LI QUI D- CRYSTAL M XTURES AND DI SPLAYS 5 Thé+ nvgefnti.‘on relat'es to a
liquid-crystal nmixture based on medi um polarity conpounds'of the "= __
superfluorinated liquid-crystal material (SFM type:-and to a i Itg—@&{st(a'ﬂ
di spl ay based on a twi sted nematic cell and having - two substrates
provided with el ectrode | ayers and alignnent |ayers thereon and, with a
frame, formng a cell, 10 a nematic liquid-crystal m xture, based
on nediumpolarity C conpounds of the SFMtype and having positive
di el ectric ani sotropy present LIQUIDRERYSTAL ,MEXTURES AND DISPEAYsangl e of tHé
l.iquid-crystal layer in the cell with a value of between 0 and [err] »r.om
alignnent layer to alignnent |ayer. 15 ' The termtw sted
nematic cell is broadly drawn here and includes cells having a
dielectrically positive, twsted nematic |iquid-crystal |ayer having a
twi st angle of O < [err] [err]. Liquid-crystal cells having tw st angles
[err] of Between abdiBe jsventiomdeiiatéd tar® 14guadlcyyst i dcureNb2Red on
(tw sted nematic) cells; the structure of such cells is described, for
exanpl e, in Themesdiumpolatityucenpounds if'stheCsuperflayrimted liqoupd-crystal
Li qui d-cryst al ayd ngl es L r fally called
SRLLPLAL L) Wb " Bl ol Pl MR e

STN (super- tw sted nenatic) Ce | Owtw sted 25
nenatic) cel |l hd¥igkashnemaidssel) And baying 503 for cells where [err] <

[eLr] L A short glescrtiﬂat fmwat&ﬂﬁrdirﬁddawzﬂ el@gitrode ldyers andanpl e, | nkB. S.
Scheubl e, Liquid Cry, .S ' Hi I r et , akte
1/89, pp. 34-38, O S B %@‘% théroh &%’T e&ngn%%’lc?% 8 & ?%

m xture is, posi i one ngpatice hiquidnpbrystal cxixtuoei dededionhmedizmt-pal@ritayer s (ﬂ

and alig nt | ayer - dnp&irfizNof he B tyPe fd'tﬁnﬁavifx@rﬂaéﬁi@e Blehecthhie term

nematic is broadly drawn here and al so
anisotropy present in the cell, and

- . a twist angle of the 1iquid-.-cr'ystal layer in the cell with
a value of between 0° and 600° from aligrmment layer to

alignment layer.

15 " The term twisted nematic cell is broadly drawn
here and includes cells having a dielectrically positive,
twisted nematic liquid-crystal layer having a twist angle
of 0 < 9 < 600°. Liquid-crystal cells having twist angles
9 of between about 80° and 100° are usually known as TN

20 (twisted nematic) 'cells; the structure of such cells is
described, for example, in Thermotropic Liquid Crystals, .
G.W. Gray ([ed.], pp..77 £f. Liquid-crystal cells having
twist angles & > 100° are generally called STN (super-
twisted nematic) cells, while the term LTN (low-twisted

25 nematic) cell has been proposed in P 40 10 503 for cells

' where o < 80°. A short description of STN displays is
given, for example, in B.S. Scheuble, Liquid Crystal
Displays with High Information Céntent, Kontakte 1/89,
pPp. 34-38, Darmstadt.

30 The nematic liquid-crystal mixture is pésitioned
between 2 substrates provided with electrode layers and
alignment layers thereon and, with a frame, forming a
cell. The term nematic is broadly drawn here and also
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-2 -.includes nematic-cholesteric |iquid-crystal mxtures. The
Liquid-crystal displays according ‘to the invention can be addressed
statically. In this case, one of the two_.ehectrode |ayers is usually
segnent ed, each 5 segnment being provided with a separate supply Iine,
whi |l e the ot her rodels in th of a | e- area
count er el ect rod’é1 ‘&é e o“?% %@aiﬁ%%ﬁi%ff§%ﬁnip¥¥%%%fdg{§§ur%ﬁfy
stati c addressing i s gertes alliyydiebayrstfa r ddspaa9310accordﬂhgl PtEX the

gldg:oleay %aC??\g a re‘?iatlv‘g?%q{wHa ﬁ?&ﬁééﬁ |naf orma Honcfélo rﬁ]cqbe't %Secgfse

of passive mul t‘?ﬁolE&eaﬂﬂpemér%%ﬂﬁx%%oﬁrvguhblﬁ gegmentedy jeach
def{ Eed tbyh p sI g agsgnEnt m?h m&hew&tngg gaigé%p by lind) Qﬂﬁll:eeads
on the other e r : s mafrix is a rsse. ap eneral Iy
conpl ex vol tage%é’&ﬂ'ﬁﬁ "s"‘éﬁ#e r%‘ %C& i arge-
descri bed, foramaarqmmtereiﬁtﬂ@deko Li quid Cryst al Displays, KITK

Scientific Publishers, glakyo éﬁgﬁ | \%B% | felzé)f S“W%-’Ehlénggy rSQatrast,

if an active matrix is used he 'l ynonllnear

addr essi ng el ef@RY ﬁﬁaégi@taéisineﬁsenq\éepumeram Aessi prefezned,moands
used to g oduceadlfﬁﬂcax \asdwsrslﬁxgrmashgaﬁe;am DHECBHE 41U 1 SHd elﬁﬁent s
havi ng 2 connectlon,s E Ing‘h varistors or di odes f

exanpl e M M = RATHLC oF fecape $Riayg shaving a relative y

ni tride/indi umhiigh @m dﬁ)gh iinfloarntatd aro danteart e |Iemthies claze ©f Passive

Cyoss are di oo Raan iy bk e’*Ji#fgf,%ﬁ?%i%&émp*%%%ﬁ%0%580% L TN

used. Wien nonidefdmed |Mt%emﬁ eadgnpBcenenelastroded angniay bask-

connectingn is el h.)éaﬁ%ceéﬁarﬁ/hé Orotil'fa&_ ceugberslact r'PRes ikkti©iqt h@.s
counterel ectro d us%il | o scanned i rl t he caie of gctive matri x
addresse b}l ying generally complex voltage programs

addr essi ng’
to segment a_nd backplane 1leads, as described, for

example, in E. Kaneko, Liquid Crystsl Displays, KTK
Scientific Publishers, Tokyo, 1978, chapter 4.

20 - . By contrast, if an active matrix is used the
individual pixel is switched by nonlinear addressing
elements integrated into the pixel. The nonlinear ele-
ments used to produce the active matrix may have 2 or 3

. . connections. The elements having 2 connections are, for

25 example, varistors or diodes (for example MIM = metal-
insulator—metal, MSI = metal/silicon nitride/indium-tin
oxide), while the nonlinear elements having 3 connections
are ge'nera'-lly thin-film transistors (TFTs), of which
several types are discussed, differing through the

30 semiconductor material used.

When nonlinear elements having 3 connections are
used, only one connection is generally necessary for the
counterelectrode, while the counterelectrode is usually
also scanned in the case of active matrix addressing

35 based on elements having 2 connections.

Further details on the addressing of liquid-
crystal displays by an active matrix of nonlinear
elements is given, for example, in A.H. Firester, SID,
1987, Society for Information Display Seminar 5: Active



35 . based on el enments having 2 connections. Further details on the
.addressing of liquid- crystal displ ays by an active matrix of, nonlinear
- elements is given, for exanple, in A H. Ricester, SID, 1987, Soci ety for
| nformation Display Sem nar 5: ‘Acti ve - 3.- Mtrices f or Liquid

Crystals, fur ery |n E Kan ta | ays, KTK Scientific
Publ i shers Tor&A ggﬁhiéhaes{% San u?':*(}?'é)’f? MR KBol IKangkay a /_ys
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articul ar alRiPREANS hiHRLAHRe¥Ic 3286 6-PPandtbafifi-hi gh UV and heat
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stabil'igy of the specede Qikfrid cﬁywaatsan@@d Ihi ﬁwlﬁtednn&ﬁétiél&é!ls of -
crucial inportance for cells add‘(:essedtb?é%‘?reans of . active matrix, which

i s associ at ed™i¥h the tioh: *Qadh cEanges ¢ fe Bigh e
nonl i near el enedaring epolintasand r davesmatd ea vahaest i fax | che vd»pt:h:a]s
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the pivgel is feasivdarie ) mhiwe J.%Qxinaﬁﬂf:eicuibﬂg éf%ﬁxcfanlﬂﬁ%dfﬁﬂé@
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T o L FFRRLL B 806ed Ty meBRB, b A SN A4S R |
vol t age over ias mseacﬁatetdwwnmadtdheeiae& thateeanh pimehpml'ehi m:dpmge a
gFt ,hogol;n(‘)rergﬁ%:erﬁ olcdg% sd%lﬁ‘é of% e%u%%%erenc%%ﬁl qui det \.J
Crystals, Fre [RRRRAYGEY e 1oad which is charged 1n the rhythm of
15 addressing cycle. The blocking resistance of these
elemental 'cap_acitors. must be as high as possible so that
the voltage applied to an addressed pixel only drops a
little before the pixel is recharged in the next addres-
sing cycle. A quantitative measure of the drop in voltage
20 applied to a pixel is the so-called holding ratio (HR),
which is defined as the ratio between the drop in voltage
over a pixel in the unaddressed state and the applied
voltage; a method for determining the HR is indicated,
for example, in Rieger, B. et al., Conference Proceedings
25 of the Freiburg Conference on Liquid Crystals, Freiburg
1990.

