NATR[X ADﬁRESSED Bl STABLE LI QUI D CRYSTAL DI SPLAY The invention relates to
mat.ri x addressed |iquid crystal optical displays. 5 Liquid

crystalS are |iquids whose nol ecul es displ ay ordering. ThIS %g
chabacteri zed by a | ocalized alignment of the liquid crystal QZ? 7T

direction of this |localized alignment and thus the spatial orientétion
-the Iigquid crystal nolecules can 10 be changed by the application of '
electric fields to produce correspondi ng changes in the optical proper
of the liquid crystal. For exanple, a change in the spatial orientation of
a liquid crystal produced by the application of an electric field affects
.the 15 polarization of light, e.g., visible light in the 4500 to 8000
Angstrom range, incident on the liquid crystal. This change in the
_polarization of incident visible light can be perceived, for exanple, by
-viewing the liquid crystal between a polarizer and anal yzer. That 20 is,
‘the change in the polarization of the incident light will result in a
‘change in the amount of the light which is transmtted through the |liquid
-crystal when the liquid.crystal is arranged between an appropriately

o ented pol arizer and anal yzer. 25 A device in which a liquid
crystal is confined between two boundi-ng ur<$aces, at |east one of which is
transparent to light, is called a liquid crystal cell. 28 Typically, two
‘glass plates are used to conflne the I|qU|d - 2-'r stal . .lnp addition, a
plurality of el MAZE DDX BLSTS : T in order to
:subj ect discrete |00rt | ORE Qﬁvéhﬁbnmmwysﬁalmtﬁeﬁ addesisedherei n as
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are made t& transmit i higuddicrygtalgare biduids ywhass EQ%¢QH&ﬂ&xﬂ ef f ect

;i's produced whiggBptay BedeseAg! O PhEP! sydéFiny "B icHaracterized by a

‘ localized alignment'bf the liquid crystal molecules. The
direction of this localized alignment and thus the
spatial orientation of the liquid crystal molecules can

10 be changed by the application of electric fields to
produce corresponding changes in the optical properties
of the liquid crystal, For example, a change in the
spatial orientation of a liquid crystal produced by the
application of an electric field afrects'the

15 polarization of light, e.g., visible light in the 4500
to 8000 Angstrom range, inecident on the liquid erystal.
This change in the polarization of incident visible
light can be perceived, for example, by viewing the
liquid crystal between a polarizer and analyzer. That

20 ' is, the change in the polarization of theviﬁcident light

: will result in a ‘change in the amount. of the light which
is transmitted through the liguid crystal when the liquid
crystal is arranged between an appropriately oriented
polarizer and analyzer. '

25 A device in which a liquid crystal is confined
between two bounding surfaces, at least one of which is

_ transp&rent.to light, is called a liquid crystal cell.
og Typically, two glass plates are used to confine the liquid




10. In one particular type of liquid crystal cell, called’a l'iquid
“crystal twist cell, the liquid crystal nol ecul es exhi'bit at |east two
di ffereqQt spatial configurations when subjected to appropriate glectric ™
fiels In at | east one of these configurations the 15 nol ectul es assunme™
' helical configuratiom Wtk the axis of the helix orientéd
o~ pengs lcularly it 2SRECt T Q .t ndi,Ng,SUL . passi ng- through
T %%éi&st%ﬁ 4§§§§¥§§ﬂ|°7%Fﬁ@%63§§eggfg6§#§%§§§§i6§hof pl ane pol ari zed
i nci dewsuglghtappl est e they gliess2plaiesi dnl ozderntat subjeett he nol ecul es.

When tdgsd ikl hortidml o tifeli19%ullee crysith® ,Speeadreanthguration, the
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different orientatiaqn of, the nol ecules_has ,a differepnt effect on the
poIariQ%ﬁ?ih1Qﬁ Qﬁﬁ?'qkﬂﬁﬁﬂﬁiqq .fge g ? € placing the liquid
crygst adpatial omifidibrdtdtonssn andodthas beaopiical pramsmissieme or the

5 tgralyer,

ot her | nf | [ i | @hther str otsLpskd | i ght through the
cel | m%ﬁé%%%’snégﬁh%ml&e\gr#d t?&gﬂé pj)'gargB?g] g%kP?ghﬁ%r dgr k. Li quigd
cryst made| e ?ﬁﬂﬂ?qiiﬂiﬂﬁ#ﬂfnﬁ'Hiﬂéﬂaﬂgﬁépy°39°§ﬁaﬂp,Bﬁiic%ﬂ di spl ays,

havi ngopt £sdl tdEfecd Al prYaudiede whitheean’ beahib¥al Yosapsplragi spl ays incl ude

the npow commpn liquid crystal wistwatches. |In nmany of these relatively
smal | HEYMA e spatial orientation of the liquid crystal of each pixel
I 90 egul at ed En woid peariciar Iyper afsiiguéd tirystah eellpndi vi dual 2
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dri verolagrles; exhdtide ady 1easdyityg diffezent ppakidlely snal| optical
di spl ayent iditranicns wher HubJecitsdoftouappeopriatedebbbyrilei ven leads in a

o1 ol LEHAEEy o B, G g, (P 88" o3 he Vgl 1 FRAE HRET 7TV pover
cdasumnlecnkesl assupeaoftwisted,qhedica}sconfighrathone withh been used as
- COMPONgfd i df AndHMlix lodiehted’ ferPeh@fcAPatts with
respect to the bounding surfaces. On paésing.through _
the liquid crystal twist cell, the plane of polarization
of plane polarized incident light is rotated by the
20 helical orientation of the molecules. When the liquid
crystal molecules are in the second configuration, the
different orientation of the molecules has a different
effect on the polarization of the. incident light. By,
for example, placing the liquid crystal twist cell
o5 between érossed_polarizers; pixelé in one or the other
spatial configuration will either transmit incident light
through the cell or not transmit light, and thus appear
to be light or dark, B - .
'_Liquid;erystalhce;ls.hgve-bganfuged,ingrelatively
30 - snallloptical diSplays,:havingﬁless than. about 100 pixels: -
These relatively-sng;l;displays:include»thewnOWJcomnon-
liquid crystal wristwatches, In many of-these relatively
small displays the spatial orientation of the liquid
crystal of each pixel is regulated by voltage pulses
35 transmitted through an individual electrical lead
connected to just that pixel of the display, so that each
pixel is 1ndiv1dug11y electrically.driien. While the
38 use-of individually driven leads is considered acceptable



di spl ays, 7 codsisting of nore than about 100 pixels. The opti cal
transm' ssion states. of the many pixels of such 10 large displays are
gv -at ed with individually driven | eads. Rather, in order to reduce
conpl exity,” the pixels of such |arge arrays are usual ly formed ag§
|nt ersecticns of an array of row and=coBumm el ectrodes, which interse ons
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state to another In su h a matiix arra appreci ably affecting
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I f
relatively hi é’ﬁ \?&P‘teéégazlz?l}ggr #ﬁgtggg#?gag%da?ﬁexﬁ’?‘gm%oé‘f q’ emal ns in
the new ori erfthe ilovtegsectibnshef38nvarrayeof srmtamquomm\mmmced
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a bistable cell the Iiquid stal o e ce dtoits fornmer
ori ent at i16h Mixeds. e% Péh BBP}Fnﬁr&sF%?'aHW yEh PRI G& e (1 ower than
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- even after tQ%pfvi%t'Kﬁ!¥p$9Wb¥9 Eggsoltage to the pixel through the

' interaction of voltages applied to the row and column
electrodes intersecting at the pixel. Selective switching'

20 of individual pixels from one optical transmission state
to another in such a matrix array, without appreciably
affecting other pixels, is referred to as dynamic matrix
addressing.

| Dynamically matrix addressed, liquid crystal

25 displays which do not exhibit bistability are limited in
size, i.e., are limited in the number of addressable rows
or columns, The particular size limit is dependent on

& the type of scheme used to matrix address the display as
. well as the properties of the display. A liquid crystal
é 30 cell which exhibits bistability is one which displays

memory with respect to two different spatial orientations
of the liquid eryéfal (which éorrespond-to two different
optical transmission states of the cell). That is, the
liquid crystal of the cell can bhe switched to a new

35 spatial orientation by applying, for example, a
relatively high voltage across the cell, and the liquid
crystal remains in the new orientation even if the

38 voltage is entirely removed or reduced to some lower,



is renoved or the voltage is returned to the hol ding vol tage value.. The
,plxels of liquid crystal displays which do not exhibit bistability require
vl 10 refreshing by an appropriate voltage signal to maintain an Cz-
contrast. In the case of a nonbistable, liquid crystal* matrix _
J mhich includes a liquid erystat cell responsive to the .
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nunber woltage wnluelunmheopikensldfclyqnﬂd cerystal diisgplays.whi ch do not
exhi bi t (RclelN .t Pkd nedLol such [imt exists
for |IQI‘.IJIﬁ rlastz&iﬁgj)é h?h % ﬁg Epgf#‘%\/n ﬂlféi“rk%rp#ﬁb‘{lobl stability- of
st-atlds. 8&t by, aanapnﬁgp?&hteoﬁ?bﬁ%&%estﬁnﬂluﬁﬁaQﬁiﬂiﬂﬂﬂ-ng to perfect 3
| ar ge '%hpbﬁ&hbaﬂ kbtitirsél YSial tHat sade 6B eniEStdIIRY), to fabricate a
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resulte@rwnthﬂecéé&ebeppantivé tenphearo¢y~mnanfﬁnunte(ﬁnnbkrystal cells
(see, evgdiue33zEald a B@\#Fﬁ AED Wit ﬁﬂeﬁﬁé% Geitd SPlays,. edited
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-5-_ by Knetz and von I sen MIYD 1976 pp. 29- 36) A
t enodr adiligpig; srygtal| tyisy ee ¢ | upReRLimit QP B8 bits two states.

The cel huinbedVolfCFowst 8roas1@hnshescthé agtriy @spMdyds vol tage greater
inversely proportional to the square of the ratio of
~the rms-voltages required to produce an'aceeptable optical
contrast, Thus, an increase in the number of rows or '
20 columns of the display may require'a corresponding
decrease of this ratio (see A.R. Kmetz, in Nonemissive
Electrooptic Displays, edited by Kmetz and von Willisen
(Plenum, New York, 1976), pp. 270-273). Because there
are practical limitations on the decreases in the ratios
25 of these rms-voltages which are achievable with liquid
crystal displays, it then follows that the number of
rows or columns of liquid crystal matrix displéys which
do not exhibit bistability is limited. Hdwever, in
principle, no~such.limit:exiSts-ﬁor;liqufd”cryStaI'natrix
30 displaysuwhich;d0mexhibit;bisxabtlitywofgstates, *
~ Consequently;, an important objective of those attempting '
to perfect large information liquid crystal matrix
displays has been to fabricate a liquid crystal matrix
display which exhibits bistability. =
35 Efforts directed at developing bistable liguid
crystal displays have resulted in the development of
temporarily bistable liguid crystal. cells (see, e.g.,
38 E.P. Raynes, id-Nonemissive E1ectrob ticﬂbis-lafsf_edited
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5 than, .dr equal to, a threshold voltage across the cell. |If the vol j==
i s.renoved, the cell qui-ckly reverts to the other state, but this re
can be retarded for a tinme by applying a biasing voltage | ower than
t hreshol.d vol'tage. 10 Two ngtr%x‘gddressing schenes which hawe -
been,used wth tenporarily bistable liquid crystal matrix displays are the
"t hr ee=t 0- onebyaKaetenandovencWikbisen (Rbenum; New cfazlhs 1 sappl i cati on

g; thetse_ m’slfd r iﬁl.a@ér-%ssi.nngeaﬁa_sﬁai-g1 eﬂ?ﬁf&ié n% @_tuz%daqu:cfél?ryst ?!
matri x di spl ays een e Z i nem ssi-ve ctrooptic
_Di spl ays, ediﬁ@d°§§ Kﬁé?g gﬁh£6¥h83$V?i%t;$§%HEﬂihﬁ QQiE‘ﬁﬁ’ﬁyi%§;€F; pp.
© 268-269. Bot h tof onlkecpf stidsesstatescheneppbyingya bralstage \gxteacpas to retard
the relaxatio t LAYk deGryst thRer .
Because t seq'rl%g ri ggdlkégﬁgyggéré gir'lfgé{%erirr%gf%ﬁ eeb%é;‘f&a%ee&%mf%tlﬁds
require periodifc ther vedikpag 8| regevedgnbhe cehbsguigkly xevents [torited in
El'ﬂei romult : pl %thbnﬁt{aéﬁaﬁftlhite%l ﬁﬁ’ﬁetﬂﬂﬂbﬁévfi-sf&d][ﬁgrﬁéﬂ& &égﬂdﬁdﬁﬂls T (er}NfS) -
e upper lim n the nultiplexi capaciti 0 ese i ays differ
- dependi ng on ﬁh%gﬂeagaréggﬁxgnﬁcﬁgﬁ%?s 9@.?°f§h¥ﬁ%}?¥?ﬁu§ ﬂ%@-to-one, i's
ewpl oyed. I n ghweshbld votsaget be predi cted whi ch addressing schene is

