Liquid Crsystal Conpositioin This invention relates to liquid crystal,
erials suitable for use in twisted neatic displays andytQatw st ead .
nepat i c di spl ays incorporating such materials. Liquid crg’g—téﬂ.aémées are
comonly fornmed by sandw ching 5 a layer typically 7 to 12 [err] m% hick,

of aliquid crystal material between optically transparent eledtrically

I nsul ating substrates, eg glass slides. Electrode structures on the
substrates enable voltages to be épplied across the layer and change the
nmol ecul ar arrangenent of the liquid crystal nolecules in selected regions.
10 This causes an observable effect in those regions which can be used in

di spl ays of various types, for exanple, digital .watches, small calculators,
voltage neters, etc. There are several .different display effects which may

‘be obtained fromelectrical] rg-arrangepent of -Li'qui crystal nol ecul ce.
15 These depend on th W‘ﬁiﬂi Oéﬂj%{f‘éf | ?mﬁ%ﬁ"*émgyed and the initial

nol ecul ar alignment (it any). This invention is concerned particularly with
the twisted nematic effect in which an essentially nematic material is
arranged in its OFF state (zero or |low applied voltage) in an arrangenent
in which the nolecules 20 gradually tw st, usually through 90[err], from
one substrate surface to the other as defined by fixed alignnents at these

surfaces. Such an arra_nge'nent is optically active, ie rotates the plane of
pol ari zed | i ght This thventimirelatas tpliquid cxpstaljamagerialersuibable a t hreshol d

o angenent ©i 486 3, S Henbfie $1 T8 QUE ARl G bt IR o

arrangenent 1s no [onger optic us,- ween pI ane

(1inear) pofBRarperading sRrk madeRiadse i c

Liquid erystal devices are commonly formed by sandwiching

5 a layer typically 7 to 12 um thick, of a liquid crystal material
between optically transparent electrically insulating substrates,
eg glass slides, Electrode structures on the ;ubsfrates enable
vbltages to be applied across the layer and change the molecular
arrangement of the liquid crystal molecules in selected regions,.

10 This causes an observable effect in those regions whj.éh can be
used in displays of various types, for example, digital watches,
small calculators, voltage meters, etc.:

There are several.different display effects which may be ]
ocbtained frem elecirical re-arrangement of liguid eryctal molecules.
15 These depend on the liguid crystal material employed and the
' initial molecular alignment (if any). This invention is concerned
particularly with the twisted nematic effect in which an
~ essenmtially nematic material is arranged in its OFF state (zero
or low applied voltage) in an arrangement in which the molecules
20 gradually twist, usually through 90°, from one substrate surface
. to the other as defined by fixed alignments at these surfaces.
Such an arrangement is optically a-ctiée, ie rotates the plane of
polarized light in this state, An applied voltage greater than
a threshold essentially causes the twist to be destroyed so that
25 the molecular arrangement is no longer optically active. Thus,
when placed between plane (lincar) polarizers a iwisted nematic
effect device provides cne or more optical shutiers which are



ieffect devi ce provides one or nore optical shutters which are 2 Qﬁy

switchable froma light state to a dark state or vice versa dependin

whét her the polarizers are in a parallel or cross relationship. Such

. %shutters may in a single device formthe conponent elenents of a series of

" letters, words or nunerals is in an information display, as defined by the
el ectrode structures on the substrates and the applied voltages. An exanple
Qf “a twisted nematic effect device is furgher described in UK Patent Nunber
17478, 592. 10 Conventional ly, liquid crystal materials used in

- twi sted nematic- dig ar agi ' [ Xt fos ds havi ng
a high positive di ?a?%?%‘%?]be gﬁ]‘%&s%tlﬁ?ﬁi *Fgfﬁx’,gélg* eslrd%fésf v#ggp%lggl ectric S
~ani sotropy is the Gepending ew vbetharcple pelarisers)are|iinl 2 garrkled ofrs cooRs
measured parall el  pdritibnship, t he nol ecules and 15 -the average 'dielectric
constant ([err]) neasured perpendicular to the nol ecul es when aligned

toget her. The i ndi vi duSteck shidens saynin hesimgks deeice €omythalcoypanenpounds
containing a term gly or | Ret : o) ' n | ng. They
are al so nerreit%genl C e\%?c%% rreagﬁgeét Eétﬂﬁ%ﬁ?ﬁag\%n%ng%%a ?’qélg c%st al

properties or 20. ABfrEBAtIBUIBRLATy AP Hefingd BRdhe olertRndy ST StEes A the
when formed i nto astbetrates ) ehé appldddnvelitigés.Ncam la@iflieCoft QAEEBEE. For

‘exanpl e mixtures _OL&QQOJ}J:QQGHXwL-Pcsa{'éj,m}&reBhfe%L&eﬁsm UK Patent Number
: 1,478, 592. -

10 Conventionally, liquid crystal materials used in twisted
nematic displays are basically nematic mixtures of compounds
having & high positive dielectric anisotropy Ae , eg |ae| > +3e
The dielectric anisotropy is the difference between the average
dielectric constant measured parallel (e i ;) to the molecules and

15 the average dielectric constaut (e .L) measured perpendicular to the
molecules when aligned together. The individual compounds in the
mixture are nomany compounds containing a terminal cyano group
in the p-position of a benzene ring. They are also nematogenic,
which means that they show nematic liquid crystal properties or

20 . tendencies and exhibit a nesatic liquid crystal phoss when formed

~ into a mixture together with other nematogenic compounds.

For example mixtures of cyanobiphenyls and terphenyls as
described in UK Patent No 1,433,130 have found wide use in twisted
nematic digplays and give an excellent range of properties for

25 many purpeses in such displays. One example of such 2 mixture ié
" the well known material E7 marketed by BDH Chemicals Ltd of Broom
Road, Poole, Dorset, England,

One problen with which the present invention is concerned
‘relates to the temperature dependence of operation of & twisted
20 nematic liquid crystal dispia.y. If such a display is designed for
optimum performance at a given value of temperature, eg 20°C, it
is clearly desirable that the performance should vary as little as
possible if the ambient temperature varies from that given value.
The temperature dependence of operation may be designated as 1/V x



[ |described in UK Patent No 1,433,130 have found wide use in tw sted nematic
{1 Adisplays and give an excellent range of properties for 25 many pur poses
\} such di splays. One exanple of such a mxture is the well known material -»
A7 marketed by BDH Chemicals Ltd of Broom Road, Pool e, Dorset, Engl’and. One
problemw th which the present invention is concerned relates to the
t enper at ure dependence of operation of a twi sted 30 nematic |iquid

crystal display. |If such a display is-designed for. optinmum perfornance ats.‘ _
a given val t ega ur, s vand Thnl lidy sirable that the
per f or mancek@lﬁﬁ a'ﬁir’%& b tﬁ?tvt%?ié@[sg%%%g?ﬁtg | fﬁ%ﬁ‘;_tgﬁbdiﬁgnt ‘tenperature
varies fronstatatamgi y€risvtieucharBacin sheaodtagecy Rapesh & cBR&per ati on nmay
be desi gnat &l agpekb¥ede oo STh{ Satde/oh ntshiirandbersid hesesaliheye 1 equired to
achieve the ON state ané Jerr]lis the change i .tht v%lrstp‘al.gf V caused by a
change in tRTRISFEIUPE Yhe TRl FEyRiaty, t&ﬁ@h?@%%aﬁﬁe IS’ det er m ned |
primarily by the liquid crystal - material used in the display. 5 As

LT T O e A e
i cu in tws | | . VEer, ur es s
'Prateri al's g8 (a8 E’é‘ﬁ" - i‘Bf*‘T"Fﬁ?ﬁG’%’iﬁS @Q@é—%gméyﬁwﬁ&fﬂ’ér’ - |

tenperature mixtapesOofl bhede Gaterials giv typicali wldes plfa;’man.cB tkhi@..%s
consi dered tarbg® LRl '%he Felifera range 0 ¥'36NE %%%%?§MI ch the

present invention is concerned relates to the multip of a twi sted
nematic di Saiay;ays and this is considered to be rather high.

