- - 2077286 NEMATI C LI QUI D CRYSTAL MATERI ALS FOR DI SPLAY
- DEVI Thi's lnvention relates to a nematic liquid crystal 03|t|on
used di spl ay devices, particu- larly those of a nultipl efagp ?

syst. i sted nematic type (TN type)ilLquid crystal 5 display elenents ¢
whi chNeel ong to field-effect type liquid crystal display el ements and have®
a structure as shown in the attached Fig. 1 are widely used now. The liquid
crystal display el enent shown in Fig. 1 conprises a first substrate 1 and a
second substrate 2 1 C i1 r Jher
| i ke material and arBEMR‘B 8 B Gstess &%Eéégﬁgggéi%ﬁﬂ%LiﬁEﬁi&éﬁ
predet erm ned spacing, for exanple 5 to 15 [err], and sealed at the
“periphery with a sealant 3 such as, glass frit or an organic adheS|ve,_and a
15 nemati @ liquid crystidist ierveasidratrexil d4es eban. a Themat belel bquided spaci ng
may be provided by placing a spacer 5 made of fiber glass, glass powder or
such. The seakgsttal reeompos itd aesispedas displap| dewbcapacpart 2ou-

El ectrodes 6 of a predeterm ned pattern are formed on the internal opposing
si des of sai dariliystthose st @nadmuwhiinleriang drine 253ystemt he faces contacted
with the liquid crystal are worked into l'iquid.crystal controlllng flanes 7
and 8 where the |iqui dTswhshed nematic type (IN type) liquid crysta

5 display elements which belong to field-effect type

liquid crystal display elements and have a structure as
shown in the attached Fig.-l are widely used now.

The liquid crystal display element shown in Fig. 1
comprises a first substrate 1 and a second substrate 2

10 both of which are made of transparent glass or other
like material and arranged sutstantially parallel to
each other with a predetermined spacing, for example &
5 to 15 um, and sealed at the periphery with a sealant |
3 such as glass frit or an organic adhesive, and a

15 nematic liquid crystal 4 encapsulated therein; The
predetermined spacing may be provided by placing a
spacer S.made of fiber glass, glass-powder'or such.

The sealant 3 may be so_designed as to double as
spacer. -

20 " Electrodes 6§ of a predetermined pattern are
formed on the internal opposing sides of said first and
second substrates 1 and 2, and the faces contacted with

. the liquid crystal are worked into liquid crystal
controlling planes 7 and 8 where. the liquid orystal

25 molecules in the vicinity of these planes are orlented



25 nmolecules inthe vicinity of these planes are oriented - 2-11in a
given direction. Such orientation controlling planes can be fornmed by -

. Goating the electrode-carrying side of each substrate with an oblique _

vacuum vapori za- tion filmof SiO or -with an organic hi gh-nol ecul ar f|'
or a~¥ I mof an inorganic material, angl rubbing the coated surface in 3
given direction with cotton or other neans. The liquid crystal orientation

cont rol 1189 BhagegsfeAndsBest bhe (hish apdeneasddnolbibranoank and 10 2

are differentrate crystal orienting direction sO that the

mol ecul es of lEﬁeBGEEh'6e|T@Emﬁdcbysbébting thased chethwaglcadng1hgt h
substrates 1 and 2 will be oriented twistedly fromone direction (first

direction onsthe egnkaehl sagsprase Withoahhevathee Vacdiumesapesrizaecond
direction on the controlling plane 8). The angle nade by the first and

second directiionsfidmnelfy Sitherandth ah btwgahiecf hilgh-mojeicdlary Hdim
nol ecul es may be suitably sel ected, but usually such angle is defined to be
about 9005asorhewfiilm Fifgan2inpgganic materilalf,i esd pubddngethe and a

second pol ari zer -10 are di sposed on the outside of the substrates_ 1 and
coated surface In a2 given directlion with cotton or other

means.
The liquid crjstallorientat;on controlling
_ planes 7 and 8 qf the first and second substrates 1 and
10 2 are differentiated in the liquid erystal orienting |
_g“~/ direction éo that the molecules'of the nematic'liquid
crystal 4 disposed between said both substrates 1 and 2
- will be oriented twistedly from one direction (first
direction on the ‘controlling plane 7) to the other
15 direction (second direction on the controlling plane
8). The angle made by thé first and second directions,
namely, the angle of twist of the liquid crystal
molecﬁlés may be suiltably selected, but usually such
angle is defined to be about 90° as shown in Pig. 2.
o 20 A first polarizer 9 and a second polarizer
&Jf//_ 19 are disposed on the ouﬁsidé of the substrates l-and
2, respectively. These two polarizers 9, 10 are
usually arranged such that the angle made by their
respective axes of.polarizatidn will be equal to the
25 twist angle of the liquid crystal molecules (the
anéle made by said first ahd'second orientation direc-
tions) or will be zero (in this case the respective

axes of polarization are parallel to each Other); and



2, respectively. These two polarizers 9, 10 are usually arranged such t hat
t he gle made by their respective axes of polarization will be equal to
the&%% twi st angle of the liquid crystal '

fir

nol ecul es (the angle made by said -

and second orientation direc- tions) or will be zero (in this casg

t he réspective axes of polarization 3are parallel to each other), and \A.
1- that the axis of polarization of each polarizer will be parallel to or

cross atl ritdiat &g axig tof tmaﬁ%ﬁﬁ"?ﬁ?}? yaf faeh | @?\-‘@%Z%T a‘ﬁ%lbfb? he

associ at ed substrate Such di spl a elenent is widely utiljzed a

refl ecti on R3HsE %;P%I%ﬁ'fﬁt{) %’5 %\Sr”é?"t’%c’{'%‘? iﬂq’&n the back

side of the se d 0 arl for ctuatl nor as seen from.
t he flrstfﬁﬂﬁﬁ éﬂgi rﬁ ?l?ﬁf @B%?gﬁéﬁ?g%y further .

i ncorporating a phot Ji_guﬁér)é %B?b&}%e@p #) @fag CuEf:'fi?ed% Ss or the

like with a suitable

refl ect

Ween the seco I Zer and

r | ajion on a side of
sai d phot ocorﬁ}g’t %q’efpét h%f%pfé%létél?on %rﬁc‘?%ﬁ #’H% %‘ef | ec- 15 tion
type |iqui ity HERIRYVEIRS SO ﬁd@r@?dtﬁ‘étge_cond polarizer
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9 for effectuating normal display as seen frdm‘the._
first substrate side, or as a night-time display element
by further incorporating a photoconductor made of an
acrylic resin, glass or the like with a suitable thick-

ness between the second polarizer 9 and reflector 11

and placling a light source on a suitable location on
a side of said photoconductor. _ _

Here, the operational pringiple of a reflec- _
tion type liquid crystél display,element arranged with (%
90° twist angle and 90° polarization axes crossing
angle is described.

In case no electric field is présent_in the
liquid crystal layer, the incoming 1ight_(ambient
light incident_upon the first poiarizer_9 of the liquid

crystal display element) 1s'transmitted through the
first polarizer 9 to become rectilinear polarized light
running along the axis of polarization and enters the
liquid crystal layer, but since_the iiquid_crystal
molecules are twisted 90° in said 1ayer, the plane of
polarization of thé polarized light is optically rotated
by 90° upon passége of the light through the liquid

crystal layer, and then the,polarizéd light passes the

AU



-

[err] twist angle and [err] polarization axes crossing angle is described.

In case no electric field is present in the liquid crystal |ayer, the —\-
i*ncoming light (ambient 20 |ight incident upon the first polarizer éé%g)f
~the fiqguid crystal display elenent) is transmtted through the first

pol aM-zer 9 to become rectilinear pol@rized light running along the axis of
pof.ari zation and enters the liquid crystal layer, but since the liquid

crystal 2 ?Eﬂ& sied 9y e ey pl of
polarlzat?oﬁy% he %Eﬁéﬁ%%%di?lght |§n%%??€%# ii%a?ehgbsﬂg%o upon

passage of therié@téd tér oglgh ﬁé‘ﬁlé*ﬂé&'dl'&‘rélﬁ&atréﬁs’xﬁitt@@dréhéﬁséhm
pol ari zed |ight passes the 1 second pol arizer 10. This polarized |ight

i s then refIﬁmwglontmélesé@cﬁﬂz@quaﬂizaﬁdm;anmihicﬂedryetrel.smyef'hrough t he
second pol arizer 10, l'iquid crystal layer 4 and first polarizer 9 in that
order and filkhand Siestmrpokarizer o ihmethatguorderysndl fingplay el enent.

Thus, the observer can see the polarized |ight which has entered the |iquid
crystal o sptmgnatedreeitt 8- thealiqutdeerystabi dbapiag ehenentit er

reflected by _the reflector. 10 On the other hand, when a
pr edet er i nethus, the observer can see the polarized light which

has entered the liquid crystal display element and-
again, comes out of said element after reflected by the
reflector.
10 '~ On the other hand, when a predétefmined
(L voltage‘is applied to a certain selected electrode 6
to give.an:electric field in a certain area of the
liquid érystal layer in said display element, the
liquid crystal molecules in that area are oriented in
15 ‘the direction of the electric field, and as a result,
such area of the liquid crystal layer is deprived of
its optical rotating capacity for the polarization -
plane and hence the plane of polarization in said area
undergoeS'no'optical rotétion, so that the light
'20 polarized by the first.polarizer 9 is intercepted by -
the second polarizer 10 and therefore that area looks
dark'to'the observer. It 1is thus'possible to effect
desired display bj applying an electric voltage to a
pertinent electrode. |
25 It 1s said that most desirable ones of the
liquid crystal materials (including compounds and
composifions) used for field-effect type liquid erystal

display elements mentioned above are those which meet



voltage is applied to a certain selected electrode 6 to give an electric

a certain area of the liquid crystal layer in said display

field in

elqggik, the liquid crystal nolecules in that area are oriented in.15 the
dir ion of the electric field, and as a result, such area of the |liqujd
crystal layer is deprived of its optifal rotating capacity for the

pol ari zati on pl ane and hence the plane of polarization in said area

under gods dheofididawing fthuae RAUIRRMen{eSiight 20 pol arized by the first
polarizer 9 is intercepted by the second pol arizer 10_and therefore that

area | ooks dafidnsy MRIWRERS: | 1899t TRREILTE §9 BReRTLGR3I red
di splay by applying an electric volgt to a periinent electrode. 25
It is said that nost desirable one§é§¥§WK§??%kﬁi#%b%s?%ﬁéﬁ%?ériaIs

{ is said that most: on: T s
Crystal o spl oS R b WRAPERL O gref ) Hadckeef, | 1

fol'l ow

ui renent: operability over a

Wi de tenper- Fmiprd requirement: good PésPEnEBPéifess over a wide
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temperature range, particu;arly
at 1ow temperatures.

Regarding the first requirement, it is of
paramount importance for the structure of the display
element to control the molécular arrangement such that
the molecules of the liquid erystal compound 4 will be
oriented parallel to each other and in one direction
at the interfaces of the upper and lower plates which
hold the molecules. Such control has'been accomplished \
heretofore by forming a SiO film at the interface by
oblique vacuum vaporization, or by rubbing techniques.

As for the second requirement, it 1s the
minimum requiremgnt that the material is liquid crystal
at around normal temperature (25°C), but practically |
it is required that the materlal presents a liquid

crystal condition in the temperature range of -10°C to

" .about +60°C or higher.

In this invention, the trénsition temperature
of a sblid ++ a liquld crystal (or a smectic liquid

crystal <> a nematic liquid crystal) is decided and

- defined according to the résults of the following

measurements. There are many occasions where the

9 three requirements: First Eﬁ?gif 4t good adaptability to the
orien- tation controlling section. %Econ ré%

A



Third requirenent: good responsi veness over a w de tenperature range,
particularly at | ow tenperatures. Regarding the first requirenent, i of
10* paranount inportance for the structure of the display elenent tol\Y./
control the nol ecul ar arrangenent such that the nolecules of the liqu

crys compound 4 will be oriented-p@rallel to each other and in one -
direction at the interfaces of the upper and | ower plates which 15 hold

t he nol ecdl esindisudvuadominglendd gydeh cxnysdiadl icompdursisetast ardxasly fornming a
SiOfilmat the interface by oblique vacuum vapori zation, or by rubbing

t echni ques. ASTRESitHonse ddieracdyyindangs ovartePaliagr nikuiYdy @ r enent

that the material i liquid crystal 20 at around nornmgl fenmperature [err
but practicaldFSist b rcg’&{ﬂ‘)r“é’dlyt(ﬁ&’[ %"r?é‘t‘%qné i&ré‘s‘?ﬁtesd eFrajiaqui d crglst a}
condition in_t t r.at ure range of [err].to about, +[ g or_higher. In
this inventi (?Pi‘r}%tiﬁg‘%% sil:"t Wor?ef"g’rﬁ?@rta‘f{rlﬁ e(]f?f cﬁxaé“ps:\cﬁ i["g'[c{deq)r]arbd Igi qui d
cryst al i.C ' ryst I e ' | ' t S
deZi ded <(51 d %é’%ﬁ% eaggg?l:#i%&%tr%%ten s‘)%zga'sel; teg io %ée%io%%%nrgéﬁr%aﬁa enent s.

‘There are MaRLAEEATHIES 1M HR R4 by a micro melting-point

measuring apparatus, and the thus measured temperature

is given as transition temperature of the solid «
liquid crystal compounds (or the smectic liquid
10 ecrystal <+ the nematic liquid crystal). This second
requirement is'of great significance not only for
ordinary statie driving.but also for driving by a
so-called multiplexing dri#e system; The multiplexing
drive system according to, for example, the volfage;
\/jls averaging method 1s now predominantly employed in the
liquid erystal display devices, particularl& those
requiring voluminous informations, such as for example
table-type electronic computers or matrix displays.
-Low voltage driving is desirable for the table-type
20 electronic computers or the like, and usually there is
w employed a 4.5 V driving system (using three 1.5V
| 'cells)-or-3 V driving system (using two 1.5 V cells)
where the_celis are connectfed in series to effect direct
driving. This low voltage driving réquires no boosting
25 circuit since the cells are connected in series, and
also the cell life can be prolonged to 500 to 2,000
. hours by combinétion with C-MOS.