preferabl golor @ par! gyl dhedey &&argggiﬂgesmﬁéwﬁcﬂ HIRY ey Distable
~device revliewed by Knetz, supra, p. ,_ sone | mprovenent in witing
speed and nul Misgdey¥ilth teprerayily bhstable ligquidexrstialomativd¥er
operating vol @agplayadagenthel relpée-by-bhe" Ustd Of trdict d-ire'OmatErix

addr essi ng sch rat.her .t han the ree-t addres Aliquid

: one. I ng. SC
crystal tw st a???ﬁs\?m‘éhsf’ e??ﬁl‘y @g‘-’bﬂ?g%‘f%,&?ﬁt eraﬁ%n'%
‘tenporarily biestdxieissingaschbesasdtactesporani by rivirtableldquir isinysdailon
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-stabl e as1Pong_as no external, _threshold energ%h ed. , nG‘VQTT?ﬂEE‘Fh
excess OF son&ﬂﬁﬁﬁi@ﬂﬂﬁaﬁuaﬁﬁﬂbﬁliisegbb?@éﬂyt et and |vorcMidddaenener gy
-i's necessary qPlgnba, Newt¥birkg 19963¢! bpbe26®e269 e Bitiblot tiimises. - The
addressing schemes employ biasing voltages to retard the
relaxation of the liquid crystal from one state to the
20 other., Because these matrix displays are only temporarily
bistable and thus require periodic refreshing voltage
signals, these displays are limited in their multiplexing
capacities (the number of addressable columns or rows).
The upper 11mits£6n‘the multiplexing capacities of these
25 displays differ depending on which addressing scheme, e.g.,
three-to-pnb or two-to-one, is employed. In general, it

cannot be predicted which addressing scheme is preferable
for a particular device. For one particular temporarily
bistable device reviewed by Kmetz, supra, p. 269, some

30 3improvement in writing speed and multiplexing capacity is
obtained, at the cost of higher operating voltages and
some flicker, by the'use of the two-to;one_addressing.
scheme rather than the three-to-one addressing scheme.

A liquid erystal twist cell which is truly

35 bistable, rather ithan merely temporarily bistable, has
been disclosed in Eﬁropean Patent Publication EP-A-18180.
The cell has at least two stable states, each of which

.

38 is stable as long as no external, threshold energy,



potential inherent in this or any other bistable, liquid 5 crystal® tw st
~cell, ‘i.e., of using a truly bistable cell to fabricate a. large information
'opt-' di splay which, in principle, is not linited in size, has not yet:;
: ealized. In a. Ilqui d-crystal optical display as clainmed-10 a :
¢ cell is conbined with6vokt age, nmeans adapted to inplenment a
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cr gst #rYSEak tpeisgt (ﬁellil’Gi'f'hS °|fn“PHF‘!eadtWéYehls!a@hlescelbhot ed,

respectd vﬁmdm RO rded tinuf ol tilonFbpDeal ahespag wheehP state; FIG 3

S an ra de Ke the .G bhs 25 free ener versus the square
of th ;RJ'%?/ R?l% ggse'&(}r&liﬂ'g n,RdZep bpg; BE o?'e? Re®R st abl e | quid

cryst areddizgd.cel | of FI G |; FIG 4 illustrates three-to-one and :
t wo-t 0- one. mafr{l =t,a§0 tical dighﬁ' 5a£s f‘a Hé&‘ph of voltage. =
versus thi ckness- to- |tch atro 8 roce ure measuring the

plfct ia Jishahle) celo iy gombingd Uﬁtanveﬁgasm mganp| agaptedrtPng to the
| nventifplendnt & natrixdaddiresbing sehene whiBhvpepmstadSat hi ckness-1to- pi tch”

ot 1 oA e SR SRl ABRREL on” a9 " 2" TR o
of the switchiBmpadiments ©fs the iﬁvenhéonawibloﬁoumbecdheslgt'i/h)éd age to
hol di Ry, aly W€ edaiiple with reference to the accompanying

15 drawings, where:

FIG. 1 is an exploded, perspective view of a
bistable liquid crystal twist cell useful in an optical
display acgording to the invention;

FIG. 2 is a schematic representation of the

20 . liquid erystal directors when the bistable liquid erystal
twist cell of FIG. 1 is in three different states denoted,
respectively, the DOWN state, the NO FIELD state, and
the UP state; ' |

F1G, 3 is an energy diagram depicting the Gibbs

25 <free energy versus the square of the applied voltage for
the DOWN. and UP states of the histable liquid crystal
twist cell of FIG. 1;

FIG. 4 illustrates three-to-one and two-to-one
matrix addressing; '

30 FIG, 5 1s-a”gxaph.ofwvoltagefversus-thiekness-
to-pitch ratio depicting one. procedure for measuring the
practical bistable voltage range of an optical display
according to the invention;

FIG. 6 is a graph of switching time versus

35 thickness-to-pitch ratio depicting one procedure for
measuring Tsw(on) and Tg, (off) for an optical display
according to the invention;

38 FIG. 7 is a graph of the switching time versus
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the CLEAR(U D) and WRITE (D U) transitions of the bistable Iiquid crystal
twst cell of FIG 1; FI'=G 8 is a graph of the CLEAR (U D) relative
switchihg tinmes versus the thickness-to-pitch ratio of the bistable
crystal twist cell of FIG 1 at zero switching voltage and at anbie
t enperat ures of 40 degrees C, 23.5 degrges=C, and 13 degrees C, and

is a graph of _ : | - i ' ; ti .
versus the thi %E%egs&? 5 QPI P% %%rggﬁ‘g gFI%%%e E)ng%l%*giﬁ Aﬁ%éﬁégk tvv= rsr;a >
cell of FIG 1thsrcﬁﬁﬂﬂeﬂ nD)vandecWRETE: (B P)i transitipnsphigthe| t age to
bistable. 11 quPhetaB1EC AGAINOCEI AL "LbEY COLR BB PG, L el rties o
, _ es a
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enhances the opgr phabacke  gles - S, ad®’ exanpl e,
t#®i s form of nggr?%hggg%egéi%3'2ngt?g§§§hg’2%H§Oﬂ?Eﬁée%?e%hg’i% grnatigﬁ
di spl ayed to be change§Ifer@ gﬁisk5y9phnﬁfnﬁkﬁ CLEARK(Y D) and (WRITR,
L Qr mls of aﬂldr gw nugw&stgrield; sWil Cchihgi i(liiék_evéi'ﬂllf fltsé ys%ﬂkngﬁécw-

Isplay includeg,a, bis e liguid.c al . 1 wi ell.o e
di scl osed in pBiﬁF?hEG%SPiPfsﬁgﬁaﬂéﬂixétﬁl}ig?féﬁgfiﬁﬁegoévg%é %ﬁ#%ﬁo%ell,
as used in theFIisplafori diffevent valuesvef ytherpativinolrswitohing s,
typically in e )f 4+ab : h the bistable liquid ¢ t
tust cel 1 ¥oTraey, 10 RELGIA. ¥RALRRHET 0C OO R S e s o o
conpl et eness and cont i Khet fevieectp| besdescEibed (ks ch i patrie| addressed,

~reference 1§ FhEstabla,bitgakccryathll 6pyséal DSroimhtioncaisglayseful in
an optical display, %ngsgstgpplﬁtaiity of liquid crystal pixels
conveniently arranged in a matrix of rows and columns.
Because the liguid crystal display is bistable, in
principle there is no limit on the size, i.e., on the
20 number of rows or coluﬁns, of the display. The content
of the information displayed by the liquid crystal display
is changed by a form of matrix addressing which enhances
" the operational characteristics of the display. Thus,
for example, this form of matrix addressing enables the
25 content of the information displayed to be changed more
quickly, and more reliably, than if other forms of
addressing were used. |
' The matrix-like liquid crystal optical display
includes a bistable liquid crystal twist cell of the |
30 type disclosed in published British patent application
GB-A-2087583 which cell, as used in the display, includes
a relatively Iarge number of pixéls, typically in excess
of about 100. 'Althdugh the bistable liquid crystal twist
cell is fully described in GB-A-2087583 for the sake
35 of completeness and continuity the cell is briefly
' described below., ' '
With reference to FIG. 1, a bistable liquid crystal
38 twist cell 10 useful'in an optical display includes two




boundi

ng surfaces 16 and 22. These boundi ng surfaces. 16 and 22 serve to
confine the liquid crystal material of the cell 10 between them and define
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infrared radiation at wavelengths greater than about

800 nanometres. Two convenient bounding surfaces 16
and 22 for transmltting visible light are the lower and
upper surfaces, respectively, of two glass plates 1y and
20.

The liquid erystal twist cell 10 also includes
electrodes (18 24) which define the ligquid crystal pixels,
In the device shown the electrodes consist of
electrically conductive strips 18 and 24 of indium oxide
evaporated onto the bounding surfaces 16 and 22. The
electrodes 18 on the upper bounding surtaee 16 are:
pictured in FIG. 1 as- being parallel to one another,
and the electrodes 24 on the. lower bounding surface 22
are also pictured as-being parallel to one another,
although they need not beeparallel, provided they do. not
electrically contact one another. In addition, the
electrodes 18 and 24 need not be straight, as pictured in
FIG. 1, but can have curved shapes, e.g., shapes
characteristic of alphanumeric characters. Moreover,
the width of the electrodes 18_and.24'need.not be
uniform. However, the electrodes 18'and'é4_are"arranged

e



-9- transversely (not parallel) with respect to each other. By projecting

thé el ectrodes 18 down onto the el ectrodes 24, discrete portions or colans
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Thi's apparys Usei@ksire 1t %%V‘i@;'t%'i-hlf Q&Ebﬁhanﬁobﬁrtﬁérpii’olﬁ {OpSfa 35
anal yzer 26, andareflector 28, shown in FI G The bistability of the

liquid crystalP¥ ¥hg RTajecdons Bét \*E@f‘r“{'V\BxierFesBFiP%s%“mzl ically twisted
38 states. Thiteranssteatidliyt orienteld exddei strhpsi)l beacomat esmparable to

their thickness. This results in a degradation of the
preferred manner 6! operation of the liquid crystal twist
20 cell, described below. |
The liquid crystal twist cell 10 is distinguished
from most other liquid crystal cells by having two stable
states, either of'which.may be maintained by the same
holding voltage. These stable states have different
25 spatial molecular orientations. In addition, the liguid
crystal twist cell is switched from one stable state to
the other without passing'a disclination through the cell.
The optical transmission properfies of the two
stable states of the liquid_crystal'twist cell 10 differ.
.30 That is, each state affects the polarization of incident,.
plane polarized light differently. The liquid crystal
twist cell 10 includes apparatus for optically
distinguishing between the two states. This apparatus
takes the convenient form of a polarizer 12, a crossed
35 analyzer 26, and a reflector 28, as shown in FIG. 1.
The bistability of the liquid crystal twist
. cell 10 is between two more or less helically twisted
38 states. This bistability is achieved in the illustrated




10 ell by satisfying two conditions. The first condition i's that the
ystal has an unstrained pitch approximately equal to the thi ckness
quid crystal layer. The term"pitch" denotes the distance 5 in™;
e liquid crystal directors rotate through a full heliecal turn. ‘H’fe

.. liqudcrystal directors are odilented lines used to indicate the ¢
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the ToffUle 1iquia crystal layer, t, to the pitch, P, of the

liquid crystal should be approximately equal to one., The
range of the thickness-to-pitch ratio, t/P, over which

20 the liguid crystal twist cell remains bistable is
dependent on the material propertiéé.of the liquid crystal,
the total rotation of the liquid crystal direetors, as
well as the inclination of the 11qu1d crystal directors
at the bounding surfaces, as discussed below. By way of

25 example, and for typical liquid erystal materlals, the
cell is bistable if t/P is in the range from about 0.8
to about 1.2. A thickness-to-pitch ratio of about one is

. achieved by, for example, adding an appropriate amount of

chiral dopant- (a dopant which induces helical fwist:in

30. the liquid crystal), such as. cholesteryl nonanoate, CN,
to agpematié;quuidﬁerystal'Such'asrtheicyanobipheny1A~'
terphenyl mixture sold under the trade name E-7 by the
British Drug House. It has been found that the relation
between pitch, P, in micrometres, and concentration C of

