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- 1 - 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 nethqd _suitable for use in _
di splaying information by using cholesteric |liquid
crystal, and to a programand a recordi ng nedi um
Background Art 15 In liquid crystal display devices,
for exanple, sinple |ﬂﬁ£%QBI? P¥fwi st ed Nemati c)

Iquli al f@ﬁ% r § St g}%& t] % #' uid
chér ylegP,E{r%{té%l Vel e ﬁ)%]%%u}iﬂ%l Wléi ? ¥ gﬁs#’g b 1%«9
cTRc@d RSt Abu D Mkl i MekALD 1 aui d

crystal, etc., are used. n the sinple matrix

system X-electrodes and Y- electrodes are arranged in

grid form and liquid crystal at the intersections is
Tegthinienlbyiswiit chi ng on and off these electrodes with

appropriate timng. Liquid crystal display devices

usi Bhe t reesgmip | ionveattrion spdhershavedaspsbay | denoidsy, 25

of electrodes and can be easily produced. Accordingly,
dqq@gyyzmethods, ligquid crystal driving circuits, and liquid
crystal driving methods, and in particular to a display
device, display method, liquid 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) liquid crystal, active matrix TFT (Thin
Film Transistox) 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. Liquid 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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are | ess expensive than products using the active
matrix system In the sinple matrix system since

el ectrodes of liquid crystal cells form ng pixels are
not independent, -a voltage interferes with
surrounding cells, so that it is 5 difficult to
clearly display the pixels point by point. In
addition, in the active matrix system unlike the
sinple matrix system eacho,pi_xel is switched on and
off (by respectively adding active elenents to pixels
for driving liquid crystal) for display. The active

rix systemis 10 su or in performance, to the
ar& P8 FEPFIRIEGStRMR | ci?rchs'; UsRng §F8aFEF1V%s‘B%W§JeX

syRRERS,  FESERLOSLANAL IS, RIQAGCT oifRY & 0L LG or

Howev on “cos

11 ael By deyic éwélf‘&m@%;%g@fa@e nbl Ph4E en&&%xt a

|nta| dlsp ay of I't 1S necess
voakBhY ihBedr¥obs agerh Osdhuddlligd enYst ake VRSP B¢ is
voltage is applied to the liquid crystal for a
dififedaler tbnetlepel y odhi sl e HiI i xel@BgeipbeppnpaOi: . In
call ed "sticking" occurs. To prevent sticking, for
adghi&nphe, in thenectivermsony egfstehogynilikehthé simple
voltages applied to pixel electrodes are inverted at
m@ﬂylﬁréﬁﬁF@Wn1ﬁ@@h|P&¥ﬁluﬂ%;Swthﬂﬂﬁ enkandj effisédy Wien
pol.arity |nyerS|on technol ogy, such as frame_ . .
r%SW&F%VSHY pdd 1%%%%‘68 qlﬁ@@éﬁ?&l itCuBe X6 8aloB| fabeing
pli ed. t g ne
1R BEebBrThoRer ey TR 6P TG e e BRtEEn
L btuds gg#@m&ééa@@ O ggg&a' in terms
y l 0gy,

ines b common i nversion techno
of a greater response speed, less residual image, broader

angle of view, etc. However, its production cost is higher.
In these display devices using 1iquid 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
poiarity inversion technology, such as frame inversgion, is
employed, the amplitude of a voltage 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 common inversion technology,
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3 - etc., is used. Unlike the above-described |iquid
crystal display devices, in liquid crystal display
devi ces using cholesteric liquid crystal, an applied
vol t age causes a change of state 5 (planar and foca
conic states), and this is used to display
i nformati on. Furthernore, previously displayed
information can be held wi thout supplying power
(e.g., "Ekisho Debaisu Handpbukku (Liquid Crystal
Devi ce Handbook)" issued on ™~ Septenber 29, 1989, by
Ni kkan Kogyo Shi mbun, Ltd., pp. 352- 10 355).
Chol esteric liquid crystal selectively reflects |ight
eqﬁﬂn A§ &Sﬁévelength corresponding to the thickness of

kY abﬁ‘%ﬁd% il e o, 1260w

B 2
I gurat 1 ﬁ‘ﬁfi brd3heP e fdcrecrfipg paterearic
ﬁ?l estef??ﬂllghgapﬂliéd @bf%%g%‘%ﬁﬂség % %Engg of state

qui d crystal pane

(plis@Mrl langs toakilngohhe soatdgur aldoriafs tl\éousgaoeesds?é lay
el ectrodes in the cholesteric liquid crystal panel 2%

infor@atd ogl.asFusuhsinate, Idrdyvidusing parspihyed EABormation
el ectrodes (I TGO IndiumTin Oxide) 12 are deposited

carpe gl wishpuknsubelyranwiwest riepes,, aMkisbn Aebaisu
gl ass substrate 11-2, transparent row el ectrodes

Hﬁngg Kk i (Tdepii g @xyg§§11QpV1ce Handbook) " 1ssued on

September 29, 1989, by Nikkan Kogyo Shimbun, Ltd., pp. 352-
355).

Cholesteric liquid crystal selectively reflects light
having a wavelength corresponding to the thickness of a
liquid cxystal 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 is a view illustrating the éonfiguration 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. oOn
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stripes. On 4 surfaces of the glass substrates 11-1
and 11-2 on which the transparent columm el ectrodes
12 and the transparent row electrodes 15 are
deposited, polyimde layers 13-1 and 13-2 each having
a thickness of approxinmately several mcronmeters 5
are forned, respectively. The glass substrates 11-1
and 11-2, which are provided wth the electrodes, as
descri bed above, are bonded to each other, having a
gap thickness of several mcroneters (e.g.,

with a gap material or the like so.

i t 5 , \
s IRLE T Bl F1Ake SHb e e dana Gind aar-andn which Cre
| dth i f,t t
eEHL AR b uflle L0gr Sidd I Blq ' LI ANSRALERL FoW
b tr. - d-11-2 |
e IR RROTEERE B0001E0F, AL bAcL 30n 1ng 15-2

e MRANgYACUHMEkhéEH 0o f VAIRERRY nih 1 F RRVESEE hEcrometers
liquid crystal film14 is fornmed. For the cholesteric

add duirthed,ystapepapedlyd, polyim de |ayer alignnent,
provi sion of polarizers on the glass substrates,
et cTheaglanst sebstaseexf Idommamidy 1ased Whlith qatrel provided
crystal or the like, are not required. 20 Cholesteric
withy kihg edgstardngs apedeadriad adiovest eyet bprdad o each
nol ecul ar, structure., The state of the cholesteric

othefui aVipst &l IPB ERLFERRPSI G SAMRE HeMicEP e ERFBICERIrS- -
aﬂﬁ%&%y%% %QYb¥ LQF,V£QéE!éﬁgé%l%é%gf?élpggsghgo ££g650 that
the stripes of the transparent column 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 is filled with cholesteric liquid
crystal by using, for example, vacuum filing, whereby a
cholesteric liquid crystal film 14 is formed.

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

Cholesteric liquid crystal has special helical
gtructure 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 liquid crystal. As shown in Fig.

3, cholesteric liquid crystal has two stable states, a focal
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applied to the cholesteric liquid crystal. As shown in
Fig. 25 3, cholesteric liquid crystal has two stable
states, a focal 5 conic state and a pl anar state,
based on the value of an applied bipolar pul se

vol tage. The planar state is a state in which a
speci fied wavel ength band of |light is coherently
scattered, and the focal conic state is a state in
which 5 light is transmtted i_n a wi de band.
Accordingly, the cholesteric liquid crystal panel 1
can display information by using a first color
deternm ned based . on a wavel ength band reflected in

cope §taharast f LLHENPA StdConPaEE oPn; Fhmf%lqt}evm%rﬁn
hol. ' i qui tal 10 1 i .
ssE SRR Pl Nl ek gRENEE ek iy = svase
| . . c e
ixPhOERL 8 SOROBIL Sin | b bl MEbRL 12, Bnprpncry

schkyskal, Pane! tle 1 SRR Gtk §81LI BOatd®in which
cholesteric liquid crystal to diffusely reflect |ight

1ightaispeeafiseit vayelrengtfideamdnan 15 the planar _
state, and bl ackening a portion under the cholesteric
| i ghdcowdirsilat, [thyerchbldestethat 1t eidl @ckstenl @andls 1 can
transmtted to be visible in the focal conic state,
digpédpgbjnierot bien iy plsiyno thiesspeoil b ede wavml medthnsed
color and bl ack col or. can be perfornmed. 20 As shown
on f Epyelenatindland teafel ardiade v hef PLaBar prtarapliase
vol tage.required for changing the state o£,the
SeERBICEoAPT o (i Gi YR D PRGSBFAREF SI@TE  grystal
panel 1 is transparent in the focal conic 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 liquid crystal to
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 visible in the focal conic state,
whereby monotone display of the specified wavelength color
and black color can be performed.

Ag shown in Fig. 3, the voltage value Vps of the
bipolar pulse voltage required for changing the state of the
cholesteric liguid crystal to the planar state is
approximately double the voltage value VEs of the bipolar

pulse voltage required for changing to the focal conic state.

After the cholesteric liguid crystal is set to the
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approxi mately double the voltage value Vfs of the
bi pol ar pul se voltage required for changing to the
focal conic state. 25 After the cholesteric liquid
crystal is set to the 6 focal conic state or the
pl anar state by applying a bipolar pulse voltage to
predeterm ned pi xel electrodes, the set state can be
held if no voltage is applied. Wen the bipolar pulse
voltage is applied again, its voltage value 5 can
change the state of the cholesteric liquid crystal, if
necessary In other words, the cholesteric liquid
{stal panel 1 using chol esteric l'iquid_ crystal can

SRnfarhe ?E?B‘?n‘é‘fu‘b‘?ﬁoﬁ’%}aa@e‘“diaw prpﬁyPﬂagl%lﬁea bipolar

puH%%ob%&58§?S§o té%k%fﬁ%ﬂ%ﬁ) uenéh%fsgﬁ
I
St‘%t'&??%&é% bEEE PR L AR S é?ﬁ%nidp*sﬁ%al kbe

ma%hﬁhﬂfrée&bl‘té%&bﬂ@ st SR8l ids §o§9§89e9alu?

n, rn the foc coni c ‘state, "the bipolar pulses

canokhagge Vphe ageattppdi athd alidiepeedet ﬂqhmadc@%é@m 15 ¢
el ectrodes, the planar state is activated to change
nemhesadysplagemthmwcwordsxruhéldhale@nbeﬁc Whgaidi eryéeal
pl anar state, the bipolar pulses of voltage Vfs are
Pa&&élﬂe&s%ﬂgt@hplﬁﬁEﬁﬁiQHlﬁqu&ﬁ-mrx@taéleenrmdestaihe
focal coni¢ state is activated to change the
méu°§5‘ﬁ5§r@a dbFRt2¥edRY FPRL NG @6’{80101132 ar opphee seebrrge

w1%$P%E Pln theuﬁﬁgﬁéﬁﬁt &‘%dﬂﬁi é% pow gnel L

Fig. 4 shows an example of 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 Vfs 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 liquid 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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di spl ayed information is tenporarily reset, for
exanple, such that the entire display surface is set
to the planar state by applying the bipolar pul ses of
vol tage value Vsp to 25 the entire panel,
predeterm ned information is displayed 7 such that
the state is changed to the focal conic state by
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 displayed
information can be 5 held. Fig. 5 is a block diagram

exa |l e, of the confi uratlon of a liquid
S“&?\/ﬁ“aﬁ ﬂﬂ?v?”ﬁ@ TiHEUFRARIEDICG fiEe FeradedoRif ﬁBate by
I
ey YeROPhETREPELES i feq B O E¥8) 991R8 Foe oo FRpe
pf%%ﬁugﬂggt£géés'$tg¢é&% Q&%ﬁ%ﬁ%b@n gkdtﬁé oltage is

pi xel s. A colum driver |s su éd W

appTLikh astepathand whéledsy, &@ﬁ?%hs%UQQQH §8PEeRg0ibA%can be
information to be dlsplayed on the cholesteric liquid

hedrdystal panel 1 and 15 is connected to driving voltage
V2 and G\D (0 V). It applies a predeterm ned voltage
to Edgunn {siagidlgck eiegimaodeto¥ing carynexdmphe of the
transparent colum el ectrodes 12 in the cholesteric
confgargacigataf qaa%écauadewst@rle@efﬂ@mgn@arcum Ay, of the
is described later by using Fig. 7. 20 A row

