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S04P0096 DESCRI PTI ON DI SPLAY DEVI CE, DI SPLAY METHOD
LI QUI D CRYSTAL DRIVING CIRCU T, AND LI QU D CRYSTAL
DRI VI NG METHOD 5 Technical Field The present invention
relates to display devices, display nethods, |iquid
crystal driving circuits, and liquid crystal driving
nmet hods, and in particular to a display device,

di splay nmethod, liquid crystal driving circuit, and 10
liquid crystal driving methqd _suitable for use in

di splaying information by using cholesteric |iquikf,ppgee
crystal, and to a programand a recordi ng nedi um
Background Art 15 In |I%ﬁ d cr stal di spl ay devi ces,
for exanple, sinple Wmnsted Nenat i c)

Diéﬁﬂ%ﬁjﬂﬂﬁ%% ?LB?QQ%rlx (Th §ﬂ&§t§gY$?an3|%ﬁ%#*§””d
C_Jcrkéi}ﬁzd QS t2bugdeMd A‘-( N?dﬁ]lvﬂﬁ Metgby liquid

crystal, etc., are use n the sinple matrix
system X-el ectrodes and Y- el ectrodes are arranged in
grid form and liquid crystal at the intersections is

Taltlinderm lbyisndt chi ng on and of f these electrodes with
appropriate timng. Liquid crystal display devices
usi Ahet heesemp| isrvattrion spdteas havelissimt devdnber 25
of electrodes and can be easily produced. Accordin

’ Ly,
digiRdpy2 melhadepobl Tutkd qredd-adx FEAYIDE @Wlﬁrsod@é{ds%iqﬂd

using th ctive matrix
crysta dr?v?ng methods, and in particular to a display

device, display method, liguid crystal driving circuit, and
liquid crystal driving method suitable for use in displaying
information by using cholesteric liquid crystal, and to a

program and a recording medium.

Background Art

In liquid crystal display devices, for example, simple
matrix TN (Twisted Nematic} liquid crystal and STN (Super
Twisted Nematic) liguid crystal, active matrix TFT (Thin
Film Transistor) liquid crystal and MIM (Metal In Metal)
liquid crystal, etc., are used.

In the simple matrix system, X-electrodes and Y-
electrodes are arranged in grid form, and liquid crystal at
the intersections is driven by switching on and off these
electrodes with appropriate timing. Liguid crystal display
devices using the simple matrix system have a small number

of electrodes and can be easily produced. Accordingly, they
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system In the sinple matrix system since el ectrodes
of liquid crystal cells form ng pixels are not
i ndependent, a voltage interferes with surroundi ng
cells, sothat it is 5 difficult.to clearly display
the pixels point by point. In addition, in the active
matrix system unlike the sinple matrix system each
pi xel. is switched on and off (by respectively adding
active elenents to pixels fgr _driving liquid crystal)
for display. The active matrix systemis 10 superi@koosge
in performance to the sinple matrix systemin terns
of a greater response gpeed, | ess resjdual jnage, |
X SXRRPFEVHT CRARP T RIS SHYRR T L t _C e A
= | S 1 ORer e LNese. dl splak,devices uplng ddquid
rystal,”in order o maintarn dispray of Tnformati on,
Lidui® RYEERSALYI IO APng 12.R140 Légﬁo%girg{%u%ﬂéﬁwtq a

crystal . en a voltage 1Is applied to t

- vérnsyealint ek rarps edetierdlARfingehy0le1 8= | €5b dudle iicmage

phenonmenon cal |l ed "sticking" occurs. To prevent

_distfiickilng fof oLeexbypdesplaf theepiRYEE ShOnt eshneliogy | On

whi ch voltages applied to pixel electrodes are

~ addivgonediat tRE prietet eratimied systenyals] ilor ttHee dimbée

i's used. Wien a _polarity inversion technoI%%y, such
madie SHECPRvetdFHR1NY ignsréveledt pe apIfiudeYof a
vol t age ?ﬁpligd to sig$al lines needs to be douhl e
TEREC TN KRNI Aol IGRETFAgEC Y i TRyl riveng
iy C tude of the I tage applied 25 to the
L By PR e e on i PEPEY R 8y, 18,
sRR4R0096n BlfformsndSqd the simple matrix system in terms

of a greater response speed, less residual image, broader
angle of view, etc. However, its production cost is higher.
In these display devices using ligquid crystal, in order
to maintain display of information, it is necessary to apply
a voltage to the liquid crystal. When a voltage is applied
to the liquid crystal for a predetermined period, a residual
image phenomenon called "sticking" occurs. To prevent
sticking, for example, a frame inversion technology in which

voltages applied to pixel electrodes are inverted at

predetermined intervals, or the like, is used. When a

polarity inversion technology, such as frame inversion, is
employed, the amplitude of a voitage applied to signal lines
needs to be double that in the case of'polar driving.
Accordingly, to reduce the amplitude of the voltage applied

to the signal lines by half, a commen inversion technology,
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Unl i ke the above-described liquid crystal display
devices, in liquid crystal display devices using
chol esteric liquid crystal, an applied voltage causes
a change of state 5 (planar and focal conic states),
and this is used to display information. Furthernore,
previously displayed information can be held w thout
suppl yi ng .power (e.g., "Ekisho Debaisu Handobukku
(Liquid Crystal Device Handhook)" issued on Septenber
29, 1989, by N kkan Kogyo Shinmbun, Ltd., pp. 352- ;1055596
355). Cholesteric liquid crystal selectlvely reflects
| ight, having a wavel ength corresponding to the
et fi ckife G a Iqu|d crystal helical layer when in

I t S ll%ﬂ%r tﬁé aé]go cgeSCfébgdrTESE{ut : ang)é@cr elntdlc?p ayit he

oCal conic s usi ng
.t I I
i SR AT

1ol estEiditall, i gHi }ﬁIJyéd a}ol&&@%l chusedNd Ehdhge IS sRate
view illustrating the configuration of two groups of

(gl seirr @eabels foral heonhol| esiterd) bnquidisr ystwdedparreldispQay
1. On a glass substrate 11-1, transparent colum

infeuatddes ( FEO-heénbem Frevivugéy d2spiayetposidmation
(or sputtered) in the formof stripes, and, on a

c3ft ks hedBs i sheut 19uBp L ingh deresnt er 6w of Beishridebaisu
AR LR B0 15 20 0 IR Lo (0
s%é?ﬁ@ﬁﬁﬁz@f 1809185 SrSHRS! WALSS Shiddd Ai2 Y. 352-
355)

Cholesteric liquid crystal selectively reflects light
having a wavelength corresponding to the thickness of a
ligquid crystal helical layer when in its planar state, and
is almost transparent when in its focal conic state.

By using Figs. 1 and 2, the configuration of a

cholesteric liquid crystal panel 1 is described. Fig. 1 is

a sectional view of the cholesteric liquid crystal panel 1,
and Fig. 2 1is a view illustrating the configuration of two
groups ©of electrodes in the cholesteric liquid crystal panel
1.

On a glass substrate 11-1, transparent column
electrodes (ITO: Indium Tin Oxide) 12 are deposited {or
sputtered) in the form of stripes, and, on a glass substrate
11-2, transparent row electrodes (ITO: Indium Tin Oxide) 15

are deposited (or sputtered) in the form of stripes. On
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transparent columm el ectrodes 12 and the transparent
row electrodes 15 are deposited, polyimde |ayers
13-1 and 13-2 each having a thickness of
approxi mately several mcroneters 5 are forned,
respectively. The glass substrates 11-1 and 11-2,
which are provided wth the el ectrodes, as described
above, are bonded to each other, having a gap
thi ckness of several nmicrongters (e.g., approximtely
5mM, with a gap material or the like so that 10 Eggpoo96
stripes of the transparent colum el ectrodes 12 an
the stripes of _the transparent row el ectrodes 15
segriRces, it thet I1B8T S Ripose S8ach -dt ABR. 1 Yhpihich the
t§§t“€§Q3Eh% hggs 1SUQ§H{at 11a1 %nd 11-2 iS'@ Il ed
Wt ol estarte |%fﬁtro° ecsrﬁ%tgln b)'? ﬁsFﬁ%I}SIfao]?en row
XA c Y 5 r
eflqU|éﬁﬁiggtgFg}?%%#%%F?%Wg%ﬁﬁégidéo%3?%%50 %f%sI%%ﬁg 2
eddHIHA, iy 8t @hi PRACEs lor RYIHORIAE teh Y 8EvSHd OB Mometers
provi sion of polarizers onthe glass substrates,
a®d CEormasl, | Bekpecchselwf conmonly used TN liquid
crystal or the like, are not required. 20 Chol esteric
| i qOhe glyss adubbmsragpeecilal-1hehiical -2 stwhicthurereagravided
mol ecul ar structure. The state of the cholesteric
Wit hhe elpstardies. rampafsibede abpEe hed¥e dtondad et greh
S chan%Qd by the val ue of a bipol ar_pul se voltage
o5 EFVEBIt %eg%mows@%ﬁsc% O FFYSERY SPEFLONEL SLFOUE - B -
Fig. .25 3, cholesteric liquid crystal has.t stable, .
i faciry B i GoBHbCBAFELEL & s ARy chat

tﬁgfgﬂ%ipgésgg Qﬂet€§%ﬁ§ﬂéﬁ%d%fc%@umn electrodes 12 and the

stripes of the transparent row electrodes 15 cross and that

both oppose each other. The gap between the glass

substrates 11-1 and 11-2 ig filled with cholesteric liquid
crystal by using, for example, vacuum filing, whereby a
cholesteric liquid crystal film 14 is formed.

For the cholesteric liguid crystal panel 1, polyimide
layer alignment, provision of polarizers on the glass
substrates, etc., as 1n the case of commonly used TN liquid
crystal or the like, are not required.

Cholesteric liquid crystal has special helical
structure as a molecular structure. The state of the
cholesteric liquid crystal is changed since the helical
structure is changed by the value of a bipolar pulse voltage
applied to the cholesteric ligquid crystal. As shown in Fig.

3, cholesteric liquid crystal has two stable states, a focal
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appl i-ed bi pol ar pul se voltage. The planar state is a
state in which a specified wavel ength band of |ight
is coherently scattered, and the focal conic state is
a state in which 5 1light is transmtted in a w de
band: Accordingly, the cholesteric liquid crystal
panel 1 can display information by using a first

- color determ ned based on a wavel ength band reflected
in the planar state and a_ second col or in which, when
the cholesteric liquid crystal 10 panel 1 is S04T0096
transparent in the focal conic state, the second
color is transmtted by the liquid crystal to be

CoRiG Ht@te pRdoRhBIADRF dEtatish HREeEhePresRRrTRIUS qifi ¢

tal . | 1 f le, b tti t he ,
IS CAPRoFT BUFHER CFRTSS 1 o THY, PRORRT Yo aYq e 3 SRS
. of .a i_fi | i I ;
18 P SOLEL BT BN RO A balod 52 L0 A0 Horihlitn
sCd @l | avar &4 socdhadordine laaek 1604 0ktads in which

transmtted to be visible in the focal conic state,
1wer ey cranehobeedi Splaywiefe hadspeci fi ed wavel ength

color and black color can be perforned. 20 As shown

I n Begor8inthe, vdid ageleatteeiVpsioghid heryduajopanepull Sean

vol tage required for changing the state of the
diggidiags LAt pEMRE §OR doX ryssingl &t dirRée pPapmrdsienmires based

approxi mat el y doubl e the vol tage value Vfs of the
OrbiapdﬂaéfﬁleﬁaFﬁebWt%@w@& A8d ther PEMRAgi Tig t e @

foc conic.state.. 25 After th hol esterjc l.iquid
st FIPE° L8 M er natersGsonse TP bent € bt Livecar
p&dgi Bl@gaEr§£§§§r§Wtaﬂphﬁkao@a9y98£§é state, the second

color is transmitted by the liquid crystal to be visible.