35 CN in E=7, in percent by weight of CN, is given by the
formula '

it

&

PC = 18,8
38 which enables one to determine the appropriate



PC =.18. 8 38 which enabl es one to determ ne the appropriate N
concentration of CN.in E-7 necessary to achieve a desired pitch. Liqui .
cr)Qzal material s, are characterized by a nunber of paraneters, includixg-
.theMel astic constants K1, 5 [err] (see, e.g., P.G DeGennes, supra, p.
63). The 5 *K2 3 liquid crystal matendilal s nost useful in the liquid

crystal twi st / W4 R ugl and
K2 is approxi n‘%ﬁ+?&?ﬁ%ﬁ{g&%&w}q{<§: mﬂ?&se,gggmlﬁgﬁé%#ggl fgqﬁl gﬂéér%?/st al s
besi des E-7 whdk®R4 astic 10 constants satisfy this relationship and which
are useful with the |igiysidresistall Watlerdalls 42ei Bahvdetbhezeansyia iquid

crystal sold under the,trad N .6 whi ch. b df
Fof fmann: La ROSHEPeY (2t RAYARRYeRP . RANLNELn, thens1as i oaRbe aRFe R e
added to 1% R(Inig &1 Ko (seum g ot /PRGaf lleg‘-ouneenesnprhudp.tﬁé)chi The

dopant sold gg?lﬁygg ' n S EM
LaBoratori estJ In‘i"."{‘}i'o:?c =l nsford, ng\%lj\?gﬁ(o.%QTﬁ\gagggo%g ggﬁd?_?ﬁg%&vﬁ?%ﬁgﬁoul d
be satisfied tHiet Lotk AD e dhase yhere Kyt ishapprawinatedytequalrectors

aél otn_e ortbOE hthxf)%f?d)qa Ohisfwga;ﬁwd‘:%mf%el@b'aadeZ%am;: !-bﬂuxgy i?nﬁl?]ped
r¥l ative to the ndi n urfaces. Preferably, .tthe LngFinatidn,o e
liquid crystal 05??%0??9% N ]t;arfgﬁ& %&ﬁ*‘&rﬂ t’%@%‘SﬁnEr gwgﬂ??aﬁégsigcand 25
2% rel atiye tconstants sdtisly this reladionsydpohndbwhichOategnsefulio
‘about 50 degr TS 3 j F’m's 42 ; r e+hbY ating
si | i con- nonoxi et%nf%ét%%iod]uﬁgl ng d&urﬁ%&s‘%glagg %%xggagntggg?gﬂg Péabout

5 degrees rel atiqRid £yl dokd underrbestradg, name BATN; A9 natdes an
oblique inclinshiew ¢dn e purphabed frioti HdfFRAnA-LadRothe, binadi og

Serieces,, PaLUARLER iRl A, Bt saama i Rkourk blablopd 2L
torque on 1%e ROENi 6Lt tpitodude: a t/P of about one include the chiral
dopant sold under the trade name CB-15, and which can be
- purchased from EM Laboratories, Inc. of Elmsford, New
York. - .
The second condition which should be satisfied to
20 achieve bistability is that the liquid crystal directors
at one or hoth of the-boundihg surfaces 16 and 22 be
obliquely inclined relative to the bounding surfaces.
Preferably, the inclination of the liquid crystal
directors at one or both of the bounding surfaces 16 and
25 22, relative to these surfaces, is in the range of about
20 degrees to about 50 degrees. This inclination is
achieved, for example, by evaporating silicon-monoxide

- onto the bounding surfaces 16 and 22 at an angle of about
‘5 degrees relative to these surfaces. The silicon
- 30 monoxide induces an oblique inclination of the liquid

crystal directors at the bounding surfaces., Satisfying
the two conditions described above, with the liquid
crystal directors dbliquely inclined at both bounding
surfaces, produces a torque on the liquid crystal, the

35 axis of which tdrque is generally aligned with the
helical twist axis of the liquid crystal and thus
perpendicular to the bounding surfaces. This is in

38 contrast to other liquid crystal twist cells, such as the



Qf which torque is generally aligned with the helical ftw st” axis of
¢ld crystal and thus perpendicular to the bounding. surfaces. This is
: Atrast to other liquid crystal tw st cells, such as.the I|qU|“Ef’“
crysthal”twi st cell described by W Geubel in A |. Phys. Lett. 25, 5 ~
(1974), where the liquid cryslél directors at the bounding surfaces are not
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than alsboul@ Beasetinfidedr fibrcbbetabiki tyeid ithat aylR ned about switch from
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state t he UP {lthe state, the liquid

d
crysta E|Pé8f8r§§P8 ane Eﬁfg§¥ﬂ3#%} e?*{ﬁl° lﬁq?qﬁwough t he l'i quid
cryst aB6Padegrers) et/ Reranges ntiromnakowt 0 8 tthethhwledi.(ﬁ {thel ative-to the
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t o t he thanf aboutt 102 wheundesifable Sb&ﬂilis_é?c'theﬂﬁdﬁds'fo&tﬁtal
twist cell ceases to be bistable, Values ot‘j/P less than
about 0.8 are undesirable because the time required to-
switch from one of the two stable states to the other

20 Dbecomes undesirably long. For a particular liquid crystal
material, an appropriate E/P is easily determined by -
employing a control sample. ' -

The two stable, helically twisted states of the
liquid erystal twist cell 10, referred to here as the DOWN
25 state and the UP state, are shown in FIG. 2. In the DOWN
state, the 1iqn1d'crysta1:directors rotate approximately .
a full turn through the liquid crystal layer while the
inclination angle of the:directors relative to the
bounding. surfaces. 16 and 22 remains constant. The amount

30 of the: rotation:ranges from: about 265  degrees to about .
400 degrees, and preferably-from-about 355 to. about
365 degrees. The DOWN state is similar to- the -

. configuration when no field is applied. The UP state
differs from the DOWN state in that in the middle of the

35 1iquid crystal layer, the liquid crystal directors are '
nearly perpendicular to the boundidg surfaces 16 and 22.

When a pixel 19 of the liquid crystal twist
38 cell 10 is in the DOWN state, the plane of polarization

et ¢ s ettt
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di.ffers ffomthe DOM state in that in the niddle of the 35 liquid c’
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the cell and mxeriuswodmzéaesl perpendicularhyowith respeet stofthée |iquid

tal t t | P, t
e
because, 49, This, compopentyopagsdlpiate theppalyrzent2feen the | ower

gkass plate z&mﬂd@emaiuuer o%ethemaﬂa;tenawax@mI@getw

I |1 | h d
bl ane pol ar] - Setay Eransilened EeBieh " Bhah SWEE “rdtal ﬁﬁséf‘éf & and
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In one form of the ui d crysta gnst C quid crystal is
responsi védat o Y8 3 P8 '0n3e fields of frequency from about 20 to

' about 200,000 Hz and [Imclothalr yarfiahtsqoenthe 1 Dguidoeikys€al otwigit 600 Hz.
' cell 10 the DOWN state rather than the UP transmits
light through the cell. In thesé embodiments the DOWN
state transmits light because, for example, a gquarter
20 wave plate is placed between the lowér glass'plate 20
and the analyzer 26. The quarter wave plate. converts
elliptically polarized light, such as that produced by '
the UP state, to plane pblarized light. By appropriately
tuning the quarter wave plate and appropriately orientihg
25 the analyzer 26 relative to the quarter wave plate, the
DOWN state transmits incident light and the UP state
does not. |
In one form of the liguid crystal twist cell 10,
the liquid crystal is responsive to alternating electric
30 fields of frequency from about 20 to about 200,000 Hz and
preferably of frequency trom:ahout 40 to about 600 Hz.

. In fact, the spatial state of the liquid crystal is a
function of the rms-value of the appiied voltage at any
chosen frequency in the above range. However, the liquid

35 crystal is insensitive ‘to voltage polarities at these

frequencies._
The operation of the liquid crystal twist cell 10
38 is conveniently described with reference to FIG. 3, which



he spatial state of the liquid crystal is a function of the

of the applied voltage at any chosen frequency in the above
owever, the liquid 35 crystal is insensitive to voltage polar|t|e
Yese frequencies. The operatjon of the liquid crystal twist cell <10 3
is conveniently described with rtﬁerence to FIG. 3, which I's a graph
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t he poi 4gg§ |gdigh t gge range, the
cel |l svmatLg ciht@d “%&%??%HA e"cel elsillq;svma't %ﬁe Et th he UP state,
t he voIPabeiﬂﬁyvﬁetﬂﬁﬁﬁr9ﬁﬁrt?P%EP wid ierystel,itwigh) e range, e.g.

to Vh, eelltie telbi@t&t1¢Enain in the UP state. Lomerlng_the vol t age bel ow
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e.g., twigh the, pMaaf/es, tomly cthe i DOWN & tBOAN\ extismts. @perthei on of
" voltage is increased to some value between the voltages
associated with the points-e and ¢, 1.e., to some value
in the holding voltage range such as Vh, the cell still
20 remains in the DOWN state. However, once the voltage is
increased beyond that associated with the point ¢, i.e.,
once the voltage exceeds the holding voltage range, the
cell switches to the UP state. After the cell has
switched to the UP state, the voltage may be returned to
25 any value in the bistable range, e.g., to V,» and the
cell will remain in the UP state. Lowering the voltage
below that associated with the point e results in the
cell switching from the UP state to the DOWN state.
- Returning the voltagefto.the.bistabiefregionb e.g., to
30 Vh? leaves-the~¢ellfin_the DOWN_staée.- Operation of
the cell thus involves:application of a holding voltage:
chosen from the holding voltage range to a pixe1.19-bf the
liguid crystal twist cell 10, and the appliedtion of a
voltage outside the holding voltage range_to the pixel
35 only when switching is desired. That is, switching is
accomplished by raising or lowering the voltage to values
outside the holding voltage range for a sufficient

w

Fe

38 duration of time. The minimum duration of time needed.
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plx‘@i~ 35 only when switching is desir That is, switching is

acconpl i shed by raising or lowering t voI tage to val ues outside the

hol di ng “Vol tageaehigeefsritx:h;mg iis a1l ther swidcehdngt tdme. The m ni num

duration of tine ne 3 alBo abov1e5 des &ﬁﬁmfﬁ? %Wet ggbggtig cgel ed the

switching time. Int ve descripti t he operation t e liquid
crystal tw stheeliquid ¢xyskal i faldad OtshétpUPﬁt agsppgd PBaPhéh?l ght of
- the vertical pknt,eilfes tdethe ﬂwtgwfamm viettile@l dxibByt il 8,500Re
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Bneroy il s PheEeR el £ Fran Ll By Ao Bl OB EbASR eRETe T O
~imaginary appbietl godeese. in (fadt s lie ta ithe, lediti oéhithg veoticat UP to the
- DO state Céﬁe%@y %ffio | ¥ O Tp s AP J.n%*?:%@sls'ﬁtleb!'e?%ﬁeas' ng the

voltage to a va w that assocl at'e ol n . Switching from
the UP to t heOX¥RreRding -t amimaginary M&%ﬁl"i wéaasy-enﬁpoyhﬁg fluid
&nani ¢ ef f egi buk 65en Frev Sk nronﬂlﬁieecm’r ito ahiesDOWNPYtacweeanl with 15

AC fiel f t t t al,

Sel 10 St 0 THARFIN 750 he R Homm et ek msT BebERBe AR, th3TT, o1 o { i o
cell 10 is mollatamt’etbyabvdmlhaldmathats aasmcplmtndq piish therpoértsts a
hol ding vol t rmm thé)qhh w%uannsts%h%eaaﬂnt hioeVYbirar e

st abl e i ndef nltely C%Yf s nat verif le in ractlce

V1 OUS
" However, a hBedhegonR} &%Yé"& Tavisk mceﬁ’ﬁq@ 8t ate for at
| east 5 mi nu(ese mdA-l-IBIsm,t o gliélexetntiley andsgtropyareversalit with25

The 179518 Ay By RT E A e JUANGY deloile Sadol BhOLI18" Kkl (bbgu o crystal

twi st ce descri bed rel at

transver sel yGerritamal et ¢k, Splid State fomm, Bﬂunapﬁg £4P75dds 16
In principle, the liquid crystal twist cell 10

is indefinitely bistable. That is, in principle; there
: exists a holding voltage range over which both the UP
20 state and the DOWN are stable indefinitely. Obviously,
this is not verifiable in practice. However, a holding
voltage is cépable of maintaining either state for at
least 5 minutes, and in fact significantly longer than
5 minutes, |
- 25 The 11quid crystal optieal display includes a
version of the liquid crystal twist cell 10, described
above, with a relatively large number of transversely
- oriented electrodes 18 and 24 on bdunding surfaces 16
and 22 defining a relatively large matrix of pixels.
30 For example, the quuid crystal optical display includes
4 or more rows of indium oxide strips intersecting

the‘cel |l fhus ‘invol ves application of a holding voltage chosen fromtheg ab

4 or more columns of indium oxide strips, thereby
defining an array of pixels, arranged in rows and
columns, numbering 16 or more. Preferably, the iiquid
35 crystal optical display ineludes 10 or more rows of
indium oxide strips interseetlng 10 or more columns of
indium oxide strips, defining 100 or more pixels. By
38 applying appropriate voltage pulses in an appropriate



defining a relatively large matrix of pixels. 30 For exanple,” the
erystal optical display includes 4 or nore rows of indium oxide
d{ntersecting 4 or nore colums of indiumoxide strips, thereby

