1 9 DEC 2003 LI QUI D CRYSTAL DI SPLAY FI ELD OF THE | NVENTI ON Thi s invention
relates to a supertwisted nematic liquid crystal device having ref@@ckd 03
dependence of threshold voltage on tenperature and frequency. BACKGROUND
OF THE | NVENTI ON Supertw sted nematic liquid crystal displays (hereinafter
abbrevi ated as STN-LCDs) have found wi de uses and have been required to
satisfy various characteristics to cope with still w de applications. For
exanple, STN- LCDs for use in personal digital assistances (PDAs). have

been required to be capable of displaying a vast volune of information and
to exhibit satisfactory di sphEUHoalRI§TAbVRISBLAY 0ad operating
tenperature. Addition of an electrical tenperature-conpensating circuit to
the driving circuit has been adopted to reduce the influences of the
surroundi ng tenperature. However, the addition of an extra circuit

i nvol ves process conplicati ompembich TesuteeimI@n reduction of yield.
Therefore, it has been desired that the threshold voltage of LCDs be

i nsuscepti bl e tT‘?iltsh‘?anEﬁ'EE%EaEHﬁ%te@f 't%e%C%% Tt N&leq 'rﬂen?amt' pl exing

drive systemfor displaying a |arge vol une ormation, 1t has also

been dena@q%g Eh%EyEQ%ltg %ﬁ@%lﬂa%qggag%d%ce%Tﬁgﬁg%%ékce of

threshold voltage on temperature and frequency.

BACKGROUND OF THE INVENTION

Supertwisted nematic liquid crystal displays
{hereinafter abbreviated as STN-LCDs) have found wide uses
and have been required to satisfy various characteristics
to cope with still wide applications. For example, STN-
LCDs for use in personal digital assistances (PDAs) have
been required to be capable of displaying a vast volume of
information and to exhibit satisfactory display quality
over a broad operatiﬁg temperature. Addition of an
electrical temperature-compensating circuit to the driving
circuit has been adopted to reduce the influences of the
surrounding temperature. However, the addition of an extra
circuit involves process complication, which results in a
reduction of yield. Therefore, it has been desired that
the threshold voltage of LCDs be insusceptible to the
temperature influences. Further, in a multiplexing drive
system for displaving a large volume of information, it has

also been demanded that the threshold voltage of STN-LCDs



19 DEC 2003 shoul d show no fluctuation in a frequency range of thg_ gﬁéyi?g
vol tage which varies according to the duty ratio and the content % 00
di splay. That is, STN-LCDs, the threshold voltage of which has reduced
tenperature dependence as well as reduced frequency dependence within an
operating tenperature range, have been demanded. Fulfillnment of these
requirements will nake it possible to obtain a satisfactory display that
is not influenced by the surrounding tenperature even when pl aced under

severe teymarkad Wieowaisli £l eMsuatied B8 & Nfoeg ety usgngdl bhogga vari ous
approaches have been proposed as described in JP-A- 4-2%6387 (The term

"JP-A" as usgs; rel s Apexan i S ent
appl i cation"), %‘%—‘%34- Doabh 7%%%%%%@%—%—93@1%%2%? §8557 08102 and

W91/ 0818 e ' ovenent s Lh.te e%ﬁ%Fr dependence or
frequencyiﬂg%gﬁggﬁ%%%§$n€%r%§ﬁ% 2 deta&gﬁﬁyl"hes '&%H%%acqg% are not
sati sfactory, an urther inprove ts in |iquid crystal conpounds, |iquid
crystal ¢ ‘ﬁ%n‘é" TAESTIE T IR AR S T IRt FBU e SUMMARY OF THE

| NVENTI ON An obj ect of the present invention is to provide an STN-LCD, the
t hr eshol d GRS S dhi vl hads reerlicerd feaperreyrécpepdaencelbhin
frequency dependence in its operating tenperature range.

an operating temperature range, have been demanded.

Fulfillment of these requirements will make it possible to
obtain a satisfactory display that is not influenced by the
surrounding temperature even when placed under severe
temperature conditions, such as in ocutdoor use. Although
various approaches have been proposed as described in JP-A-
4-296387 (The term “JP-A” as used herein means an
“unexamined published Japanese patent application”), JP-A-
4-300681, JP-A-7-209624, JP-A-9-157654, W089/08102 and
W081/08184, the degrees of improvements in temperature
dependence or frequency dependence of threshold voltage by
these approaches are not satisfactory, and further
improvements in liquid crystal compounds, liquid crystal

compositions or STN-LCDs have still been demanded.

SUMMARY OF THE INVENTION
An object of the present invention is to provide an
STN-LCD, the threshold voltage of which has reduced
temperature dependence and frequency dependence in its

operating temperature range.



2 1 9 DEL 2003 O her objects and effects of the present invention wll be
apparent fromthe foll ow ng description. The objects of the i nventipg Fg (ﬁl}
been achi eved by providing a supertwi sted nematic liquid crystal di 3 ;
conprising: a pair of substrates each having a |iquid crystal
orientation-controlling layer and a transparent electrode; a liquid
crystal material held between said substrates; and at | east one polarizing
sheet provided on at |east one of said substrates, wherein said |iquid

crystal materi }.pé%{rggﬁaecsﬁ 0 eprese by for a (1): (1)
wherein Rl rep?jetsen S d aiyﬁ(na%regfu% aviLgr]lié;i {lhegcplisl%?%g?blcﬁnverg%loné, an

al kenyl gra aving 2t car,hon at.aons,. an  al kenyl oxy group having 3 to
16 car bon w&t%e aarfg:'%n%r éljﬁtroé%etﬁles f}lﬁmldb%ﬁj%ﬁ%?ﬁ t'rl%ﬁ/fl uorine atom and
(b) at l|east one conpound selected fromthe group consisting of: conpounds
represented by T MREEQES )°f $he o Mo ticos Rt dsrRE ¢l eednPy a

fluorine-substituted or
providing a supertwisted nematic liquid crystal display

comprising:

a pair of substrates each having a liquid crystal
orientation-contreolling layer and a transparent electrode;

a liquid crystal material held between said
substrates; and

at least one polarizing sheet provided on at least one
of said substrates,

wherein said liquid crystal material comprises:

(a) a compound represented by formula (I):

F F
R1©_coo@0N (1)
X! F

wherein R' represents an alkyl group having 1 to 16 carbon
atoms, an alkenyl group having 2 to 16 carbon atoms, an
alkenyloxy group having 3 to 16 carbon atoms; and X'
represents a hydrogen atom or a fluorine atom; and

(b} at least one compound selected from the group

consisting of: compounds represented by formula (II}:



unsubstituted al kyl group having 1 to 16 carbon atons, a
fluorine-substituted or unsubstituted al koxy group having 1 to 16 carbon
atons, an al kenyl group having 2 to 16 carbon atons, an alkoxyalkél gFggﬁ3
having 2 to 16 carbon atons, or an al kenyl oxy group having 3 to 1 %
atons; and conpounds represented by formula (111): wherein R3 has the sane
meaning as R2, wherein said liquid crystal display satisfies: condition
formula (i): Vth (-200C }- Vth (50 C} 700C S 3nrV /C wherein Vth (--200C

and Vth (5M3ré&enreSadpidieddy esholybr Mol tagesoft dhegldguid crystal
di splay neasured at a tenperature of --20C and 50C, respectively, with an

condi ¢ on Tormr ey e T Fe R RV TS GoURE oL b AT 1oe PHERRY 2BbrE") =570, 5
Lnr eshol o TU0TE 56 BIOC hoCFFEi 02 cPyRURP Ol SpP Ay SRBHEw: BRCHD Magens 1
to 16 carbon atoms, an alkenyl group having 2 to 16 carbon
atoms, an alkoxyalkyl group having 2 to 16 carbon atoms, or
an alkenyloxy group having 3 tco 16 carbon atoms; and

compounds represented by formula (III):

R’—Q—Qm (II1)

F
wherein R’ has the same meaning as R?,
wherein said liquid crystal display satisfies:

condition formula (i):

[V (-20 C ) — Vu (50 °C )lg 3mV 1°C
| 70 T |

wherein Vi (-20°C) and V¢ (50°C) represent the threshold

voltage of the liquid crystal display measured at a

temperature of -20°C and 50°C, respectively, with an
applied voltage having a square wave form and a frequency
of 100 Hz; and

condition formula ({(ii):

Vi (5000Hz ) — Vi (100Hz )| o o 4
Vrh(lOOHZ )

(i1}



with an applied voltage having a square wave formand a frequency of 5000
Hz and 100 Hz, respectively. The tenperature dependence of threshold
voltage is represented by the left side of condition fornmula (i). 1% zggg
val ue exceeds 3 nV, satisfactory display quality cannot be secured Jg
the display has too faint image in a |low tenperature range and too deep
image in a high tenperature range. The frequency dependence of threshold
voltage is defined by the left side of condition fornula (ii). Since the

frequency vafe s i'ed (yObbRgE ¥Adi eS (18060 dirke re@ chite tie \t Hradb1l the
contents of a display in a multiplexing driving system which is a driving

system ! oo ST O U sl el d 08 L edlisney. dependencag- exceedi ng

0.3 results’in ay unevenness 0 VI'S ahges’ of reshol d

vol tage wi t.h .t j.Sp| ont.ents. cause_ the threshold voltage of the
STN- LCD ac%l&hdgﬁbd%%ﬁ%de%p@etsagﬁ qan‘géj ion has A "faévn%e]%%‘?rﬁriémge%endence of
not nore than 3 nV a requency, dependence of not. nore than 0.3, the
STN LD oft THS LS o T AT 0 B oo P Bty qual 1oy wi i no
unevenness in its operating tenperature range. DETAILED DESCRI PTI ON OF THE
| N\VENTI ON 5 1 F''PEC U3 3t Fordanerdance epf sdem il ¢ neckbapontht (a) for

use
represented by the left side of condition formula (i). If

this value exceeds 3 mV, satisfactory display quality
cannot be secured because the display has too faint image
in a low temperature range and too deep image in a high
temperature range. The frequency dependence of threshold
voltage is defined by the left side of condition formula
{ii). Since the frequency of applied voltage varies
according to the duty ratio or the contents of a display in
a multiplexing driving system, which is a driving system
for STN-LCDs, a threshold voltage fregquency dependence
exceeding 0.3 results in display unevenness due to visible
changes of threshold voltage with the display contents.
Because the threshold voltage of the STN~LCD according to
the present invention has a temperature dependence of not
more than 3 mV and a fregquency dependence of not more than
0.3, the STN-LCD of the invention exhibits satisfactory
display quality with nc unevenness in its operating

temperature range.