e edr 23 For HpHYIRG e IEeTEELR) Lfijhdl capgcal panel

1. Here, the cholesteric 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 ¥Yn of the transgparent c¢olumn electrodes 12
in the cholesteric liquid crystal 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 voitage V1l 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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I's connected to driving voltage VI and G\D which is
common to GND supplied to the colum driver 31. It
applies a predeterm ned voltage to row (scanni ng)
el ectrodes X1 to Xm of the transparent row el ectrodes
15 in the cholesteric 25 liquid crystal panel 1 wth
predeterm ned timng, which is 8 - described |ater by
using Fig. 7. Here, driving voltage V1 and driving
voltage V2 are voltage vaqus_satisfying VI +V2 > Vps.
Next, a specific 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
deYTPeds Latsr Dy AFpRE, FiBi t8, the pixels are
di splayed.in tw colors bl ack and white) to display
i nEehEeerE T EalRTe o 91 EIGds vShsatel Betprdo
I ' as,.shown in Fig. 6,
v s Ry e L % T8 i el 5, s x
pi x@kse, (XL o , 43,
Y2), and (X3?g%%§fcg%§”m%%%6?éééﬁ Fﬁgglggiugngétﬁég
calldrey (thioeeopioxel, s tane ﬂb?pifﬁﬁéhiﬂﬂbdiw%ﬁﬁy%ﬁgﬁhegolor
wavel ength col or is described. Display of 15 fhe
argh ddiafcke d andy e viaegt bhe okpeci Sial Staated dryvdhiceh okl gBt for
havi ng the specified wavel ength color is coherently
expiutlcer @b ibe  t Riechidkels eate displiayest yist awo whilohsi s
in the planar state, and display of black is a state
bhatkvch Bii6ER tPsddFbrayetnafmisie seiqaposeds pift Bed 3

pf%él%hﬁsc %g%%& %hg

For example, a case in which, as shown in Fig. 6, among
nine pixels composed of 3 x 3 pixels, six pixels, (X1, Y1),
(X1, Y2}, (X2, Y2), (X2, Y3), (X3, Y2), and (X3, ¥3), are
displayed in black and the other three pixels afe displayed
in the specified waveléngth 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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20 liquid crystal, which is in the focal conic state.
Figs. 7 and 8 are timng charts show ng the operation
of the colum driver 31 and the row driver 32. Fig. 7
is a timng chart showing the voltage and tim ng of

bi pol ar pul ses applied to colum electrodes X1 to X2
by the colum 25 driver 31, and the voltage and tim ng
of bipolar pulses 9 applied to row electrodes Y1 to
Y3 by the row driver 32, forg allowi ng the cholesteric
liquid crystal panel 1 to display information of nine
pixels conposed of 3 x 3 pixels as shown in Fig. G

8 is atimng chart_illustrating bipolar 5 pul ses
e £ SabeLEACFGIEn K 15 del Y doh 6BY (SiTEBNgs . for

AT T8, PR '%%esSﬁ%pét%&sﬁn?éeﬁningsaﬁéﬁPlay

11{)1‘.73)?3}5?1%?5 'b‘?_d%iné5%>1§% X% W% i {rxﬁgsg%cgl.s 2% Shown

iV @itage .desglgi.bedibya 10i i G- v iﬁld@tf&%&ﬁb bEBolar
reset information presently held, as shown in 7,

plliseel ahiphl ses hpplﬂngtﬁtfﬁﬁhﬁﬁbﬁﬂéi4ym@ctgddboportlons
columm el ectrodes Y1 to Y3, and bi pol ar pul ses havi ng
ahﬂqnmgde-VQIanenapgérvmhgwaawnmnﬁnaﬂdummas ¥E theX3. 15
Accordingly, as shown in Fig. 8, bipolar pulses having
trgneparente CopNIMNeal eatroRes ieranst sdle drepspsdent row
porti s corres ondlng to pixels (X1, Y1) to (X3,
e%tro S ﬁée 1%43%%1%500“&%%&%& &r BcPixepsd (X1,

Y19r¥§}ﬁk3la¥gr 1ﬂa9§£¥E e applied voltage described by
using Fig. 7.

At first, to resef information presently held, as shown
in Fig. 7, bipolar pulses having voltage V1 are applied to
column electrodes Y1 to Y3, 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—électrode portions
corresponding to pixels (X1, Y1) te (X3, Y3). Here, since
V1+V2 > Vps, the chblesteric 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



the transparent colum el ectrodes 12 and the
transparent row 20 el ectrodes 15 enters the pl anar
state to coherently reflect specified wavel ength
light. In other words, all the pixels (X1, Y1) to
(X3, Y3) display the specified wavel ength color (this
is referred to as entire planar resetting). After
that, as shown in Fig. 7, the row driver 32 25 selects
one row el ectrode by applying bipolar pulses having 10
voltage V3 to sequentially scan fromrow el ectrode X1
to row electrodes X2 and X3. In addition, the colum
sel ectivel y_applies_inverse-characteristic

igiver 31
v 'tﬁcﬂear"3pl§1°sé§quse%lﬁ¥lzoﬁm Bre trgHes egt rogey3i o row

TEMAURE 5 LG K9V S1e! shl ofg, Select it B er 51

seslfgamdeagg:ag}gﬁesaiﬁbgpgércﬁﬁg&ev{%ﬁ el@;o %;}/gv;f?s

Vis is a to the six pixels;
-U&XZo BAumn( ¥3ectBhaet XB1 Y2)Y heh
correspond to 10 the pi xel eIé%??gégéé¥g%ﬁ%Fgﬁ@P%erow
5 elquicale pelleesiagetapphyed Héee f R oW ARG COWUBRe VI >
el ectrodes with the sanme timng. Thus, the
VX lagldedA2er-i &4l.i quid crystal |ayer 14 between two groups
of el ectrodes, the transparent columm el ectrodes 12
;- and®fhEhoYR a8 pBEENt8 r cw iRsdiaro ped seSyohhagh af evitve >
” : é%e 15 cor,respondj ng pi xel positions, enters the focal
VicorkiSc 20PAteY £8 BRRoFEX tREMRbHr eREL, Yot HER , WERYs, (X2,

Y g$f§%§3g5§§;§X3g§§%&3?3%%)§£§; é%%{'ﬁ&%%h zg%kegggﬁd to

10 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
15 corresponding pixel positions, enters the focal conic state
to become transparent. In other words, the six pixels, (%1,
Y1), (X1, ¥2), (X2, ¥2), (X2, ¥3), (X3, ¥2), and (X3, ¥3),
are displayed in black.
In addition, V3+V4 > Vfs, and voltage value Vps is
20 approximately double the voltage value Vis. Thus, V14V2 >
V3+v4 holds.
As described above, after temporarily performing entire
planar resetting on the display on the cholesteric liguid
crystal panel 1, by inverting the color of arbitrary pixels

25 from the specified wavelength color to black, information



are displayed in black. In addition, V3+V4 > Vfs, and
vol tage value Vps is 20 approxi mately doubl e the

vol tage value Vfs. Thus, V1+V2 > V3+V4 holds. As
descri bed above, after tenporarily performng entire

pl anar resetting on the displﬁy on the cholesteric
liquid crystal panel 1, by t verting the col or of
arbitrary pixels 25 fromthe specified wavel ength

color to black, information - 11 - can be displ ayed.
The GRPVPREAVR3#E required for the colum driver 31
and row drjver _32.in the |liquid ¢grystal riving
circuit ZﬁhaegﬁinﬁﬁiW%}ﬁiﬁenﬁeﬁPéFgé ?BKCW'?M§O%WWQ
chol gs: i Gl LOyi r I i.s the.lo

val i o VEH o) SRt B3 S 1R B
vol tagerioly thecGot umm gkden,e3il @n@stihg FOW, df | V@r 4,32 ¢
nmust be equal to or greater than (V1+V2)/2. Although

bi palter ghollseteolitagbeg\Vps dorstehapgineg 1t he shatkeoddast
the planar state and bi polar pulse voltage Vfs for
chaffilvg the (BLa¥2) {D whrn fldcal V@oni Ehueat the dbfdardown
dependi on_inter-el ectrode gap_thickness, for

i e i ThE! Galh Paeta e ABA e, foy diriver 32
red, t = i mat el Vfs =
ot el Pha 1BPe D ARRIOKAE SN 101y2 878 Tiovs »

o the £oLiflon diptilar3budld LBE LY Hd VA 3480350,
the state to the planar state and bipolar pulse voltage
Vis for changing the state to the focal conic state
differ depending on inter-electrode gap thickness, for
example, when the gap thickness is 5 uym, 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.

It is very difficult to reduce the size and cost

- of driving circuits for driving the cholesteric liquid

crystal.

Disclosure of Invention
Embodiments of the present invention reduce a
voltage value supplied as a driving voltage to each

driver for driving cholesteric liquid crystal.



breakdown vol tage of approximately 20 V. It is very
difficult to reduce the size and cost of driving
circuits for driving the cholesteric liquid crystal.
Di scl osure of Invention Enbodi nents of the present

i nvention reduce a voltage value supplied as a
driving voltage to each drivefjfor driving

chol esteric liquid crystal. - 1la According to a
first aspeetodfiitde:preseitst iaRpenti 60, thdef dsnht
provi ded a display device conprising: a display neans
i n whhehnt byn appletiendg s walotvaged todiaway Hevice

el ectrodes and colum el ectrodes, the state of

chol E8TRF+81ING § quidd serdypst akans. ioheingdy thy diosglvdyg
information; a row driver for applying a voltage to
the VBwaPeettdde® a column driver for applying a
voltage to the colunm 5 el ectrodes; a '
rowdriver-reference-voltage switching nmeans for
selectively switching a first reference voltage (e.g.
GN\Dr) supplied to the row driver between a first

vol tage having a voltage value (e.g., V1+V2) greater
than the absolute value of the bipolar voltage
required for setting 10 the state of the cholesteric
l[iquid crystal to a planar state, and a zero volts; a
col um-dri ver-reference-vol tage
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sel ectively swi tching neans for switching a second
reference voltage (e.g., GN\Dc) supplied to the colum
driver between a second voltage (-V1-V2) whose
absolute value is equal to the 15 first vol tage and
which is reverse in polarity to the first voltage,
and zero volts; and a control neans for controlling
the operation of the row driver and the colum driver,
the rowdriver-reference-voltage sw tching neans, and
t he coIunn-driver-refereﬁc%2VDltage swi t chi ng neans.
A driving 20 voltage supplied to the row driver is a
first bipolar driving voltage whose absolute value is

electrpags vand sgel une. glectrd)desh thevihgteobf agolesteric
LG KEVSRL ot AR ALOIGERLoH) Gotonat s ow
A= TR R4 A S0 ok bgBov e LS Gt 4 han
e el 2 e el bend e othe fohdi on
e el yaral (o e e b Pl SN RO FRgns

fotrheel owt rd Merswiaf@1ieRCe Fivet! Agtc SMMdL mﬂg:a@%art%.g?
set the first reference voltage as the first voltadé’

GNDré eapipkictd rearthe oty drdvehebeblhes-a first voltage
driver-reference-voltage switching neans to set the
haydpgmgy veldiages ed ugol (Cage r a¥14Vi2) seosmmite altzageheand

anfRENEE e o e PiBovar: HpLiaes e Souhsetbing
thS'SE%E@Q%?tﬁEQC%Eﬁé%%%%QQ liquid crystal to a planar
state, and a zero volts; a column-driver-reference-voltage
selectively switching means for switching a second reference
voltage (e.g., GNDc) supplied to the column driver between a
second voltage (-V1-V2) whose absolute value is equal to the
first voltage and which is reverse in polarity to the first
voltage, and zero volts; and a control means for controlling
the operation of the row driver and the column driver,.the'
row-driver-reference-voltage switching means, and the
column-driver-reference-voltage switching means. A driving
voltage supplied to the row driver is a first bipolar
driving voltage whose absolute value is a third voltage
(e.g., V3). A driving voltage supplied to the column driver
is a second bipolar driving voltage whose absolute value is
a fourth voltage (e.g., V4). The sum of the third voltage

and the fourth voltage is a voltage value greater than the
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reference voltage is applied to the colum el ectrodes,
and, in order to set a desired portion of the
chol esteric liquid crystal to the focal conic state,
the control neans controls the
rowdriver-reference-voltage swtching neans and the
15 colum-driver-reference-voltage switching neans to
switch each of the first reference voltage and the
second reference voltage tg zero volts, and controls
the row driver and the col Gfm driver to contro
supply of the first bipolar driving voltage and the
econd bipolar driving voltage to the 20 chol esteric
vqlitg@ied Vélrlg#@t 5Pq‘1¥ﬁ@drgw dretrdmomthebetatippbietha t h

| t the columm driver
ChJi%S%ISrrzlt Sﬂ%ﬁ TR TRt dodrads FERAF atawgg then the
r . dri.vi vql tage and t he
°°§‘§%oﬁgﬁeakgfs%%f%$n%% $ogé eigwﬁycs Stabsto a

pléﬁhkagﬁa%§|USft@rV@B§§E n§UQh% Ld¥§+vudr?%] ehte-

absolute 14 val ues e thir

vollaagehswot tAdRy | BeadP IO )Qe"EHttﬁLay £ §r§@| f:e Péréﬂ.‘ee S}J lsf:ta
vol tage, and, when the <control nmeans sets t esi T8

aspohei 6hrst vobta:d;m,l eteerdobit rbl Ok ansr ¥shetol® ihe column-
focal conic state, the control neans nmy control the

drﬁgﬁ;drgﬁgrep@egzgﬂﬁﬁqq;ﬁWq¢chprym&hnsft¢S$etknnﬂﬂéﬁbond

iving voltage so as to scan the row el ectrodes, and

%ﬁ§ eESﬁglt Vﬁiti“%‘% 2| Hheh s@coper V‘Pbt@,@?eo‘fm@ ed(:quamjlsy theo

h ctrons the second bipolar drivin
ro&o?fggéynyn WP FEVER EBIE??gyt@% #%ﬁﬁqunaﬁﬁrence
vo@tgeéaisdéﬁﬁifgh to the row electrodes and the second
reference voltage is applied to the column electrodes, and,
in order to set a desired portion of the cholesteric liquid
crystal to the focal conic state, the control means controls
the row-driver-reference-voltage switching means and the
column-driver-reference-voltage switching means to switch

each of the first reference voltage and the second reference

voltage to zero volts, and controls the row driver and the

‘column driver to control supply of the first bipolar driving

voltage and the second bipolar driving voltage to the
cholesteric liquid crystal.