However, such multiplexing drive system is



1 individual single liquid crystal conpounds or m xed conpositions thereof

,ﬁgﬁrgo over-cooling. In such a case, the conpound (or conposition) is
yted to a sufficiently low tenperature (for exanple [err] and 5 then the

transition tenperature in the rising trend of tenperature is nmeasured i?ea
m cro mel ting-point measuring apparafus, and the thus measured tenperat

is given as transition tenperature of the solid [err] liquid crystal
conpountls §uwbjéde, stecprintiplied 6 ceryainl operationslnzestirdcH quid
crystal). This second requirenent is of great S|gn|f|cance not only for
ordi nary sthons uhlvhngrbunohl s@enoindtreu s§abcadzdvdas 8JSHEM-i pl exi ng
drive system The nultipl-exing drive system accqrding for exanple, the

'X?I;?gﬁ-dﬁfnlgyeamglﬁép FﬁBB ﬂgfﬁﬁwdéﬁﬁééﬁlﬂ&ﬂ?pﬁsen3209€d inthe |iquid
evi ces
hn¥0{nat|o?§9u ned &9 gB? @? h%%@g%aﬁﬁéﬂg SQ g uL%h% VOl%ﬁ%“@%#s or matrix
cl obt 1 o5 caborptbcRaTsrapltfinl S5 hoRzeS1pgt bl potles At | o

mpl oy
driving systfgkéggépgggg&ﬁgsie§hgdcgglEbggrpgpgrgyry RS ey Fogm (using two

1.5V cellg? are connect n“serires to effect direct

driving. Thisvbavayn! bRosulhl ¥rBesLeaiees MhiBOGEHA Has Circuit since
the cells aré connected In series, and also the cell life can be prol onged
to 500 to gefPRed for expanding the operational margin by averag-
ing the cross-talk voltages to enlarge the difference
10 Tfrom the selection voltage. This method is explained
beldw by citing a typical case of application. o
-Described here 1is a case of appliéation of

the voltage-averaging method where the cross-talk

voltages are averaged down to 1/3 of the selection

@

15 Qoltage and the driving wave form is made alternating.
The'driving wave form of this system.is shown in Fig.
3 in which Vx is selection voltage, Vy is signal
voltage, and Vx-Vy is applied voltage. In Fig. 3, a
voltage of Vo 1s applied to thé liquid.crystal in the

20 selected condition while a voltage of :(1/3)Vo is
applied to the liquid crystal in the half-selected or
non-selected condition. In this case, the effective
voltage vsl applied to thé display point (the pqint at
which the liquid crystal is brought into a displaying

25 condition) is given by the following formula:



hours by conbination wth CMJS. However, such.nultipjexing drive systemig
1 subj ect, ‘

noét seen in the static driving system

devi ces;

each ¥Eﬁf-se

nmet hod i s nost popularly used for

it

| ection or

in principle, to certain operational restric- tions which are !
In the nmultiplexing drive display 7
is required to prevent cross-talks in the picture elenent 5 at -
non-sel ecti on paint,. and the vol t age- aver agi ng
prev@nrion of such cross-talks. This

met hod was devi ced for expandAZg—Lhe—opeLaLLonaL_nnLgin by averag- ing the
cross-tal k voltages to gnl agga/th f ference 1A ..f2gm t he sel ection
vol tage. This met hod is%eiplai deB§|ow 6§n6igﬁﬁﬁv% 3ypical case of

application.
vol t age- aver agi ng net hod where the

Described here is a case of application of the

al k voltages are averaged down to-

1/3 of the selection 15 vokt&ggea 1the§driving wave formis gqge
alternating. The driving wave-2form of t his systemis shown in Fig. 3 in
which Vx is selection voltage, W is signal voltage, and Vx-Vy is applied
In Fig. 3, a voltage of Vo is applied to the liquid crystal
20 selected condition while a voltage of (1/3)Vo is applied to the liquid
crystal inlt hehgaefinsN:ectatiyonumber " ' ' '

vol t age.

o~

10

On the other hand, effective voltage v 5
applied to the non-display point is given by:

v_, = = Vo ' o (2)

82

Wik

Here, in order to evolve a displaying mode at the

display point, effective voltage Vo1 must be greater

than or equal to threshold voltage Vt of the liquid

h
erystal (v, 2 Vi, ), and in order to prevent cross-
talks from being produced at the non-display point,
effective voltage Vgo must be smaller than or equal to
Vin (Vg2 & Ven?- In other words, the following
cohdition'must be met for providing a cross-talk-free
display according to this driving system:

Vg2 £ Ve S Vo1 (3

Introducing the formulae (1) and (2) into the formula

(3), Vo is defined as follows:

3 Vthl\] FrE S VoS3V (4)

in the



nop: sel ected condition.
t@ﬁ?he di splay point (the point at which the liquid crystal

In this case, the effective voltage [err] applied

a\gf spl aying 25 condition) is given by the follow ng fornul a:

[err] 1 wherein N duty nunber On the other hand, effective voltage [er

applied to the non-display point is @iven by: [err]
in order to evolve a displaying node at the 5 display point,

(2) Here,

ef fective wldqge derydi

-8-

I's brought into

[err]

ed¥ 4 efierdidpinpramdusdni®iébreghol d vol t age

Vth of the liquid crystal [err], and in order to prevent cross- talks from
bei ng prodyeamhtas Hyherargntg S Ayt peretarefderained vohe apesfikts] nust be
smal l er than or equal to 10 Vth [err] VMth). 1In other words, the follow ng
condi ti on rausth les reftowrorimrRig dithg Atrthe-diskldy eandligphay according to
this driving system [err] ) (é& | nt r oduci ng t he

fornul ae (Blspiey Pointin exdst oihal blqeld ervskalicthne

5

10

15

voltages vthl and thz as conve:ted to_the Vo basis,
and when the following condition is met:

th2 (5)

eross-talk-free display is made possible. From the

formula (4), V., and V., , can be given as follows:

. N
Ven1 = 3 Ven '\ FF T (6)

Vena =3 Ve - (7)
To be more exact concerning the formula (5), the lower
threshold value of voltage that allows display is not
Vthl but should rather be the saturation voltage Vsatl
shown in Fig. 8. 1In other words, the voltage range
that allows cross-talk-free display is given by the
following formula:

v Vo £V

satl < th2 | (8)

It may be sald that the greater the range of fluctua-
tion of Vo in the above-formula (8), the broader is.

the operational margin (M) of the display device.

@kdf ol | ows:

»



[err] [err] 4 1 Measuring brightness at the display and
non-di spl ay points by varying [err] there are obtained the results such ,
- shown in Fig. 8. At the display and non- display points exist the liquid

crystal threshold [err] and as converted to the Vo basis, voltages [err]
and.hh%n the following condition is maty [err] cross-talk-free display is
made possible. Fromthe fornula (4), [err] and [err] can be given as

fol lows: [1errin [tHd lapdve-gestPlided derivation of formulae, v_{7dndO0 be
more exact concerning the formula (5), the lower 10 threshol ®val ue of

vol t age that \al] ca diéiiﬁe’ﬁlw,qi@ pm@\gplaﬁwtvs | d a4 TEredtesidersat urati on
' ot

vol tage V sho in Fig. 8. wor ds, ¥&e"voltage range that allows
cross-tal k- f reee abregtiamt j Sup Vihredyy tdlud ©ldmmn agcdally | varissle
(8) 15 1t may be said that the greater the range of fluctua-
depending on the ambient temperature (T), viewing
5 angles to the element (8, ¢) and other factors (Fig. 4).
In the above explanations for the formula (1) through
formula (8), viewing angle 8 defined in Fig. U4 is -
supposed to be 0, but actually such viewing angle may
take a value within a limited range.
10 - As viewed above, there are various factors
&M;/ that decide the operational margin (M). These factors
are explained in due order hereinbelow, but it will be

convenient for understanding such factors and the

~essence of the problem to give particular consideratlons

e 15 to the following three essential elements:
&D) variation of threshold voltage with change.of
temperature - |
(ii) variation of threshold voltage with change of
angle -
20 (111) sharpness of voltage-brightness characteristic.
o~

The relation between (i) - (i1i) and operational margin
(M) will be clarified quantitatively by means of actual
measurements. | o
The électro-éptical gharacteristics of the
25 multiplexing drive system are determined by the method
illustrated in Fig. 5. A liquid'érystal display element
51 is placed in a constant-temperature tank 53 with an

inclination between 10° and 40° to the luminometer 52,



tjgms of Vo in the above-formula (8), the broader is the operational margin
¥Nof the di splay device. 1 In the above-described derivation of

ferAulae, [err] and [err] and hence [err] [err] and [err] are al

consi dered as constant, but these values are actually variabl e dependi ng-on

the anbi ent tenperature (T), view-ngl5- angles to the el ement [err] and~/

other factors (Fig. 4). In the above explanations for the fornmula (1)

t hrough ¥ orand dight is eppidehdie saibfdisplan ¢lement i 51 stipposgl to be O,

but actually such viewing angle may take a value within a limted range. 10

As viewed a@bdeat tabsarbdng \@kdsmsLEHenraS tfreen dechwrgstren opamat i onal

margin (M. These factors are explained in due order hereinbelow, but it

will be corfesiienosest Wiideran AM8IR) QRIcIPT &9 Jrhe aHiminemeteRn28s of the.

T e e ST TSt L AR S e o
(1) S g o A r ghtness char act of [ stic. The relation
between (i) - (iii) %%%‘HFE{EAé”WHvé“?&Eﬁh in the case of 1/3

bias, 1/3 duty and 1/2 bias, 1/2 duty multiplexing

drive as measured by the above-éaid method are as shown

in Figs. 6 and 7. Fig. 8 shows the_voltage-brightneés

10 characteristics as deternined from these wave forms.

In Fig. 8, region I is the area where the display is

not lighted, and region II ;s the area where the

display 1is lighted only at the selected segments.

Desired display of figures, letters, etc., can be made

Q

15 1in the region II. Regioﬁ III is the area where all
the segments are ligh;ed and no display function is
performed, that is, cross-talk occurs. In the drawing,
Vep1 18 voltage at selected segment (ON mode) of 10%
brightness, Vth2 is voltage at non-selected segment

20 (OFF mode) of 10% brightness, V is 50% brightness

satl
selected segment voltage, and Vsat2 is 50% brightness
non-selected segment voltage}

The operational margin (M) is defined by the

following formula:



(M-wll be clarified quantitatively by means of actual measurements. The
el ectro-optical characteristics of the 25 nultiplexing drive system are &
determ ned by the nethod illustrated in Fig. 5. Aliquid crystal displa
elenment 51 is placed in a constant-tenperature tank 53 with an inclination
bet n 100 and 400 to the | um noneten252, 1 and light is applied to
sai'd di splay el enent 51 through a heat-absorbing glass filter 55 froma .
tungsten | anp 54 di spogw# (mhuag amdloe ,ofe=l@or)] <t o the | uninometer 52, and
t he bright ness of said 1 S ARas . t he Iunlnoneter 52. The
driving wave fopng,in thsa&a E g? f/%ﬁglagl%%Pgndut @ 1/2 Riggs, 1/2 duty
mul ti pl exi ng dr| e as sur gugy hgoaboxe % i\d ne%ho are as shomn in
Figs. 6 and 7. Fig. 8 shbh@ he Vo t age-’b &? Ress 10 characteristics as
determ ned from these wilyg 8 éEH@, Bﬁlplg £85509di on | is the area where the

display is not lighted, and region Il is the area where the display is
lighted only at the selected segnents. Desired display of figures, letters,
etc., can be made 15 in the region Il. Region IIl is the area where al

the segmeqts are.hholt edeanda08:4HaP(3%)f unctigon igog
g = viewing angle (°) 10 - 80°
f = frequency (Hz) 100 - 550 Hz
_ Therefore, "broad operational margin® is synonymous
5 with "broad region II". Thus, the multiplexing drive
&';/_ system must be driven in a certain range of voltage
margin. .
| Further analysis of the operational margin
(M) given by the formula (9) shows that M 1is decided
10 by the afore-said three factors (1) ;'(111); and these
| factors are quantitativeiy'defined by the following
formulae:

(1) Temperature characteristic AT of V., :

w o7 - Vo (T=0°C) - V£h2(T=uo°c)
St ’ | - Vo (T=0°C) f Vo (T=40°C)

x 100 (%) (10)

The definition is made under the following
15 conditions: T = 0 - 40°C, 6 =40°, £ = 100 Hz.



performed, that is, cross-talk occurs. In the drawing, [err] is voltage at
S et ed segnent (ON node) of 10% brightness, Vth2 is voltage at
n§Aiskel ect ed segnent 20 (OFF node) of 10% brightness, Vsatl is 50%

bri'ght ness sel ected segnent voltage, and Vsat2 is 50% bright ness S
non-sel ected segnent voltage. The-opdrational margin (M is defined by\Tﬁe
follow ng formula: - 12 - [err] - 1 wherein T = tenperature [err]

0 - [erd] [eddll)= wngliendepegidencsr &8 ofiFenferr] f = frequency (Hz)

100 - 550 Hz Therefore, "broad operational margin” is synonynous 5 with

“"broad region I1". Thus, the nultiplexing drive systemnust be driven in a
certain range of voltage %ﬁrgi ._Fq&ﬁgfr anal ysis of the operational margin
Ph2xHows Mis decided 10 by afore-said

CM given by the fornl a (
three factors (i) - E&él-i-) v.and g eggdypctors are quantitatively defined by
the following fornulae: (i)tPRenperatur'e characteristic AT of [err]

at T = 40°C, £ = 100 Hz.

(iii) Sharpness Yy of voltage-brightness charactgr-

istie:
.V
= vsa’cl (12)
thl
'Although these three factors (i) - (iii) are the
5 principal elements, usually frequency characteristic
' ~
Af should be also taken into consideration as additio- ./
nal factor.
e - e lC* 550 )
Venatf = 1
Af was defined under the conditions of T = 40°C and s/
8 = L4o°. '_
10 | The margin o of the voltage-averaging method

1s defined as follows for convenlence of derivation of

formulae:

o = —h2 N (14)



[err] AT
- definition is nmade under the followwing 15. conditions: T =0 [err], e ,@

f =

100 Hz.

(1) perc]

vol t\ed

x 100 (% (10) Vvt[err] The
-13- (ii) Angle dependency A6 of Vth: [err]

[err] at T = [err], f = 100 Hz. (iir)- Shar pness y of
e-brightness character- istic: rel] -

(12) Although these three factors (i) (iii) are the 5 principal elenents,

usual ly fye

1 G PRE erd Sf‘dﬁmﬁaé h@mﬂ be(fir fOféekene | b PmePRsi deration

as additio- na factor [err] (f 550) Af
(13) [err](fcgc) 1%eﬁtﬂ@t§aﬂ&ﬁéf§ﬂq%dﬁé é:b@ez@oéléittlons of T =7[err] and.

[err].

[err]

10

15

20

. Af
1- (g%)_u . A
M= | - (15)

. Af
1+ (%) 7

=

- AT
1+ AT

wherein A =

Generally, vy, A6, AT and Af may be defined'aS'follows:
Y 21, A6 £ 1, AT > 0 and Af g 1.