It has been shown that liquid-crystal compounds
of the SFM type (superfluorinated liquid-crystal mate-
rials, see, for example, H.J. Plach et al., EBurodisplay
30 90) generally satisfy the requirement for high specific

resistance and for high heat and UV stability of the

specific resistance to a particular extent, while liquid-
crystal compounds containing a terminal cyano group have
significantly poorer heat and UV stability. SFM compounds

35 contain a terminal group
(F),

(o)

in which B is, for example, F, Cl, OCF,;, OCHF,, CF;, C,F;



It has been shown that |iquid-crystal conpounds of the SPMtype' :

(superfluorinated |iquid-crystal ,mate- rials, see, for exanple, HJ. Plach
et 7al., Eurodisplay 30 90) general ly sati4gsfy the requirenent for high

specific resistance and for high heat and UV stability of the specific

resistance to a rt ar _ext , i le liguid- st al ou

containing a terp #Ellgﬁanﬁnér gg% h%EPS?BX???EaﬁPPé pa¥r éﬁnﬁ@ g;‘ﬁﬁr’cﬂ)“
st abi l4~ty. SFM coﬁpdundsp&liyfluorbnaa'ed brter 043l group [err] [err] in

whi ch-B=i's, for exanple, rr I : _r

and the' 1, 4- phenyl ene ri n@%"éﬁ ﬂi%*fiﬁodrr* if %1"9' nyUOI’I nat eﬁé#
0-4). Although |i¢PRBOURGSt Mene xeniginablyd daveslmedmﬁoun@cm matrix
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materials has in e neantlne | so been di scussed pass) ve
mul tipl exed TN, LIRPRFRSTR §§’s$’lﬁﬁ>“ RSged; |f°€xcﬂﬁﬁ%h‘fe%¥ aBPi-'Fi-Elexed
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from bot h technolwwe%ﬂé%ﬁm i&kcation apd

requirement of |ifnidogtysSEalr he L&ﬁvﬂfqedeléctﬂbﬁieﬁ wtffecﬁfédﬁly Sbe

tha’r t hey nust hayv cehieo\\r'\:/a&/ %(iros'r%ucinléest n Orgxesholg(:h Igaag?rttwisted

e nematic cells which have a low threshold voltage and high

.15 UV and heat stability are highly desirable from both
technological and economical .pdints of view.

_ . A further important requirement of liquid-crystal
mixtures used in twisted nematic cells is that they must
have low viscosity values .m order to achieve short

20 response times. '

The object of the present invention was to
provide nematic liquid-crystal mixtures which are charac-
terised, in particular, by advantageous viscosity values
in addition to high stability, a large mesogenic range,

25 a high clearing point and advantageous values for the
L optical anisotropy, and, when used in a twisted nematic
- cell, are characterised by advantageous values for the

threshold voltage and the response times.

This object is achieved by the liguid-crystal mixtures

30
and the liquid-crystal displays according to the
invention.

35 According to a first aspect of the invention, there is

provided a nematic liquid-crystal mixture based on
medium-polarity compounds of the SFM type, which are
selected so that the mixture has a viscosity at

1

20°C of less than 30 mm® s~ and has a value of



.20 response tinmes. The object of the present.inVentidn was tp provide
nemati ¢ |iquid-crystal mxtures mhich_ggg_chayac- terised, in particular,
by advant ageous viscosity values in addition to high stability, a large
nmesogeni ¢ range, 25 a high clearing point and advant ageous val ues for
the optical anisotropy, and, when used in a twi sted nematic cell, are
characterized by advant ageous values for the threshold voltage and the
response tinmes. This &ject is achieved by the liquid-crystal m xtures-30
and the |iquid-crystat—disspgl.®s according to the invention. 35 .
According to a first dspect of the invention, there is provided a nendw’c
| i quid-crystal nEgtug 3 + j arity conpounds of the SFMtype,
which are sel ected soﬁfﬁg?%%%ﬁn%cgu%g’}eggf%iww R [err] of less
than 30 [err] and has a val ue of - 5 - for the quotient of the Frank

constant K [err] [err] and t ez kel ectric ani sobrepy [err] [err] [err] when-

used in a TN cell [egrk m@eg

rrlegh S twi st angle inrad, d is the .
| ayer thick- ness in [err}], i th[etaﬁi%gﬁzlgngm_ ]pm and [err] and[err]

are the elastic constants fo\'8hlay, twist and Ben® in [err]. The invention

also relates to a liquid-crystal display based on a tw.sted nematic cel

d havi
an avi ng and the dielectric anisotropy a¢

be = e - ¢

when used in’a_rN cell (9 = dfp << 1)

N A

K
-— < 1.5
Ae '
where.o-is the twist angle in rad, d is the layer thick-
Ness in um, p is the pitch 'length in pm and K, K,, and K,
3

are the elastic const : : :
10y, nstants for sp}ay, twist and bend in

The invention also relates to a liquid-crystal diéplay

based on a twisted nématic cell and having

LJ
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“ Ba - - two substrates provided with el ectrode stayefs andialignient |ayers

thereon and, with a frame, fornming'a cell, 5 - a nematic
| i quid-crystal m xture having positive dielectric anisotropy present in the
cell, and - a twist angle of the liquid-crystal layer in the cell with a

val ue of between [err] and [err] 10 -~ s5a - fromalignnent |ayer to
alignnent | ayer, characterized in that the nematic |liquid-crystal m xture
is anematic liquid-crystal mxture in accordance with the first aspect of
the i myention, or 15 any of its enbodinents as hereinafter disclosed.
The invention is based on the know edge that, in order to achieve a | ow
threshol d voltage, the |iquid-crystal conpounds nust be selected to that
the elasti-c 20 constants and the dielectric anisotropy of the

liquid-crystal mxture are optim zed. par anet er mhlch takes |nto
account both the etastye ﬁPBEEFPFB§ Hﬁﬂv%ﬂéddW@Fbc?ﬁF€t§P6&e

mediumis the quotien err ot ned fro the Fra er C nstant err and
the dielectric anisot?%é ]EPYFFE ghe re°ﬁe8PHW1 ?ﬁe % As 4

constants J[err] and_|[ Fh are preferably neasured by the nethod descri bed
in A Beyer, U Flnkeﬁzgﬁ , Physical Properties of Liquid Crystals, VI:

El astic Constants, The Merck Goup Liquid Crystal Newsletter No. 7,

February 91, Darnstadt. 10 It has been found that SFM

coapounds which  _ 5 pnematic liquid-crystal mixture having positive
dielectric anisotropy present in the cell, and
U, .
- a twist angle of the liquid-crystal layer in the
cell with.a value of between 0° and 600°

10 frbm alignment layer to alignment layer,

characterized in that the nematic liguid-crystal
mixture is a nematic liquid-crystal mixture in
‘accordance with the first aspect of the invention, or

15 any of its embodiments as hereinafter disclosed.

The invention is based en the knoﬁledge that, in order
to achieve a low threshold voltage, the liquid-crystal
compounds must be selected to that the elastic

200  constants and the dielectric anisotropy of the

liquid-crystal mixture are optimized.



contain a termnal group of the formula (Gl) [err] (Gl)
~in which [err] is [err] or [err], 15" frequently have relatively high
- values for the elastic constants, in particular for [err] and[err]. Thus,
for exanple, the follow ng el astic const &nts have been neasured ([err]) for
[err] 20 [err] = 20.9 [err] N[err] = 11. O [err] N
[err]. = 33.7 . [eAr paaietiexr whbohuertakgsndintosacddent obatrqeake! y
conpensate t | ALl kO al.yes ..fqr el asti ._.constants.
Chrough the VATTEELS FEPESHYLBENANN" HE® aselockald! HrctReniea 02 S 0b. <o
that the proptediwm ofs campuraretdiantai R/dg afosmednafremouhq GFrank the
diquid-crystatondednt eX 2aed dehe t@iblectrventditdtrdpef gkakdy Rgle t 00
high a in par#cul ar ies Ieis ;_'han 5 %tThg dIE| ectric 30 ani_sot r opy
for the abovalgFti®ned™RBrpBLABLAS [EPPPtangs) Rpy K r 20 Epv @5%pounds
contai ni ng a peefersblyrmeapsifid by thé mefhod|déd)ibbéd itiA.nBelyeah [err]
Is Cl, F,[err ' arq : e fr léﬁrﬁ ract eri sed
by favourabl e&'\/gﬁs%@éé%%?iFﬁg'e%ggg#ga%%rs(?gﬁf%%% of l?ﬂi{?ﬂi Q%&%ﬁl og )
m xture conpr¥Et n§laetdco,Gongeants oy They Meupk ereupoLiquids Crystal
[err]-Cyc- yndher Sttér Mo % oFebthblky- $1§- BiembEEed8E- F

10 It has been found that SFM compounds which

contain a terminal group of the formula (G1)

- 0 )-At {Gl)

in which A! is -OCF, or -CF,, _

15 frequently have relatively high values for the elastic

constants, in particular for K,, and K,. Thus, for

example, the following elastic constants have been
measured (at T,,,= 0.715) for
H,C;-Cyc-Cyc-Phe-OCF,.F3

20 Ky =  20.9 - 1002 N | <
11.0 - 102 N
Kiz = 33.7 . 107% N
) It is frequently not possible to adequately
compensate these relatively high values for elastic
25 - constants through the values for A¢, which are freguently
also relatively high, so that the proportion of compounds
containing a terminal group (G1) in' the liquid-crystal
mixtures according to the invention is preferably not too
high and in particular is less than 5 %. The dielectric
30 anisotropy for the abovementioned compound is Ae¢ = 8.1.
By contrast, SFM compounds containing a terminal
group (G2) ’

g
]



has, for exanple, the foIIowr ng physical pararreters: 10 [err]
= 3.6 [err] 5.4 [err] N.[err] 3.9 [Jerr] N

(Tred = 0.950) [err] = 8.6 [err] NFZr .a TN cell filled with this
mxture [err] [err] [err] this gives a val ue of

[err] = 1.6. [err] SFM conpounds whi ch KontaFn a structural elenment of the
formula (&) frequently have relatively Iow 'values for [err] in addition to
the favourable values for the elastic copstants. The proportion of such
conpoungs in 20 m xt ures accordi ng eAz nvention is therefor &2
prefer- "ably not too high and is in part ar not greater than 65(%¢dnd
very particularly not greater than 50 %/ Th\s, Use Exanple 2 of EP 0 387
032 describes a |iquid-crystal mxture}.pbt ai ﬂed by addl ng 25 15.0
% of [err] to a base mixture conpri 3 %of [err] 33.3 % of
[err] 33.3 % oft?} SFHChIA g E:%hof'd 9§bt%ﬁeoc%a§ﬂr ParticulaR €41 PT By the

m xture ehenifrestpdantaddich@rhettelrised bpefdvcerdbld Wadues Zox2tWe This”
h| gh val ue for t% threcshol voltage is attributable to the fact that the
proportion by g% YGRS cont ai ni ng the structural elenents (&)
in this #xture is 85 %MQJ@Q Imdsxtusee eqpprising

60.0 % of H;C,-Cyc-Cyc-Phe.3F-F
20.0 % of H,C;~-Cyc-Cyc-Phe,3F-F
20.0 % of H,-Cyc-Cyc-Phe.3F-F

has, for example, the following physical parameters:
10 ae = 3.6
Kll = 504 M 10-12 N
Ky, = 3.9 . 102 N - (Treq = 0.950)
'Kaa sl = 8.6 . 10-12 N
For a TN cell filled with this mixture
n d : _ '
(0 ==, —<< ) -
2 p K
15 this gives a value of — = 1.6.
Ae
W

SFM compounds which contain a structural element
of the formula (G2) frequently have relatively low values
for Ae¢ in addition to the favourable values for the
elasfic constants. The proportion of such compounds in

20 mixtures according to the invention is therefore prefer-

ably not too high and is in particular not greater than

65 % and very particularly not greater than 50 %. Thus,

- Use Example 2 of EP 0 387 032 describes a liquid-crystal
mixture obtained by adding

25 15.0 % of H,C;-Cyc~-Cyc-Phe.3FS5F-F

to a base mixture comprising



10 Particularly preferred constituents of |iquid- crystal

m xtures according to the invention are SFM conpounds which gontain a
termnal group (G3) [err] (G3) [err] iD g\/ruch [err] and [err]
;independently of one another, are H or F, and [err] is F, C1, [err]

“or [err]. Particul reference s ve 0 crystal m Xt ures
cont ai ni ng one or %{)‘ri %&éd&ﬁd@cmﬁc%}ﬁaﬁﬁg pol ar group of the fornula
(GB) where [err]. 3131&& %tdﬂa H,cLJ-oycngthéo@'Sﬂ-)a ure, conprising 20.