DETAILED DESCRIPTION OF THE INVENTION



in the present invention, RlL is preferably an alkyl group having 1 to 8
carbon atons or an al kenyl group having 2 to 8 carbon atons. For

increasing the contrast, Rl is still preferably an alkenyl group 19 BEC 2003
represented by fornmula (p) or (q): (the group of formula (p) or (q) is
bonded at its right end to the ring) The al kenyl group of fornula (q) is
particularly preferred. X1 is preferably a hydrogen atom The conpound (1)
is preferably a conpound represented by formula (1-a) or (l1-b) : (I-b)

wherein RI3 represeidfula) @l Kylef dhHAYE Nohd EOmdon&RE PR ALPNEsOr an
al kenyl group having 2 to 8 carbon atons.” The content of the conpound (1)

in the |iqgu terial.l ef, ta .4QY% i The
liquid c%{s%a @'ﬁ%’r&;na oﬁ%@eléﬁ'vgﬁlt il%[l%%re}e%‘egrragb yy(%lcé?oPra%)ir}éll@e one 6 1 9
DEC 2003 to f.our kind articul arl referaply one or t ki nds, of each
of the comsoudty i - %%n TR i (?@b§fk%%%f IO RDHERAL 2 oFOt he
conpounds (I-%é)and t he cogpound (I-b), inthe liquid crystal material is
pref er abl P S3PUADRBIRMS weif it 1 IPSES SHEE dMEhISP™S S 1309 by SwSItgRL,
particularly preferably 5 to 20% by wei ght. The content of the conponent
(b), sel ectrf§yadmhy i alkenyl group represented by formula (p) or

{q):

7 \_ .7 \_
(p) {q)

{(the group of formula (p) or (q) is bonded at its right end

to the ring). The alkenyl group of formula (g) is

particularly preferred. X! is preferably a hydrogen atom.
The compound (I) is preferably a compound represented

by formula (I-a} or (I-b):

F
R13‘@COO@CN (I-a)
F
F F
Rﬁ—<c:j;_coo_<i:j;_cm (I-b)
: F F

wherein R'? represents an alkyl group having 1 to 16 carbon
atoms cr an alkenyl group having 2 to 8 carbon atoms.

The content of the compound (I} in the ligquid crystal
material is preferably 5 to 40% by weight. The liguid

crystal material of the invention preferably comprises one



group consi sting of conmpounds represented by forrmula (I1) and conpounds
represented by fornmula (Il11), inthe liquid crystal material is preferably
5 to 40% by weight, nore preferably 10 to 30% by weight. Wile the1lg| Eﬂﬁﬂ&'
crystal material contains either one of the compound (I1) and the

conmpound (I1l), it is preferred to contain the conpound (111) for reducing
the tenperature dependence and the frequency dependence of threshold

vol tage. For ensuring reduction in tenperature dependence and frequency

dependencet of féilr eshedi g, V}@éi@ﬂ@uléflySpf@f@r@lﬁ?%%ﬁgdo§oﬁwot Renhkauid
crystal material to contain both the conmpound I1) and the conpolnd (I11).

I'n for mul ag, i 13 80Kk (tdddoul? pRG maﬁacqgrsé baPkY crepresepican alkyl

group having 1 to 16 carbon atomns or eny group o 16

car bon at t f res | k ou haV|n to. 8

car bon atggit%f éé%tgﬁﬁéﬁfﬁp%%oﬁ%m A ? %ﬁrgéﬁ g?%ﬁgung }E rellarly
7 1 9 DEC 200 fera sent ap Iken roup. represented by any one
of the fol}%Wﬁﬂg fb?%ﬂ?a r¥%§ fdm?Yﬁrl? )1?q§r?g§r?§}y( )tPe4Bh B¥ructura
formula is bonded at its right end to the ring). In particular, the

al kenyl grvb%ﬂpg%prr&%lé%t@ae%@/rmmatferso by welght particularly
preferably 5 to 20% by weight.

The content of the component (b), selected from the
group consisting of compounds represented by formula (I1I)
and compounds represented by formula (III), in the liquid
crystal material is preferably 5 to 40% by weight, more
preferably 10 to 30% by weight. While the liquid crystal
material contains either one of the compound (II) and the
compound (III), it is preferred to contain the compound
(I1I) for reducing the temperature dependence and the
frequency dependence of threshold voltage. For ensuring
reduction in temperature dependence and frequency
dependence of threshold voltage, it is more preferred for
the liquid crystal material to contain both the compound
(IT) and the compound (III).

In formulae (II) and (III}), R® and R’ each preferably
represent an alkyl group having 1 to 16 carbon atoms or an
alkenyl group having 2 to 16 carbon atoms, still preferably
represent an alkyl group having 1 te B carbon atoms or an

alkenyl group having 2 to 8 carbon atoms, particularly



or (s) is preferred for inproving the contrast sinmultaneously. Fromthe

st andpoi nt of reduction of threshold voltage tenperature dependence, it is
desirable for the liquid crystal material to have a high nematic 19 BEC 203
phase-isotropic liquid phase transition tenperature (hereinafter referred
to as Tni), but too high a Tni results in an increase of swtching tine.
From t hese considerations, the Tni is preferably 75 to 150C, nore
preferably 80 to 120C. From the same standpoint, it is desirable for the

liquid crysteferamleriébréSehaven aalrunsol §HophaseprotegEat Hhe RRgse-
i sotropic liquid phase transition tenperature (hereinafter referred to as

T-n) , spesid igaltie TFOM 66Phd Or 630G a80YS) PEefpfably -60 to -40C It is
preferred that the refractive index anis lropy fAn) of the liquid crystal
material be 0.07 to 0.29, nore preferably 0.08 to 0.20, particularly
preferably 0.12 to 0.18_6 1 9 DEC 2003 It is preferred for the liquid
crystal material to tufthar_codpr a cdnpou epceSefted by formul a
(IV): A-+M_ (1V) whergin R4 aq@ R5 eaq@ haqu}he sarg meani ng as R2; A
represents a 1, 4-phenyl ene group or a trans-1,4-

(each structural formula is bonded at its right end to the
ring) .

In particular, the alkenyl group represented by formula (r)
or (s) is preferred for improving the contrast
simultaneously.