-?he hereabove defined operational margin may

vary over a wide range depending on the liquid crystal

compound used, but it is noticed that the compound
capable of giving a'greater margin 1s sulted for
multiplexing drive. As apparent from the formula (15),
1t is required for enlarging the operational margin M
to make.temperaturé characteristic AT approach zero as
much as possible and to make the angle dependency A6,
voltage-brightness sharpness and frequency characteris-
tic Af approaeh as close to 1 as possible. In some
cases, the effect of the temperature characteristic may
be made almost 1gnorabie in enlarging the operational
margin by incorporating a temperature compensation
circuit in the device. However, provision of such
temperature compensation circuit necessarily leads to
an elevated manufacturing cost of the deviee, so that

it 1is desirable to employ the parts (elements) which



10 .- The margin a of the voltage-averaging nethod is defined as

f ol I for conveni ence of derivation of fornulae: a  Vth2

(1 [err] 1 Substituting the fornmulae (10) - (14) for the formula
(9), “operational nmargin Mis given as: [err] [err] )
(15) [err] wherein A° 1 - AT 1 + ATl®enmerally, y, [err] and [err] nay\bé
defined as follows: 5y > 1, [err], AT > 0 and Af < 1. The hereabove
def i ned bperan iprevideryi wideyoneryt boral margénr whth Wepestirag on the
liquid crystal conpound used, but it is noticed that the conpound capable
of giving £YPrEHELN nBRYR 2P SPRAVEEOR0PT 18 ROPPERFEkLAR AATGEitAs apparent

(rom e torml e (1Sksy o' By oBl A Bho oLt aL o0 e Oogtgtgael Tl
and 1o ke, e a0l 6 EPENIENSY.LELLhsoVBbhRERE! Nt ness sharpness and
5 ST e As for the third requirement, namely, good
responsiveness over a wide temperature range, particu-
larly at low temperatures, the followlng consideration
will be instructive. Generally, respoﬁsiveness in the

twisted nematic mode for multiplexing drive 1s given by

10 'the following formulae:

1 n.d ' |
. 1; -3 . . . (16)
- “pise (% + 1) K
& « 42 n/K (17)
fall : _ —
\/

n: viscosity
K: elastic constant (refer to formula (hé)"
shown later)
d: liquid_cryStal layer thickness
15. It is noticed from the above formulae that liquid
crystal responsiveness is decided mostly by viscosity
of the liquid crystal material. It is said that these
theoretical formulae well agree with actual measure-
ments, and it is apparent to fhose skilled in the art
20 thét improvement of responsiveness can be attained by
properly adjusting the viscosity of the liquid ecrystal
compound used. '

Thus, fulfillment of the third requirement
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15 tic Af approach as close to 1 as possible. In sone cases, the effect o
the tenperature characteristic nay be made al nost ignorable in enlarging-
the operational margin by incorporating a tenperature conpensation circuif
in thg device. However, provision of such 20 tenperature conpensation
circaft necessarily leads to an elevgi d manufacturing cost of the device,
so that it is desirable to enploy th %aTts (el ements) which 15 1 can

provi de a W de,QReL 0l PRl B O LD NOeFILLR CORKRLREMBYENzag P Ovi ST on

of a conpensation circult, particu € case o0 he™ popal arly used

devi ces Suchi gy VAN Esi¥Pe(ShESE WoirEOMULEIRg Bre £irst ana AS for the

third requirenent, nanel’y, good responsiveness over a W de tenperature

range, partigacondlPeqdrément £YPEIRBE eBouhdlCop ChbOW. Ng consideration will
be instructive. Generally, responsiveness:in the twi sted nematic node for

mul tiplexing drive i s g veer byhd Othitwed f pédqwik-eigefi®| ntheee hesrbeen
(16) tf d2 n/K (17) n: wviscosity K
el astic dbnsstudiédeﬁ@rfimdfautnﬂrquﬂ&)érystal materials having a
low viscosity as well as satisfying the first and
sécond requirements mentioned above.
dn one hand, various types of liquid crystal
materlals for dlsplay elements, particularly those of
10 a muitiplexing drive system, such as Schiff base type,
gf,/ ester type, biphenyl type, azoxy type, etc., have been
proposed to date. The azoxy type liquid crystal
materials have excellent temperature characteristics
(small in AT), that is, they are very limited in
15 variation of threshold voltage with change of temper-
ature and, as explained‘later, they provide an operatio-
nal margin M of greater than 10% under the 1/3 bias and
1/3 duty multiplexing drive conditions. The. azoxy
liquid crystal materials are represented by the

20 following general formula:

They possess per se weakly negative dielectric aniso~
tropy and are usually used as a mixed systemlwith a
‘nematic liquid crystal compound having positive

dielectric anisotropy (Np). But these azoxy type

25 1liquid erystal materials are colored (in yellow) as



}P’ ater) d: liquid crystal layer thickness 15 It is noticed fromthe
cy)jormul ae that |iquid crystal responsiveness is decided nostly by

021ty of the liquid crystal material. It is said that these theoretical
fornul ae well agree with actual measure- nents, and it is apparent to tHhose
skilled in the art 20 that inprovenent of responsiveness can be attaine y
proeperly adjusting the viscosity of The:liquid crystal conpouhd used. Thus,

Ful (111 Mgt oyt a6l d A% CRT¥AIstn1e Ygnt . donapds ayneidpr 2 |1 qui ¢

crystal conpouhd having a | ow viscosity (and of course€ neet'ing e first
and second £ggUNBRABNIMSLiGhRt RA®slorptd ol 1013500 Aind Mthddvddl fiedui rement,
there has been 5 studied to find out liquid crystal materials having a | ow
viscosity afoltbliag phbitsicyiend clale ridactti candbwiapprud ranivareldmgtent i oned
above. On one hand, various types of liquid crystal materials for display
el enents, parbpund such fleyed :of 10 a nultiplexing drive system such as
Schiff base type, ester type, biphenyl type, azoxy type, etc., have been

' hv '
Rl—@— N(O)N —@)>—0R2 — Rl—©—N=N—§(:)>-OR2

HO

5 A non-liquid crystal compound is produced by such

photochemical reactlon and this newlproduct changes the

color of the liquid crystal from yellow into red. N

Usually, electric resistance of the liquid crystal is
also'sharply lowered. Therefore, in actual use of such
"10 azoxy type nematic liquid crystals, it needs to adapt —
a 500 nm cut filter in the device (element) so as to ~
avoid photo-deterioration that might be caused by the
sunlight or fluorescent light. This naturally compli-
cates the mechanism of the device (element).
15 Other types of liquid crystals which are
resistant to such photo—deteriorétion, such as Schiff
base type, biphenyl type, ester type, etc., have been
notlced for thelr availability as white display
material and theilr adaptation to the display devices
20 has been debated.
The biphényl type liquid crystals are
credited with high chemical stability as they are
highly resistant to light, water and oxygen. However,

most of the known-biphenyl type materials which form
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proposed to date. The azoxy type liquid crystal materials have excellent ..
tenperature characteristics (small in AT), that is, they are very |im ﬁf
Pn 15 variation of threshold voltage with change of tenper- ature and, &%
expl @vned | ater, they provide an operatio- nal margin M of greater than 10%
undeé=“the 1/3 bias and 1/3 duty mul tipigxing drive conditions. The azoxy
liguid crystal naterials are represented by the 20 foll owm ng general

formul a: {er{]qJd@VePPseLESaProsh VERkLYaPeBat A¥E €hel 8561 BadDhgo- tropy
and are usually used as a m xed systemwth a nematic |liquid crystal
conpound havp@eipoeé t A¥e16k € L€t & LsSET6PY |, 0Nd (Apfew Batet krsenazoxy type

25 liquid crystal materials are colored (in yellow) as - 17 - 1 they
absorb a parthefnegstive é¢quitalénte, whielh shewligeideuzrysbali ght

absorption at 350 nm and undergo the follow ng photochemn cal reaction ow ng
to the wavel roomhtemperatgre hahéveracfieallyeusedful. Therefore, [err] HO

5 there are only a few kinds of liquid crystal compounds
which can form a mixed system with biphenyl type alone.
Also, becausé of not so high value of positive dielec-
tric anisotropy, wide rangé adjustment of threshold
value 1is hardly possible with these materials, and
10 further, such threshold voltage has high temperature
o dependency (large in AT), s0 that these materials are
generally considered unsulted for multiple;ing drive.

The ester type liquid crystal comgounds have
relatively good chemical stability and there are known

15 many kinds of single liquid crystal compounds of posi-
tive or negative dielectric anisotropy. However,

- threshold voltage of these compounds has:relatively
high temperature dependency and their viscosity is also
considerably high; so that generally these compounds

. 20 can hardly meet the afore—said second and third
™ requirements. _

The Schiff base type liquid erystal compounds
have betfer properties than the ester type, but because
of strong hydrolytic disposition, matching wlth the

25 packing portion of the display element is often required
for thelr use. |

Individual iiquid crystal materials are

disclosed in, for example, U.S. Patent Nos. 4,137,192



5 A non-liquid crystal conmpound is produced by such photochenical reaction
and _this new product changes the color of the liquid crystal fromyell ow

i ntfg2med. Usual ly, electric resistance of the liquid crystal is also

sha | owered. Therefore, in actual use of such 10 azoxy type nenat(_J
I|qU|d crystals, it needs to adapt @ BPO-nmcut filter in the device

(el enent) so as to avoid photo-deterioration that m ght be caused by the
sunl|ghuwmaﬁdlkylkﬂgﬁﬁlj|Mﬁﬁecd1a3 @E&snaasyam@nﬁiqui@aﬂesstabsnechanlsm

of the device (el enent). . Ot her pes of UId cr stals whi ch
are resi st &8, 128599 M’kﬂ'b?abl.eteér i Orgt |%Themsu§;%s a&l@hﬂ 4pesR73Y
bi phenyl type, ester type, etc., have been noticed for their avallablllty

as white diEgftayGemman | t%ﬂklﬁ%e|¥°%d5$¥ai¢h%  ob¥hetlaetp) apeeddtces 20

has been debated The bi phen liquid crystals are credited with high
chemical stcamainat t%ﬁé%/%t H‘FY'S‘?]W ¥e%istant to light, water and oxygen.

ae a S yeral a Pﬁoﬁ?é’ﬁﬁ‘ﬁ%%%”%nm%@%%% b S E Rk T bR B et i

ani sotropy, éﬁﬂﬁéﬁfﬁgﬁégfékffﬂﬁi&ﬁc:ystal with negative dielectric
anisotropy (Nn type liquid crystal) as.matrix-and also
incorporating a proper quantity of a nematic liquid
crystal with positive dielectric anisotropy (Np type

10 liquid crystal)'and/or its analogue (5 substance

analogous to the positive nematic liquid erystal in
molecular structure, herelnafter referréd to as Np_
type iiquid crystallanalogue) can meet the second and

third of the aforesaid three requirements and that such

@,

15 system can exist in the Schiff base type liquid crystal
systems or cyclohexanecarboxylic acid-trans-i4'-alkoxy-
phenyl ester_typé liquid crystal systems.

According to this invention, therefore, the
sald defects of the conventional ligquid crystal

20 materials are desirably eliminated, in other words, there
is provided a liquid crystal coﬁposition which is
capable of stable orientation in a wide temperature
range, permits setting of the thfeshold voltage value
over a wide range, is minimized in both temperature

25 dependency and viewing angle dependency of such thres-
hold value and also has high responsiveness.. |

. The present invention provides a liquid

crystal composition for display devices comprising at .



t he negative equivalents which are liquid crystal at roomtenperature
practicall.y useful. Therefore, 5 there are only a few kinds of [|iqui
¢rystal eonpounds which can forma m xed system w th bi phenyl type alone
Al so,-zbecause of not so high val ue of positive dielec- tric ani sot r opy,
mnde\;bnge adj ust ment of threshold valug Is hardly possible with these
materials, and 10 further, such threSh Pd “vol tage has hi gh tenperature

depertency 3 2 A el AURGONE I M L e

have relatlvel(?yygichen1cal stablllty and there are known 15 many ki nds
of single |iqui ryé%al conpounds of posi- tive or negative dielectric
ani sotropy. However, threshold voltage of these conpounds has relatively

hi gh tenperature dependenc thelr viscosity is also considerably high,
so that generally these y neef, [ he, af o5 £- s¢i8l) second
and third requirenents. ff bas Il quid crystal conpounds have

better properties than the ester type, but because of strong hydrolytic
di sposition, matching with the 25 packing portion of the display el enent
is often requi rererfedn t elirs {m @memwmﬂgﬁﬂ+@®s are
di sclosed in, for exanple 192
R2 is n'ch2q+1’ n- Cq 2q+1° 0 or n CqH2q+l -C0, and m and
5 q are each an integer of 1 to 10, and at least one

compound represented by the general formula:

Rsﬁu I ¢ 1D

wherein R; 1s n-C H, ., or n-C H, .- -0, Ry 1s
n'Csts+l or Q-CSH25+1-O, and r and s are each

an integer of 1 to 10. In the above definitions,

n is a symbol denoting that carbon 1s straight-
chain, and thiS'denotatioh applies throughout this
speciflication. Also, in the above-shown compounds,
linkage 6f cychlohexane ring carbon to carboxyl group
carbon and that of cyclohexane ring carbon to benzene
15 .group_are supposed to be an equatorial bond.

The present invention also provides a ligquid
crystal compositioh best suited for mu;tiplexing drive
by combining said matric mixture syStem and a nematic
liquid crystél with positive dielectric anisotropy

20 (Np).