33.7 %of [err]- Cvg3 6l of: I L] - Cyc- Phe- Phe. [errj*;,dE has
t he fo(l)lovvr ng physr ca par ane‘t‘ ch%@c‘[gl%e] BFL'S? 5 1 [err] 25

slerr] = 2.6 [err] N (Tred= 0.950) [err] = 4.9
3[?% 1 N : The tthEﬂoﬁa volta ge, '\'ﬁéééxﬂgecpoﬁ.ﬁt d orn] celll§r raf thet9 - Lf
i fl uorpophenyl .conpou use |cu rtion
wei ght %of thé%je’&c‘b'r%o?}?ﬁ?gp ‘?TP&W qq‘lﬂ‘-’d tqw k’gﬁeegﬂggg%% Sg?o t he d
i nvention of lsassetneirxttuysen iB5 2%32i N.pZhis chiigh vgﬂem dox ithe 2bréshoids )
referred, dr Cr e h t b
herant of o Aoltdy HE AELAILRABLECE, hE N E00 Chix TBRE PRBBoERICH"

Li qui d- cryst By meéqhtegfmﬁp@aoeaﬁﬁaeﬂnmmmttm]etwewrac,l ehEmEALS

tricycl :CC 3, 4(%’ t{%fimm@ 18#5 v drd/ds thus tdd &fjn.g‘lﬁw shed by
10 avourable digl el (i farfypreedithd 2R i0ehts" Vs Wauid-
crystal mixtures according to the invention are SFM

compounds which contain a terminal group (G3)

T! F

3
Lo Nops (G3)

T? F _
in which T' and T?, independently of one another, are H or
15 F, and A* is P, Cl, CFs, OCF,, C,Fs or OC,F;.
Particular preference is given to liquid-crystal
mixtures containing one or more compounds which contain
a polar group of the formula (G3) where A® = F. Thus, the
following homolog mixture, comprising

20 33.7 % of H,C;-Cyc-Phe-Phe.3F5F-F
66.3 $ of H,,C,~Cyc-Phe-Phe.3F5F-F

has the following physical parameters:

Ae = 7.4
Ky = 4.1 . 10% N . :
25 Ky o= 2.6 - 1002 N _ (Trea = 0.950)
Kas = 4.9 . 10-12 N
K
- = 0.54
Ae

30 Melting point T, = -7°C



advant ageous vi scosity values. The proportion by weight of
3,4,5:trifluorobenz- erie derivativés in'the liquid-crystal mxture may fre-
guently al so be greater than 30 % and ingsone cases 15 | i qui d-crystal
mixtures which conprise nore than 50 % or even nore than 60 % of
3,4,5-trifluorobenzene derivatives are particularly preferred. If

3, 5-di fl uor o-4-chl orobenzene derivatives and '

3,5-difl -4-trifl t ' IV 20 d, th
ot oportEbn by el oht orEr pasg Sreeat SR EphehTY |Compdlitis Care wBR A€
according to tPRFFIGREIATEY higharopantiqnedy wedghkl ?faﬁ’%e%ﬁ Sonindht

i gpr ovegent I nid hﬂxepuane{ﬂd-@&-ﬁtoauh?ft&tﬁ&ﬁ:bbnac&b&aghq t6 tHequRiE %’ion _
observed even: S n o of _these.conpounds._are ; ed.
However, i qui%ﬁ]%ésaf%r ré}%rbglgs ‘dc&&r BFﬁgiFBEBﬁegFﬁegﬁf [ %ﬁaW%ﬂéj'coﬁﬁ ain .
nore thah 15 oprefeyredi andil iquid-crystal sixterespwhichutontaimmare han
25 % of 3,5- @ifd upkogd I zZgge dar ieyatd - ’
4-trifluor onetﬂ?)%(é/bg%zgneﬁy.' ‘Péde$| va??vgs'q'ls g"rrrlei\ﬁ%\??%?h%lﬁ %dg‘gﬁ%%)arl y
preferred her A¥@RPanfiigularly prefrrres vEigquadgRrEespd Mmixiares Wikight of

t hese conpoundsomfairwr&tt leas40 dheansidycticiuand! ynparddieycdiley 34 red.

corpr 1 o ng 35 ErLiTHotbhAREbETT USRI | ULED IR R Ty
the fol}®w ng froparable: dielgctric amil| @kystic constantizrEnd ey =
3.8 .[err]  advadtdgébus Wwfabsfty values.[er1] = 7.4 .[err]

L : The proportion by weight of 3,4,5-trifluorobenz-
ene derivatives in the liquid-crystal mixture may fre-
quently also be greater than 30 %, and in some cases

15 liquid-crystal mixtures which comprise more than 50 % or
even more than 60 % of 3,4,5-trifluorobenzene derivatives
are particularly preferred.

If 3,5-diflﬁ6ro-4-chlorobenzene derivatives and

. 3;5-difluoro-4-trifluoromethoxybenzene derivatives are

20 used, the proportion by weight of these éompourids in the
liquid-crystal mixtures according to the invention is
generally less crucial, and a significant improvement in

the properties of the starting mixture is frequently
ocbserved even when less than 15 $ of these compounds are

w 25 added. However, liquid-crystal mixtures according to the
invention which contain more than 15 &, in particular
more than 20! %, very particularly more than 25 %, of 3,5-
'difluoro-4-chlorobenzene derivatives and/or 3,5-difluoro-
4—t£ifluoromethox'yben-zen'e' '~ derivatives ‘are  very

30 particularly preferred here too.

Mixtures containing very high proportions by
weight of these compounds of more than 40 % are fre-
quently particularly preferred. An example which may be
mentioned is the following homolog mixture, comprising

35 - 41.0 % of H,C;-Cyc-Phe-Phe.3F5F-Cl
. 66.3 % of H,,C;~Cyc-Phe~Phe.3F5F-Cl



Clearing point [err]=[err] [err] = 0.63. It has furthernore been found
.that*3,5-difluoro- 4-trifluoronethoxy derivatives are characterised by
i0 particularly favourable values for_jhe dielectric aniso- tropy and
the viscosity, while these conpounds fréqﬁ nfly have somewhat |ess
favourabl e values for the elastic constants conpared with -
3,4,5-trifluorehénhchasdtheviclliowbng prépeirtiiesso- 5-chl or obenzene
derivatives and 3,5- 15 = difluoro-4-trifluoronethyl derivatives. The
proportion by weight of 3,5-difluoro-4-trifluoronmethoxybenzene derivag™
tives in the |iqui d2€rystal nm®xPure is preferably not too high and is in
garticular |ess thagr,30 &, v®[8 papdfduNy larly not greater than 20 %

Particular preferenge is_20 gi vep-ko, | i quid-crystal mixtures containing

between 5 % and 15 33201* 3, 5- d?f?ubrgm-ﬁ’ifl uor orrﬁlrhdxy Og%%ounds for )

i nprovi My the viscoBjty and b2ideenl8 ¥ Bnd 45 % of one or nore conpounds

containing a struct £ ) ye€q [err] is F, CL, [err],
E18ksthg Boind H) 1agty ot [

[err]or[err] for op% ectric and el astic properties.
Particularly preferfédectnsti®udts of the |iquid-crystal mixtures
according to the invention are furthernore SFM conpounds which contain one
of the followng term

(G3-3) H FF 9%;' "C%%‘?”S‘#ﬁemﬁrgﬁwﬁgin[ fepnd; thak Jufrdbbiuerve.
Surprisingly, #t+tniflberométheoxythdexivetiivessh-are characterised by
10 particularly favourable values for the dielectric aniso-
tropy and the-yiscosity, while these compounds frequently ;;
have somewhat less favourable values for the elastic
constants compared with 3,4,5-trifluorobenzene deriva-
tives, 3,sqdifluoro—S-chlorobehzene derivatives and 3,5~
15 difluoro-4-trifluoromethyl derivatives. The proportion by
weight of 3,5-difluoro-4~trifluoromethoxybenzene deriva-
tives in the liquid-crystal mixture is preferably not too
- high and is in particular less than 30 %, very particu-
larly not greater than 20 %. Particular preference is
20 given to liquid-crystal mixtures containing between 5 %
and 15 % of 3,S-difluoro-A-trifluoromethoxy'cbmpounds for
improving the viscosity and between 5 % and 45 % of one
or more compounds containing a structural element (G3) in
which A’ is F, Cl, CF,, C,Fs or OC,F; for optimising the g
25 dielectric and elastic properties.

