2119995 -1- LI QUID CRYSTAL “DI SPLAY APPARATUS This invention relates to
l.i quid crystal dlsplay apparatus. 5 For a bistable nematic liquid
cryst.al dlsplay,‘state transitions (ON-to-OFF or OFF-to-ON) occur_under the
i nfl.uence of, appropriately applied dynanic electric fields. See, 2819995
exanple, G Boyd et al., "Liquid-Crystal Oientational Bistability and
2nmati ¢ storage Effects;" 10 Appl. Phys. Lett. 36, pp. 556-558 (1980) and
ong et al. " Thr eshol d and Swi tching Characteristics of a Bistable :
Nenatlc Li qui d- Crystal Storage Display," Appl. Phys. Lett. 37, pp.1072-1074
(1981). In particular, vertical electric fields cause'orientational
director transitions to a 15 predom nantly vertical alignnment
configuration, an ON state, for exanple, for the liquid crystal nolecul es.
Similarly, horizontal electric fields cause orientational director
transitions to a predom nantly horizontal alignnent configuration, an OFF
state, for exanple, which 20 is topologically distinct fromthe vertical
alignment configuration. See U S. Patent No. 4,333,708..In this bistable
nematic liquid crystal medium the horizontal and vertical electric fields
afe produced with an array of interdigital electrodes as a matrix 25
addressing arrangenent for activating and deactivating I mdi vi dual di spl ay

cells. Al though tg%fgﬁfﬁecﬁfsféﬁaﬁﬂ§l ?ysde | ow to noderate

a¥dr essi ng speeds a node ectric. ?le d strength, it is
i ncapabl e, -2 - frbhig prEeRrtian yeéapesnto é%qBFBVFHVﬁQaﬁlgh speed
operation. |g;88di}i gPpatatesdigital electrodes require both a large

netivate partiou ;?”Zﬁéetao{aé%%f&'x#rpeﬁm 4BuEd S8VLERL Aphtaky ©

el-ect rodes gegesbé et PANSLTDORSE(0N-ebeOFFi orf OBFdsoalN)erbrhrt und/ardithei nct

SMAtChlng thresPP|g§c£05f|£ Hrgp%EX%ETb:applied-dynamic electric fields.
See, for example, G.Boyd et al., "Liquid-Crystal
Orientational Bistability and Nematic storage Effects,’

10 Appl. Phys. Lett. 36, pp. 556—558'(1980) and J. Cheng et
al., "Threshold and Switching Characteristics of a Bistable
'NematicLLiquid-Crystal Storage DisplaY,"'Appl. Phys. Lett.
37, pp;1072-1074 (1981). In particular, vertical electric
fields cause orientational director transitions to a

15 predominantly vertical alignment configuration, an ON
state, for example, for the liquid crystal molecules.

o Similarly, horizontal electric fields cause orientational
director transitions to a predominantly horizontal
& alignment configuration, an OFF state, for example, which
20 is topologically distinct from'the vertical alignment
conflguratlon See U. S Patent No. 4,333, 708.
| In th1s blstable nematlc llquld crystal medlum
the horlzontal and vertical electric fields are produced
~afx array of 1nterd1g1ta1 electrodes as a matrlx
25 addreg ‘¢ arrangement for activating and deactlvatlng
individual display cells. Although this type of
arrangement can provide low to moderate .addressing speeds
28 for a moderate electric field strength, it is incapable, '

L]




sphays, nanely, a longitudinal threshold and a transverse t hr eshol d.

_EZQ threshol-ds represent mnimmelectric field strengths necessary for
gching disclinations in the liquid crystal nediumfrom boundary 10

Lstontinuities in surface alignnment or opography Exi stence of. the two

separate thresholds and the creation of onhoaneneous electric frelds

subst ant i al ifyom mparactical efiewpeiintenefs providing drighgsnesd eperatiomesIfor h|--gt{’J

speed matri xqaidioRs 5'1&%8’*{{1 RaP ee‘! eb{:"rddeg Ul"éﬁu(i ré/ Hoth & '1§P§é‘¥ﬁmbéf5

Honobgeneous or uniform vertical electric can ener at e -
array of or CRBRRSAPRS, PAT sHERLY cs&htwuem %l?"@?‘ﬁ?‘st‘:ﬂr%"é:ﬁe'&? @GB‘E‘éat&s t haw!
‘matrix addr gaﬁtm]&f reaggamﬂag fo‘F-hgmwﬁ)ﬁg of electrode arr angement
facilitafes tral SItI § {1 d i zontal state to the vertjic at e,
that 15 Bopr 1o 1akeeiiaite RIRPROER SRS paiihEpsioud secthl e tis

si ngl e shar pnévmdhdh’it\g:ubtmessmmw sﬁmcmnglﬂwasmmwfmeﬂﬁqmaﬂ cntsiad

transiti ons u n |

reliable, ﬁgeé}ag\flemtf,c ‘I&r\ﬁﬂb ﬂPaﬁi tﬁ.‘g‘g‘ﬁoﬂ{‘%nﬁ‘eaf tﬁlhﬁé&'}lsé fkg@?éﬁtﬂ%

unsui t ed foﬂ' g%x-hethaesm@ds H@presﬂrﬂ nwmg@amycmc tyﬂtd é&rertgathﬁmacgmm

state ”ans'fht'OcI&acﬁ'fh%t dts'i:hﬁ?tmng\m th.g:ﬁ ﬁt@%%ﬁﬁ”ﬁé&itﬂﬂ?rotﬁ%ﬁ’ﬁﬂv?g to ?

the present |invention I rst

e 1S rov. aratus .co rosLn
and secd¥d é‘u%%%%[‘%%ﬁeﬁ {'\ GUrepce QILitg&We gr?é"ngPWhe Erdghence hase
havi ng ori enwetdcpapiteditheashol ds Gind Peiee drdiaiion &sf hbﬂ\dmbéﬁdoa*seéﬂ,eceﬁd nterior *

surface of of g extured to
align the O?a%ﬂq Pt‘%ﬁ?ﬁf‘%ﬁt"écf‘g’lﬂé aﬂ' gﬁfg’gt’%'}e%g é‘gq?%&?&‘&ﬁ%nmnt

geonetry  afectrodes rfoerhigh speddamatrinr addnegsingaperposepoitsiliquidocey ftiai st
supplied 354 a? el ectrical signal for generating an electric field )
bet ween t he su% rates to align the orientational directors of at |east one’ .
sel ect edB ar ea offompgenepusar unifors vertieal glectris fialds eangbe gensrated and -

erasing m?albﬁ ére%peaaﬁlo\*eomo tﬁﬂ?e&ﬁﬂésé&pﬁbnﬁdu%@%ﬁfw swﬁma'l for ’
heatlng at ast ne selecte to a

pr edet er m né e?ter § Aurle M 5%3?‘1?%51’"% aﬁﬁﬁ%ﬁf@?ﬁ%:&ﬁ]%ﬁt 5 the nemati c

mesophase t:ete¢trodecﬂnnapgemqnbaﬁac11states transitions from the horizontal

state to the vertical state, that is, OFF to ON state transitions.