10 Another problem with which the present invention is concerned
| relates to the multiplexibility of a twisted nematic display,

Multiplexing involves applying electric potentials to lines of
electrodes cannected in series, each region or display element,
eg each individual shutter in a twisted nematic effect display,

15  ‘being defined by the intersectiom of the electrodes on the two
substrates, Examples of multiplexed displays are the matrix
displays described in UK Patent Number 1,458,045

_ In multiplexed displays all electrodes in the display receive
a non-zero electrical potential, even when they are in the OFF
20  state. Comsequently it is difficult to provide sufficiemt
contrast between the ON and OFF states. The conmirast can vary with
viewing angle, temperature and liquid crystal material as well as
applied voltage. A4s described in UK Patent Application
. N 20330102\ a figure of merit which may be used to define
25 oultiplexibility, ie the usefulness of any given material in a
~multiplexed twisted nematic effect display is the parameter MZO‘
‘This 1s the ratio, st 20°C, of voltages V,,(0°); v9°(45°) which
are voltages which may be designated as necessary %o achieve the
' OF end OFP states respectively. In fact V,,(0°) is the minimm
30 voltage required to achieve along an axis normal 4o the display
substrates 10% of the Daximm light transmission along that axis
for a twisted ne:natié éffeét cells the incident light is plane
polarized parallel to the surface alignment of the liquid crystal
molecules upon which the light is first incident and the analyzer



'NUItipIexing i nvol ves applying electric potentials to lines of electrodes .~
connect®¥d in series, each region or display elenent, eg each individual Voo
sShutter in a twisted nematic effect display, 15 bei ng defined by the

' intersection of the electrodes on the two substrates. Exanples of

- multiplexed displays are the matrix displays described in UK Patent Number
1, 458,045. |h nultiplexed displays all eliectrodes in the display receive a
nQn-zero el ectrical potential, even when they are in the OFF 20 state.

Consequently it is 1H bfidnged Jidhpitaypsrarieidg akwtpeﬁmluﬁasnarbea waet the (?\I
and. OFF states. The .gontrast_gan ry wth viewin ngle, . tenperature.an :
‘liquid crystal mat SFYERD i @%{Paﬁéﬁgﬁpﬁ ége VOr W%cgeg?ﬁ&?%%sﬁpﬁbee&#%“&f
Patent Application from which the 2{8®0&6srgesii gure of nerit which may be used
to define 25 nultiplexibility, ie the useful ness of any given material in
a mul tiplexed twisted nigpitpc) dpfeher mexigpp Rpltage Wbighedres elong errqxifi s
-is the ratiop at 24 & vﬁfwixglahgg@%fwf?( Qb trle] dlighheiy hifotivhe GR aee
vol t ages whi ch may b% esi gnated as ecei a&é to achieve the & and OFF
states respectivel ySUOPHT 5 BURFRESS ]%e?fr]ﬁe,i XLMHR STRSPRT D alarg thate
:ﬁqui red to ?phih?v;adia-leot@na_ﬂozath smezedllt fort hh?di Y%?ﬁ_):iﬂ;ghaiﬁﬁta_. 10%1{19];ct
e maximimlig n Q £ .

cell: the incident T gzﬁgb%&g%g dé%li'arl z_gg')ﬂﬁglr'a _ I'L,'egt t%nt%oe ggrﬁr{géefw%

ali gnment of the |idaeatisngsthel dindcsion devipmthandiowpst value ghitVnlh ) st
incident and {fie angl ¥éRdcted Fbr the measurément.

An ideal material would have M,. equal or just greater than

_ 20
unity so that a very small change in applied voltage could be
used to switch between the OFF and ON states. In pradtice,
other liquid crystal properties, eg the temperature range of

15 the nematic mesophase, have to be taken into account as well.

Although cyanobiphenyls,eg mixed tbgether with a cyano-p- .
. terphenyl have found wide use in twisted nematic displays in
general it is not easy to achieve 'mltiplexing with them. For
example the material E7 mentioned above has a value of 1.81 for
20 M,, vhich is considered not to be low enough. ' '

In UK published Patent Application No 2031010A it is
described how MZO may bg- reduced by mixing cyanobiphenyls
together with be%oate esters. However the mixtures formed
have certain properties relevant to multiplexed operation which

25 could preferably be improved. For example, such mixtures do
" not have particularly low values of 1/V (AVAT) in the cases '
where the better values of M, (which is desirably as low as
possible) are obtained. In such cases 1/V (AVAT) is typically
 0.6% per C° (compared 1_:9'0.85%_ per ¢® for E7). '



arranged with its polarizing axis perpend| cular to that ali gnirent  and
allel to the surface alignment of the nol ecul es fromwhich the Ii ght
rges. [err](45[err]) is the maxi mumvoltage which gives along an axis 5
a view ng angle of 45[err] to the alignment directions on the substrate
surfaces 90% of the maxi num trangm ssion along that direction for the sane
cell for which V (O[err]) is neasured. O 10 the four possible N
directions which are at 450 to the ali gnrrent directions the direction T
havi ng t he Io¥vest val ue of V90 [err] 10 is selected for the measurenent.
An ideal matett & B erTPese ¢forthis invguaiomito] privigs eatig Quidian unity so
"that a venysssrnldatelﬂaﬂﬂefdrnm I g goul d be. used to swi tch between
the OFF gn a&} g&gc??ge&/c&%‘%& PO G g?‘ pheiest i es, eg
the tenper afu?"é‘ 3Pfg§°‘bq‘ mfitlpleﬁhblhé-uaas oetksaphaiey xhﬁ\ae 0 99,1 aken into
account dAVAaT).. Al t hough cyanob| phenyl s, eg mi xed together with a cyano- p-
t er phgnyl have, cog_gd Wi de use in tw sted nematic displays in general it is
not easy to acell BVE e Fi5 BXesegtwinventivarin d:ﬁirﬁxaggﬂ& yhe material E7
ment i oneB AAsdG eliquid arystale cadpodi 8o whi ch is considered
not to berys@¥ Gl 1 bp VS tfbl i shgdglg%t%gn? f%"pp‘ﬁecﬁ?l@ﬁ Nsu2d31010A it is
descri be how M eHB%I‘h may fr8u ’8‘36 Svlﬁﬂlwacwmmmqﬁaeaydﬁ_ai ogether- with
b oate e s@ & °%Vmeramgtunexbﬂrcaap$ﬁyhtg§q hgv&d]cgrg ag f Pertles
rele Vahtc rrul ti pI exed operation which 25 % BFy be .i nproved.
For exarrp ot m’xP’cﬁ*\e§°%Fd-1notdzleauarmarédlgui;%g,ycgmg%é@ ues of 1/V
([err] VA T) I n the cases
' ~ Component B: a low dielectric anisotropy component;

Component C: a high clearing component having a clearlng point

~ greater tha.n 80° C;

: vherein Component A forms from 257 to SOZ 1nc1usrve by weight of
o 15 .the compos:.t:.on and cons:.sts of a mixture of compounds having a

terminal cyano group and 1nc1udes at least one compound having
Formula I as follows:

_R‘\CN . Formila I

0 3 is a n-alkyl group having up to 7 carbon atoms and
—@- represents a trans-1 4 disubstituted cyclohexane ring;

and at least one compound having Formula III as £ollows.