Particularly preferred constituents of the
liquid-crystal mixtures according to the invention are
furthermore - SFM compounds which contain one of the
following terminal groups

30 . - - (G3-3)



ol d vol tage of the liquid-crystal displays according to 5 the inventi-on
can frequently be significantly i npproved nerely on addition of relatively
smal | anounts of greater than 5 % and in pgrticular greater than 10 % of
ORe or nore conpounds containing one of the structural elements (G3-3) or
(G3-4). However, the proportion by weight of gl0 t hese conpounds in the
l'iquid-crystal n1xtures according to thq\lnv ntion is preferably greater
than 12:% in particular greater than 15 very particularly not(d3esg than
20 % #ﬁﬁtlcularly preferred constitug Qs the 15 l'i quid-crysta
m xtures according to the invention are her nore SFM conpounds whi ch
contain a non-termnal group of the formfla\ &) [err] (&) [err] where at

| east one of the radicals [err] and [erg] i's and the 20 ot her radi cal
is Hor F. Particular,preference is given tothe |liquid- crystal mxtures
whi ch contain 3“563%?0f %n%soﬁeﬁﬁPE d:8RBF¥8nds containing a structural
element (&) and sinul sarpedslinglygs % dasoheen fouml ahawwis theeish-ni g -

or mor e compodRie YAIARUE of FHe L GMIT-CEYRER FEbLagE ACSTatRE T one
cont ai ni fig t hetder dnwentiidreacanefrequentdy) kedsignpficaotilyr ipgZpveds)
and whi ch havegy @r\é@kusnfaadieiah of rei@tiv&@y%éﬂ'ﬁﬁ&uﬁi@'bégi\e%‘éf n

partlcul ar less are preferred. Particul ar pre erence | Iven to

liquid- crystafh@gixdureaithells Parfficudar greater jhan clfap RﬁeP@e or

more compounds containing one of the structural elements
(G3-3) or (G3-4). However, the proportion by weight of

\

10 these compounds in the liquid-crystal mixtures according
to the invention is preférably greater than 12 %, in
. particular greater- -than 15 %, very particularly not less
than 20 %. '
. Particularly preferred constituents of the
15 liquid-crystal mixtures according to the invention are
furthermore SFM compounds which contain a non-terminal
group of the formula (G4) '
T3 F
(G4)
- 0 -
H T

where at least one of the radicals T® and T' is F and the
20 other radical is H or F.

Particular preference is given to the liquid-
crystal mixtures which contain 5-50 % of one or moxre
compounds containing a structural element (G2) and
simultaneously 5-65 % of one or more compounds containing

25 a structural element (G3).

Liquid-crystal mixtures which contain one or more
compounds selected from the group comprising SFM com-
pounds containing the structural features (Gl)-(G4) and
in particular (G2)-(G4) and which have a value for R/ae



[err] is < 1.1, and very particularly where [err] is < 1.0. 5

-Very particular preference is furtheriore gl ven to liquid-crystal mxtures
based on conpounds of the formula | [er rﬂ in which 10 [err]

i{s an al kyl, al koxy, oxaal kyl or al kenyl”‘fadi cal having 1-10 carbon atons
which is unsubstltut ed or at |east nonosubstituted by hal ogen, n

is 0 or 1, 1which cig|lesg fbap 1.5 and nimppagEicniass leas shanhdr.3 are

[err], -COO areOge ﬂ@tﬁédﬂ'Eﬂﬁtﬂuulhr[§¥éﬂeiﬂﬁhé€¥§]given td ndemgedent | y

of one anot her depe one. anot &%
are trans-1, %aﬁ'h téﬂrgslwglfr%&fl‘eﬁg 2P go X% par el et
fluoro-1, 4- pﬂdmyl dse< lod, asdfvevyoparticphen}yewberark/ondoi 1.0.

~and is alternativ 2 Yhaigm [

enesd 3l oxane- Q}%Eydl af’ﬁ’fi&&df% pﬁeg%bncg i f%&@.ﬁe%mgf_:g élfv%[r\e”] or
[err], and whcchlhgwid aCFXFGélf JrixEnrgs obaseds enafompouads | @f pahe cul ar

| ess than 1. ?{*orﬁm]_arqasons of sinplicity below, Phe is 1, 4- - 13 -
phenyl ene, Phe.2F is 2-fluoro-1, 4-phenylene, Phe.3F is 3-

fl uoro-1, 4- phenyl ene, q/c S trans 1, 4- cyclohexyl ene, Diois
translSdloxane25d|yI pyrlmd 25 | #/aBd Pyd is

pyri di ne-2, 5-diyl, thetvvoa,b ‘ @ d each govering
the two possi bl e p05|t|ona F’ur mgre e F) denotes$ a

1, 4- phenyl ene

in which
10 R - is an alkyl, alkoxy, oxaalkyl or alkenyl
radical having 1-10 carbon atoms which is
unsubstituted or at least monosubstituted
by halogen,
n : : is 0 or 1,
15 2! and 2%, independently of one another, are -CH,CH,~,
-CO0-, -0CO- or a single bond,
5 and TS, independently of one another, are H or F,

-- and --' , independently of one another, are
trans-1,4-cyclohexylene, 1,4~-phenylene, 2-
20 fluoro-1,4-phenylene "or  3-fluoro-1,4-
. phenylene, and one of -- and -@-
is  alternatively pyridine-2,5-diyl,
pyrimidine-2,5~diyl or trans-1,3-dioxane-
2,5-diyl, and

25 X is F, C1, OCF,; or CF,,
and which have a value for K/Ae¢ of less ‘than 1.3 and in

particular less than 1.2.
For reasons of simplicity below, Phe is 1,4-



‘group which is unsubstituted or 2- or 3-nonofluorinated. Phe.3F is a
~3-nonof | uori nated 1, 4- phenyl ene group, ‘and Phe.2F and Phe. 5F have

- correspondi ng nmeani ngs; Phe. 3F5F 10 - dgnQtes a 3,5-disubstituted

1, 4- phenyl ene group, mhile Phe.[err] is a 2, 3- difluorinated 1, 4- phenyl ene

4 .
?eiﬁfngi oi | PRt s BhdiE %'p%ﬁs'&@%éﬁpé%cﬁrlﬁﬂggi&%ﬂ%g aur 355520

:c_l qui E;;rylstzalf]modctﬂ-rmr-cphﬁ. : lrurmg, myg bs tERPHrfs-bi,cA/-cd_ y@lol&myldués D.Qé t he
I(Z)rrlmR- Cyc- [e:"r tkﬁng 3!’—“?!39;(8&3&%-% 52dYT, Bﬁr%&ﬁﬁ Jmidine-ua-dixl «

.2-3 R- Phe. 3|:anqie PydHs pyridine-2,5-diyl, the two pbbreviations Pyr

:?2 PgeRf% e 3F5:I?Cy)5(f *ach covering the two ZPSsBi%ZLre‘P s@EEEn%%S‘F «
| 2-8 R-Phe. ; 8 .phEursphggnere, Phe. (F) de“PEeQ Zb 174-phen fe“eln the

conpounds  of t_;lmu‘p) whicde ils? vhsubst-iTutéd ©or-2-Cor Bemohodiluprinatedn

particul ar Cl.Qr F by i ght

of the conpou 'oﬂ #‘ %or n&%n%?ﬁ%o‘?ﬁ{q%"l 4té1ﬁ$'ﬁp‘[ ul d- §£8 ?ﬁ\ﬁ
mxture is M-é?rl"atﬂqd Bhe.5Rchave |sorpespppndag meapéngsaull’ 9 ABBF| ess
than 299% Pr fefidts AS 3, Bthti%hﬁ%g.tﬂllt\éan iﬂligblﬂbﬂydré‘a{éls ﬁbnﬁ) X&zumé whi ch

contain one or_nore tric élic.c r - 13-25: -
14 - R Qyc- q/&’hﬂTé’zBFB-P gl(a .'? r’ﬁ)ns.)yfuor:gnate& 9 Eru pfx‘gnz ene group.
R-Cyc-Cyc- [er@]hePlH‘BES-_ESEsk 2,3,5-trifluorinatéd®-L, 4-phenylene group,

. and the meanings of Phe.2F3F6F and Phe.2F3FSF6F are

St corresponding.

15 , Liquid-crystal mixtures containing one or more
bicyclic compounds of the formulae I2-1 - 1I2-9 are
preferredg

R-Cyc-Phe . 3FSF-X . I2-1

- R-Cyc~CH,CH,~Phe . 3FSF-X 12-2

_ R-Phe-Phe. 3FSF-X . 12-3

R-Phe.3F-Phe.3F5F-X 12-4

R-Phe. (F) -COO-Phe .3FSF-X 12-5

R-Pyr-Phe.3F5F-X - 12-6

_. R-Pyd-Phe.3F5F-X 12-7

N " R-Dio-Phe.3FSF-X | © 12-8
R-Phe. (F) -CH,CH,-Phe . 3F5F-X 12-9 '

20 | ' In the compounds of the formulae 12-1 - I2-9, X
is F, Cl, OCF, or CF;, in particular Cl or CF,;. In the

. case where X = F, the proportion by weight of the

coﬁpounds of the formulae I2-1 - I2-9 in the liquid-
. crystal mixture is preferably at 1least 15 &, in
25 pai‘ticular not less than 20 %.
Preference is furthermore given to liquid-crystal
mixtures which contain one or more tricyclic compounds of
the formulae I3-1 - I3-25: o



R- Oyc- Cyc- COO Phe. 3F5F- X | 3-3 R Cyc- Phe- Phe. 3F5F- X

13-4-R-Cyc-[err]-[err] (F)-Phe. 3F5FX I 3-5

R- Cyc- COO- Phe. (F) . - Phe. 3F5F- X 14 - 13-6

F%Q/C Phe. 3F- Phe. 3F5F- X | 3-7 R Cyc- Phe. 2F- Phe. 3F5F- X
I'3-8 R Cyc- Phe. 3E5E- Phe. 3F5F- 13-9 R-Phe, (F)-Phe. (F)
- Phe. 3F5F- X 2Cyc-Cye- I>§If5f0xR- Phe-[err] (F)-Phe. 3F5F- 58 (1

|3-11 R-Phe- COOﬁheycéer-cﬁhenzw -3FSF-X - 13-12 RFhe- Phe L (F)

[err] Phe. 3F5F-X 3-13 R—Q/c Phe- [err] Phe. 3F5F- X

| 3- 14 R- Cyc- Phe. RFCjerCye 00 :m&mxsz?-x 13-15 13-3

R- Cyc- Phe. 3F5F- [ @ 5F-X vy | 13-16 - )

'R Cyc- Phe- o0, PhE- é&%FpgﬁS‘E“ “3F5p-x o 13-17 13-4

R- Cyc- Phe. 3F- CO- RR@y3FOM,CH,-Phe . (F) -Phe . 3FSF-X 13- 18 R Cyc- PhES-82F- COO Phe.
3F5F- X © 13-19 R Cye- Phe. 3F5F-COO Phe . 3F5F- X | 3-20

R- Pyd- Phe. (F) - Ph&-CgsrC .-.Phe (F)-Phe.3FSF-X  |3-21 R Pyr- A6 (F)