The row driver may be supplied with the first bipolar

~driving voltage, the column driver may be supplied with the

second bipolar driving voltage, the first bipeolar driving
voltage and the second bipolar driving voltage each may be a

voltage value in which the sum (e.g., V3+V4) of the absolute



vol tage applied so as to scan the row el ectrodes.
According to a second aspect of the present invention,
there is provided a display nethod for a display
device conprising a display unit which displays
information with cholestic_liquid crystal by applying
vol tages to row el ect rodéstand col umm el ectrodes, the
di splay nmethod including: a first reference-voltage

appl ying step of supplying zero volts as a first
veéher entethmittdgel Velgage &NBrhe of @urgwvahiitege whi ch
aggflies a voltage to row electrodes and supplying the

¥ ntehefc daldl PagEheofthet Yolradwcrmddeyhen the

ef erence-vol tage. appl yi ng. step. of suppl yi ng,

C?é?%%o ¥R Ss\eég‘gnggﬁéf:gﬁe%% Vot t eth(ee.cg‘.ogegEﬁ%ﬁ
181 8u8q cot d rﬂov%ﬁem@beglae%igss@ae%),l tage C%gt??h.ulqg ns
el'ectrodes and applying the first reference voltage )
mhbecoﬁEWbIﬂﬁﬂHlh@@e&tiaeiiE@tsé@ﬁéﬂﬁﬂHﬁ?ﬁ”@nggetﬁ@nfi?ét
step of, in order to set the cholesteric liquid - 14a
btpybtaldiigingivaiargst abeas conts@dn g trher Eilestrodes,

reference voltage applied to the row driver to

aRR IR rE Wi tEhithg CPEWZ@?@W@I‘I% sed egtilivedy epbimgeto
V1+V2) greater than the

Rk @:effg%gﬁ\églhgghﬁi(g%gﬁd dHRATRY vetivage voltage,
R E R S BLLPRCLE, U Sl HeebL eaL L
vé Bf NG IvRldt 3826005 ObaSt @R Aoy clectrodes.

According to a second aspect of the present invention,
there is provided a display method for a display device
comprising a display unit which displays information with
cholestic liquid crystal by applying voltages to row
electrodes and column electrodes, the display method
including: a first reference-voltage applying step of
supplying zero volts as a first reference voltage {(e.g.,
GNDr) to a row driver which applies a voltage to row
electrodes and supplying the first reference voltage to the
row electrodes; a second reference-voltage applying step of
supplying zero volts as a second reference voltage (e.qg.,
‘GNDc) to a column driver which applies a voltage to column
electrodes and applying the first reference voltage to the

row electrodes; a first reference-voltage control step of,

in order to set the cholesteric liquid




in order to set the cholesteric liquid crystal to the
pl anar state, controlling the second reference

vol tage applied to 5 the colum driver to perform
switching fromzero volts to a second voltage (e.g

-VI -V2) whose absolute value is equal to the first
voltage and which is reversgjmn polarity to the first
voltage; a third switching step (e.g., S7 in Fig. 12)
ofrystnlotdes plarset wadesi cedtpollinf e thigrst reference
cholesteric 10 liquid crystal to a focal conic state,
YORLtREE| pPigl ik 4 rdte noef drémee Vol pag mppEwisthtiog
the row driver to perform switching fromthe first
%Pf“aé%r? 0’ 2ETD beﬁ $irgid VOééﬁa?olerHgg B s\@:ldwe value

nn drj ver

E:r Io??n g-\g\ﬁ\]% a%en F om%t b&g %JT? 4% 51315
%be§ara@£h@gﬁ§syyfgéd%oqgg ﬁg&ep of controlllng

di spl ay of ormation o e display unit by, in
order to set the desired portion of the cholesteric
liquid crystal to the focal conic state, applying a
first bipolar driving voltage so as to scan the row
el ectrodes, and selectively applying a 20 second

bi pol ar driving voltage to the columm el ectrodes, the
second bi pol ar driving voltage having an absol ute
value equal to the first voltage and being reverse in
polarity to the first bipolar driving voltage applied
so as to scan the row electrodes. A driving voltage
supplied the row driver 25 is the first bipolar
driving voltage, whose absolute value - 15a is a
third voltage (e.g., V3), a driving voltage supplied
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to the colum driver is the second bipolar driving
vol tage, whose absolute value is a forth voltage
(e.g., V4), and the sumof the third voltage and the
fourth voltage is a voltage value greater than the
vol tage value required for setting the state of the
cholesteric liquid crystal to a focal conic state.
The first bipolar driving voltage and the second
bi pol ar driving voltage each_may have a vol tage val ue
in which the sum (e.qg., V3*¥4Y of the absol ute val ues
of the third voltage and the fourth voltage is
approximately a half of the first voltage. In the

fen ({ttdng $beorBakepett thefchdlesiresentiiquidentyoel to

the reference voltage applied to the row

ft
th:‘? é’?{ﬁn&&eg%eéoﬁt POFPRY T g&ticerivodhpoentogtfobratep of,
: I he first |t [ | t
irf Sfier! Fof 3ebOchllhb {2t d MG Mstal Cte am wanar
he.bi ' ing the stat
St QOB Ring Y OhS AL EANIRE L SEIERRY Al Ed S

thehedlehar aReee ¥ Ot b ager £ AP W% chankN @58/ |
el ectrodes is controlled to peFfo?ﬁl%§§ﬁt%%?%d”#ﬁ§hF° a

sexend volltageo (éhe. seamndravolhage GBsO1ute Wa1 )i Q581
absolute value is the first voltage and which is

to dher Séreh pol bade yand wiiehf issteveksagen peELEY the the
.cholesteric liquid crystal is changed to be in the

Birsin¥pltegai @ Wekist Ewigabdng shiepd(espectSdfin g, 12)

resent .Lnvention, .
o)l €% o%der O set’a desired portion of the cholesteric

liquid crystal to a focal conic state, controlling the first
reference voltage applied fo the row driver to perform
switching from the first voltage to zero volts, and
controlling a second driving voltage applied to the column
driver to perform switching from the second voltage to zero
volts; and a display control step of controlling display of
information on the display unit by, in order to set the
desired portion of the cholesteric liquid crystal to the
focal conic state, applying a first bipolar driving voltage
80 as to scan the row electrodes, and selectively applying a
second bipolar driving voltage to the column electrodes, the
second bipolar driving voltage having an absolute value
equal to the first voltage and being reverse in polarity to
the first bipolar driving voltage applied so as to scan the
row electrodes. A driving voltage supplied the row driver

is the first bipolar driving voltage, whose absolute value



there is provided a liquid crystal driving circuit -
15b for driving liquid crystal display elenents
including cholestic liquid crystal, the liquid

crystal driving circuit conprising: a row driver for
applying a voltage to rom1§%ectrodes of aliquid
crystal display el enent Bl um driver for applying
a voltage to colum electrodes of the liquid crystal
dlsplay element; a rowdriver- reference-voltage .

§%i 2 chi %ﬁﬂrﬁﬁ%ﬁ?qaaresélecVBWeI§ dwi viohd pltagki sepplied

f | t , I dtoth
SR R e
, t th L | ut | th
(ot o MRe gestier tHap e gorcluit e valveys the, v,

9fm &betw@odrﬁ&towoqtgpguagdcwétﬁLm_ttql a,Al-anar ;state,

and zero volts; a co driver-reference- oltage
ol tadd ngp NeARFreaftelr sRhaCthyebyl Syd Ghilng 258608 for
reference voltage (e.g., GNDc) supplied to the colum
et vierg bdtevediate 9décohd chole¢ager (e, lgiquidViryakahosea
g%solute value is equal to the first voltage and

Fth $PYvd3dEin polarity to the first voltage,

and [0, oIt d a control ans for_ controllin
operg |onV ﬁ?k?%lﬁﬁ gFﬁVéPgaﬁgEFﬂ%ec%Pq”ﬁPe(ﬁ%qygp °

@k ihe Jﬂw%%,l g@ﬁtggé L 206 %! I{a0e - S\Qﬁol%glgggvag ans,

and the colu rive e-voltage Sw
WFBiRITS thA dunvi(BY gVl vages suppldrd 4 dihe ef %fléééV@f 1e

a first blpolar driving vol tage whose absol ute val ue
ilsiml voltage and the fourth voltage is approximately a
half of the first wvoltage.

In the first and second aspects of the present
invention, after the reference voltage applied to the row
electrodes is controlled to perform switching from zero
volts to the first voltage having a voltage value (e.qg.,
V1+V2) greater than the absolute value of the bipolar
voltage required for setting the state of cholesteric
liqguid crystal to the planar state, the reference voltage
-applied to the column electrodes is controlled to perform
switching from zero volts to the second voltage {e.g., -V1-
VZ) whose absolute value is the first voltage and which is
reverse in polarity to the first voltage, whereby the
cholesteric liquid crystal is changed to be in the planar
state.

According to a third aspect of the present invention,

there is provided a liquid crystal driving circuit



third voltage (e.g., V3), a driving voltage supplied
to the colum driver is a second bipolar driving
vol t age whose absolute value is a fourth voltage
(e.g., V4), and the sum of the third voltage and the
fourth voltage is a voltage15value greater than the
vol tage val ue required for = 25¢ setting the state of
the cholesteric liquid crystal to a focal conic

§Pat €rivien Yimidorrwerradedhspbey seldrentehdingduding

| i quid tal | tate, aft trolli
LR Pl BBt LBl Sl SRS,

' . I.ef the fi.rst I
seieble 1agl 0ier e, kg 25 Ui Y OLLEHGe <.

e 6l UaTe & i hBls 18T @r @@%@1&01:2?9&1 Sd&{éﬁ}jmaﬂéﬁégﬁ;t 9

set the second reference voltage as the” secon

vol tmgedriang: cent kpbiytihe aow ltiyercansdiihe edkdiPodes
driver so that the first reference voltage is applied

6 the Liwishvaalvetedodéspand ¢henswrond meferénee-
voltqge is applied to the columm_el ectrodes, and, in

b HeF SR St tR9Ge s EEN 1 pBr ReRmS of ot Ife larsiaslegr pyitching

[ id crvstal to a.focal ,conic te, the contro
%Eg%%9%6ﬁ¥%bggcfhgo% ﬁgﬁrﬁ%e?lTéﬁéignagppaéﬁga§8 the row
SWL $ &P JRANS @tﬂgsEhgo‘fQélcggThéj\Li'ﬁ/ 5 L8 %&g@cga%
vol tage swtching neans to switch eac o# the fIrs

refgrence-wnl bagatandehhe sesonskdritar enagvekt age to
zero volts, and controls the row driver and the

kopabar didiwemngt goltener obgsipal ytd Gdthdnghehesteaté of
liquid crystal of the first bipolar driving voltage
el asdeaig Biigslidredysvahgio a planar state, and zero

volts; a column-driver-reference-voltage switching means
for selectively switching a second reference voltage (e.g.,
GNDc) supplied to the column driver between a second
veltage (e.g., -V1-V2) whose absolute value is equal to the
first voltage and which is reverse in polarity to the first
Voltage, and zero volts; and a control means for
controlling operation of the row driver and the column
driver, and the row-driver-reference-voltage switching
means and the column-driver-reference-voltage switching
means. A driving voltage supplied to the row driver is a
first bipolar driving voltage whose absolute value is a
third voltage (e.g., V3), a driving voltage supplied to the
éolumn driver is a second bipolar driving voltage whose
absolute value is a fourth voltage (e.g., V4), and the sum
of the third voltage and the fourth voltage is a voltage

value greater than the voltage value required for
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20 voltage. The row driver nay be supplied with the
first bipolar driving voltage, the colum driver may
be supplied with the second bipolar driving voltage,
the first bipolar driving voltage and the second

bi pol ar driving voltage each may be a 25 vol tage val ue
in which the sum of the absol ute valugs of the.15d
third voltage and the fourth voltage is approxi mately
a half of the first voIt_aggC and, when the contro
means sets the desired poftion of the cholesteric
liquid crystal to the focal conic state, the contro

_ ans control the row driver to sequentially
Se&%ﬁw gﬁé Freake of porarchrliastegicvdiauyd soyssal dcsean

: ontrol the colum driver
248t GPLE S A i et gPﬁmﬁeZ’éFe%ﬁ%d@ﬁ the

j S [ YA tage, which is reyerse in
S P L o X BB Pr e dettetppl | ec
con@rad 1§ Ag SERd EJWL&fW%é¥J¥aﬁ€9gﬁ§e-€8ffgé%{%kié?ﬁi§g means

fourth aspect of the present invention, c
topsevi thd fitsigutafaretdalvodibybngs MeLH O £ ﬁblﬂ%g%Q'Qhe
crystal driving circuit which drives liquid cryst I_
coptspl ayeatenemisral [ukei nplohakasiverd i hide siak 2By
appl ying voltages to row el ectrodes and col umm
SWaLERiRY JBRANS (e Jqtquihe cegond| reféwémee netlhedie as the
including: a first reference-voltage applying step of
Segﬁﬁﬁly?iﬁ%%ﬁﬂw? |G e 155 ther 5ov r @F sresn card) dlheage l umn

dr&@eg'soc@ﬁgé gﬁ%z%ff§¥ %%%%%gnce voltage is applied to the
row electrocdes and the second reference voltage is applied
to the column electrodes, and, in order to set a desired
portion of the cholesteric liquid crystal to a focal conic
state, the control means controls the row-driver-reference-
voltage switching means and the column-driver-reference-
voltage switching means to switch each of the first
reference voltage and the second reference veltage to zero
volts, and controls the row driver and the column driver to
control supply to the cholesteric liguid crystal of the
first bipolar driving voltage and the second bipolar driving
voltage.