R —@-‘.—u\, | Formula III

wherein R is n-alkyl haﬁing up to 7 carbon atoms;

vhere R

wherein Component B forms from g7 to 50Z by wexght mclus:.ve of
25 the composxt:.on and consists of one or more low dielectric anlso-
tropy compoumds, at least 50% of Compcnent B being formed by one

Or more ester compounds having' Formula II as follows:

0_0_©_:E3 Formula II



*wher.e the better val ues of Merr] (which is desirably as | ow as possi bl
are obtained. In such cases 1/V[err] is typically 0.6% per c[err] (conpar
Jo 0.85%per (Jerr] for E7). 51t is the purpose of this invention to o
prow de a,liquid crystal material for multiplexed twi sted nematic displays
showi ng a reasonably good nmultiplexibility as well as a | ow value of 1/Vx

[err] 5 . According to the present igventionin a first aspect a

ngnatic liquid crystal conposition suitable for use as the liquid crystal

material of f a mul t wdrexe® tw«smgohﬂaeimiéplenﬁnemy mealiptll ghdupdi ApHiag wpanrﬁri ses
amxtreoCooetsA B.a S e |
u np -E' nf%%’f’?‘o tymsb%.na e?*e n,p%onen{: C%r}ggmrg '}E'of‘ 'IF% g

positive dielectri ® nponent,; | €ctri
ani sot ropy conpone?vﬁ% bforepgme inclhsiye mfghhelceemmglm)ﬁpémnsmmmﬁg a

cl eari ng poi nt gre@é@&ﬁd@ﬂa&%ear&eﬂh%rﬁaﬁt%%ﬁw do9% pm 25% t b

50% i ncl usi ve_by we qé‘ nposi tion and consists o a m xture of
conpounds hav?ng al‘!’é'ltrr? PVC'SF&ﬁBt'@foWP&HEPﬁ fcieudesmes; bY @8t ovMere onpound

havi ng Fornul a | aeoufpe{xhdw\field'atbmz@m|th&hﬁﬁ1|i"€s iwhose rgeaéi/enl f&FuRidRe havi ng
Cycl Sohexane 1 ng: o ACEieeRBYEA ¥ RerGHRo SR doNA LAY E%iwm A 111 a8 foll ows:
| R | Formula IV =
R | RR Formula V
R—-’@)—-CofoN " Formula VI
’ R—@'CO‘OR Formulal ViI
R@-—cao({ |

vwhere each R is independently n-alkyl having up to 7 carbon. atoms °
! and -—@— represents a trans-1,4-disubstituted cyclohexane
' 10  ring; '

Formula VIII

the percentages by weight of Components A, B and C adding to
100%.
. 'By 'high positive dielectric anisotropy! is meant a positive
dielectric anisotropy magnitude -grea.tef than 3.
\ 15 By 'low dielectric a.ﬁi_sdtropy' is meant a dielectric
: anisotropy (positive or negative) magnitiade less than 2.

Préferably, the one or more components of Formula I form
at least 40% ‘by weight of Component A.

The high clear:.ng point compounds of Formulae IV to VIII
20 may form 100% of Component C.-

Component B may, in addition to the ester .compounds of
Formula II, include one or more compdunds selected from the
families whose general formulae are represented by Formulae
IX to XVIII as follows:



@D @érr] wherein Ris n-alkyl having up to 7 carbon atons; wherein Conponent B
|[forms from20%to 50% by wei ght” i ncl usi ve of 25 the conposition and
Jconsists of one or nore |ow dielectric aniso- tropy conpouds, gt |east -50% -
Z-0f Conponent B being fornmed by one or nore ester conpounds having Formul a
Il as follows: [err 6 where [err] are independently n-al kyl groups .
having up to 7 carbon atons, wher ei n Conponent C forns from 15%to 35%,
by wei ght inclusive of the cong€5|t|on and consi sts of conpounds having auf
cl earing point greater than 80Lerr] and at 5 | east 50% by wei ght of

more conpounds sel ected fromthe famlies

Conponent - C i s fQh by e
whose general fo a re@resent ed by FoemmuladX v to VIIlas foll ows:

Formula IV [err] Fornula VII| where each R is independently n-al kyl having
. up to 7 carbon. ato nd \ represents a trans-1, 4-di substituted
cycl ohexare 10 R@EZ%S‘KEE)pﬂRcentages by'vﬁﬂfﬁéa Conponents A, B and C
adding to 100% By 'high positive dielectric anisotropy' is meant a .’ -
positive _ nl _
R--coo{DR"  Formiax
f{.@}—cc.o -@—'R | Formula XIT
p\_@—co-o' o)-R.  Formila XITT
Lo '
R oLk Formila XIV
K@_ Co0 ’@’R, ' Formula XV
Glf<::>’<::>F1lCDC>EL Fonmﬂa.XVI
i _
R—Q_COO"O_R Formrla XVII
n |
(L—@-CO- O-@-K Formula XVIII

vhere each R is independently n-alkyl having up to 7 cérbon
atoms, each R* " is independently n-alkyl or n-alkoxy having
up to 7 carbon atoms, and each R'' is independently n-alkoxy
having up to 7 carbon atoms, -<l-_l} represents a

5 trans-1,4-disubstituted cyclohexane ring and represents

a bicyclo(2, 2,2)octane ring.

Preferably at least 80% by weight of Component B consists
of ester compounds. The ester compounds of Formula II may in
fact form 100% of Component B.




|

_‘di el ectric anisotropy magni tude greater than 3. 15 By 'I ow

dielectric @nisotropy' is neant a dieBectric anisotropy (positive or
Jnegative) magnitude |ess than 2. Preferably, the one or nmore conponents
Formula I,format |east 40% by wei ght of Conponent A. The high clearing

poi nt conpoundsomef ekadiphel af d \élaes \dfl codfbsitiens feabodyidgoaled Conponent C.

Qo(rponent Br-rgsagﬁt |iggglg:d|1 tion 1o gpfcfsﬁgaud%gnpounds of Formula I, include
ope. or noré€ conpounds sel'eCted fromthe Tam lies whose general fornulae are
represented by €rnulere X tareXebhpounssfaf Fowsula I Fnd-oneudm meré&or mul a X

Formul a XV [er rloﬁggﬁggs %q.cpoggjﬁ %gspggg’eer}t %f“ﬁa‘?' Lr(]lyégi ngilrbg,‘gg_ to 7

carbon atons, eac i'S 1 ndepen n-al OXy having up to 7
carbon atons, aintleatve Ry Psightdepethdenedpesitiddcoxy having up to 7 carbon
at ons, _..represents a 5 trans-1, 4-di substituted cycl ohexane
ring and (ii) r eprecoEnMere; chinpapeds (of Forywla Ahefqumins fyomf erably at

| east 80% by wesgihleo0f s QRPPIGRe ByGRAShEE Ple &COhPEsZIBRYUNDS. The ester

conmpounds of Formula Il may in
(iii) ome or more compounds selected from Formulze IV to

VIII forming from 15Z to 30% inclusive by weight of the

composition.

Preferably, the one or more compounds of Formula I include
either: : % , )

= —N
| ; CZ He |
and/or - —@—Q"C

{ o N
n_
Gy g

Preferably, the compound of Formula IIT is:

Cy H-\'



s L]

ct. form 100% of Conponent B. One exanple of a class of corrp,o'si tions
odyi ng the present inventign is one which includes: (i) one or nore
onmpounds of Formula | and one or nore conpounds of Fornula |l together .

f orm ng frowaﬁ?dm]?éﬁei aftus' 1 mmmg:tme e €o & BRAS : on; (i ib) Ong
or nore ¢o unds, of For a.ll m.n rom35%to 45% i ncl usi ve ywelgt :
of the Egrf%gf’?lﬁ?m(ﬁ &bﬁé"&?“f‘ﬁbﬁé rrpounds sel ected from Fqrmuiae 1V,

to VIl formng rgnglégﬁgcﬂ%% b!pecl 9,5& _ or rr%%alg_?gl ncf}g% conposi tion.

Preferably, T e compounds - either: and/or
Pr ef er apbint tcbepmmdpoaeﬂckc@fedemml all I i S: 9 Preferably, the esters of .
Formula I'l hare on odd number of carbon atoms in their n-alkyl groups.

- Component C nay i ncl uge-a0neso 9 e ot m| gh cl earing point conpounds
sel ected fiom [err] Q O _
a@@mo@@—w

s vwhere each R is independently n-alkyl having up to 7 carbon
atozs. ' '

For application %o a twisted nematic effect device
the composition according to the present inveatior zay dbe mixed
together with a chiral additive normally forming not more thax
10 1.5% by weight of the overall mix‘uré. Optically active
L-alkyl-or-alkoxy-4'~cyarobiphenyls are preferred as chiral
-additives. Such additives are well kmowr in the art to avoid

display patchiress arising froad reverse molecular twists.

