blue output from the source
driver 35 td the source lines 32 are sequentially written onto the pixel
electz~odes 39 of the pixels on 1st to N-th row. Subsequently, in the hold
period Tb) the scan signals are not output, and therefore, the video
signals written in the wr3.te pez~idd Ta are held in the respective pixels.
Than, in the erase period Tc, similarly to the write period Ta, the scan
signals are sequenti,a.7.ly output to the gate lines 31 on 1st to N-th raw
and reset signals for z~esetting the video signals   ZS written i.n the
write period Ta, are sequentially written onfio the pi.xe7. electrodes 39
on 1st to N-th rpws. Fig. 4B illustrates that the transmittance of the
liquid crystal display panel Z4 is set to 0. AaGOrding to such signal
writing, the transmittance of the 11q11id czystal display ps~nel 14 gentilr
rises or falls as shown in Fig. 9~8. As rnent~.oned previpusly, the
transmittance gently varies due to viscosity of the liquid Gry~stai. As
shown in Fig, 4C, the backlight control circuit 37 controls the backlight
z4 so that the light source 21 of the backlight x0 is turned ON (starts
lighting) in the course of ris~,.ng oaf the transmittance in the pixel on
N/2-th row as a pixel onto which the video signals are being written at an
intermediate time of the write period Ta and turned OFF (terminates
lighting) in the course of falling t~f this transmittanae _ That is ( the
light source is turned ON before the completion of the rising of the
transmittance and turned OFF after the start of the falling of the
transmittance. In this case, although it is recognized that the luminance
gradient or chrome gradient would be generated in display region of the
liquid crystal displax panel 10, but the lwn~.rrahee gradient or the
chromes gradient can be satisfactorily suppressed by setting appropriate ON
timings . This will be described with reference to Fig. 5. Figs. 5A, 5B are
explanatory views showing ON timing of the i~.ght $ouree~ . Fi.g _ 5A shows
Change ~t.n transmittance of the liquid Crystal display panel Ln a pixel On
N/2-th rpw_ Fig_ 5B shows Chang$ in ON lum~.nance of the light source. In
Fig.SA, time-series change in the transmittance in the pixel on N/2--th row
in an arbitrary sub-frame period is represented by waveform AI and waveform
A2, and time-Series ohange~ in the transmittance with tim9.ngs of ~prit3ng
19 of the video signals delayed by d T with respect to those of the
waveforms Al, A2 is represented by B1, B2. ON point (la.ghting start point
) and OFF po9.nt ( lighting term~.nation point ) are represented by T1 and
T2 respectively indicated by dashed lines Li, L2. Ths transmittance in the
pixel on N/2 -th row at point T1 and the transmittance in the pi~e~. on
N/2-th row at point T2 are respectively re~presanted by Ml , M2 and lines
representing these trans~i.ttanCeS M1, M2 are respectively
representedbydashed lines L3, L~. Further, the transmittance in a stable
aonditioa, i.e..) the largest transrnittance im the sub-frame period is
repz~esented by M0. 



Region defined by the waveforms Ax, B1 and the line L3 is represented by R1
and region defined by the lines L1, L3, and the waveformB~.
a.srepreSentedbyR2 ( whileregiondef~.nedbythewaveforms A2, B2 and the lines
L2 3s represented by R3 and region de~f~.ned by the lines L2) L4) and the
waveform B2 is represented by R4. When areas of tk~.e regions R1, R2, R3,
R4 are respectively r$presented by S1, S2) S3, S4, difference 8 S in output
luminance between the transmittance of A1, A2 and the transmittance of B1,
B2 is given by ~ S a S3 - ( S1 + S2 ) . Hereinbelow, the value d S w111 be
calculated. First, with regard to the area sl of the region Ri, since the
waveform H1 is obtained by horizontally moving the waveform A1 by $ T) the
horizontal width of the reg#.on R1 is egual to ~ T. Thereft~~ce~, the area
S1 is given by: Sl ~ (MO ~ M1 ) ~ T Second, with z~egard to the area S2 of
the region R2. the region R2 is of a substant~.aJ~ly right-angled triangle
shape and the har~.zontal side length of the region R2 is equal to d T_
When the slope of the waveform in the region R2 (value at point T1 of time
diffez~entiationof transmittance) is represented by a 1, thevertioa.l side
length of the region R2 is lc 1  8 T _ So, the area 82 is given   2Q by:
S2=(1J2) X $TXI~Z' $T=(1/2)!i1( $T) 2 Thi.SCd, with regard to the stun of
the area S3 of the region ~t3 az~d the area S4 of the region t4 , S~ + 54 =
(MO - M2 ) S T, as in the case of the area SZ of the region Rl, because the
waveform B2 is also obtaained by horizontally moving the araveform A2 by S
T. Further, because the S4 is of substantially night-angled triangle shape
as in the case of the area S2, S4=(1/2) ( u~~ ('~T)a-(1/2) 1.~2( ~T)z where
a 2 ss a time differential value of transmi.ttance at T2. ~Xn summary) 8S
is given by the following formula (1): 8 S~$3- ( S1+S2 ) = ( S3~-S4 ) ~S4--
( S1.+S2 ) =(MO-M2) t5T+(1/2)I-2(8T) Z - [(MO-Ml) ST+(1/2)~L1(aT) aJ
=(Ml-M2) aT+(1/2)(1L2-LL1)( sT) z ... (1) In tk~.e above example, the
timings of writing of the video signals are later in the waveforms B1, B2
than in the waveforms Al, A2. Subsequently) the case where the timings of
writing of video signals are earlier in the waveforms B1, H~ than in the
waveforms A1, A2, will be described with reference t0 Fig. 6. In Fig. 6,
MO( M1, M2, ~~, T2) L1 - L4 represent the same contents 