The row driver may be supplied with the first bipolar

driving voltage, the column driver may be supplied with the

second bipolar driving voltage, the first bipolar driving
voltage and the second bipolar driving voltage each may be a

voltage value in which the sum of the absolute wvalues of the



whi ch applies a voltage to the row el ectrodes and
supplying the first reference voltage to the row

el ectrodes; a second reference-voltage applying step
of supplying zero volts as a second reference voltage
{e.g., G\Dc) to a columm driyer which applies a
voltage to the colum ele61958e§ and applying the
first reference voltage to the row el ectrodes; a
thisy v&f i ¢l t O 0
R e PRt Ph LTS prstalileba s
h&ef df isHagivelt agethgd)i &g, fiesaldd NG rthe15haksOfets
the cholesteric liquid crystal to the planar state; a
she ol iret groartdenvolft agje conleniesitefd iofuid rrosdel to
set the cholesteric liquid crystal to the planar

Ehat Focqbitardlq ishgts. t RBeseerheb ¥ afsarencawobnsgel the

e e sl e To pe e aiotitg L
[_ut | ' | the, first [t

B L i e R Y

Bhe tdY NS Wi GRIMNGoSEBRe b i el y SV, Fitd +12) cBlumh N

~order to 10 set a desired portion of the cholesteric

¢1lquixbdersysttale secandf beabl Lo Sirdt &o1¢agkl olhiog is
the first reference voltage applied to the row driver
¥ovped dmmpowiatrdbivngof tloen fivest fhiipstl avoldiragéntovaetage
volts, and controlling a second driving voltage

UPHH I S0 A& EFERNTRR | Y e PFerorsEm 15 swi tchi ng
froniége(§eco d voltage . to zero volts; and a . ,

dri Vi ngqrvojlr%gazy]cé)- éapgltoiuggpi 8ﬁp%%1ht?§ltk%ei & Y ANgREELOn
e ®Llis provided a liquid crystal driving method for a
liquid crystal driving circuit which drives liquid crystal
display elements including cholestic liquid crystal by
applying voltages to row electrodes and column electrodes,
the liquid crystal driving method including: a first
reference-voltage applying step of supplying zero volts as
a first reference voltage (e.g., GNDr) to a row driver
which applies a voltage to the row electrodes and supplying
the first reference voltage to the row electrodes; a second
reference-voltage applying step of supplying zero volts as
a second reference voltage {e.g., GNDc) toc a column driver
which applies a voltage to the column electrodes and
applying the first reference voltage to the row electrodes;

a first reference-voltage control step of, in order to set

the cholesteric liquid crystal to a planar state,
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the desired portion of the cholesteric liquid crystal
to the focal conic state, controlling sequentia
application of a first bipolar driving voltage to the
row el ectrodes, and 20 controlling selective
application, to the colum el ectrodes, of a second
bi pol ar driving voltage having a voltage value which
is reverse in polarity to the first bipolar driving
vol tage applied so as to scan the row el ectrodes, and
whose absolute value is etqual To the first voltage. A
driving 25 voltage supplied the row driver is the
first bipolar 16 controlling the first reference
dnﬁﬂlpgggoibﬁgﬁeEGQ%#¥¢QaﬁQﬁmseatﬁngrthe peateraf the
iLtchin romzero volts to a first voltage having a
Ch\%/’\gFtsga‘élgat{b‘éu’( GFYShAL\) theerieparhghate her afsswingt e
f i pol ar_driving voltage, whose absolute
relBriicl b ade B lindy e B, VB)oracariqiont the

cthEEFQEiéUPP&ﬁﬁﬁ 40,418 ¢Ql ugm 85%%%%U%€a%%fd%§}o%gling

bi pol ar driving vol tage, whose™abs

theostbonal f@gered @ Grolt¥dl apPdibRerSUMOl NGl Wi%er o
vol tage and the fourth "voltage Is a voltage valuée

pegfemneswibamindietnenl tzage vallus tbequbsdshd Fo138lki NG, 4.,
the state of the cholesteric liquid crystal to“the -
~Vio¥al wenie ahsnlerteTivelider §& bipal ato dihe/ifigtohbagage
nd, the second bipolar driving voltage each nay be a
anao‘t”ilhﬁ‘é VI RRVGTPS W erlenétyube (they. {ing W)l tabet he
thggﬁféévglté@?ﬁslfng%%&oe% n(%pgl'yt g%rgn VFO:!Lgt;.a 9192 anodf ,t I].?’l fog‘lcjifraf: hto
set a desired portion of the cholesteric liquid crystal to a
focal conic state, controlling the first reference voltage
applied to the row driver to perform switching from the
first voltage to zero volts, and controlling a second
driving voltage applied to the column driver to perform
switching from the second voltage to zero volts; and a
d;iving—voltage—application control step of, in order to set
the desired portion of the cholesteric liguid cfystal to the
focal conic state, controlling sequential application of a
first bipolar driving voltage to the row electrodes, and
controlling selective application, to the column electrodes,
of a second bipolar driving voltage having a voltage valﬁe
which is reverse in polarity to the first bipolar driving
voltage applied so as to scan the row electrodes, and whose

absolute value is equal to the first voltage. A driving

voltage supplied the row driver is the Ffirst bipolar



hal f of the first voltage. In the third and fourth
aspects of the present invention, after the reference
vol tage applied to the row electrodes is controlled
to performswitching fromzero volts to the first

vol tage having a voltage value (e.g., V1+V2) greater
than the absol ute val ue of” thfe i pol ar vol tage

é@ﬁ%&éfi&ﬁé”ﬂﬁﬁ&ﬁ%@g the.state &glé£ﬁi 2%)&%8 cLiayid,o,,

crystal to the planar state, ther vol tage

appréed d pddmrnCeltifBheh§CtFodesa i ot @bl sdﬂ@st
perform switching fromzero volts to the second

vol tzgre Havigig a- Vielt¥gy whbse abspl ute wwal)ugrestéhethan
first voltage and which is reverse in polarity to the
Ehe stbspltteyara e pEbyhe Heipehot e‘%’iléﬂftg IVOQGadeeryé@aqa
nged .to he in pl apnar st at - 16a - 10
%Soggt% VDS A ﬁ%‘%ﬁﬂ Bt dreavﬂ gy 3Rirg2a g@r}gl%g]
6&1&5%% éyl(%q %oCEHLeééfrlc rlt“fjls %Sta gnge%lpolar

ustration ol'éstéFi &° |qu
&%ﬁﬁﬂﬁﬁ #Bﬁﬂﬂge,-wﬂ%sg|9bséﬁﬁ€bfkéﬂdgﬂlél l%%&%ﬁtbggtage

states of cholesteric -

{e.g., V4), and the sum of the third voltage and the fourth
voltage is a voltage value greater than the voltage value
required for setting the state of the cholesteric liquid
crystal to the focal conic state.

The first bipolar driving voltage and the second
bipolar driving voltage each may be a voltage value in
_which the sum (e.g., V3+V4) of the absolute values of the
third voltage and the fourth voltage is approximately a
half of the first voltage.

In the third and fourth aspects of the present
invention, after the reference voltage applied to the row
electrodes is controlled to perform switching from zero
volts to the first voltage having a voltage value (e.g.,
V1+V2) greater than the absolute value of the bipolar
voltage required for setting the state of cholesteric
liquid crystal to the planar state, the reference voltage
applied to the column electrodes is controlled to perform
switching from zero volts to the second voltage (e.g., -V1-
VZ) whose absolute value is the first voltage and which is
reverse in polarity to the first voltage, whereby the
~cholesteric liquid crystal is changed to be in the planar

state.



10

- 15

20

25

liquid crystal and a bipolar pul se voltage applied.
Fig. 4 is a chart of a waveform for cholesteric liquid
crystal. Fig. 5 is 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. 7is atimng chart showing, in the liquid
crystal driving circuit in Fig. 5 voltages applied
to row 10 el ectrodes and cglgpn el ectrodes. Fig. 8 is
a timng chart showing, in Prie Tiquid crystal driving
circuit in Fig. 5, bipolar pulse voltages each

appl i ed across the el ectrodes of each pixel in the
chol esteric liquid crystal panel. 15 Fig. 9 is a block
di agram showing a liquid crystal driving circuit to
whi ch the present invention is applied. Fig. 10 is a
timng chart showing, in the liquid crystal driving
circuit in Fig. 9, voltages applied to row electrodes
and colum el ectrodes, and G\D levels. 20 Fig. 11 is a
timng chart showing, in the liquid crystal driving
circuit in Fig. 9, bipolar pulse voltages each
appl i ed across the el ectrodes of each pixel in the
cholesteric liquid crystal panel. Fig. 12 is a
flowchart illustrating processing of the 25 liquid
crystal driving circuit in Fig. 9.

Brief Description of the Drawings

Fig. 1 is an illustration of a cholesteric liquid

crystal panel.

Fig. 2 is an illustration of the cholesteric liquid

crystal panel. .

Fig. 3 is a graph illustrating states of cholesteric
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- 18 Best Mdde for Carrying Qut the Invention An
enbodi nent of the present invention is described
below with reference to the drawings. 5 Fig. 9 is a

bl ock di agram showi ng the configuration of a liquid
crystal driving circuit 41, for driving a cholesteric
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 shown, constitute a liquid crystal

di s ice. The cholesteric liquid crystal panel 1

1 l%& dev ( _

TR/UG frvgkat oand %%RW%%%(E@%?Qiwﬁiﬁﬁg@ry§9éﬂeﬁanel of
the_tel ajed art [ IS described by using Figs., 1.
to ERSBli I ot h%l}a]f/\%orogg g iwl‘?vta%é’r% PES%@??‘ESW’E{HF gt iquid

cr&fexshal panel 1, when bipol ar pul ses by which the
Ig{)tential di fference between pixel electrodes reaches

VPsFog. 08 eas &f BiodPRliRGam %ﬂ%ﬁﬁb;%i{&&&%! Qr)géné’éf al

in a portion corresponding to the posi t1

drdrtieys carphfitasf stied exe WS )-8 20 correspondi ng
pi xel is displayed in first color determ ned based on
a wWavgl efigtd dand inefdrectiect ioff bheeph@pds St adfza I n
addition, in the cholesteric liquid crystal panel 1,
digRdavedi-pol ar pul ses by which the potential difference

bet ween _pi xel el ectrodes reaches Vfs or greater,
chof &St ef i £ 13 fuimi12h eyét ghowdrgespondheglianidherrystal

dr@.lv)fglg gg%&&ignlr?nl;:ﬁgts 5a, fv(%:ucla'l:lages 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 is 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

liquid erystal driving circuit in Fig. 9.
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19 conic state, whereby a corresponding pixel is

di spl ayed in second color that becones visible after
being transmtted by liquid crystal. Here, the

chol esteric liquid crystal panel 1 is 5 described
assum ng that a specific wavel ength color and bl ock
are di splayed in nonotone such that the chol esteric
liquid crystal is set to diffusely reflect |ight
having specific wavel ength,golor in the planar state,
and that a portion under t%e chol esteric liquid
crystal layer 14 is 10 bl ackened and the bl ack col or
is made transparently visible. The first color

det erm ned based on the wavel ength band reflected in

I Lh ' i f. | th
Bl APE0- ERRyshaTet St B uanp et een,

, may b€ ;

bl I | b b
R R E A T

15 vi sl ei ng transm

bellons bAle hMRE FB@endBYt § 0L 19K - a4 {Rgr Nore, obviously, by
providing a plurality of cholesteric liquid crystal

|l ayeig.1d ibas pbspectiaplan defdiagt tdbf E8ABMuration of
wavel engt h bands in the planar state, 20 nulticol or

a diisplidy cwyshallhérihbhestrdwid iaui dor Wstistinganel 1
can be perfornmed. In addition, as shown in Fig. 3, the

chpdiesige igaldguipscrvstahepdngollar oulde chokhagpresent

. requi,red for changing the cholesteric Iiguid crystal

ing éOPolﬁh@PBFéﬁgr sThg chalesteric liquid crystal panel

1, the liquid crystal driving circuit 41, and a power supply
unit (e.g., a battery or the like), which is not shown,
constitute a liquid crystal display device.