20 Furthermore, it exhibits a single sharp switching threshold for
horizontal to vertical state transitions which is of sufficient
magnitude and definition to assure reliable, high speed switching.
However, the array of strip electrodés is unsuited for generating the
field necessary for vertical to horizontal state transitions, that is,

25 ON to OFF state transitions. -

According to the present invention there is provided display

apparatus comprising first and second substrates, a liquid crystal
material in the nematic mesophase having orientational directors
disposed between ‘the substkates, an interior surface of each of the

30 substrates being topographtca11y textured to a]tgntthe orientational
directors in a predetermined tilt alignment patiewn at each 1nter10r
surface, writing means resransive to a first supplied

35



effected in the I'iquid crystal mat eri al*. 10 I n accordance with an
enbodi ment ‘of the invention an array of orthogonal |y di sposed, continuous
uniformstrip electrodes is utilized for high speed nmatrix addressabl e

swi t.ching, on a bistable nematic |iquid &ystal display by electrically

i nduci ng st at ¢ 1lcRSidd 10RS ghta L b1 ddretatdinge Gl WL S @St IWId 28wderd O

vertieal, and by electrothermally inducing state transitjons in a second

di ection, su@ﬁea§“hﬁﬂﬁﬁﬁﬁstﬁ9lﬂ*ﬁ%ﬁnﬁﬂﬁ.°rﬂﬁﬂﬁﬁﬂlﬂﬂ%ﬁﬁQ%E%FFQ£§HQEHH:from

t2 giee! gct rog halgilt NRC &Sl AURE dTRld id”ﬂ_hﬂma ociuid n:ztmduj qnambﬂa/hstai @S
vi dence (.a _ne I_.C-{0-isotropi ase transition. on reaching a

clearing thredHdsh P&%&’ﬁﬁ Lﬁt@tﬁ’s%‘%pﬁora?‘%éﬂe,aK{%erﬁﬁpﬁHoﬁf%? ytg? at igs

al | owed t o 5coalecomd asmpis éde jFrapercasl atigneaeuiorddarindmt eteast tone

state transtt is%rléeicr%etdmaz% C-.Q:P‘{j I%H'er e"‘?éj.rd}rhcon- /stal materinBNggrpodi ment of

this invention, reverse 1i boun [ It1on 1s 1nposed on substrate
and el ect r ode predetesmingidadempanptyre [innder yial ahase trangl i ap| ay

cell. Matrix ' ' f ; ;
@ﬂ?&-ﬁ&fgéﬂ%é@ _xﬁrg%igt@h% HHRYi Yt FSPY @ phsd U@

el ectrodes. ectrodes | e ar&gz are enpl oyed for data entry

inawiting &fdectathdmedne oM (G TRIA L MAtRT 3 ed both for scanning
during wittg ng cycl es mhddrd#rde twMsh hantenitgodinémy &f ashe eirmyend t5on A

the T ol bw ng Aedurat it choRsitad B i FOHe Budl A, [ "
i nvention in ainjimalientridds tie wppkinestl fhnviiigh speeinitrg
b o oo dEFRole I U 0N B ERe nomgeds Haptd ples 1o
shows a cross-anystiahdisplay iy elecknicaklstndeeing a?tﬂ'gl%l- 1t jens
el'ectrode @ ray of fi st direction such as horizontal to vertical, and by
electrothermally inddcing state transitions in a second
-direction, such as vertical to horizontal. Thermal
gradients resulting from the electrothermal process
cause melting to occur in the liquid crystal as
20 evidenced by a nematic-to-isotropic phase transition.

' ﬁpon reaching a clearing threshold temperature (isotropie
.phase), the'liquid crystal is allowed to cool and assume
the proper state required for completing the state
transition in the second direction. '

25 _ In an embodiment of this invention, a reverse
tilt boundary condition is imposed on substrate and
electrode surfaces adjacent ;o the liquid crystal material
at a display cell. Matrix addressing is peérformed by an
array of row and column electrodes. Column electrodes in
? 30 the array.are employed for data entry in a writing cycle,
whereas row electrodes are utilized both for scanning
during writing cycles and_forﬁsesistive heating during
erasure cycles. ' ;géﬁﬁ.
A more complete'unﬁerstahding of the invention
35" may be obtained by.reading the following description of a
specific illustrative embodiment of the invention in
conjunction with the appended drawings in which:'”
38 - FIG. 1 shows an array of uniform elongate strip



aving one cell in a horizontal stabile configuration and. ‘a second cel
vertical stable configuratioon; and FIGS. 3-6 show sequenti al
s-sectional views of the display in FIG 2 undergoing el ectrothernal
Asure of displayed data in accor<dahce with the principles of. this 10

I nvention. A storage displ 4S5 Si I S| Lty of

sel ecti vel eéﬁ: roéfe%abﬁdoer E‘Qeaﬁyrslée dadr’g;%%solwo%(gimﬁddl‘gf%:?g'% ﬁ%tt?/al P
i sol ati on a dgiqwisl dnystecbrdismlayi th the present invention, this diSpl&MgdA
structure is 15 dee) opeLifil £ el dsdiddienddies ¥ 20 OF Ko Of 1 guia ui d
crystal materi al su_stantlak%{_ln the nemati c nesophase di sposed between o/
two subst caEstaad ey o eluding dde ialediRAn AT Bhdt¢e Substrates

to proy deswiret Hntd el tvh 10 Howizowh ol BipdbLe! dsnfigur@t iox &edr essing,

that 20 is, time-nultiplexed row and col.umm addgessing. Liquid.crystal
material % SeEARTA9LL I AR A2 %E”(}?Tf%gc%'? Jn%‘frab'fgl?% #2891 e or der ed
states of nearly. FIGS Iverghowmsedquentisl|crass-essctiondk vidvs

boundaries., A,state_is char ri ti L gyr al f 25
orientati c?rFaItt{ﬁ r‘%]ﬁpo]rsag it ﬁ(g |%-§%@@§%|é%%ﬁ?ﬁwlfﬁ% e‘gcri bed
mat hermat | cdl Ididplayed adatd e actordanck fWktkenthe prineiples ofi this 3
equiHﬂﬁﬂl{H tdpn for the same set of physically defined cell boundary
condi tions.” For Sinplicity, the two states are-called horizontal and 30
vertical alluding4 ctorage idsrkay ofs SHUpLY FRYLF1REE 3B of the o
directors gihdtdme dplde e tdet ivélly e d@idb @t €61 s SOPRFateAfPoel | . To

avoi d confusion, although a vertjcal] twsted state also exists in the

nemat i c m&&sgh Llder (oY Depis t%ﬁﬁi??ﬁ?ﬁefﬁ%%?%%‘bsi?h%c§%r%%§%?iption (g

rﬁl ati ][lg twii thet heergresBnist ivent vy stiai® didp bay ngtrecturenpsi shed under -

the i uence pf a | & | e | alssese det t and notion*

of 38 1% AR veindh b fhe B L&l s "Er SllofBe S5 CE | PEQERR O -

exanpl e, tdrysralimaeyial tsubgtantiallontn othg . nanetic gnesophase -
disposed between two substrates. An array of electrodes is

contained on opposite substrates to provide switching
energy té the individual cells via matrix addressing, that

20 is, time-multiplexed row and column addressihg.

Liquid crystal'material'in each cell is capable

of assuming either of two stable ordered states of nearly.

equal energy and has disclinationé'at the cell boundaries.