In other words, in the cholesteric liquid crystal panel 1,

for example, by setting the cholesteric ligquid crystal té
diffusely reflect light of a specified wavelength band in
the planar state, and blackening a portion under the
cholesteric liquid crystal layer 14 so that the black color
is transmitted to be wvisible in the focal conic state, |
whereby monotone display of the specified wavelength color
and black color can be performed. |

As shown in Fig. 3, the voltage value Vps of the
bipolar pulse voltage required for changing the state of the
cholesteric liquid crystal to the planar state is
approximately double the voltage value Vfs of the bipolar
pulse voltage required for changing to the focal conic state.

After the cholesteric liquid crystal is set to the
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pul se voltage to predeterm ned pi xel el ectrodes, the

set state can be held if no voltage is applied. Wen
the bipolar pulse voltage is applied again, its

vol tage value 5 can change the state of the

chol esteric liquid crystal, if necessary. In other
words, the cholesteric liquid crystal panel 1 using

chol esteric liquid crystal can maintain information

di spl ayed by applying the bipqlar pulse voltage

wi t hout bei ng subsequently supplled with power. 1 04P0096
Fig. 4 shows an exanple of a driving voltage waverorm

ied to the pixel electrodes when display of
f‘b$%dé3c°é]|lr‘h RERTHI Rl khe rPJtEHE’Irc I"r"&la€§t BYi %PPITGUI%I acrki?ﬁoélar

I h Wh
oPE0Plostals EhoPiEtes Maticd hle Loshlcome sletay
I I t
OSSR 10115, e e

b pWIes, vbicide P a1 iest %ﬁﬂ.nt het bi Rol BHgdd U388
of voltage Vfs are applied to t predet erm ned pi xe

cal ettangdeshet beatocaf tdonichcikateris lbgiidaimedaq, if

change the displayed color fromthe first color 20 to

nedesssevondIzopoher Iwotdwe diiel ebbéestetiqul diweird/stradstal
panel 1, after the displayed infornmation is

Patr@i'pér é‘ﬁFP? rhebestegic digidde crystirh Q’%tmatlﬁktaé@tl re
ﬁ surface is set to_the planar, state
MGt RSB POt A ARy 188 TBP t AtRe VA L@ﬂ\??p vegtage
ntL p el erm ned |nf natlon IS
%a%egﬁg Q@% %@%%gligﬁh ?ﬁa? Yﬁ ftate is changed
tO FEE.IQC§HOW§”Ed3e%%%b@eb¥f a driving voltage waveform
applied to the pixel electrodes when display of
predetermined pixels in the cholesteric liquid crystal panel
1 is changed. When, in the focal conic state, the bipolar

pulses of voltage Vps are applied to the predetermined pixel

‘electrodes, the planar state is activated to change the

displayed color to the first color. When, in the planar

- state, the bipolar pulses of voltage Vs are applied to the

predetermined pixel electrodes, the focal conic state is
activated to change the displayed color from the first color
to the second color. |

In the cholesteric ligquid crystal panel 1, after the
displayed information is temporarily reset, for example,
such that the entire display surface is set to the planar
state by applying the bipolar pulses of voltage value Vsp to

the entire panel, predetermined information is displayed
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appl yi ng the bipolar pul ses of voltage value Vfs to

the pixel electrodes at necessary positions, and no
voltage is applied after that, whereby the displ ayed
information can be 5 held. Fig. 5 is a block diagram
showi ng an exanple of the configuration of a liquid
crystal driving circuit 21 of the related art for
driving the cholesteric liquid crystal panel 1. Here,
the cholesteric liquid crystal panel 1 is 10 described
assumng that it displays information of n x m S04P009E
pi xels. A colum driver 31 is supplied with a cloc&

~ (CLK), signal and a data (DATA) signal representin
S{elt Gt £

: g
f F5atBeldi HARERM on SPRefeRdE e<tRYST SHatGUPY
crystal _panel. 1.and i S nnected to- driving vqltage
=RPAAHY &P PoPO) T | BT e Ol tpPB St BV Ve WoltEge
c Lgnal) . YL Yo, of .
o e Tel 2t e AR ORER J1ohe. Tn® 00 Bease, 1o
app G a@k¥st Bhapanghe Aoy theP @88t 88k NEErokldHiRGy can be
which is described later by using Fig. 7. 20 A row
helrd.ver 32 is supplied the clock (CLK) signal and is
connected to driving voltage V1 and G\D which is
conFog. 5oi€ND ishggH iddeigtremt heowohynm drxdamgple3df the
applies a predeterm ned voltage to row (scanni ng)
cE 88esnxPitd MAulst ametelafAsputent CFowidl edt pédebe
5 igtthe chol esteric 25 Ii%uid crystal panel 1 with
r%;%&? 8rfhi hed tFhvhy Shf cholesBesbdpbbdstd faaEtrgeganet

]nla%%&e?ytﬂgiggoflékeggc ligquid crystal panel 1 is
described assuming that it displays information of n x m
pixels.

A column driver 31 is supplied with a clock (CLK)
signal and a data (DATA) signal representing information to
be displayed on the cholesteric liquid crystal panel 1 and
is connected to driving voltage V2 and GND (0 V). It
applies a predetermined voltage to column (signal)
electrodes Y1 to ¥n of the transparent column electrodes 12
in the cholesteric ligquid crxystal panel 1 with predetermined
timing, which is described later by using Fig. 7.

A row driver 32 is supplied the clock (CLK) signal and
is connected to driving voltage #vVl and GND which is common
to GND supplied to the column driver 31. It applies a
predetermined voltage to row (scanning) electrodes X1 to Xm
of the transparent row electrodes 15 in the cholesteric

liquid crystal panel 1 with predetermined timing, which is
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Here, driving voltage V1 and driving voltage V2 are
vol tage val ues satisfying V1+V2 > Vps. Next, a
speci fic exanple of the case of using two 5 colors
(two colors, that is, a specified wavel ength col or
and bl ack, and, when the specified wavel ength col or
is, for exanple, white, the pixels are displayed in
two colors, black and white) to display nine pixels
conposed of 3 x 3 pixels ig described. 10 For
exanpl e, a case in which, as shown in Fig. 6, nmon 0096
ni ne pi xels conposed of 3 x 3 pixels, six plxels ?%E
Y1), (XI Y2) (X2, Y2), (X2, Y3), (X3, Y2), and (X3,
d%%ﬁrl 1ﬁﬁe§p yéalm% %ck -and the ot her three

h fied I
D Bl R N P AT
I t h light h th
Speg{ haego Eﬁf@gﬂﬁd”%‘c | ght having the

mave | or 1's "co erently scattered by

t he N%&QI egt gﬁéglfiata;&n@.\ésb%l ch¥hbghe | S B HE two
pl anar state, and di splay of black is a state’in which

cdl®eK (twd diosplkayethad tiey, keigpgctiraramvdtetedytt elor
chol esteric 20 liquid crystal, which is in the foca
ambmiacit,abed, Fvhsn Thankb&idried wavalfeahal tsolshoviisng for
the operation of the colum driver 31 and the row
SHFNDAE, IPitE gthy sz,X%\ls tang g sphavedshowiwy adieors,
vol tage and tim ng polar pulses applied to

bjcﬁﬂ]%rﬁﬁldelwé‘éi:?bd%% %Sﬂloaww PRESL S| GRAP2SEHQ N & Xsi

iﬁbhe voltagg §nd timng of bipolar pulses 9
®d to row electrodes Yl to Y3 by the

rom@@&'gﬁgmﬁfé,fé”case in which, as shown in Fig. 6, among
nine pixels composed of 3 x 3 pixels, six pixels, (X1, Y1},
(X1, ¥2), (X2, ¥2), (X2, ¥3), (X3, ¥2}, and (X3, Y3), are
displayed in black and the other three pixels are displayed
in the specified wavelength color is described. Display of
the specified wavelength color is a state in which light
having the specified wavelength color is coherently
scattered by the cholesteric liquid crystal, which is in the

planar state, and display of black is a state in which block

is displayed after being transmitted by the cholesteric

liquid crystal, which is in the focal conic state.

Figs. 7 and 8 are timing charts showing the operation
of the column driver 31 and the row driver 32. Fig. 7 is a
timing chart showing the voltage and timing of bipolar
pulses applied to column electrodes X1 to X2 by the column

driver 31, and the voltage and timing of bipolar pulses
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allow ng the cholesteric liquid crystal panel 1 to

di splay information of nine pixels conposed of 3 x 3
pi xel s as shown in Fig. 6. Fig. 8 is a timng chart
illustrating bipolar 5 pulses which are applied to

i nter-pixel-electrode portions (electrode portions
serving as intersections of the transparent colum

el ectrodes 12 and the transparent row el ectrodes 15)
of nine pixels, conposed of ;3 _ x 3 pixels, (X1, Y1) to
(X3, Y3), having the applie3 vol t age descri bed by86% 0096
using Fig. 7. At first, to reset information presen Fy
hel d, as shown_ in Fig. 7, bipolar pulses having

aRRJ]iite?géo\/fogr BLapprodes 00 Fbl'dnRYeFBet FOUeE e ¢2y3for
d .hi ar pulses having .volta =V2_ar lied to
DL R, 6B S P R e R e SR oo A P I S By
. Fi - i pal ' + r nl i-ed .t.o :
idimdich! B8 2n Loee SXhpe ol i? 52 BHR0 o0 g
1P} S 6( X1ri¥1) gt Ps (XSG imidky clHEER, i $1N§€ratM itV ipoTRS:
the cholesteric liquid crystal |ayer 14 between the
puilsans pavieht acel appl e ddd déeeridiael- & heot rans pareions
row 20 el ectrodes 15 enters the planar state to
(lderede] poreitestsespey fisednhavekenytis [afghthe | n
ot her words, all the pixels (X1, Y1) to (X3, Y3)

| CRANEFREPTEhECk YRR ¢ aat nRsRsl dAgERACBhertTangRayang row

referred to as_entire planar resetting). After that,

eLectIReRA LA) FPh. Rie tHEslsw GPMReFed b5 seifedixedfe (X1,
r.ow el ectr anppl yi.ng _bi pol ar ses havin 0
Yo dsose: Salt A O o anneRar Py SRRy
uéﬂﬁ?%ﬁ@QG7Xl to row
At first, to reset information presently held, as shown
in Fig. 7, bipolar pulses having voltage V1 are applied to
column electrodes Y1 to ¥3, and bipolar pulses having

voltage -V2 are applied to row electrodes X1 to X3.