in Fig. 5. Also, region defined by the v~e.~reforms H1, A1 and the line L1
is represented by Rl' axxd region defined by the lines L1) L3, and the
waveform H1 is represented by R2' , while region defined by the waveforms
A2, H2 and the line L~ is represented by R3' and region defined by the
l~.nes L2 ( L4 , and the wavefozm B2 is represented by R4' . The areas of
the regions Rl' , R2' , R3' ( R4' are respeCt3.vely represented by S1',
S2') S3', S4'. The time difference of the waveforrns Hi, B2 with respect to
the wavefarms A1, A2, is represented by bT simi.larly to Fig. 5, which has
a neg8~.tive Value in Fig. 6. Similarly to the CE~Se 4f Fig. 5,   2x
$1'+S2'=(MO-Ml) ) $T~ , S2'=(1/2) ~L1~ sT~ a, S3'=(k~0-M2) ~ ST~ ) 5~'
=-(1/2)u2 $x~a Therefore , the change amount 8 s of lum5.n0_xrve of the
waveforms Hl , B2 ~p~llth respect to the waveforms Ai , A2 , is g~,ven by
the following fo~.mul8i. ( 2 ) 8S=Si'-(S3'+S4' ) =(S1'+SZ')-S2'-(S3'+S4')
=(MO-~41)~ $T~-(1/2)~L1~ I~T~2 -[(MO-M2)~ $T~-(1/2)Lt2'~ $'~,'I2] =(M2-M1)~
$T~+(1/2)(L~2-IUGI)) 6T~ 2 =(M1-M2) $T+(1/2)(1.t2-E.Ll)( ST) 2 ... (2) From
the formulae (1), (2), it is known that th$ formulae ( 1 ) ( ( 2 ) ( are
given in the same form, regaz-d7.ass of whether or no~G the waveforms 87.,
B2 are Earlier than the wavefozms Ai, A2 in the oenter of the display
region. Subsequently, referring to Fig. 5, the ratio between the a.~eea S1
of the region Rl and the area BZ of the xeg~.or~ R~ w~.li be described.
Wh$n the response time of the liquid crxstal is represented by Tlc, it is
considered that the slope a i of the waveform approximates MO/Tlc. Also )
when tk~e write period of the video signals is Twrite, the upper ~.~.ma.t
of ~ $ T ~ is Twrite/2 . S2/Sl for case where 8 T ~ is the upper limit , is
g3.ven by the following formula ( 3 ) sz/si=I(~.lz)u~(s~) Z1/t(~Q-M~.)~T]
vI(1/2)(MO`Tlc)(Twrite/2) z] /I(M0-Ml)Talr~.te/z)
=(1/4)[MO/(MO-Ml)](Twrite/Tlc) ... (3) Here, assuming that transmittance M1
of the ON time T1 of the light souroe is .most as half as the largest
transcnittance M0, the write per~.od Twrite is imseo, and the response tim$
Tlo of the liquid czysta7. is 5msea) S2/S1 - (1/4) X 2 X (lmsea /5mseo)
-0.1, that is, SZ is one--digit smaller than S1. The same goes for S3 axed
S4 and S4 f.s one-digit smaller than S3. The same also goes for both   22 



of S1' and S2' and S3' and S4' . Taking these ~.nto account, in the
lowermost expression of the formula (1) or (2), the first term associated
with S1, S3 or S1' , S3' is dee~mdd to be more predominant than the second
tarln associated with S2, S~ or S2' , S4' . For this reason, the second
teen may be neglected in the oz~muia ( 1 ) or ( 2 ) , which is reduced to
the following formula (4). Ss = (M1 -M2) ~T ... (4) Gonsidez~ t#~e case
where the backlight 20 is control~.ed so that the transmittance M1 3,~n the
pixel on N/2-th row at point T7. when the light scarce is turned ON is
equal to the transmittanCe M2 in the pixel at point T2 when the light
source is turned OFF _ In this case, in accordance with the formula ( 4 ) ,
8 S = 0. This means that th$ lum~.nance gradient and chrome gradient caused
by' the fact that the video signals are written at different timings are
not generated in the liquid crystal display panel. The ON tinning
illustrated in fig. 4C Corresponds to this case. The condition far
perfectly eliminating the lum~i.nanCe gradient and the Chrome gradient is
Ml = M2, and M1 {=M~) may fail in th$ range of 0 - MO so long as this
condition is satisfied. For the purpose of establ~.sk~ment of
above-mentioned theory with reference to Figs. 5, ~, as described above, it
is essential that the following conditions [ 1 ] , [ 2 ] shou~.d be
satisfied in the pixel on N/2-th row. [ 1 ] Thp light source is turned ON
before compl.eti.on of rising o the transrnittanCe of the liquid crystal
display panel in the pixel on N/2-tax row. [ 2 ] The light source is turned
OFF after the start of falling of the transmittanco of the liquid crystal.
display panel in the pixel on N/2-th row. For added effects, it is
desirable to satisfy the following   2~ conditions [3], [~l) as well. ( 3 ]
The light source its turned ON after the start of rising of the
transmittance of the liquid czysta~. display panel in the pa.xe7. on 19t
row. 4 ) The light source is turned OFF before completion of fa7.~.9.ng of
the transmittance o the liquid crystal display panel in the pixel on N~th
row. The reason why it i.s desirat~i$ to satisfy the conditions [ 3 41 ( is
that the transmittance of th$ liquid crystal display panel i.n the pixel vn
1st row might start rising before the completion Qf failing of the
transmittance of the liquid crystal display paned i.n the pixel on N-th
row, as can be seen from Figs. 419, - 4C, which might result in m~..xed
color. For instance, in the case where the tran9mittance~ of the h.quid
crystal display panel in a lower portion of the d~.spiay region in 9. r$d
sub-frame period has not completed falling yet st the point when the
transrnittance of the liquid crystal .inn the pixel on 1st row starts
rising in a green sub-frame period, if the green h.ght source is turned ON
earlier than this point, green light is slightly emitted from the light
source before the completion of the response of the liquid czystal ~.n they
p3xe1 on N-th row to red. Also, in the case whore the transmittance o tkxe
liquid crystal display panel in the pixel on 1st row in a blue sub-fr2~me
period has already started rising at the point when the transrtittance of
the liquid crystal display panel in the pixel on N-th row completes falling
~.n a green sub-fram$ period, if green light source is turned OFF at point
~.ater tk~an this point, then green light is slightly emitted from the
light source before the completion of the response of the liquid crystal in
the pixel on 1st row with respect to blue. Tn these cases, green light is
mixed in the case where pure red or pure blue i.9 intended to be displ9yed,
and Consequently mixed   