This invention further provides a liguid

ecrystal éomposition'capablé of improving the various

properties recuired for multiplex ing drive by adding



%

- 19 - 1 and 4,147,651, Ml ecular Crystals and Liquid Crystals 22, 285-299
(1943), J. Og. Chem 38, 3160-3164 (1973), East Gernan Patent No. 105, 701,

et eF\out their special conbinations are not known yet. 5 The
pr k¥ inventors have found that a §K?1eg1using a nematic liquid crysgtal
wi t egative dielectric anisotropy (Nitype liquid crystal) as matrix and

al so incorporgfi (ggg pdaPfes wegatic liquid crystal with
positive di elﬁé%:th?}?cﬁﬁ sot l%)%aé(}tp taype 10 liquid crystal) and/or its

anal ogue (a SHShANE s PtEmP IBiSs Lk ike FPsan i Ne tmextusei SystEmtal in
nmol ecul ar structure, hereinafter referred to as Np type liquid crystal

anal ogue) carediatisirer (oo ncompwlurids roff ofhé hebaterssawn formelaequirements
and that such 15 systemcan exist in the Schiff base type liquid crystal
systens or cy{dShearmhe(Xd band ian Np dbypankiquidl koxytabhebyeineder type
liquid crystal systens. According to this invention, therefore, the said
def ect s of5 t iramrbhentdhorg-sailixesesneres20 mterials are desirably

elimnated, in other words, there is provided a liquid crystal conposition
which is capable of staBl &hf i29RMPIIVINE ANRUENEEAPELEL Utels @

sectional view showing an example of liquid crystal
display element; Fig. 2 1s a structural diagram showing
a pattern of orientation of the liquid crystal molecu-
10 leé; Fig. 3 is a diagram exempiifying the multiplexing
drive waveforms according to the voltage-averaging
method (1/3 bilas); Fig. 4 is a drawing i1llustrating
the défihition of-viewing angle; Fig. 5 is a schematic
1llustration of ap_electro—opticél prbperties measuring
15 device; Fig. 6 shows the 173 bilas and 1/3 duty driving v
waveforms; Fig. 7 shows the 1/2 bias and 1/2 duty
driving waveforms; Fig. 7 is a graphic representation
of the brightness-voltage characteristics in multiplex-
ing drive; Fig. 9.is_a characteristic diagram showing
20 the relatidnship between Np/Nn mixing ratio and Vih; |
and Figs. 10 to 13 are charéctérisfic diagrams of e
viscosity as observed when the compounds of the general

formula:

Ry~ H)—~O)—O)- Ry

‘were added to various matrix liquid crystals.

25 " The invention is describéd_in further detail



mnimized in both tenperature 25 dependency and view ng angl e dependg of
stich thres- hold value and al so has hi gh responsi veness. The present o
inveqigpn-prOV|des a liquid crystal conposition for display devices
conpr™si ng at -20 - 1 | east one cgng und represented by the foll ow ng
general formila: [err] [err] ( ? wherein Rl is [err] [err] or
[err] [err] i [ e akL] -an h of 1to
6, hni o 11 AgreiabeBewl hileRohduThANENE BrBberEaal ARoREhENRE. Ol er
(19) wherein tRépéofrs [err] or n-[err] [err] -or [err] and r and s are
each an integer of 1 to 10. In the above definitions, 10 n is a synbol
denoting that carbon 'SRééaﬁdﬂhg fﬂhﬁtnthéndohbbéidiBﬁEaEbﬁ@ti@ﬁ%b@s
t hroughout this specification. Also, in the above-shown conmpounds, |inkage
of cycl ohexaneyrtheg resbeativecadiyoidl cgystalcaohpoundd hhetingf tegcl ohexane
ring carbon to benzene

chemical structure shown by the formula (18), the most

range, permts setting of the threshold voltage val ue over a wide ras
O

preferred constituent compounds are those of the

formula:
n=Collyn g~ )= 0004O)— 0-0Collpqyy  vvvr (20)
N wherein m and q are each an integer of i to 10, and the

'preferred_gombinatiéns of (m and q) in the above formula

10 (20) are: (3 and 5), (4 and 5), (5 and 5), (6 and 5),
(4 and 6), (3 and 1), (3 and 2), (3 and 3), (3 and b4),
(3 and 9), (4 and 1), (4 and 2), (4 and 3), (4 and 4y,
(4 and 6), (4 and 8), (5 and 1), (5 and 2), (5 and 3),
(5 and 4); (5 and 6), and (5 and 7). In the case of

15 the'compounds of the formula:

wherein m and q are each an integer of 1 to 10, the
(m and q) combinations of (5 and 2), (5 and 3) and
(5 and 5) are pfeferred. As for the compounds of the

formula:



15 up are supposed to be an equatorial bond. The present invention also

profies a liquid crystal conposition best suited for nultiplexing drive by
conbwing said matric m xture systemand a nematic liquid crystal with
positive dielectric anisotropy 20 Np). This invention further provid%EDa
l.iquid crystal conposition capabl & 3] i“nprovi ng the various properties

required for nultiplexing drive by addin - -1 Nn . type liquid
cryst al 1t owhfESHxfuRBs fs PER 851‘%’1 &g Hﬁ‘%&ﬁegnﬁlt f’ﬁe%x&ﬂ% system
Np Cype | GERGIEATICHR 9t £PndRG Wrom't Abdaiidve WA ddear ches. I the
acconpanyi Wi, Rg Fi g. I §ya CtL AR LW ' exanpl e of
liquid crygga_ghgi é‘g| %’?del(gngr}ll& §I'—)i 5.}%2tpi S aréﬂ\erdf}ct%{r%}@d&?%éam show ng a

pattern OfCQEPBPhﬁ I o %het@%rhpﬁ%hd crystal nolecu- 10 les; Fig. 3 is a
1Ty p

di agr am exenp Ing the nmultiplexing drive waveforns according to the

vol t age-averagi ng nethod (1/3 bias); Fig. 4 is a drawing illustrating the
definition of viewing angle Fig. 5/ schemati c '
n-CmH2m+l-0 COO-{Cj?}-n-CqH2q+l cees (23)

5 wherein m and q are each an integer of 1 to 10, the
combinations of (5 and 3) and (5 and 5) are recommended.

As regards the compounds represented by the formula

(19), the following types are most preferred: '(R3

'C,Hg and R, = CHj), (Ry = CHg and Ry = n-CyHy),
10 (R3'§‘n:c§?z and Ry, = n-CsHll), (R3 = nfguﬂg and
Ry = n-CyHy), (R3 = 9‘°5H11 and Ry = n-CgHy,), (Rgy = _
n-C7H15 and Ry f n-CsHll), (R3 = CH3 and Ry = CZHSO)’ \ff
(Ry = CH; and Ry = n-CgH,,0), (R3 = C,Hg and Ry = CH30),
(Ry = n-CyHy and Ry = CH30), (R3 = n-CyHg and Ry =
15 C,Hz0), (Ry = n-CyHy and Ry = n-CgH;30), (Ry = n-Cglyy
and Ry = n-CSH17O), (R3 = n-CgH; 3 and R, = n-CsH13O),
(Ry = CH30 and Ry = CpHg), (Ry = CH30 and Ry = n-C5H,), -
(R3 = n-C;H,,0 and R, = n-C3H7), (R3 = CH30 and R, = N

n-Cqu), (R3 =_02H5o and 34 = n—Cqu), (33 = n-C;4H,,0
20 and Ry = n-Cqu), (R3 = n-Cqu-and Ry = n-CsHll),

(R3 = n-CSHllQ and Ru.= n-CSHll)-and (R3 = CH,O and

3
In the mixed system of at least one compound
of the formula (18) and at least one compound of the

25 formula (19), it is desirable that the respective



il lustration of an el ectro-optical properties neasuring 15 device; Fi
shows the 1/3 bias and 1/3 duty driving waveforns; Fig. 7 shows the 1/ X
bias and 1/2 duty driving waveforns; Fig. 7 is a graphic representation’ of

t he gzightness vol tage characteristics in multiplex- ing drive; Fig. 9is a
char eristic diagramshowi ng 20 the,fel ationshi p between Np/ Nn m Xi ng
ratio and Vth; and Figs. 10 to 13 are“characteristic diagrams of viscosity
as observed %ﬁpohhasC%WQ%@di‘oﬁnuﬁ'&% qamer andf ((r1'9~)| Qzav[eerde]r Wey @ added to
various matrix liquid crystals he invention is described in
further detawlide mesdmorphicheagigebdMRy s lag :'chpWen@ nae rake f3rstach

enbodi nents thereof. Regarding first the conpositions constituted by the
respecti ve | sgbildfyingt abtcomlyutte fdwristg ricgmirenizert dalt slrsucttiree shown

" by-the formula (18), the nost preferred constituent conpounds are those of
the fornul a: seeenf ahdr shdrd requdremendsclasaweldt.eger of 1 to 10, and the

5 Table 1 below shows mesomorphic ranges (MR)
of principal Nn type u-n-alkyl-cycloheianecarboxylic

acid-trans-4'-alkoxyphenyl esters.

Table 1
. E (4-n~alkyl-cyclohexane-
N R1~{C:>F'COO—<::>—-032 | carboxylic acid-trans-
: B | 4r.glkoxyphenyl esters)
Symbol Ry R, -~ = MR (°C)
~ A C3H, Cs5Hyq 37 to 67
.B Cqu CSHII 26 to 67
C C5Hll _ | 05H11 31 to.77
D 06H13 CsH11 by to 52
E Cqu 06H13 25 to 69
| F C3H7 CH3 55 to 64
At G C3H7 C3H7 54 to 65
H Cqu | CH3 42 to 61
I Cqu : 02H5 36 to T4
Jd Cqu | 06H13 26 to 70
K CoHyy CoHs 56 to 86
L _CSHll Cqu 48 to 80




preferred conbinations of (mand q) in the above formula 10 (20) are: (3

and ~ (4 and 5), (5 and 5), (6 and 5), (4 and 6), (3 and 1), (3 and 2),

(3 a?ﬁ%ﬁ), (3 and 4), (3 and 9), (4 and 1), (4 and 2), (4 and 3), (4 and

4), and 6), (4 and 8), (5 and 1), (5 and 2), (5 and 3), (5 and 4), QE)

and 6), and (5 and 7). In the caseéﬁf‘lS' t he .conpounds of the fornmula®

[‘err] 21) . wher ei and are each an integer, of 1 to

- 10, thel(mand q) coﬁﬁ?ﬂé?i%ﬁ§?8$ P% ghﬁs?)g°P§°HH§s3F§Xﬁa Fgggﬁd 5) are
preferred. As, for fhe,conpounds of .t he_fQqr [ eLr rr -23- 1

wher ei n n1%ﬁﬂtﬁmﬁr%aEEEﬁngﬁEFﬂYegépgoﬁﬁlgéggkgwntﬁé ?%#gfngtions of (3 and

4), (4 and%4ib (4 and 1), (5 and 4) and (5 and 9) are preferred, and for

t he conpou @88t the formil a: [err] : :

(23) 5 wherein mand q are each an integer of 1 to 10, the conbi nati ons of

(5 and 3) and (5 and 5) are recomended. As .regards the conpounds

represented by the fornula Table 2

No. syl N e Ty eien) MR (°O)

1 1-1 A(50) + C(50) 13 to 70

2 1-2 C(50) + E(50) 17 to 71

3 1-3  A(50) + E(50) 12 to 65

4 1-4  A(50) + C(25) + E(25) 9 to 69.5 N
5 1-5  A(33.3) + C(33.3) + E(33.3) 1l to 70

6§ 1-6 . A(33.3) + B(33.3) + C(33.3) 15 o 69

7 1-7 D(50) + K(50) 13 to 81 Q

8 1-8 B(50) + K(50) 15 to 78

9 1-9 B(50) + D(50) 21 to 69

10 1-10 A(So) + K(50) _ 21 to 77

11 1-11 C(50) + K(50) 15 to 81

h Table 3 shows mesomorphic ranges (MR) of ‘\f\J

5 typical examples of the compounds represented by the

genéral formula:

R3'*‘E'}"{I:’*'{ii’“'3"

(see formula (19)).



"(19), the following types are nost preferred: [err] = [err] and [ ),
[err] = CH5 and R= n[err], 10 [err] -n [err] and R4 =[err], [er -

n-[err]-and [err] n-[err], [err] and R= n-[err], [err] = n-[err]
‘[err] =n-[err], [err] = [err] and 2 5R3 =CH3 and R4 = n-[err],
[ enr C2 5 a 4 [err] (RByg n-CAH and R4 = [err], [err] and
R=I5 [err], [err] = n-C4H9 and [err]="n-[err], [err] 5 11 [err]
and R4 = n-C6H 130) [err] and R4 —Tgéwg) [err] and [err] = [err] [err]
and [err] = [err] [err] ' an Eerr],_[err] C2H50 and[err]
[err] 20 and [err], [err] = [err] and [err] [err] ‘[err] and [err] =
n-[err] and (R—=CH U and [errj ' TE 1M XEd SysSLem or_at T east one
conpound of the formula (18) and p-| eay 1e~eQnpound of the. 25 fornula
(19), it is desirable that thR,re -t @ R,1 compounds of the

formul ae (18) and (19) have pe? Dr phi'c range (MR) so as to
be a matrix svsten1satisfvingAnot only the first requirenent but also the
second and third requirenents as well. .

Crystal-smectic
Symbol RS Ru transition MR (°C)
' temp. (°C)
3-1 n-CSHll C2 5= 143 146 to 163
3-2 n—CSHll n-Cqu- 1"3 - 160 to 168
1 Table 4 shows the mesomorphic ranges (MR) of
mixed systems of the compounds represented by the
general formula: |
Y

and mixed systéms of the compounds represented by the

5 general formula:

‘*V ;X E)~HO)O) Ry



5 Tabl e 1 bel ow shows nesonor phic rahges (MR) of principal Nn
- type Z@al kyl - cycl ohexanecar boxyli c aci d-trans-4'-al koxyphenyl esters.