Accordingly, as shown in Fig. 8, bipolar pulses having V1+V2

-are applied to the inter-pixel-electrode portions

corresponding to pixels (X1, Y1) to (X3, ¥Y3). Here, since
V1+V2 > Vps, the cholesteric liquid crystal layer 14 between
the transparent column electrodes 12 and the transparent row

electrodes 15 enters the planar state to coherently reflect

- specified wavelength light. In other words, all the pixels

(X1, Y1) to (X3, ¥3) display the specified wavelength color

(this is referred to as entire planar resetting).
After that, as shown in Fig. 7, the row driver 32

selects one row electrode by applying bipolar pulses having
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el ectrodes X2 and X3. In addition, the colum driver

31 selectively applies inverse-characteristic bipolar

pul ses -V4 to colum electrodes Yl to Y3 in response

to the row 5 el ectrode selecting timng. Here, V3+V4 >

Vfs, where V1 > V3 and V2 > V4. As shown in Fig. 8, a

bi pol ar pul se voltage of V3+V4 > Vfs is applied to

the six pixels, (X1, Y1), (X1, Y2), (X2, Y2), (X2,

Y3), (X3, Y¥2), and (X3, Y3),,which correspond to 10

t he pixel electrodes to mhlc% the bipolar pul ses 800096

applied to the row and colum electrodes with th

same timng. Thus, the cholesteric liquid crystal
v Lirge 13 5& \ﬁéaﬁwﬁbab%mﬁﬁan dfromy gewr @él@%tr‘t’%% X1 to row

SRR AR A, POt AEERE
B gt 0 BSOS 105 e

&0 cﬂl)amn( éiecﬁ@%deé Xgl tYZ)Y3 Qﬁzregéamsé)@o t\f?e) ’rcﬁand
(X3, Y3) are displayed in black. I'n addition, V3+V4

ehaé\ﬁﬁgdea@;@lbéatiﬂgetj{rﬁiiﬁ’g? Vpferes %@+&@p£0‘ztf§.rpt»ﬂ{éé:e vVl >
doubl e the voltage value Vfs. Thus, V1+V2 > V3+V4
Vhalmds V2As #escri bed above, after tenporarily
performng entire planar resetting on the display on
t he2ehghestein Fi9 qui.d a bipsiar pahet ltnge ofeVBrHg >
the color of arbitrary pixels 25 fromthe specified

- ViviS éRgLhctolerted bhadkxslst olFati 80 - 81, SIPOCFS

Zﬁqn Qﬁ,d&§?[a¥§9, Y2), and (X3, ¥3), which correspond to
the pixel electrodes to which the bipolar pulses are applied

to the row and column electrodes with the same timing. Thus,

the cholesteric liquid crystal layer 14 between two groups

of electrodes, the transparent column electrodes 12 and the
transparent row electrodes 15, which are at the
corresponding pixel positions, enters the focal conic state
to become transparent. In other words, the six pixels, (%1,
Y1), (X1, ¥2), (X2, Y2), (X2, Y3), (X3, Y2), and (X3, Y3),
are displayed in black.

In addition, V3+V4 > Vfs, and voltage value Vps is
approximately double the voltage value VEfg. Thus, V1+V2 >
V3+V4 holds.

As described above, after temporarily performing entire
planar resetting on the display on the cholesteric liquid
crystal panel 1, by inverting the color of arbitrary pixels

from the specified wavelength color to black, information
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The driving voltage required for the colum driver 31
and row driver 32 in the liquid crystal driving
circuit 21 described by using Fig. 5 to drive the
chol esteric liquid 5 crystal panel 1 is the |owest
val ue of (V1+V2)/2 when V1 = V2. Thus, the breakdown
vol tages of the columm driver 31 and the row driver
32 nust be not less than (V1+V2)/2. Although bi pol ar
pul se vol tage Vps for chapgifg_the state to the
pl anar state and bipolar pul'se voltage Vfs for
changing the state to the focal conic state diffe
de endlng on |nter el ectrode gap thickness, for
c%&éﬁ%l BiR¥R% he gap thickness is 5 m it is
required_that pr.ox e V, and s =
appﬁ%X|%ﬁ ef§92gs%FaQEP5§ﬂ&ﬁﬁa %Xfot%%té%§§wn'9T¥V§r>3l
u W v, , h
A ort MS0 T B, DBl S OReRT B S S8R
dd¥erd@ser erQSﬁﬁgvﬁl ury ideg dtrll%*ef agk EH@ite{éy‘lQ,aqu-'ENd
~liquid crystal can %e driven with several volts,
clrdtedr pahel 1dibving Lhalestanue bEquird+eryst alhereed -
to have very high breakdown voltages. Accordingly, it
Vis v, dithei bubskdonralediges bhietBezeckhmth chsitveaf 31
driving circuits and battery. D sclosure of Invention
anphdher goWnArikeEnt? dttadehees hads Frawi 6 -0f2)9Gch
circunstances, and is_intended to realize | ow voltage
25 a}LFUW@h iR Pﬁl&ﬁeowp%ﬂ@e cHRF e abengigdi ghe
S 12 _.S04P009 [ deV| e of the se
Stlar%eact [ 8Hecglanar e R e (im% F’a? %e W eErV% 2or
cﬁﬁﬂ@iﬁbnghgogﬁéggsté(%HQ a1 conic state differ depending

on inter-electrode gap thickness, for example, when the gap

1QO4P0096

thickness is 5 um, it is required that Vps = approximately

40 V, and Vfs = approximately 20 V. Accordingly, to satisfy

V1+V2 > Vps, the column driver 31 and the row driver 32 each

require a breakdown voltage of approximately 20 V.

As described above, unlike the fact that ordinary TN

liquid crystal can be driven with several volts, drivers for

driving cholesteric liquid crystal need to have very high
breakdown voltages. Accordingly, it is very difficult to

reduce the size and cost of driving circuits and battery.

Disclosure of Invention
The present invention has been made in view of such
circumstances, and is intended to realize low voltage

driving circuits for driving cholesteric liquid crystal.
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el ectrodes and second el ectrodes, the state of
cholesteric |liquid crystal is changed to displ ay
information, a first 5 driving neans for applying a
voltage to the first electrodes, a second driving
means for applying a voltage to the second

el ectrodes, and a control neans for controlling the
operation of the first driving neans and the second
driving means, the voltage,yalue of a first reference
vol tage 10 supplied to the %lrst drivi ng neans, agg4P0096
the voltage value of a second reference voltage
supplied to the second driving neans. Wen the

contn*r SF SReaNsILEI & tHe o PESEBRE cINY R EP1 mmraﬁeﬁoa

I I I
ag %I‘%I)eﬁ%%?ﬁﬁhg b o R ARR g o 4RI CARE® i St
efgéqg ngeggé?ﬁg #g%téggéfl % 9E%¥én eWﬁﬁﬁ?steric

ies the fi ence VOI
1fchﬁﬁ r9des aandst @Eaﬁgf‘é‘cp% Ard \zuas}g 1H§§ﬂﬁa@ﬂ5ﬂ' &S dist
second reference voltage to t second el ectrodes,

dmaind e Meknks fbheapel age a/a;ldltt&g@f tbhehe ff118dt electrodes,
ref erence voltage and the second reference voltage so

a 2eddmat drieiohohesterier lappliydngr gstral taxdi o tthet kecond
pl anar state. The first driving neans nay be supplied

elgatrogenir and dr ¢y b glepage fﬁavpﬂgtmhbfnag@eval ue
different fromthat of the first reference voltage.

OPF& tdeB0RE HP?vfh@S%ia%@ﬂzﬂg P B e BAHN ceP GTch 1 ving |

d | 13 .S04P0096 |
me e o e e LA R e MR e r UGN e 29°

s%ﬁ?ﬁf@&etoagge f%%gEtJPEJEHa:%%ang?agﬁdsgﬂé'Jgﬁ%age value

esteric
of a second reference voltage supplied to the second driving

means. When the control means sets the cholesteric liquid
crystal to a planar state, the control means controls the
operation of the first driving means and the second driving
means so that the first driving means applies the first
reference voltage to the first electrodes and the second
driving means applies the second reference voltage to the
second electrodes, and controls the voltage values of the
first reference voltage and the second reference voltage so

that the cholesteric liguid crystal exhibits the planar

‘state.

The first driving means may be supplied with a first
driving voltage having a voltage value different from that
of the first reference voltage. The second driving means

may be supplied with a second driving veltage having a
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liquid crystal to a focal conic state, the contro
means nmay control the operation of the first driving
nmeans and the 5 second driving neans so that the first
driving neans applies the first driving voltage to
the first electrodes and the second driving neans
applies the second driving voltage to the second
el ectrodes. The display device may further conprise a
first 10 switching means for, selectively switching the
vol tage value of the first"reference voltage SUD§|£89096
to the driving neans between a first voltage val 8
and zero volts, and a second sw tching neans for
velHags iVedlg i EeReRy frren Vdlatagé GhFubliref tefersEcend

ref erence vol tage supplied_to the second 15 dr.iving.
V%%’b&%eﬁhﬁgs‘é%%g Rt geavsl ﬁ%tﬁn’gh%e‘?@]ﬁﬂtteg}c

: e.control ans sets,the_chol ester.ic
LG SREH L P T of il s SR e iR BT oo ey
OB AORKEOLpe FRE: SRS At RN ﬂfrskhar£b£§§ rﬁjée}ﬁ’é TR ARS
and the second driving neans so that the tirst
seélidnd g iveagsmeppd | o5 dike 206f ki skt r @F FeNe natdld agelies
to the first electrodes and the second driving neans
tlapdires tlhévsegondl teferenetevdlirageelect tdiesec@ndhe
el ectrodes, and may further control the first
seffinde Air Ay 1ng anea s (Aitid ese ¢brd sswpré hdngy insane 1$agehap
the voltage value of the first reference voltage
the,serred e6cEHeCIB first driving means is the first

I | d .the 14 S04P0096 |t I f
e TBRcatP 1t HRvis” vigh: SRBE AT TE 6 & i 8baond

s%%géﬁhﬂg HERNS %5&tJSié%%%@&iyVthégﬁiHE“éﬁ% voltage value

of the first reference voltage supplied to the driving means

between a first voltage value and zero voltg, and a second

switching means for selectively switching the voltage value
of the second reference voltage supplied to the second
driving means between a second voltage value and zero volts,
and, when the control means sets the cholesteric liquid
crystal to‘the planar state, the control means may control
the operation of the first driving means and the second
driving means so that the first driving means applies the
first reference voltage to the first electrodes and the
second driving means applies the second reference voltage to
the second electrodes, and may further control the first
switching means and the second switching means so that the
voltage value of the first reference voltage supplied to the

first driving means is the first voltage value and the
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The di spl ay neans nmay have the cholesteric |iquid
crystal, which has a plurality of portions reflecting
light 5 conponents having different wavel ength bands
in the planar state. A display nethod of the present
invention includes a first reference-voltage applying
step of applying a first reference voltage to the
first electrodes, a second 10 reference-voltage
appl yi ng step of applying_al%epond reference vol tage
to the second electrodes, a first- reference-voltggﬁ 0096
control step of controlling the voltage val ue of g
first reference voltage, a second-reference- voltage

Vebido|Vadiigp obf thenteetnd g fsengs| vadeaval seppfiachéo
15 second reference voltage, and a . display contro

SRS GRS SEAYPBF| FREES M diispIoayoBf PRLCA¥F oS on on
t he  di_spl evice. by applyi to the first . .
el ecT?‘Feo gggja%g aénssé%:/a n avél gg?r%%cés‘?s%e’fjicr SV ng

cMplAge AREHARSECONGL P MIdD oV gb&egsnm&ﬁl@aéﬂ}? Jight
f I e secon

romthe first reference voltage and 20 t

cofR1eeItee huoli hadei £ férdite wihvellkaytHephs@s anyl WisSpliavar

met hod of the present invention, the first reference
steglet.age is applied to the first electrodes, the

second reference voltage is applied to the second

el eét dpdebay ttrthasl tfgdheabuesett t hevdryigm 2Bcludes a

reference voltage is controlled, and _the voltage val ue
Ligist. rederspapondbtagheRdyeRg FEFRr @hcPRbringe ifdrst

controll ed, whereby the .cholesteric liquid crystal is
r%ﬁ%ﬁ%ﬁ&? F8153gent?rﬁ§eﬂ%hﬁ§t eiectrodes, a secggé
reference-voltage applying step of applying a second
reference voltage to the second electrodes, a first-
reference—voltage control step of controlling the voltage
value of the first reference voltage, a second-reference-
voltage control step of controlling the voltage value of the
second reference voltage, and a display control step of
controlling the display of the information on the display
device by applying, to the first electrodes and the second
electrodes, a first driving voltage and a second driving
voltage which differ from the first reference voltage and
thersecond reference voltage.