From the standpeoint of reduction of threshold voltage
temperature dependence, it is desirable for the liquid
crystal material to have a high nematic phase-isotropic
liguid phase transition temperature (hereinafter referred
to as Tni), but too high a T,y results in an increase of
switching time. From these considerations, the T,; is
preferably 75 to 150°C, more preferably 80 toc 120°C. From
the same standpoint, it is desirable for the liquid crystal
material to have a low solid phase- or smectic phase-
isotropic liquid phase transition temperature (hereinafter
referred to as T.;), specifically from -60° to -30°C, more
preferably -60° to -40°C. It is preferred that the
refractive index anisotropy (An) of the liquid crystal
material be 0.07 to 0.24, more preferably 0.08 to 0.20,

particularly preferably 0.12 to 0.18.



cycl ohexyl ene group; and n represents 0 or |I. Use of the conpound (IV)
brings about further reduction in frequency dependence of threshold
voltage. It is preferred for the liquid crystal material to contjad DEOP®It O
five Kkinds of the conpound (1V). The content of the conpound (Iig in the
liquid crystal material is preferably 5 to 40% by weight, particularly
preferably 10 to 40% by weight. Preferred exanples of the conmpound (IV)

i ncl ude conpounds represented by formula (IV-a): R7 R8 (1V-a) wherein R7
and R8 each i ndépémdemtelfie mepr dsentthan ldlgyild ayryeumhandtrg ikt adB car bon
atons or an al kenyl group having 2 to 8 carbon atonms. The content of the

conpound uYtapri mompold slei GUIChmPoYISIdAlr epitleleindled Byprefratald y vit:0 40% by
wei ght, particularly preferably 10 to 40% by weight. 9 1 9 DEC 2003
Preferred exanples of the conpound (1V) al so include conpounds represented
by formula (IV-b): R o (IV-b) wherein_R9 and 0 each independently
represent an al kyl group hauwigg } t0 8y ¢anbargatons or an alkenygwgroup
having 2 to 8 carbon atonms. The_£ontent \of t conmpound (IV-b) i t he
liquid crystal material is preferably 5 to 40% by

wherein R* and R® each have the same meaning as R?; A
represents a 1,4-phenylene group or a trans-1,4-
cyclohexylene group; and n represents 0 or 1.
Use of the compound (IV) brings about further reduction in
frequency dependence of threshold voltage. It is preferred
for the liquid crystal material to contain one to five
kinds of the compound (IV). The content of the compound
{IV) in the liquid crystal material is preferably 5 to 40%
by weight, particularly preferably 10 to 40% by weight.
Preferred examples of the compound (IV) include

compounds represented by formula (IV-a):

RLO-—O-R” (IV-a)

wherein R’ and R? each independently represent an alkyl
group having 1 to 8 carbon atoms or an alkenyl group having
2 to 8 carbon atoms. The content of the compound (IV-a) in
the liquid crystal material is preferably 5 to 40% by

weight, particularly preferably 10 to 40% by weight.




wei ght, particularly preferably 10 to 40% by wei ght. The conpound (I1V-a) or
the conmpound (IV-b) are effective in further reducing the frequency
dependence. The conpound (1V-b) is also effective in broadening tBdEC 2003
liquid crystal tenperature range. It is particularly preferred to use both
t he conpounds (IV-a) and (IV-b). It is also preferred for the liquid
crystal material to further conprise a conpound represented by formula
(V): wherein R6 represents an al kyl group having | to 16 carbon atons or
an al kenyl grodrdfasdnmegl 2xanf ecardiorn tad ammipdund epresenl so aide Bapbenyl ene
group or a trans-1,4- cyclohexyl ene group; X3 represents a cyano group, a
fluorine a:toamoxﬁzdsrlzfdpxcgﬁfﬁiéwm Feomud ervid )l 9 DEC 2003

di fl uoronet hoxy group; X2 and X4 each independently represent a hydrogen
atomor a fluorine atom |Incorporation of the conpound (V) brings about
further reduction of the tenperature dependence of threshold vol tage The
content of the conpound (V) gsn/t he \ %tual material is PE’ Séably 5
to 40% by weight, particularl 3 to 30% by weight. ‘Preferred
exanpl es of the conpound (V) “i ncl ude corrpounds represented by fornul a
(vV-a): R1

wherein R® and R each independently represent an alkyl
group having 1 to 8 carbon atoms or an alkenyl group having
2 to 8 carbon atoms. The content of the compound (IV-b) in
the liquid crystal material is preferably 5 to 40% by
weight, particularly preferably 10 to 40% by weight.

The compound {(IV-a) or the compound (IV-b) are
effective in further reducing the frequency dependence.
The compound (IV-b) is also effective in broadening the
liquid crystal temperature range. It is particularly
preferred to use both the compounds (IV-a) and (IV-b).

It is also preferred for the liquid crystal material

to further comprise a compound represented by formula (V):

wherein R® represents an alkyl group having 1 to 16 carbon
atoms or an alkenyl group having 2 to 8 carbon atoms; G
represents a 1, 4-phenylene group or a trans-1,4-
cyclohexylene group; X3 represents a cyano group, &

fluorine atom, a trifluorocmethoxy group or a

10



(V-a) wherein R11 represents an al kyl group having 1 to 16 carbon atons or
an al kenyl group having 2 to 8 carbon atons. The content of the conpound
(V-a) inthe liquid crystal naterial is preferably 5 to 40% by VVeiQ"UECZ[}D}
particularly preferably 10 to 30% by wei ght. Preferred exanples of the
conmpound (V) also include conpounds represented by formula (V-b): (V-b)
wherein R12 represents an al kyl group having 1 to 16 carbon atons or an
al kenyl group having 2 to 8 carbon atons. 11 1 9 DEC 2003 The content of