By specially formnlating:compositions in accordance with
15 the present invention examples of liquid crystal materials may
be formed which show relatively low values of 1/V (aV/AT),
eg less than 0.47 per c® together with low viscosity eg 36 cps
(36 mPa.s) at 20°C when 1/v (8V/AT) = 0.45% per c®.



% ' 4
5 where each R is independently n-al kyl having up to7 carbon atoms.@
application’to a twisted nematic effect device the conposition accordin )
JLhe present invention may be m xed together with a chiral additive normally
form ng net nore than 10 1.5% by wei ght of the overall m xture.

.Optically active 4-al kyl -or-al koxy-4'-cyanobi phenyls are preferred as

chi-ral additives. Such additjves are well known 1in the art to avoid

displ ay pat chiness arising from rever sé9nol ecular twists. By specially

formul ating conpositions in accordance with 15 the present invention

exanpl es of liquid crystal materials may be formed which show rel atively

| ow val ues of 1/V [erricoagdims ot thanptkséfic pmeﬁxenrijn aogmtoh@raspeth | ow
viscosity eg 36 cp ) 0 5% Cerr].

10 According to thgem('&gspg'r:%édg rf\‘/'ﬂn < an\gggrisl %@%J'Jal fleé:QFr?Jl tgggelxed

twi sted nematic | |cbﬂ}péla:crxysl\sleSemﬂ;derﬁc:avbitﬁrspmyt| le@s o oene Pffvo '

- dielectric subst rairﬁshais I:ea&tpae&& Oh #4hhCéE I1§qa1rdaa§yma§maceaut1l | m of

liquid crystal_nateri.al ched between th trates, the
nol ecul ar” arr aingen%’t‘?fi"}‘f‘}‘efih‘ée?fﬁ?‘érﬁhél SERRFes e clhes §°]t38“ ’i/é”f?\"(gefnﬁ\’n‘%t ed
nemati ¢ effect, anth eheaiaterixl béirghsudhnasrtospgiveachs tolistddenamdrder ates for

appl ying el ectri ¢ Jieghgo 20" Rsctiel 4fuhd £dP' ke oL Fhe diSerhaS!rO0os

being in a confi guratl 0
for applying electric fields across the liquid crystal

material, the electrodes being in a configuration whereby the
10 electric fields are applicable to a multiplexed £ ashioﬁ,
wherein the improvement compfise_s the liquid crysi:al
materisi being the composition. of the first aspect.
| Examples of devices and materials embodying the invention .
will now be described by way of example only with reference to the
15  accompanying drawings whereins

Pigure 1 is a sectional view of & digital display;

Fgure 2 is a sectional view of Figui'e 13 | |
Figure 3 shows a rear electrode eonfiguration for Figure 13
Figure 4 h0ws a front electrode configui'stion for Figure 1}

20 : Figures 5, 6, 7 show schematic views of the device of Fig;res 1
' to 4 with typica.l addressing voltages.

The display of Figures 1 to0 4 comprises a cell 1, formed of
two, front a.na. 'back, glass slides 2, 3 respectively, spaced 7 P-m
apart by 2 spacer 4 211 held together by an epoxy resin glue.
25 In front of the front glass slide 2 is a front polarizer 5 arranged
with its axis of polarization axis horizontal. A reflector 7 is
arranged behind a back polarizer 6 behind the slide 3.

Electrodes 8, 9 of tin oxide typically 100% thick are .
deposited on the inner faces of the slides 2, 3 as a complete
30 - layer and etched to the shapes shown in Figures 3, 4. The display
; ‘has seven bars per digit 10 plus a decimal point 11 between each _
' digit., Ae showm in Figure 3 the rear electrode structure is :
: formed into three electrodes Xy X1 Xye Similarly the front '

smmA e =



"electric fields are applicable to a nmultiplexed fashion, wherei,n the
rovenment conprises the liquid crystal material being the conposition of
first aspect. Exanples of devices and materials enbodying the invention
[ now be described by way of exanple only with reference to the 15 )
tconpanyi ng drawi ngs wherein: *. Figure 1 is a sectional view of a -

digital display; Figure 2 is a sectional view of Figure 1; Figure 3 shows™a

rear el ectrode configuration for F11gure 1; Figure 4 shows a front el ec'trow

configuration for Figure 1; 20 Figures 5, 6, 7 show schematic views
" of the devi sbeottodd gtmsum i@m Antoy Shres elasdredes PY FLFYtaHE. The
di spl ay of Lﬁ;ﬂéfé, %mt.g gl §.¢.S. ap@attation fofr thul st elestrolemnt and
S 1

back, gl ass v e p acer 4 all
hel d t oget haer ﬁa?n‘@‘ﬂ{%( ?c‘;‘ @f&é ﬁﬁf °quﬁ‘tfr aﬂt%%ep?% eﬁ?%’gnt gl ass
slide 2 | s Bade anbmogaapﬂahd&memgzdm:tmﬂ% ofaudtalepldrEat i on axis

hori zo 7 aderagged behi nd a back pol ari zer 6 behind the
slide 3. EI ectgrpgﬁlééﬁé‘% Oif%%l n oxl de typi cal | y 100[err] thick are

deposited on the inner faces of the slides,_ 2, } 8 | ete 30 | ayer
and etched to tW%h?)&s%menemﬁ?déﬁ?’r@udﬁ 'd 2% eengd s seven

bars per di ghén d9pgedusn a Slutidl opW.2% ‘dylwbmwemmmlvwlgaxcohons shown in
Figure S theed Ak, CleGh! Offen iy )Ctkl Saldes’ QdFed! 1 NEfifg! eotrodes [err]

Simlarly t _
direction with a soft tissue then assembled with the rubbing

10 direction orthogonal to one another and parallel to the optical
axis of the respect:.ve adaacerrl: pola.r:.zers. When 2 nematic
liquid crysta.l material 12 is introduced between the sl:.d.es 2, 3
the molecules at the sl:.de surfaces lie a.long the respec‘hive
rubbing directions with a progressive 90 twist between the

15 glides, | ' '

When zero voltage is applied to the cell 1 light passes .
through the front polariszer 5, through the cell 1 (whilst ha.vmg
its plane of polarization rotated 90 °Y through its rear
polarizer 6 to the reflector 7 where it is reflected back again

20 'to an observer, (shmm at an angle of 45° to the axis 2 normal
to axes X and Y in the plane of the slides 2, 3). When a
voliage above 2 thi'eshold value is applied between the elecirode
8, 9 the liquid crystal layer 12 loses iis rotary power, or
optical activity, fhe_molecules being re—a-mnged to lie

25 perp_endicula-r vo the slides 2, 3, ie along ths axdis 2. Thus

" 1ight st that position does not reach the reflector 7 and does not
reflect back to the observer who sees a dark display of one or
more bars of a digit 10. ' '

Volta.ges are applied as follows as shown in Fignres 5, 6 and 7
30 for three successive time intervals. 4in electric potential of
3V/2 is scanned down each x electrode in turn whilst - V/2 is
applied to the remaining x electrodes. Meenwhile = 3V/2 or V/2



/‘_—‘_—- O . . . .
# 11 electrode structure is formed into three el ectrodes per digit and ‘7\\0/

decifral poi nt [err] am nation of the six electrodes per digit s
that. each of the eight. el enents can independently have a vol tage applied -
«-thereto by application of suitable voltage 5 to appropriate x4y