Tabl e err] [err] Synbol [err] Cferr] I\/R
(O A C37 CH 37 to 67 B - [err] ™
[err] 26 to 67 C csR1- [err] 31 to 77 b-J
[err] [err] 44 t OT&RLE 4 ~[err] - [err]
25 to 69 F [err] [err] - 55 to 64 G
[err] lerr] 54 to 65 3 7 3 7 H
[err] ierr] A 42 to 6lgf[err] Eerr] I
[err] Symbolerr] (wtg) 36 to 74(‘,}1;?) [ eMR] (°C) [err]
26 to 70 K err] [err : b6 to 86 |
[err] [err] 48 to 80 . 25 - Proper m xing of these
conpounds gi visLm xed 100 0 T'tq' 62

b2 95 5 -15 to 66

4-3 - 90 10 -13 to 71

byl 85 15 -10 to 75,

1 'In the above table, A 1s composed of:

C3H7—@— coo—@)>—ocsﬂ11 (25% by weight) N
Hu_@'- co0 OC,Hy (25% by weight)

Hll—@— COO—@-OCBH]_I (25% by weight) and
CH3°_C°°‘@'C5H11 _(25% by weight)
and B 1s composed of:
NP

sty ~(B) (O)-CaFs-

--\,_' As is clear from the above-shown tables, fhe
upper limit of the mesomorphic range (MR) rises as a

compound of the formula:

<D0~



systens having fairly wide MR as shown in Table 2 below Table 2 No. . -.
Synmbol Nn liquid crystals (figures in MR [err] No. Synbol parenthes

show % by wei ght) 1 1-1 A(50) + C(50) - 13
to 70 2 1-2 C(50) + E(50) - 17 to 71 3 1-3

A(5Q) )+ E(50) 12 to 652§ A(50) + C(25) +

E( 25) 9 to 69.5 5 - 33. 3) +C(33 3) + E(33.3) 11
to.70 6 33. B 3 3 6 1-7

D(50) - + K(SO} is adaéd33: giséd, é% ?§b§§ gﬁ %a?ig 3] sbﬁg(gg)theK(So)

15 to 78 9 1¢gmpound556§oi;hé psiiﬁhla. | 21 to 69 10 1-10
A(50) + K(50) to 11 1-11 C(50) + K(50)

15 to 81 Table 3 shoms nesonorphlc ranges (NR) of 5 t ypi cal -exanpl es of the
conpounds represented by the gener

[err] (see formula (19)). -R§ @ . @

have a smectic phase in a relatively high mesomérphic
rangé, but whén they are mixed in the matrix systems
5 principally composed of the llquid crystals represented
by the formula (18), the result is that either the |
smectic phaSe appears in a low temperature range'alone
b or it does not appear at all.
In case these mixed system liquid crystals

10 are used in the twisted nematic field-effect type.

liquid crystal display elements, it is essential that

\—) the mixed system liguid crystals~used have positive
dielectric anisotropy, that is, e“ - €y (= Ae) 1is
positive. _

15 It 1s very easy-to impart positive dielectric
anlsotropy to said mixed IIQuid crysﬁal sysfems by |
modifying the their quality. To be more definitely,

| &a’_ _ although the mixed system'of the liquid erystals of

the formulae:

20 and



[err] 3 Crystal -smectic Synbol [err] - [err] transition

tenp. [err] 3-1 [err] [err] 143 146 to 163
3- err] [err] 143 160 to 168 Table 4 shows the.
nme rphic ranges (MR) of nixed syst2hs of the conpounds represent ed _Jy
the general fornula: [err] [err] and m xed systens of the conpounds

representled agcanidirg trefhis Invention s negative or veryprdeaklyo7y.

-Tabl e 4 Synbol A W 9 ' VR 4-1

180 © Y ﬁzsitkye_dielectriclgqxﬁqérqﬁg? such modg5o£eéiélectric 5

-15 to 66 4-3 90 10 ©, =13 71 4-4

85 anisgtropy can bg]ib%%ﬁ%@i??lQ?ﬁggﬁﬁﬁeb¥aﬁ?é£n§‘?s conposed of:

[err] [e”]re‘l[a%r:l.r\;ely( ALY mmgy of one or more nematic liquid
5 <crystals having strongly positive dielectric anisotropy
(Np) without inducing any notice- | '
able change in the desirable properties posséssed by
said mixed system such as, for example, wide meéomorphic
range and low viscosity.
10 The present inventors have aiso diécovered the

substances of the following formulae, especially at least - .
' o/

‘two such substances, as preferred Np type liquid crystals

for use in the mixed system of this invention:

n-CmH2m+l-<::>— cbo—<::>h CN eeee (28)
n-C_Hy .,-0 -@- coo—@— CN N 1)
“‘CmHzm+1f<C:>*'C°°‘<::>*'N°2 ceees (26)
ﬁ-cm32m+i-o-<::>-cod-{(Zj}-Noz ceees (2T
. o
n—CmH2m+1—<::>- cos-<::>b-cu | ceens (28) "~
n-cmH2m+l—<::>—cn=N-<<:>>—cN ceves (29)
"Gz -0 XO)- CHH <O o o (308)
n-cmﬁémﬂ-co-@'- CH=N -@ oy eee. (30D)
n-CmH2m+1-coo-<<:j>—¢H=N-<<::>—CN ceeee (31)
n-cm32m+1-<::>-cH=N—<::>4Ndé . (32)

Q-



[err] [err] @ OC2H5 (25% by weight) [err] ' 'tzggb;
(25% by weight) and [err] (25% by weight) and B
.is conposed of: [err] As is clear fromthe above-shown tables, the upper
linit, of the mesonorphic range (MR Liggs-as a conpound of the fornula: 3
R4 - 28 - 1 is added. Also, as shown i.n Table 3, sone of the conpounds
of the fornula: [err] have a gsnectic phase in a relatively high mesonorphic

range, but. when thgycan ], el BN i X systens.o.pri.nci pakRy conposed
of the liquid crystal® ?@g]r“ee_ th

e formula (18), the result is that
‘either the snectic phase appear a~hOwW t enperature range alone or it
does ‘'not appear atnaCﬁHz Jycfse @ 6N systemeki.qui.d.crys{3Ha)10 are
used in the twisted nenatic fiel™d ‘

=t type liquid crystal display

el ements, it is essential that m systemliquid crystals have
positive : n-cmH2m+i-coo-©@-eﬁ (ﬁll?gfi |

n-CmH2m+l-CO‘©'©— CN sevsecsecss s (353)

n-CmH2m+1CN_ N & 15
n-Cplipay X0 oo L (36)
n-CmH2m+l—O-®-@-CN Ceeenenean (37)

g‘;/ . T In the above formulae (2%) to (37), m is .an
Integer of 1 to 10. Among the abovefspecified subs-
tances, those of the formulae (24) to (37) are

, preferred.
5 Favorable results are also obtained by adding
the substances of the following formulae to the matrix
system: .
n-CmHzmﬂ—@-—@—@— e (38)
5”/ m: an integer of 1 to 8 - |
S .

n-C H, +1—@— coo—@— (o4 (39)

‘m: an integer of 1 to 8

X: F, Br, Cl or I (halogen)

: X
ST o) S o) GRS o)

m: an integer of 1 to 10 (especially 1 to 8)
X: F,Br, ClorlI (hélogen)' : -



dielectric anisotrbpy, that is, [err] - [err] ([err]) is positive. 15
I t i§§§Fry easy to inpart positive dielectric anisotropy to said m xed

liqu crystal systens by nodifying the their quality. To be nore .
definrtely, although the m xed systém<f the |liquid crystals of the {
formulae: [err] 20 and -29- 1 according to this invention has negative
or very weakly posgj_td di el | Gl 0 S node of di tric

ani sotropy can be%cthdah%pg?ml‘t 0 i ﬁ@g alﬁ\{]el atively sfréaf gquantity

of one or nore nematic liquid 5 crystals having strongly positive
di el ectric anisotropy M%) &R drdegsm@fcilhd@dP notice- able change in the
desirabl e properties possessed by said m xed system such as, for exanple,

wi de nmesonorphic range and | ow yi scosity. 10 The present
i nventors have al gcdh§cover he tagéfs of the follow ng, formnul ae,
especially at |eaSt “m@msdch st , pr ef erred N type H%ﬂu d

crystals for use in the m xed systemof this invention:
m: an integer of 1 to 10

1 In case of adding the substances of the
-above-shown formulas (24) to (42) or their optional
mixed systems as the third component, the follcwing
general facts or rules will serﬁe as the guiding

5 principle for deciding the amount of such third

component to be added although in general they are used in an
amount of 2 to 50% by weight of the whole composition. The

—

amount of the Np type liquid crystal to be mixed with the ,

matrix Nn type liquid crystal is decided by the werking
10 threshold voltage required by the mixed syétem, but.the
relation between said amount to be mixed and working
threshold voltage 1s determined substantiaily according
to the following conceptions. The threshold voltage
(Vth) of the twisted nematic liquid crystal element is
15 given by the following formula: |
2

By~ Hey - e ven? = w3k, + (K, - 2K,,)8°

N € XD

wherein ¢ is twist angle which is usualiy n/2, and Kll’

K22 and K33 are elastic constants of splay, twist and

bend, respectively, The above formula (43) may be



[err] _ | (24) n-CrH2mto E O

CN L (25) [err] _ | (26) [err] | <ij>
T (27) Lerr] .. (28) [err] £0
..:..\;XZQ) [err] ...(30a) [err]
..... (30b) [err] - 32 = (31) [err]
.. (32) - 30 - [err] R S (33)
[err] 1 simplified as: - ------------ (34.a) [err] =
............ (34b) [err] _ ﬂ.....(35a) [err]
............... (35b) [err] e e :
................ (36) [err] e (37) In
t he above formul ae (24)Vth éSZﬁ n(d%?gn |ntegen,ot,1 £Q.1Q.. Aumng the
above- speci fi ed subs- tances, those the formulae (24) to (37) are
preferred. 5 Favorable results are al so obtai ned by addi ng
wherein e = g - ¢, .
K=K, + %—(K33 - 2K,5) T CE L

It is possible, in principlé, to obtain a
liquid 9rysta1 with any desired value of Ae by mixing
W 5 the liquid crystals with different values of Ae.
Assuming.hgre.that dielectric constants of the two
different kinds of liquid crystals A and B are e“A and
€4, respectively, and thelr mixing ratio A/B - X/(1 - X)
and further supposing that additivity of the dielectric
10 constants applies here, then Ae of the mixed system is
given as follows: | |
ae = xaeh + (1-X)aeP = x(aeh - aeB) + ac®
e | _' ' cessenaneensesss (U4)
S’ '
" Also assuming that same”additivity applies
for K, too,.then'K of the mixed liquid crystal is given
by the following formula: | | |

A

K=xx* + (1 - 308 = x(x? -



substances of the following fornulae to the matrix system [err]

: (38) m an integer of 1 to 8 X [err]

(39) m an integer of 1 to 8 X F., Br, d or | (halogen)
(40) m an integer of 1{?9

[err] [errj' ion - - :
10(especially 1 to 8 X F. Br, a3 (halogen) -31- [err]

gm ...}..sgPT5§§é%%nght$§tggéggiéeoﬁu&)lgnég(ggge 8f 388.f°rFHe subst ances

of the abog %ghomn formul ae (24) to (42) or their optional n1xed systens as

the third ohent, the followi ng general facts or rules will serve as the
guiding 5 principle for deciding the anmount of such third conponent to be

added al t hough i n general thé%vﬂrfr1ﬁﬁﬁ+ﬁﬁ+ﬁﬁ+—
, Vth = (! - K°) + KD .. (146)

A%k(AeA - AeB)AeB

The threshold voltage may be calculated in

the following way by giving the definite figﬁres to
5 the respective constaﬁts. |
—_— Assumihg that AeB 6f #he Nn type liquid g_
erystal is:-0.3 aﬁd AeA of the Np typelliquid crystal

of the formula: _
cia{Q)-20<Q)- C

is 25 and further supposing KB = 4 x 10"7 dyne and

A

10 K% =17 x 10717 dyne, then the formula (46) gives:

3
Vth = 2r*A/(13 x 1)107" eeeeeeae. (UE)T i
Af25.3X - 0.3

It will suggest itself to those skilled in the art

A B A

that above assighment of figures to Ae™, Ae~, K and

kP

is not arbitrary but well conforms to the actual
properties of the liquid crystals.
15 Fig. 9 shows the relationship between the

mixing ratio and the value of Vth (static drive) when



"amount of 2 to 50% by wei ght of the whol e conposition. The ampunt of

type liquid crystal to be mixed with the matrix Nn type liquid crysta Fg

- .deci ded by the working.10 threshol d voltage required by the m xed system -

but .t+he relation between said anount to be m xed and working threshol d

vol e is determ ned substantially accgédlng to the foll ow ng conceptions.
Thé threshol d vol t age (Vth) of the twrsPéd ™ nematic |liquid crystal elenent

Dferry O VE" Bhe' BB b ) 09pLOLTYEn bibazs phe mifes ba using Sungi o

which is usualgﬁbggéﬁke S?dtﬁé% Ko ggd K33 are el astic constants of splay,

tw st and bend; Trespectivel e a ove fornula (43) may be -32- 1
sinplified as: 3 1 Vth = 2W e (43)"
~wherein [err] K= Jerr] (43)™ |s possible, in principle,

to obtain a liquid crystal wcg]ﬂsu‘ucw B~ CIN [err] by m xi ng

as Np type liquid erystal and the'matrix 1-4 shown in
Table 2 as Nn type 1liquid crystal. The experimental

‘5 results well agree with the product of the theoretical
formula (calculation formula) (46) or (L6)'.

To the above three-componént compositions,
&“! that is, the combination of the substances of the
formulae:

~ 10 and

and an Np type liquid crystal,depending on the properties

desired, it may beldesirable to add an Nn type,.

particularly polar Nn type substance (a polar Nn type

1\, 15 liquid crystal)as'the'fourth compdneﬁt. The.amount of
such substance to be added may be properly selected in
conformity to the amount of the Np type liquid crystal.
This will be exemplified by the embodiments shown later.

In oraer'ﬁo énhaﬁce'compatability of the

20 non-polar Nn type matrix liquid crystals with the polar



5 the liquid crystals with different values of [err] Assum ng here that

di fric constants of the two different kinds of liquid crystals A and B
ar rr] and [err], respectively, and their mxing ratio AAB = X/ (1 -
and~further supposing that additivity of the dielectric 10 constants

applies here, then [err] of the m xed systemis given as foll ows: [err]\’
[err] ... ... ....... (44) Al'so assum ng that sane additivity applies for K
too, then K of the mxed liquid crys@38l -is given by the follow ng formnul a:
[err] -33 - 1 Substituting the formulae (44) and (45) for the formula

(43)', 3 [errNp type liquid crystals and to algs6pbthént rwidel MRyol t age
may be calculated in the follow ng way by giving the definite figures to 5
the respecti vdtcdifsranoamensedhitey addags] &he] feprthecRAPPPERL| ARUNA

type liquid crystal system of the type other than the
Nn type matrix mixed systems represented by the above-

5 shown formula (18). The nematic liquid crystals or
analogués thereof having electric polarity in their
moleculeé and also.having negative dielectric anisotropy
'are preferred for use as the fourth-component since they

are capable of providing said favourable properties,

10 namely, increased compatibility of the mixed system and A

wide MR. .
Examples of such Nn type liquid crystals to be

used as the fourth component are compounds of the formula:

W/
R —@—coo—@_.n '
1 . 2

15 wherein Ry %s n=C Hyrty n-cm32m+l-0, n~C H, .,-CO,

n-cmH2m+l-coo 9: -cmH2m+l-O-COO7 R2 is n'chqul‘

n-ch2q+l-o-coo: and.m.and g are each an integer of 1
to 10; or of the formula:

0

7 '
. \\\S__ﬂ<::>;;R2

0

20 Rl

wherein Rl is n'qu2m+l or nmeH2m+l-

R, 1s_p-CqH2q+l.or n-CqH2q+l-O: and m and g are each an

integer of 1 to 10; or of the formula:



crystal is -0.3 and [err] of the Np type liquid crystal of the fornmul
[err] is.25 and further supposing [err] = 4 x [err] dyne and 10 KA = %%gz;
[ferr] dyne, then the formula (46) gives: 3 [err]

sy, (46)" [err] It wll suggest itself to those skilled in the art

t hat ove assignnent of figures to [err] and KB is not arbitrary but well
conforms to the actual properties of the liquid crystals. 15

Fig. 9 shows the relationship between th X|ng ratio and the value of Vth-
(static drive) when 1 the Np and Nn T quU|d crystals -are mixed by
usi ng a substance of the fornula: [er as Np- type |iquid crystal and the
matrix 1-4 shown in Table 2 as Q_L¥§§t>il e experinmental 5
results well agree with the pro ct he t eore cﬁrnM61(caquIation
formula) (46) or (46)'. To the above three-conponent conp05|t|ons that is,

/
-

the conbinati onwheréhbf RybSsan<eSHO! 1 hen- cmH2m+1 -0 or n- cmnmﬂ-o-co
0-CO or n- cq32q+l-o-coo: and m and q are each an
5 integer of 1 to 10; or of the formula:
Rl—@—CH=N—<Or>———R2
K wherein Ry is n- QmH2m+l -0 or n~C H2m+1 -CO0s R2 is
R .
L n- CqH2q+1 or n-C H2q+l and m and q are each an integer
of 1 to 10;: or of the formula:
N : ' .
wherein Ry is n- QmH2m+l' n-CmH2m+1 -0 or n- QmH2m+l COs
R2 is n-ch2q+l' n- cq32q+l -0, n- Cqqu l-CO or
n-C H2q+l -C00; and m and g are each an integer of 1 to
10; or of the formula: |
2 in’ is e -0° i - .
U : wherein R; is n-C H, ..-0: R, is n ch2q+l' and m and

g are each an integer of 1 to 10; or of the formula:

wherein Ry is n-C H, ..: R, is n- and m and gq

qH2q+l7
20 are each an integer of 3 to 8; or of the formula:



formul ae: 10 and [err]

crystal
M‘Eﬁ%@,
crystal )as the fourth conponent.