the compound 1(\¥ddndthd:ie Jri Qi d yer al,1 rial_is preferably 5 to 40%
by wei ght, particularly r&q‘l«?r'at))fyxﬁé %(o g%é)fﬁ,gf{}\%?%lﬂg?nﬁyi s still
preferred for _t i ui(% crystal materi to contain both the conpound
(V-a) andrteﬁ)erecsoe%%o&n b Qrg;)e¥1 ARFE G @ 311‘&9% &% 1iquid crystal
material for use in the fpresent i nvention conprises 5 to 40% by wei ght of
the conpodPFCEPOIRTI®N @Gy HBoyMd iVt e ideifpdlmdit (flurtd)er and 5 to
40% by wei ght of the conmpound (1V-b). Another particularly preferred
liquid crySactidredifalt hec depieses us et oleg@¥rdmnaseicghtt hofe ghrel onmpound
(l-a), 5to 40% by weight of the conpound (Ill1-a), and 5 to 40% by

voltage. The content of the compound (V) in the liquid

crystal material is preferably 5 to 40% by weight,

particularly preferably 10 to 30% by weight.

Preferred examples of the compound (V) include

compounds represented by formula (V-a):

F

E
wherein R*! represents an alkyl group having 1 to 16 carbon
atoms or an alkenyl group having 2 to 8 carbon atoms.
The content of the compound (V-a) in the ligquid crystal
material is preferably 5 to 40% by weight, particularly
preferably 10 to 30% by weight.

Preferred examples of the compound (V) alsoc include

compounds represented by formula (V-b):

R‘IZ < > _< >_.<: lf}---—f: (V_b)

wherein R'? represents an alkyl group having 1 to 16 carbon

atoms or an alkenyl group having 2 to 8 carbon atoms.

11



wei ght of the conmpound (IV-b). These preferred liquid crystal materials
are particularly effective in reducing not only the tenperature dependence
but also the frequency dependence of threshold voltage of STN-LCD$.9 DEG)003
tw st angle of the STN-LCD according to the present invention is
preferably 180 to 300, nore preferably 220 to 270, particularly preferably
230 to 260. Having reduced tenperature dependence of threshold voltage
conpared with conventional STN-LCDs, the STN-LCD of the invention exhibits

sati sfact oipe ¢sp | d LA d opgnat i € i from-20C
to 50C. Since the %}F%th%%élorddansﬂe&?ﬁndtﬁg k?l)tnv{eyﬁtt%}gér:pﬁ% Hﬁrra?ﬁ%sdf:?/lr educed

convent | oA TN b ER T ehded BrF UhG THEHIT e Vbt geb T} quency on
1010 o SR 107 Guharaa st he Tarige S lh& Rt G Wt age.
frequency is wdened with the duty ratio of a multiplexing drive system
Ther ef or e, ththel IING @ ¥t athena tRiditl drp i eontsain dpveh folre heghreendi t y
display by multiplexing drive at 1/32 to 1/480 duty as required with
cel lul ar phoréds,arat d:he THen®UNd AY-df) the invention is particularly
suitable for driving at 1/64 to 1/240 duty.
A particularly preferred liquid crystal materiazl for
use in the present invention comprises 5 to 40% by weight
of the compound (I-a), 5 to 40% by weight of the compound
(IT-a), and 5 to 40% by weight of the compound (IV-b).
Another particularly preferred liquid crystal material
comprises 5 to 40% by weight of the compound (I-a), 5 to
40% by weight of the compound (III-a), and 5 to 40% by
welght of the compound {IV-b). These preferred liguid
crystal materials are particularly effective in reducing
not only the temperature dependence but also the frequency
dependence of threshold voltage of STN-LCDs.
The twist angle of the STN-LCD according to the
present invention is preferably 180 to 300°, more
preferably 220 to 270°, particularly preferably 230 to 260°.
Having reduced temperature dependence of threshold
voltage compared with conventional STN-LCDs, the STN-LCD of
the invention exhibits satisfactory display quality in its
operating temperature, i.e., from -20°C to 50°C.

Since the STN-LCD for use in the invention has

markedly reduced frequency dependence of threshold voltage

12



The liquid crystal material for use in the invention nmay contain known
nematic liquid crystals, snmectic liquid crystals, cholesteric Iiﬁg@?g 003
crystals, chiral dopants, etc. in addition to the conpounds (1) V}

The STN-LCD nmay be any of a transm ssion type, a sem - transm ssion type
and a reflection type. The effects of the present invention are not
restricted by the display type. The STN-LCD according to the invention has
reduced dependence of the threshold voltage on both tenperature and

f requency ddigdiee@Per & | Ben ¥ EAPES R UT ST 2NE6s ath@thmaénceécek' ent
di splay characteristics suitable for a nultiplexing drive systemat 1/32

1/ 480 4 /
cell ul ar Séh%%le%e@i‘iii‘@é‘%@r“’e%"%‘ez%% SEi e pEe LR P%%@B Pon.
Il b I t ! d t f Ex tt
Mhvent ton S 8 ool SRR ESHE o fEA T %Lé?ﬂﬂg'éfiﬁfﬁﬁffﬁﬁ}a%%ﬁegs e
ot herw se noted, a percents are %%ven by wei ght. The paraneters

||
measur ed i'H EGENHT RS- a&é1 FETFHA lgnd Nerdenage il iths SBiIRR S Fhbage

transition tenperature (C) T-n: Solid or snectic-nenmatic Ehase transition
tenperatur%?equency is widened with the duty ratio of a multiplexing

drive system. Therefore, the STN-~LCD of the invention is

suitable for high-density display by multiplexing drive at
1/32 to 1/480 duty as reqguired with cellular phones, etc.