\g an array of pixels, arranged in rows and col ums, nunbering 16 o’
.rmore. Preferably, the liquid 33 cygstal optical display includes 1@ or nore
rows of indiumoxide strips intersecting 10 or nore col ums of indi um oxi:de
strips, SeaMemcRg tPodhsr TRYr angi gejymnpindgum PrideElgpiratest e vol t age

pul ses ighadn 1%F;pfb9pﬁlyﬁhﬁ1caliy h8trixSEAELESLIN® tHE dpticiyd col umm indium
oxi de e%gctrodes hat tgb ¥ dé niﬁally matri x addressing the optical -
di spl ay, HFSWRBFP gp Sy asP ynan1c mat ri x addressi ng procedure
is such 5 that {The ﬂuhemwatmemrdxspﬂdyQSSbngtﬁmncgﬂﬁxnﬂisﬂsqdhay i s changed
in WO SHERS thel idlorRatibhaas pwhﬁawt;pse?é ler than the

hol ding vol tage, e.qg., zero vol g atlon eq to the sw tching
time, idshohadeed; ABetyoastePad: t BLESE, pt xepltage Pulsp Mhosy of all rows

(or 01;I &nﬁmiltlﬁﬂeoﬂ.sﬁ%mﬂlllle&o:thaﬁsihéhh@}]ldhnéh@olﬁ%@ﬁd! JUEmf elt ﬁctrodes
II’IOI‘ er. to cayse these I xel.s_t SWMtc | ey are In
Lhi o St aeap VR1tReenoaRabpE; airh il plal $5) {0

p?‘?e?%haid?e one or nore‘rows ¥

(or onetamenoﬂs mohsnﬂsktaweltSapphseﬂeto|wblyplxntstqﬂuazrdw/
S'ﬂgbt aReOly mwrbfagego}rep hhgoHemiit 5% o foa-ifec% The term y
t act t

stantially sinmnmu eous s used to at the vol t age
pul se udde trG"sﬂPFcHWIHEin}E%r?Fﬁﬁvtﬁ% erder ;e qange thgSAN state nay not

be recelp\i&dlao tobgwalteht feomi xReSUPf state O(EL Othéy)r&-é aMF Hidls one or nore

co!unns) 2 ﬁtEﬁﬁtﬁﬁwﬁaggakgansfﬁﬁgmkg q;il Jﬁ‘ {;4&3 | s may not

switch &t e sane vers essary that this
voltageopslga meacthWB (hr pnecdr moxe @Dlumnﬁ \&#@'short period of 25

timge enanseqewme@ 1PguBbtantPaily #oikPalod iy AP {HbAC VO! tage, for
|s%r§ %%eO%%rgtgtgnto the DOWN state. The term

"substantially simultaneously" is used to denote the
fact that the voltage pulse used to switch the pixels
from the UP state to the. DOWN state may not be received.

20 by all the pixels of the one or more rows (or one or more
eolumns) at exactly the same instant of time. Thus the
pixels may not switch at exactly the same instant.
However, it is only necessary that'this voltage pulse
reach all the pixels over a relatively short period of

25 time, e.g., a time comparable'to the period of the
applied AC voltage, for the display to operate in a
desirable fashion. In the DOWN state the pixels transmit
no light and;thus appear dark.or "off", The switching. of-
. a pixel from the UP:statéfto_the-DOWN“State-iSfreIerred

30 to in this disclosure as-a CLEAR (U-D) transition. The
second step invol&es.the selective_application of a
voltage pulse of amplitud@ greater than'the holding
voltage and of duration equal to or greater than the
switching time to particular pixels, through the row and

L

35 column electrodes, in order to cause these particular
pixels to switch from the DOWN state to the UP state.
In. the UP staiemthe.pixelsitransmit light and thus

38 appear to be- "on". The switching of a pixel from the




desi rabl.e” f ashi on. In the DOMNN state the pixels transmt no |ight and thus .
appear- dark or "off" The switching of. a pixel fromthe UP state t
DOVWN st at e |s referred 30 to in this disclosure as a CLEAR (UD)
traasition. ' The second step invol ves, the sel ective application of a
vol t age pulse of anplitude greater tHanthe hol ding vol tage and of durati on

equal fo, or (PO estaterta hes R cttiate disnweforpadt teukar thigel s, through

the rowand 3pgfrdsiive d£d WIE (D0 uqr d9ankg t4ause these particul ar
plxelsto switch fromthe st at e UR state. Ln the state the
pixels transmt IightP %ﬂffﬂ%%ml’ egﬁlﬁt‘o%@i" bﬁli‘.‘tfﬁﬁegmﬁﬁhi ng of a
pi xel from t heatrid 7adissimg proeeadureUlsedatia iasprei’erred toin this

i Sclosurgsafﬁwﬂar&{ %dé%ﬂé 1 et 1056043602 @ﬁilappsfr&ﬁd‘% )

i1 lustrat rix addressi'ng procedure used in a preferred
enbodi nent of embedimente amplaxmithyiee~toroney addressdngnbBdrfent enpl oys

three-to-one g4@F&ESSin ddheke aﬂﬁm&r 115 pI%eR sWoer ehe akl mersel s of one
or nbre rows or one or nore colunmms are nonsel ect :lvel ?(‘vgiUbStant'a”y

si mul t aneous| 5% ENREMNe A% 19K, 99 AF& PONSELECELYRLY s R TTEN
#hr ee-t o- one subs tan tikl by s imml tanewwsdyl €LEAREDg s endbdtien phxebSeaEﬁce to

the terms,,sel fé@'gigénlzf V%nrlﬁﬁ@aecnl‘iﬁ'ere “iﬁov-o%dma%ﬂic"aﬂﬂrﬁgﬂ

selectedlglxe s been sel ected undergo a
transition, asenveniemtly desawihad oith; nefenence 3@ dbLceTWS(ransnit

i ght (when V"ea\fdcb&l 1he "yerscbd dow,Z andl 2sendeaeadl ¢5Eﬁmﬂ6) The
sl ected éﬁlﬁmgeime4 FAR 1SR YR Bl pegHBEbEEgRO" o
"sel ect ed pi xehdefgo & WREEE atranaiﬁimna.r%tﬁ ii®sn thlusga’ paxedt vuicbw and
"sel ect ed1§O|HH§'"begl'i_’ sélected ‘to transmit light (when viewed

between the crossed polarizer 12 and analyzer 26). The

circled pixel in FIG. 4(a) is a "selected pixel",

"Selected rows" and "selected columns" are those

containing "selected pixels", Thus, a "selected pixel"

20 is one at the intersecti'on. of a "selected row" and
"selected column®,

25

35

38
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8 - 18 - Al the plxels of one or nore rows (or of one or nore

38
_col 3 of the optical display are initially nonselectively, substantially
‘1g5eously CLEARED. This is acconplished, for exanple, by applying a 5

vol pul se, of duration equal to or greater than the switching tine, to~

the row el ectrode containing the ri@gvof pixels to be cleared, and an

. identical voltage pulse to all the colum-el ectrodes. A plxel I's, by c
definition, jusg 1¢hgbeopinalefof | gue cox mate roms (f iafedney arhe proj ection

of one mbeeteedamﬁa)tbg bﬁandpﬂgcgyrdfgé?gii4¥g(1diﬂﬂ511§versely oriented
el ectrode _on,th [ qﬁ%ﬁmhen vol aﬂes are applled to*

ndi ng, s 2
the traRSO8EPLEF 18?#¥nt§gb§£ ﬁiy 4?ﬂy§%%n REDhe pi xel "sees"
only t h&hdsf fier encemphlshedyot’éngesaxﬂﬁleamy app tydrdghe el ectrodes.

Oonsgqueemgeepﬁ*ﬂsg' X8t afchBfol bax}&ah M bt CeHaED experi ences a

- zero vol tage Zero vo tage dlng vol tage range and
t her ef oFEeI §H3Fﬁ51’£15 hime FAYO %ﬁ@W(ﬁéeME@M%%I in the row

"sges" ahéf)itrbﬁgefeﬁﬂﬂélé%éhsedéiéﬁwcean(%i) arP SildeRR dale 'dlentlci’ﬂ fCO' Ufml
and row _volta or o nore colums) of pixels
are nonggggﬁgngF§ses§Bs?gﬁtféﬁ iﬁ?&n?%ﬁﬁﬁﬁﬂ#%ﬁ<u_ BARED, selected pixels @
are caupeae101andbygdeﬁ;ﬂ%tﬂﬁhIrjusmtthn1cd&umdenﬂeﬂﬁquﬂebrwstaauseﬁ t? |

d 5 t ectrode ,
undgg QOangB{ezEbg thérﬁpétéé&go@'_?f‘ d b didde? o B Boungiyan :

a voltage se_of ratlon to or gfeater than
the swi BBREAGe lﬁeontm. %eWWYﬁ?ﬁﬁlYlm@@%@l@ﬂweemcﬂ:b@desar e

mai nt ai Bednaingeéﬁrmbéams e, v)ﬂérﬂeftm tgdd artolagpid eoltbage applied
to 30 %F i xel s h vpl t &e t ak any val ue i n . the hol ding
vol t age Sngsa?§88 B §$1e¥§$ ﬁ%ﬁ%ﬁ?ﬁgf fefine gnPixgd.voltage VH is
assunedthe bkxe,l]u'aSees"tleothagnf!ﬂeirm;cd)am/m vod teglelsages at the ends
of j5e Rphding ¥8! {RGCe1880Foded MIdARAMRING 1,! RalAC pixel in the
row of pixels to be CLEARED experienées'a zero voltage
pulse (zero voltage being below the holding voltage range
and therefore leading to a CLEAR transition) because each
pixel in the row '"sees" a voltage equal to the'difference
20 between the identical column and row voltages.
After one or more rows (or one or more columns)
of pixels are nonseléctively, substantially simultaneously
CLEARED, selected'pixels are caused_fo undergo a WRITE
transition. A selected pixel is caused to undergo a WRITE
25 transition by applying to the selected column electrode a
voltage pﬁlse of amplitude 2 VH and of duration equal to or
greater than the switching time, while the other
nonselected column electrodes are maintained at zero
‘voltage. Here, Vﬁ denotes theqhoiding'voltage;applied to
30 the pixels, which voltage may take -on. any value.in the.
holding voltagéfrange (see FIG. 3). For purposes of
illustration, the voltage VH is assumed to be equal
to the voltage midway between the voltages at the ends
‘ of the holding voltage range. Simultaneously with the ,
35 application of the 2 VH and zero voltages to the
selected and nonselected column electrodes, the selected
row electrodes receive a voltage. pulse of amplitude-
38 —VH of duration eQual to the switching time while

.’.



nonset'ected cofum electrodes, the selected row el ectrodes receive a
voltgge pul se .of . anplitude 38 -VH of duration equal to the switching ti
while .| 19 }he honsel ected row el ectrodes are hel d at VH. The sel ected
pixel €, i.e. the pixels at the interseetl®ns of the selected col um and r ow

el ectrodes, thys CYPREETRGEeR YOl 395cPLbIES Argid e @ VHabiche

di fference betwe ted colum_and row viol tagedd” whi % the

nonsel ect ed eI@ﬁéﬁ@§eér§i§ﬁﬂsnain9alﬁbﬁ pixels #b| thedntsnsesd ionsaot s, at
+VH or -VH thenei é@'l%cl@éungo!l!ﬂﬂﬁf eﬁaeﬂobyeié&mié@,gem Ager@thcela

course, the voltages a 0 th col um _el ectr od
“are 10 interc& égﬁlgglﬁﬁep a#egm éﬁh@(ﬁﬂghﬁﬁfﬁﬁﬁMQQ£¥Q? gﬁene
whi ch enpl op diskflectet wuiﬁﬁnpandeﬂmesoltwgeém whiks they mmsmliemcmdby r ow

scanni ng is emayg tsTQ?E hill @Q@Ht&%&'éﬁtfﬁ’?% SR Y ea? QJ ected

15 to a voltage pulse o ectro es are
subj ected to alﬁol@égévgupge—Xﬁ;aﬁbelPyﬂélﬂVbeiqgrﬂnﬁﬁﬁﬁﬂiﬁﬂjPY‘é@ea scanned

rgw el ectrode 'v%l%ﬁ@eeﬁbidrleiég9 vobfaesups!é secid v ddddlQuppiiedc @loum
el ect rodes contai ni Iecte%ﬁg in he rqﬂ%ﬁre subjected to a
vol t age pul se ﬁﬁﬂ eagetso mﬁ?ﬂec%.vm%t M%ctrodes are
swbj ect ed 10 zdmnzerehtageablle.t he second variation, col um- by- cqunn :
‘'scanning i s enpl oyed e€ C ﬁﬁgﬂﬁﬂ
‘subjected to a voltage-l'ilg%&'e g§8 sg*ygpdgﬁg %ﬁfﬁg?%<e al'l” ot 5? col um
el ectrodes are%@ﬁp@cﬁé@cboeapieyodwﬁ erert BIREEE progerduraseoudny theow

el ectrodes contﬂll@tngag-g_he%gdrawxsysrw| g@aﬁ@iﬂgvgg f‘éﬂbﬁ&ﬁcﬁcanned col um
el ectrode are ﬁg !eqted to.a vo whil e all other

t
row el ectrodes 35 ?&8Pe€95deig°5 9%?t%ﬁeS%éﬁgnﬁ*éiﬁ%kﬁ“q%?qH%%|x

addr ess t hasopttiocal vdllspgeypuasedefcampkﬂtw@v-evn oeii e ra ldpertdteronal
row electrodes are subjected to a voltage pulse of
amplitude +VH Simultaneously, as a scanned row
electrode is subjected to the voltage pulse of