A state is characterized by a particular configuration of

25 orientational directors for thé liquid crystal material.
This is described mathematically by the existence of two
different solutions of an equilibrium equation for the same
set of physically defined cell boundary conditions. For
simplicity, the two states are called horizontal and

30 vertical alluding to the alignment of a substantial
fraction of the directors in the bulk of the liquid crystal
material comprising a cell. To avoid confusion, althOugh a
vertical twisted state also exists in +baﬁnémctic
mesophase, it is understood to be covered by ine

35 description relating to the_vertical state. Interstate
switching is accomplished under the influence of an applied
energy field WhiCh.causes detachment and motion of

38 disclinations at the affected cell or cells. See, for



al. and G D. Boyd et al. .Also, wi'th reference to the teachings on bistabl
nematic |iquid crystaI dlsplays reference should be nmade to the
aforenentioned U.S.'5 Patent 4,333,708. As stated above, neutral isolatio
regi ons separate adjacent cells fron10ﬂ65aﬂother Neutral isolation :

regions are Vol ughsi OF 4 hdIUbLed! ¥igd B it %Iﬁ%cen o achbigdet

orientational director_ configuration 10. |sta Ie

aszune either &k taRd tGuP stBAVE & Rt ed %-E%ﬂ’es‘”l Wheeterereento sthe ound

i ndi vi dual cel{&adiimssiesn tlﬁmlélt@emaﬁﬂéalﬁq@iw @w@tllz&éﬁﬁaf@ I stL
al ned by

f I I
D heng | n - SfShend AHGlLD ba B r?mlﬁri?? Qrepertfened Bi¥ 11y of
Bi stabl e Ne3ratpatesitora@sd) 28 ays, " Appl . Phys 52, pp 724-727 (1981).
FIG 1 shows a portlorh@réfyﬁo'é ﬂ?&jé;r ;grée&é%l% %ggi#{){lgrs gg{%%%da 2x_2

matri x. El ectrode arrays o ressing
each cell of tSﬂpmt&f cﬁdJmnt ¢¢|l-t$1ef1‘¢rlqmm;le canathér di shéwyral Al t hough
t he portion of Yaf O I

é%tp%gt 34 o I:'i?&fa Eryétal @&I&@{ly

under st ood by t ose S art that t can
dr nensi on amd%#kﬁﬁem%ﬂﬂﬁﬁ%& %m?ﬂ%ﬁﬁ%Q?%EPtathnal q%%ﬁ%ﬁ?ho@@%§}$9rat1°n

di sposed, ﬁpaeﬁﬂb:ﬁmdja@ahs Wistils 1§ € EL& r HsOemer &1 ot Ntid Gwd.  For

illustrative purpo ne et. of elecirodes conprises two yertical .or
chbl-um el ectr 5 ebld"’i ea‘?ﬁfffoflaﬁesvm%}lé%%etﬂ%g %rs‘éﬂ'o‘ﬂﬂge}’ééwwl‘é%l

conpri ses two deakisaid abrder roow saépa:ta:nei;351é62aﬁeS%n@rsitdﬂﬂlfzeThRetwlls
sets of el ect Igdesdelide {OUepRILS: DRIy Oot| B ddea 121 81a I, 22

fae respective ovellap Hegrons of oW an
exanpl e, one rRgIonF cks P lafngd by okl | Clrang sllbo‘tﬁrdleﬂadaq RineitngyoBs

opposed f gg n%ﬁﬁliﬁﬁéﬁs el@&tw&eeté@ﬂ%ffn&f 1@12s1.1ab1é W&gﬁﬁ@eﬁtorﬁge

illustrative enbodlnent Cross-secti o area of such bout

800 [err] by BAPIAHS shet -eﬂi’?-bw%@'selﬁt rPRIeE240427 ehBLdb2-2 are each

approxi nately 800 pm FIG. 1 shows a portion array of uniform strip
electrodes .forming a 2x2 matrix. Electrode arrays of this

type are suitable for matrix addressing each cell of the
20 four cells in the liquid crystal dlsplay Although the
' portlon of the array shown contains only four cells, it is
~clearly understood by those skilled in the art that the
array can be of any dimension and shape, such as mxn where
m<a. | |
25 Two orthogonally disposed, spaced-apart sets of
N\ strip electrodes are shown in FIG. 1. For illustrative
purposes, one set of electrodes comprises two vertical or
- " column electrodes 101-1 and 101-2, whereas the other set of
electrodes compr1ses two horlzontal or row electrodes 102-1
< 30 and 102 2 '

' The two sets of electrodes deflne four cells,
namely, cells 11, 12 21 and’ 22, at the respec*ive overlap
reglons of the.row and ‘column electrodes, HgPsexample, one
such overlap region at cell 21 is bounded by directly

35 .opposed'facing-portions'of electrodes 101-2 and 102-1. 1In
one specific illustrative embodiment the cross- sectional
areaof such a cell is about 800 um by 840 um, wherein row

38 electrodes 101-1 and 102-2 are each approximately 80Q um



wi de and colum el ectrodes 101-1 and 10X-2 are each apprOX|nater 850

] wide. Transparent netallic filns such as indiumtin oxi de are

i zed for making row and colum el ectrodes in a transmni ssion node

play. 5 When t he electr%de'array of FIG 1 is integrated into a

liquid crystal display, sel ectiveTefergi zation of the row and col um '

el fftroggﬁluet uﬁﬂdlcmhmoége@tltrioﬂ@st r1e1r-e.spmti1m-saameemrch ndi vi dual ko)
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to the el ast inddami tiar eeidieo axeduddd iized iodumakiaig srovp\rarekemilm ),

arrangemegh ot LRGIE 16 Iy rc%&'ta%sh@s@l%‘ﬁ' @%ﬂel 13y Patent 4,072,937 The
alte

selection CIrcurts generall natlng current S|gnal to the
el ect r 6des wher ei Whene t@ﬁgﬁd—le%é@d@w aggagcioft FLGrolk e InhRET e or

bel ow a p?ﬁttbc'd.l i&qh'iﬁe%li‘?ls@a'le‘ﬂ@spﬂéy ' Sse‘lréi:ftqr\fee‘eriéﬁldahﬁ.dtpwﬂge across
a particular selected cell be nuch Iarger t han t e volta apros any

nonsel ect é8€p&OW| ﬁnérG@#uF@ 2dechradess g WiRd ing of

tgg nonsebe%be@twgl f%ta?(:@st loi£s mmvﬂdeehmayles knmmﬁcﬂnﬂr ﬁ)vi_

addr essi n sed for a_ent.r i cygl es

addr essi ng,n Lj\'l‘ﬁ’tnt € %lémséilé(y gi%lo\g él{%vgle) (‘i{l(ﬁeas égﬂr.!aen‘a‘% er than the )

éoltagg amassfracbﬁtrndn$MRnuxﬂjGnﬁﬂ showaxumaxe fastaptedns efon hat it is
esired t e f £, t efined *

by the ov%f’?’glp 0150%1 ectr%cl)] %rlfgct%ﬂe% fg“?ﬁlcfé q1oecz?ﬁ:tarnédscsnojgnl{sfl'‘zic(tﬁ?aA]ECj:
signal s f@lelé-ppl i dat iexempd anye arnangeneantte Qf dhesarel yukkls be¥l as fol | ows:

row sel ecgﬁ gs@aalﬁl @dy bipa trt€\e]o7ef, 93¢ vol ts row nonsel ect signals ./
exhibit a eve +V vol t's;. col um sel ect (dat %XSI nal s exhibit a

| evel of +2V voltg e Sed-ecHiinm gt e | evel of 0 :
vol ts1s | Rlithiraatdingl icuirrentrisignat )t@lmmcelse@mddemdmeneem a B0 degree -

phase 35 difference wth resp ct,t Slt (

sel ect celft83¢ E‘&'? @tssﬁcdﬁa ed a‘;r)oelataa%ﬁ eJ'o ar{%%?éeﬁge?‘gﬁ%wa%Z 2 and to
col um el gatrrtdee 1h3] -threshalsl elcave?la sﬂghai% rrefennsd ckthat ¥hay el ectrode
102-1 and 49 15Qd'Meross a particular selected cell be much larger =~ -

than the voltage across any nonselected'pel in order to

20 avoid spurious or accidental switching of the nonselected
cells. To this end, technlques known as 3:1 or 2:1 '
addressing are used for data entry during wrltlng cycles.