The STN-LCD of the invention is particularly suitable for

driving at 1/64 to 1/240 duty.

The liquid crystal material for use in the invention
may contain known nematic liquid crystals, smectic ligquid
crystals, cholesteric liquid crystals, chiral dopants, etc.
in addition to the compounds (I} to (V).

The STN-LCD may be any of a transmission type, a semi-
transmission type and a reflection type. The effects of
the present invention are not restricted by the display
type.

The STN-LCD according to the invention has reduced
dependence of the threshold voltage on both temperature and
frequency in the operating temperature range and exhibits
excellent display characteristics suitable for a
multiplexing drive system at 1/32 to 1/480 duty,
particularly 1/64 to 1/240 duty, which is required of

cellular phones, etc.

13



(© n: Viscosity (nPa.s) at 20C An: Refractive index anisotropy at 25C Vit h:
Threshol d voltage (V) of an STN-LCD having a cell thickness d (m neasured
at 25C, the cell thickness d being determ ned by equation: Delta ng@&EQ Q0
(Vth is a driving voltage at a transm ssion of 90%. The applied voltage
has a square wave formand a frequency of 100 Hz. Vsat: Saturated voltage
(V) of an STN-LCD having a cell thickness d (n), the cell thickness d
being determ ned by equation: Delta n.d=0.90 (Vsat is a driving voltage
at a transm ssion of 90% . Gamma: Steepness at 25C (y=Vsat/Vth) torre:
Swtching time (nsec) in an STNNLCD at 25C 14 1 9 DEC 2003 dV dT (--20-U
50-C) (mV /9u) dT (-20C -25C) (mv 12%%? EY t h(25C) -Vt h(50C(25 OC- 50 t) )
wherein Vth (-20C) , Vth (250 , an F'I FOC) repr esent

The present invention will be illustrated in greater
detail with reference to Examples, but the invention should
not be construed as being limited thereto. Unless
otherwise noted, all the percents are given by weight.

The parameters measured in Examples are as follows.

Thi: Nematic-isotropic phase transition temperature (°C)

T-n: Solid or smectic-nematic phase transition temperature
{°C)

01 Viscosity (mPa-s) at 20°C

An: Refractive index anisotropy at 25°C

Ven: Threshold voltage (V) of an STN-LCD having a cell
thickness d (um) measured at 25°C, the cell thickness
d being determined by equation: An-d=0.90 (V. is a
driving voltage at a transmission of 90%). The

applied voltage has a square wave form and a frequency

of 100 Hz.
Vsat: Saturated voltage (V) of an STN-LCD having a cell

thickness d (pum), the cell thickness d being
determined by equation: An-d=0.90 (Ve is a driving
voltage at a transmission of 90%).

¥: Steepness at 25°C (y=Vsae/Vin)

T: Switching time (msec) in an STN-LCD at 25°C

14



the threshold voltage of an STN-LCD neasured at a tenperature of -20C, 25C
and 50C, respectively, wth a voltage having a square wave form aﬁ l[ﬂ;_(& lﬁfﬁ
applied. Vh(-200)-V,6(50C) 70t V,h(-20t)----V,h(25t) 4590 A 9 2
V/ Vt h(100Hz) VLh(5000Hz) - Vt, (100Hz) Vth(100Hz) wherein Vt h(5000Hz) and

Vt h(100Hz) represent the threshold voltage of an STN-LCD neasured at -20C
with an applied voltage having a square wave form at a frequency of 5000
Hz and 100 Hz, respectively. A liquid crystal cell was nade up of a pair of

t ransparent Iectrode | ayer Ci ach aoth nd each having an
orientatio e0°g-LapmRd bq_ﬂiﬁﬁﬁgﬁ_ﬂc&_&_ 5(Av9 <BFEC 2003 filmof a
pol yi m de "d&unever 150" avail|l abl e f76CN ssan em cal "1 ndustries, Ltd.)
di sposed on the inner side thereof to make a tw st angle of 240. A chiral
dopant (S- 811, available fromMerck & Co., Inc.) was added to a nematic

liquid crystal conposition, and the m xture was

dv Ve (-20°C) = Vu (25°C))
—(-20C~25 :

T (-20C~257C) | 15T | (mV /)
dv N ) |V:h(25°C)—V.u(50°C)'

wherein Ve, (-20°C), Vi (25°C), and Vn (50°C) represent
the thresheld voltage of an STN-LCD measured at a
temperature of -20°C, 25°C and 50°C, respectively,
with a voltage having a square wave form at 100 Hz

applied.

. |V (5000Hz) — Ve (100Hz )|
| Va(100Hz ) |

AV/Vth(100Hz)

wherein V., (5000Hz) and Vi, (100HZ) represent the

thresheld voltage of an STN-LCD measured at -20°C
with an applied voltage having a square wave form

at a frequency of 5000 Hz and 100 Hz, respectively.