24 color is observed. Furthermore, it is believed that, in the state of
Figs. 4A 4C, if the OFF taming of the red light source and the ON timfng of
the green ~.ight source are class to each other or the OFF timing of the
green light source and the O~1 timing of the blue light source era close to
each other, color breaking ( a . g . , p#~enomenan in wh~.ch periphery of a
white moving object in a screen is observed as colored] tends to occur (
and the conditions ~ 3 ] , ( 4 ] az~e helpful in reducing such color
breaking. Subsec~uentlx) under the above-identified candit~.ans, how long
the light source can continue to be ON rNiii be described. Figs. 7A - 7g
are explanatory views for explaining tine during which the light source
contiIxues to be ON in ane~ sub-frame period. Fig. 7A shows timixig at
wh~.ckl the span signal is outp~xt to the gate line on N/2-th row. Fig. 78
shows t~raz~smittance of the liquid Crystal display panel sn pixel an
N/2-th row. Figs . 7G - 78 show ON luminance of the ligk~t source. Fa.g. 7C
iilustratos ON luminance in the case where M7. (=l~I2j is as close to Mp as
passibie. Fig_ 7D illustrates ON lurn:inanae in the case where M3 is closer
to M0/2. Fig. 7E illustrates ON luminance in a case where Ml is as close to
0 as possible. As Shawn in Fig. 7A) the scan signal is output to the Bata
line 31 an N/2-th row after an elapse of Twrite/2 time from the start point
of the sub-frames priod, thereby Causing the Videa signals to be written
onto the peel. electz~odes 39 of peels o~1 N/~-th row. Likewise, the scan
signal is output to the gate line 31 on N/2-th row at the point that is
Twrite/2 earlier than the end point of the sub-frame period, thereby
causing the reset signals far resetting the ~rideo signals air$ady written
onto the pixel electrodes 39 of the pixels on N/2-th row to be written to
the same pixel electrodes   25 39. As shown in Fig. 78, the transmittance
of the 7.i.m~id crystal display panel ZO in the pixel on N/2-th row is
rising for the response time Tlc of the liquid crystal from the point of
writing of the video signa7.s and is fa~..l~.ng for the response tints Tlc
from the point of writing of the reset signals. In Figs. 7,A, -7E) for the
sake of simplicity, transient response of the transmittance o:f the liquid
crystal display panel is linearly illustrated. While the rising time and
the falling time are equal fvr added simplic~.ty, these tames may differ
from each other, as ~ mstte~r of course. As shown in Fig_ 7C, QN-time width
Tlum (=T2 - T1) of the light source is given by Tium = Tsub - Tvsrrite -
Tlc _ Meanwhile, as shown 3.rt Fig_ 7E, the ON-time width Tlum is larger
than that Of Fig. 7C, and is given by Tlum = Tsub ~- Twrite + T~.c. Th$
ON-time Width Tlum ~.s the smallest in Fig. 7G and the largest in Fxg. I~.
As shown in Fig. 7b, the ON-tame width Tlum is given by Tltutt = Tsub -
T9vrite, which is equal. to any ~termediate va~.ue betrr~een the value of
Fig 7C and the value of Fa.g. 7E . As should be appreciated, even the
smallest ON-time Gridth Tltun, is larger than the upper limit (Tsub - (
2Trarite + Tlc ) ) of ON-time width of the light source for obtaining
uniform display in the conventional display_ As a result, brighter image is
obtained in the display of th3.fi e~mbo~.~tmant than in the Conventional.
display _ zn the conventional d~.sp~.ay, as desc~c~.bed above, fitxe upper
limit of the z~esponse width Tlc for obtaining uniform image without the
luminance gradient and chrome gradient is Tsub - 2Twrite . On the other
hand, in this embodiment, as shown in Fig_ 7C, the upper limit of the
response Width Tlc for obtaining the uniform image ~.s Tsub - Twrite, which
has ari ai~,owance greater than that of the conventional example.
Accordingly, in this embodiment, at loW   



26 temperatures) u~n~.form display oan be~ conducted with allowance even if
the response of the i~.quid crystal is slow. In other words , in
lower-temperature environment, uniform display without lumin~nee gradient
and ohroma gradient can be achieved. Further, by tur~,ng ON the light
source as shown in Figs. 7D, 7B, brighter image is atta~ed and the
pezmissibility to the low temperatures can be further ~.tnpz~oved . While
it is the most desirable t0 adjust the ON timing and OFF t~mi.ng so as to
satisfy Ml = M2 , these timings may be set without p$~cfect matching.
Hereinbelow, such allowable difference will be described. As shown in Figs
. 5A, SB, 6A, 6B, the value of the output luminaz:ce at the central portion
of the display region corresponds to the area of the portion between the
points T1, T2 of the region defined by the raWVeforrns Al , A2 . Tn other
words , the wavefoxms Ai , A2 , as a function of time, are integrated from
the point T1 to point T2. Assuming that the transrnittance is always MO as
rough approximate value between the points Tl , T2 ( the area is given by
MO ( T2 - T1 ) . Therefore) considering the above formula ( 4 ) (
re~.at~.ve luminanOe d~.ference is given by: aS~/[MO(TZ-T1))=) (M1-M2)
8T~/[MO(T2-T1)j The upper limit of I DTI is Twrite/2, and therefo~ee. ~e
upper limit of the relative luminance difference is given by the following
formula (5): (1/2) [ ~Ml-M2 ~TWr~.t4l/IMO('!.'Z-T1) j ... (5) The upper
limit pf ~ ~ T ~ is talren at an upper end or a lpwer end of the cLLsplay
region) and therefore) the value of the formula (5) ~.s considered to
represent [ (luminance of pixel on 1st or NJ2~th row) - (luminance of pixel
on N/2-th row)]/ (luminance of pixel on N/2-th row).   By the way, analysis
results ( involving subjective eva7.uatian) of the largeness of l.tyminance
ratio between the pixel on N/Z-fih row and the pixel on 1st or N-th row
that is visually recognized by viewers as luminance gradient is stated ~.n~
` Y . Kuratomi , et . ai _ _ I D W' 00 Proceedings of The Seventh
Tnternational Display Workshops , 3Dp -2, pp_ 1135 - 1138 (2000)"_ As
described on page 1138, line 11- 6 from bottom an left Goluoan, when the
percentage of the luminance of the pixel an ist or N-th row to the
luminance of the pixel an N/2-th row is 54%, ha.1_f of the viewers do not
recognize it as the luminance gradient. This means that the relative
luminance ratio ( _ ~ ( luminance of the pixel az~ xst or N-th row ) -- (
luminana$ of the pixel on N/2-th row) ~ / (luminance of the pi..~ce~. on
N/2-th row) ) is 46: 100, and therefore, for preventing the luminance
gradient fram being recognized, the ON timings of the light source are
detezmined so as to satisfy the following formula ( 6 ) or otherwise
simplified formula (7). (1/2)[~M1-M2~Twrite]/[MO(T2-T1)] ~ 0.46 ... (6)
~MI-MZ ~Twrite]/[MO(T2--T1) ] Q0.93 ... (7) Bx setti.~ng the value of tae
left side [ ~ Mi-M2 ~ Twrite ] / [MO ( T2-Tl, ) ] o the fozmu~.a (7) to
less than 0.92, mare than half of viewers do not recognize the lumi~xance
gz~adxent , rt is more preferable that the value of the left side of the
fozmula (7) ~.s set to 0.46 ar less ( formula 6 ) . From the fact that
luminance gradient with the luminance ratio of 54 : 100 is not detected by
half of the viewers, it is known that visual detecting abil~.ty of the
human beings With respect to the ~.uminanGe gz~ad~.ent in the display
region ~.9 net sa h~.gh. Coz~vez~sely, the v~.sual detecting ability w~.th
respect to the chrome gradient is considered to be slightly higher. For
instance, if a single-color image obtained by mixing of three primary
colors of   28 