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 liquid crystal in a portion corresponding to the
pixel position enters a planar state, whereby a
corresponding pixel is displayed in first color determined
based on a wavelength band reflected in the planar state.

In addition, in the cholesteric liquid crystal panel 1, when
bipolar pulses by which the potential difference between
pixel electrodes reaches Vfs or greater, cholesteric liguid

crystal corresponding to the pixel position enters a focal
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25 approximately the double the voltage vale Vfs of
the bipolar - 20 pul se voltage required for changi ng
to the focal conic state. |In the cholesteric liquid
crystal panel 1, after displayed information is reset
(entire planar resetting) by, for example, applying
bi pol ar pul ses having voltage value 5 Vps to the
entirety of the panel so that the entire display
surface is in the planar stage_ 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

CTHE AT cYHPESRY af eCOBRRSPARd 1Y tHatel 16 dhsplayed in
' ayed_information is hel.d by |l yi ng no vol t age.
s B Phak "B Per cv LA A b Yelgo CapenPaan by
AL j-ver upplies the colum driver 52 with a cl ock
]J%%%ﬁfcrggéﬁzr and data (DATA) representing informtion

to herdi sphayesbmsidie £ fl@dq%ﬁtcﬁfdrgﬁthﬁubg%&i yptal

panel 1, and 15 supplies the row ver wth the

dealcatGhbe@Cakluaii ggat hat Na  Sslsle 1 00 wane1€EhobblBY and
switching of swtches 54 and 55, the voltage val ues

blafckGePe, dikpbthyed inrmbmsience siold agat suppkheletetbe
colum driver 52, and GNDr, which is a reference
ligplidagavesahedBedet ot e hidi f buvealy werf 158t dighf0Ohaving
switched with predeterm ned timng. The columm driver
spesiifd cs WANRLERI Wt FRide 1 ddke (apr sitghal and thah a
ATA) _si naL for. displayjng information_on the ,
o R ERRRE PEUPRCLTSRTRAC pHifBHich FWSRALNGREBRL 1ol 181
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 color such as, for example,
green, blue, or red, and also the second color that becomes
visible after being transmitted by the liquid crystal may be
any color.

Furthermore, obviously, by providing a plurality of
cholesteric liquid crystal layers 14 that respectively
reflect different wavelength bands in the planar state,
multicolor 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 isg

approximately the double the voltage vale Vfs of the bipolar
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51. The colum driver 52 is al so connected to driving
25 voltage V4 and reference voltage G\NDc, and is
controlled by - 21 the controller 51 to apply, with
predeterm ned timng, which is described |ater by
using Fig. 10, a predeterm ned voltage to colum
(signal) electrodes Y1 to Yn of transparent col umm
el ectrodes 12 in the cholesteric liquid crystal pane
1. 5 The row driver 53 is_sypplied 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
P"clo'seaa%lﬁgw fRAPL EREt EPHI PRANIMGhitey thehifekalls conic state.

d ' | at b ' Fig. 10 10 det erm ned
Vot £98R¢ LR ot Tl sevbadsPnBl ol xRt

) 5 in.the cholesteric, .
R R s pe s T R A S

- £d15 &ARpeet edpb Py {£GCh PG Ear \@Qllts%%e#n%@ngg(r\?g;e%gggsalue

(VI +V2) that 1s connected to 15 referen
VeENDo thy eheisstychinghefpdhel Y teRes t3d «aRdraSqilsiay
a voltage value satisfying V1+V2 > Vps. In addition,
surdlaicage sVAnstpe| prandd $thec«olprotedehriehed2iaf8rmation is
vol tage V3 supplied to the row driver 53 are.voltage
digplgeed Wi eppsuingflyimvgkar puldes agivgsvelvagandaMis
> V4. 20 The_switches 54 and 55 include switching ,
Vig dreRi¥eduthechsode s ate nprAssaEPosiktiond EPf ebat the

Transi stors). .Based on. the control of the controller
*SEY AacRRIYER B9 CF (KGRl (GrLe Stale, ' dna, ‘arter that,
the displayed information is held by applying no voltage.

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 liguid crystal panel 1, and
supplies the row driver 53 with the clock (CLK) signal. In
addition, by controlling switching of switches 54 and 55,
the voltage values of GND¢, 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) signal 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 GNDc, and is controlled by
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vol tage val ue of reference voltage GNDc connected to
the colum driver 52 between (-V1-V2) and G\D (0 V).
Based on 25 the control of the controller 51, the
switch 55 switches the - 22 voltage val ue of
reference voltage GNDr between (VI+V2) and GN\D (0 V).
As the switches 54 and 55, obviously, those other than
the FETs may be used if they can switch the voltage
value of 5 GNDc connected to the colum driver 52 or
the voltage 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

the) COPLTRLLEES Aty tO| APRHE: dti e BIBdek evagmed ¢ ining, 6thich
et el e Bhof el £35Sl SeRbod vCliase
j el ived.. Figs. 10 a
T KR amaT ] OF e P o T, ¥ Be At P BRAGE AL o Tumn
el@@k&@ﬁegrhﬂeﬂn5@h§ngh$f5%€éPYéhﬂfﬂ%&d5%rbgtgl &?ggﬁzg.

in which, after entire planar resetting’is pe

on The pseserivyr displayrebinkar #thofhet Bock | (CLK)
cholesteric liquid crystal panel 1 displays nine
signeél §romohhesednofoBler F1 pi XEl addd twbnGhisi XspibdhsScted
(X1, Y1), (X1, Y2), (X2, Y2), (X2, Y3), (X3, Y2), and
EA R3iviy, vaibageatk3 sl tiwf cotchiee 201pagel SNBre and is
specifi c wavel ength color, as shown in Fig. 6. Fig.
copgrpd Lgdt Pri hBechamrtrelliantalationgppily  avdbhi pnedetermined

timing, which is described later by using Fig. 10, a
predetermined voltage to row (scanning) electrodes X1 to Xm
of transparent row electrodes iS in the cholesteric liguid
crystal panel 1.

Here, voltage (-V1-V2) that is connected to reference
voltage 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. 1In
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 > Vfs and Vfs > V3 and VEs > V4.

The switches 54 and 55 include switching élements such
as, for example, FETs (Field Effect Transistors). Based on
the control 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 controller 51, the gwitch 55 switches the
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the voltage and timng of bipolar pulses that are
applied to columm electrodes X1 to X3 by the colum
driver 52 in order to display information of nine
pi xel s conposed of 3 x 3 25 pixels as shown in Fig. 6
after entire planar resetting on - 23 the presently
di spl ayed information is perforned, and the voltage
and timng of bipolar pulses that are applied to row
el ectrodes Yl to Y3 by the w driver 53, and voltage
that 1is given as reference voltage G\NDc and reference
voltage 5 GNDr by the switching of the switches 54 and
55 and the timng thereof. Fig. 11 is a timng chart
voltags vadbRgot br%g%?nw%@stat%ﬁlmre bgspeead (Vo+Vhe and
! Q% %ixels (X1, Y1) to (X3, Y3), which have 3 x 3
pi xel s, 'with the applied voltages described by using

Fig. 10, 1 irst, i t ches 54 and, 55 -
cggzt)‘?oppgdg%g?%éeg S%lor?{n IrzigISI%\(,éwr O%Yigggli"ﬁgifhﬁ\b?é&er than
tht% EE@%@%S??SEP@%%%%% D\@(aa?)rl %lt?'?]l gr er Ofi gggéls%ql&@ ot

GNDle cphesentlytdi sid aye i @Rt @3 orbikRel 861 PkSeSa1ue
having a voltage equal to or greater than Vps 15 nust

ofbeNappkupgliedeashtid fpwelrsived 53Ybhsta 6X3thd3dontrol
Based on the control of the controller 51, the row
ofdithgecopBrodpeti®s- GNDr to row el ectrodes X1 to X3,
and_the_colum driver 52 applies GNDc to col um
el elPraddestHANt G WFivien 56adai cpoRechsdshoviehe edEigroller

10, for entire planar resetting, 20 the controller 51
Sl ofr BFSSTRE i t B 8 (I Spply FoPpggetic disk 61, an
optical disk 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, ¥2), (X2, Y2),
(X2, Y¥2), (%3, ¥2), and (XB,.YB), are black and the other
pixels are in specific wavelength color, as shown in Fié. 6.

Fig. 10 is a timing chart illustrating, 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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(M+V2) to G\Dr in a predetermned tine wwdth (tinme
width determ ned by an application tine of bipolar
pul ses), and controls the switch 54 with the next
timng to supply voltage (-V1-V2) to G\NDc. 25
Accordingly, as shown in Fig. 11, the voltage out put
to - 24 rowelectrodes X1 to X3 by the row driver 53
is a pulse voltage of (V1+V2). In addition, the

vol tage output to colum_ebgctrodes Yl to Y3 by the
colum driver 52 is a pulse voltage of (-VI-V2), as
shown in Fig. 11, and the 5 application timng is

tin to.th licati, f GNDr. to row
thS B I BB 80 AR oA s RSFGRRTPH. FRgd. Yhe

' | f + | t i xel .,
N T L
e 1D rddL v1VESEVR3 > YPhe TAYS  af 6 1% Lhal.as (fgglgggeoﬁlélat

liquid crystal layer 14, between two €l ectro
id rAnspaEentreteluibe eVOTL 46 calpc alith ARG EAREPIHERLge
row electrode 15 at each correspondi ng pi xe
GNiusikyl dine emtierbing hef ptlamaswit e tsa @odesenhhi the
scatter specified wavelength |light. Specifically, al
tigligyy &pedepifxel BigXill vily a ocindg ha¥l) itduetirathaye
a specified wavel ength color, so that they enter an
binalare DyLEREr thakel e mPRI . tfther nimst pikaded (Bh, Y1)
controller, 51, the row driver 53

e N conkrol fﬁﬁhﬁ , ,
Setect 8newgb ePRET rdde byPappisyi g thoFpel aPppiedes
vd1@%dd akbagEe Y35 QéSad O LS 9y M sequenti al

At first, the switches 54 and 55 are controlled by the

A%

controller 51, so that GNDc supplied to the column driver 52
and GNDr supplied to 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, ¥3).
Based on the control of the controller 51, the row driver 53
applies GNDr to row electrodes X1 to X3, and the column
driver 52 applies GNDc to column electrodes Y1 to Y3. 1In
addition, as shown in Fig. 10, for entire planar resetting,
the controller 51 controls the switch 55 to supply voltage

(V1i+V2) to GNDr in a predetermined time width (time width

~determined by an application time of bipolar pulses), and

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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20 scanning fromrow el ectrode XI to row el ectrodes X2
and X3, as shown in Fig. 10. Al so, based on the
control of the <controller 51, the colum driver 52
sel ectively applies inverse-characteristic bipolar
pul ses -V4 to colum electrodes Y1 to Y3 in response
to timng of row el ectrode 25 selection, as shown in
Fig. 10. Specifically, the colum 25 driver 52
applies inverse-characteristic_bipolar pulses -V4 to
colum el ectrodes Yl and Y2 when row el ectrode X1 is
sel ected, applies inverse-characteristic bipolar
ulses -V4 tqg.colu | ectrodes Y2 and Y3 when row
| eegtercé:ggéﬁf %% gos PngeEI,‘eaﬁ%W dhpivegs 53 is a pulse
' - ristic_Ripol ar | ses - .-V4 to, colum
LS el P S L B SR B R
0 ' i [ pul.se . voltage
kv R SR L Lk
puihiec vdiltaghi pel arvil02pyl sesssvh applsigd 49t haqar ene
and colum el ectrodes with the sane ti mng. Thus, the
appidloestioni timiggi dsctymind duyssquibht kel weenappication
el ectrodes, the transparent colum el ectrode 12 and
of K@Dy &ospavenleconodeecXt ode X5, at the corresponding
pi xel position, enters the focal conic state to becone
15 PFEREPLRSHY. 3% et Mbrfdy- 34l ebipdlarxpplses sof
(4., Yl), X1, Y2),.(X2, Y2), (X2, Y3), (X3, Y2), and
V’(-*>y‘?§, a¥8) F‘PBﬁéEdngpPéﬁ(?%b ¢ledizrdes srarerecsdpeg to
pileigl TxaSmRh P BhsRhayefsi N BRSS! Ui8Y,1aV LIt g, the

cholesteric liquid crystal layer 14, between two 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
scanning from row electrode X1 to row electrodes X2 and X3,
as shown in Fig. 10. Alsq, based 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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In the liquid crystal driving circuit 41 to which the
20 present invention is applied, when, for exanple, V3
= V4, a driving voltage of the columm driver 52 and
the rowdriver 53 is (V3+V4)/2. Since V3+V4 > Vfs and
vol tage value Vps is approximtely double voltage

val ue Vfs, (V3+Vv4) ~ 1/2(V1+V2) holds. Therefore, in
the liquid crystal driving circuit 41 25 to which the
present invention is appliedg conpared with the 26
case of the related art, each driving voltage of the
colunn driver 52 and the row driver 53 can be reduced

a r ox tel¥ a half. As described above, in the
e R R BTaE Sl LR r et L e A P ARE PRages —ve

e A QALKLOGACLT e dnd Ied Qi el LR ggf 838Ky, is

invention is app y rese ing

sé‘é@l&%@ssbﬁﬁltﬁg yﬁb&@@@sc% areg.%tsac%cd'b' egsvghieggs va

to the drivers, the color of rary
td meduted clleomradspers fisd wavAlaN Feqle%rbae blacks
10 In addition, the driving voltages of drivers (here,
setllecteds! amd dppﬂees5£n$émbéJuhaxa&uﬁﬁrgtﬁc531paiafhﬁulses
liquid crystal driving circuit for driving the
~VéhéPespdnms Eilgatdodes y&2 aindaitelwhbrdeoweadect nbee ey is
el ements whose package is snall can be selected for
eﬁﬁ& §Fi-vers. Thus, liquid crystal 15 display device

g aﬂ be reduced Furt hernmore, based on a reduction
|n ReSHPTYi 1y A1 tlge PoPiPRdad: prdre valesge ofdiavs >