- Phe. 3F5F- X —Phe 3F- 2¢ R Di o- Oyc: Phe. 3F5F- X

13-23 R-Di 0-Cyc [ SYETE ’#%’e".‘%%ﬁ'ibg?ﬁ - 13-24 1377

R-Di o- Cyc- COOPhB-G?EFP%.ZF-Phe.BFSF-X | 3-25 in conpiB+gds of the

formulae |3-1 3-25, R is erably n-al kyl or n-alk havi ng

1- 10 carbon atomb -Cyr- %‘P?Eﬁl“ré:t"?\;’él §[‘“§{’a* koxymet hyl or n-al kox%tygn havi ng
1-8 carbon atomsR-}iﬁéy(pﬁ.rpugqlpqr.pagegpsme is given to conppmi@s of the
formulae 13-1 - 13-25 in which |s neth et hyl, ' propyl, butyI

I
pentyl, hexyl, RrBhey$H.Ca- Phe gOtsRhe . 3BAYTX decyl, net hoxy, I3tHoxy,
pr opoxy, but oxy, R- Phe-&éO-Ptp rktﬁ&#hehgffg@%( hept oxy, oct oxy, {ga_tlr}oxymat hy N

et hoxy- _
R-Phe-Phe . (F) ~CH,CH,-Phe . 3F5F-X 13-13
R-Cyc-Phe-CH,CH,-Phe . 3F5F-X 13-14
R-Cyc-Phe . 3F~CH,CH,-Phe . 3FSF-X 13-15
R-Cyc-Phe . 3FSF-CH,CH,-Phe . 3F5F-X 13-16
R-Cyc-Phe-C00-Phe . 3FSF-X _ 13-17
R-Cyc-Phe . 3F-COO-Phe . 3FSF-X 13-18
R-Cyc-Phe.2F-C0OO-Phe . 3F5F-X o 13-19
R-Cyc-Phe . 3FSF-C00-Phe . 3F5F-X  13-20
R-Pyd-Phe. (F) -Phe . 3FSF-X - I3-21
R-Pyr-Phe. (F) ~Phe . 3F5F-X O 13-22 <
R-Dio-Cyc-Phe . 3F5F-X  13-23
R-Dio-Cyc~CH,CH,-Phe . 3FSF-X | 13-24
R-Dio-Cyc-C00-Phe . 3F5F-X | 13-25

In compounds of the formulae I3-1 - I3-25, R is

5 preferably n-alkyl or n-alkoxy having 1-10 carbon atoms,
or alternatively n-alkoxymethyl or n-alkoxyethyl having

1-8 carbon atoms. Very particular preference is given to
compounds of the formulae I3-1 - I3-25 in which R is

) methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
10 octyl, nonyl, decyl, methoxy, ethoxy, propoxy, butoxy,



met hyl , pr opoxynet hyl , butoxynethyl met hoxyet hyl , et hoxyet hyl or
‘propoxyet hyl . Conpounds which, in addltlon to the tern1na|s

, 5-di fl udro- 4- X- phenyl group, contain 5. 15 0ne trans-1, 4-cycl ohexyl-ene
group or a further fluorin- ated 1, 4-phenyl ene group have particularly

favourabl e el a oD ae |
13-25, Xis F, %&t%&? ékgf%f rl]r;'eé‘t';‘%éyf n par H}%}I‘%ﬂ% ’ gt"?’fxyt'he
praoporti~gn by veeghyloef tPeoReWpRRbREL of thlttq;Wmethybr rrull!aé:hobcyej:hyll,s 25 °

in the"™qui d- &¥Réeyethyl L6 pHOpE e%ytlo Ebfp bﬂ)‘n&@twﬁﬂclﬁ)r 4 ARl 18R NI
greater than 15 % *Se arti,cu s t han P‘CR‘EBX&E erence 1 s
| *§

fUrthernore gi V& ¢ gEminal ?sl:’al 'F?l BPEo~fm alSkoRe GPNFRiR
tetracyclS ¢ conpeentzanbd-1, 4-oyclbhekyleuéagrbéplor B4-farther fluorin-

e e 1), (] el grown v a5 s ppmaple

| 4-3 R-Cyc- Oyc- eﬁq@eﬁ:; -preperties In the compounds ¢f_the formulae 13-1

R;:Q'gheQ'gFgle:r ;(]-Pt@-zﬁ F)x - P@erg@f XF, or ocrL4 a"hd?ﬁ' a%t@@@rphe cl

|( 4) 7 R Cyc- Cyc- QS’CCTVF rﬁhqDF%r°P§?—’§llj%/l@ ?we;g(ixt of |ti\e8 compounds of the
R-Cyc- O Cyc- GkﬂnﬁihbaéFEil?r% - I3 25 in thel 419q1fbdﬁmxysisabf niilxtufrer nul a

4 and in parti t dnPoi Nt
and 20 favoﬁgﬁu‘ﬁ 9’5? ect r| c pr ope%r}&r dxqag)@/spl tr@ %’J‘ t t%q{g: fi vel y
great nol ecul arl%xfen%i‘oﬂar'é-fﬂ%“%ﬁ’ér%t:eh%%dt #an12Q ir abl e val ues for the

viscosity and the el astbgepepORES A quleéQH@Q% ?ivéﬁ&:cf g.ri]:qﬂﬁ.f-&yﬁlﬁdll n
use ar I ne

pagticular of the fornulae 14-1 - 14-9 are there

hdiTstment for BRFFRTERYRICRICRUEALR PIR RRAARE LaERACYSL LS Somps

cl eari nd%oi nt obHrthval fesmolaée hk4dnkse-I14ehi c range, of | i qui d-crystal
m xtures which are based on bicyclic and/or tricyclic conpounds of the
formul ae 12

' R-Phe-Phe. (F) -Phe . (F) -Phe . 3F5F-X I4-1

R-Cyc-Phe. (F) -Phe. (F) -Phe . 3FSF-X 14-2

R-Dio-Phe. (F) -Phe. (F) -Phe . 3F5F-X | 14-3

R-Cyc-Cyc-Phe. (F) ~Phe. 3F5F-X L. 14-4
R-Cyc-Cyc-CH,CH,-Phe . (F) ~Phe . 3F5F-X 14-5
R-Cyc~-Cyc-COO-Phe. (F) -Phe . 3F5F-X 14-6
R-Cyc~Cyc-Cyc-Phe.3FS5F-X 14-7
‘R-Cyc~Cyc-Cyc~CH,CH,-Phe . 3F5F~-X 14-8

o _ R-Cyc-Cyc-Cyc~C00-Phe . 3FSF-X 14-9

*

Compounds of the formula I4 and in particular of

the formulae I4-1 - I4-9 have a high clearing point and

20 favourable dielectric properties and, in spite of the
relatively great molecular extension, are characterised

by favourable values for the viscosity and the elastic
properties. Compounds of the formula I4 and in particular

of the formulae I4-1 - I4-9 are therefore used for fine

25 adjustment for optimisation of certain properties, such
as, for example, clearing points or values of the meso-

genic range, of liquid-crystal mixtures which are based

on bicyclic and/or tricyclic compounds of the formulae I2



+

- 16 - and 13 without the dielectric and in particular the elastic
propertles of these m xtures being 'excessively- inpaired. The proportion by
wei ght of the conpounds of the 5 forgula 14 and in particular of the
‘formulae 14-1 - 14-9 in the |iquid- crystal m xtures according to the

I nvention is ref abl, t o hi articul gr is_|less han 20-% and
very particulagfll y% *B R:th 16 1e?ﬁ§R€on%‘gn3§ o?afﬁgc‘l’%?ﬁulti‘el are .
known per seelaetic pmo@ewﬂ:oeess:@ these hnixtupespbeingorexuessivdilgat.ed, -
for exanpl e, c’ihP §.29 525 and P 4024 760. Conpound cl asses or corr‘p:bunds
not menti one ﬁEI’EI n can be prepared by anal ogous processes or- by further

{ known nmethods, as dEberppeRortioniby weight f the compounds ofothenie, in

15I tSEO]lCJbeﬂ!bfﬁ)dha Mtaﬂdeﬂncpar@immscésfm@emﬁaula%chit@mmmt Cural
selected fro ounds _cant ai ni one st.ruc ura
el enent of tﬁ]g Pg?%{f%‘gkf’@ > PEEE ﬁﬁF&EQgPHs‘é‘a ?’%\jﬂﬂ are
hi ghly suit alibe preferabiyt |mteruocofhiglq,w thcpastituldr is rhezslsurtémn haV| ng
~-optim sed vabgeg akarvabg Sbﬁ{:%ﬁi#l?nﬁé@ﬁ&% e Cpgi4y and elastic -

constants, it havin e proportlon by weight of these
conpounds in the Ii qm‘ﬁ erpRewrdsi of (bR fREMI R N axe tHCYWThRaR iS¢ nust
genernbly notanbe ;imeks@dsambn Stmﬁepﬁbpar%ion agéeahaﬁctataa 1Gde in

roper t1 o5 SPYERBLEr iRt AL 2k el B 0CEA Mgty Yafidind sHRsERE) can®
frequently bexi rqpmmdsf noke mentmngdrﬁthtemé.s t@mehpcemeddsayare
added which ana1o8Bus prétésids aby eByt ﬂﬂ@tﬁéf Ughuba he RS &'{ (Gs) (G4)

and/ or are characteri sed by the formula-l are destgned caref
al ready have9PEFELPEE| yiFavEﬁ?ab}%t‘?Fé'?‘E}éEefo?s?% Yor ‘example, n _
15 Houben/Weyl, Methoden der organischen Chemie).

SFM compounds Selected from the group of com-
pounds containing at least one structural element of the
formulae- (Gl) (G4) and/or characterised by the formula I
are highly suitable as a constituent of liquid-crystal

20 mixtures hav1ng optimised values for the dielectric
anisotropy, viscosity and elastic constants, it having
been shown that the .proportion jlzoy weight of these
compounds in the liquid-crystal mixtures actording to the
invention must generally not be too iovi: and is preferably

25 greater than 10 %, in par'ticul_a"f greater than 15 % and
very particularly greater 'than 20 %.