In the display device and display method of .the present

invention, the first reference voltage is applied to the

first electrodes, the second reference voltage is applied to

the second electrodes, the voltage value of the first

reference voltage is controlled, and the voltage value of
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state. Aliquid crystal driving circuit of the present
5 invention conprises a first driving neans for
applying a voltage to first electrodes of liquid
crystal display elenents, a second driving neans for
-applying a voltage to second el ectrodes of the liquid
crystal display elenents, and a control neans for
controlling the operation of the 10 first driving
nmeans and the second driving_neans, the voltage val ue
of a first reference voltage supplied to the fir§B4P0096
driving neans, and the voltage value of a second
reference voltage supplied to the second driving

thparrconghdeferRBRet hel et rid arddaeldeds wherast dlie
liguid cr ﬁtal to a 15 ﬁlanar st ate e control _neans
RS

& GEY D bfts t%@nﬂ%d&ogp?vf%gt%mrﬁﬁd

second driving neans so that the first driving
neans applies the first reference voltage to the

firsl 19beehrofpse 20l iseeond del gk nghdmans.appl | s

the second reference voltage to the sec el ect rodes,
irerehtAQrC Gnbel ek he ¥DEdAGR-iwahdemeahst Rer fagSlying a

reference voltage and the second reference voltage so
véItatge he chekestketctroddquifd ldgystakbrexbabidissding

pl anar state. A liquid crystal driving nethod of the
elamend®t, a seeanfl odrivigiudieang fforseppeyere e ezaldlagegs o

ape%ging step 25 of applying a first reference
s FeeCETPRRSt Ok e rloddd grystsl SARKIO 6 LeSEEsHRd

oAELCTERESIShERE £B7 AR 0%Re0h SRR LG & 250
ffé&?&ﬁﬁ%&ﬁ&eﬁggﬁs and the second driving means, the
voltage value of a first reference voltage supplied to the
first driving means, and the voltage value of a second
reference voltage supplied to the second driving means, and,
when the control means sets cholesteric liquid crystal to a
planar state, the control means controls the operation of
the first driving means and the second driving means so that
the first driving means applies the first reference voltage
to the first electrodes and the second driving means applies
the second reference vcltage to the second electrodes, and
controls the voltage values of the first reference voltage
and the second reference voltage so that the cholesteric
ligquid crystal exhibits the planar state.

A liquid crystal driving method of the present
invention includes a firét reference-voltage applying step

of applying a first reference voltage to first electrodes, a
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vol tage control step of controlling the voltage val ue
of the first reference voltage, a
second-reference-voltage control 5 step of

controlling the voltage value of the second reference
vol tage, and a driving-vol tage-application contro

step of controlling application to the first

el ectrodes and the second el ectrodes of the first
driving voltage and the ? nd driving vol tage, which
differ fromthe first 10 reférence vol tage and th%o4poo96
second reference voltage. In the [iquid crystal

driving circuit and liquid crystal driving nmethod of
SeHPrefarercRvERL Foge ARl ING StepePér é%gww tegeqosd

I d to.the f t el ectr.od cond reference
rEPPLATE (1L aGe! 'Bés%%g?rhe %]%fgsﬁ&dasecﬁgaaﬁt-ﬁ% quice-

: vgf’iaigf%lcio\ﬁglr%ﬁ %T: %hgf gtrol%fﬁ%[?:%%e *\\/ro!ht_a va ue of the

age va Ton
F{efengnce entel ,89€a¢s, Q@rgéé&ﬂd&@ef@@@ﬁSQYVéf%ége %$ntrol

chol esteric liquid “crystal Is changed to be in t

std@rel @httrel120gBehefvdasayd pliloe ef the fXawdgs
Fig. 1 is an illustration of a cholesteric liquid

refeprstrale paiebgeFi gnd 22 idrianrid-hadtagei appbdfcdthieon control
cholesteric liquid crystal panel. 25 Fig. 3 is a

stpmptf idongeel dingEerpbteatish ¢cleotest éiFst 191 e@0aPEEo6end
liquid crystal and a bi pol ar, pul se vol tage appli ed.

thy gecpndsedechrpiedfon %éfl&rsﬁ‘l fEiveng| wetterde andydhg

secaﬁéz§r1v1ng voltage, which differ from the first
reference voltage and the second reference voltage.

In the liquid crystal driving circuit and liquid
crystal driving method of the present invention, the first
reference voltage is applied to the first electrodes, the
second reference voltage is applied to the second electrodes,
the voltage value of the first reference voltage is
controlled, and the voltage value of the second reference
voltage is controlled, whereby the cholesteric ligquid

crystal is changed to be in the planar state.

Brief Description of the Drawings

Fig. 1 is an illustration of a cholesteric liquid
crystal panel.

Fig. 2 is an illustration of the cholestefic liquid
crystal panel.

Fig. 3 is a graph i1llustrating states of cholesteric
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Fig. 5is a block diagramshowing a liquid crystal 5
driving circuit of the related art. Fig. 6 is an
illustration of an exanple of data displayed. Fig. 7
is atimng chart showing, in the liquid crystal
driving circuit in Fig. 5 voltages applied to row 10
el ectrodes and colum electrodes. Fig. 8 is a timng
chart showing, in the liquid crystal driving circuit
in Fig. 5, bipolar pulse yoi;ages each applied across
the el ectrodes of each pixeT'in the cholesteric
liquid crystal panel. 15 Fig. 9 is a block diagraﬁP4P0096
showing a liquid crystal driving circuit to which the
lrdse siryisfeéntndna i Riegpkiy agilservgltage aprligdd ng

chart showing, in the liquid crystal driving circuyit |
in Erg: 8, 190t tAgEs &plA &aV?EO%me%%?meo%@gﬂgnﬁlqmd
ccq%gﬁp el ectrodes, and G\D levels. 20 Fig. 11 is a

¥ Hi%g chart showing, in the liquid crystal driving

Ci 1 gt ki Fi 9. cdidAldt PUbsE:i NO! L 30855 €At a1
Tos "SP4l ch Tide

appl i éd across the el ectrodes o ( I in“the
dEhalestercGiti g8 eneryst-aledpanel.. Fig. 12 is a

flowchart illustrating processing of the 25 liquid
crystigl eriyiang lincutirbtibnFog. af. exddnp1S04720096a Best
Mde for Carrying Qut the Invention An enbodi nent of
dispd aedsent i nvention is described below with
reference to the draw ngs. .

Fig. 7 is a timing chart showing, in the liquid crystal
driving circuit in Fig. 5, voltages applied to row
electrodes and column electrodes.

Fig. 8 is a timing chart showing, in the liquid crystal
driving circuit in Fig. 5, bipolar pulse voltages each
applied across the electrodes of each pixel in the
cholesteric liquid crystal panel.

Fig. .9 is a block diagram showing a liquid crystal
driving circuit to which the present invention is applied.

Fig. 10 is a timing chart showing, in the liquid
crystal driving circuit in Fig. 9, voltages applied to row

electrodes and column electrodes, and GND levels.

Fig. 11 i1s a timing chart showing, in the liquid

crystal driving circuit in Fig. 9, bipolar pulse voltages

each applied across the electrodes of each pixel in the

cholesteric liquid crystal panel.

Fig. 12 is a flowchart illustrating processing of the

liguid crystal driving circuit in Fig. 9.
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5 Fig. 9 is a block diagramshow ng the configuration
of aliquid crystal driving circuit 41, for driving a
chol esteric liquid crystal panel 1, to which the
present invention is applied. The cholesteric liquid
crystal panel 1, the liquid crystal driving circuit
41, and a power supply 10 unit (e.g., a battery or the
like), which is not shomn constitute a liquid
crystal display device. iholesterlc liquid crystal
panel 1 is simlar to the chol esteric liquid cry§63£0096
panel of the related art, which is described by 0SIn
Figs. 1 to 4. 15 In other words, in the cholesteric
liquid crystal panel 1, mhen bipolar pul ses by which

t tenti di ft | electrod
s4E PR TGSy ST e Rugel clectrodes |
L] t d Y ,
Y Sl B T S SHERDTL AR 0 Bl

L& %ﬁ%ﬂ%@gr@hé@ltd Sl %ela%x% gin fi st col or
determ ned based on a wavel engfh band reflected in

t herpbanar istatislodkn dddirbimoBhowing hthe hdrfSigRirh€ion of
liquid crystal panel 1, when bipolar pul ses by which
a thenyidt entysablddfieience hetinvean, poxellriefics ravdes
reaches Vfs or greater, cholesteric liquid 25 crystal
chegeséspaadil Agui @ w]sestmlxaqanﬁésﬂtn bA whnidh sthe fyesent
19 S04PQ096 conic state, whereby a_corresponding
1%ﬁ%&91°P318| BP%%%@ |ﬁ”“%é%6ﬂ&558FéF Hhatidedomdgl panel

visible g ter ansm thed by (L auid crystal o,
LR AR ner etk el R S eryetat tpatnd 45 PPly
unit (e.g., a battery or the like), which is not shown, .
constitute a liquid crystal display dévice.
B The cholesteric liquid crystal panel 1 is similar to
the cholesteric liquid crystal panel of the related art,
Which_is described by using Figs. 1 to 4.