red, blue, and green is displayed and 10% in-plane gradient is gi'v'en only
to the luminance of green component, then the chrome gradient might be
recognized. Accordingly, to be more str~.ct, it is more preferable that the
left side of the formula ( 6 ) is set to 0 _ 1 or less and the left side of
the formula (7) is set to 0.2 ar less. As supplementary explanatia~r, the
relationship between the response time Tlc and the write period THrrita of
the liquid crystal will be described in mate detail _ Prev~.onsly, when the
formula ( 4 ) as an approximate formula is der~.ved from the farrnula ( 1 )
(or formula ( 2 ) ) , the second te~nm of d T in the formula ( 1 ) has been
neglected. When M~ =I~z ss set far the purpose of suppressing the luminance
grad~.ent and the ohr4ma gradient, a S = 0 when the second term of S T ~Ls
neglected, but only the second term of ~ T remains an tkre formula ( 1 ) of
a S wk~e~n the second term of S T is not nEglected for precis~lon. Compared
to the first term of 8 T ) the indication indicative of the size of the
second term of a T is S2/S1 in the formula ( 3 ) , and the smaller S2/S~.
3.s, the smaller than the second term of 6T a.s, and therefoz~e, the
smaller the luminance gradient and the chrome g~eadient are _ Singe the
formula ( 3 ) involves the factor of Twrite /TiG, the larger Tic is than
Twrite, the more noticeable effects of suppressing the luminance gradient
and chromes gradient is obtained. Here, as a rough standard, the condition
under which the ~flugnce~ by the second term is half or less of the
influence by the first term, x.e., S2/S1 becomes 1/z or less in the formula
(3), will be found. For simplicity, assuming that Ml is as half as M0, the
condition is expressed as T'wxite/Tic ~ 1, i _ a _ , Twrite ~ Tlc. Under
Twrite ~ plc, the luminance gradient and chrome gradient can be not~.aeably
suppressed. The point at wh~.oh the transmittance of thg liquid crystal
display panel starts ri.s~.ng ~.s considered to be the point at Which   29
the transmittance exceeds 10% of the max~.mum value MO in the corresponding
sub-frame period. Also, the point at wh~Lch the transmittance of they
l~.qutid crystal display panel completes rising is considered to be the
point at whi.ah the transm~.ttance exceeds 90% of the maximum value MO in
the coz~espoz~dal.ng sub-framme peri.od_ Lixewise, the point at which the
transmittance of the liquid crystal. display panel starts falling is
considered to be the point at wk~ich the transmittance become below 90% of
the maximum value MO in the corresponding sub-frame period. Also) the point
at which the transmittance of the liquid czystal d~.spiay panel completes
falling is co~ns~.dered to be the point at which the transmittance becomes
below 10% of the maximum value MO in the corresponding sub-frame ~exiod. As
ment~.oz~ed previously, the elapsed t~.me (rising time) from when the
transmittance of the liquid crystal display panel stazrts r~.s~.ng unta.l
it completes rising may be set larger or smaller than, or otherwise equal
to the elapsed dine (falling t~.me) from when the tz~ansmittance starts
failing until it completes f2~liing. If the ri$ing time and the falling
time differ from each other, then these times are averaged by calculation
and set as the response tim$ {Tic). The pN lumi.nanCe of the light source
is not intended to be limited to be of the rectangular wave shape of Fig.
8A as iilustr,~ted in th~.s ernbod~i.me~nt, for instance, the 4N lum~.nanae
may gently x~.se and fall as shown in Fig . 88 . rn this case . the point
at which the ON luminance exceeds 1/2 of the maximum value in the
corresponding sub-frame period is considered to be the ON point of the
light source and the point at which the ON luminance becomes below 1/2 of
the maximum value is considered to be OFF point of the light source.
Further, a shown in Fig. $C, one sub~frame period may include a   30
plurality of QN pulsas_ In that case, the rising of the initial ON pulse is
cons3.dered to be the ON point (lighting start point) of the light source
and the fall~.ng of the last pulse is considered to beg the OFF point (
lighting termination point ) of the light source . In Figs_ 8A - 8C, the
points indicated by Tl are the ON points o the light source and the point$
ind~.ca'~ed by T2 are the OFF points of the light source. ( Smbadiaent 