In 3:1 addres51ng, the voltage.at a selected cell

is three times greater than the voltage across. a

25 nonselected cell. Assume, for'example,_that it is desired -
to select cell 21 for a state transition, that is, the area
defined by the overlap of electrodes 101-2 and 102-1,
Select and nonselect AC signals for application to the
various electrodes are described as follows: row select _

30 signals exhibit a_level of -V volts; row nonselect signals
exhibit a level of +V volts; columselect (data entry)
signals exhibit a level of +2V volts; and column nonselect o
signals exhibit a level of 0 volts. In this notatidn, a i
minus (-) signed signal indicates a 180 degree phase

35 difference with respect to a positive (+) signed signal.
To select cell 21, nonselect signals are applied to row
electrode 102-2 and to column electrode 101-1 and select

38 signals are applied to row electrode 102-1 and to column



- 7- electrode 101-2. , Hence, cell 21 IS inpressed with a vertical electric
petential of +3V volts, whereas cell's 11, 12 and 22 are inpressed vertical
el ectric potentials of -V, +V and -V volts, respectively. 5 As
stated above, this exenplary technique, is 1 useful for data entry (witing).
However, a different technl%be I S reqU|red for erasure of data at selected

cells. It is eliestrodenil@le2and Bancaremelk @1 dar iyioressedbwitthizh will be
di &ussed in Rr‘é'r%tl'c%'l Te‘lé:dt@ﬁc Sty Y 63 BLts Sh\fﬁ’&éhs cells 11,

cross-sectional view of a portion of a |It%.ld crystal ::}Lqp%ﬁ%

i nser por at es tﬁeaéideg‘lzr g€ dmphessedsverticat & 1§ g s RaY ’cf’u't% Q%rb‘ﬁ’gh
and paral | el ty Qm]d.lmv aloddls, 0despeletd wxposi ng portions of 15 cells 21 and
22. I n particul ar, ortlo of. _the di.spl ay sh FI.G. 2 cl udes

col um el ettrode 101 §sprs§\ﬁ e&br ocfe'sq:fﬂf fx“d" Olf(ﬁ’% ﬁfﬁsqﬁeaﬁes 110 and
111, topogr aphisedfiuly foaxtdated entxy a(lwxgrhmg).surﬁcmsseelﬂ,zm, dififexiedtt 1 and
1oz 2, and MR rddl i YA Bled ™K | Maduill SP afth! e%éi JeegPeci fic

regl ons are demarc e Cross sec |on to i con |gurat|ons
of |iquid crysedilsmat &t dis thiss dechndaus ianshttdie (nmaxah rqawn(a/)lt

states and newytalynidh WIlAHOMIRANE (S-SRI wed N TGS o

t hrough 6 nay be operated in the transm ssion or 25 reflecti on node. or
operation 100" Bhe latter node, a suitable reflector (not shown in the

Figures) is added to tHIe. diesphws ra &rﬁsrﬁsadﬁﬁ‘mnw dvlraﬂrcﬂr .a posticd es
110 and 111 support, .t he Iectro as . wel.| r oVi qgans f or
ﬁﬁp 4 %ﬁﬁ r

containing li 0. l"I;'hceh sjdbcs TR e:fr eorrposed
ﬁtharin of @lemansmtaeanraneﬂﬂﬂﬁﬂG(:MnueﬂheﬂcnnﬂS+Sﬁctmdn(nntshthmanghﬂ

gloﬁ\s;Znt T g:lalexafr@tg i }hogr anhl c tec ﬁCtél\tjeg;st%Jndé;ﬁm?Sez %ﬁﬁfebr% tnfgif ace ﬂkgac

substrat e 1o fc@rlrhscé-’ﬁ{ iaggb 22 unllfnomrtlqu-ar, the portion of the display
shown in FIG. 2 includes column electrode 101-2, row

electrodes 102-1 and 102-2, substrates 110 and 111,

topogréphically textured'tilt_alignment-surfaces 120, 121,

122-1 and 122-2, and nematic liquid. crystal material 130,
" 20 Additionally, specific regions are demarcated below the

cross-section to identify configurations of liquid crystal
material 130 such as horizontal (H) and vertical (V) states
and neutral (N) isolation regions. The display shown in
FIGS. 2 through 6 may be operated in the transmission cr
25 reflection mode. For operatioﬁ in the latter mode, a
suitable reflector (not shown in the Figures) is added to
the display in astraigh:t'forward manner.
Substrates 110 and 111 support the electrode
array as well as provide a means for containing liquid
‘30 crystal material 130. The substrates are composed
primarily of a transparent dielectric material such as
silicon dioxide or glass,.for'example.
Thin film conductive strips are deposited or AT
etched by conventional photolithographic techniques on an
35 inner surface of each substrate fo form continuous uniform
' elongate strip electrodes as shown in FIQ. 1. Column
electrodes 101-1 (not shown in FIG. 2) ahd 101-2 are formed
38 on the inner surface .of substrate 110. Likewise, row



gygate strip electrodes as shown in Fl G T. Columm el ectrodes 101-1 (not

p in FIG 2) and 101-2 are formed 38 on the inner surface of substrate

Li kewi se, row - 8- electrodes 102-1 and 102-2 are formed on .the

Aner surface of substrate 111. For ga_transnission node display, these

el ectrodes are substantially transparent and are conprised of indiumtin’ :
oxi de, foelegtmples $0Bsfamndallg-gpagee foraledconodde, ivaehr surdagd nium -~
are used pR gy Efthea%' 1g110dodl 30ldhnshitgRAthoRRde) d i o eqticides have; ¢

t hi ckness I n tEe ran 00 t 0 angstrons and a apprOX|nater
800 [err] eéeﬂéﬁpéﬁéc?'r@dé&‘bﬁ!;‘zmi 1é14dY1(§2'32FPlaé'eQ§O a[“«‘Jj‘r ,a]re( COMPFS&%ct r odeg

101-1 andp#0ind)umF@hnt Bm&@ ,dirgRn examp 18t.at s@mﬁe;laqu pfuepdes 102-1
and 102-2 exhibit a thin_f |In1re5|stance of abo tg%g ngtThl n film

r esi st anc8lBFtTRECFowSUCE: A5 AU LU, o ATSH MSE, LestHYAC% asur e
cycle to Hesﬂeagrlbedmanélbaaﬂ&gqnwmndeddntﬁmaes1udve rartdeickingdsa riln The

15 el ectrothernal e r| N re detail with
respect tghﬁlegngg ?ﬁ? gh%éﬁhTah?sqﬁ%%hne%? sur 2@%%"20 and 121 are
t r anspar eapprogingtelly 88fosi £arouxiedestanedese 192 rdsamd Hd&-Lurtioaces and

el ectrodegggf uaule%bflafnﬁs %@t%ﬁe%l:!mlz-q ahﬁsﬁ%qUzggly,FJzortuéef'm ng :
surface alignnent o stal material ue el ectron beam
deposﬂploﬁlﬁﬁnﬁhépﬁaﬁté¢&ﬁo@&PW@n 6PWQQ%99¥QQQ?%x%%kﬂﬂ@n =235 titanium

oxXi ge <r)nr é{(h:.ltﬁﬁg B.X;tﬁﬁ.n a0 @S iread stlan®e d?gra(t!ti)?tfm lrrrmhlnr eﬁuutfs ina *
uniformy tilted colu ra ar e ti al,i nt surface.