Vf%r¥§t§bpgﬁéﬁlBgt§éé£Lﬁfxel electrodes in which the bipolar

pulses are applied to the row and column electrodes with the
same timing. Thus, the cholesteric ligquid 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, Y2), (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 is (V3+V4}/2. Since V34V4 > Vfs and voltage value Vps is
approximately double voltage value Vfs, (V3+V4) ~ 1/2(V1+V2)
holds. Therefore, in the liquid crystal driving circuit 41

to which the present invention is applied, compared with the
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for driving the cholesteric liquid crystal panel 1,

one in which electric double |ayer capacitors that

are connected in 20 series to each other, etc., can be

used as a battery for supplying power to the drivers

(for exanple, by further stepping up the voltage by

using one in which electric double |ayer capacitors

havi ng capacity of 2.5 V are connected in series to

one anot her, the required vgltage 25 val ue can be

sufficiently supplied). Thu 6 Tiquid crystal 27

di spl ay device size can be further reduced. In

addi tion, by applying the present invention,

casR) it ithe rRlakedsire, cfagowbrivimuphpluagesof stitd @slumn

st al drjvin% circuit for driving the

t.h l_i_qui
d%ﬂ%Féé?g%%g %£ i GO d9EF YRt 213 samebel raducedetdat tery,

'apﬁ{%lﬁ{igm"avt‘éﬁg 205, griving are realized. Thus, the

cry play device including the liquid

crystaledri Wi ' it 41, to,.which the present
i nvent i %néi is%%%p%% ’ctz?\er]1 %g%u%égué %IY%FE@LI‘%)FP&@% ce
defllcelS@cll Ad@ng MBhé 1 NhprdTaty r hD9: evj€

such as a PDA? a tinepiece,ygﬁgﬁaggﬁgi%gr%+g§k£ﬁ,dl to
whiirchc esei pgesént hentértiich Glsy sbah i8H VEPOr&sdCihidy

to which the present invenfioﬁéié appl?eﬁ iéggg%%fﬁ%g&ay
whijileh spppeeentey t the heolffageshanppiliedi gs d2iviny SiARages

S1, the controller 51 controls the switch 55 to 15
tos &hecipi vetippl Fagl 9@l athetr ewbdtiruey BBxeDls GMD, Hehat

. 1S,.zer volts. . _.
. 1nverte8 grom a specified wavelength color to black.

In addition, the driving voltages of drivers (here, the
column driver 52 and the row driver 53) of the liquid
crystal driving circuit for driving the cholesteric liquid
crystal panel 1 decrease, whereby elements whose package is
small can be selected for the drivers. Thus, liquid crystal
display device size can be reduced.

Furthermore, based on a reduction in the driving
voltage of the drivers in the liguid crystal driving circuit
for driving the cholesteric liquid crystal panel 1, one 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, liquid crystal
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In step S2, the controller 51 controls the switch 54
to set GNDc supplied to the colum driver 52 to GN\D
that is, zero volts. 20 In step S3, the controller 51
controls the colum driver 52 to set the out put
voltage of the rowdriver 53 to GN\Dr. In step $4,
controller 51 controls the colum driver 52 to set
the output voltage of the colum driver 52 25 to
G\Dc. 28 - Processing in stgps_S1 to S4 supplies zero
volts to the transparent column el ectrodes 12. and the
transparent row electrodes 15 corresponding to al

th i xel . i ti f. th hol esteric liquid crystal
aishid Bhabe’ pned teBrbr afstiny ?%dm&l of al1 "

i - Di . olts, .In ste ;

t he onraar T 2 Y BRHEIE e BifesRtsi PRSPy oh
r <N § i edet Q1L0E, ' frQmGNR Lo

(M f\}%ﬁpgtﬂr ?ﬁS gl%?ﬁefc r‘?éefsg%ﬁrpﬁﬁlg gmg’p?élgglter mt]ﬁ%d

Ligpdise crwsdbl. a2Qvingséepedhs fdre HARLG kBE Pholesteri
]ggttrofgmthe smﬁtchg54 t% switch GNécgéupplieg ?8 ?ﬁéc

Ligplidmergeicadr psel r dnatiNi® bdttdryW2hndul bigvalthge
corresponding to a predeternmined pulse width.
dippdegs siregriealizeps SBhend 1S dppluids caybipdl aispuhge

t he

device including the liquid crystal driving circuit 41 to
which the present invention is applied can be used as a
diéplay 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 describéd
with reference to the flowéhart in Fig. 12.

In step S1, the controller 51 controls the switch 55 to
set GNDr supplied to the row driver 53 to GND, that is, zero
volts.

the

In step 82, controller 51 controls the switch 54 to

set GNDc supplied to the column driver 52 to GND, that is,

- zero volts.

the

In step 83,
driver 52 to set the
GNDr.

In step S4, the

driver 52 to set the

to GNDc.

controller 51 controlsg the column

output voltage of the row driver 53 to

controller 51 controls the column

output voltage of the column driver 52
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15 voltage of VI+V2 to all the pixel electrodes (al
the cross points of the transparent colum el ectrodes
12 and the transparent row el ectrodes 15) in the
cholesteric liquid crystal panel 1. Thus, information
hel d before the voltage is applied is reset. 20 In
step S7, the controller 51 controls the switches 54
and 55 to set, to GND, GNDr supplied to the row driver
53 and GN\DC supplled to thggcolum driver 52.
Processing in step S7 supplles zero volts again to the
transparent colum el ectrodes 12 and the transparent
row, 25 el ectrpdes 15 corresponding_to all the flxe

posFEPORESHIT 24 FHEPT IO & &4 éuppaa?a éﬁygtﬁp parfed the
tfans 'i'%nt PSI %egiégl:r géé fﬁ ea.rlllc 3&% é:rg_&gpﬁrepﬁ E?‘@p

I nt er - pl xe ectro ave Zero

ef@%tﬂa@%scggtEQ&E@EFéﬁdfﬂ teol s 1 e %@%%ﬁmxsrlt ogg

apply selecting voltage V3 to scan thée'ro

tian¢heoskeeksct heqGohUsPy SFd Velarkd t O 'I‘?l%llseCtth\éebMt@RQ_}Lé(l
i nverse-polarity bipolar pulses -V4 to the col tm

didifegencdesof aher thyet hei Dl i@ riodielsi gutied zekyStalts.
panel is driven to display information before the
proéésst%@uﬁﬁ lthé-ororgxamigles, Swhennthelgothagewisch 55 to
plied to colum_ electrodes Yl to Yn of the
SV{% FHPEnEURB 4RA &P cble gy Piriview GRe fehol 8¥Petpc
id _crystal panel 1 by the columm driver 52, and
( t]‘rTg’%voflPﬁ B9 3 HppFi e ToSRIW idI% o gdeestetermined pulse

width.

In step S6, 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 S5 and Sé 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 supplies zero volts again to the
transparent column electrodes 12 and the transparent row

electrodes 15 correspending to all the pixel positions in
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to Xmof the transparent row el ectrode 15 by the row
driver 15 53, the bipolar pul se voltages shown in Fig.
11 are applied to the pixel electrodes correspondi ng
to pixels (Xi, YI) to (X3, Y3). Accordingly, after
entire planar resetting is perforned, anong the nine
pi xel s conposed of 3 x 3 pixels in the cholesteric
liquid crystal panel 1, as shown in Fig. 6, 20 six
pixels (X, Yi), (X1, Y2),_ FgZL Y2), (X2, Y3), (X3,
Y2), and (X3, Y3) are displayed in black and the
other pixels are displayed in specified wavel ength

coI r. In the above processing, in the liquid crystal
§%P&$St8€9Fcé1@§ﬁﬁgcﬁﬁ%¢%%tﬁﬁ4QiI% -quitdugry §hg| potential

d3 orn%F%gﬁgajﬁgg Pebé? rewous]l dl%&ﬁ%%ﬁ hagteFeTfe

l;gct rode potentlal dlfference required for
Vcipler OP%I%Q entire planar resetting by setting the

chokgsteepCabi athd é&ﬂ%ﬁdilérnsﬁlbohg§ols the row driver
inter-pixel-positions to be in the planar state can

s5bacgepplat edlbytingt ¢bl figd e o/ Fdza0@ Neahbas e 0k cENBNe s,
and G\NDc supplied to the row driver 53 and the colum

argl icoatrb2s The swiltwhidgiwdr te teoldedgetivallyeapply -
GN\Dr and GNDc can be perfornmed by using the swtches
imyergrdpedarikychinpdat apwkrdhy V4 dro dlmmeiod umBEFSectrodes,
Here, the case of perform ng bicolor display has been
wheehys EREnEROLEBHRYEF  11qus %ﬁt@{}s pegedppiby drfygen to
sent. |nve tion t he case erform ng

dﬁnﬁiFVCOPOPrﬁﬁ b?gybﬁgoEF ?ﬁﬁnﬁﬁf sBRA%di spl ay devi ce
S'Qgrcggéﬁﬁigf'&héﬂcﬁﬂe voltage is applied to column

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 bipdlar pulse voltages shown in Fig. 11 are applied
to the pixel electrodes corresponding to pixels (X1, Y1) to

(X3, ¥3). Accordingly, after entire prlanar resetting is

performed, among the nine pixels composed of 3 x 3 pixels in

the cholesteric liquid crystal panel 1, as shown in Fig. 6,
six pixels (X1, Y1), (X1, ¥2), (X2, ¥Y2), (X2, Y3), (X3, v23),
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 liquid crystal capable of holdiné

previously displayed information without being supplied with
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crystal. Since, in display of information after entire
pl anar 15 resetting, a nethod simlar to that in a
liquid crystal display device of the related art
whi ch uses cholesteric liquid crystal is used, the
driving voltages required by the row driver 53 and
the column driver 52 are determ ned by the
inter-pixel-electrode voltage required for setting the
20 cholesteric liquid crystal to the focal conic
state. In other words, in %%e‘liquid crystal display
device including the liquid crystal driving circuit
41 to which the present invention is applied, each
papsity aglies dpperedlast rody indtegtiadl tageetrontberé@Wred for
_driver 53 and the colum driver 52 can be 25 reduced
P OLiPEx FREL 5 yPHEIT Gfe s ion buhectatBaothe he - 31

- .related art..Therefore, according to the liquid
Ché’rl&g{%%l&i ibﬁ%g (T it Pddi ket ABtPFORi ¥ kTRRsidions
kVk LI Gl 1 i.ch _the present. invention is
tog%rk)al Fggtﬁtb hgy%%?%rs% %\Mé%r itr gﬂ}gﬁfligﬁsk’ga‘ﬁmo?hmg the

volhuget od1Heoma @ﬂﬂ%iefﬂoﬁ%m\t@%hgggg@gsﬁc‘?' Ofle .trgogwb'a%‘i%fer

whi | e suppressi ng vol tages supp drivi

53vaehtiaghe o1 VeF Srerarsd .l e@h@egw%éﬁiﬁ&dofoi&e Yo1@age
liquid crystal driving circuit for driving the

vadnebesfefNRr dnguiNDaopst bk parebriedaby besraplinzed.
10 The above-descri bed consecutive processing can be
swakehes pet f drdee byisisht wxee foThedsbft Weoe ésxmaripiss, alFEed.

frqg%gg’ the case of performing bicolor display has been
described. However, it is obvious to apply the present
invention to the case of performing multicolor display by a
ligquid crystal display device using cholesteriec liquid
crystal.