A second embodiment .illustrates a display adapted to control ON timings of
a light source according to temperatures. Fig . 9 is a block diagram
showing a constitution of a display according to the second embodiment of
the present invention. Referring to Fig _ 9 , the display of this
embodiment comprises a temperature sensor 41 connected to a control circuit
3~. The temperature sensor 41 is provided on the liquid crystal display
panel lOfor detecting temperatures of the liquidcrystal. The sensor 47. may
be provided at any position where it can detect the temperatures of the
liquid crystal_ The temperature sensor 41 may be comprised of a collecting
sensor utilizing electric~.ty co~.lect~.ng eects, thermocouple ) or the
like ut~.l~.z~.ng thermoelectric effects . Ox otherwise, the temperature 41
may be comprised of a semiconductor device utilizing change in electric
property such as resistance according to temperatures, an insulator, a
metal, or an infrared ray sensor for detecting radiation spectrums. Since
th$ other e,leme~nts of the display of the second embodiment 8~.re
~.dentic8,1 t4 those of the first embodiment, the Same Or corresponding
parts are referenced by the same numerals and as such, description will be
omitted. ' Subsequently, operation of the display will be described. In the
display Of this embodiment ) SS in the Case of th$ fi.rst   31
embod:i.mont, the video signai.s are sequentially written onto the display
region of the liquid cxystal display panel 10 from the upper portion to the
lower portion, and in accordance with this writing operation,
transmittaz~co in the display region va.ries_ In such display operation,
the backlight control oirouit 37 of tho d5.r~play of this embodiment is
adapted to control the backlight 20 to oausa the light source to be t~xrned
ON at timings described below _ Figs . 10A, 10B are explanatory v~.ews
showing timings at which the light source is turned ON in on$ sub-frame
period. Fig. l0A shornrs timing at which the scan signal is output to the
gate line on N/2-th row. Fig. 10B shows transmittance of the liquid crystal
display panel in the pixel on N/2-th row. figs. 10C - 10E respectively show
ON luminances of the light source. Fig. 10H illustratds ohange in the
transmittances of the liquid crystal display paza,el 10 when the
temperatures measured by thp temperature sensor 41 are D 1, O 2 ( Ca 3 ( O
1 < 0 2 ~, 4 ~ ) . As raentioned previously, since the response of the
liquid czystal generally becomes slower as the temperature decreases, tl~a
re~$ponse time (rising time, and falling time) is the sk~ortast in a3 and
increased in the order of O 3 , Q 2 ( O 1. The ~-~.ght source is turned
ON/OFF at timing of Fig . 7C in the case of D 1, at timing of Fig _ 7D in
the case of O 2) and at timing of Fig. 7E in the oase of0 3. Thus, by
performi.rig Control to shift the ON/OFF timings of thp light source
according to the temperatures measured by the temperaturd sensor 41, the
condition (M3. = M2) for unifornt display (display w~.thout luminance
gradient or chrome gradient) can be satisfied and satisfactory display can
be achieved at any temperature as in the case of the first embodiment. rt
should be noted that sufficiently unifoz~n display is attained so long as
the foxmula (7) is satisfied at respective   3Z temperatures Without the
condition Ml = M2 . So long as 'the formula ( T ) is satisfie$, one of the
~N and OFF t3.mings of the ~.ight source can be changed accord3,ng to
temperatures. The temperature sen$Or 41 is not prov~.ded in the first
embodiment, which does not mean that the display of the first embodiment
cannot deal with temperature change at all in praotiGe_ The display
oo'~.thout the tempez~ature sensor 41 can attain uniform d Lsplay with the
formula ( 7 ) satisfied when the temperature Change falls in a certain
range . Thez~efor$, the addition of the temperature sensor 41 to the
display isles this embodiment can greatly esctend available temperature
range_ 



while in this emboda.ment, the backlight control Circuit 37 performs
electronic control) this is only il~.ustrative_ l~rlternativexy, a control.
portion for controlling the baalrl5.ght 20 may be provided with a material
having electric resistance varying according to temperatures. With this
constitution, RC time constant comprised of this res3.stance R and a
certain capao~i.tanoe C is varie8, thereby allowing the light source to be
4N-controlled as shown in Fig. 10. In that case, the material haring
resistance increasing with temperature decrease ~.s empl4ye$. While in this
embodiment ON and OFF timings of the light source are delayed according to
the temperature decrease, as a matter of course, the sauna effects can be
provided bx putting forward the timings at which the co~xtroi Circuit 36
outputs the control $ignais to the gate driver 34 arid the source driver 35
with temperature decrease, without change in ON cad OFF timi.ngs of the
light source. Moreover ) the ON/OFF timings of the light source may be
changed according to any other conditions including moisture) ambient
brightness, air-pressure, v~leather, earth magnetism, etc, ~.astea$ of the
temperatures described i.n this embodiment.   33 (gmbodiment 3) A third
embodiment illustrates a display adapted to allow ON and OFf timings of the
light souz~ce to be set by a user. Fig . 3.1 is a block diagram showing a
constitut~.on of a display according to a third embodiment of the present
invention . Referring to Fig_ 1l, the control cai.rcuit 36 of the display
of this embodiment Comprises ROM 43 having given storage areas. The ROM 43
cont8.ins plural pieces of info~nation (timing information) ~dicative of ON
and OFF timings (lighting start point and lighting tez~mination pointy of
the light source. The display of this embodiment further comprises a mode
setting portion 42 for use in setting of various modes associated with ON
timings of the 7~ight source _ The mode setting portion 42 is Connected to
the control c~.rGUit 36. The mode setting porta~on 42 is a mode switch
comprised of a dip s~witah, a toggle switch, a di,a~., or the like.
Alternatively) the mode setting portion 42 may be adapted to perform
switcb~ing among the wades by software. Since the other elements of the
displax of this embodiment are identical to those of the first embod~.ment,
the same or corresponding parts are referenced to by the same references,
and as such, de~9cription will be omitted. ~,'he u$er who is to use the
display so Constituted, first, enters a mode associated With desired ON
timing with the mode setting portion 42 . The modes Capable of being
entered with the mode setting portion 42 may include "sold district mode" (
'standard mode" , etc. Since the response of tk~,e liquid Crystal generally
becomes slower asp temperature decreases as mentioned previously, in the
'cold d~.striGt mode" ( the ON and OFF timings of the light source ace
delayed with respect to those of the "standard mode" . Instead o~ the modes
according to temperatures, there may be provided modes according   34 