35 dppLieétion‘of the 2 VH and zero voltages to the sel ected and €%g§:>

amplltude -VH, column electrodes containing selected plxels
20 in the row are subjected to a voltage pulse of
amplitude 2 VH while all other column electrodes are
subjected to zero voltage. In the second variation,
column-by-column scanning is employed. That is, each
column electrode is sequentially subjected to a voltage
25 pulse of amplitude 2 Vg while all other celumn electrodes
are subjected to a zero voltage pulse. Simultaneously, row
electrodes containing selected pixels which fall within the
scanned column electrode are subjected to a volﬁage pulse
e - of amplitude -V while all other row electrodes are
30‘ subjected to a voltage +VHr ' '
In order to matrix address the optical
display, as described above, certain operational
_characteristics of the optical display should be
~ determined. Among these are the . bistable holding voltage
35 range of the display, as well as the voltage pulse
durations necessary to produce CLEAR (U+D) and WRITE (D-U)
transitions, once the voltage pulse amplitudes have been
| 38 chosen. Thus, for example, if CLEAR transitions are to be



" chara r'i'-st"-i.cs of the optical display should be determned. Anong these

~are i stabl e hol ding voltage 35 range of .the display, as well as the

"~ volt ul se durations necessary to produce CLEAR (U-D) and WRI TE ( D+U)
t rans\+ons, once the voltage pulege.anplitudes have been 38 chpsen. Thusy/

~for exanple, if CLEAR transitions are to be -20 - produced with g zero

“vol t agerpdused wathsai eeRPngOLtAge aRukes o the tawitinhing Hdmenain. .
Sim 1 abo pb1Y8l ERoktannit kgoen ot st ey ockodati h 3 Vol tage pul se of
anplitude, for exanple ree tines. the holdi vol t age e switching
T ol TERRAE LORROBPEREO KB GPROIGEE ABECL to UL HARS HARS B | at | one i ot hé
t hi cknampltisudet, clioratkamplé P, thfeé heihesjuilte dioistialg twailttageel | i ncl uded in
t hezoptica Lspl | Lthy e riat i 10 unavoi dabl e)
Si gr51i f}tg%n%f"gltgp}"'g%t {:%@Fhkf hghie‘;é?eﬁfm%g 1%%’Le tﬁ{;dc}ﬁ{r% Vsdd]@t%’?gee range and the
swi t chehguddnBs BpoWne optical display. An acceptable extent of a holding
vol tage range var@a@iBAECini théNEhiGkieLLESY11¥h MU Hf t/pe mean val ue of

the range. I f the extent of the 15 | di o/ tage .range= s ‘small er than
this. OhothEl dAGLGoPFRgES aBESt coelf dEndfudedi BRI oF | Thus. for

exanpl eptitallhdikpdayd(smyilathickiess dogpethvidis @Ye tdlmosts t/P is %
I ngrea 50,6 b Lymat.al y t +Q for
bigpab?ﬁgyéggxﬁgé?ss&%é§%§?%g%f¥h%fﬁ%€%ﬁ%§H§6§h%o agé:fgkéggharroms and is

pi nchedfoddingt volpaggpranrganaed ytheuswitehing imemhof theér E-7 doped with v
CN,” t/ BpitschilNdigg1he. vahHescBepPibile loxtan¥d o &f eaidagbel ow about 1.10.

In addlt&on, It 1S known tha%,smﬁtchlq% t%ﬂfs for CLEAR transitions

i ncr ea¥Q1EABEFPnBEr 1§aPRESVRICR) 15 g hald RRRAERS &F ARG, if the |iquid
cryst alofi the- diedanpedluet bf Chhet hangear | alf othefextentt ftkess-to-pitch ratio

of ;tthe | i qui i St |- Lo _ Ve fr t::Q 95 to about

1. 1‘5 et ﬂlghgt ﬁ??%gkctﬁgééfgé?%%‘h% g]&{eébés%%’cﬁ!lnr%lhtw%g or the opti cal

di spl ayollépgeorange iprssidahe Bla:@?h%gsqﬁons'r% de¥sen, as descri bed

example, if the liquid crystal is E-7 doped with CN, then
as t/P is iﬁcreased above 1.0 (3/P should'be approximately
equal to 1.0 for bistability), it is'known'that the holding

.20 voltage range narrows and is pinched off at t/P
approximately equal to 1.15. Thus, for E-7 doped with CN, -
t/P is limited to values below 1.15, and breferably below
about 1.10. In addition, it is known that switching times
for CLEAR transitionsIincrease-sharply for values of t/P

25 below about 0.95. Thus, if the liquid crystal is E-7 doped
with CN, the variation of the thickness-to-pitch ratio of
the liquid crystal twist cell is preferably from about
0.95 to about 1.10. Within this thickness-to-pitch
range, switching times for the opticél display for both

30° WRITE and CLEAR transitions are chosen; as described .
-below, to be of sufficient duration to ehéure that all

B

pixels undergo switching.
A "practical'" holding voltage range is one over
which the optical display is bistable for at least some
35 minimum length of time, e.g. 5 minutes. One procedure
 for determining the "practical" bistable voltage range
and the switching times for the optical display is to

38 determine these parameters for a control sample, i.e.



>

bel ow, to be of sufficient duration to ensure that- all pixels under
"switehing. A "practical" holding voltage range is one over which th
optigal display is bistable for at |east sonme 35 m ni numlength of t "
e.g. 5 mnutges. One procedure for detergfning the "practical"” bistable
vol tage range and the switching tinmes for the optical display is to 38
det er.ni ne- t hes Sasrlanddaud df erygtedntrdstsaapleusefel in thejoptiemhpl e
liquid crystalidp¥ast. Cainle eoRt¥oll BakPeeOPhiCab1Yi £8| e dpEi&PNt T Ol

sanpl e, as vve({,l S the&&;l (jgnlp di SRI ag, w || al nost al ways exhipit sone
“variation-in 1%9139”\/\&1% &1goslt, alHpERr EXRIBAL. SamesvariRtipmd cal 5
bistabl e vol tig/fe asamgd lofast bthept imperdespioysi s Tete ntieciyctisaauri ng
and plottigng,,sf e rol I h Xy 500 l{age at which the
Do st at S DAY el tagd raRER Gr ERbIoBEEAAT aIMSIIPILYC T "

stabl e as a fdgta@umimest byhmepspring: Aedcphotbingo Sewptke centron in FIG
5. 1T the thighfass ok the makifiuRl vbigageNht Obh SEHPL e VBOWE S5t 4t

~exanmple, from0.95 to 1.05, .thenp the u r bound on.the pr i cal bi st.abl e
Taltbge 1 angdd SRR End el Bla iRm. FBLEREasEE ALEH thY R he .
I nt ersecti on stfatteheisl stable asPa-fUn85iont bt bke ctif P eotlesios | domigrdlhe

mexi mum vl t gl WL LANG PWMIRL e | 325ER0! enlLiF DD ke (N FIG

5¥. The lowe und on the us i'stable"voltage range 1S ju he
vol t age i nt erradpio s ddieacontyiolh samplenvariess | Hor oexamRleine t/P = 1. 05

“with the curvgrcdP dles iditnast he hehNitAENMuppblaBuRd dhickethe UP state is
stable (the | ower curv<=b determ ned the upper and | ower
gitass,

gn FEl 5).. Havin ]
bounds of 't hETRGAGAL PIFEARIS FONSRERGEARRRGLS JRFE VR (YL R ge | S
conveni ent | y idefexrvapt radsocimted sdth thenindensectibn amfl slmsre i ncrenent,
AV, as s | 4 G Pasl i : I ange is
speci fi eg'cgzlam; ]\}Ir}f%%/?r r] (E'lgvsl %%ae%ggmgﬁgggt ﬁggﬁ?%;ﬁ:%?%a&%%%’g%ﬁgg vol t age
range, the optaldd@gediatpwhyichs theg: PONNaggrbesés shakle (the upper curve
in FIG. 5). The lower bound on the useful bistable voltage

range is just the voltage intercept associated with the
intersection of the line t/P = 1.05 with the curve

20 describing the minimum voltage at which the UP state is
stable (the lower curve in FIG. 5). Having determined the
upper and lower bounds of the practical bistable voltage
range, this voltage range is conveniently defined in terms
of some mean value, Vﬁ, and some increment, AV, as éhown in

25 FIG. 5. Thus, the practical bistable voltage range is
specified as Vy + AV. _ | _ '

Having determined the practical bistable voltage
range, the optical display is matrix addressed once
appropriate switching times for "on" and "off" switching,

30 i.e. WRITE and CLEAR transitions, are known. For example,
if a zero voltage pulse is to be used to prdduce a CLEAR
transition and a voltage pulse of amplitude three times the
holding voltage is to be used to produce a WRITE
transition, then switching times at zero volts and at three

35 times the holding voltage (as determined above) should be'_
determined. This is done by measuring, and plotting, for
the control sample, the switching time, TS' at zero volts

38 and at three times the holding voltage as a function of the

.4



'abpr’opr' he switching tines for "on" and off" switching, 30 i.e.- WRITE and
~CLEAR ZFjsi tions, are known. For exanple, if a zero voltage pulse is to be
“used t{l pfoduce a CLEAR transition and a voltage pul se of anplitude three .
tinmes &€ hol ding voltage is to be used to produce a WRITE transitfion, then)
Switching times at zero volts armd 48 three 35 tines the hol ding vol t;age (as
determ bRy e) W I hi g4 e;hypp@askring, and .
plotti nrh%l?or %ﬁﬁ;?]b%&ﬂkga_npe,ﬂ he: VJ\%'[’C Fn%h ?Hmaln ?Eétg'zero volts 38
and at t¥FeR thiRscunie rlsNitehide dddead sacheseni ofiggfonhe - 22
rreatsu[] ?dsd{ﬁ@ied@&h&oﬂﬁﬁ@?&ﬁﬂmh@ w@;f%fleh_%wnthta Ebftrb1 & héhl S furV]§> ?h;
sw tchin I e, 1 s chgsen, on),, sufficient rn "on" e ole o e
control eRIEL V\fﬁarﬁ"f Jeqcstes‘ﬁ\t%%e F% 51f_“ﬁﬁe§i"?i ﬁ@igﬁﬂg Kol trES tage (as

5 shpwshowdklia EIG. 6 . [SHmiidardiygt haotheirt shitghingetimechssen, .
TSW of f) i Ghe t vsQfsf oLt he euQlpsther GO : when it

IS subj e%l%%%géb%ﬂ oj%/ ts Egsl{gs eg\}nq?n\@g?é g f ?ﬁgsgﬁég uégngﬂf‘g. TSW on)
and. TsWeenirek csampple. Jlhiare ity ishsubdeicded dosprrg. voltgo(rseshewRt ching 10
ti rrets_ gr_lﬁagtme-.t l@n Tlszzuég@ vl eks WO I.(@hq'aksxao'r e&seg)TQBéef;?e .
practical bi sfahle vo e range,. Yl as (OF) an swoff), o e %
opti cal W%ﬁ%%b%v?b%] ‘H’&t’g’ﬁﬁ %3@? Y -deQ%r £BBY 3bo§¥?‘t¥’\ﬁ%gﬁa t wo- st ep

mat rig atiﬁnmsgmmmwﬂgvfﬂan)t mdpTel(efdf) areowlso usefulS (or of a

col um or col unmy r i ’ £t i. Vel i, gul usky CLEARED and "
then sel ecti ve%%,ﬂﬁcﬁg%}ﬂly&%&ﬁ% }eéglt%ggtgh%ggggfcé¥ di splay. It has
been fouWell eapiTagkon) anshiTgdadifi)y, ofhsher gptinalddisplagchavepl ay t he

vol t agespéaip| désbiwiddte, Xy IR IS aboves. theheat efloL8¥8p matri®nsel ected
rows need,not be exa{]%el%e ual to, . respectively, 2VH -VH and +VH Here V
denot es $HAFSREHNE FhE '&ﬁ?e&r"’aé‘ﬁecalxﬁ' &t 281 & §OFt QGeTP%Rge of the

optiral Comspbfiya denlumar or hylemns )a arer fisrsabhensaleativalfs in these

vol t agess ) #t Sk CUMBSHa Ahet>2d 1001085y VherkRS Pract i cal

bi st abl e (? _
is readily applied to the optical display.