- electrodes. Prior to assenbly the electrode clear slides 2, 3 are cleaned -
then dipped in a solution of 0.2% by wei ght of poly. vinyl aI cohol (PVA) in
-water. When dry, the slides are rubbed4gn a single direction W|th a soft
‘+ssue then assenbled with the rubbing 10 di rection ortho&f to o
another and par al {glapblieahe epé i galelaxtrodes. t hecoinsidentd & iy ﬁt3

| ar i 5. Wh ! d
pol ari zers. engiafp‘eggte#: lﬂ%uecu ertgsﬁlah TRt £ge 3lv hirdse tHE w@nae _

bet ween the slide s at the slide s&rfaoe ng the

" respective rubbi nm%dﬁrmézw Ehserhare fhe JortAse ot & PT en the
15  slides. Whenagakonyal fwietd appipriad ty ebetrelds 4s |3VA21tzspmesd
t hrough the front | zer | Sl b@,\ﬁeagm kg pl ane -
of polarizati #n rﬁgﬁ’t 95[ ‘3? '31'}3 #J%gl%&g??g%é?re&%%arl A to the

reflector 7 wher eindicated MIQ%%@Gim@@H- adﬁPrFlzetnctY?léﬁg% s%? #8r%° (shown at

an_angle of 45 togih@)ay¢ 3g40008 Bhudr@ e ahdatik ¥igmitdicapémiike ahagde
slides 2, 3). Wen a vol tage above a threshold value is applied between the

el ectrf)de 8, 9 the Ilwmm%ad;ebmrra&imwsfdﬂ the Qhbixe &saﬁefmieg |
05 the sii des o "yhifas"Sec Ot SpuckePion rorpkBaS el ong e BHET 2RE 00
not reach the10ef lpeciadr and Fnfbrdties reelt of the scan periocd making an rms value

of 1.91 Vo Thus the material of layer 12 p:"_efe:ably has Mzo less

than 1,91 to give a reasonable contrast between the ON and OFF

states. '

For similar displays having more than three rows of electrodes
15 the figure_of;' 1.91 ¥ is reduced accordingly.

This illustrates the importance of the parameter S

Suitable nematic mixtures for use to form the layer 12 in the
above device are described below.

Spall amounts of a cholesteric material may be added to the

20 nematic material to induce a preferred twist in the molecules in

the liquid crystal layer., This and the use of _appropria.te' siié'e
surface treatment removes the pcrobiems of display patchiness as _
taught in UK Patent Serial Number 1,472,247 and 1,478,592 K

£ 15 about 0.1 %0 0.5% by weight and CB 15 sbout 0,01 to 0. 05%
25 Yy weight.

¢ 15 is caa.cxzcﬂ(cn3)cazo-@—@—cn
CB 15 is CHyCH,CR(CH,)CH, OO

The following mixtures are e:famples of nematic materia}s
embodying the invention which may be used in the above device. .
In the propertiss of the mixtures:



s [

MNect back to the observer who sees a dark display of one or nore bars of

for three successive tine intervals. An electric potential of 3V/2 is *
se&anned down each x electrode in turn whilst - V2 is applied to the %
remaining X electrodes. Meanwhile - 3V/2 or V/2 12 is applied to theTy
el ectrodes. " [err] coincidence of 18V/2 and - 3V/2 at an intersection N
results in a voltage 3 V across the liquid crystal layer 12. El sewhere th?
voltage is V oOrg- ; ing - 3V/2 to appropriate y electrodes as -
3VI2 is scannecr@ s a_gg&mﬁlﬁﬁdea)g%el ectrodes selected intersections are
turned ON as i ngh hzised $ini 01y Cndtisafdae fat 1bButc b€ Ghei ¥olkagd age V is.an ac

si-gnal of eg 100 squar, ves .and the sign,in b e_phase. Each OFF
i ntersecti o%qf‘g’ée& ¥ P%%ﬁ%mﬁf??‘e{@gn&ﬁé? i %quéxlhi%?sgﬂegsc)‘?ag\l

i ntersecti orp thedwigedindgatin celle divided Wf thhaott®®e 10 period and V for
the rest of the scan period naki rms value of 1.91 V. Thus the

material of | ayer (392 s mgqblaég err] less than 1.91 .to give a
reasonabl e cont r¥st bet ween®q h Yahd OFF states. For simlar displays

havi ng gor esiBass bhéther ' figEre of alertt rfagcthelfl ti fexibifiing ef al. 91 V is
reduced accordi nhgly. LS o]l | . L.an f paraneter [err]
Sui tabl e neWAtT m%t%?ée%df %erm!%;s'ée%%gﬁaft%?’r?ﬁ 1|’.a' %ﬁ'g{?/lerg&]l% F%pt e

mixture of cyanobiphenyls alone is 1.36 (for the material _ET).

1/V (AVAT) is as defined above;

N=I represents nematic liquid crystal to isotropic liquid
10 -transition temperature; - a

An represents birefringenée measured at 20°C and 589 nm;

t represents the average thickmess of the'liqﬁid crystal
layer (separation of the substrates) for a twisted nematic cell;

1022 "A

Margin (1:3) is the parameter 95 wA x 100 (%)
' v5°(1o°) at 0°c
15 where A ="
| vgo(k5°)' at 0%

This term is explained

further below.
| Vo = i_rgo(u5°) (as defined above) at 20°C

Ratio (1:2) is the ratio of the amount by weight of the
first component present to the amount by weight of the second
20 component present, the first and second components being

two ringed cyano compoundé and benzoate esters fespectively. !



r Jmlecules, in the liquid crystal layer. This and the use of appropriate

above deV|ce are descrlbed below. Small anmpunts of a chol esteric mater
may be ‘added to the 20 nematic material to induce a preferred tw st iln

5l ide surface treatnent renoves the_probligs of display patchiness as
taught in UK Patent Serial Number 1,472,2 and 1,478,592. .0 15 about 0.1
t.0 0.5% by weight and CB 15 about 0.01.to 0.05% 25 by weight. C 15 is [err]
CBALS is [err] TBXAMRIE| Wi ng mi xtures are exanples of nematic materials
enbodyi ng the i ngenf i ?n mhlch may be used in the above device. In the
properties of the m Xt ures: 13 [err] is as defined above; [err] is a
simlarly measur ed rati o'dy P$ % 4t he voltage required tQ.g % o00% -

transm ssion at an angle o il fh normal to the tw St ed nematic
cell divided by the volta Téj}?(is i s anot her flgyge of merit for
the multiplexibility of a naterlal |n tw sted nematic operation; a typical

~value for a-mxture of cy ﬁ alope is 1.36 (for the material E7).
[err]is as defined aboWe*%&F q" ematic liquid crystal to

i sotropic |iquid m—QHq—@‘@'w | | ._20-_
n-GH, L)-coolo)CH,m ko
G HeBcco-{DADeN "o
\\.—CS-\'\"W . 1m .

Ratio (1:2) for Mixture -1 = 47:53

-Properties of Mixture 1

N-I . (Oc) = 61
an = 0.15
. Viscosity . .
at 20°C . = 40 cps (40 mPa.s)
at 0°C = 154 cps (154 mPa.s)
gvTh = 1.02Y
(M20 = 1.75
for « _ K
6 = E"'zo R - = 1.32
pm (1Y (av/a7)(% per c°) - ok

(Margin 1:3 (%) 8.5



at 40 C fu
is the ratt
anount by wéixthteof2 t he second 20-
conponents being t

Margin (1:3) is the parameter 19

where A
;

niml 2

Properties of Mixture 2
N-I (°%C)
An
. Viscosity
. at 20°C
at 0°C
fn

(M20
for (

t = (M
m 20

gw. (AVAT) (% per °)
(Margin 1:3 (%)

ransition tenperature; an represents birefringence measured at
eyr] and 589'nm t represents the average thickness of the liquid

| ayer (separation of the substrates) for a twisted nematjic cell.
.15 .x100 1.92 +A X 100% V (100)- at . 0C,

. This termis explained [err] (45)-=
hel,ow. V =V (45) (as defined above) at 200C Ratio (1:2) = .
amount by wei ght of the first conponent present to theam#
conponent -present, the first and second

cyano conpounds and benzoate esters

ringe
respectively. 1%@%.‘%‘ *xturle 1 Conponent ¥eight %

o Rat o (1:2) EaM ey
n-C, Mg (2N
h—C3Hy<D~c00-€ Hy-n
Cz“S'-@'C-OO-

| “‘CSHM

Ratio (1:2) for Mixture 2 = 43:57

= 47:53 -Propertjes of Mxture 1 NI
0.15 Vi§E%sity

15

4

78

0.17

44 cps ( 44 mPa.s)
178 cps (178 mPa.s)

1.6V
1.74
1.34
0.38

10



at 20[err] ' = 40 cps (40 nPa.s) at Ofe ‘
= 154 cps(154 mPa.s) = 1.02 Y for (t = (MJerr] _
0. 44 (MNargi o