The properties of the liquid-crystal mixtures
according to the invention can freqnently be improved if
the starting mixtures to which compounds are added which  —

30 contain at 1east one structural element (G1)Y-(G4) and/or
are characterised by the formula I are des:.gned carefully
and already have relatively favourable values for the
elastic constants, the dielectric anisotropy and the
viscosity. -

35 The starting mixture preferably contains dielect-
rically neutral or dielectrically positive, bicyclic o
compounds of the formula II, particular preference being
given to the relatively small group of compounds of the
formulae II-1 - II-52 listed belows: -
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the dielectric anisotropy and the viscosity. 35

The starting m xture preferably contains dielect- rically neutral or

diel ectrically positive, bicyclic compos#ndd ef the formula 11, particular
preference being given to the relatively small group of conpounds of the

el ast.ic constants,

formulae I1-1- 11-52 Iisted bel ow. [err]- Cyc Phe- {err] :
| -1 [err]-Cyc- Phe( A*-Crc-Phe-R? 11-2 [err§Idyc-Phe. (F) -C1
I1-3 [err]-Cyc- Phe. qg}c L 1 -4.§ c-Phe. (F) [err]
|1 -5 [«cf]-Cyc- Phe. )LF Phe. (F) -F | 1-6 [err]zp%yc [err]-Phe. (F)
-[err] - ||-7fFeCw1:-Elye (®CLl-Phe. (F) -C1 II-3 11-8
[err]-Cyc-[err]-Phe. E c_€§ F [1-9 [err]-Cygeelerr]-Phe. (F) [err]
| 10 R2- CQyc- crec- B - (B F5Fs l1-11 R Cyc- Phe. F)[err]
|1-12 R-Cyc- COO Phe. ;{zE); &lphe . (F) -OCF, 11-13 R Qe Phe. (F)-F
I1-14 R-Cyc- COO Phe. y[err 11-15 R Cyc-COO Phe. (F)-[err]
|1-16 R-Phe. (F)- Phe. r{zF;:y{_-em (F) -C,F |1-17 Rghe. (F)-Phe. (F)-F
I1-18 R-Phe. (F)-Phe. gF I1-19 R-Phe. (F)-Phe.(F)[err]
|1-20 R-Phe. (F)-PheR FyereljZCHz-Phe (F)-R?||-21 R-PREF)-COO Ph. (F)[err]
|1-22 R-Phe. (F)-COORh 11- 23 R-P F)- COO Phe. (F)-C1
|1-24 R-Phe. (F)-coofghg?f%ﬁ’f&“qphe- (F-Cl ). {¥:d
R2-Cyc-CH,CH,-Phe. (F) -F 11-9
R2-Cyc-CH,CH,-Phe. (F) -CF, 1I-10
Y R2-Cyc-CH,CH,~Phe. (F) -OCF, 11-11
R-Cyc-C00-Phe. (F) -R? 11-12
R-Cyc-C00-Phe. (F) -Cl I1-13
R-Cyc-C00-Phe. (F) -F 11-14
R-Cyc-C00-Phe. (F) ~-CF; 11-15
R-Cyc-CO0-Phe. (F) -OCF, 11-16
R-Phe. (F) -Phe. (F) -R2 I1-17
R-Phe. (F) -Phe. (F) -F I1-18
R-Phe. (F) -Phe. (F) -Cl 11-19
R-Phe. (F) -Phe. (F) -CF, 11-20
R-Phe. (F) -Phe. (F) -OCF, 11-21
U R-Phe. (F) ~COO-Phe . (F) -R2 11-22
« R-Phe. (F) ~COO-Phe. (F) -F 11-23
R-Phe. (F) -COO-Phe. {F) -Cl 11-24
" R-Phe. (F) -C0O0-Phe. (F) -CF, I1-25
R-Phe. (F) -COO-Phe. (F) -OCF, I11-26
R-Phe . (F) -CH,CH,~Phe. (F) -R2 11-27
R-Phe. (F) -CH,CH,~Phe. (F) -F 11-28
- R-Phe. (F) ~CH,CH,-Phe. (F) -Cl 11-29
R-Phe. (F) -CH,CH,-Phe . (F) -CF, 11-30
R-Phe. (F) -CH,CH,-Phe . (F)-OCF,  1I-31
R-Phe. (F) ~CH,CH,~Phe . (F) -0C,F 11-32
R-Dio-Cyc-R? 11-33



I'1-50
I'1-52

R- Phe. (F) - COO- Phe. (F) [err] I1-26 R-Phe.(F)-[err]-Phe.(F)[err]
.11-27 R Phe. (F)-CH2CH2-Phe. (F)-F = “11-28 R-Phe. (F) [err]-Phe. (F)
--C1 . |11.-29 R-Phe . (F) [err]-Phe. (F) éer'r] |-30 R-Phe. (F) [err]-Phe.
(Fgferrl41-3L & Mgyeliylag ) Pre. T(FF Terr) 1 1gpage Do/ e 2
(F)[err] R-PytiPls. E)PRE- Phe. (F)-F [I-35§ 1l-36

R- Pyr - Phe. (F) - Cl |-37 R Pyr-Phe. (F -
||%g R—gyg-?:’he. (F) [Ré'FN]"_'Phe-‘F)‘&" 11-Pésr9 R-gyrE '%(%%[err] e
11242 R Py phe. () e e B -CL e A o

I1-44 R Eyy'd: Phe. (f:)%@;‘Eyr??he-(F) -CF;  |1-45 R %di FHZ-3(8(?:) [err]

|1-46 R Pyd-Phe. (F Low. |1-47 R Di o- Phe.(F

11-48 RO o. Phe. ((F)zrgL?’g’r'l?'.‘e' (F)-0CFs || 49 R Dio. Fili-sigpi[?ﬁ”

R- Di 0- Phe. (F) [ ®-Plr-Phe . (F) ~ > 11-51 R-Di o-Phg. [err] ‘
In the conpounds (L)(ff-t,ee (f(%r(r?ucrgé 1 - 11 52{161&(4_.@3 n-al kyl, n-al koxy.

or n-al kenyl having R-PyeePHeon(FatQuey in particular fg-gjcarbon atons, in
particular methyl, ethyl,. pr%pyl , butyl, pentyl, hexyl, heptyl,
R-Pyd-Phe. (F) -R2 - 11-42

R-Pyd~Phe. (F) -F |  11-43

R-Pyd-Phe. (F) -Cl - 11-44

R—Pyd4p§e.(F)-OCF3 | 11-45 . N,
R-Pyd-Phe . (F) ~OCHF, ’ 11-46

R-Pyd-Phe. (F) -C,F 11-47

R=Dio-Phe. (F) -R? 1I-48

R-Dio-Phe. (F)-F |  1I-49

R-Dio-Phe . (F) ~Cl | 11-50

R-Dio-Phe . (F) -OCF, . II-51

R-Dio-Phe. (F) ~C,Fy 11-52

In the compounds of the formulae II 1 - II 52, R
is n-alkyl, n-alkoxy or n-alkenyl having 1-9 carbon
atoms, in particular 1-8 carbon atoms, in particular
methyl, ethyl , propyl, butyl, pentyl’,_ hexyl, heptyl,

5 methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy, Y,
heptoxy, prop-2-enyl, but-2-enyl, but-3-enyl, pent-2-
enyl, pent-3-enyl, pent-4-eny1:', hex-3-enyl, hex-4-enyl,
hex~5-enyl or hex-6-enyl. ' |

- Particular preference is given to liquid-crystal

10 - mixtures according to the invention which contain at
least 10 %, in particular more than 15 %, of compounds of
the formula II and simultaneocusly more than 15 %, in
particular more than 20 %, of compounds selected from the
group of compounds which contain at least one structural

15 element (Gl)—(G4) and/or are characterised by the formula
I. Very particular preference is furthermore given to
liquid-crystal mixtures which are based on bicyclic
compounds of the formula II and triéyclic compounds



5 met hoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy,
prop-2-enyl, but-2-enyl, but - 3-enyl-,. pent-2- enyl, pent-3-enyl,

pent - 4-enyl, hex-3-enyl, hex-4-enyl, hex-5-enyl or hex-6-enyl. Particul ar
pr ef erence is given to liquid-crystal 107 19 i xtures accor di ng to the

I nvention which contain at least 10 % in particular nore than 15 % of
conmpounds of t lordtaindny | htanlieastmlmmemlta:luy:ﬂmfaﬂ téhéméﬁt%(GIl)-(m

particutar nor 0 %

conpoungs whi cﬁa’g] a|2°n ah ne st 13(% ﬁ%ﬂné?%%‘ﬁ#&) "(EPS“("CEA)
and/ or are chamégttyresd dﬂcqmiaiﬂgbr B¢ athe Vbnyepaioncmhicbreﬁmma S
cdpounds of t IS EeRa L1 S Ll EVeLs o R o
'east on¥ stru u?&fimégoerré (&L ebEEalTE neutaal ( GrREPAnES

conponent of | iwu d%’crqmdlalbeﬁwetelr e40 &candi NpOOt & -bﬂe d iebdeotiat ivva My ch
conprises conp t ref erabl y; co

and 60 % of di &%ﬂalﬁéﬁj aﬁv%%ﬂ%ogndsﬁ(m } %}éﬁﬁgFg&t Ween
40 % and 100 %-of di el dcitquicsbrcnyymltmi«utumoanqgrd.&agetw the igwenerr],
[err] or [err].cidfWticy Yééﬁiaﬁhxaﬁrﬁéaﬁﬁcehé' &amb%uhﬁedﬂ‘ﬂfé fdr.‘?dhl‘ﬂ“ ch

contain_at | east_one conp ound f or mul

g i 8 requent%‘%/o have
particul® iy f%ﬁ/oélrm“@‘\ﬁlé'co b VHPEEQC“ RHLYd- f;‘?‘i%‘f%ﬂ‘b%?xt‘tﬁr St h
have a vi scosi twalaied £Wijquiid-ttystale niibburds Which| haveparviscosity ats
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preferred. 15 ernor ¢

m xt'ure
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4 rings. particularly preferred.
15 " The starting mixture furthermore preferably
contains dielectrically neutral compounds of the formula
III containing 3 or 4 rings. )
Particular preference is given to the following
smaller group of compounds of the formulae III3-1 - IXI3-

20 12 and III4-1 - ITI4-5:
R3~Cyc-Phe . (F) ~CH,CH,-Phe-R¢ . I113-1
R3-Cyc~-Phe-CH,CH,~Cyc-R4 I113-2
_R3-Cyc-Cyc-CH2CH2-Phe-R* I113-3
R3-Cyc-CH,CH,~Cyc-Phe-R* | 1113-4