Since, in display of information after entire planar
resetting, a method similar to that in a liquid crystal
display device of the related art which uses cholesteric
liquid crystal is used, the driving voltages required by 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 voltage supplied as a driving
voltage to the row driver 53 and the column driver 52 can be

reduced to approximately half of that in the case of the
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recording mediumto a conputer in which prograns
constituting the software are built in dedicated
hardware, or, for exanple, a multipurpose persona
computer or the 15 like in which, by installing _
various types of progranms, various types of functions
can be executed. As shown in Fig. 9, this recording
medi um i ncl udes a package nedi um which is distributed
for providing a program to user separately for the
conput er, and which i ncl ude¥la 20 magnetic di sk 61
(including a flexible disk), an optical disk 62
(including a CD-ROM (Conpact Di sk-Read Only Menory)
redtgdpedteDigital Versatile Disk)), a magneto-optica
dis 63.(including .an MD (M ni-Disk) (tradenark)), or
a siﬂ?f?}ﬁéﬁ%‘t o 62, thg Mﬁ’éhdacbﬁlf@gﬁﬂa{ﬂlqspllay
r . -.3la - 5 10 15 20 .25 Industria
AR Bt e iR R vBdetndrhresenti radntdoro
i hOK-RAL | .Sl aye -a .di spl a €EVIC
Whagﬁngﬁﬁigggggggyéﬁﬁﬁﬁgﬁa%p?§ygpgﬁ%ﬁghtggél¥F %ﬁtq cul ar,
arb@sehiiyNgiRéla €4S R rdeqd E%B}n?lé{ngﬁééiﬂ%vd r\]f\%velength

cholesteric liquid crystal and wi
celor to black, while suppressing voltages supplied as
driving voltages to drivers, and reduced size and cost of a
liquid crystal driving circuit for driving the cholesteric
liquid crystal panel 1 can be realized.

The above-described consecutive processing can be also
performed by software. The software is installed from a
recording medium to a computer in which programs
constituting the software are built in dedicated hardware,
or, for example, a multipurpose perscnal 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-RCM (Compact Disk-Read Only Memory)
or a DVD (Digital Versatile Disk)), a magneto-optical disk
63 (including an MD (Mini-Disk) (trademark)), cor a

semiconductor memory 64, in which a program is recorded.
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5 of information can be perfornmed with a | ow driving
voltage. In addition, according to another aspect of
the present invention, liquid crystal display

el ements can be driven with a |ow voltage as well as
liquid crystal display elenents can be driven. -33-
CLAIMS 1 A display device conprising: display neans
i n which, by applying voltages to row electrodes and
colum el ectrodes, the state of cholesteric 5 liquid
crystal is changed to di%p?%y-rhfornation; a row
driver for applying a voltage to the row el ectrodes;
a colum driver for applying a voltage to the colum
el ectrodes; 10 rowdriver-reference-voltage swtching
means for selectively swwtching a first reference
vol tage supplied to the row driver between a first
vol tage having a voltage value greater than the
absol ute val ue of the bipolar voltage required for
setting the state of the cholesteric I'iquid 15 crystal
to a planar state, and a zero volts;

col um-driver-reference-voltage swtching neans for
sel ectively switching a second reference vol tage
supplied to the columm driver between a second

vol tage whose absolute value is equal to the first
vol tage and which is reverse in '

Industrial Applicability



20 polarity to the first voltage, and zero volts; and
control neans for controlling the operation of the row
driver and the columm driver, the
rowdriver-reference- voltage sw tching neans,.and the
col um-driver-reference- voltage sw tching neans, 25
wherein: 34 a driving voltage supplied to the row
driver is a first bipolar driving voltage whose
absolute value is a third_ yoltage; a driving voltage
supplied to the colum driver is a 5 second bipol ar
driving vol tage whose absolute value is a fourth
voltag t he sum of the third voltage and the fourth

vol PEGBYRENT &£} e fe apante igveatdrny haﬂf@w@aww aga be
I ire tting the state. of
di%%lgg ?ﬁc I?ﬁﬂ?%a%ﬁ?é%%ﬁé%9§%¥91&198&§ CEXﬁFﬁls@%ﬁQQaY
japdmaen the chglesteric |iquid
T yg\te% tgﬁa %?g{r%?i% ‘at’e, “E’G%_Tectj"shngt E%n rgfLFP#\ YiHRe 2@
dlfs%Wa?'r uret - haefey eceral 4yage 1s) 1@h'09?sg§§n%n& Ol 4 ng
irst reference voltage as the fifst voltage, fhe

cfcdnfoemantanscaw e Perfdinekdb with a low driving voltage.

col um-driver-reference-voltage switching neans to se

t heInseddidioef erceneelivgl tagenashtheaspseonh i Al Ghesent
. and controls the row driver and the colum driver so
1inVERE1PRe 1igyid gwfahadhclapdlavagd eivenapptardod odtimeen

row el ectrodes and the -
with a low voltage as well as liquid crystal display

elements can be driven.
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second reference voltage is applied to the colum 20
el ectrodes; and in order to set a desired portion of
the cholesteric |liquid crystal to the focal conic
state, the control neans controls the
rowdriver-reference-voltage swtching nmeans and the
col umm-dri ver-reference-vol tage switching neans to 25
switch each of the first reference voltage and the
second 35 reference voltage %o zero volts, and
controls the row driver and3 he colum driver to
control supply of the first bipolar driving voltage
and the second bipolar driving voltage to the
cholesteric liquid crystal® > The di splay device

agcording to. i , er.ein: the row driver is

suppl i ed wit hc‘% ﬁielr%plllraéft \g%vr}&leafmmﬁﬂ‘ﬂ%= vol tage; the
col upspitdy tleans $HPRL ith the second bipolar 10
dri vi ng voy?/t fge; tﬁe%ﬁggfm% pOFRr Y9 Widdd-agsst 4Ge rand

el@et sedan ndidqaQhdmn dnievitRgaugl ta t%gaqgeogo?/elﬁl%]\?ﬁtﬁé:;c

vol tage value in which the sumo
loguidhecnydted sl thgagadd tbhaishosy tih 2iA98 .S
approxi mately a half of the first” voltage; ¥ and
whe® 0¥ E5AVES| fopamsplelsg tdevdlasigeedoP@hbi 9B,,0f the
e¥%¥§§ggénjc liquid crystal to the focal conic state,
e 87

a column driver for applying a voltage to the column

electrodes;

row—driver—referencewvoltage switching means for
selectively switching a first reference voltage supplied to

the row driver bgtween a first voltage having a voltage

- value greater than the absolute value of the bipolar voltage

required for setting the state of the cholesteric liquid
.crystal to a planar staté, and a zero volts;

column-driver—reference—voltage switching means for
selectively switching a second reference voltage supplied to
the column driver between a second voltage whose absolute
value is equal to the first voltage and which is reverse in
polarity to the first voltage, and zero volts; aﬁd

control means for controlling the operation of the row
driver and the column driver, the row-driver-reference-

voltage switching means, and the column-driver-reference-
voltage switching means,

wherein:
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control nmeans controls the row driver to sequentially
apply the first bipolar driving voltage so as to scan
the row 20 el ectrodes, and controls the colum driver
to selectively apply, to the colum el ectrodes, the
second bipolar driving voltage,. which is reverse in
polarity to the first bipolar driving voltage applied
so as to scan the row el ectrodes. 3. A display nethod
for a display device 25 congﬁising a display unit
whi ch di splays information with - 36 cholesteric
liquid crystal by applying voltages to row el ectrodes
and colum el ectrodes, the display nmethod including:
a fRrerivergreptieags|suygs iapptkyi hhestep @fiwapplyianGirst
b5 igrodvolts as first reference voltage to a row
THOFEr XA ggim% heas ehgeluset Helvewt ol activioks,
Véﬁ@g ?pplying the first reference voltage to the row
el ed fodes; a second reference-voltage applying step
of gu ' v a, second reference vol tage
to 2 gﬂyuirrln@d‘#%r © %d'&)%hl?%ﬁl 58p ?%sc%th S0 1h
se@@hdnNBigbest' @ﬂﬁin@%lan%%{?/ L9 sghgb.ﬁ:b{&{e rSIRIENGE o
voltage to the row electrodes; a firs
fouetr enteaye} t age control step of, in order to set
the cholesteric liquid crystal to a planar state,
conthre|$umpf Hhef ittsirdr ebetegeeand| tageranpt e@ltagkhes
row 15 driver to performswitching fromzero volts to
a yoitpge Vable geeatRy tdhaa tbet ugbtagd Uea hreateuitdean for

he_absol ute
se%tlng ghe state of the cholesteric liquid crystal to a

focal conic state; and
when the control means sets the cholesteric Yiguid
crystal to a planar state, after controlliing the row-driver-

reference~voltage switching means to set the first reference

voltage as the first voltage, the control means controls the

column-driver-reference-voltage switbhing means to set the

second reference voltage as the second voltage, and controls

the row driver and the column driver so that the first

reference voltage is applied to the row electrodes and the

second reference voltage is applied to the column
electrodes; and

in oxder to set a desired portion of the cholesteric

liquid crystal to the focal conic state, the control means
controls the row-driver-reference-voltage switching means
and the column-driver-reference~voltage switching means to

switch each of the first reference voltage and the second
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val ue of the bipolar driving voltage required for
setting the state of the cholesteric liquid crystal

to the planar state; 20 a second reference-voltage
control step of, in order to set the cholesteric
liquid crystal to the planar state, <controlling the
second reference voltage applied to the colum driver
to performswitching fromzero volts to a second
vol t age whose absol ute vaIgeBis equal to the first 25
vol tage and which is reverse“n polarity to the first

- 37 - voltage; a third swwtching step of,.in order to

Sir portion of the cholesteric liquid
l?%eg{%ﬁ%%t i "g%P&?altoc BRFe valts.e ambntomidding theerbir §tiver
arRf UHRNGS t plied to 5 the row driver to
perforn1s%&@%h?%gvggo#?t?ﬁp?§9¥nSqRﬂkKuﬁf the féret bipolar
drdhting eBdtegBt LRk second driving valtage
applied to tge co u%ﬁ‘gd%%oé} 5’019;‘5’@1’3% AFAngc HPhtade ot

thRechodesndryol 18geid Q40 vol ts; and a display
control step of, iIn ordé%!to'set the desired 10

pértion of theThdodisiieny Gdvide ¢ - e. faca
oni¢ state, applying a first biggpgﬁagbi%?néf@ﬁTgbge
W8BTei%t 0 scan the row el ectrodes, and selectively

appl.ui ng a second bipolar driving voltage so as to
scan'*t %"é’bl"tﬁh’{eél &6t FYHRiedthbtls ecloadt bi Ol 1ar

a4 val t age havi ng an absol ute value 15 equal to
thell#('?%g ﬂva ?q'age and being reverse in polarity to

the column driver is supplied with the second bipolar
driving voltage;

the first bipolar driving voltage and the second

bipolar driving voltage each have a voltage value in which

the sum of the absolute values of the third voltage and the
fourth voltage is approximately a half of the first voltage;
and |

when the control means sets the desired portion of the
cholesteric liquid crystal to the focal conic state, the
control means controls the row driver to sequentially apply
the first bipolar driving voltage so as to scan the row
electrodes, and'controls the column driver to selectively
apply, to the column electrodes, the second bipolar driving
voltage, which is reverse in polarity to the first bipolar
driving voltage applied so as to scan the row electrodes.

3. A display method for a display device

comprising a display unit which displays information with
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the first bipolar driving voltage applied so as to
scan the row electrodes, wherein: a driving voltage
supplied the row driver is the first 20 bipolar
driving voltage, whose absolute value is a third
vol tage; a driving voltage supplied to the colum
driver is the second bipolar driving voltage, whose
absolute value is a forth voltage; and 25 the sum of
the third vol tage and the_fgﬁrlh voltage is 37a a
vol tage val ue greater than e vol tage val ue required
- for setting the state of the cholesteric liquid
crystal to a focal conic state. 4. Aliquid crysta
ChaleFtrgic Léanid feryshialy ity appliigyi dottysdal talimpt ay

I ts includjng cholesteric liquid crystal, the
1FCEIRHRE, Ef oo i g e copH soiey neving
R for applying a voltage to row el ectrodes o
ln?%g&F%and crystal display elenents; a colum driver

' he
foraapphyt NG @ Q29814846 0L YT 1 19 &l getrodes of &
qu%id crystal display e?gnenﬁg?yl § SE VLRV ih]

zerowdltyessref enenceordage sWhighing, ne i ver
selectively switching a first reference voltage

whighphbeli¢® a thel taaw dio tee bekVeedcerdddst A L3%€ ving
havi ng a voltage value greater than the absolute
thgafiiesbf refrraiqsoved tagievitngthe row electrodes;

a second reference-voltage applying step of supplying
zZzero volts as a second reference voltage to a column driver
which applies a voltage to the column electrodes, and
applying the first reference voltage to the row eiectrodes;