1.32 [err](l/V [err] (% per C[err])
) 8.5 145 EXAVPLE 2 M xture 2

. '_

| 1:3

: Conponent - ' _ Wi ght % 15 [err] Ratio (1:2) for
Mxture 2 = 43:57 reies of Mxture 2 NI ([err])
78, ‘%’%@;‘i—gcom ty at 20[err] _ =
44 cps 44 nRa. sYidure[arr] X - 178 cps (178
mPa.s) Th - = 1.16 V (MO '
= 1.74 for (t = M 20Component | " Weight 3 - 1.34

@
o r\—Cq_Hq | 5
a nCyHa (<N .
MG H -'O-COO—Q—CS- Hy=n %

t\—Cs'Hu o .16
CJ.“S"@"—OO

16
Ratio (1:2) for Mixture 3= 56:44
Properties.of Mixture 3
N-I (OC) ) : = 83
&n _— = 0.17
Viscosity | |
o L)
at ch = 48 cps ( 48 wPa.s)
at 0°C =.192 cps (192 mPa.s)
| ?’Th = .11V
I_or 2"20 | i = 1.76
M '
e . - v
§1/V (AV/AT)Q’G per C ) = 0.36
= 9.1

(Margin 1:3 (%)



vV . [err] (% per cl[err]) (Margin 1:3 (O/c)

] 16 EXAMPLE 3 M xture 3 Conponent Wi ght %

“¥6 16 Ratio (1:2) for MxtureS 56: 44 Propertles of Mxture 3 N1 (Oc).

83 [err] 17 = 0.17 Viscosity at 20C *
= 48 CpS(M at [err] : .= 192 cps (197’_5
mPa.s) (V] - ) = 1.11 V (I\/[err] -
= 1.76 forMixture( 2 ) . - = 1.36 [err] —1:4

. . 0 : —_ X

(Margin 1:3:(% Component = 0. 1Weight%

G "r‘@'@“"’"" 15
n- C«\.H‘am .5

n-Cst‘@‘O‘C“ | 20
e C3 H—,—@-coo—@hcs-u,,-n
_ .n..—CsH-; (W—coo{e)<e) “l("’n-.
| C,_f'is-'-@'c— 10
Ratio (1:2) for Mixture 4 - 71:29 | |

: Properties of Mixture 4
. N-I (°C)

' = 72 -
- An = 0.745 .
Viscosity '
. ‘ ° .
. : - at 20C . | . = 36 cps (36 mPa.s)
- T ?’m | T = 1.2V
(M = 1.
for ( 20 . = 1.82
= (M* ' : ' =
10|_|m( 29 = 1.5
21/11 (av/AT) (& per C°) = 0.45
(Margin 1:3 (%) = 8.3
EXARPLE S
Mixture 5.

‘The same as sztu.re & but with a-C 58 -@-CQO-@"O'G n
7
replaced by n‘°337'®-c-00"0'®{$'HI|

(the components being in the same proportions by weight as in
Mixture 4), B '



17 EXAMPLE 4 M xture 4 Conponent | - Wi ght % 15 2@
20 [err] Ratio (1:2) for Mxture 4 71:29 Properties of Mxture 4 NI .
+ (0c) = 72 An R

; = '0.145 Viscosity at 20C . . _ 18 = 36 cps (36
;rrPa s) = 1.12 V ([err] = 1.82 for( 20
: = 0.45 (Margin 1:3 (%

. .35 (1/V [ err]EXAMPEE err])
8.3 EXAMPLE 5 M xture The sane as Mxture 4 but with [err] repl aced by

n (the conponents Misituge i 8 t he sane pr_oportlon_s by weight as in Mxture 4).

Component . Weight %

R OS OSSN 15
acgy<en s
”“?‘7@""";”?"‘ - 4o
N O a0 022V o s
T "z‘s‘®”"'°‘-"‘@'@"°” 15

Ratio (1:2) for Mixturc 6 = 43:57

Properties of Mixture 6

N-I (°c) - 75
{’n = 1.1V
P : for ?‘20 = 1.73
;:n §1/V (AV/AT) (% per c°) | = 0.3%
. f"'ao __ © sz

(Margin 1:3 (%) . = 11.0



SXAMPLE 6 M xture 6 Conponent | Wi ght %1_5
15 Ratio (1:2) for M xture-6

3 57 Propertles of Mxture.6 N-I([err])
1.11V (Merr] for - ( t =7

b (V , _
9 =
1/V[err] ﬁﬁ@hfc err]) - L = 0.34 (
= 1.33 (Margin 35(% i - =11.0 19 EXAMPLE 73
Weight % [err] Mxtuﬁd

7 hasthe AOREREECFD ‘

7 has the f properties in a tw sted neuratic cell having a li'quid

crystal material thi f 7 [err]m :
EBSent Veignt % _

OO -
n‘cz,chn R .
Ravs 7 cm‘@— s 30
n.csnﬁ'_ 5

.H:.zture 7 has the followlng Properties in a t":.sted nexatic cell
having a liquid crystal matena.l th:.ckness of 7 ym.

||h Jl

Melting point = -10% .
N-I = '5900 | .
4n = 0.16% at 20%

- .o .
."90("5 ) at -2°°_° = 1.01 volts ‘
HZO = 1.8
.
HZO = 1.36
1[av
v /AT) 0°c+bo® = O-42% per



l'Malt_ing point = -10[err] NI = 69[err] = 0.164 at 20[err] [err] =
1.01 volts Merr] = 1.8 [err] [err] = 1.36 [err] = 0.42% per (er
. Margin 1:3 = 8% 20 For a particular nunber of lines to be addresse
“particular matrix (nultiplexing) addressing selection scheme is chosen
5 whi ch determ nes a fixed voltage discrimnation ratio ([err]), supplied by
the addressing and drive electronics 5  20f the display. A given m' ni num V
[U] and maxi mum of f [err] condj tion eX|s for :the erial over
speci fied tenperature P’ér?g@a‘(’iéﬁ“gaﬁ(‘} paker) 9 f?ﬁaﬁ‘? Wd@%ﬁ%ﬁﬁ?ﬁﬁd anemalt ic cell
conditions. 10 partzchxurprnatztnxceuulxtaplea:ﬁngh&_dmretslsmg tseBeatabh schesé ruction
gcan cause Lhe o SGEicHoR8] LRI SEQRLL b S (6oL diStidnlldiéh HiSo

rraterl al over the whole d O | NCr ease

(_Yon/V off)’ suppl:.ed by the addressing and drive electronics

5 of the display.

. —

A given minimum V .. (v, (45 ) at 40°C) and maximum
V (V (10°) at 0°C) cond:.t:.on exists for the material over a
speclﬁed temperature range (eg 0-40°C) under ideal twisted

nematic cell conditions.

, | _ 10 In pract:.ce, var:.at:.ons within the cel% construction can
. » cause the discrimination ratio l:v (1°°¢r(1 o C) equired to
O
Voos®) k0%

drive the material over the whole display to increase from the .
ideal case, The margin is a measure expressed as a percentage
of the maximum amount the discrimination ratios (ie in the ideal

15 and practical cases) can vary relative to one another without a
fall off in the optical performance occurring.

1 () |
The values obtained for '{T' ( KT‘) in the above Examples .

particularly Examples 1 to 4, 6 and 7, which are less than
0.5% per c°, are generally better than the values, typically

between 0.5% per c° and 0.7% per c® obtained for the known
cyanobiphenyl/benzoate ester multiplexing mixtures.

In Examples 1-7 the stated constituent percentages
nay be varied by up to 10% (relative to the composition) with-
out significantly affecting the nature of the composition
provided that such variations provide compositions within the

scope of the first aspect of the present invention as defined
above,



T — - L2
. B

Yoo R} 4.