Thi s t opo§PEHRY2BES H?tgesﬁ'ﬁ"a@g'e?ﬁtll{%%ﬁgllg AR ttcﬁg: ormal of the
substr at eeflectirethiermad ewnsurec cyalemts, ber efemcatilbed iand Has rangé 22.5 .
degrees t e | I| qgﬁ?% f E¥%2 e are 30
dep05|ted9§§émg§g??glﬁa gée}hr%weglec (QBQ§ﬁh respectively, ’

by oblbBqueldepyothermadf exasyviedeycdperlst d@@qmrbe\m te Jeghian manieal -
photol i t hgaggRhi withsFelpedtdto FIGS. 3 through 6. '

Tilt alignment surfaces 120 and 121 are
transparent, obliquely deposited oxides on the exposed
inner surfaces and electrodes of substrates 110 and 111,

20 respectively, for defining surface alignment of liquid
crystal material 130. Oblique electron beam deposition or
thermal evaporation of a metallic compound, 'such as .
titanium oxide or silicon oxide, deposited at 85 degrees
from normal, results in a uniformly tilted columnar
25 topography for the tilt alignmeht surface. This topography o -
defines a surface tilt angle 90 from the normal of the
substrate to the tilted metallic columns, preferably, in
the range 22.5 degrees to 67.5 degrees.
Tilt alignment surfaces 122-1 and 122-2 are

'y

30 deposited substantially over row electrodes 102-1 and 102~
2, respectively, by oblique deposition of an oxide layer
together with conventional photolithographic masking and
etching for location and shaping of the surfaces. Reverse
tilt occurs because deposition of surfaces 122-1 and 122-2

35 is performed at a complementary (reflective) angle to that
used for surface 121 to result in an oppositely tilted
surface alignmént to the alignment of surface 121, that is,

38 a surface tilt angle of - 8g from the substrate normal for



Etching for location and shaping 6f the surfaces. Reverse tilt occurs
hetause deposi tion of surfaces 122-1 and 122-2 35 is perforned at a

conpl ementary ‘(refl éctive) angle to that used for surface 121 to result in
an appositely tilted surface alignment fo"the alignnment of surface 121,

that is, 38 asavrhace t2kt1anglde18R-2efatthem thanswigt faiom rbeTsubistrate
9 surfaces 122-1.a h t fr e r r g for

su#fqges 120 gﬂﬁmiilggﬁe% %afﬁérgﬁgxgg igg orgghkgt %ﬂ%ﬁ%dﬁégg%%.nu ity,

6, Tal ong the oujentaticunfladdsconzinuing,122- 2.lonst fber edgest ofe interfaces

WAth 5 surfac é&ceghf‘iz@r Lheghat h9nab gse‘aet Lr@%bte'c%av@r %n%@&%cle@.hw&ﬁ 2

t hrough 6 as ened circular areas and are defined in terns of

surface ti Bt §Hgﬁé°6 124 . [ &he] ordepdptiopal; discondinydtigs argpsbown

di sclination E!hnFEGS tbati:hE‘Bﬁgﬁl scaat ulawktenelaedmrcmerr angastande@rees to
135 degrees an r abl 90 de Ss. The ,qveral l |It al i gnment 15

goenetry showﬂeFﬁEPpG}nZtﬁgmﬁeﬁgr&Pﬁy vxtess &Lk @P§éet|Mt #%1+i gnment  whi ch

coincides with the apparent tilt angles on opposite facing surfaces in

el ectrode overlap areas sugh as at cells 21, 22, etc. Liquid crystal
material 130 is a mxture q&0a,20r nematic |iquid crystal substance with a
dye material for opticdl =disfferentiati on of the various states. Wth each
sanple of material 130 is §socﬁ§bed a particular clearing point

t @nperature, &err whi ch defines the tenperature at which a nematic to

i sotropi ¢ phadé dFaRgeissdeds Iomstable; ddgoldgatdion rianidethad jthe
general |y AT @Q%b%ﬁ%l&lﬁci\t@' % ambitd! radFReE Jegric@s tthe 13 RIdgrees

0 5 o b 8anc o bl ont 90 dEeS SRt ME At A ARk,
been pl aced, igoemetryl lshtomat iiwme FIG. &xdmplgeneretiidoecadiilest matreyelrs® dridtlll
mﬁth a substrg ﬁgnment which coincides with the apparent tilt angles on
opposite facing surfaces in electrode overlap areas such as
at cells 21, 22, etc. ,
Liquid crystal material 130 is a mixture of a
20 nematic liguid crystal substance with a dye material for
_optical'differentiation'of the various states.' With edch
sample of maferial 130 is associated a'particular clearing
point temperature,'Tc,.which.defines the temperature at
which a nematic to iSotropic phase change occurs. The
25 clearing point temperature'is generelly AT degrees above an
e . .embient temperature for the nematic mesophase.
Cyanobiphenyl samples (E7 from Merck Chemical Company)
doped with 0.5 to 2 percent pleochroic dye (D5 from Merck
Chemical Company) have been placed, in an illustrative
@ 30 example, between substrates 110 and 111 with a substrate

€

surface'to-substrate surface separation'of 10 to 50 uym and,

more typically, 20 pym. Optieal contrast is viewed by
placing a single polarizer adjacent to an outer surface of

substrate 111 (observer at outer surface of substrate 110)
35 and by oriehting the polarization direction of the
polarizer to be parallel to column electrodes 101-1 and
101-2. '
38 As shown in FIG. 2, liquid crystal material 130



surface to substrate surface separation of ¥0 to 50 [err] and, nore
gcally, 20 [err]. Optical contrast is viewed by placing a single

i zer adjacent to an outer surface of substrate 111 (observeér at. outer
: ace of substrate 110) 35 and byy@rienting the polarization direction
of £he polarizer to be parallel to colum el ectrodes 101-1 and 10i-2. 38

AS shown iBRS-jagsumed |V(ﬁﬁ1if-ciﬂ'1ys(tva) FALS i3t ombl 21 hdheAVRReR £ cal (V}
state at qew elbctrieovird-ap £id rmlﬁﬁ:ecéxwl&dw ﬂonmi cl um el ect r odg, ™~
101-2, a hori zonttal ((J[ﬁ) sttate at, c %l]dl. e oV erlﬁ) row el ectrode

102- 2 and XOFIARE W e o fE &R -2F ¢ 0% u‘?%tf%‘?’ls el sewhere. o
Applicati caieaftxa)d&armz}fﬂ aldatglumd |e1e:btﬁ0®1f10b+23ntamd rmemgitiglthat is,
exceedi g ;fg%% et #ggh clr 2 and row

el ectro53e ft‘ﬁfy'n cause ce rﬂezré) : JF%‘QJE e vgéflgéa élxe%%%% shown. Matri x
addr essi ng¢lesd mies driieed odn SﬂbﬂfémleﬁptLCﬁ'Q?tﬁrFS@, 1that e excerdingide

t echni que é%ﬁﬁﬁ!ﬂl%éftlﬁaééii&ﬂi ! e 6dEn %mmprbﬁé@ma@ 10122 Zad OMbwled
that at least cel] 22 is assumed to be jn_the orizontal state before

addr essi n§ aftnede: W4Ty %l‘i’%“%o"e#{lr%%e’?" hatn /e \YRELieal great er

tthatn a S\t/)visits:alﬂewgsﬁdmﬁjshq&wtmd a.'dﬂlveé&éﬁlg,;lalé dmlim mﬁémmd ld. As 3
st at ed abqve ri ectrodes, are desir or electrica i nducin

hor i zg'rﬂ al“% (?l%(t/er p’l il %qeatlef‘klf%?‘sarﬂ%%at %’—‘E %g Wﬂ'tﬁg

cycl es f ortheatconsfhitgura tHooe vsdrqwistin pFI‘eGecz rpml@«;l@ecb thret fettle@st or ¢
gener at i ngJyy QAL NS0 e 5 e APABL NP ISRLER S0afe eEoFQ! |y | Nduce

a reverse tra I on vertic OI’IZOﬂta state transition

(ON to OFRddnessing et @%Lﬁ@tw&%gnmmﬁm Eurther) ct2baedVand, in
parti cul argo v 1951 %ﬂé@&%&s t]tpa?u la o\ t0R iz M ereihd id oghd mwc‘@@m@nf@ Wi th