In other words, in the cholesteric liquid crystal panel
1, when bipolar pulses by which the potential difference
between pixel electrodes reaches Vps or greater is applied,
cholesteric ligquid crystal in a portion correspeonding to the
pixel position enters a planar state, whereby a
corresponding pixel 1s displayed in first color determined
based on a wavelength band reflected in the planar state.
In addition, in the cholesteric ligquid crystal panel 1, when
bipolar pulses by which the potential difference between
pixel electrodes reaches Vs or greater, cholesteric liquid

crystal corresponding to the pixel position enters a focal
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5 described assunming that a specific wavel ength col or
and bl ock are displayed in nonotone such that the
chol esteric liquid crystal is set to diffusely
reflect light having specific wavelength color in the
pl anar state, and that a portion under the
cholesteric liquid crystal layer 14 is 10 bl ackened
and the black color is nmade transparently visible.
The first col or determ ned gsed on the wavel ength
band reflected in the planar state, that is, a S04D009E
specific wavel ength color, may be any col or such 3%,
for exanple, green, blue, or red, and al so the second
CRAQStEtal HREEHRYE QEFQMEQQﬂQ§d&ﬂBeP1561n§St@%ﬁﬁ%ﬁﬂﬂdedn

| lor, Furth
%%qn%%al{sv 5 br BST AR 4 RIFAPEES Sobe R o TR S8 BY

d g &al | ayers 14 that respectively reflect

' l%ﬁ% erent mavelength bands in the planar state, 20

mul h'e%@' Ofndi é}%]?é’sﬁ’é!rtl% t1'1%u‘£ﬁ°b§§£€£i Godddauind sgrystal

panel 1 can be perfor ned. Ition,” as shown in

ddd @ibdd bheumohyageaval l@e\éﬁilcofvabéﬁelbgﬂ@'ﬁl@'a%@
vol tage required for changing the cholesteric liquid

blygkstaale gtabtayedthe pprata@anheSkatd thalStlapprioicdmeliy
the double the voltage vale Vfs of the bipolar - 20

1i304P009Fstpll se vot tyelifdysieded rebleehahydig hayinge
focal conic state. 1n the cholesteric liquid crystal

Rﬁ&ﬁéﬁlqwaaﬁﬂ-@mahscmla@redq o ﬁ&ﬁiﬂaﬁ ﬁ%afr%sétnd( itré

o080 ohERE. D e, AR SRPLY 8 19 2
blackened and the black color is made transparently visible.
The first color determined based on the wavelength band
reflected in the planar state, that is, a specific
wavelength color, may be any coloxr such as, for example,
green, blue, or red, and also the second color that becomes
vigible after being transmitted by the ligquid erystal may be
any color.

Furthermore, cbvicusly, by providing a plurality of
cholesteric liquid crystal layers 14 that respectively
reflect different wavelength bands in the planar state,
mulﬁicolor display with the cholesteric liquid crystal panel
1 can be performed.

In addition, as shown in Fig. 3, the voltage value Vps
of the\bipolar pulse voltage required for changing the
cholesteric liquid crystal state to the planar state is

approximately the double the voltage vale Vfs of the bipolar
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5 Vps to the entirety of the panel so that the entire

display surface is in the planar state, predeterm ned

information is displayed by applying bipolar pulses

havi ng voltage value Vfs to pixel electrodes at

necessary positions so that the state is changed to

the focal conic state, and, after that, 10 the

di spl ayed information is held by applying no voltage.

A controller 51 controls a golum driver 52 and a row

driver 53, supplies the colum driver 52 with a clggg 096

(CLK) signal and data (DATA) representing i nf or n& A

to be displayed on the cholesteric liquid crystal
ptplafrfelvoﬂtaaﬁdr%usma%l fes ehingieg gei vee 53cql tgpnise state.

clock (CLK nal . addition, by controllin
SMAﬁ%hl %? ?%ﬁ%%3€ﬁw&ﬁd0555ta}H¥ﬂV§tﬁag@f$%Fues

dl.ef&fl%%c l\M% rmg %orgnngseféeﬁre gl tagp%ax%?ygf eef dCttch)lgt h%y,

dr|v

£ypld 1%°”Q§EFL§P%§ %fﬂl?la[xo‘ﬁxﬂrs'e%eha{:?%n e, value

switchéd wt etermnedtimn unm driver

V2 des tsﬁép@lnt@@lewytaf the gaek (gGLks}latsm@aén@mb Galsplay
(DATA) signal for displaying information on

st estier ia theg upﬂaxﬁmysﬁtt&ltaqa@eledétémimé&lamnmjﬂoar is
51. The columm driver 52 is also connected to driving
dizphagtedayy Wapantng diigralfoe pudiseagba GNBL, valfthdes value
controlled by - 21 S04P0096 the controller 51 to
V%[ﬂcy,Pl\?ﬁetlhe ?@B@‘?@?ﬁ%d’-eﬁeﬂsﬁﬁy RAFERIONS feddEithéde
at er, usi ng £ g%fgﬁ a._pr edeterm ned volta 2 hat
Staiurk? FERORA) TR rined PTG TRRB (Phs i Cha
tﬁxﬂ 'gglagegcﬁnggfﬁatlo is %%1%h8§e§£51§1né'ﬁg“é%ltage
A controller 51 controls a column driver 52 and a row
driver 53, supplies the column driver 52 with a clock (CLK)
signal and data (DATA) representing information to be
displayed on the cholesteric liquid crystal panel 1, and
supplies the row driver 53 with the clock (CLK) sigmal. 1In
addition, by controlling switching of switches 54 and 55,
the voltage values of GNDc¢, which is a reference voltage
supplied to the column driver 52, and GNDr, which is a
reference voltage connected to the row driver 53, are
switched with predetermined timing.
The column driver 52 is supplied with the clock: (CLK)
signal and data (DATA) sighal for displaying information on
the cholesteric liquid crystal panel 1 from the controller

51. The column driver 52 is also connected to driving

voltage +V4 and reference voltage GNDg, and is contrelled by
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5 The row driver 53 is supplied with the clock (CLK)
signal fromthe controller 51. In addition, it is
connected to driving voltage V3 and reference voltage
G\Dr, and is controlled by the controller 51 to
apply, with predetermned timng, which is described
| ater by using Fig. 10, a 10 predeterm ned voltage to
row (scanning) electrodes X1 to Xm of transparent row
el ectrodes 15 in the cholesteric liquid crystal panel
1. Here, voltage (-V1-V2) that is connected to 04P0096
reference voltage G\D, or voltage (VI +V2) that i 8
connected_to 15 reference voltage G\Dr, by the .

L TG L6F PhetSviBRhes wiAh prgdsberpingd \oinigye which

ILn

. ti ' V1+V2. Vps. ddi ti olt V4

T R M 53, A RRteliRee Ve
i ed ' I

-UBRLES L20 00 BN 53 Breniol B L4, rorum

e PQcRicsvhbehgsc R4 anch &3 4G Hdg, S LEPERG glRMENGS

such as, for exanple, FETs (Field Effect
TramsestonsdriBasesh ar suppleeat wotn ofhd ha ceanticek) er
51, the switch 54 switches the voltage val ue of
sigefadr €moa vhet aget e @mnecttadatdithen, cid uin dhineeted
52 between (-V1-V2) and G\D (0 V). Based on 25 the
teshivdngorotl hade onf? ciieirederenne voltade S8 tagded s
the 22 S04P0096 vol tage val ue of reference voltage.
CBC 1BEANRENCRY ST ANET GADEPORRPLY AsWiHe Rifidedsegined

54, and_55, obviously, thase other than _ithe FETs may
C R TR Fn, Ry SESIRAT R R PVoPP AR i ud ot =
predetermined voltage to row (scanning) electrodes X1 to Xm

of transparent row electrodes 15 in the cholesteric liquid

"crystal panel 1.

Here, voltage (-Vi-V2) that is connected to reference
véltage GND, or voltage (V1+V2) that is connected to
reference voltage GNDr, by the switching of the switches 54
and 55, is a voltage value satisfying V1+V2 > Vps. In
addition, voltage V4 supplied to the column driver 52 and
voltage V3 supplied to the row driver 53 are voltage values
which satisfy V3+V4 > VEs and Vis > V3 and Vis > V4.

The switches 54 and 55 include switching elements such

as, for example, FETs (Field Effect Transistors). Based on

the contrel of the controller 51, the switch 54 switches the

voltage value of reference voltage GNDc connected to the
column driver 52 between (-V1-V2) and GND (0 V). Based on

the control of the contreoller 51, the switch 55 switches the
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5 G\Dc connected to the columm driver 52 or the

vol tage value of GNDr supplied to the row driver 53

based on the control of the controller 51. In

addition, a drive 56 is connected to the controller

51, if necessary. In the drive 56, a magnetic disk 61,

an 10 optical disk 62, a magneto-optical disk 63, or

a sem conductor nenory 64 can be | oaded so that

information can be sent and, received. Figs. 10 and 11

are timng charts illustratthg the operation of §52P0096

colum driver 52 and the rowdriver 53 in a 15 c

in which, after entire planar resetting is perforned
vohtadfe rlasert| yeapsphes etPlitodsr FDroketyapen (V1+V2) and

hoLe§}eric liquid crystal panel 1 displays nine

G%Px qs)‘conposed of 3 x 3 pixels in which six pixels, .

(X1,..Y X1, Y2),. (X2 ), X2, X3),. (X3 d

anevipe Sheaiddiod i K2 kit us Yl s, olbby Bk
tEDaSd maYaye! 8BghN £0lr, A% $09Mn! BEl 8o18ige Rilue of

10 is atimng chart illdstrating, 1n additiron to Fhe
GVSY tageeafedt kBl Ae OfoNinOl@Mivirl 88Sothahe aFel @R kadue

to colum electrodes X1 to X3 by the columm driver 52
of reMirdefupptlaedi 8Pl aye | Fdw IATENe@N 5Qf bAEBE ¢h XS control

conposed of 3 x 3 25 pixels as shown in Fig. 6 after
oferfthe eopitawaderesSetti ng on 23 S04P0096 the presently

di spl ayed information is perforned, and the voltage

and I ARyt e bipsimdveparsés FRBRCGERA difplbihed coptrenler

5][el ecftr%d%s Yl t_o %(3 %éﬂe row driver 53,., an ,séqgltage
hatt CEEFEFER - asth €f &S Pt age™efRR W d Y &lendB
oﬁ%%déqg%isk 62, a magneto-optical disk 63, or a
semiconductor memory 64 can be loaded so that information
can be sent and received.

Figs. 10 and 11 are timing charts illustrating the
operation of the column driver 52 and the row driver 53 in a
case in which, after entire planar resetting is performed on
the presently displayed information, the cholesteric liguid
crystal panel 1 displays nine pixels, composed of 3 x 3
pixels in which six pixels, (X1, Y1), (X1, Y2), (X2, Y2),
(X2, ¥Y3), (X3, Y2), and (X3,.Y3), are black and the other
pixels are in specific wavelength coior, as shown in Fig. 6.