It has been found,_empirically, but readily, that
for the described display the voltages applied to the
20 selected columns, selected rows, and nonselected rows
need not be exactly equal to, respectively,
2Vy, -Vy, and +Vg. Here Vp denotes the mean value
of the practical bistable voltage range of the
. optical display. Rather, ‘there is a perhiSsable variation
25 in these voltages related to the increment AV used in )
specifying'the practical bistable voltage range. If the
selected column voltage is defined_to be (2 + Ag)VH, the
nonselected row voltage is defined to be (1 + Qg)VH, and &
-the selected row voltage is defined to be —=(1 + 4z)V.,
30 where,QE, qz, and Az are positive or negative-incremehts,
then these increments take on the following useful values

I o

if 'row-by—row scanning is employed:
(1) lagl < av/Vg
- - (2y |ax - Ay| < AV/Vy; and
35 (3) VH(I + Az) shogld be such that any
pixel of the inventive optical display
remains stable during. Tsw(on)'. This
38 condition is satisfied if Az satisfies.




sel ected colum voltage is defined to be ( 2 + AX)VH, the nonsel ected row
vol tage i's defined to be (1 + Ay)VH, and the selected row voltage is
defijped to be.-( 2 + [err], 30 where Ax, [err]and Az are positive or
negatixe increments, then these incremenis take on the follow ng useful
val ues, i'f- row by-row scanning is enpldyedi‘(l) [err] AV/ VH - (2)
[err] and 3py » k < Avﬁﬁ-.VH(l + Az) shoul d be such that any

pi xel of the i?¥entive opti cal disptay remai ns stable during. TSWn). This
38 cGRYMBRTRY eoLupn f¢aRpine (1§ quRlaved,; dgen therr] | f

col um- by- col uimcsenantsgixs &PlOyecand Reh tdie i0iC tdEE Fol 1OWingnds8fuland
Az take on the Lihlgwﬁng useful values: 57 (1) TJerr] (2) [err]
-~and (3) VH(V. "X - Ay) shoul d be such that any pixel of the inventive
optical display remains stable during Tswon). 10 Thi s

condi tion i? satisfiedci) YYAM:gfgiﬁfges [AX - AY] < AV/VH Example 1 A
liquid crystal optical :disp)ay was tabrifcated 15 as described below. This
di spl ay was' fabricat ed(£® i bdeidsnvféﬁ[iay a¥d 16 pixel s defined by the

| gt ersections of 4 rowghect rogdes arytg_4.. QG UBhaRIIRE beO@Reh The bi stabl e
liquid crystal tw st cell igﬁl ded in. the o chaL disQLa maE.fa ricated
‘using two i.ndi um 20 oxi de- cHAFePRY R¥EGy At JRVeRtdves oRkACRLsed from
.t he Practical Products Conpdibspldy GremainmtstabdE during Magi(om)oxi de
coating on,gach glass pl at éﬁ;ﬁgg " | ass pl ate had

di nensi onslgf 2.54cm x 3. BTIC'érI\n??( %6 cm (ﬁgsx%ll-%?ﬂfll 8"). Selected 25
portions of the indium oxi d&f cdeinddrdadedSfifsass plate :

ax - Ay| < AV/Vg.

Example 1

A liquid crystal opfical display was fabricated
15 as described below. This display was fabricated to
include an array of 16 pixels defined by the
intersections of 4 row electrodes and 4 column electrodes.
The bistable liquid crystal twist cell included
in the optical display was fabricated using two indium
20 oxide~coated, rectangular glass plafes purchased from the
Practical Products Company of Cincinnati, Ohio. The
indium.oxide_coating on each glass plate was transparent
and each glass plate had dimensions of
2.54cm x 3.81cm x 0.32cm”(1" x 1-1/2" x 1/8"). Selected
25 portions of the indium oxide coating on each glass plate
were photolithographically removedy leaving four parallel
strips of indium oxide on each glass plate, each strip
" having a width of about 1 mm. The surface of each glass
pléte bearing the indium oxide strips was then overcoated

Oy

30 with a layer of silicon monoxide about 10 nanometres
thick by evaporating the silicon monoxide onto each
glass plate at a grazing angle of about 5 degrees
‘relative to the surface of each glass plate.
. The two glass plates were oriented with respect
35 to one another and separated with two 13 um-thick mylar(R.T.n)
spacers placed along opposite edges of the glass plates.
In orienting the glass plates, the surfaces bearing the
38 indium oxide strips faced each other and the strips on one



wer e photol i thographically renoved, |eaving four parallel strips of indium
~o. edch gl ass plate, each strip having a width of about 1 mm The

2 of each glass plate bearing the indiumoxide strips was then ,

. ed 30 with a Iayer of §|é4cgn nmonoxi de about 10 nanonetres thi ck

R )Y orating the silicon nonoxide onto each glass plate at a grazaing

angl e o$unbace werepexpendicular to the stinipg emithea@thgrass pl ate. The=,

~two gl P, @%es Y@rfd&{‘éﬁm edtﬂé té’ldﬁﬂﬂ%téiﬁ were Ui editeld @o and

separate two 13 | 'ar, spacers placed al gng opposi te edges of
the gl aEQaBIE'P%sdi??F ‘?‘bﬁlt#’rﬁ"t aé%e iticon ﬂ?@%d%a &84 bearing the
38 i ndlb@éﬂxedﬁpcsﬂtm 6@6@&1@@%1@1&&% aﬂ.d ﬂﬂaesatarssom@te@ne - 24- i

surf e ar_ to th st on t sur,f -
S §; LA SEBE BE YRS Hekrddn " TRHERED | B Bt ae T\ o i on
. the 5| Ilmimmanby rwﬂfteertmmmheataiiImthy talboudu (0. H3en of t he gl ass
pl at es gl $ fd by 180 degrees. Furthernore, one glass plate was

y 0

| ongi t uti fset fromthe other by about O 63cm (1/4 inch). The two
gl ass pl ates weFee cpni @tass Rlakes Nexg) enaxiah ero9dofged by the

P T Enoragothpledets depbibted ipsctid 1o of ShacerB-Teaving it M ded an
Q i ncl uded an
oveﬂhan‘@i’% W??o&tt&t el ?‘Pﬁﬁﬁfﬁﬁ’q dc%’?tsjiﬁt \?ﬁt@% | (see FIG
12)0 'cl;hfaﬁdng!\eﬁflr@degd:o?eﬂﬁm weBadh e f culreact]atssanlmrqw ature of about -
or about one .hour ft
the thi tRptude fa?h%v%%lﬁ‘n%éé)rééilaﬁgdd yé%(;%uin frtolaintereﬁi '(I:j'_fge 1[ ??ngg; of
monochrengstal| tuhst usehly éseerFEb el)/vave'lm,fngﬁarnmmforﬂdtﬂés as the |ight
source. pfetls L DAL kiR a/@fé&twrh%;s&wﬁ% R BRI e 20

mterfe?ence fringes under sodiumill'umnatiqgn. . The cell thickness and

thlbﬁ(ne%BO\&Er‘l’%lWVveF% shabilize rthe el thiskpesssy, By applying a drop
of a | ipHéfest¥sial thié *tM ekidss of the cell was measured by -

counting interference fringes of monochromatic light using
a variable wavelength monochrometer as the light source.
Cell thickness variation was recored by photographing the
20 interference fringes under sodium illumination. The cell
thickness and thickness variation were measured to be
16.2 uym + 1.5%.
By applying a drop of a 11qu1d crystal mixture to
one of the open sides of the cell, the space between the
25 glass plates was filled with the liquid crystal mixture by
capillary action. The liquid crystal mixture used included
. the-cyanobiphenyl-terphényl mixture sold under the trade
name E-7, which waSapnrchasedjfrom;EnﬁLabbratories, Inc. of
Elmsford, New York. The E-7 was doped with 1.303 percent
30 by weight of cholesteryl nonanoate to:produce a thickness-
to-pitch ratio (based upon the. above measured cell
_ thickness and:.cell thickness variation )of 1.126 + 1.5%.
' The inclination of the liquid crystal directors
at the silicon monoxide coated surfaces for undoped E-7 was
. 35 measured by conoscopy (see Crossland et al. ' ’
- J. Phys. D: Appl. Phys. 9, 2001 (1976)) in a separate cell
with no helical twist. An inclination of about 33 degrees
38 relative to the coated surfaces was measured. It was

¥
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one of the'open‘sides of the céII, t he space between the 25 gl ass plates
was:filled with the Fiqui'd crystal m xture by capillary action. The |iqw?"
crysfal mxtur.e used included the cyanobi phenyl-terphenyl mxture sold
unde™ the trade hame E-7, which was purghased from EM Laboratories, Ing
El nsford;. New York. The E-7 was doped wth 1.303 percent 30 by melght o)
chol esteryl nadsweed cthat pkhriunclinatiigmeds theo lgaudd exysdalbased upon
the above neagyregtéss!id K& ness aﬁchpqiv}lstthl ¢hRege1vankaki @R tRé 1.126 +
1.5% The |ncI|nat| n_ of #he i quid cr St directors at the silicon
monoxi de coat @@t %ﬁ? Jﬁ@b %E? T$%Sreasured by conoscopy (see
Crossland et al. J. Hmysctficdwuﬂonﬂaqts were?atie( betakeni tha separate cel
with no helic t ]Hqil r ative to
t he coate su%%c%%ééﬁ%alrreﬁgksfu%cﬁ %é&fo %%ta ggggﬁgd‘a? ?121?&%%@ ’
inclination otlagtomeri¢ sstrinskhl dhadctisr,s twe ZiebraeSLtripshwenest, the
cel | used in fhs1 PPal €8/ ¢l s:we%a gals%&f%%e@ea&e%ae Ehssrs Zb@ategont acts
e

wer e made between, the cel ] xternal wres ra strips

(gonductive, RfaEiRgethe %ﬂqiﬁﬂn°X1ﬁﬁne¥%£tﬁﬂﬁﬁszéﬂﬂaegFFngnﬁe oM pbReed to
t he over hang| ﬁglsurfmas Zdbrd sty igs wad alppd iledartongnehefi sHeugiazsde

el 20t 1 0oy G LHLERI 00 LGN P 6l EAGUTSHERLALARE “ERaRELLEERA 0 one

ofs” t he gI aces e i'ndi-um oxi ddes, and arrang
transversel y Wransyersgely with Hee@m rtedddhe pdecteedesnal Fm:regxm:@al

mount ed on eaﬁf‘rgéb&é’rétxﬂédhté‘@% %ém«zéwae%te-q@ma'aeat bﬁgtﬂétbli'é@t one
of the indiumoxide strips through the Zebra, st

y
uni di r ect i onafommuR} § VELTH % jone &t the Z@Hﬂ&msPFFﬂ? sE?EE?rlcal
signals were tmmghcﬂwozémraeesﬂnqi (tti}evtﬂldmrmtixtde ahddiiredesonit ough

t he exter 0 r I t age
range and{l he&$£3 % i&b éﬁﬁﬁe é§é§3 qU| ??%é%nggg ﬁhg#@ gi first
t he anpl|tudesamualﬁemermecqnnuniqataﬁ to 5@@*&C#bﬁh&généigﬁapxééﬁl|ed to
‘the plxels Ofeiéétf@ﬁésVﬁﬁrough the external wires.