25 the invention to er di s ed data by electrotherall duci ng state-:

transiid onl€sH % fﬁf ’%fﬁ lP‘%"ta"ia/rt AS W%%l%c?l?%%%s Skl %%‘:Q’fﬂ‘i?srespond -

to an appray¥ idudsiredleid ridmlehegtmica.blgetmdmmg mnﬂommms inliquid -
vertical state transitions (OFF—ON) used during writing

cycles for data entry. However, strip electrodes are
ineffective for generating homogeneous transverse electric

20 fields to electrical;y inducé a reverse transition, that
is, a verticaléto—horizontal state transition.(ON'to OFF),
during each erasure cycle. _

Uniform stiip electrodes and, in particular, row

electrodes 102-1 and 102-2 are utilized in accordance with

25 the invention to erase displayéd data by electrothermally
inducing state transitions to the horizontal sfate. Row
electrodes 102-1 and 102-2 respond to an appropriate
electrical signal to generate thermal gradients in liquid #
crystal material 130 adjacent to each row electrode'and,

30 thereby, heat material 130 locally to a temperature above a
clearing point temperature such that material 130 undergoes
a nematic-to-isotropic phase transition. After the
cleariugﬁﬁ&iqt temperature is attained in the bulk of each
cell to bg‘ébased, the electrigal signal is removed from

35 row electrodes 102-1 and 102-2 to allow liquid crystal
material 130 to cool. From the iéotropic phase, liquid
crystal material 13Q cools preferentially into thé.ordered

38 horizontal state of the nematic mesophase. This preference



crystal material '130 adjacent to éach row el ectrode and, 30 thereby, heat
material 130 locally to a tenperature above a clearing point tenperature
such that -material 130 undergoes a nematic-to-isotropic phase transition.
After the cl.earing point tenperature siat t-ai ned in the bul k of each cell .
to be erased, ,the electrlcgl 3 g § reaned fbpnlg rOM/eIectr ges 102-1
and.102-2 to APFofPf| PHAPESE, FLRLE ﬁﬁt etermigd; BY  &6F. sRFdACEnd iildot r opi ¢
phaée, | i qui dangyet 4P ﬁaaadldﬁstﬁﬁtanuh$ypKéﬂenéntudtlylugnmemhe ordered 38
hori zontal st e C p P& 8ke r

order ed stategﬁgfgé?ériza ”&Eb %Egﬁgu??ace ti ?hangpg Qﬁ% ho%¥%0d¥Al
dlscontlnU|tySFétﬁ]t@fhﬂNBtaaﬂpyﬁﬁeﬁﬂa§@#pa@é§r520 haazrneaﬁerizzaz whi ch

cause the Borizgpkal Fﬁ%&ﬁe%ﬁo?éVetﬁe| W%&e%b%%%'Qo@n%hQthﬁﬁQth%JVert'Ca
5 state. Furthernore. refefence_for the hori zontal state is

unaf f ect ed bySFﬁéehéﬁoﬁgﬁgﬁﬁﬁtGﬂ R¥nkEfo JOROBEREIL Y OF) BRBPGROgegedty of
nematic/isot rﬁﬁb@.ealﬁﬁ.ﬁhf a.Q.engTb,l aemialtllcl?esdrt&-was:ednmrﬁw& detraiils adllqw.
10 15 20 25 3 ﬁéﬁ G§F hhépﬂ%h 6 show t he behavi our of
liquid crysta 3??5?9936ndﬁpfﬁ fai §-and preferential cooling

interval of an erasure cycle, as descrlbed general |y above. Throughout

these figyges, it is assumed 5 that nucleation occurs hompgeneously al ong
t he nenatlcllsotroplc interface. It is clear that, in a conplete erasure
c¥cle, liquid crystal material 130 is :

15
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ed froman ordered state of the nematic ‘mesophase and cooled to an’

_c’e ed state of the nematic mesophase. 10 Hence, erasure is conducted

t'out requiring disclination novenment, because of the nemati c/i sotropic

fse tl’aI’IlSItIOI’l'. ::IG 3 shows ehanges-of liquid crystal mat er.i al ,130 after

an erase electrical signal has been 15 applied to row el ectrodes 102-1 and

102-2 in order to FHGS.atk threngh Gshew the hehpviour 1oL, iawid, et her '

of the rowrglstal’ aaterialn 1tju Quirisigdife mﬁﬁwg aﬁﬁi |;ﬁ'e1ﬂereh?t182ﬂ and 22

(FIG 1) are_to be ase e erase electrical %lmtlates 20

el ect r ot h&PRdiNg d’ i V't e o bni af’ycct}rer'erﬁs Ui and pul se Y,

du][ ?tlon gemexalldryt mulw. r dihataugishitp, tttesse:aﬂmltdfsa,rrm iy s smed of

suffici ent g %ﬂ& I stal material is

el evat éd % Ql e raltr}rdémc'aet"rdolfg a oveé ‘Iega}ﬁlrr% po%dnfﬁé/ nperature. A 25

Ihow curre:ﬂen(aﬂﬂ& ms)oafgsgpﬂmriglmfwﬂiuraﬂ dis (clierr et , ﬁsﬂcﬁiuces br oad,

ori zonta g/, Hafiat e ition shown
e J% %Mort ul se ‘?hréwemﬁe 236 A

in FIG 3. current ation (=10 nsec.) for_the

erase Si gMatﬂdea‘ftI@ oy rogdexed 13 tade 1oferthe @w%t@m s ve rise
t o nonhoMgRARAIStdehl deredfstde IHE MimpEid mewdptdsd, 130. As shown @

in FIG 3, when the erase signa s bein led 10, row el odues 102- |
and 100 2 Hepgeyr je3asiys Jf fd"f %E‘Pﬁ)a’f%ﬂ“r%%l%’cﬁ%% 135

heat ed by pRivedercs, cﬁdw\mad qrouﬁssxxeﬁfiméismtrammhasether mal ener gy

t hr ough I| ui d crystal material 130 toward alignment surface 120. The flow

of thermal® @H’(ﬂjd'g} ined 38 by the thermal gradients causes nematic liquid
cryst al - 13- nutREG.al3 Hows ohnges |of tkkquid sexystAk regi ons 131-1 and

rlg\}v (Zal Lg{ro}%%ellﬂds ésﬁge:\rn undéﬁgéc}?nelpgc@n?rr%ﬁc %%EIH%%%%%FS?Q?;)G to~
i sot roppc applied to row electrodes 102-1 and 102— in order t -
initiate erasure of data stored at all pels over either
of the row electrodes. 1In this instance, data at cells 11,
12, 21 and 22 (FIG. 1) are to be erased.
The erase electrical signal which initiates
20 electrothermal erasure of data exhibits a current magni tude
and pulse duration, in a "particular relat1onship, t0 cause
thermal gradients of sufficient magnitude in material 130
that the liquid crystal material is elevated to a
temperature at or above a clearing point temperature. A
25 low current (~68 ma) and long pulse duration (100 msec). ,
produces broad, horizontal thermal gradients which cause
the type of phase transition shown in FIG. 3. A high
current and short pulse duration =10 msec,) for the erase
signal creates narrow, vertical thermal gradients which
30 give‘rise to nonhomogeneous necleation of the nematic
phase in material 130.
As shown in FIG. 3, w-en the erase signal is
being applied to row elec* -oileis:’02-1 and 102-2,
material 130 adjacent to the activated row electrodes is
35 heated by an electrothermal process. .Diffusion transports
thermal energy through liquid crystal material 130 toward
alignment surface 120. The flow of thermal energy defined
38 by the thermal gradients causes nematic liquid crystal