, dependi ng on the properties desired,

R4 and an Np type liquid

It may be desirable to add an

particularly polar Nn type substance (a polar Nn type 15 liquid

The amount of such substance to be addec

may be properly selected in conformty to the anount of the Np type |iqUid

crystal

. This will

be exenplified by the enbodi nents shown | ater

| n order

to enhance conpatability of the 20 rmombotar Nn type matrix liquid crystals
wi th the polar -

35 - Npt liquid cr als and t | so obtain a w de
I's recomrended tmﬁd@h&d@m@mmr@w e liquid :
systemof the ty oty t han the type mat m X systens

MR, it
crystal

represented hy, t
crystals or é%%?

and al so havigg RES o

fourth

tiés t her eof Mada+wly €

Ve thel e

conmponent  sificesthey’ are capé%?%

. =N h 18) A, T ne
SRRy e Srecin SR T
?té@kféf nagf

of provi

ti i qui d
heﬁééﬁﬂﬂ&nnes

shRY, fq quse as the
saiékggbourable

properties, lfo IQUE| pref&EalShs cthe ot tibi ddniporint oniPritdss wyt em and

5 least two such substances.
Nn type liquid crystals to be used as the fourth-
component are listed below:
n-C_H, . -0 OO~ On-Cllyeyr  een.. (48)
10 n-CmH2m+l-0-{::)F-COO-<::>F-O-n-CqH2q+l._ ces. (49)
_ _ _ o/
n-CmH2m+l-04<::>F-COO—4<::>-O—CO-n-CQHZQ+1 .. (51)
n-C_H -coo—@-c —@- -n-
m2m+1 00 O-n CqH2q+l ... (52)
15 necgi 0O s

Preferred examples of such



wi de MR Exanples of such Nn type liquid crystals to be used as the fourth
conponent are conpounds of the fornula: [err] 15 wherein [err] is [err],
[err] [err] . is [err] [err] and mand g are each an integer of 1 g 2g+ %

or of the forml a: [err] 20 [err] wherein [err] is [err] or [err] [err]
|s [EL} and mand q are each an [err] integer of 1 to 10; or of the
formul a: - 36 - [err] wherein [err]'i%s[érr] [err] is , [err] [err]
[err] and mand q are each an '

n-C Hy \1=0- coo—4<::>- -<<::>-o n-ch2q+l .. (55)
n-cm32m+l-<::>— —<::>-n'CqH2q+l ceeeeres (56)-
n‘°m32m+1'°’*<::>‘ s-{C:jy-n-cq32Q+l cevess (57)
so-n-ch2q+l eeea. (58)

o
]
Q
=]
or
n
g
+
[
Q
O

1 In the foregoing formulae (47) to (59), m and q are each
" an integer of 1 to 10.

-@-cn- —@—n-c ..... vee. (60)

@CH- _@o-n_-cmazmﬂ ........... =

an integer of 1 to 9
R: (CH2)2-CH-O or (CH2)2-CH(CH2)2-O

<  n=CH, .- —@—- -@-co —n-C, Caqr v (62)

m and q: each an integer of 1 to 10

-<<::>—CH— —<C:>>-co-cy e (63)

R: CH3-0-CH,-0, CH3-0-(CH,),-0, |
02H5-0-(CH2)2-0, CH3-0- -(CH )3-0 |
C3H7-Of(CH2)2-O or CZHS-O-‘CHZ?B-O



5 integer of 1 to 10: or of the fornula: [err] wherein [err] is [err]
is [err] [err] and mand g are each an integer of

rfLerr]

1 ov/‘ or of the forrmula: 10
‘vaa$ [err] is [err] [err] [err]; and mand q are each an i nt eger off

of the fornmula: 15 wherein [exrqg is [err],[err] is [err]
g are each an integer of 1 to 10; or of the fornula: [err] wherein [err]

Is [err] [err] is [err] ng—n and q 28 are each an integer-of 3 to 8,
or of the form;l-lc:?nH2 I—GI}= COO-n-G@ § gin.fef6d)is [err]
or [err], [err] s2s+=of [err] amtr and s afe“Zach an I nteger of 1
to 10. Preferabl the fourth onent rises at 5 | east two such
subst ances. ﬁﬂgﬂﬂi1§@9ﬁﬂ$§£§%cﬁﬁ% d¥suig crystal8590 be used
as the fourth- conponent are lNi'sted bel oW

n=CpHans -0~ O)- CH=N—@— 0-CO-n-C_Hp 4y - (66)
n-C_Hy .1 -0~O) CH=N-@—O-CQR Ceeeeenn (67)

R: '-CH—CuH or -CHZ-CH2—CH-CH

9
CH3 . CH3

n'CmHZm +1-0-C CH=N —@— 0-n-C H2 q+l ° (68)
n-CmH2m+l-COO—<::>P-CH= -4(::>—COC H. ..... . (69)

3

:3
Q
g
o
]
+
...n
O
Q
o
"
=2
Q
(&)
1
]
[}
Q
(o]
e o}
N
S£O
+
)
-
n

In the foregoing formulae (6&) to (74), m and q are
each an integer of 1 to 10.

n-C 2m+C0-n ~Cqflage1 vereenas (75)

an integer of 1 to 10

@: an integer of 1 to 8

and

Jerr]

and



Terr]- (P e e . 47) [err] @

(47) fterr] .ol (48) [err] _ ;
..... L (41) n-C H[err] e (52)
[err]. _ (58) 15 [err]

(50% 15 - - 40 - (54) -38- [err]

(55) Terr] ~.. (56) [err] [err]

.. ~(58) [err] [err] ...... (57) [err; :
................. CO-n~-C_H cessasss (78). (59)
In the foregoing forrru%mae (47) mand%] a%e each an integer of 1 to
10. [?EH m: -an 1nt_e(g§4}> deryled g ]

q: an integer of 1 to 10

m, q: each an integer of 1 to 10

m: an integer of 1 to 18

- ' Q: an integer of 1 to 6

Cp, 2m+l—"—000—@-n CqH2q+l el (79)
m

s Q3 each an integer of 3'to 8

n-cmH2m+1-o—@—<c:)>—n S S (80)

m, q: éach an integer of 1 to 10

1l Shown here as ah example using an Nn type
s liquid crystal is a mixed liguid crystal indicated by
A in Table 4. This is a system prepared by adding a

substance qf the formula:

CH3O—<::>—COO—<::>—CSH11

5 to a matrix liquid crystal of the ‘formula (18), and
this system has wide MR of from U° to 62°C and is



err].[err] [err] - : ..(62).. [err] mand q:

[

e an integer of 1 to 10 [err] e
@ S o (55
[ &1 ] - - (66) [err [
........... (67) [err] C3 4l CH [err] In the foregoing\“)
formul ael( 64ppldcable, to dprdctizad eme aln Ricapridornl withH Ghisr]
(75 m an integer of 1 to 10 g: an integer of 1 to 8 -40- [err]

........ (78R of the system not added with an Nn type 1liquid

crystal of the fo?mula: -

CH3O—©—COOI—@- CSHll

is in a higher temperature region, i.e., 13-70°C, as
5 noted from Example 1 shown in Table 2. ’
Therefore, use of an Nn liquid crystal as the
fourth component in an amount of 50% or less,
by weight of the whole composition.gives a favourable
result. A particularly good result is obtained when
10 said Nn liquid crystal as the fourth component is
added in an amount of 2-40%, especially 30+10%, by weight
cf the whole Nn liquid crystal system. : NS
The examples indicated by 4-2, 4-3 and U4
in Table 4 are the systems formulated by adding the
15 1liquid crystal B composed of & .compound of the formula:

é"SHI Co¥s

in an amount of 5 to 157 Sy weight to an Nn type mixsé
liquid crystal A principally composed of a compound of

the formula:

according to this invention. It will be seen tha: these



m an integer of 1 to 12 q: an integer of 1 to 10 [err] m qg: each an. -

integer of 1 to 10 [err] 2
(78) m an integer of 1 to 18 g: an integer of 1 to 6 [err]
[err]- (79) m qg: each an integer of 3 to 8 [err]

...................... (80) m qg: _each an integer of 1 to 10 Shown here as
an exanpl e using an Nn type l'i quid cry'sflz% 9s a mxed |iquid crystal

di cated by A Tabl Thi d.b ddi bst
of tho. for il aSYRSARP BEVE FEIH MRS A SRRt R 18, and
t hi yst h MR I ble t
pr eit ?ZZI élTsea?“It\rth§¥ﬁar Es?o%’ra% ta%" rOL]fOE‘&I\%?%r’}Jtt ﬁcg‘%sﬁxeenq i%{s]teg!ggd' \CI:\A'at heano
Nn type |iquid.orsistling dfen ¥ WatrilTquid ¥rystal Eiven by

removing the compound of the formula:

CH,0 ceo—@- CgHyy

5 from A and a compound of the farmula:

csis i<~ oo

R
A ,
which constitutes the liquid crystal B, is inferior in
MR to the mixed system of A and B. It ﬁas thus clari-
o fied that the compounds of the formula:
e’
<~ O~O—~
are well miscible with the Nn matrix liquid crystals
10 mainly composed of the compounds of the formula (18)
W and give a wide MR.

Another significant fact concerning the
effective properties derived from.addition of a

substance of the formula:

15 41s that when this substance is added to an Nn matrix

principally composed of a compound of the formula (13)



s

s in a higher tenperature region, i.e., 13-[err], as 5 noted from Exanpl e
1 wn in Table 2. Therefore, use of an Nn liquid crystal as the fourth

c nent in an anmount of 50%or |ess, by weight of the whole conposition
gi w&s-a favourable result. A particularly good result is obtained mheﬁ:}o
said Nn liquid crystal as the fourth ggnponent is added in an amount o
2-40% especially 30+10% by weight of the whole Nn liquid crystal system
The exanplesorntiocsued mytmirx sysgemnfluzthernadidbiewdtar ent Np $ypeens
formul ated by adding the 15 liquid crystal B conposed of a conpound of the
fornul a: [er{:}quid crystal, the wholg sgstamadsamrppmecdRb3¥to 15% by wei ght
to an Nn type mxed liquid crystal A principally conposed of a conpound of
the fornula: SYRPFESERC0+AI RESBoOF NVASPRTEY I onFOrt eXRMP1lBe ¥BER tH& t hese

- 42- 1 t h i d h hi gh tical ytility. It
a1 50 found (REREOReUT R LuT SRLAF E8nEY SANAAREr daRCRACARER: £11 06 & orystal
giien by gequ}gglgpe conpound of the formula:

CSHIl Colis

to the mixed system of a matrix liquid crystal C
represented by the formula (18) and a phenylcyclohexane

Np type mixed liquid crystal D was compared with the

liquid crystal systems 5-2, 5-3 and 5-4 formulated by \T;)
10 adding said substance to the other systems effective
for expanding MR, 1.e., the systems of the formulae:
' ,
°3H7°°°‘@°3H7’
c qu—@coo—@—coo—@— CyHy, and
respectively, the results showed that the rise of W

viscosity by 10% addition of the substance of the

<D~

15 to the C + D mixed matrix system (having a viscosity of

formula:

23 CP at 25°C) was only 2 CP as shown In Table 5. Other

addition systems caused a sharp rise of viscesity.