. i-deal case. The margin is a nmeasure expressed-as—a nnrrpntaae of -t he
maxi mum anmount - the discrimnation_ratios (ie in the i deal

“™practical cases) can vary relative -to one anoth ul! mmnmmﬂlll off |n“‘t he
fg tical performance occurring.-Thé"val ues obt ai in the
'E blove Exanpl es, particularky Exanples 1 to 4, 6 and 7, whi ch are less. t
' 5% per C[err] are generally better than the val ues, typically betme
.5% per [err] and 0.7%per [err] obtained for the Known. =
cyanobi phenyl / benzoat e ester nult |‘5)I exing mxtures. In Exanples 1-7 the.,
stated constituent percent ages Ye varied by up to 10% (relative to the
conposition) wth: nificantly aff.ectin e nhature of the _
conpositti on‘2 peBafic 1ﬂ1“|h‘k %ﬁ]ﬁﬁﬂvél” é?’fld:ﬁg“ ‘B@FEQ 8fpB¥T 3%ons within the
scope Qﬂxethﬁquurafys&&meﬁa:&Eatfﬁf ﬁrﬁvsn:lﬁpléfhﬂemblm@Seﬂﬁild’led above. C
L nenmati,c’ crystal conposition
sui table&effﬁ".&?é’%%l Fﬁ%”qﬁ?ﬁpwgﬁaﬁ “ﬂ‘ﬁf‘éﬁ glf % m%“%?? il exed tw sted
nenati @ ahédt me- Pellosak di spl-ay conprising a mixture of Conmponents A, B and
C as follows: 5 Component A:  a high positive dielectric anisotropy
cofponditmpor@ntpdsers hizgh anSGW“m éi%‘@FF’F%C antsssreBhForRRRsshient ;

Component B: a low d1e1ectr1c anisotropy component

Component C: a high clearing component having a clearing point
greater than -80°C;

vherein Component A forms from 25Z to 502 inclusive by weight of
10 the composition and consists of one or more two ringed compounds
baving a terminal cyané group and includes at- leasg one compound
having Formula I as follows:
Fz1 o _ ] Formula I
vhere 31 is an n—alkyl group_baving up to' 7 carbon atoms and- '
-<:)' represents a trans-1,4 disubstituted cyclohexane ring; and
.15 at least one compound having formula III as follows:

RW . Formula III

vhere R is an n-alkyl group having from 1 to 7 carbon atoms;

wherein Component B forms from 202 to 502 inclusive by we.ight
" of the composition and consists of one or more low dielectric
anisotropy compounds, at least 507 of Component B being formed by

20 one or more:ester compounds having'Eormnla II as follows:
: -<::>*(:£>;C)~< :j}- :
F{z— _ ﬁ:z Formula 1I

where-Ré Aﬁd R3 are independently n-alkyl groups having up to
seven. carbon atoms; and vherein Component C forms from 157 to
35% inclusive by weight of the éompq#ition and consists of
compounds having a clearing point greater than 80°C and at least

25 507 by weight of Component C is formed by one or more compounds



t-as follows: Formula | - where R is an n-

» . . - . EA nd

‘Co'rrponent C. a high clearing conponent having a Clearing point greater
than 80:C, wherein Conponent A fornms from 25%to 50m mllﬂmﬁwulﬁl ght/ of
~10 the conposition and consists of one' or nore two I‘“E hayi ng :
*a ternirnal cyano group and includes at ?%_ one conmpouhd *havi n§ Fornul

group having up to 7 carbon

atons and [err represents a tr 4 substlt ed ¢ hexane rin and
15 ; at | ea[st o]ne Eﬂ%ﬁ&ﬁﬁdﬁfﬁ’&vmb FB?‘#Lﬁ aa%cfsfe 53“?1351 gor%ﬁ g &

WS ferr

Formula 111 wher erdpreseated gl Rofdmyso Uy hawirngasriohlbwso 7 carbon at ons;

- wherei n Conponent forms from 20%to 50% imel usi ve by wei ght of the
conposition and consists of one or nore | ow dielectric anisotropy
conpounds, at | east 50% of Congpg ' d by 20 one or nore
ester conpounds havi ng Forjgis-¢ ormul a Fermmher® [err] are
I ndependent |y n-al kyl groups having up to seven carbon atons; and wherein
- Conmponent C fornms.from15%toe 35%ii ncI usi by wei ght of the conposition
and consi sts of conpounds pg\é paAht greafgrfhayp 800C and at
| east 25 50% by wei ght of . ed by one or nore corrpounds
L selected fromthe fam |ies whose general fornulae are

P\"@" Ct? Formula VI
R-@" co- 0 R Formula VII
. ' | | | -R‘@'CO’ 0—@—®'R Formula VIII

where each R is independently n-alkyl having up to seven carbon
atcms and -<:3krenresents a trans-1,4-disubstituted cyclohexane

ring;

the percentages by weight of Components A, B ard C
adding to 100%. '

2. A composition as claimed in claim.1 and wherein the one or
more components of Formula I form at least 40% by weight of

Component A.

3. A composition as claimed in Claim %4 and wherein the one or

more es~e:s of zo;-ula 11 ‘ora 1004 of Component B,

k., A composition as clzimed in Clalm 4 and wherein the one or

wore compounds of Formulae IV to VIII form 100% of Component C.

5. A composition as claized in Claim 4 and wherein Component B
includes in addition to the ester compounds of Formula II one
. or more compounds selected from the families whose general

formulae are represented by Tormulae IX to XVIII as fellows:



gpx esented by Formulae IV to VIIT as follows: [err]
' la IV Fornmula V Formula VI [err] where each"R i s Ikw
ng up to seven carbon atoms and [err] represents e”"ﬂg"mnm m'"mr
ans- 1, 4-di substituted cycl ohexane ring the percentages by wel ght
Cbnponents A, B and C adding to 100% 2.-23A conposition as clained in
claimd ,and wherein the one or nore conponents of Fornmula | form at |east
40% by wei ght of Conpon nt ?% onposition as-clainmed in Claim1l an\ﬁ'
wherein the one or A‘s@‘? la Il form ¥98%awf ionponent B. 4.
A conmposition as clalned in Cla|n1l and wherein the one or nore compounds
of Fornmulae IV to VIII forn1100@60f npanent C. 5. A conposition as
clainmed in Caim and e y t B includesfropmaddixtion to the ester

A :‘ll
conpounds of Formula I S Il e corrpounds selected fromthe fanmlies
whose general fornulae are represented by Formulae | X to XVIII as follows:

C L M S-23 Forml ?{")@‘w O—@'R‘ Formula XI
| R—®_{'o O @_R Fomula.XII

R_@-—c_o 0—9 R. ] Formula XIII

R—@‘@COO R_ . Formula XVI
R' CQO@— R‘ | Formula XVIT

(l—-."(.o ) —\—K“ Formila WITT

where each R is independently n-alkyl having up to 7 carbon

atd:s; each R' 1s independently n—a.L‘cyl or n-alko.x-'y haﬁng

up to 7 carbon ztoms, znd each R'' is independently n—-alkqu

having up to 7 carbon atcos, —@- represexis a

trams-_-i,l;—disubsti'tuted cyclohexzane rlng and @ re.,rese:ts
- a bicyclo(2,2,2)octane ring.

6. A composition as claimed in Claim 1 and wherein a chiral

additive is added to the composition and forms up to 1.5% by

weight of the total composition.
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Formula X Formula XI Formula XI| Formula X 11 Formula X Vﬁ”h ?g

Formula XVI Fornulg XVII 'Formula XVI11 where eTﬂ““ﬂ“lE“m nau ently
neval kyl having up to 7 carbon atons, e€ath R i fn-al kyl or
-n-al koxy having up to 7 carbdn atons, and each R' fs nd"epesndent 'y n-al koxy
having up to 7 carbon atons , [err]_represents a trans-1 ,4-disubstituted
cyclohexane ring and . [err] reﬁﬁ@ténts a bicyclo(2,2,2)oct ane ring. 6.
A cefrpositjon as clained in Clajm.1, and wherei q‘chlral a ditive i s added
to the corfposi¥ iSGRPOHHE PB4 Chpined i £oh?hY \?/e’ﬁ"gh‘f 3£ Hde  Giiar conposi ti on.
7. A COrgdast iveOBomprick flbne & robe Chatan @-alywberakexy+ue-chiral additive
conpri.ses one .or .nDre chiral 4-alkyl-or-al koxy-4'- cyanobi phenyls. 8. A
conposi t | S RLIPPEFIXES i n O aj m | and wherein conponent A conprises a
m xt ure ofg, one, or .conpounds <Formul a, 1. _as. s ified in aim |l
t oget her Vit h ‘%ﬁé’mn%;rip?c’iﬁ sofcqﬁ%)t?e?rdfullﬁ Latn sa"? o'lﬂf%\%glz’ doifoddheh

comprises a mixture of one or more compounds of Formula I as

specified in Claim 1 together with the compouhd of Formula 1lla

. CZ Hs—’@_@w’ Pomulé I1Ia

9. A composition as claimed "in Claim 1 and which comprises the

as follows:

following:

i one or more compounds of Formula I and one or more
- compounds of Formula IIltogether forming from 33Z to 45

‘inclusive by weight of the composition;

ii one or more compounds of Formula II as specified in
Claim 1 forming. from 352 to 45% by weight inc}hsive of the ;
composition. ' '

iii one or more compounds selected from Formulae IV to

VIII as specified in Claim 1 forming from 15Z to 30% by

weight inclusive of the composition!