5 phase (N(V)-+I") transition. Si‘milarly, cell 22 above row el ectrode
102-2 is shown underg0|ng a nematic phase (horizontal state) to isotropic
phase (N(hb +1) transition. I sotropic regions 131-1 and 131-2 continue to
expand (direction of arrows in FIGS. B3amd 4) beyond the 10 | ateral
boundari es of the respective row el ectrodes while the erase signal

'sybsi sts. FIGﬂaﬁ°§ﬁ6¥51§ﬂ|§°e¥9&ﬁ3|oﬁnoFuF§otF88t€°Pé§|SHSifﬁf 13dmd 131-2

vxhe‘{uhe cl ﬁaéhﬁglﬁl?l-ﬁ'; rbeﬁpsbawreleagﬁb?asnicldzamdahhemea&f.'tC to
I SsOotropicC ase ransi al _ce )
|nnDrtgnt Po ﬁBFEeFﬁéYe#Ke |§8i?ngk Bﬁfoﬁgweﬁigﬁ%rﬂgﬁ ﬁ§2th 15° shwn

ori ent ati onal udideegoinguat nematiler phasd {veritéisplastedel) towisbdropdee to

ol d aryacophaghoRNCP SRS BRThRR 0B, UL sy iyl Bk 22" BB £l |2

liquid cryst g erasure fus i“cren mnate the
20 pi nning di etechuodeniOd+2cishsbown undprgoinged. ngmadic| phase cryst al

mterial 130 (43rPE6ALA262418)0%8 §BBtTLRIC! PhaBe! p(kgmqga%%asﬁ%n.

erase signal I's ex I nguj s row el ect to al
preferential cooling t&spégPricrregignsndad-ihandodiilng 29ntinge30 shortly

after exti nctb afii (HiPe8t25A SifrUARrowkSehl FIGS.1 G aaaaw)cmma the
(hori zonta ransitions

| |
acti vat ed FQmﬂépééﬁioagun§3556§e°6fiﬁﬁerﬁgggétgﬁgrﬁ?ghgifc he I éﬁgéfeﬁts
ih 1iquid CryshaleﬁahersagniIOSubs¢beaL|oFIGccurshaﬂsh¢hngenmpadq¢am ong

h el evasert b
oive rise to B +BBRFPpl,FREASEs 1RIZICHng 1312 hel ond BhodRns s OOV
hemati ¢ nesoppeintatemperasuvreopiscatipdpednondotheanempide dior dsotaepic

arrows) . Verephhget *emr?gt%ﬁdaenbsmaawew 32 %@‘il‘ée@l' ﬁﬁh 2tzr angitt i@ to
i he |sotrog|c pnase wo occur rapid nucl éat i

0 occu
nonhonmogeh ou§P9°§ﬁﬁnﬁoGPanﬁ8réB9 gWP@ isedropig ﬁPﬁRBP@ GFtﬁ&ﬁ ;ﬁﬁﬁﬁd and
38 vertical gheteriefationalt dtscominniniese (dathiened xitedes) at 14 -

of QOnains prefeheghhagigc%%haxe%o'Q%gu&%eah%gb%%ql%rasure upon cooling
material 130. That is, heating of the liquid crystal
material'during erasure must be sufficient to eliminate the
© 20 -pinning disclinations at each cell to be erased.
After liquid crystal material 130 has been heated
- above the clearing point temperature, the erase signal is
extinguished at roﬁ electrodes 102-1 and 102-2 to allow
preferential cooling to begin.  FIG. 5 shows the cooling
25 process shortly after extinction of -the erase signal.:
Isotropic to nematic phase (horizontal state) transitions
(I—N(H)) occur above each previously activated row
electrode. Because of the broad, horizontal thermal
gradients in liquid crystal'material 130, nucleation occurs
30 homogeneously along each nematic/isotropic interface.
(dashed lines in FIGS. 3-6) and thereby give rise to
" uniform formation of the .ordereq. horizontal state of the
‘nematic mesophase as the 1sqﬁr§bibaregions contract (see
direction of arrows), Were the thermal gradients narrow
35 and vertical, transition to the isotropic phase would
occur rapidly and nucleation would occur nonhomogeneously
and would thereby give rise to a mixture of horizontal and
38 vertical state domains in the nematic phase. This mixture

N



st after a brief tine period called *dead tine", approxinmately 1-2 N
S s in duration. It is possible to reduce the relaxation period 5
e ted i n nonhonbgeneous necl eation by cooling the liquid crystal.

ial in the presence of an elqh r|c field applied between 'the row and
colum electrodes. In this case, the I|qU|d crzstal mat er i al shoul'd exhi bit

a two fredqieriGpainnpretarential by relaxes|inte gthe nhorbzenpaled el ectric.. 0

- field at fggpewstdr M bEder | {me cb@fyéaaéawé@r«aéasxtlméﬂs positive [
dielectric anlso:':m,e for % rr#%o atlve di el ectric’ ani sot r opy
[err] for & ?é*g'% $€°Q 'i é{‘b a¥1+e®t c crossover frequency of
the material . In trﬁmeﬂﬂxnbssihlehmmnredudé the feDaxstionnpertedric field
at freque [ r at es ap ing an ac
el ect ri cal%é gbﬁlatfréq osrbo!ﬁ'hf gol\;/)v&;e Q%a&aﬁ'z #%e %%f g’%ct r odes
after extlkiquiﬁ1Qﬁy&tﬁieﬂ@ﬁﬁf¥#¥ﬂmﬂ thetpmesﬁnmeleﬁtandekecihie particul ar
field cau ry di efectric

e d syﬁf’iné’q Bthddn B LA A EQLAR pyg&g#&&s. 18

ani sot r opy IS ap |ed e Isotro ase |I's reached so

that the fihdig q&ﬁﬁpr clhent1iqn mgcmt%bdnat@rmmwm exkibibsa cycle.