In order to determine the practical holding

voltage range and the sw1tch1ng_t1mes of the liquid crystal
20 twist cell, first the amplitude and then the duration of a
500Hz voltage signal applied to the pixels of the cell was’
varied while the optical'transmission states of all -
16 pixels, as viewed between crossed polarizers, were
observed through a microscope. It was found that the
25 practical holding voltage range for the liquid crystal
' twist cell of the optical display, at a room temperature of
about 26.5°C, was 1.67 - 1.69 volts. The term "practical"
means that, over the voltage range of 1.67 - 1.69 volts,
the cell exhibited bistability for at least 5 minutes. The -
30 holding voltage used in matrix addressing the optical
-display was 1.68 volts. It was found that the
switching times for the cell, i.e. Tsw(on) and Tsw(off),
were, respectively, about 18 msec and about 130 msec.

it

Here, Tsw(on) denotes the minimum pulse duration required
35 to produce a WRITE transition at all 16 pixels at a voltage

equal to three times the holding voltage (of 1.68 volts),

while TSW(off) denotes the minimum pulse du;atidn required:
38 to produce a CLEAR transition at all 16 pixels at

zero volts.



vari-gd ile the optical transmi ssion states of all 16 pixels, as viewed

rossed pol arizers, were observed through a m croscope. It was

_ t the 25 practical holding voltage range for the liquid crystal .
twi 82l | of the optical display, at a roomtenperature of abaut‘[err] «J

~~was 1.67 - 1.69 volts. The term"$fF actical" neans that, over the voltage

. range of 1.67 -,.1. 69 vol.ts, { L) hbited,.Ri jlity for at |east 5,
mnutes. The SA(}JJhgl%(ﬁ %&g‘\%'lst g’gegslseeggléﬂl_%t §|g§9ag i?%ésﬁ ng the opti cal H
di spl ayCMAARED aa1d/dihen a patdernooddseAgactedepiwple W@y tines for the cell,

boe . TN and sT ML oba t Wt (17, 93P2st Lsely nd about 130
msec. Here, TSV\(on; den(?t es?‘}tiﬁ’g #irg-zum T LA i

pul.se durati d 35t H
pr oduc el \QRmL tions of g se GcﬁFeréxﬁtl’aJ;@%ﬁll?gﬁée%u rﬁ?tef th(r)ee :
';n! m@wtmé@edidé‘rga \et t(iig@)(._Of(ll?an \a,13), (2hade TS Dffi3dehptes the

u regiired u ) L 44 t all 16
pi xel snza{)’%g'r oa%la(ids’%’ qglbe etiﬂé £ Egugh%gl gSO?R%EAdﬁllé L@%‘?g ? i rgt
CLEARED® fairak kentredn piatetlst,n usfinge rop-by—-goNeBcanaing\R WFEN2 M$€¢ he not ati on

(i,j) ig=ps lep e 110w and col umm | ocations of a sel ected pixel,
Chen t ho e(g’c‘{t)g 57Qtpcﬁ<5tels'vﬁ\?¥qut (1,2), (1,3),(2,1), (2, 4), (63, El)f(e "

(3,4), Bxpmple hd (4,4). The tine required to WRITE the pattern of
selgst ed. pi xel sSThelsdontent\- f rthe Infornagionadigplaped PyTshdon) x .4 rows _

=18 x .4) .. Ex 2 10 . T opten f o s nformati on di splayed
by the %R)H%gp%fsspét% B c&agﬁggd%&y%'aqﬁ}o-ggtegp@%g?#x addr essi ng procedure.
wher ei raddtessing pusicadure whenednoaldy pixgile PEWEREOPTof one or nore or

Fren oot e 1 ifcde RS oy By moz bk 89880 Y 15 CLEARED and
_ e selectively, . _This_addressirgprocedure
enabl estthecbmnst aje t%ﬁﬁweﬁﬁlﬁfﬁéﬂ’a?éﬁu3§aPﬁguﬁ$¥sen?pi nventi on

to {1 COEERED rad thure pustidulampixelst hrepeedestivedyf WRITTEN.

This addressirgprocedure enables tﬁe.content'of the
information displayed by the preséht invention to be
changed much more quickly than if the pixels were first
selectively CLEARED and then selectively WRITTEN. This can

20 be deduced from FIG. 7 which depicts the typical dependence
of the switching time on the switching voltage, Vs,_for '
both CLEAR transitions and WRITE transitions, of the
bistable liquid crystal twist cell at room '
temperature (23.5°C). -

25 The curves in FIG. 7 represent the switching

characteristics of a relatively uniform portion of a liquid
crystal twist cell which was fabricated in accordance with
the procedure described in Example 1. The liquid crystal .
-was E~7 doped with CN. 'The-relativeiy.uniform portion of.
30. the cell,included.thneekadjacentnpixels which had- a-
thickness of about 15 microns with a thickness variation of
+ 0.2%, and a t/P of about 0.983 and a corresponding
E/P variation of + 0.2%. The practical holding voltage
range for the three adjacent pixels, i.e. the voltage
35 range over which the three adjacent pixels were bistable
for at least 5 minutes, was meaSurea to be 1.780 to
1.810 volts, andqthe;holding;voltagé used-in_measﬁring-the
‘38 switching characteristics of the three adjacent ‘pixels was

‘A‘
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sel‘eciivel); CLEARED and t hen sel ecti vel y WRI TTEN. This can 20 be deduced

fromFI'G 7 which depicts the typical dependence of the switching tinme o >
t he yswi t chi ng.vol t.age, VS. for. both CLEAR transitions and WRI TE -Q,' _

trarﬁ"rtlons ,, of the bistable I|qU|d cry%al"twl st cel!l at room t enperat ur
([err] 25, 1.785 Relt®urves in FIG 7 represent the sw tching

characteristics of a eatév}ﬁ%c\ﬁl'ﬁ qgaggrkhgrelggr oceéggleg%;és%ﬂgledt Y\Anst

cell which was fabri ce?te[led I N acco danc
Exanple 1. Thdjaceprt Rixshsh wepss ﬂEa‘SU(!'GﬂebY\ANP»HYM the rmsoamplbitude

uni form porti oge of S0 HNG PR dged RGlgndad ol Ebagsaaébaﬁﬁattﬁréélﬁd@l&fhxﬂﬁd a
t hi ckness of about 15 rE(fcrons wth a thic nes&lvarl ation of +_0 29 q and a

t/P of abou? O%MLB& cﬂﬂrraé:éﬂé‘n&”ﬁdlt FBiyghing; Bas rceompbifh
practical hol déimn Mddeses Iygnad thorthieheellir agradizadecbétwesn! eross@d t he

Vomst s mnus dS1glely hd Nae'slelT 1343051 BhTSH RS 82 4R O O O
vol tage used igsdjacent ipigkalf b the celilngyerparhsecvedt tBeoughtse t hree

adj acent pi Xe'nﬁc\’?&scopé 27-1£1 2085 theleleS plIQQSSWWEQBhQH £PahaGhET s B4 €St ]
the three adj acen gl xel's were neasur ed bé vary e ros-anplitude of a

500 Hz vol }@geARQ dmiste Switehing.Fag E@P§9§ﬁﬂe§ tArdYR the
-dgT ati on unti | osswatwedd ng Mas;nagcmiw loi-hetabo Suﬁulusaawmuehgtd whattide cell

arranged bet wegp, 1 %S Qv | HdiHeSed 8 'c LAOFM S§k Oy S fﬁ&fs"f ”‘e
TN rde bs £

t hr ee adj acent™ pr xé rough a m Crtoscope.
all three pi x@@@hqd:hetp fsvdrmme\gsmecposmeandt herha%nwmler%ﬂm tchl ng

was considered to haverpgety r ed. chd s‘%’i'ﬂéh@.ﬂ% Q&m&%h&bé%éeﬁ%
partial swtching was considered to have occurred xel s, swi t ched,

no switchity v 2 otREaR ‘bqﬂ’év"? 3&aipstqa pRrEpsised FEILGRIRGi ng ti nes
‘have been pl ot¥eDtdge Olﬁﬁjogmeﬂéﬁ denaltesaghenhbldingrveltage. switching -
b

vol tage VS/VH ;Wh1el & w T l%iaq'g.l\igllt 3%veblare given in each
' ‘ case. The top curve represents the minimum time required
to switch from one state to the other. The lower curVe
20 represents the pulse duration below which no switching
occurs. The area between the curves represents partial or
incomplete switching. This is also the case tor the curves
 shown in FIGs. 8 and 9. ' |
| ' In FIG. 7, for Vg/Vy greater than 1.0, WRITE
25 transitions occur. - In this region the switching time shows
a rapid decrease as the switching voltage is increased.
_ The switching time at Vg=2 V, is about 52 msec and at
s VS=3 Vg is about 20 msec. For VS/VH less than 1,0, CLEAR
transitions occur. These are considerably slower than the
30 WRITE transitions. The switching time at zero volts, the
shortest switching time, is about 200 msec.
) The matrix addressing scheme which nonselectively
CLEARS one or more rows (Or one or more columns) of pixels
substantially simultaneously and then selectively WRITES
35 pixels one row or column at a time is to be distinguished
from those addressing schemes which selectively CLEAR
selected pixels within a row one row at a time and then

*

38 selectively WRITE pixels. The application of the former



‘ H shoul d be noted that two paraIIeI curves are given in each case. The top
curpe~represents the mninumtime required to switch fromone state to the
‘Egl'

The | ower curve 20 represents the pul se duration bel ow which no B
ng occurs. The ar ea bet ween the curves represents partial or ~
“inceapl eteswitching.  'rhis is al2® 4+he case for the curves shown ip FIGs.

8 and 9. In FIG 7, for VS/VH greater than 1.0, WRITE 25 transitions

occur. 249ressing SrhemenhFathar.fhag thoe 1aksRT, atPaphs GRtieade as the 7
SWi tchldlgsynist agesu Bt N asslect ively swstccbpagattwa o Yhe2 VH is about 52:

msec ang Al M YR:VH tha 0, CLEAR :
transi t rone: o?&%raﬂiiﬁaf%l%&onm eragl%iey Foﬁe?%?ﬁéﬁgt ﬁ%mé,OfO*'/\Rl TE
tran5|t¢kﬁﬁﬁ tmnskil onshiwig it ithe dnveatdveobpsicahedéaplagsiaswi tching

| So BPPIe BP & IBWEC -1 t1 % IR &ha%d&ﬁ%smegméghga& ?ﬂi' nonsel ect i vel y
CLEA S one or nore - rows (or one or nore colums | xel's Substantially

si mul tﬁ%ﬁ%ﬁ%ﬂ%é”&ﬂwwn\mﬂEsnMOSl %EPsdbﬁBl?%V\F%r colum at a

time isbé mﬂmg&&tmumlu&fml duieklyhesanaddr ehei ngtsepea@srebsihgsel ectively
CLEAR sele &l thin a rowone row at a tine and then 38

select|¢gf %%?plXé*g The application of the forner -28- addressing s,
schemaEﬂggn&g__han the latter, to the optical display results in

relggively fasipopaisd i1 HaddaadiRgeBh\heoRbpe2badtsPlay. Because the ]
switching tinme for CLEAR transitions with the inventive optical display is x

5 rel RPAAYL FiRplan xRsdRetivel ﬂ:ﬁéEﬁaﬁnﬁPeaﬂﬂr%9§?ng schenme pernits
the i nfeswat (o anntanimale deauling) af pixeescbabgednvighbigore qui ckly than

e aadt AL FeRelENe el $1Re el i3 Veal GEBRRITe Sntertnd vel y CLinrs

one or pigrels owe (19w gve 2ortimer,e thel ophdpadf dpspéhy operatesi al | y
si MY t aneous] ve IPIdiA KA oeloRaly U8 YoehELBRPErathee! ed
but ‘also at relatlvely low-temperatures. This can be
inferred from FIG. 8. _
FIG. 8 deplcts the typical dependence of
switching time as a function of t/P for CLEAR transitions
20 (at zero volts) of the liquid crystal twist cell.
Because switching times scale as the inverse of the
square of the cell thickness (1/52), this figure depicts
the dependence of relative switching time, TS/EZ, on t/P.
In particular, this figure depicts the influence of
25 temperature on CLEAR switching times.
" The data plotted in FIG. 8 represent the
switching characteristics of the three adjacent pixels
of the liquid erystal twist cell described in.Example 2. .
- The switching characteristics of the three pixels were '

E O

30 measured at: different concentrations. of CN in E-7, to
produce different: t/P ratios, and for temperatures of
40.0° C, 23 5°C and 13.0° C, using the procedure
described in Example 2. The measurements at the three
different temperatures were made with the cell in a

35 thermostated enclosure. _

As is evident from FIG. 8, switching times for
CLEAR transitions exhibit a sharp increase as the
38 temperature decreases from 40.0° € to 23.5° C to 13.0° c.
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CLEARS pix%ps a | ectivel
) slow operation of the display, but also produces Q%verge y

effects not associated with other displays.
Two-to-one addressing is depicted in FIG. 4(b).
'In two-to-one-addressing, one Or more selected column

20 electrodes are subjected to 2 voltage pulse of

amplitude Vy + oV and of duration equal to the switching

time while all other column electrodes are maintained at

the holding voltage, VH’ Simultaneously, the selected row .

electrode is subjected to a voltage pulse of amplitude -0V

25 of duration équal to the switching time while all other row
‘electrodes are maintained at zero voltage. Consequently,
the selected pixels are subjected to a voltage pulse of

amplitude VH + 2dV. of duration equal to the switching time

while the ponselected pixels in the selected row and

30 selected columns are subjected to a voltage pulse of

amplitude VH_+_0V of equal duration. The_remaining
nonselected pixels are held at the holding voltage. Two-
to-one addressing permits selective CLEARING and WRITING of

pixels since aV can be either positive or negative.