L R3-Cyc-Cyc-Phe . (F) -R¢ - 1113-5
R3-Cyc-Phe-Cyc-R¢ 1113-6
R3-Cyc-Cyc-CO0-Cyc-R¢ I113-7

" R3-Cyc-C00-Cyc-Phe-R* 1113-8
R3-Cyc-Cyc-CO0-Phe. (F) -R* 1113-9
R3-Cyc-Phe. (F) -Phe-R¢ 1113-10
R3-Phe-Phe-Phe-R¢ . | 1113-11
R3-Cyc-CH,CH,~Phe. (F) ~Phe-R¢ 1113-12
R3-Cyc-Phe. (F) -Phe-Cyc-R¢ 1114~}
R3-Cyc-CH,CH,-Phe-Phe~-Cyc-R* 1114-2
R3-Cyc~Cyc-Phe-Cyc-R¢* I114-3
R3-Cyc-Cyc-CH,CH,-Phe.. (F) Cyc-R‘ . 1114-4

R3-Cyc-Cyc-Cyc-Phe. (F) -R4 " 1114~5



»

Particul ar preference is given to the following smaller group of conpounds

of the fornulae 1113-1 - 1113- 20 12 and 1114-1 - 1114-5:

. [err]-Cyc-Phe. (F) [err] [173-1 [err] Cyc-Phe-[err]-Cyc-[err]
1113-2 [err]-Cyc-Cyc-[err]-Phe-[err] = 20 = “1113-3
[err]-Cyc-[err]-Cyc-Phe-[err] ' 1113-4

[err]-Cyc-Cyc-Phe. (F) InetHe compounds of the fohhdlﬁaé III3-1 - III3-
[err]-Cyc- Pheg

[err] - Cyc- (ycl%‘éyﬁ%ér}]' I114-5, R’ and R arq plrgf?rably, indepen-i..,,
[err] - Cyc- COOéntlpheof coné another, n-alkyl okl Ii3-2lkoxy having 1-8
:E EL;] RA(:VC Q’chggoﬁhea(:ans[ eéfr] btfans]- -alk%nﬂbhglf' Fi);q CACyPNEarba
|||3-115[err]@E9E8[eFPF|ﬂﬁ9&9§t#qna?€nqqu°unds III3~1|+|3153~12 and
[erg/ Q/C'azgf_léléﬁﬁ)-l- EhE-I@AEZ[ an khe liquid-crysthh.l fiiktures Ir?)ccor:ch.m]!{4

c C Q/cg Oycs Phe- Oyes
[114-3 [err] %Bﬁcq‘["e nﬂ?e J(ﬁ:)pla/fceﬁaalﬂ begween ?% ‘i 98 9/
[err]-Cyc- ch@timéa@F))epmep 2 % and 15 &, Partlich.ai' prefegéncel fist he

conpounds of ? heeﬁoq-_gu h.i Eth%ﬂystah_' héxt&%eﬁnﬂcbb!rﬁiﬁg tb' {:ﬂe 51n$§ﬁ5 lr<]ox§/md

[err] are preferabl %? déent| é one anot her x¥ or
havi ngt9- 8 caFb8R ta’('?raﬂ ) OR- &lq{’@nﬂmﬁ%ﬂﬁfffgs Fentainipg sat
atons. The prdeasti awnef s«tmmxmiﬂ lél8mént |(IG-B4ndahd/érlof lﬂﬂé 5in
the Iiquid-cr res, h nt | pr
bet ween 1 %aﬁ%@blg )&th' rtaﬁ&%lg ggo{‘weé ‘%ﬁligy‘g c%i’fogi’sg ezfc 1 at® _
pref erence |ngrVéﬁut19rl |24L|| - cr yBQ ok, momeurass  morer diompoumdshefi nvke- 10Y
tion which copbani1@Ng 1071 CoFOPPPEISR BPNLBLENRIOR J @RSt fgiey stiyctura
el errent (4d) éGZQ: and/or of the
articular 5 % - 60 %, and furthermore one or more
compounds of the formula III in a proportion by weight of
between 0 % and 20 %, in particular between 1 % and 15 %.

The liquid-crystal displays filled with liquid-
crystal mixtures according to the invention are distin-

20 guished. by a2 low threshold voltage, high stability and
favourable response times.

The 1liquid-crystal mixtures according to the
invention may, in addition to one or more compounds
selected from a group of compounds containing at least

25 one structural element (Gl)-(G4) and/or of the formula I _
and if desired of the formulae II and III, also contain -’
further compounds. Thus, the liquid-crystal compounds
according to the invention may ' con't_:ain,_ for example,
nitrile compounds of the formulae IV-VIII

30 - R-P~Phe. (F)~CN | | v
R-P-Cyc-CN : v
R-P-Phe-V-Phe. (F)~-CN : Vi
W-Pyd-Phe. (F)-CN ViIi
W-Pyr-Phe. (F)-CN VIII

35 in which

R are each, independently of one another, an alkyl



formula | in a proportion by weight of 15 %- 75 % in particular 20 %- 70
% one or nore conpounds of the forrrula Il in a proportion by weight of 2 %
+ 70 % in 15 particular 5 % - 60 % and furthernore one or nore
conpounds of the formula Il in a proport izén‘by wei ght of between 0 % and
20 % in particular between 1 %and 15 % The liquid-crystal displays
filled with |iquid- gro;qi aia‘nihn«j uIeBSacaﬁbdhngtMst Em iwh/mli)'dojf:h a&&dﬂ.iblsti n-
20 gui shed by a t t ta an avourabl e
responde-ti nes. The b J'%\“ &‘é %t!d ¥§1Lx?g)§ies %ﬁ FREPE R8N i PR nmmy,
in addition to one me dc o@rds -§&-e@trwq°rr o-mH&Cg!Poup of conpounds

gontaining at |east 25 one structural el enent (Gl)-(&4) and/or of the
formula | and if desired qf the.for | and 111, also contain further
compounds. Thu¥, t 3‘ § % &t Mﬁo%n&r a@6Grdi ng to the invention
may contain, for exarrpl e, nitrile conpounds of the formulae IV-VIII 30
R-P-Phe. £F) - CNp - Cyc-CN :
PRt AR 4 (F) 16y~Fhe-V or Cyc- -V 1y Pyd- Phe. (F) - ON

VI1 WPyr-Phe. (F)-CN VIl 35 in which R are each,

i ndependent |y @f onggafgt Iie.lphearuql o R-cy&l - group having 1-15 carbon
atons in which, in addi- tion, one or two non-adjacent [err] groups may be

repl aced by -O, -CO and/or -CH=CH, V ~is a single bond, -COO or
-00C-, 5 P is - BoweVear, Cych¥s been \found that ByPbemgRcoordingyc.

to the invention whose liquid-crystal mixture contains

- more than 15 % of nitrile compounds frequently have

10 inadequate stability, which is undesired, in partieular,

when the liquid-crystal mixture is used in active matrix

displays.

The proportion by weight of nitrile compounds in

the liquid-crystal mixture is preferably small and is in

15 . particular not greater than 10 %, very particularly not

greater than 7.5 %. Systems according to the invention

whose liquid-crystal mixtures contain no nitrile

compounds are part.icularly preferred for act:.ve matrix
applications.

The liquid-crystal mixtures used according to the

invention may contain further constituents, preferably

\J selected from nematic or nematogenic (monotropiec or

isotropic) substances, in particular substances from the

5 ‘classes of the azoxybernzenes, benzylideneanilines,

biphenyls, terphenyls, Iphenyl or cyclohexyl benzoates,

phenyl or cyclohexyl esters of cyclohexanecarboxylic

acid, phenyl or cyclohexyl esters of cyclohexylbenzoic

acid, phenyl or cyclohexyl esters of cyclohexyicycl_o-

10 hexanecarboxylic acid, cyclohexylphenyl esters of benzoic

acid, of cyclohexaneearboxylic acid and of cyclohexyl-

cyclohexanecarboxylic acid, phenylcyclohexanes, cyclo-

hexylbiphenyls, phenylcyclohexylcyclohexanes, cyclohexyl-

cyclohexanes, cycl_ohexjrlcyclohexenes, cyclohexylcyclo~

15 hexylcyclohexenes, 1,4-bis-cyclohexylbenzenes, 4,4’~-bis~

' cyclohexylbiphenyls,' phenyl- or cyclohexylpyrimidines,

phenyl- or cyclohexylpyridines, phenyl- or cyclohexyl-
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It has been found that systens according to the invention whose
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15

20

25

30

35

cycl ohexyl pyri di nes, Ehenyl- or- cycl ohexyl - - 22 - dioxanes, phen
cycl ohexyl - 1, 3RYr L : _

hEaRés! 1, 2-
R*~L-COO-E-R’ "
R"-L-OOC-E-R’’’
R"-L-CH,CH,~E-R’ ‘'’
R*-L-CmC-E~R’ "’

bW N =

In the formulae 1, 2, 3,'4 and 5, L and E, which
may be identical or dlfferent, are in each case, indepen-
dently of one another, a bivalent radlcal from the group
formed by -Phe-, -Cyc- ~-Phe~Phe-, -Phe—Cyc- -Cyc-Cyc-,
-Pyr-, -Dio-, -G-Phe- and -G-Cyc- and their mirror
images, where Phe is unsubstituted or fluorine-
substituted 1,4-phenylene, Cyc is transf1,4-cyclohexylene
or 1 4-cyc1dhexenylene, Pyr is pytimidine-z S-diyl or
pyridine-z S-diyl, Dio is 1, 3-dioxane-2 S-diyl and G is
2-{trans-1, 4-cyclohexyl)ethy1,_ _ pyrimidine-z 5-diyl,
pyridine-2, S-dlyl or 1,3-dioxane-2,5-diyl.

| One of the radicals L and E is preferably Cyc,
Phe or Pyr. E is preferably Cyc, Phe or_Phe-Cyc. The
liquid crystals according to the invention preferably
contain one or more componénts selected from the com-
pounds of the formulae 1, 2, 3, 4 and 5 in which L and E