to conditions includi.ngmoisture, ambient brightness , a~.x-pressure,
wreather, earth magnetism) etc. ~teCeiv3.ng the entered mode, the mode
setting portion 42 outputs a signal indicative of the received mode to the
control circuit 36. Receiving the signal from the mode setting portion 42,
the control circuit 36 selects one timing information among the plural
pieces of timing information stored in the ROM 43 in accordance with the
received s~.gnal. To reah.xe ON tiraing indicated by the selected timing
information, the control circuit 36 outputs a control signal to the
backlight control circuit 37 . As a resu~.t ) the light5.ng source is
turned ON/OFF according to the mode set by the user. While in this
embodiment one mode is se~.ected among the plura~.~.ty of models, desired
condition may be selected within a range of continuous numeric values .
Besides , the ROM 43 may be a writabie memory such as EEFROM, snd thereby,
the tjming information may be suitab~.y changed, added, or otherwise erased
by opea~ation of the user. 7.'his makes it possible for the user to create
desired modes. (8~tbod~,ment 4 ) In first to third embodiments, tk~e fi$ld
sequential color liquid crystal displays have been e~ap~.oyed as the
displays . On the other hand, a fourth embodiment illustrates a display
according to so-called blinking backlight method, which is adapted to
perform ~i.splay by blinking a single light source. Tk~e liquid crystal
display panel included in the d~.spl.ay of this embodiment ~xas color
filters of red, green and blue, differently from the field sequential
colormethod. Also, the backlight included in the display of this embodiment
includes a l~.ght source for emitting White light. The light Source may be
LEDs as in the case of the first embodiment, or may be) of course, any
other light sources including   35 fluorescent lamp) cold cathode lamp, and
incandescent lamp. A7.so. the light sources for emitting lights having
different prisms, which are employed in the field sequential color method,
may be turned ON/OFF simultanera'usiy rather than sequentially turxted 0~1
by t~.me division so as to look like as if they were operating as a
single-color light source. The 3.~.ght e~mi.tted by the light source need
not be white but may be red, blue, green, y$liow arid the like. In the
display so constituted, the backlight is controlled so that white light is
dN during a o~rtain period and OFF during tk~e xemai.ning period irr one
frame period. Such blinking of the light source within one frame period can
reduce blur in a moving 3.mage in contrast with the case where the light
source is continuously ON ( a . g . , $ee ' Yasuichiro Zcurita, et . al . 4
. Trial to rmprove image Quality of LCD by Intermittent Display" Shingaku
Gihou Technical Report of ZHICR ., EID 2000 -47, pp. 13 -18 (2000 - 09)".
Since the o'~her elements of the display of this embodiment are a.de~ntical
to those of the first embodiment ( description thEreof x9~ omitted_
Subsequently, operation of the display of this embodiment will be
described. Figs . 12A - 12C are timing charts showing an example of display
operation of the display of the fourth embodiment. Fig. 12A shows t~.mings
at which scan signals are output to gate lines in a liquid cz-~rstai
d~..~piap panel. Fig. 12H shows change in transmittance in pixels an
x~espeCtxve rows included in the liquid crystal display panel . Fig . 12C
shows change a.n QN luminance of the light source . Here, one frame period
is composed of write period Ta, hold period Tb, and erase period Tc. These
Figures illustrate that the liquid cry$tai display panel has N-row pixels
and N-row gate lines corresponding to these pixels.   



3~ As shown in Fig. 1~A, i.~n the write period Ta, the scan signals are
sequent~.ally output to the gate lines on 1st to N-th row. According to
timings of the output operat~.on, the video signals are sequentially
written onto the pixels on 1st to N-th row_ Subsequently, in the hold
period Tb, the scan signals are not outp~xt. and therefore, the video
signa~.s written in the write period '~a are held in the respective pixels.
Then, in the erase per~.od Tc, 3n the same manner as the write period Ta,
the scan signals are sequentially output to the gate lines on 1st to N~th
vows) and reset signals for resetting the video signals wx~.tten in the
incite period Ta, are sequentially written onto the p~e7.s on 1st to N-th
rows. Fig. 12B illustrate that the transmittance of the liqu~.d crystal
display panel is set to 0) as irr the case of Fang. 4B. As shown in Fig.
1.2C, the baoki~.ght is controlled so that the light source of the
baCklS.ght is turned ON in the cour8e of rising of the transmittanae in
pixel on N/2-th row and turned OFf in the course of failing of the
transmittance . This makes aLt pc~s~sibi$ to Suppress the luminance
gradient and chromes gradient in the display region, as in the case of the
first eu~bodjmen~t. SpeCifica.lly, the light source is turned ON before the
completion of the rising of the transmittanee and turned OFF after the
start of thp falling o the transrnittance. As ~.n tk~e case of tha field
sequential color method of the first embodiment , ~Lt ~.s desirabie~ to
satisfp the secondary conditions described in the first embodiment: [3] The
light source is turned ON after the start of rising of the transmittance of
the liquid crystal display pariei in the pixel on 1st raw. 4 ] The light
souz~e ~.s tuxned OFF before completion of falling   of the
transm.i,tt2irxce of the liquid crystal display panel j,n the pixel on N-th
row. It should be remembered that the main purpose of the field sequ$nti.al
color method is to suppress mixed color but the main pu.rpase of this
embodiment is to prevent image retention or bl.ux ~.z~ tk~e mov~.~ng i
merge due to thd event that an image to be displayed in a frame residues
~-n a subsequent frame _ The desired condition fur preventing the luminance
gradient from being xecvgr~zed by the viewers is gi~ren by the formula ( 7
) , as 111 the va$e of the first embodiment . Also, when Twrite ~ Tlc is
satisfied, the r~ot~.ceabie effescts 



of suppressing the luminance gradient is attained as ~.n the case of the
first embodiment. In addition, the light source may be adapted to emit
light as shown in Fig. $B err $C, as s.n the case of the first embodiment.
Further, the display of this embodiment may include the ternper~ture sensor
similarly to the second embodiment, for switching ON tjm:i.ng of the light
source according to measurements obtained by the temperature sensor. This
enables tk~e light source to be turned ON at appropriate timings according
to temperatures in the environment where the display is used. Moreover, as
in the case of the third embodiment, the desired ON timings can be set by
the user. (An4ther 8mbo81ment) The displays of the above-described
embodiments may be used as dispa.~y~ 4f v81i0us type8 Of d9Vr~.C~S St7~Gh
8$ mOri1t01C$ for pHrSanal computers,television receivers,micro
displays,headmount displays. and projectors. In particular, because the
displays of the present invention are capable of satisfactory display eaten
in low-temperature   38 environment, they are Su~.table as displays of
Cellular telephones and portable terminal such as PDA (Personal Digital
Assistant) which are often used is low-temperature environment. 