Fig. 10 is a timing chart i1llustrating, in addition to
the voltage and timing of bipolar pulses that are applied to
column electrodes X1 to X3 by the column driver 52 in order
to display information of nine pixels composed of 3 x 3

pixels as shown in Fig. 6 after entire planar resetting on
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5 G\Dr by the switching of the switches 54 and 55 and
the timng thereof. Fig. 11 is a timng chart
illustrating bipolar pulses that are applied to the
nine pixels (X1, YI) to (X3, Y3), which have 3 x 3
pi xels, wth the applied voltages described by using
Fig. 10. 10 At first, the switches 54 and 55 are
controlled by the controller 51, so that GN\Dc
supplied to the colum driver 52 and G\Dr supplied to
the row driver 53 have GN\D “(;%) V). In order to resgé P009E
the presently displayed information, bipolar pul é
having a vol tage_equal to or greater than Vps 15 nust
Lo RIpA9Ed Yt 81EREAYRE Pri@matien iwiperforned. vgyd the
sed on the contrgl of the caontroller 51, the row

ViR Y AP e’ RECTY Mt SEfeEPREIRES PR MRS to Tow
cql.u river, 52 appl.i.es to.colum
DR REL IR, 52y e R SR R hBan et e, o
14 Oyife a%ntr'eﬁf@refl@@%of@a?g% it 228 LBecFONLd O\Hl%rag%]-
controls the switch 55 to supply voltage (VI+V2) to
ciNDby tha pivedehendi et Hd Maviwictiel 6hi aRdWkltdha the
determi ned by an application tinme of bipolar pulses),
tianchg aodrireolfs t Aegswit cie 24 timtihgt BRanexi 1 Iwdd fag ity
supply voltage (-Vi-V2) to GNDc. 25 Accordingly, as
bigiowat invlFeg. that aye amlisge toutpeat nive 24ig04P0096 Y1)
row el ectrodes XI to X3 by the row driver 53 is a
EQuie VoIt alfBieR RaMe\R)X 3| Rixgdet i vRth tHee woIldge
3H:taput to cogu el ectrodes Yl to Y3 by the colum
VHAIES 555CEIRS Y SV dFe P (-Vi-V2), as shown in

FigAtl%irQQg Eﬁgaswitches 54 and 55 are contrelled by the

controller 51, so that GNDc supplied to the column driver 52

and GNDr supplied toc the row driver 53 have GND (0 V).

In order to reset the presently displayed information,

bipolar pulses having a voltage equal to or greater than Vps

‘must be applied to each of pixels (X1, Y1) to (X3, ¥Y3).

Based on the control of the controller 51, the row driver 53
applies GNDr to réw electrodes X1 to X3, and the column
driver 52 applies GNDc to column electrodes Y1 to ¥3. In
addition, as shown in Fig. 10, for_eﬂtire planar resetting,
the controller 51 controls the switch 55 to supply voltage
(V1+V2) to GNDr in a predetermined time width (time width
determined by an application time of bipolar pulses}, énd
controls the switch 54 with the next timing to supply
voltage (-V1-V2) to GNDc.

Accordingly, as shown in Fig. 11, the voltage output to
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5 application timng is timng subsequent to the
application of G\NDr to row el ectrodes Xl to X3.
Accordingly, as shown in Fig. 11, bipolar pul ses of
V1+V2 are applied to pixel electrodes corresponding to
pixels (X, YI) to (X3, Y3). Here, VI+V2 > Vps. Thus,
the 10 cholesteric liquid crystal |ayer 14, between
two el ectrodes, one transparent columm el ectrode 12
and one transparent row elggtrode 15 at each
correspondi ng pi xel position, enters the planar EBQ£§096
to coherently scatter specified wavelength i
Specifically, all displayed pixels (X, Y1) to (X3 15
rops)elesiE OfeShib et @ Xhewy flited TRay BFEWEE 52 otdra Y Sehat

vitae fhedliahehe B0 A ter L RBchRti 84 et Tone

c{) d”l‘é%"t ééeée{zfcéos ﬁ“ﬁij%‘P{eSLjS {an& Px)’exa %G

Fses havi hg S0 as orm
pélesw%tytabeZQfS@awuw fraogﬂsﬁq%wnehﬁ%:[@delfd atrga A
el ectrodes X2 and X3, as shown in Fig. 10. Also,

afiAsed tapnt bemcant 1ol iofiddeuvseghent | €6 e 4019 icekusn
driver 52 selectively applies inverse-characteristic

ofhigmratopubsesleddrddecoiiume xelectrodes Y1 to Y3 in
response to timng of row el ectrode 25 sel ection, as
shohacPrRAPGLY 1S Sheeif ivaFiy, .1} héimslgan ppdses of
S04P0096 driver 52 applies inverse-characteristic

V%ﬁﬁ%ﬂaéﬁ BEP%é%d WﬁlP%%?%uﬂlﬁﬁﬁr@ﬁ%%t??ﬁ%ﬁﬁpﬂn@%ﬂﬁ A7

Pl|Xr‘1av gg\ﬂ,(:hlél% 2{%9? %’i g%i'poﬁgg%uﬁéé‘? psto &M rm =
cr{%h%%ﬁ;%%ﬂgslﬂ@uf&‘dcﬁgfgt"gleﬂaﬁ/%‘é’ ‘ih?cﬁé%eﬁ(%;v&os electrodes,

one transparent column electrode 12 and one transparent row

electrode 15 at each corresponding pixel position, enters

the planar state to coherently scatter specified wavelength
light. Specifically, all displayed pixels (X1, Y1)} to (X3,
Y3) come to have a specified wavelength color, so that they
enter an entire planar resetting state.

After that, based on the control of the controller 51,
the row driver 53 selects one row electrode by applying

bipolar pulses having voltage V3 so as to perform sequential

gscanning from row electrode X1 to row electrodes X2 and X3,

as shown in Fig. 10. Also, basedl on the control of the
controller 51, the column driver 52 selectively applies
inverse-characteristic bipolar pulses -V4 to column
electrodes Y1 to Y3 in response to timing of row electrode

selection, as shown in Fig. 10. Specifically, the column
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5 selected, and applies inverse-characteristic bipolar

pul ses -V4 to colum el ectrodes Y2 and Y3 when row

el ectrode X3 is selected. As shown in Fig. 11, a

bi pol ar pul se voltage of V3+V4 > Vfs is applied

bet ween pi xel el ectrodes in which the bipolar 10

pul ses are applied to the row and col um el ectrodes

with the sane timng. Thus, the cholesteric liquid

crystal |ayer 14 between_t el ectrodes, the

transparent columm electrode 12 and the transpargnaP0096

row el ectrode 15, at the correspondlng pi xe

position, enters the focal conic state to becone 15
d¥¥Ts S GRPL1ER é{lﬁ%l?s%\lﬁl"tféfa‘%:@lrééiﬂéé §%R0bﬁl&é?uslse(5XI V4

Yg’%dlug\(%qﬂ&%ﬁg%ﬁﬁ fx%*h&ﬁdzfﬁﬁexg?ﬁ i %2'1d§
s{ IR BRI RUE Do SDRALL LT MR ENELSE a5y

t@&&ﬁ% eN¥eRtbads | &2 Ay ad wh\Q‘BeBowf QEe@E@é’EEH %2 Y3 =

a driving voltage of the colum driver 52 and the

s tdd, Vahd Bppl Seé VBWde2 chSirBeee¥3dWic 1M aandulses
voltage value Vps is approximately double voltage
-Waaltee cdilamn( ¥Beddyoded /Y2 MhdVER whehdsow Tdseafraide, X3nis
the liquid crystal driving circuit 41 25 to which the
sedresd@nlt- i nvention is applied, conpared with the 26
S04P0096 case of the related_art, each driving
vol f"ﬁgé of2 tHe B urkd /. ar Pieplay %weﬁet H@]F-@\ﬁedpﬁv‘é?““%% >

I As d bed
Véﬁﬂ§§eapp l?ﬁeg?F%ﬁﬁQi étn&te é833§ 1n Whlch.% Cr%lgolar

pulses are applied to the row and column electrodes with the
same timing. Thus, the cholesteric liquid crystal layer 14
between two electrodes, the transparent column electrode 12
and the transparent row electrode 15, at the corresponding
pixel position, enters the focal conic state to become
transparent. In other words, selected six pixels, (X1, Y1),
(x1, v2), (X2, ¥2), (X2, ¥3), (X3, ¥Y2), and (X3, Y3), are
displayed in black, and the other pixels remain displayed in
specified wavelength color.

In the liquid crystal driving circuit 41 to which the
present invention is applied, when, for example, V3 = V4, a
driving voltage of the column driver 52 and the row driver
53 1is (V3+V4) /2. Since V3+V4 > Vfs and voltage value Vps is
approximately double voltage value Vfs, (V3+V4) = 1/2(Vi+V2)
holds. Therefore, in the liquid crystal driving circuit 41

to which the present invention is applied, compared with the
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5 device including the liquid crystal driving circuit
41 to which the present invention is applied, by
perform ng display resetting, arbitrary pixe
inversion froma specified wavel ength color to black
can be perfornmed while reducing a driver breakdown
voltage. 10 In addition, based on reduction in the
driving voltage and breakdown vol tage of drivers
(here, the colum driver 52, _and the row driver 53) in
the liquid crystal driving Circuit for driving tg§4P0096
cholesteric liquid crystal panel 1, elenents
ackﬁge is small can be selected for the drivers. 15
capy Ot |GhguirgleE§et aft disthayrdgevingevel tege of e column
q educ Furhhernor . based on a redugtlo in the
%ﬁvﬁﬁ P8 £ ﬁer%V e & i3e 80 Ret hEMYFERitP cryst al
lhtc or driving the cholesterlc liquid
fﬁ%e%l% % %ne in which electric double |ayer
cap@@ aegérm@a eag&ecome%gdlwug@ SEpdes msgasp
other, etc., can be used as a battery Tor sup ng
déﬂﬂMﬁ'ﬂﬂ&lhh&ngrtﬂérfhddiﬂ cayamphedrbyihgréeruit 41 to
stepping up the voltage by using one in which electric
widigb|téel @yesenaphacidmriorhdw agptapaci by pdrfbrmivigar e
connected in series to one another, the required
displleagaepstiange @mu@@:@umwaemnwrswplﬁmﬁ) a Thus,
l'iquid crystal I 1 27 S04P0096 di spl ay device size

- SRegHtHe fwﬁtfﬁé?n%fawéeld) 140 Rdarti 6an by Refiqpneg whéle

t t
rERE 5 BYE0LL hoald

In addition, based on reduction in the driving voltage

ducth |n the si ze of power

and breakdown voltage of drivers (here, the column driver 52
and the row driver 53) in the liquid crystal driving.ciréuit
for driving the cholesteric liquid crystal panel 1, elements
whose package is small can be selected for the drivers.
Thus, liqﬁid crystal display device size can be reduced.
Furthermore, based on a reduction in the driving
voltage of the drivers in the liquid crystal driving circuit
for driving the cholesteric liquid crystal panel i, cne in
which electric double layer capacitors that are connected in
series to each other, etc., can be used as a battery for
supplying power to the drivers (for example, by further
stepping up the voltage by using one in which electric
double layer capacitors having capacity of 2.5 V are
connected in series to one another, the required voltage

value can be sufficiently supplied). Thus, liguid crystal
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§§Q@i%§a the geM{
.15 VS

liquid crystal driving circuit for driving the

chol esteric 5 liquid crystal panel 1 and the battery,
and |l ow voltage driving are realized.. Thus, the
liquid crystal display device including the liquid

" crystal driving circuit 41 to which the present

invention is applied can be used as a display device

for use in a small information processing 10 device

such as a PDA, a tinepiece,,and an | C card. Next,

processing of the liquid crystal driving circuit 6%9 096

to which the present invention is applied is descPbed

with reference to the flowhart in Fig. 12. In step
dgiplahelevdier 8EFer o3 Rontrdien FEI8GREeh 55 to 15

t G\Dx lied to th driver 53 to GND, that
s, FerolhtPes BY (FRe TS ENBEORRT ITEepn

AN OEHRIE D St T iR, it O e
| @frli CORL' Qk-3vERE €10 Wb 1 iV 8k:

to set the output voltage of the row driver 53 to

14NOd driyssteppsdel t hearDniHeoldagkt 5, Cond rdwe it age

colum driver 52 to set the output voltage of the
dciotionm agei vealb2ed 25 ThoiGNDGe 28qubl4€0P9fal Rricgdssi ng
in steps Sl to S4 supplies zero volts to the
detigits pacdniiesl tah Blacid sdesta? gndvime eiumsipardénto
row electrodes 15 corresponding to all the pixe

wﬂﬁﬁﬂtﬁhgngrsgent invention is app%ied can be used as a
display device for use in a small information processing
device such as a PDA, a timepiece, and an IC card.