~a first reference-voltage control step of, in order to
set the cholesteric liquid crystal to a planar state,
controlling the first reference voltage applied to the row
driver to perform switching from zero volts to a first
voltage having a voltage value greater than the absolute
value of the bipolar driving voltage required for setting
the state of the cholesteric liquid crystal to the planar
state;

a second reference-voltage control step of, in order to
set the cholesteric liquid crystal to the planar state,
controlling the second reference voltage applied to the
column driver to perform switching from zero volts to a
second voltage whose absolute value is equal to the first

voltage and which is reverse in polarity to the first
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15 voltage required to setting the state of the
cholesteric |liquid crystal to a planar state, and
zero volts; colum-driver-reference-voltage swtching
nmeans for selectively switching a second reference
vol tage supplied to the columm driver between a
second vol tage whose absolute 20 value is equal to
the first voltage and which is reverse in polarity to
the first voltage, and zero,yolts; and control neans
for controlling the operati®on of the row driver and
the colum driver, the rowdriver-reference- voltage
i tching nmeans, and the columm-driver-reference- 25
Véﬁ%%%@e swi tching neans, - 37b - wherein: a driving
vol tage. | 4 fo the rowdriver is a first bipolar
dri%i%glggﬁ a%%gﬁﬁﬁég 5%%6&%ténvaFﬁ%IiEPef?qﬂ419951red
tR0e; [ Vi 0l t supplied.to the_colum
péﬁﬁ#ﬁ%fgfsﬁgé g%%%%d Hﬁ%ﬂ%?ﬁlﬁf FX5§6%|€%g% {#Ele conic

staleql ebatyal Uend Stife #i0MH h-oeehlage: v&f@aié’ r%&f’élitehf to
I v age

third voltage and the fourth voltage Is

setting the state of the cholesteric liquid crystal

tog zefrgcabltoni and tars; radid nghen stbend ofit 1 €l ndBasI: 5t S
the cholesteric liquid crystal to a planar state,
aPplief EBnER®I 9N K ivew doi perform switching from the

second voltage to zero volts; and

. thealrow dréaterts hasr 1d1e \eolitage nyakuem’ €9 £ 865 Qfo1t1%e
to

a display control step of, in order to set the desired
portion of the cholesteric liquid crystal to the focal conic
state, applying a first bipolar driving voltage so as to

scan the row electrodes, and selectively applying a second

bipolar driving voltage so as to scan the column électrodes,

the second bipolar driving voltage having an absoclute value
equal to the first voltage and being reverse in polarity to
the first bipolar driving voltage applied so as to scan the
row electrodes,

wherein:

a driving voltage supplied the row driver is the first
bipolar driving voltage, whose absolute value is a third
voltage;

a driving voltage supplied to the column driver is the
second bipolar driving voltage, whose absolute value is a
forth voltage; and

the sum of the third voltage and the fourth voltage is
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ref erence-voltage swtching neans to set the first
reference 15 voltage as the first voltage, the contro
nmeans controls the colum-driver-reference-voltage
switching neans to set the second reference voltage
as the second voltage, and controls the row driver
and the colum driver so that the first reference
voltage is applied to the-rgpgelectrodes and the 20
second reference voltage is appli-ed to the col um

el ectrodes; and in order to set a desired portion of
the cholesteric liquid crystal to a focal conic

aSE%& 5 t he iontrol neans controls the
r OW- gr‘r‘?/e}’g BF ¥ ERREST othagdhenwivoditiage waane 2Eqanted for

LReisQ! -driver-reference-vol tage switching nmeans to
i gm#?%hg%%% %ﬁ e éiﬂstﬁéﬂ§réh@@ldoprxgeabumb a

rbbe1 seswd stgf&rence voltage to zero volts, and
controls the row driver and the columm driver to

céntrol supplya ofiddiet fdistk 2RI ek driving voltage .
laﬁglthe second bi pol ar dP%vF?gag%? %aecfﬁc%thﬁbr iving
s @serystal i djiwpd 2or ¥lletlent 8- 1 Ach H G4 : . N
driving method for a liquid c%ystgﬁyggi€$%gé%#?5ﬁﬁtllquld
CHE e driheedl dquid ¢ rymsysl abir thy sid 2¥ir &h PR Mprising:
including cholesteric liquid crystal by applying

vol Pad¥ P51veR Epscepblpingml wdltage @edowdasctibles
$iqui 4,10 .crystal driving nmethod including: a first
oré?%?gﬁ - oFF?E&aipEF?PE@YS@%ﬁantSUpplying zero

I fi | t t dri
Vol bScBRufin' bEbe b kSE NG V%] 39501  age 20 wolven

electrodes of the liquid crYstal display elements;

;ow—dr1ver~reference—voltage switching means for

selectively switching a first reference voltage supplied to

the row driver between a first voltage having a voltage
value greater than the absolute value of the bipolar driving
voltage required to setting the state of the cholesteric
liquid crystal to a planér state, and zero volts;
column—driver—reference—voltage switching means for
selectively switching a second reference voifage supplied to
the column driver between a second voltage whose absolute
value is equal to the first voltage and which is reverse in
polarity to the first voltage, and zero volts; and. |
control means for controlling the operation of the row
Qriver and the column driver, the row-driver-reference-
voltage switching means, and the column-driver-reference-

voltage switching means,
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whi ch applies a voltage to the row el ectrodes, ‘and
applying the first reference voltage to the row

el ectrodes; 15 a second reference-vol tage appl yi ng
step of supplying zero volts as a second reference
voltage to a columm driver which applies a voltage to
the columm el ectrodes, and _ applying the first
reference voltage to the ToWlectrodes; a first
reference-voltage control step of, in order to 20 set
the cholesteric liquid crystal to a planar state,
controlling the first reference voltage applied to the

rowwh%rrie\iﬁr, to performswitching fromzero volts to a
first "voltage having a voltage val ue greater than the

absq 8 1 ual h lpol ar, driving vol tage |, )

r equi ?ﬁggvﬁgg gg%?lg%% g%‘%%ee@ttﬁ &hsy rgﬂ‘?’edGHHPés’f%rﬁl cfirst
bipdltd @iYshad vhe r - state: a _secopd

ref er ence- vo?lt agettgg%tﬁ%?ggtae%goo Ute Vahifer St 8 gEéFd

valtmgehol esteric liquid crystal to the planar state,
controlling the second reference voltage applied to
t hea5dzdving velvage taumerifed foSehbCBbemh @M EEE O s 4
volts to a second voltage whose absolute value is
SESPRS PiBolRE friving violtage adoswhiadzoluteevalss id a
Larity to the first voltage; a third switching step
f#ﬁifa XO%FEQ?;to set a desired 10 portion of the

chobss St iok LG Ll Lo a feral cone state

a voltage value greater than the voltage value required for
setting the state of the cholesteric liquid crystal to a
focal conic state; and

when the control means sets the cholesteric liquid
crystal to a plahar state, after controlling the row-driver-
reference-voltage switching means to set the first reference
voltage as the first voltage, the control means controls the
column—driver—referencevvoltage switching means to set the
second reference voltage as the second voltage, and controls
the row driver and the column driver so thét the first
reference voltage is applied to the row electrodes and the
second reference voltage is applied to the column |
electrodes; and

in order to set a desired portion of the cholesteric
liquid crystal to a focal conic state, the control means
controls the row—driver—reference—voltage switching means

and the column—driver—reference—voltage switching means to
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the row driver to performswitching fromthe first
voltage to zero volts, and controlling a second
driving voltage applied to the colum driver to
performsw tching fromthe 15 second voltage to zero
volts; and a driving-voltage-application control step
of, in order to set the deSi’red portion of the
chol esteric liquid crystal to the focal conic state,
controlling sequential application of a first bipolar
driving voltage to the row el ectrodes, 20 and
controlling selective application, to the colum
selieehr O4as .o 0f ond _bipolar driving voltage having
a voltage ci/fzjlltuh(i:% ﬁ'&cr{ i For§eVPhtame aand ythe dduwnd
réfesencdiltaiged Hovi vQl hage applied so as to scan
tgeﬂ;mc?w el ectr o:jtgs,zrégr?dq\(/\)hlggé gggo?%ﬂ%rq}a? dde sty giver
ap dalnmin d25veel tage - i N driving. .
qYpl tage supplied the romﬁgﬁ?éérsﬁggiﬁéﬁ#iéhﬁ f%ﬁﬁ&ﬂh%polar
B T4 golékosgendwhbee sabsabub epya] & ff%fﬁg'@&qlaﬁﬁ to
tvo!ta e, .5 a driving voltage supplied to tfe colu
B i ssterhe ligudddcbipvhhr driving vol tage, whose
qﬁsolute vaIuE Ls a, forth voltage; and the sum of the
t ar

ird vol t age™ahtT¢he FoV#tal wittitege methadvebkade) iquid
e voltage value required for 18u

cxyBiue aregifs Lhan | i  qui
Setting tﬁe été\ ‘éc%i‘pt‘ﬂél%‘h astesy ild quiiducdystydt disphay
ele@nts including cholesteric liquid crystal by applying
voltages to row electrodes and column electrodes, the liquid
crystal driving method including:

a first reference—voltage applying step of supplying

2 .
ero volts as a first reference voltage to a row driver

which applies a voltage to the row electrodes, and applying

the first reference voltage to the row electrodes;

a second reference-voltage applying step of supplying
zero volts as a second reference voltage to a column driver
which applies a voltage to the column electrodes, and
applying the first reference voltage to the row electrodes;

a first reference-voltage control step of, in order to

‘set the cholesteric liquid crystal to g planar state,

controlling the first reference voltage applied to the row

driver to perform switching from zero volts to a first

~ Voltage having a voltage value greater than the absolute

value of the bipolar driving voltage required for setting

the state of the cholesteric liguid crystal to the planar
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focal conic state. 6. The display nmethod according to
claim5, wherein the first bipolar driving voltage
and the second bipolar driving voltage each have a
vol tage value in which 15 the sum of the absol ute
val ues of the third voltage and the fourth voltage is
approximately a half of the first voltage. 7.- The
liquid crystal driving cikcafé according to claimb6,
wherein: the row driver is supplied with the first
bi polar 20 driving voltage; the colum driver is
supplied with the second bi polar driving voltage; the -
sgi£s§ bi pol ar driving voltage and the second bi pol ar
P9 ng vol tage each have a voltage value in which 25

t he f.ih bsol ute yalues of the third vol tage
and af%%ﬂ‘f IE%FFHCSBFPXBQG? SO istsrelof ,a inabtdet to
bherfhd r valdage. 15 when the control neans sets
*the dées(i%rbeldéy por t %or% l%ﬂqtdhgryﬁﬁ%f e<? e Rianand stefsy al
cont EdEL friaf alh € QRicenSit trol ans, control s
t he rowrg}r:i ver to ggqgtg%{ar%ﬁ??/%%ﬁ%ﬁe ta}Pg'EfJﬁdstto the

colywl airidreiithg peattbage sHorasidd S50 418 Wes to a
el ectrodes, and controls the columm driver to

sexmttvioldlage whpby, absolfite Cod LB @) QA0S the £ rst
econd bi polar driving voltage, which is reverse in
Vi;ﬁ%ﬂ%i??dtUhﬁﬁé EBrseverpel mx polarity to the first

voltage;

a third switching step of, in order to set a desired
portion of the cholesteric liquid crystal to a focal conic
state, controlling the first reference voltage applied to
the row driver to perform switching from the first voltage
to zero volts, and controlling a second driving voltage
applied to the column driver to pPerform switching from the
second voltage to zero volts} and

a driving-voltage-application control step of, in order
to set the desired portion of ﬁhe cholesteric liquid crystal
to the focal conic state, controlling sequential application
of a first bipolar driving voltage to the row electrodes,

and controlling selective application, to the column

electrodes, of a second bipolar driving voltage having a

voltage value which is reverse in polarity to the first
bipolar driving voltage applied so as to scan the row

electrodes, and whose absolute value is equal to the first

voltage,
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10 driving voltage applied so as to scan the row

el ectrodes. 8. The liquid crystal driving nethod
according to claim?7, wherein the first bipolar
driving voltage and the second bipolar driving
vol t age each have a voltage value in which the sum of
the absolute values of the third voltage 15 and the

fourth voltage is approximedely_a half of the first
vol t age. '

wherein:

a driving voltage supplied the row driver is the first
bipolar driving voltage, whose absolute value is a third
voltage;

a driving voltage supplied to the column driver is the
second bipolar driving voltage, whose absclute value is a
forth voltage; and

the sum of the third voltage and the fourth voltage is
a voltage value greater than the voltage value requiréd for
setting the state of the cholesteric liquid crystal to the
focal conic state.

0. The display method according to claiﬁ 5,
wherein the first bipolar driving voltage and the second
bipolar driving voltage each have a voltage value in which
the sum of the absolute values of the third voltage and the
fourth voltage is approximately a half of the first voltage.

7. - - The liquid crystal driving circuit according
to claim 6, wherein:

the row driver is supplied with the first bipolar
driving voltage; |

the column driver is supplied with the second bipolar

- driving voltage;

the first bipolar driving voltage and the second
bipolar driving voltage each have a voltage value in which

the sum of the absolute values bf the third voltage and the
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fourth voltage is approximately a half of the first voltage;
and
when the control means sets the desired portion of the

cholesteric liquid crystal to the focal conic state, the
contreol means controls the row driver to sequentially apply
the first bipolar driving voltage so as to scan the row
electrodes, and controls the column driver to selectively
apply, to the column electrodes, the second bipolar driving
voltage, which is reverse in polarity to the first bipolar
driving voltage applied so as to scan the row electrodes.

8. The liquid crystal driving method according
to claim 7, wherein the first bipolar driving voltage and

the second bipolar driving voltage each have a voltage value

in which the sum of the absoclute values of the third voltage

and the fourth voltage is approximately a half of the first

voltage.