Figs. 13A, 13B are views showing appearance of devices including the
displays of the present invent~.on. Fig_ 13A shows a cellular telephone and
Fig. 13H shows a portable terminal. Here, reference numeral 1.6 denotes
display portions of these deviGas. The display portions 16 are comprised of
the displays of the above embodiments. Here) the cellular telephone or the
portable terminal respectively output a video signal to the corresponding
display portion I 6 . Reae~.v~.ng the video signal as ~.nput , the display
portion 16 operates lnka the displays of the above exnbod~.ments . This
allows unifozm luminance and chrome to be kept in the plane of the display
region. hs should ba understood, the displays of the pr$se~nt invention and
tk~e cellular telephone and the portable terminal 3.nGiuding the di.spiays
era capable of suppressing the luminance gradient and ehroma gradient and
displaying satisfactory image_ While in the displays accord~.ng to the
field sequential color method of the present invention, the sub-frame
periods are provided in the order of red, green, and blue) the order is not
intended to be i~.mj.ted to this. Alternatively) the sub-frame periods may
be a.n any otri,ar orders of red, blue, and green) g~Cean, blue, and red)
etc. Further. a pitarality of sub-frame periods may be prov~.ded for one
color) e.g., red) green, blue, and green. Also, there may be provided
sub-frame periods in which a plurality of light sources axe adapted to be
ON. Hy War of example, tkxera may be provided sub-frame periods in which
light sources of red. green and blue may be adapted to emit light
simultaneously   39 for white display. Zn actuality, for the purpose of
preventing color break~.ng, or the like) such drive is sometimes carried
out. (see e.g., Publication of Unexamined Patent Application No. Meat. 8
101672 or T1.S_ Patent No. 5) S28, 362). ViThilW tn the present imcr$ntion,
the ON. timings of the light sources max be determined based on the
trarrsmi.ttance ~.n the pixel on N/2-th row, as indicated by the conditions
I1], [2], but the same effects can be p~eov~.ded even in the case of pixel
on row in the v~.cinity of N/2~th row instead of the pixel on N-th row. The
'pixel on 1st row" in the Condition (3) may be replaced by 'pixel on roar
in the vicinity of 1st row' and "pixel on N-th row" in the condition ( 4 )
may' be replaced by 'pixel on row in the vicinity o N-th row' , which
results in the same effects provided by the present invantion_ While in the
field sequential Colon displays, just after the reset signals are wr~.tten
onto the pz5eeis on N-th row in a sub-frame period, the ~rideo signals are
written onto the pixels on lst row in a subsequent frame period as shown in
Figs. 4A -4C, the writing operation is not limited to this. As an
alternative, after an elapse of a certain time after writing of the reset
signals onto the pixels on N-th row, the video signals may be written onto
the pixels on lst row. As as additional alternative, the video signals may
be written onto the pixels on 1st row before writing of the reset signals
onto the pixels on N-th row. In this Case, the erase period, Tc in a
sub-frame period sometimes over~.aps~ with the write period Ta, a
subsequent sub-frame period. While in the present invention, the gate
driver 34 is adapted to seduentially output the scan signals to the gate
lines 31 an 1st to N-th row as shown in Fig. 4A, it may be adapted to
outp~xt the scan signals in the reversed order (from N-th to lst). Some   



40 liquid crystal display panel has gate l3~nas~ and source lines arranged
in the opposite direction of the panel of the present invention, namely,
N-Column gate l~.nas. In that case, also, the scan sig~na~.s may be output
to the gate ~.~.nes in either order. Further, the present ~Lnvention is
applicable tv sa-called intarlac3.r~g. Also, the displays of the present
invent~.ou are net intended to be limited to the active matrix type
displays. for~exampie, scanning may be performed with a CMOS-type circuit
configuration of Fig . 7 disclosed in Publication of Unexamined Patent
App.LiCB~tion. No. Hei. 11 - 38386 , or otheziaa.se the displays may be of
simple matrix type or Mlki (Metal Ynsulatar Metal) type. Furthez~, the
la.qu~.d crystal display panel map be of transparent type or reflective
type. Zn Case of the reflective type, the above-described embodiments are
~.mp7.emented by using reflectance instead of the transmittance.
Furthermore ) the display method of gray scales may be analog method
adapted to control grax scales at voltage level of the ~rideo s~.gnaJ.s ox
digital method disclosed in riublication of Une~camined patent ApplyCation
No. Hei. 11 - 3$396. Moreover, the liquid crystal mode is not limited to
OCB . The various types Of liquid crystals may be employed, including TN (
Twisted Nematic ) liquid cry5~ te.l , STN ( Super Ttnristed NematiC )
liquid Crystal , ECB ( E~.ectx~.c Field Control 83refringence ) liquid
Crystal, includinghomogeneous alignment liquid crystal) bent
i~.quidorystal, IPS (IN-Plane-Switching) liquid crystal, GH (Quest Host)
liquid crystal, polymer dispersion type liquid crystal, discotheque h.quid
Crystal, ASV liquid Crystal, MVA (MpLTI DQMAIN VA) liquid crystal, etC. The
liquid crystal having spontaneous polarization, such as ferroelectric
liquid crystal or anti-ferroelectric liquid crystal could be used but these
liquid crystals are not suitable   41 for use in the portable textninal ar
he like, because of its less resistivity to shock. Indeed, it ~.s true that
the ferroelectxio lit~id crystal or the anti~ferroelectria i~.qu3.d crystal
is generally quick is response and its response t~.,me Tlo ~.s Gammonly not
larger than 100;i sec, but the present invention provide noticeable effects
of suppressing the luminance gradient and the chrome gradient when the
response time Tlc is larger than the write period Twrite, as mentioned
previously. So, desired effects are diff3ault) to obtain with the use of
these liquid crystals because of extreme quickness. Meanwhile, extremely
slow response of the 7.i.quid crystal is unwanted. Neverthe~lass, it is
certain that more satisfactazy image is attained with the use of such slow
liquid crystal in the p~eesent invention in contrast with the Ganventional
display . This is caused by the fact that thez~e iss sometimes upper limit
of the response time Tlc fo.r obtaining satisfactory image. With the use of
the TN liquid crystal, oar the STN liquid crystal, it sometimes happens
that the effects of the present imcrention cannot be effectively obtained,
because of their slowness. in view of the foregoing, in conclusion, it is
prefe~cabie that the OCB liquid crystal which is relatively slower in
response than the ferroelectric liquid crystal but relatively quicker in
re~spc~rrae than the TN liquid crystal, is used, because the most
noticeable effectss of the present invention is achieved. The light
modulation medium is Trot limited to the liquid crystal . For instance,
electro-optics crystal such as BSO (bismuth silicon oxide) rnay be used as
the light modulation medium. Any light modulation medium may be used
provided that its optical characteristic (e. g_, transmittance)
reflectance, diffraction efficiency, light absorptance) pr~.sms of
transmitted light or 