‘[err] 5 from A and a conpound of the fornula: [err] which constitutes the
liquid crystal B, is inferior in MRto the m xed systemof A and B. was
thus clari- fied that the conpounds of the fornula: are wel'l m scibdDM th
the-Nn matrix liquid crystals 10 mainly conposed of the conpounds of e

formil a (18) and give a wide MR Another significant fact concerning the
effective properties derived fron1aqgia'qp of a substance of the formula:
[err] . R4 15 is that en this substance is added to an
Nn matrix principally cohnpgpsed of a conpound of the fornula (18) - 43 -
1 or to such qatrix systemjfurther added with an Np type liquid crlystal,
the whol e systiemis apprecijably suppresged in rigg of viscmgsity. (For
-exanpl e, when {the sygtem (§-1)5fornmul atgd by addihg a subgfance of the 5
formula: [err]f. < a C2H5 go the:niégd systquof a gt rex
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represented by the formula (18) and a phenyl cycl ohexane Np type mi xed
liquid crystal D was conpared with the liquid crystal systens 5-2, 5-3 and
5-4 rmul ated by 10 addi ng said substance to the other systens effectime
for panding MR, i.e., the systenms of the fornmulae: [err] respectivel ¥/
the Tesults showed that the rise of wi4bosity by 10% additi on of the
substance of the fornmula: [err] 15 to the C + D mixed matrix system (having
a viscosity of 23 CP at [err] was gnly 2 CP as showwi n Table 5. O her
addi tion systenms caused a sharp ri e of viscosity. - 44 - [err] - 45
- [err] " L) L) .
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capabl e of expandi ng the nesonorphic range (MR) whil e suppressing thd
of viscosity (n) neans to obtain a liquid crystal systemfor nultip
driven5'with excell ent responsiveness and hi gh working margin (M, and -
usualdy it is possible to reduce the tenper- ature dependency (AT, see
formula (10)) of the threshold value ofyggVR-by brinding the upper Iimt of
MR'to a higher tenperature region in a mxed system Thus, as 10 apparent
fromthe cohparison witHienergliyidspeaining st ePsobt2in 52 3nbxped ssystene
system 5-1 added with a substance of the fornmula: [err] is excellent in
bot h responsi Va3 %ﬁuF%R#QA?mP$m§{ﬁ¢PQ%ESa%h%é@?§¢mpﬂﬁkié B2NZE s to be

noted that the ci.or which causes rise, of viscosi ep addin
compound of tk&ﬂéﬁ)éﬁﬂ%? ﬁ%ﬁ?ﬁeﬁ NE Hehe et 3¢ 0 Yé# %45%t§?2 snot
originate in the | tri n5| rtles t he co é%? id,for a
result of nin (ﬁﬁ%ipéi)ﬁﬁs?ﬂ% |%u§ gﬁﬁi?ﬁ guigeof
adding a CQﬁpqwm%fgxééfigﬁgrggébonsiveness and -high working margin
(M), and usually it is possible to reduce the temper-

- 46 - 1 General |y speaking, to obtain a m xed systen1wh|i3?>
(p

ature dependency (AT, see formula (10)) of the threshold
value of MR by brinding'the upper limit of MR to a
~higher temperature region in a mixed system. Thus, as

10 apparent from the comparison with other addition systems

(% 5-2, 5-3 and 5-4, the system 5-1 added with a substance

of the formula: | |
W, C5Hll o @ @ 02H5
is excellent in both responsiveness and working margin
(M) as seen in Table 5. It is to be noted that the
15 factor which causes rise of viscosity when adding a
compound of the formula: |
N

to other matrix 1iquid crystals does not originate in

the intrinsic properties of the compound of said

fofmula. As a result of minute studies on viscosity
20 of the whole systems in case of adding a compound of

the formula:



- 47 - 1 to other various mxed liquid crystal systens such as, for -

exaripl.'e, a bi

phenyl type liquid crystal (trade name: E-7): [err]

CN 50. 5% by weight [err] [err] 14. 6%by
wei @[err] CN 7.4% by wei ght a phenyl cycl ohexane y
liq crystal (trade name, 5 ZLI-1083): _[err] 36.
by weight [err] 364Z%by wei ght [err]

27, 0% by wei ght a m xed system of an Nn pe ,aster and bi phenyl (trade

nanme, SP-21):
2% by wei ght
CN

15% by wei ght
1

[err] . C.H 187 by cwgight [err]
[err] 5711 10 wglé - 48- [err]
10% by wei ght [err] 30% by weight [err]

to other various mixed liquid erystal systems such as,
for example, a biphenyl type liquid crystal (trade

name: E-=T):

531 CN 50.5% by weight
7 15—.—.— 27.5% by weight

CSH 0 14.6% by weight
CoH, ¢ (O)<0O) @ CN 7.4% by weight

a phenylcyclohexane type liquid crystal (trade name,
ZLI-1083):

c

@@
@

;

C3H7 CN 36.6% by weight
°5H11 CN 36.4% by weight
07H15—®—©— CN 27.0% by weight

a mixed system of an Nn type ester and biphenyl (trade
name, SP-21):

C7H15—-©—@— CN 15% by weight
CSHn—-@-—@— oN 2% by weight
CgHy 50 —©_.@_ oN 10% by weight



1 etc..

t he

m xed |iquid
matrix.
C2H5~

R4 |
[err]

weight) [err]

(30@6' | ii5§ =" titutes the pringjpal copponent of
the 10 liquid cryst I-Y\ﬁ (ﬁ e ‘.9 nv i on and an@]p‘?% welght 1

[err]

Mor e
anong
added

fact was disclosed that it is not that addi- tion of the
crystal systens does not cause rise of viscosity for any

defi- nitely, when the conpound of the fornula: C5HL1
t he conpounds represented by the general fornula: [err]

to a matrix liquid crystal of the foll ow ng conposition

40

[err]

(20% by weight) [err] - 48 - : . (20% by
(30% by weight), and [err]

represented by the fornula (18), and to a m xed quuid crystal system of

'ﬂec}‘\lol | owi ng" conposi tdrdd%ﬁ@o_bﬁ\/blght) and r%}%{ﬁ@ht) 5

CN

o/

10

(23. 3% by we ht

etec., the fact was disclosed that it is not that addi-

tion of these mixed liquid erystal systems does not

cause rise of viscosity for any matrix. More defi-

nitely, when the compound of the formula:

csiy; < H)~<0)~0) C5Hs

among the compounds represented by the general formula:

Ry—~(8) " (O~

was added to a matrix liquid erystal of the following

composition:
C3H7'—@—COO—_@- OCH, (20% by weight)
slill—@>-coo—.<§)>—c>021-1,5 (20% by weight)
HII—<C:>}—COO-<::>>—OCSHll. (30% by weight),
cH3°'<C:)>_C°°'<§>‘"an

which constitutes the principal component of the

and

(30% by weight)

liquid crystal mixture of this inventicﬂ and which is -



which is principally conposed of a phenyl cycl ohexane 5 type liquid

rw al', the resulting rise of viscosity at 250C was very slight in both
¥3es . as shown in Fig. 10 and Fig. 11, respectively. O. the other hand, it °
as  clarified that when the said conpound of the formula: [err] o
C2H5 is added to the biphenyl type- #8ui-d crystal (trade 10 nane: E—?T/
and to the m xed systemof an Nn type ester and bi phenyl (trade nane:

SP-21), flherepraisentEddy dhehdigrmuile GE8)i andity atmixed]ligusdown in

Fig. 12 and Fig. 13, respectively. Said mixed liquid crystal system of an

Nn type est éryat@lbisisten afadhedoakblawing ¢emPeeHpbRRtion: [err]

(22.2% by weight) [err] : (16. 7% hy wei ght) - 50
- C6H130 CN (11.1% by weight) [err] (50% by
cr
c

e Ont) oo e gL TP A g e e 1At focBYSh e wErRRES. ! | o0
responsi veness, SoO .
csﬁll CN _ (34.9% by weight)

C7Hlu CN | (23.3% by weight)

which is principally composed of a phenylcyclohexane

and

5 type liquid crystal, the-'resulting rise of viscosity at ~
25°C was very slight in both casés as shown in Fig. 10
and Fig. 11, respectively. On the other hand, it was
clarified that when the said compound of the formula: .

Cs5ty1 (¥) O Colg

is added to the biphenyl type liquid crystal (trade

10 name: E-7) and to the mixed systém of an Nn type
ester and biphenyl (trade name: SP-21), there takes
place a sharp rise of viséosity at 25°C as shown in
Fig. 12 and Fig. 13, respectively. .Said mixed liguid
crystal system of an Nn_type ester and birhenyl has the

15 following composition:

et KO)—<O)— o (22.2% by weight)
C7H15 CN (16.7% by weight)



that they are best suited for use as a material for the 5 nultiplexing
drive systens. Also, the liquid crystal conpositions of this inventio
chemically stable and have high reliability as a liquid crystal material, -
so.that they can find best application for the liquid crystal display

devi ses. CLAI M5 1. A nematic liquid crystal conposition for
di spl ay devi ces conprising at |east one 88mpound of the fornmula: [err]
wherein is [err] or [err] is n-[err] - [err] or [err]; and mé&nd q are

each an integer of 1 to 10, at st one compound of the fornula: [err]
R4 wherein [err] is Gﬁlﬂﬁﬁl—@f‘r@-fm - [err](12¢3¥; bandeightd s
are each an integer o to ~ 2. A nematic liquid crysta
conposition for display d es_co ing a mXx liquid crystal system of-
at | east one comourﬁﬁgﬁ'@?&%@e‘r%HMerei n [err] is [err] [err] or
[err] (50% by weight)

c6313o—@-coo—@- CsHyy

1 As described above, the nematic liquid'crystal
compositions for display devices according to this
invention have high margin and fast responsiveness, so
that ﬁhey are best sulted for use as a'matériél for the

KM; 5 multiplexing'drive systems. Also; the liquid crystal
cbmpositions of this invention are chemically stable
and have high reliability as a liquid cpystal materizal,
so that they can find best application for the liquid

crystal display devices.



[err] is Clerr] and ¢ Pefea‘ﬁ'éﬁ'rﬁfgagrf;f 1 to 10, and at |east one
| E"’rf"i’;‘?"[iﬁrihe[feﬂ?“' s 1 m\\\ls\rlll\\e\mh\\\\&nd “'and s are each an i ntsger

to 10, said m xed |q tal 8ystem being further nixed wit it
one nematic liquid crystal having positive dielectric anisotropy in
K- nmount of 2@6by wei ght or nore -basgd on t he wei ght of the whole
conposition. 3. @ nematic liquid crystal conposition for display
devi ces accordlng & m 2, wherein at | east one conpound of - the formnul a:

L S L e T S etheddf 8 2,
et Pt ole FUBRILON B SR Sof HhgSouARBECLR 10 O 7

formula:

DO

wherein Rl is n-C H2m+1’ n- CmH2m+1'° or n-CmH2m+1-CO; R2

1s n'ch2q+1’ n- CqH2q+1 -0 or n-C H2q+1 CO; and m and
q are each an.integer of 1 to 10, and at least one

compound of the formula:

R~ E )XO)XO)— &y .

wherein R3 is n-C H, .4 or n-CH,..1-0; Ry is n-C_H,_,, or
n-CsH25+l-O; and r and s are each an integer of 1 to 10.
2. A nematic liquid crystal composition for

display devices comprising a mixed liquid crystal

system of at least one compound of the formula:

j~B)—00~0)-7,

wherein Rl is n~C H2m+1’ n- Cmq2m+l -0 or n~C_t} “2m+1 -CO;

R2 is n- CqH2q+l’ n-CqH2q+l-0 or n-CqH2q+l-CO; and m

and q are each an integer of 1 to 10, and at least one

cémpcund of the formula:

R3 Ry



wherein Ris [err] and mis an integer_of 1 to 10, is used as said nematic
liquid crystal having positive di el ectric anisotropy. 5. A nemati
l.iquid crystal conposition for ml,mmm,"m s according to d aj
'mherern at | east one compound of t lﬂﬂ wherein Ris [err r
[errlglerr] [err] integer of b 10, " ssused as said nematic liquid-
crystal having positive dielectric anrsdhlopy 6. A nematic |liquid

crystal corrp05|t|on for di sgl ay &sw ces accordl ng to CI&E| 2, Wwherein at
| east one conpdihfRF ostops1” Srein Ris

E:(ra;;][ al aﬂgv[nnlgsrba!;#;stfgfiérélrécql #gséglgbt?%éecj Sdsal arQe”E%éﬁﬁ%: gu: |qu| d
crystal conposi r ya flev. in at
o Rl of PREN I LR RS 41guis SFAAT sybees

| east one conpoun
being further mixed with at least one nematic liquid

crystal having positive dielectric anisotropy in an

amount of 2% by weight or more based on the weight of the
whole composition.
3. A nematic liquid crystal composition for

display devices according to Claim 2, wherein at lgast

one éompound'of the formula:

A (D )-c00<O)- om

wherein R is n-C H2m+1’ and m is an integer of
1l to 10, 1s used as said nematic liquid crystal
having positive dlielectric anisotropy-

4, A nematic liquid crystal composition for
display devices according to Claim 2, wherein at least

one compound of the formula:

- @-ewo D

wherein R is n-CmH2m+l-O; and m is gn irteger of
1 to 10, is used as sa2id nematie liguid erystal

having posi‘ive dielectric anisotrepy.

5. A nematic liquid crystal composition for



wherein R [err] or [err] n-[err]-CO0 and—mt+s—an—+tnteger—of 1 to 10, is
ugedngs said nematic liquid crystal having positive di _
a.r,opy. -54- 8. A nemati c I|qU| l‘m ﬂ“muluonfm_ :
di spl ay devices according to Claim 2, mherel npound o he
formula: [err] wherein Ris [err] a-nd53n'rs an |nteger of 1 to 10, is u ed
as said nematic liquid crystal having positive dielectric anisotropy.

A nematic I@ﬁﬁpaaﬁr9§V&Fe§oﬁﬁ&ﬂnﬁﬁﬂﬂf?ﬁ Ch &b o5» dENFRRENaBEOFEORAY tO Clalm
2, wherein at | east ongcegng%un of the formula: [err] wherein Ris [err],

n one egmppun P&MYL8800, and mis an integer of 1 to 10,

Is used as said nematic liquid crystal having positive dielectric

ani sotropy. 10. A nematic liquid crystal conposition for display
devi ces according to C aipm £ nI t one of the conpounds of the
formil a: RILOPREB )55,

wherein R is n-CmH2m+1 or n-CmH2m+1-0; and m is an
integer of 1 to 10, 1s used as said nematic liquid

crystal having positive dielectric anisotropy-

6. A nematic liquid crystal composition for
display devices according to Claim 2, wherein at least \ﬂ;J

one compound of the formula:_

R —@—cos@— CN :;

wherein R is n-CmH2m+1;land m 1s an integer of 1 to 10,
1s used as said nematic liquid cryétal having positive
dielectric anisotropy-.
7. A nematic ligquid crystal compositioh for

. display devices according to Claim 2, wherein at least

one compound of the formula:

wherein R is n-C H2m+l’ n- CmH2m+l -0, n-C H2m+1-co or

n- CmH2m+l -C00; and m is an integer qf 1l to 10, is used
as said nematic liquid ecrystal having positive dielec-

tric anisotropy.



ferr]'mherein Ris [err] and mis an |nte ' to 10, is used as sen
nemati'c liquid crystal having posi Hmﬂlﬁ“ | mt\ @ i sotropy. 11. M-

A nemati®c liquid crystal conpositi i ces according ta

2, wherein at |east one conmpound of the fornula ‘R CN wherein R
S [eLﬁ] and mis an integer or 1 to.lgq s used as said nematic liquid
crystal having positive dielectric anisotropy. 12. ' A nematic liquid

crystal conposBtion for Aigphayideliqeddaceystialy domgdsiticén fMuerein at

| east one conpound of the-formula: CN wherein Ris n-C mH2m [err]; and m
is an integer ®isplay devircesusedoxding dondimtine 3 pherelysatl léast ng
positive dielectric anisotropy. 13. A nematic liquid crystal

conposi tion fo@nﬁl@9m29u§@v9€e§hacé@r@mﬁ@uto Claim2, wherein at |east one
conpound of the fornmula: x [err]

- oDy

wherein R 1s n-C H2m+1’ and m is an integer of 1 to 10,
is used as saild nematic liquid crystal having positive
dielectric anisotropy.