Next, processing of the liquid crystal driving circuit

41 to which the present invention is applied is described

-with reference to the flowchart in Fig. 12,

In step 51, the controller 51 controls the switch 55 to
set GNDr supplied to the row driver 53 to GND, that is, zero
volts.

In step S2, the controller 51 controls the switch 54 to
set GNDc supplied to the column driver 52 to GND, that is,

zero volts.

In step 83, the
driver 52 to set the
GNDr.

In step S4, the
driver 52 to set the

to GNDc.

controller 51 controls the column

output voltage of the row driver 53 to

controller 51 controls the column

output wvoltage of the column driver 52
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the cholesteric liquid crystal panel. Thus, the
potential 5 differences of all inter-pixel electrodes
are zero volts. In step 55, the controller 51
controls the switch 55 to switch G\Dr supplied to th
row driver 53 fromG\D to (M +V2) during a tine '
corresponding to a predeterm ned pulse wdth. 10 In
step S6, the controller 51 controls the switch 54 to
switch GNDc supplied to the,colum driver 52 from G\D
to (-V1-V2) during a tine Corresponding to a 04D0096
predeterm ned pulse width. Processing in steps s824RY
S6 applies a bipolar pulse 15 voltage of V1+V2 to al
t he PEPREFS ER@ T U AU tPhE4cPeRBLIGHIFRE® P lEFeto the
transparent columm_ el ectrodes 12 and the transparent
LR REEC 88@%“15‘71‘?‘?1“% SHol 88EeFi'? T YUTRAT Ly SOXI
anel 1. us, informtion hel fore the voltage _isS
Bl Eogrs 15 Bt Sy At e PRRCEExl e 285 oF
tHé“HH&yé%tEQQc3?&&&ﬂ&ﬁ:f¥%ta§n ane1l o fﬁﬁs,téhéjﬂgtégg@ﬁl
supplied to the row dri‘ver 5 and GNDc supplied to

difrereal-eancdr AVeri Ssr FHioeassilagt khdst eprd L SUPRIJIES .
zero volts again to the transparent colum el ectrodes
12 andstée $35 ansparcet ioeWer251 et@circdeshkS switch 55 to
corresponding to all the pixel positions in - 29

svgi4R00YEr eshepthed sy ditiec Howgdirdver ys? af rgpaidiD Lo
Thus, the potential differences of all the _

(VImVer - BrEeng et eetd R 19EPONEAPE £ ot tRIgHRl9¥mined pulse

width.
In step 86, the controller 51 controls the switch 54 to

switch GNDc supplied to the column driver 52 from GND to

(-V1-V2) during a time corresponding to a predetermined

pulse width.

Processing in steps 85 and S6 applies a bipolar pulse
voltage of V1+V2 to all the pixel electrodes (all the cross.
points of the transparent column electrodes 12 and the

transparent row electrodes 15) in the cholesteric liquid

- crystal panel 1. Thus, information held before the voltage

is applied is reset.

In step 87, the controller 51 controls the switches 54
and 55 to set, to GND, GNDr supplied to the row driver 53
and GNDc¢ supplied to the column driver 52.

Processing in step S7 suppliesg zero volts again to the
transparent column electrodes 12 and the transparent row

electrodes 15 corresponding to all the pixel positions in
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In step S8, the controller 51 controls the row driver
5 53 to apply selecting voltage V3 to scan the row
el ectrodes, and controls the columm driver 52 to
selectively apply inverse-polarity bipolar pulses -V4
to the colum el ectrodes, whereby the cholesteric
liquid crystal panel is driven to display information
before the process ends. 10 For exanple, when the
voltage is applied to colu electrodes Y1 to Yn of
the transparent colum el ectrode 12 in the S04P009E
cholesteric liquid crystal panel 1 by the columm
driver 52, and the voltage is applied to row .
the chirlegéeric liguieh ofyatsd peasdparenThigw dedategsial
15 by the rqow driver 15 53, the bipolar pul se voltages
d R%SF.OS. aﬁ Bhe Hpih & oetlﬁEtﬁPQ%F &7 Fes
v rggﬁﬁpmngto pixels (X, Y1) to (X3, Y3).
ccor nary, after entire planar resetting is
perfar gedy, 880NG,d N&HYAE 18i-X8h ScERIPISEd Y X adiver
pi xels in the cholesteric liquid crystal panel 1, as
538 VM yFs81ebiid® Wb deX @3S toXkeaX] the (Pdw Sfdotrodes,
(X2, Y2), (X2, Y3), (X3, Y2), and (X3, Y3) are
arii sanayedsi shbl askumnditiverotheropexdbst avel vy dipgilyayed
in specified wavel ength color. In the above
impregsespodgrity bheolamuiwd sesystél tdi sheagoluiwyied@ctrodes,
usi ng cholesteric liquid crystal capable of holding
whErehve FRSuShy lar 5T By ed- dWiPo criiEFahn BRRPbLS Biilvgn to
supplied wth 30 S04P009 ower, the inter-electrode
dﬁﬁﬁkﬁ%ﬂlRFoapﬁFé?%ﬁ%%hFﬁhJSF% TPGPSS p&PE%r mi ng entire

o 555, RAFLIA"00% 365 VIPCDE A8 BRI o L
electrodes Y1 to ¥Yn of the transparent column electrode 12
in the cholesteric liquid crystal panel 1 by the column
driver 52, and the voltage is applied to row electrodes X1
to Xm of the transparent row electrode 15 by the row driver
53, the bipolar pulse voltages shown in Fig. 11 are applied
to the pixel electrodes corresponding to pixels (X1, Y1) to
(X3, ¥Y3). Accordingly, after entire planar resetting is
performed, among the nine pixels composed of 3 x 3 pixels in
the cholesteric ligquid crystal panel 1, as shown in Fig. 6,
gix pixels (X1, Y1}, (X1, Y2), (X2, ¥2), (X2, ¥3), (X3, Y2),
and (X3, Y3) are displayed in black and the other pixels are
displayed in specified wavelength color.

In the above processing, in the liquid crystal display

device using cholesteric ligquid crystal capable of holding

previously displayed information without being supplied with
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to be in the planar state can be generated by
swtching the 5 voltage val ues of GNDr and GNDc
supplied to the row driver 53 and the columm driver
52. The switching of the voltage values of G\Dr and
G\NDc can be perforned by using the swtches 54 and
55, which are forned by, for exanple, FETs. Here, the
case of performng bicolor display has been 10
descri bed. However, it is_ob ¥|ous to apply the present
invention to the case of pefformng nulticolor d'§84§¥o96
by a [liquid crystal display device using cholestéric
liquid_ crystal._Since, in dlsplayln% information

Pefer Rﬂﬁ|Hﬂ§eFe§é??F¥@ﬁe:EPQQ?RM% tél AcheRFR I adHinear for

t hat d st al d f th
D r e, ArtaEe ch it Rt i Y 5 ¥aa§%'%°l?eey§ta| s

cl'gﬁ%&tetlg% gﬁ?ﬁuér ééfglséﬁq‘égfe?nw{r pixel eglbtlons

Iver river are
td & 13 efiePitgha gl C4d0de, v old %%%e?rﬁ%&irﬁf év@it&ﬁtﬂg' Rhe
the 20 cholesteric liquid crystal to th ocal conic
vSltaids valueet BEr oNoOF dend iaNddeuppdikd €6 Yysial rai siavr
device including the liquid crystal driving circuit
53 larid tie cbltihe @riesents2 .0 nvket iseitchiappbi edhe eaditage
br eakout voltage required for the row driver 53 and
va e s slfu D pdrCl¥De an e peddostedobpsusing the
approximately half of that in the case of the rel ated
S"%ﬂrtt‘:he:?l 5489&506@6 WlT%f%—:l"r 5 &orAeoPYl nEPY FAFP Y qdEd S -

t al d | udi th
o HeRE. CHRR e P8 Fouhtunteng: bofan, dslsd FRgabeen
déHHﬁlﬁ%é. tﬂSw@QéPf fg is obvious to apply the present

invention to the case of performing multicolor display by a

liquid crystal display device using cholesteric liquid

- crystal.

Since, in displaying information after entire resetting
to white, a method similar to that in the liquid crystal
display device of the related art which uses cholesteric
liquid crystal is used, the breakout voltages required for
the row driver 53 and the column driver 52 are determined by
the inter-pixel-electrode voltage required for setting the
cholesteric liquid crystal to the focal conic state. In
other words, in the liquid crystal display device including
the liquid crystal driving circuit 41 to which the present
invention is applied, each breakout voltage required for the

row driver 53 and the column driver 52 can be reduced to

approximately half of that in the case of the related art.
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arbitrary pixels can be inverted froma specified
wavel ength 5 color to black while suppressing a driver
breakout voltage, thus realizing size reduction and
cost reduction concerning the liquid crystal driving
circuits for driving the cholesteric liquid crystal
panel 1. The above-descri bed consecutive processing
can be also 10 perfornmed by software. The software is
installed froma recording,yediumto a conputer in
whi ch prograns constituting the software are builb Ln p
dedi cated hardware, or, for exanple, a nultipurpg aP003
personal conputer or the |like in which, by installing
var i(Tog¥et9pes CPrEGrake, ths Vaansdscrygies ¢fisplay
functi,on an be executed. As shown.,in Fig, 9, this
AFE G URRAPURPE i TS FY S5adk BG4 vIRel T cHiA o

istributed fo rovi di ng .a progr.a a er
Bl rtps dp SRt PRRrir o HRRR, chRr net i o,
L i 6 inecludi fd exi bl I, 5K
<SBESEF gl glis Ohaf 1 0 Tl B pfleblon et engen
cdisK-tRead aonr! yhMeaDsWprds idgDYDae P8k t Bl e Meigatidi® age,

" Disk)), a magneto-optical disk 63 (including an MD
ti{lM HeaDiigkhg( b1 adereddgtiomDand csefi eomEMCicdl dRIterYing
64, in which a programis recorded. 25 Industria
thgpdliasdli Frygt8R diSpAPaDg6 readssr @pngdrvine tdreesent
invention, information can be displayed on a display
chrhAsterdsi At qurareidisteanedi dpl ay el enents. In
particular, resetting of a display on a displa nit
havIThG BROTRStRnT T ot Gra P EL S RARP S ringah be also
performed by software. The software is installed from a
recordiﬁg medium to a computer in which proérams
constituting the software are built in dedicated hardware,
or, for example, a multipurpose personal computer or the
like in which, by installing various types of programs,
various types of functions can be executed.