42 reflected ~.igk~t, defiect~-on angle, degree of polarization ) , varies
according to an electric signa.i_ Nevertheless, the liquid a~stal is
preferable because it is the least e~er~sives and superior in productivit~r
_ Numerous modifications and alternative embodiments o the invention Will.
be apparent to those skilled in the art in the light of the foregoing
description. Aaoordingly, the description is to be construed as
illustrative only) and is provided for the purpose of teaching those
sk3.hed 1.I1 the art the best mode of carrying out the invention. Th$
details of the structur~a and/or function rnay be varied substantially
without departing from the spa.rit of the invention.   43 CLAIMS 1. A
display comprising: a light modulation element including light mcdulatian
med3t~m zn~Gerposed between apair of opposed substrates andhav~.~zg a
p.lural~,ty of pixels for displaying an image: an illuminating device
having a light source; a drive portion for driving the light modulation
medium by sec,~uentially repeating writing and erasing of video signals for
each pixel group to thereby change transmittanoe of light em9.tt$d from the
light source in the light modulation element; and an 2~.J.umiz~ating device
control portion for controlling the 



illum~.z~ati za.g device to cause the light source to be turned ON ~.n the
course of rising of transmittance ~.n a p5.xe1 included in a pixel group
onto which the videp signals are being written at substao,tially
intermediate time in a w~ea.te pez~iod during which the video signals ar'~
written and the la.ght source to be turned OFF in the course of fa~.la.ng o
the transmittancE in the pixel. 2. The display according to Claim 1,
wherein the illuminating device control portion is adapted to control the
illuminating da~riCe to cause the light source to be turned ON in the
course of ra.sing of transmittance in a pixel included 3n a pix$1 group
onto which the video signals are being~arritten substantially at start
point of the rancite period arid the lzght source to be turned OFF in the
course of fal,l~.ng of transmittance in a pixel included in a pn~cai group
onto which the video signals are being written substantial.~.y at
completion point of the writo period. 3 . The display aooord~.ng to Claim
1, wherein when point at which the light source is turned ON is represented
by Tl , transmittance   44 in display region onto which they video signals
are being written at the point T1 ~.s represented by M1, point at which the
light sourc$ is turned OFF is rep~eesented by T2, transmittance in display
region onto which the video signals are being written at point T2 is
represented by M2 , a maximum value of the transmittance in the display
region of the light modulation element in a period during which the light
source is ON is represented by M0, and the write period is represented by
Twrite, the illuminating device control portion adapted to control the
illuminating device so as to satisfy a formula given by
[DMZ-Ml~Twrite]/[MO(TZ-TX)]4.92. ~4 . The display according to Claim 3 ,
wherein when response tlnne of the liquid crystal is represented by'~lc,
the ~.l~.uminating device control portion is adapted to control the
311umir~atj.,ng dev~tce so as to satisfy Tlc ~ Twrite. 5 . The display
according to Claim 1 ( wherein one of the pair o~ substratES is an array
substrate having a plurahLty of gate lines and source lines arranged sa as
tv cross each other: peel electrod$s re~sspeGtively provided as
corresponding to po9.nts at rwhich the p7~uzalit~r of gate lines and the
plural~.ty of source lines cross each othe~e: a pluralitX of sw~.tch~l.z~g
devices respectively provided as corresponding to the pixel electrodes) for
5~witching between a conductive state and a non-conductive state between
the pixel electrodes and the source lines in accordance with a drive signal
supplied through the gate lines, and the other of the pa~.r of substrates
is szx opposing substrate having a counter eJ.ectrode disposed opposite to
the array substrate . 6. The display according to Claim 1, further
comprising:   45 



a temperature sensor for measuring temperature of a vicinity of the light
modulation element, wherein the illuminating device control portion is
adapted to control the ihumiz~at3.ng dev'~.Ge to cause the light source to
be turned ON/OFF according to measurement obtained by the temperature
sensor. 7. The display aCCO~cding to Claim 1, further Comprising a
reaei~sr3.ng portion fa~c receiving an input for setting of ON timing of
the light source, wherein the illuminatiang dev~.ce control portion is
adapted to control the illuminating device to cause the light source to ba
turned ON/OFF according to the setting indicated by the input received by
the receiving portion. 8 . The display according to Claim 1, wherein the
light modulation medium 18 liquid Crystal. 9. The display according to
Claim 8) wherein the liquid crystal is OCH-mode liquid crystal. 10. The
display according to Claim 1, wherein the light source is light-emitting
diode. 11. The display according to Claim 1, wherein the light source is
electrolumineseence light-emitting element. 12. The display accord,i.ug to
Claim ~.. wherein the illuminating device has a light source for emitting
lights of different prisms, one frame period of the video s ignals is
composed of a plurality of sub-frame periods , and the illuminating device
cont~eol portion is adapted to control   46 the illumins.t~.ng device to
cause the light source for emitting lifht of a specifi$d pr~.sm in the
course of rising of transm~.ttance~ i.n the pixel included in the pixel
group onto which the video signals are being written at substantially
intermediate time ~.n the write period and the ,light source to be turned
OFF in the course of failing of the transmittanca in the pixel in each
sub-frame period. 13. The display according to Claim 1, wherein one of the
pair 



of Substrates has color filters of red) blue, and green, and the
illuminating device control portion is adapted to control the illuminating
device to cause the l~lgk~t source to be tt':rned ON in the course of
rising of the transmittance in the p~xel.included in the pixel group onto
which the video sigxaa7.s axe being written at substantially interntediate
time in the write pera.od and the ligYxt source to be turned OFF in the
course of falling of the transmittance in the pixel in each frame period of
the video signals. 14. A cellular telephone comprising: the d~.sglax
according to Claim 1, the cellular telephone being adapted to output video
signals to the dispis~r. 1.5. A portable termina3. comprising: the display
accordiuxg tv Glaim 1, the pox-table texm~.~.l. bej.ng adapted to output
video signals to the display. .AS?.An3,.A3.A ?.A.AF.A ?.An.A3,.AR.AFnE
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