9. A.ﬁematic liquid crystal composition for
display devices according to Claim 2, wherein at least

one compound of the formula:

2m+1°® °° cmH2m+1

n- cmH2m+1 -C00; and m is an integer of 1 to 10, is used

as sald nematic liquid crystal having positive dielectric

~ ,
e’

wherein R is n-C H 0, n-C H2m+l -CO or

anisotropy.
_10. A nematic liquid crystal composition'for
display devices according to Claim 2; wherein at ieast

one of the compounds of the formula:

R@CN '

wherein R is n-C H2m+1,'and m is an integer of 1 to 10,
is used as said nematic liquid crystal having pos:tive

dielestric anisotropy-



wherein'Ris [err]; mis an integer of 1 to 8, and X is a hal ogen sel ected

fro Cl, Br and |, is used ' liquid crystal having
posi_,‘di el ectric anisot ropim\ ﬂml“jmﬁmm“ A nematic liquid

Crysy conposi tion for display devi ees* accor*ding to Caim 2, mherein§§B
| east one conpound of the fornmula: [ergl _ CN wherein Ris
[err]; and mis an integer of 1 to 10,"Ts used as said nematic liquid
crystal haviRpg positiveg &hﬁbggkrqu@y&uyyyy%é} L mpositich Ewtic liquid
crystal conposition for display devices according to alm 2, wherein at

| east one cogrepndyoetieesoatdiordbng & lo1ief & N WRdre frerdd ;14848 an

integer of 1 to 8, and X is a halogen selected fromF. O, Br and I, is
used as sai dopengbmpoluinduiof ¢thestfarmulei:ng positive diel.ectric anisotropy.
16. A nematic liquid crystal conposition for display devices

according to Claim?2, wherein at |east

R .. CN

wherein R is n°cm32m+l; gnd m is an integer of X to 10,
is used as said nematic liquid crystal having positive
dielectric anisotropy.

12. A nematlc liquid crystal composition for

display devices according to Claim 2, wherein at least \ﬂ\)

one compound of the formula:

RE)~Q)-en | -

wherein R 1is n-Cm32m+l-0; énd m is an integer of 1 to 10,
is used as said nematic liquid crystal having positive
dielectric anisotropy-

13. A nematic liquid crystal compositibn for
display devices according to Claim 2, wherein at least

one compound of the formula:
S X
wherein R is n-CmH2m+l;'m is an integer of 1 to 8; and

X is a halogen selected from F, Cl, Br and I, is used

as said nematic 1liquid crystal having positive dielectric

anisotrbpy.



one conpound of the formula: [err] mhérein Rosferr] and mis an infegyr
of 1 to 8, is used as said nenatl havi ng positive PIVIR
di el ectric anisotropy. 17. I Bn ﬂm"ui crystal conpositi O_for

- 577 di spl ay

devi ces according to in at |east one conp

ound

of the“fornula: [err] wherein Ris n-[err]; and mis an integer of 1 to 10,

is used as sai

ani sotropy. 18. A nematic liquid

d nematic liquid crystal gving positive dielectric

yStal conposition for display

(R Comaungs S50 for i Paedng 8" Eae" EoHE RIBLRBA L T
abayLag. E@%Eé!(eaéb%ﬁihé' €o2@1a%n 9Py hl.»%efm at le]aggmt I C

the conpounds
liquid crystal
liquid crystal

conpoSition fcr display-devices acéar

to 18, contalnbﬁg abmpeand erctnenBbiauliaqui d crystal haV|ng p03|t|ve

di el ectric ani
wei ght of the

sotropy in an anmount of 2 to 50% by wei ght based on the
whol e conposi tion.

R—@_COO CN

wherein R 1is n'cmHZm+l; and m is an integer of 1 to 10,

- 1s used as said nematlc liquid crystal having positive

dielectric anisotropy.
15. A nematic ligquid crystal composition for
display device; according to Claim 2, wherein at least
one compound of the formula:
X

R—@— Ccoo —@ CN
wherein R is n-C Hzm;l’ m is an integer of 1 to 8; and
is a halogen selected from F, Cl, Br and I, is used as
said nematic liquid crystal having positive dielectric
anisotropy. |
16. - A nematic liguid crystal composition for
display devices accofding to Claim 2, wherein at least

one compound of the formula:

()OO on
wherein R is n-C miom+ys and m is an integer of 1 to 8,
is used as said nematic liquid crys»al having positive

dielectric anisotropy.

17. A nematic liquid crystal composition for

al s

X

2



on for display devices

t
accordi'ngN\t o any one of clains 2-19 additionally conprising at |east one
némat quid crystal havi mmﬂﬂﬂﬂl“ﬂwlmmct ric anisotropy. - 58- 21. °
A nemat’e’ | iquid crystal co _ 3iil8lpl ay devi ces according to CI'a m
]

20. __Anematic liquid_crystal conpesi
ti

*

20, wherein at |east one conpourid bf Yhe’ fornula: [err] wherein R is [%#4

Jerr] [err] [err] [err] [err] ; and mand q are each an integer of 1 to 10,
is used as said nematic liquid crystal having negative dielectric

ani sotropy. 22. A nemati c qugﬁq_crystal ccnpositon for display

devi ces according to Caim20, wherein at | east one conmpound of the

formula:  ay5pjay devices according to Claim 2, wherein at least

one compound of the formula:
o2 '
R-4<: >—<::>*'CN
N
wherein R is n-CmH2m+1; and m is an integer of 1 to 10,
is used as said nematic liquid crystal having positive
dielectric anisotropy.
18. A nematic liquid crystal composition for
display devices according to Claim 2, wherein a mixture
comprising at least two of the compounds set forth in

any of Claims 3 to 17 1s used as said nematic licuid

crystal having positive dielectric anisotrory.

19. A nematiec liquid crystazl composition fer

display devices according to any of Claims 2 to 18,

containing at least one nematic liquid crystal havins

positive dislectiric anisotropy in an amount of 2 to

50% by weight based on the weight of the whole composition. ~
20. A nematic ligquid crystal compesition fer

display devices according to any one of claims 2-19

additionally comprising at least one nematic liquid

crystal having negative dielectric anisotropy.



-

[err] {err] wherein Rl is [err] or [err] err or [err]

and mand q are each an integer of 1 ﬂ”’ﬁ ed as said nematic 'u'%)

cryst ,hayrng negative dielectric a uy a& ”HW A nematic |{{
Clm

crystal) conposition for display devi cés &ccor m 20, wher ei

| east one conpound of the fornula: [err] [err] "wherein Rl is [err]
[err] or nmmt R2 is n-[err], [errL_C#éerr] [err] and mand q are
each q 2a+l [err] an integer of”1 to 10,, is.used as said
nematic liquid crystal having negative dielectric anrsotropy. 24. A
nematic liquid crystal conposition for display devices according to C aim
20, wherein at | east one conpound of the formula: N [eéerr] -60 - wherein

RL is [err] or [err]; P.2is [err] : -

21. A nematic liquid crystal composition for
d;splay devices according to Claim 20, wherein atlleast

one compound of the formula:

AD)-sw0{D)->

K;;z wherein Rl is n-C H2m+l’ n- CmH2m+l -0, n- Cmy2m+l Co,
n- CmH2m+l ~-CO0 or n- CmH2m+1-O-COO; Rz-is n'CqH‘q+l’
n- CqH2q+l -0, n- CqH2q+1 co, n-CqH2q+1-COO,or
U n- CqH2q+1 -0-C00; and m and q are each an integer of 1

to 10, i1s useéd as said nematic 1ligquid erystal having

negative dielectric anisotropy.

22. A nematiec liquid crystal ccmposition for.
display devices according to Claim 20, wherein at lizast

one cecmpound of the formula



or [err] and mand q are each an integer d?—i_?a_rEFFT_‘T§“U§Ed as said

- i quid crystal having negative diele A
Jiquid crystal conposition for dlsplﬁumg p H%I ng to d ai m
ein at | east one conpound of the forntule [term in [err] i§§j
[err] 2 [err] n-CH - - and mand g are each an integer
of "1 to 10, is used as said nematic |liquid crystal having negative
di el ectric anisotropy. 26. A nematd c |liquid crystal conposition for
di spl ay devices according to Caim 20 erein at | east one compound of the
formul a: wherein [err] is LI I is [err]; and mand q are each an
integer of 1 to 10, is usedlas d matic_liquid crystal having negative
di el ectric ani sotropy 27. A nema éﬁ crystal conposition for

di spl ay devices according to 'l ai m 20, at2| east one compound of the
formula: wherein R is [err]; [err] is [err] and mand ¢

wherein Rl is n-C H2m+l or n-C H2 +1 -0; R2 is
n- CqH2q+1 or n- CqH2q+1 O; and m and q are each an
integer of 1 to 10, is used as said nematic liquid

crystal having negative dielectric anisotropy-

23. A nematic liquid crystal composition for N
display devices according to Claim 20, wherein at

least one compound of the formula:

wherein Rl is n-C H2m+l’ n- CmH¢m+l'o or n- CmH‘1+l -0-C0;
n-C_H O-CO or n-C _H ~-C-C00; and m and q are ezch

Q 2g+l q 2q+l
an integer of 1 to 10, is.used as said nematic liquid

crystal having negative dielectric anisotropy-

24, A nematic liquid crystal compesition feor
display devices according to Cizim 20, wherein at lezst

one compecund of the formula:



are each an Integer of 3 to 8, is used as saFd—ﬁeﬁa%+e—++qu%d—tTystaI

havi ng negative dielectric anisotropy 28. ematic uid crystg
conposi t,ion for display devices according to mml II ﬂ Cim at | ea
conpo ntl of the forml a: [err] wherein is [ err] i
[erh}yor n-[err]; and r and s are each |nteger of 1 to 10 I s used as

sai.d nematic Crgy/ st | negett egectrigo PYe 2
A nematic |i qhﬁ%wggfstﬂ %OW%I{IRQW% 6%?% '&yz'ﬂ'él'l ces ac@o gl ﬁgcsg‘?@ﬁ& m

20, wherein app ela.tt 4,_. afg & hﬁjdsqﬁ)séﬁdm@saﬁ@teé@}ﬁtéhlﬂnﬁ}ahfﬂso?llto 28 are
"used as said nemati & er crystal having negative diel ectric ani sot ropy.

30. A neggatiog |:|Jsillii§éd3ra/§t§did:&imﬁ§tti¢ onidwiddespbexldRuveng
according to any of Cains 20 to 29, wherein the ratio of said nematic

liquid crystahegative dieldptridepgsisotrspel ectric anisotropy to the whole
conposition is 50% by weight or |ess. . 31. A conposition according to
any one of clainms 20-30 wherein the nematic I|qU|d crystal having negative
dielectric

25. A nematic liquid crystal composition for

"display devices according to Claim 20, wherein at least

one compound of the formula:

R OaOat

wherein Rl is n-C H2m+1’ n-C H2m+1 -0 or n-C H2m+1 -CO;

- n- CqH2q+1 CO0; and m and q are each an integer of 1 to
N 10, is used as sz2id nematic liquid crystal having

negative dieléctric anisotropy-

26. A nematic liquid crystal composition fer
display devices according to Claim 20, wherein at lsast

one compound of the formula:

Rl‘@“ﬁ@"‘ R,

wherein Rl is n- cmH2m+1 -0; R2 is n-CqH2q+1; and m and

q are each an integer of 1 to 10, is used as said
nematic liquid crystal having'negative'dielectric
anisotropy . | '

27.-_' A nematic liquid crystal composition_for



E—
FTQpy is at |east one of the conpounds 47-80 hereinbefore specifically
.lgﬁa. for this purpose. 32. A conposit%

clai &’ Z-31 wherein the nematic liquid crystal m‘amm“mmm glngc'?p?cmc

ani sotropy is at least one of the conpouggds 24-42+het eitnbdf ofe Speci fi catty

mentioned for this purpose. 33. - A conposition according to any one\ef
the precedi nga¢kahay weoReeR bRe @ b 1108 2o 2 WedFdihSapneeHELt hose
her ei nbefore specifically nentioned. 34. A conposition according to
any one of thengreengeaadchb® thewWfer@iuld:he conpound of fornula [err] is
one of those hereinbefore specifically nmentioned. 35. A conposition
according to claim1l substantially as herei nbefore descri bed. -63 36.

A conposition according to cl ai S tantial | s herei nbefore descri bed.
37. A conposi tion acc&th Cap sally as hereinbefore
descri bed.

wherein Rl is n-CmH2m+1; R2 is n-CqH2q+l; and m and g
are each an integer of 3 to 8, is used as said nematic

liquid crystal having negative dielectric anisot}opy.

28. A riematic liquid crystal composition for

display devices according to Claim 20, wherein at least

one compound of the formula:

_Ri_<: :}—000-4: :}—COO;<: :}—RE .

N’

wherein R; is n-C H, ., or n-CrH2r+l-O; Ry 1s n-C_H,y_ .4
or n-CsH28+l-0; and r and s are each an integer of 1
to 10 1s used as said nematic liquid crystazl having
negative dielectric anisotropy.
29. A nematic liquid ecrystal composition for N

display devices according to Clzim 20, wherein at lezst

two of the substances set forth in Claims 21 to 28 =

‘e
[{/]

used as said nematic liquid crystal having negative
dielectric anisotropy.

30. A nematic liquid crystal composition for
display devices according to any of Claims 20 to 29,

wherein the ratio of said nematic liquid crystal having



-3

QLT - ®-

= 62 -
negative dieclectric anisotropy to the whole composition

is 50% by weight or less.

31. A composition according to any one of claims 20-30
wherein the nematic liquid crystal having negative dielectric
anisotropy is at least one of the compdunds 47-80 ?ereinbefore
specifically mentioned for this purpose. | |

32. A composition according to_any’one of claims 2-31

' wherein the nematic liquid crystal having positive dielectric

anisotropy is at least one of the compounds 24-42 hereinbefore

specifically mentioned for this purpose.

33. A composition according to any one of the preceding

claims wherein the compound of formula

is one of those hereinbefore specifically mentioned.

34, A composition according to any one of the preceding

claims wherein the compound of formula

1 )—~0)~0)—=
is one of those hereinbefore specifically mentioned.

35. 'A composition according to claim 1 substantially

as hereinbefore described.

-



* ¢ L M 0§ % i

W/
- 63 -
36. A composition according to claim 2 substantially
as hereinbefore described. -
37. A composition according to claim‘ 20 substantially
as hereinbefore described.
N
N