As shown in Fig. 9, this recording medium includes a
package medium which is distributed for providing a program
to a user separately for the computer, and which includes a
magnetic disk 61 (including a flexible disk), an optical
disk 62 (including a CD-ROM (Compact Disk-Read Only Memory)
or a DVD (Digital Versatile Disk)), a magneto-optical disk

63 (including an MD (Mini-Disk) (trademark)), or a

semiconductor memory 64, in which a program is recorded.

Industrial Applicability




5 of information can be perfornmed with a | ow driving
voltage. In addition, according to another aspect of
the present invention, liquid crystal display elenments
can be driven with a low voltage as well as liquid
crystal display elenents can be driven. 33 S04P0096
CLAIMS 1. A display device having display neans in
whi ch, by applying voltages to first el ectrodes and
second el ectrodes, the st of cholesteric liquid
crystal is changed to 5 display information, the 04P0096
di spl ay device conprising: first driving neans f of
applying a voltage to the first electrodes; second
dri #FARGTALRHSES drhapylepieny anvertigpe tighar@atsesofan be
el ectrodes; and 10 contr,ol neans for controlling th
RS Rt (e ael s ahﬁpﬂl‘ﬁ’r VIS \Visﬁijlgniéﬁgl N ¥ HE s éﬁgay
drivi ng ans, _the . voltage, value of a.first reference
TBFEHe oGBpP et TH-THe T TEFSt g Phi A HERHY, Thi ¢ he
\/ I cnd ke nge ‘i
o o B R R T R S R R
ofCARifb@a FRBASc&E Se It fifle@S W@ERCa ldWUdsiwimstRl1thge.
a planar state, the control nmeans controls the
operat addi iof ort headdarsiti ndr t¥i agotean syttt b sheopdesent
driving neans so that the first driving neans applies
inveatippy st igei@rercstaloldiggd ayocl feetis stareecdrodes
and the 20 second driving neans applies the second
witdy ar éﬁ@evqbpqi%eaq gell as liquid crystal display

elements can be driven.
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the second el ectrodes, and controls the voltage val ues
of the first reference voltage and the second
reference voltage so that the cholesteric liquid
crystal exhibits the planar state. 25 2. The display
devi ce according to claim1, wherein: - 34 S04P0096
the first driving nmeans is supplied with a first
driving voltage having a voltage value different from
that of the first reference voltage; the second
driving neans is supplied‘vﬁ%lf a second 5 driving

vol tage having a voltage val ue different from t haf94p§02¢
the first reference voltage; and when the contro

means sets the chol esteri@€AiMlid crystal to a foca
conic state, the control neans controls the operation

of- t Re HEPAEY dREVIFR) HBAMY SREPLAY SeeBRHdLAOICNi Ry
hat the first drivi lies th
A DS PYF A 0F© i o HURECFERED BRa Te e ShigteRdes.
e n (rades.
cREEATe HE Vh0%JEAN% AN o8- as Pl g0

ai38MiIa6L 1886 2RhAE 6N [ Otitd @iMptayf HELABE cdmoSURI4 Si NQ:
first switching nmeans for seFéctlver swi tching the

vol taget Vat Lei1f nleh@sf rbst appieience waltdaaee csUpRki £drst
to the first driving nmeans between a first voltage
elegdtwedand zero volts; and 20 second sw tchi ng nmeans
for selectively switching the
gsecond driving means for applying a voltage to the
second electrodes; and
control means for controlling the operation of the
first driving means and the second driving means, the
voltage value of a first reference voltage supplied to the
first driving means, and the voltage value of a second
reference voltage supplied to the second driving means,
wherein, when the control means sets the cholesteric
liquid crystal to a planar state, the control means controls
the operation of the first driving means and the second

driving means so that the first driving means applies the

first reference voltage to the first electrodes and the

_ second driving means applies the second reference veoltage to

the second electrodes, and controls the voltage values of
the first reference voltage and the second reference voltage
so that the cholesteric liquid crystal exhibits the planar
state.

2. The display device according to claim 1, wherein:
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vol tage val ue of the second reference voltage supplied
to the second driving neans between a second vol tage
value and zero volts, wherein, when the control neans
sets the cholesteric 25 liquid crystal to the planar
state, the control nmeans - 35 S04P0096 controls the
operation of the first driving neans and the second
driving nmeans so that the first driving neans applies
the first reference voltage,fo the first electrodes

and the second driving nmeans applies the second Q04P009E
reference voltage to 5 the second el ectrodes, and
further controls the first switching means and the
sec&hf SWEENIRY ameass dRafUPRbiedIritdye® FargéE of

the fi f It Lied. to the first
A GRS PETERT ARG P Goft AhE TAT d hda
; d ref | t
oéﬂgg¥?%%%%gr¥gg?§ngg_&Qﬁﬁﬁggon ref erence vol tage

€ Secon riving neans is set as the

secend ¥aLbRGedr MAlE mednsThe displ BYa dgvice aceshdi ng
to claiml1l, whereinthe display neans has the

dehales teilicagki Ravthé ry sidltagehivaiubagi £ fednt ardny toht
portions reflecting |ight conmponents having 15

ofditfHee rfdnts twae Ebeagtd hdAndgrei;nanlde pl anar state. 5. A
di spl ay nethod for a display device having a display
uni Whefi Ehe deepizpds reansr fatFohled e kamiisgdrediguid
li%ﬁ;d crystal_by applying voltages to first

CrEtly 6Fed ARBALCHHEF S3ECHr 58ES CORRECH RGATHY SRLRES S

i ncluding: 20_.a first reference-voltage | yi ng,_st.ep
thoef ogﬁaaﬁgﬁa 8f the Elrst d?:‘lVlng’ means angptqjey se%ond
driving means so that the first driving means applies the

first driving voltage to the first electrodes and the second

driving means épplies the second driving voltage to the

second electrodes.
3. The display device accoxding to claim 1, further
comprising:
first switching means for selectively switching the
voltage value of the first reference voltage supplied to the

first driving means between a first voltage value and zero

volts; and

second switching meéns for selectively switching the
voltage value of the second reference voltage supplied to
the second driving means between a second voltage value and
zero volts,

wherein, when the cbntrol means sets the cholesteric

liquid crystal to the planar state, the control means
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first reference voltage to the first el ectrodes; a
second reference-voltage applying step of applying a
second reference voltage to the second el ectrodes; a
first-reference-voltage control step of controlling
25 the voltage value of the first reference voltage;
36 S04P0096 a second-reference-voltage control step
of controlling the voltage value of the second
reference voltage; and a digplay control step of
control ling the display of he information on th
di splay unit by applying, to the 5 first electrod
and the second electrodes, a first driving voltage
C%ﬁcrcal%éél@n@paratfm@ | thgy & it Hrdvi R r Meatsimanek the

ST A %3%%%?% Ahesepond; reference ooy oo
tgrl erF% dncg ﬂ%f dI%P%%% %hengngfeé é&%glg%d the

0 |qU|d t he quid et
séﬁdﬁﬂ'H%fvlhguhéaﬁ9”£5§fﬁéglthé's%%BnQr£¥f££bﬂ63“¥%ﬂE% e to
applying a voltage to first electrodes of the I|qU|d
16l YsdAndies pbayogt € MBS Fisecend caht ¥b1g FRANS F
applying a voltage to second electrodes of the liquid
swirtydtialg dieapkayne| et Messorgndwibchongrotameasts et the
controlling the operation of the first driving neans
vt deheadeeonl the virigpheaferenke vobrageesuritliedoftogthe
first_ reference voltage supplied to the first driving
Pigsdn dr iydadt Reand| tagee v aud hef fér§’éd§?|3dta§i‘%f‘@r1é’ﬁc énd

eR Rt R R B at St T me T nbnld (b Rie, Spided

to the second driving means is set as the second voltage

§84P0096

value.

4. The display device according to claim 1, wherein the
display means has the cholesteric liquid crystal, which has
a plurality of portions reflecting light components having
differenﬁ wavelength bands in the planar state.

5. A display method for a display device having a display
unit which displays information with cholesteric liquid
crystal by applying voltages to first electrodes and second
electrodes, the display method including:

a first reference-vecltage applying stép of applying a
first reference voltage_to the first electrodes;

a second reference-voltage applying step of applying a
second reference voltage to the second electrodes;

a first-reference-voltage control step of controlling

the voltage value of the first reference voltage;
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liquid crystal to a planar state, the control neans
controls the operation of the first driving neans and
the second driving neans so that the first driving
nmeans applies the first reference voltage to the
first electrodes and the 25 second driving neans
applies the second reference voltage to - 37 S04P0096
the second el ectrodes, and controls the voltage val ues
of the first reference v9|§§g§ and t he second
reference voltage so that e cholesteric liquid
crystal exhibits the planar state. 5 7. Aliquid
crystal driving nethod for a liquid crystal drivin
ci r GuisECRRflche R sae Magtiagec cpsEapt ds sg Bf @O@f@ﬁ’tlging

i | udi hol t i li id tal b | vi
CR AT SAIPE OF HheciTRIes LataTeBEs nto brade i G
the |i i t al dr.i vi t hod. i | i 1
v e PEplagrdaidiay et RS IBRECG LIS M Histd 28, ot
1 Y h o t d .
eiid (e diRiBH08n YOhO RO Wik bY aBPEFLASOR, dhe

£ SeH0Rd degheneBcend ot Hadfddnd Raseeonds el gct1odesiriding
first-reference-voltage control step of controlling
vdddee andl hagecyad uer Bfidderdlithst wRiehedTeramwltage tha
~second-reference-voltage control step of controlling
fidat wsifeagecealobtade tdrel sdcomdcraflereheeenva tagdagand
a driving-vol tage-application control step of o
ont PollieRgdappys | GV CAECRLE sforl Eetigied igwdd

L8 2% serond plectiodee, o 8 LLLSL 91N g ald age

crystal, the liquid crystal driving circuit comprising:

S04P0096

first driving means for applying a voltage to first

electrodes of the liquid crystal display elements;

second driving means for applying a voltage to second
electrodes of the liquid crystal display elements; and

control means for controlling the operation of the
first driving means and the second driving means, the
voltage value of a first reference voltage supplied to the
first driving means, and the voltage value of a second
reference voltage supplied to the second driving means,

wherein, when the control means sets the cholesteric
ligquid crystal to a planar state, the control means controls
the operation of the first driving means and the second
driving means so that the first driving means applies the
first reference voltage to the first electrodes and the

second driving means applies the second reference voltage to
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driving voltage which differ fromthe first reference
vol tage and the second reference voltage.

S04P00S6

the second electrodes, and controls the voltage values of
the first reference voltage and the second reference voltage
so that the cholesteric liquid crystal exhibits the planar
state.

7. A ligquid crystal driving method for a liquid crystal
dri%ing circuit which drives ligquid crystal display elements
including cholesteric ligquid crystal by applying voltages to
first electrodes and second electrodes, the liquid crystal
driving method including:

a first reference-voltage applying step of applying a
first reference voltage to the first electrodes;

~a second reference-voltage applying step of applying a
second reference voltage to the second electrodes;

a first-reference-voltage control step of controlling
the voltage value of the first reference voltage;

a second-reference-voltage control step of coﬁtrolling
the voltage value of the second reference voltage; and

a driving—volfage—application control step of
controlling application, to the first electrodes and the
second electreodes, of a first driving voltage and a second
driving voltage which differ from the first reference

voltage and the second reference voltage.