35 - However, two-to-one addressing subjects the_nonselected

pixels in the selected row and columns to 2 voltage

different from the holding voltage, i.e. to VH + OV,

38 Subjecting nonselected pixels to 2 voltage different from

o teprdeas i0 0
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subjected to a voltage pulse of eéqual duration and of

amplitude 0.5 VH' Similarly, if a selected pixel,

denoted D, is subjected to a voltage pulse of

amplitude 2 VH and of duration equal to about 68 msec in
order to produce a WRITE transition with two-to-one
addressing, the nonselected pixels in the selected row and
columns are subjected to a voltage pulse of |
amplitude 1.5 Vﬁ of equal duration. As is evident from

_EIG. 7, the CLEAR transition curve is relatively shallow

near the origin and both points A and B are close to this
curve. If the nonselected pixels B. are to avoid undérgoing
a CLEAR transition, the duration of the voltage pulses used
to produce CLEAR transitions must be very precise.
Consequently, the.performance.of the electronics used. to
generate_twoéto -one addressing with.the'optical'

display would have to be very precise, and therefore the
electronics would have to be relatively complex. 1In
addition, and perhaps more importantly, the widths of the
CLEAR and WRITE switching bands shown in FIG. 7 increase as
cell thickness variations increase. Consequently, for a

- liquid crystal twist cell which does not have great

38

thickness uniformity the point B, for example, is likely to
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results in random, nonintended switching of pixels. One

procedure for overcoming these cumulative cross-talk
effects is to wait for them to subside. 8Since there are no
20 such cumulative effects with the display described,

there is no need to wait for such effects to subside and
thus the display bas a relatively high operating speed.
The phenomenon of cross-talk, associated with the
use of two-to-one addressing, also has the adverse'effect
25 of imposing yet further restrictions on the permissible
variation in t/P of the optical display, making fabrication
of the display yet more difficult. This can be inferred
from FIG. 9 which depicts one of the effects of cross-
‘talk on permissible variations in t/P.

Py

50 FIG. 9 depicts the typical dependence of relative
switching times, S/I ,, on t/P for WRITE transitions and
CLEAR transitions of the liquid crystal twist cell
The data displayed in FIG. 9 were obtained by
measuring the switching characteristics of the three

35 adjacent pixels of the liquid crystal twist cell
described. in Example 2, at room temperature (23.5o C), for
different concentrations of CN in E~7 (and thus different

38 t/P ratios) and for different switching voltages. FIG. 9
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B?Lie?getﬁ/é WVREIY bwitdifidd fime Wilsd W BnGseh( BY) akStaPphigdabgve sel ected
the VS/V = 2_curve but below the VS/VH = 3/2 curve (to
prevent noanselected pixels from switching). Similarly, the
CLEAR switching time‘musf be chosen so as to fall above the
VS/VH = 0 curve but below the VS/VH = 1/2 curve, While a
20 WRITE switching time can be chosen without imposing any new

..4..

limitations on variation in E/P, any choice of the CLEAR
switching time which falls above the Vg/Vy = O curve but
" below the VS/VH_=1/2_curve further limits allowable

variation in t/P, as is evident from FIG. 9. That is,

25 cross-talk effects inherent in the use of two-to-one matrix
addressing further limit allowable variation in t/P to a
smaller range, for example, than the previously mentioned
preferred range of 0.95 to 1.10 for E-7 doped with CN.. -
Because there are né'cross—talkyefféctS"in=the-optical

30 display described, it follows that the need for
great precisioﬁ in the thickness uniformity of the liquid
crystal twist cell is relaxed, resulting in easier
fabrication of the optical display. '

Three-to-one addressing does not exhibit the

35 phenomenon of cross-talk, but two-to-one does. Therefore,
it'follows_that the application of the former addressing
scheme; rather than the latter scheme, to the optical

38 display reduces the likelihood that nonselected:



inorder to produce a WRITE transition, and cross-talk effects result i
nonselected pi-xels in the selected row and col uim-bei ng subjected to a
switxxhing or cross-talk voltage VS = 3/2 [err] Simlarly,” when a zero

swi t&hing 10 voltage [err] =:-[err] in FIG 4(b)) is applied to a sele

pixel £o protluce a CLEAR transition, cros38talk effects result in

nonsel ect ed pi xel,s, . S 0 j suhj ec to a
switching or cr §§F%§I&H§élﬁg§§£%g é %&?gghfﬁéggﬁggg#%ﬁﬂ§eq%ﬁbyﬁh-one
addressi ng, 15 wrieaseRSTRisgusskingbeveae ntersequenivben faommatdomalils above
the VS/VH ="2 cuigee 9@&1H§h9“ﬂ&§?1&§é8*hﬁé§/?hfééi%b46dbFH&%#@ESi 3@/ ected
pi xel s fron1smntchrq%). Simlar X’ t he, CLEAR smnt%ﬂég% ti me nust be chosen
so as to fall af@Pdiffet9stin opEical @i8RiaptRAR ¢ RATLO-PRE Ccurve.
While a 20 ‘8Rl Bddvesisdhigndst usedcan be chosen wi thout inposing any new
limtations on variation in t/P, any choice of the CLEAR switching tine.
which falls above the VS/VH = 0 curve but below the VS/VR =1/2 curve
further limts allowable variation in t/P, as is evident fromFI G 9. That
is, 25 cross-talk effect.s inherent in the use of two-to-one matrix
.adﬁressing further limt allowable variation in t/P to a smalter range, for
exanpl e, than the previously nentioned preferred range of 0.95 to 1.10 for
E~7 doped wittcth CN. Because there are no cross-talk effects in the optica

30 display described, it follows that the need for great precision in the -
t hi ckness uniformty of the liquid crystal twist cell is relaxed, resulting
in easier fabrication of the optical display. Three-to-one addressing does
‘not exhibit the 35 phenonenon of cross-talk, but two-to-one does.
‘Therefore, it follows that the application of the forner addressing schene,
rather than the latter schene, to the. optical 38 display reduces the

| i kel i hood tisat nonsel ect ed - 33- pixels will undergo a swtching
transition, for the reasons discussed above. Consequently, inforrmation is
nore reliably displayed when three-to-one addressing is
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l jed to the optical display than when two-to-one 5 addressing.is used.
Ky 20 25 30 35 38 34 CLAIMS 1. A IWM&I di spl ay, .
sing a liquid crystal confined between t '““mtrf-aces and - .
agje nmeans for applying voltagg' differem \ or, more of a./
ality of discrete portions of the i qui vl ® whi ch discrete

portions are arranged in a mat [dpa 19 F ows and col utms wherein the l'i quid
crystal assumes a helical configuration in its unstrained state, the |iqusd
crystal adjoi nilvg & Hadd stysdel; ppticajodAgriaysueemprisirgobl i quel y

i nclinesl hiduid espectal g:ddmnw g.e&wgidi mﬁostubﬁﬁatngaadﬁbseéi qui d cr]yst a
has at | seco sta state_when in e presence of a
singl e %%cﬁi%&ogé%ﬁ&(ﬁ%% vo*‘té‘é’é’fly&ﬂﬁc N°§F&5Fe3§¥£?’é§na?% optically

di std nasEdRD|aneamt amreblod w5 pdurddity efi Uikedeteopontitons éhe ot her
Wt houteaseiqif @ iyl Awnden BiQudBebNBobt Guhd AFYShfkagilly !t he Vol tage
nmeans i-s adapted to prepare all:the discrete portions of" a east one row

or col utth a5l Tews) ande coduBng whaspdnstheelbguidpl ying to all the
20 di serstalpaissuniens ia) Helld.cadi @oh@wgarat®bi MinSybst @ibtAhiNed

. i v

10 thugy p Y

4

for a,sufficient tinme to x

si ly,.a val bel ow t he hold
ause (TR i P edSetAn YoatateR aholeddh oot 8t hea hon Lo

selldtt ihainding tsuir fdicesr dise obddquedy dhclhseduwith fespettetsecond stable
25 st at¢hd diie dounding! 3rdagbat _Qnﬁytﬁ?pﬂgﬂgdt Sryst ftﬁé’s défécr ete
the hol vol tag or. a su n

portions a vol tage above t di ng i Ccle time to cause

transi t4SASE & fHTiSt and a second stable state when in the

presence of a single ndn-zero holding voltage, which _
stable states are optically distinguishable and capable

15 of being switched from one to the other without passing
a disclination through the liquid crystal and the
voltage means is.adapted to prepare all the discrete
portions of at least ohe row or column of the matrix
in the second stable state by applYing to all the

20 discrete portions in the said row 6r column substantially
simultanedusly a voltage below the holding Voltage for a
sufficient time to cause transitions from the first state:
to the second state and then to selectively switch
discrete portions of the matrix from the second stable .

25 state to the first stable state by applying to
selected discrete portions a voltage above the holding
voltage for a sufficient time to cause transitions from the
second state to the first state.
' 2. A:display.asxclaimed.in;claim 1 wherein the

30 voltage means is adapted.to-switchithersaid selected:
discrete portions-of:the liquid;cfystal~from;the~seCond
stable state to the first stable state by applying to the
said selected discrete portions, for the said sufficient
time, a voltage suhstantially equal to three times the

35 holding voltage while nonselected discrete portions are
subjected to a voltage substantially equal to the holding
voltage.

38 3. A display as claimed in claim 1 or claim 2



second state to'tHe first; state. 2. Adisplay—as—ctaimed in..claiml
wherern’the 30 voltage neans is adapted to $Swiig m\“u“re(it ed

di sgrete porti,ons .of the liquid crystal from't‘ “&l “m state to thé

firgffgtable state by applying to the said sel'ectad #i strete ’portions, fo*s
the sdi'd sufficient tine, a voltage subsBBntially equal to three tinmes the.

35 hol di ng VO|&&QP?¥€i£ﬁe f%ﬁ?%ﬁa%ch etg‘g%'tekgggagﬁgysggj egt ed to.a

vol tage substanti a equal “to i Ng Vo . A
di spl ay as cl afheetredes Arrangsd 9miqach of the baMBding susfeseesage neans
includes a pl uthéiéye®frsdasidndife Houmiag Gurdact sbihpeabeungdeag
surfaces, the glectrodes. on one boundi ng: sg:rfaceflal b%i ng arranggd
transversely wiMFEEIRLY (L FERETY 30208, RS TEo8EReP AR dI ng
surface, the pothertbamsdirg tserfraaxt ridoe projectdonsundi tiesurface onto the
‘el ectrodes of | ; 0N e.fatrix of discrete
éb?cé’{- és b&ﬁ’[%é‘%éﬁléﬁ{lﬁ\? esﬂl‘ijf'a'&e On'tRE L HB!

portions of the Trquid crys _ ectrodes on each of said bounding
surfaces 10 cofseftredes oF ddp@than \pounding,surdprgandefiningdeBewhi ch
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vol tage and ap‘gf%%‘\#é? HYF W\%%&é‘etgg W%élsﬁgiﬁgoﬁﬁﬁﬁeer%cﬁ%des, t he
sai d vol t aps Rbrseistphbplstatd dy tapp lyding,sdnf sequencei,ne@ voltagse

of approximately minus. the holding voltage to each row

electrode while all other ‘Tow electrodes receive a

voltage of approximately the holding voltage, and
substantially simultaneously applying a voltage of
20 approximately twice the holding voltage to each
column electrode which defines a selected discrete
portion with the row electrode receiving approximately
minus the holding voltage and approximately zero voltage
to all other coluﬁn electrodes, the said voltages
25 being applied for the said sufficient time to cause
switching of the selected discrete portions from the
éecond state to the first state, the voltages applied
to the electrodes being sufficiently close to their
‘nominal values that discrete portions other-than the
30 selected discrete portions are not SWithQ&;'
5. A display as claimed in c;aiﬁhs wherein the
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voltage means is adapted to switch;thé'said_selected
discrete portions from'the secqndQStable'state to the
first stable state by applyiﬁé,'in sequence, a voltage
35 of approximately twice the holding voltage to each column
electrode while all other column electrodes receive
approximately zero voltage, and substantially simultaneously
38 applying a voltage of approximately minus the holding
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por t h@ns ,ar.¢ 1 pQk b&heHan StneAsbi ¥d At LY s o
subst ant a?l%; as ﬁ\eﬁrje?n aeuslcr?%ed W t 4erence FH @& %to 3, 4(a) and
5 to 9 oROEh&WAEEBARAanyi ng dr awi ngs. 15 20 25 30 3
. 44 35 38 6. A liquid crystal optical display substantially o
as herein described with reference to FIGS. 1 to 3, 4(a)
and 5 to 9 of the accompanying drawings.
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