- are selected from the group comprising Cyc, Phe and Pyr

and simultaneously one or more components selected from
the compounds of the formnlae 1, 2,:3, 4 and 5 in which
one of the radicals L and E is selected from the group

cid,

yl -

U



aiphenylethanes, 1, 2-dicycl ohexyl et hanes, 1-phenyl -

cycl ohexyl et hanes, [|-cycl ohexyl -2-(4- phenylcyclohexyl) ethanes,
| - cycl ohexyl - 2- bi phenyl yl et hanes, 1-pheayf32« 5
cycl ohexyl phenyl et hanes, optionally hal ogenat ed stilbenes benzyl

phenyl ethers ti Cig | ene
groups in theseag{')'g?iagﬁﬁd% I’# %D Wr ?ﬁgt egﬁa T%pﬁ‘?l q(’fl‘a Fé‘st’a?
m xt ur es. used |§e@ﬁ€teﬂe§er the grouppepwprising erRhercRhe-di nePhe-Cye-,
i nventi‘an preferg ?b)lcﬂ:s? CUPHdL ORRAOM-GIeye -] %rﬁf%%ﬁ%ﬁé(lﬂfubh@ ox

conpounds of the ornulae 1-5; R'-L-E-R '
Feorgompenents selected om the compeupds, ef R the
4LR L- C—'S?— E—R' fbrmulae 1, 2, 3, 4 ard |5 jtrhevlfi(umw}iya raditals ¥ andl B, L

and E, which may.Qhe I Nty | | - 20
dently of one a%ﬁ he%QSBEgggalg%Pm Jﬁh? tﬁgmggﬁ%ﬁﬁgﬁ né?ugﬁﬂﬁgﬁé-,

-Cyc-, -Phe- Phe-CYcﬁﬁl!CSyc-G-P@?c apd- -G-"py¢-- -Dio-, -G Phe- and -G Cyc-
ang Ehtel'[ (rjn;rzr Irragesxn 'V.\Hér@om ltaﬁndESofuaﬁém?]ifsﬁﬁm%SﬁjL@é; S,
substitute en n rans- ohex e

1, 4- cycl ohexenyfgn% X@?' |% dl ‘n@&xe %ndﬁéf’{" ‘ﬁ?qm%g?‘%e‘éﬁ’%' °%i o

i s 1, 3-dl@xane- ané dlqmothmhialspﬁbﬂerabtyl 4Hmydboheayk¢nyhyl alkoxy,

ri mdine-2, 5- r [ e la t he

ngdl cals L and W{: %ea Eé é’&-géax{? ha'lvljtﬁ“eéj “?’%9 82%§rﬂ61¥ er ab?{/ Cyc,
Phe or Phe-Cyc. mcme Pfq&h&sér 9§mpsm§@ooﬁd| o R t'He aney o qrrfef%w%l y

contain one or aﬁéeaﬁ@ﬁneﬁﬁnéﬁesefeeﬁséeffsm&m Qe ngP UKl part idielar,
farnmul ae 1, 2, 4 and I n whic d E are selected fromthe group

colpri si ng Cyc, kﬁ%lanﬁ £y 38T aEIkﬁmf[is”rultaneously one or nore
conponent® sel ect ed fr otthéehpropoptiodsbyf webhght cofnthee compinds! ahdcie i n

whi ch formulae 1-5 in the liquid crystals used according to the
invention is preferably 0-50 %, in particular 0-40 %.
The examples below are intended to illustrate the
invention, without representing a limitation.
20 ‘Above and below, percentages are always percent
by weight and temperatures are given in °C.

Example 1

A liquid-crystal mixture comprising

_ _ ~25.0 % of H,Cy-Cyc-~Cyc-Phe.3F5F-F
N 25 15.0 & of H,,C;~Cyc-Cyc-Phe.3F5F-F
20.0 & of H,C,~Cyc-Phe-Phe.3F5F-F
40.0 % of H,,C,-Cyc-Phe-Phe.3FS5F-F

has the following parameters:

9.4
30 K, 5.3 - 102 N
K, = 3.6 - 102 N
Kyy = 8.4 . 102N
0.60

>
-
]

|
S
>
m
it

'A TN cell having & = 90° filled with this liquid-crystal



one of the radicals L and E is selected fromthe gtoup:— 23:-_conprising
Cyc, Phe and Pyr and the other radical i'$ selected fromthe group

conpri sing - Phe-Phe-, -Phe-Cyc-, -Cyc-Cyc-, -G Phe- an%'ﬂﬂ:ﬂ"“lmm ,H",
optionally one or nore conponents selected fromthe co

formulae 1, 2, 3, 4 and 5 in which the radicals L and E are‘setected f¥om
t he group conprising -Phe-Cyc-, -Cyc-Cyc-, -G Phe- and -G Cyc-. In the

conpourgls of the sub-fornmulae la, 2a, 3a, 4a and 5a, R' and R'' are in
each case, independently of 10 one  anot her, preferably al kyl,

al kenyl , al koxy, "~ al kenyl oxy or al I;{g%oyl oxy having up to 8 carbon atons.
In nost of these conpounds, R' and are different fromone another, one

of these radicals being, in particular, ‘aikyl, alkoxy or alkenyl. 15

The proportion by weight of the conpounds of the fornulae 1-5 in the liquid
crystals used according to the invenigi@gmugs preferably 0-50 % in
particular 0-4.0 % The exanples betow—are-intended to illustrate the
invention, without representing a limtation. 20 Above and

bel ow, percentages are al ways percent by weight and tenperatures are given
in[err]. Exanpleld A negatdecligiix-criystal emixipre dasgd?26n0 % of

[err]-Phe. 3F5F-F 25 15.0 % of [err]-Cyc-Cyc-Phe. 3F5F-F 20.0 % of
[err]-Cyc- Phe- Pheneatim-polerbt%qnmqoemdp Q}ﬁcthl?-leS%é‘-YPESFWhem tSedd
fol |l owi ng Eararreters [err] = 9.4 30 [err] = gerr] N
compounds are selected so that the m:.xture ha
U, viscosity at 20°C of _less than 30 mm® s~1 and has a
value of :
R .
Ae
10
for the quotient of the Frank constant K
- 0\ 2 2nd
K= Kll H - : [K_33'2 Kzz (1= — )]
R p - v
15
N\ : . .
and the dielectric anisotropy ae
Ae = EI - €,
b d
when used in a TN cell (9 = . dlp << 1)
20 K 2
— <1.,5

Ae



[err] = 3.6 .[err] NJerr]. = 8.4 [err] N [err] = 0. bU ay |N‘Cell

having [err] = [err] filled with this’ ‘i qui-d- cry
* 1. A nerratlc | i qui d-crystal mnixture based on Q]'"H"lﬂl“""m {"kmounds of
the SFM type, wherein said 5 conpounds are sef ected so *
m xture has a viscosity at[err] of less than 30 [err] and has a val ue of
1.5 10 for the quotient of the Frank constant [err] [err] [err] 15 and the
dielectric anisotropy [err] when used in a TN cell ([err]) 20 —
2 [err] [err] * C L M S * where [err] is the twist angle xﬂ
rad, d is the layer thickness in [gp], p is the pitch Iength in pm and
[err]and [err] are the elastic constants for splay, twst and bend in 10
12N. 5 2. A wheté ¢ Gisy thel twist ueglas inl #hdpddiis ah Magerconpri sing at
| east one conpound of the SFM type which.

thickness in um, p is the pitch length in pum

and Kll' K22 and K33 are the elastic constants for

splay, twist and bend in 1012

5
2. A liqﬁidfcrystal mixture as claimed in claim 1,
comprising at least one compound of the SFM type which v
includes a terminal group (G3):
Tt F
10 a
(G3)
~{ 0 )-aA3
/
T2 F
in which 7' and T 2, independently of one another, are
15 3

Hor F, and A

2°5

is F, C1, CF3, OCF3, C,F. or OC2F5

3. A liquid-crystal mixture as claimed in claim 2,

wherein A3=F.



*
»
L3

.
e .

fncludes a termnal group (&3): [enn] 1Q [err] . (GB)
L) g e U R o e R

l'iquid-crystal mixture as clainmed in claim2, wherein [err]’

M S * 4 A liquid-crystal mxture as clainmed in claim2 or claim3,
conprising 5-50% of one or nore conpounds containing a structural el enent
of thedgrmula (&): [err] 5 [err] (&) [err] in which

[err] iSsC1, F,[err] or [err] and, preferably, Cl or F, and 5-65% of the
conpound or conpounds including thed'g termnal group (G3). 5. A
l'iquid-crystal mixture as_clainmed in _any of the preceding clains, wherein

the val ue of [erd 15 8. licpid<auysgadr pixture|jam|cdhpipededn plain 3 sxed

nematic cell and haying 20 - -t substrates provided with el ectrode
| ayers and align | gye?%"‘?’#esrié’@nsa\ﬁﬁ?’ %?t?f‘%\qrr e FOPRRIRF S cel |,
containing a structural element of the formula (G2):
. H F
5 . |
: ~-A? (G2)
/N
, H H
\/.

in which A2 is Cl, F, CF3 or OCF3 and, preferably, Cl or

F, and 5-65% of the compound or compoﬁnds including the

10 terminal group (G3).

5. A liquid-crystal mixture as claimed in any of the
preceding claims, wherein the value of

K . .
—  <1.2
15 Ae

6. A liquid-crystal display based on a twisted

hematié cell and having

20 - two substrates provided with electrode layers and
alignment layers thereon and, with a frame,

forming a cell,



r ’

* C L M S * a nematic I|qU|d crysta+—ﬁTk?ure—havrﬁg*p—s|t|ve

dielectric anisotropy present in the cell, f_the
liquid-crystal layer in the 5 ' ceI I @mmmﬂ bet ween [err]
and [err] fromalignment |ayer to alignnment - kSed in that

the nematic liquid-crystal mxture is a nenatlc l'i qui d- crystal m xture as

clainmed 10 in any of clains 1-6. 7. A display as claimed in claimb®,
characterised in that one of the electrode layers is in the formof an-
active matri x having nonlinear addressing el enents 15 i nt egr at ed hglo

the pixel, while the other electro@glayer forms the counterel ectrode.” 8.
Use of a liquid-crystal mxture as clained in any of clains 1-5 in an
el ectro-optical -syst emnematic llquld-crystal mlxture having posxtlve

dielectric anisotropy present in the cell, and

- a twist angle of the liquid-crystal layer in the
5 cell with a value of between 0¢ and 600°

from alignment'layer to alignment layer,

characterised in that the nematic liquid-crystal
mixture is a nematic liquid-crystal mixture as claimed

10 in any of claims 1-6.

7. A displéy as claimed in claim 6, characterised in
that one of.the electrode layers is in the form of an
active matrix having nonlinearladdreSSing elements

15 integrated iﬁto the pixel, while the other electrode

layer forms the counterelectrode.

8. Use of a liquid-crystal mixture as claimed in any

of claims 1-5 in an electro-optical system.