Presence Cﬁw&@z“b@xé’rﬁfﬁ'f@iaﬁ%ﬁ'ﬁeﬁaﬁﬁrw |'i‘h§'@“f§ |t o gnér yst al -
naterlal 25 130 to be biased to.relax into the hori zont al configuration,

, 14h ARRjdfhie kes i ¢ W %’ér%’é‘ﬂb‘f%‘éﬁ’ér-t%’t hehephiquids | e d rat her

t haln netC| eﬁtyrmm rﬁalotdmdm hexth 79t $| p et 1 tdi?]eledﬂﬁﬁb m::iiéﬁt t _ *
o nemt | AAs Rl R s o Fedafite ”%%%%f@i’%ﬂﬂlé’%é'r&%s&#é? ATORIC
hi gh curr ¢ Fi whﬁnalt) “al thes ¢limxac texketiapetvossaveng and <

Qgﬂnggrﬁ%hot ro g(;fr g%}f%];s i%ﬂﬂu' ghg %i%aég cont rlg%t a\??llllgngehl nd an -
or der &b sttdie F&Sﬁ?ﬁ?néﬁht?’cﬁ?ﬁ%h@ﬁ“ﬁ Bt Ereeuensy L ofd %f‘i’g 130. - The -
ordered stjaj & nfgiudsdd ﬁﬁeé:‘n ﬂx@%dﬂ@f&@tebeﬂﬁ@ﬁpﬁ1ﬁ£eaﬁ8aé ower elastic
energy in tlhelt':strs:itcaatle s Sgnca e{%%}? the row electrodes and the:
column electrodes after extinction of the erase signal
on the row electrodes. This. particular field causes
20 liquid crystal material 130 to have negative dielectric .
anisotropy. .The signal is applied after the isotropic
phase is reached so that the field is present during the
cooling portion of‘the-erase cycle. Presence of such a
vertical electric field will cause liquid crystal material
25 130 to be biased to relax into fhe horizontal configuration, -
i.e., an alignment configuration perpendicular to the ~
applied field, rather than necleating into both
horizontal and vertical domains, Of course, application ¥
of an electric field during the cooling period
30 (isotropic to nematic phase transition) is necessary only
when the erasure signals are high current, short duration
pulses which cause rapid heating and nonhomogeneovs:
‘nucleation of the liquid crystal material. A
As cooling continues, isotropic regions 131-1 and
35 131-2 contract, leaving behind an ordered state of the
nematic mesophase in liquid crystal material 130. The
ordered state shown in FIG. 6 is horizontal because of the

38 lower elastic energy in this state as compared to the



Z15- vertical state. After full cdntraction, I sotropic regions 131-1 and

131-2 vani sh and thereby conplete the erasure cycle with cells 21 and 22 in
the horizontal state. It is | mport ant %o mention several 5 characteristics"
of the erase signal which are inpo?taﬁ

signal has a power density,

for. conpl ete erasure. The erase

suf fici ent tREEIfal estatenpedfiter cfuhhngentrachiony eisatrapdeabove t he

cleerlng po
and i nverse

[ecr].
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of the sample (E7 and D5) of material 130. The erase
signal may be any type of gated alternating current
signal at any frequency, preferably,several kilohertz,
to avoid space charge polarization effects in liquid
crystal material 130, : B :

Erasing speed is determined by the thermal
diffusion length or.cell thickness, d, and diffusivity, 5,
of the display, as follows,

2

T=§LK'

where T is the diffusion time., Diffusivities in the range
107% to 1073 cm2/sec_and a-cell thickness of 10um where
each cell is exposed to local heéting, heating primarily of
the liquid crystal material rather than the substrates,
result in erasure cycles in the range 10'3 to 10'2 sec,
Therefore, it is apparent that the electrothermal matxix
addressable liquid crystal display_is.capable'of LIvhispyed
operation. _ _

Defects at the interior surfaces of a cell can
seriously affect switching operation of the. defective cell.
In order to overcome this potential problem, surfaces 122-1

and 122-2 can be divided at each cell into a plurality of

%I %nmtg‘é%‘%?‘g*é‘é’ée 122-1

2 i



- - subeells. The subeells are separated*fromeach ot’her by isolation
¥s. In this manner, defects in a cell are localized to affect the
€rafion of only one or several of the subcells but not inhibit operation
e 5 entire cell. TherefoerelGhe-defective cell is still capable of
being switched fromone state to another. In one exanple, it has been
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existence of mixed chirality twist domains and twist walls.

An alternative row and column matrix strip

electrode arrangement is realized by defining an annular

20 'geometry for each electrode at every cell, With this
arrangemenf,'erasing may be performed, as described above,
by heating and melting the liquid crystal material around
the perimeter of each cell where disclinations are pinned.
Localized heating at the cell perimeter produces an

25 1isotropic region defined by the annular shape of the -
electrode. This destroys prior data displayed by the cell
because it erases any prior memory of the disclinations
pinned at the boundary by detaching the disclinations
therefrom., Once detached, the disclinations are observed

1

»

30 as a loop which undergoes self-propelled shrinkagé
provided that the loop has propagated a sufficient
distance from the point of detachment to avoid reattachment,
such as a distance comparable to the cell thickness, d.
Annular geometry strip electrodes of the type described

35 hereinabove are fabricated from either opaque or '
transparent films regardless of'the mode of the display,
either transmission mode or reflection mode.
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'transparent filnms regardl.ess of the node of the d/smgy/afﬁ’ @)
transni ssion node or reflection node. 38 - ma

appar atus. conprising first and second substrat es %ﬁ“ m\‘ terial
in the nematic .resophase having orientationdl direc w nhspdsed between
the substrates, an interior surface of eagpafMs of the substrates being

t hically t it | i h t t di t
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the liquid 15 electprical sHjnalifor géner@tsmd an élwesrid Ff3ebd bebtwéemedhé n claim
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t opogr aphi dal | yselegted aded afethe 3 qui drotystal cnaterpolirid 3 First mrdered state,
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the writingsneagrystohmatecialiirst and second pluralities of uniform
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respectively, 30 | aral’ bel ng dlsposed
substantial |y ointestemasurfaceoof rtbecfﬁmsmcsl&s;traﬁe andh thectntienionr sunfagey of 35

the second substrate have deposited thereon respective topographically
~ textured layers of a metallic compound to form a reverse tilt
20 alignment geometry for restricting the liquid crystal material in the -
~ isotropic phase to cool preferentially 1nto only a second ordered - - '
state of the nematic mesophase.
3. Display apparatus as claimed in claim 2, in which a surface
tilt angle o9 on each t0pographica11y textured metallic Tayer of the
25 substrates {s in the range from 22 5 degrees to 67. 5 degrees,
U inclusively.
| ' 4. Display apparatus as claimed in claim 3, in which the writing
means comprises first and second pluralities of uniform elongate strip
conductors arranged on the first and second substrates, respectively,
30 the conductors of the first plurality being disposed substantially
orthogonally to the conductors of. the second plurality.
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3 g Di spl ay apparatus as cl ai ned |vr1/c‘la//t he" er asi ng

Im4
s cgnprises the second plurality of un| m i p conductors.
—spl ay apparatus as clained in cIa|m5 ich the liquid crystal

terial has a two frequency relaxa§ orr char’act eristic adapted‘to cause

negative dielectric anisotro in the |i Uld crystal materjal for an '
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of conductr®daxag.ion %W%ﬁﬁ@r%ﬂ& agapted kel ¢anse anwstbve claim?7, in
whi ch sai @ile1@d i sashaslomiﬁlﬁi tHE mﬁﬁ@% PLEDCHE Qb F14Y OgoP. Di spl ay
apparatus as claimed in claim@ n which"said I|qU|d stal materi al

i ncl udes 1A%y ARPIdekedieGiis |faie]i‘?1 al{q]\ge &1&%‘2%‘?‘&3’&9&%?}!1‘&%@?3'&0. Di spl ay
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FI G5 12()t0esp%cné[ir]v'ee 3o AP gsuppalvf'fentgsel Ctrreal signal for 'f
generating an electric field at the particular frequency %
between the substrates to align the orientational
directors of at least one selected area of the liquid —

crystal material in the second ordered state.

15 7. Display apparatus as claimed in claim 6,
in which the relaxation biasing means comprises the
first and second plurality of conductors.

8. Display apparatus as claimed in e¢laim 5 or
claim 7, in which said liquid crystal material includes

20 a pleochroic dye.

9. 'pisplay apparatus as claimed in claim 8,
in which said liquid crystal material includes liguid
crystal material in the cholesteric mesophase.

| 10. Display apparatus substantially as
25 hereinbefore described with reference to FIGS. 2 to 6

N’

of .the accompanying drawings. ~
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