10. A composition as claimed in Claim 1 and wherein the one or
more céﬁpounds of Formula I are one or more compounds selected
froa trans-1-ethyl-4-(-4'-cyanophenyl)cyclohexane and

" trans-T-n-butyl-4(-4'-cyanophenyl)cyclohexane.

11. A composition as claimed in Claim 1 and vherein the one or
more compounds of Formula II are one or more compounds having an

o0dd number of carbon #toms in their n-alkyl groups.



0‘ la Illa 9.. A conposition as clained in Gmﬁﬁ*vvh'reh——é.gn‘prise.s
lff' ‘fol | owi ng: i one or nore conpounds of FogJ"m O, nore-
g¥pounds of Forrmula Il together formng from3 Hm dﬁmﬂ;e by )

wei ght of the conposition; ii one or nore conpounds 6f kordrllid 14 as.
specified in Caim1l formng. frem@®B5%to 45% by wei ght inclusive of the

conposition. iili one or nore conpounds selected fromFormulae IV to VIII- -

+

as speci fildd i& cokpbsdthohOsdMcRg;fd LR, 13%,t 0 30% by wei ght inclusive of t hewr- |

conposi ti gr: ~ A, composition as clainéd®haedasthich eompnilsesei n the one or
mor e corrpgg'ﬁ s&&f’“l‘—‘lﬁ fif&ed camponmmesoin whe esta@ER PLdS, Sl Lgted from
trans- 1- eMajghtd-of - gercenenannenyl g;{ﬂ;olh%gan -and ge oy

trans-1 - nﬁgt&dlé'\-xﬁé-é - cyanopheny )cyce[ oh gom by nat ceameoshan on as cl ai ned
in Caim1l an erelR°tHe%8fe or nore conpounds of Formula Il are one or
mor e conpounds having an odd nunber of carbon atons in their n-alkyl

gr oups. 12. A corrposiéﬁmgn as clainmed in daim |l and which conprises the
fol l owing stated conponefit8°P#Pt he stated pePessthagge by “‘?iqq{%t or

per cent ages which differ therefromby not nore than 1 of T
Conponent | CJ’ﬁrfﬂ@p@%ght _

hely Hq_ 20
- l\~C3H7-®-(O.OC‘S-H”..-n 40
| “'CSHICN' "

¢, s ~Dcoo DLSen

e conposition:

15



)'[err} 13. A conposition as clained in C:IaLmé—aF—vviﬁ"C‘h"’cﬁ’rrT)T’ses

followi ng stated conponents in the stated perce .I“ lE
percent ages whi ch dlffer therefrom by not nore WE\ # “ al orrp05|
» Conponent, : . Percent age by wei enr[¥5 fert]

40 14.. A corrp05|t|on as clained in daim1l and vhich conprises the .
foilowi nt stated conponents in the stated2@ercentage by wei ght or

]gercent ages which differ therefromby not nore than 10% of the conpositi-on:

onent 13. & composﬁ@bﬁeig @Enﬁb& WRiQRkn 15 23] whi2Q E&¥prlises
16 L 15. Acorrp05|t|g£ﬂas clang daiml ndwh h co rlsesthe
fol | owing stated cOfpSREH3RE stehe ﬁ"&?%’be”pér’cfb 59%‘36 percentage by

weight or percentages which differ therefrom by not more than

"1C% of the composition:

Compenent _ Percentage by weight

nCyHg ()< O)~CN 15

| '_‘--C3 Hy "@'CO‘.".@'CSIHW?‘L 40
C:.“f@-cob.-@-@-é—b’ is
e B s

14.. A compositi ca as claimed in Claim 1 and vhich comprises
the following stated components in the stated percentage by

.uexg-xt or pe*‘cen tages which differ therefrom by not more than

10% of the composition: .
Component Percentage by weight
15
C, KL<
. : 3
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. v . .

ht or percentages which dlffer t herefrom by not nore than 10% of ' he

rposi ti on: Conponent Percenmﬂ mm Mw [err]

Acorrp05|t|onasclalrredlnCIalmIandvvhich |l owing. «
s¥at ed conponents in the.stated percentage by wei ght or percent ages whi ch
differ therefromby not nore 'tharp70% of the conposition: Conponent

Per cent age by weight 15 [err] C L M17. A conposition-as clained in™

a ai m.| andi.whl £hedrpbPidioasas k2aimdd QHVI @int Atadd GHIFROESIPrEsdd) t he stat ed""

per cent age ht, or ent a ies whjch.differ theref m not nore than
10% of the %rﬁ&i:"rg‘ﬁ"ﬂﬁ s Fr%cﬁ‘?é’ﬁ nents in Qh stated percen tage by wei ght
15 [err] 18ue:/ghmbi ipRreentdgésivhi el i fet |tthei-emmdb3cmysstxﬁreetlmi ro-optical
di spl ay whi g& ?c htrjﬁdggméo éel ectric substrates at | east one of which is

t ransparent, ancrystal materi al sandw ched between the
substrat es, the nol ecué&[noggl;@ngerrent in the n%%g,ﬁLge by weight

C, He LN - | >
L M- - ®
| h{BHv‘@‘@O‘@{rHlt-m - ®
;"Cs H '®'('°°14 | .. 20

C,_H,- H O'O-O@—CN | h o

(DD

16. A corpos:.t:.on as claimed in Claim 1 and vhich comprises
the fo" lowing stated components in the.stated percentage by
weight or perc_e!_ztages which differ therefrom by not more than

0% of the composition:

Component _ © Percentage by weight

15

HD@en
n-chag-@-®—0~l R »
2-C.H, —@’C"O‘@‘Cs”?““' 0
n-c8,, {4 B
T o czns—@)-CQO'@'w' '15.



L3

¥ obei hg such as to give the twisted nematic eff '- ; on t hg

. ihne[,surlaces of the substrates for applying ' = actoss th
tiguid crystal material, the el ectrodes being ﬂ [mﬂ! ﬁ@ !&n.whereby
. -the electric fields are artlicable in a nultip L 'O, erein the

i mproverient conprises the liquid crystal material being the conposition
claimed in daim1l. . o
7 o — T . ~29%~

~

17. A composition as claimed in Claim 1 and which comprieges
the following stated components in the stated percentage by
vgight-or percentages which differ thereirom by not more than

- 10% of the composition:

Component ' Percentage by weight

c235"<°__, o | 5 |

| €A5 °0.° cN 3

1 18. 4 multiplexed twisted nesatic liquid crystal eleﬁtro—optical
display which inqlndes two dielectric substrates';t least one of
which is tranép%reﬁt, a film of liguid crystal materiesl sandwiched

“between the substfates, the molecular arrangement in the material
being such as to give the twisted nematic effect, and electrodes
on the innef surfaces of the Qubstrates for applying electric
fields across the licuid crystal material, the electrodes being

. iz a configuration whereby the electric fields are zprliczble in
2 multipiexed fashion, wherein the improvement comprises the

liguid crystal material being the composition claimed in Claim 1.