A liquid crystal cell was made up of a pair of
transparent electrode layers facing each other and each

having an orientation layer (formed by rubbing an organic

15



filled into the cell
crystals and the cell
term nal

used. -n (figure)

. (OnH2n+1-CHECH (CH2) m 1)

-VO-: -COO- -CN -C=-N -F:

to make an STN-LCD. The chiral
In such a way that the dopi ng-i nduced

hel i cal

t hi ckness d satisfy equation:
representing conpounds used in Exanples, the

- CnH2n+1

-F ¢y Ph Phi

dopant

-C=-C -2z
Ph3 F 16 1 9 DEC 2003 For exanpl e,

S-811 was added

pitch P of the mxed |iquid
d/ P=0. 50.
foll owi ng abbreviations are

ndm: CnH2n+1- CH=CH- (CH2) m 1- -ndm:
-On: -OCnH2n+1 -T-:

In 19 BEL 2003

- CHEN- N=CH-

t hese abbfgvymatiforspalgimsdd dSuhekkawd5S0CNa3aRRELYE- PRINCNiGNan

Chemical Industries, Ltd.) disposed on the inner side

thereof to make a twist angle of 240°. A chiral dopant (S-
811, available from Merck & Co., Inc.) was added to a
nematic liquid crystal composition, and the mixture was

filled into the cell to make an STN-LCD. The chiral dopant

5-811 was added in such a way that the doping-induced
helical pitch P of the mixed liguid crystals and the cell
thickness d satisfy eguation: d/P=0.50.

In representing compounds used in Examples, the
following abbreviations are used.

terminal -n (figure): -CuHons
ndm-: CpHzpn+1-CH=CH~ {CH3)} p-1—
-ndm:

~ (CpHap+1—CH=CH~ (CHjy) m-1)

-On: ‘—GCann+l

-T-: -C=C-

-Z-: —-CH=N-N=CH-
-VO-: -CO0-

-CN: -C=N

-F: -F

O -0~ O~

F
Cy Ph Ph1 PHI

1é



3-Cy-Ph-CM CS}E' (d1-Cy-Cy 5 (d1-Cy-Cy-PMF CH 1di Cy-Ph-CN CN Dd3Cy- Ph- CN
CH, dl-Cy-Cy-Ph-1 r'H, d3-Cy-Cy-Ph-1 C2Ha 3-Cy-Ph-Z-Pht-2 CH3 EL
3- Q- VO Ph-Oy-Ph-1 CA 3- Qy- Oy- vo- ph- Oy- 3 EXAMPLES 1 AND 2 AND COMPARAPELR00
EXAMPLES 1 TO 3 Liquid crystal conposition No. 1 (Exanple 1), No. 2
(Example 2), ML (Conparative Exanple 1), M2 (Conparative Exanple 2), and
M3 (Conparative Exanple 3) were prepared according to the formnul ations
shown in Table 1 below. STN- LCDs were prepared using these liquid crystal

conmposi tions. e ehangbs erilsddesalehréhtaSTdhs Bee aigeghguntbnidable 1. CN
2- Ph-VO Ph1-CN CN 4-Ph-VO Ph1-CN 17 1 9 DEC 2003 TABLE 1 Conp. Conp. Conp.

F F

c,u,—@— @ CN  3-Ph1-VO-Ph3-CN

F CHyy  0d1-Cy-Cy-5
F

coelQpeoo- Qv 2emomey (o sercrmmn

F
c.H,-@—coo—@—cN 4-Ph-VO-Ph1-CN CN  Dd3-Cy-Ph-CN
F
GM—O—@—\ a—@'CzHu 3-Cy-Ph-Z-Ph-2
N-N
C‘qu—O-COszs 3-Cy-VO-Ph-Cy-Ph-1
VG Te e Yo T,

CN  3-Cy-PhCN

EXAMPLES 1 AND 2 AND COMPARATIVE EXAMPLES 1 TO 3

Liquid crystal composition No. 1 (Example 1), No. 2
(Example 2), M1 (Comparative Example 1), M2 {(Comparative
Example 2), and M3 (Comparative Example 3) were prepared
according to the formulations shown in Table 1 below. STN-
LCbs were prepared using these liquid crystal compositions.

The characteristics of the STN-LCDs are shown in Table 1.
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Exanpl e Exanpl e Exanpl e Exanple Exanple 1 2 1 (ML)2 (M2)3 (M) (No. 1)(No-

2) Conposition (%: M-95959070 3- Phl-VO Ph3- CN05055 Qdl - Cy- Ph3- CNO0555

4- Ph- VO- Phl - CN150000 2- Ph- VO- Phl - CN30000 3- Cy- Ph- CN120000 19 DEC 2003
0d1Cy- Cy- Phl - FO00020 | dl - Cy- Ph- CN100000 0d3- Cy- Ph- CN100000 QdI - Cy- Cy- 590000
adl - Cy- Cy- Ph- 1130000 0d3- Cy- Cy- Ph- 1140000 3- Cy- Ph- 2- Ph- 260000

2- Qy- VO Ph- Cy- Ph- 150000 3- Cy- Cy- VO- Ph- Cy- 330000 Characteristics:

TABLE 1

Comp. Comp. Comp. Example Example

Example Example Example 1 2

1 (M1} 2 (M2) 3 {M3) (No. 1) {No. 2)

Composition (%):
M1 ~ 85 85 90 70
3-Ph1-VO-Ph3-CN 0 5 0 5 5
0d1-Cy-Ph3-CN 0 0 5 5 5
4-Ph-VO-Phl-CN 13 0 0 0 0
2-Ph-VO-Ph1l-CN 3 0 0 0 0
3-Cy-Ph-CN 12 0 0 0 0
0d1-Cy-Cy-Phl-F 0 0 0 0 20
1d1~Cy~Fh-CN 10 0 0 0 0
0d3-Cy-Ph-CN 10 0 0 0 0
0d1-Cy-Cy-5 9 0 0 0 0
0dl1-Cy-Cy-Ph-1 13 o 0 0 0
0d3-Cy-Cy-Ph-1 14 0 0 0 0
3-Cy-Ph-Z-Ph-2 6 0 0 0 0
2-Cy-VO-Ph-Cy-Ph-1 5 0 0 0 0
3-Cy-Cy~-VO-Ph-Cy-3 3 0 0 0 0
Characteristics:

T,; (°C) 94.1 B8.2 87.4 82.6 83.4
T., {(°C) -48 ~51 -49 -51 -48
Ven {V) 1.70 1.49 1.56 1.38 1.23
An 0.139 0.138 0.137 0.137 0.127
¥ 1.060 1.066 1.057 1.062 1.058
T (msec} 180 186 203 195 217
dv/dT (-20°C - 25°C) {mV/°C) 4.1 3.4 3.2 2.0 1.7
dv/dT (25 - 50°C) (mv/°C) 2.9 3.1 3.2 3.3 2.9
dv/dT(~-20 - 50°C) (mv/°C) 3.5 3.3 3.2 2.5 2.1
AV/V,, (100Bz) (-20°C) 0.53 0.36 0.314 0.22 0.23

As is understood from the formulations shown in Table

1, liquid crystal composition M2

a mixture of 95% of liquid crystal composition M1

{Comparative Example 1)

and 5%
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T,,; (C)94.188.287.882.683.4 T_" (C)-48-51-49-51-48 \Vth

(V) 1. 701. 491. 561. 381. 23 An0. 1390. 1380. 1370. 1370. 127 DEC 2003
T1. 0601, 0661. 0571, 0621, 058 z (msec)180186203195217 dV/ dT(-20C - 230)

(MV/ C) 4. 13. 43.22.01. 7 dV/ dT(25 - 50C) (mV/C)2.93.13.23.32.9 dV/ dT(-20 -
50C) (mV/ C)3.53.33.22.52.1 W/ Vt h(100Hz) (-20C) 0. 530. 360. 340. 220.23 As is

understood fromthe formul ati ons shown i n Table 1, liquid crystal
conposition M (lConpar ative Exanple 2) a mxture of 95% of liquid
crystal cdAposi til@miMl creskgdr emmm%zcam 31 (Comgb 25% toif v e3-BHEmPAG -Ph3- - CN

(conpound 18 1 9 DEC 2003 (I)); liquid crystal conposition M3 (Conparative
Exanpl e 3)is i&sma xiiueuod S5 395% dfi quigliad yertyeslt alongangiasidn il Mindartik 5%  of
Qdl - Cy- Ph3-CN (conpound (11)); liquid crystal conposition No. 1 (Exanple 1)

is a mxt eite 0afl -9Q3Pof3 -10Ng Uichmpesiynst a1 100nPasiduien ddystadh of
3- Phl - VO Ph3- CN (conpound (1)) and 5% of Gdl -Cy-Ph3-CN (conpound (I 1));

and |iqui @omﬁgxéattaloncwaaoql Jlac et e % | § A bt Ofod 198l & £TYSHA
conposition 1 and (corrpound (V). It 1s seen't at t he

STN- LCDs Erygfﬁqpb%ﬁp%SQqu% @h9W55 of 3-Phl-VO-Ph3-CN {(compound
(I)) and 5% of 0d1-Cy-Ph3-~CN (compound (II}); and liquid
crystal composition No. 2 is a mixture of liquid crystal
composition No. 1 and 0dl1-Cy~Cy-Phl-F (compound (V)). It
is seen that the STN-LCDs of Examples 1 and 2 show
improvement in temperature dependence of threshold voltage
and great improvement in frequency dependence cof threshold

voltage as compared with those of Comparative Examples 1, 2

and 3.

EXAMPLES 3 AND 4 AND COMPARATIVE EXAMPLES 4

Liquid crystal compositions No. 3 (Example 3), No. 4
(Example 4) and M4 (Comparative Example 4) shown in Table 2
below were prepared. The characteristics of STN-LCDs made
by using these compositions are shown in Table 2. For
better comparison, the results of Comparative Examples 1

and 2 are also shown.
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| nprovenent in tenperature dependence of threshold voltage and great

I mprovenent in frequency dependence of threshold voltage as conpared with
t hose of Conparative Exanples 1, 2 and 3. EXAMPLES 3 AND 4 AND COVPARIEEI 2068
EXAMPLES 4 Liquid crystal conpositions No. 3 (Exanple 3), No. 4 (Exanple
4) and M4 (Conparative Exanple 4) shown in Table 2 bel ow were prepared.
The characteristics of STN-LCDs nade by using these conpositions are shown

in Table 2. For better conparison, the results of Conparative Exanples 1
and 2 areTalgs® shown. 19 1 9 DEC 2003 TABLE 2 Conp. Conp. Conp. Exanple
Exanpl e Exanple Exanple Exanple 3 4 1 (MI)2 (M4 (M) (No. 3)( 4)
Comp. Comp. Comp. Example Example
Example Example Example 3 4
1 (M1) 2 (M2) 4 {M4) (No. 3) (No. 4)
Compcsition (%):
M1 - 95 95 90 70
3-Ph1-VO~Ph3-CN 0 5 0 5 5
1d1-Cy-Ph1-CN 0 0 5 5 5
4-Ph-VO-Ph1-CN 15 0 0 0 0
2-Ph-VO-Phl~CN 3 0 0 0 0
3-Cy-Ph-CN 12 0 0 0 0
0d1-Cy-Cy-Phl-F 0 0 0 0 20
1d1-Cy-Ph-CN 10 0 0 0 0
0d3-Cy-Ph-CN 10 0 0 0 0
0d1l-Cy-Cy-5 9 0 0 0 0
0d1-Cy-Cy-Ph-1 13 0 0 0 0
0d3~Cy-Cy-Ph-1 14 0 0 0 0
3-Cy-Ph-2-Ph-2 6 0 0 0 0
2-Cy-V0O-Ph-Cy-Ph-1 5 0 0 0 0
3-Cy-Cy-VO-Ph-Cy-3 3 0 0 ¢ 0
Characteristics:
T, (°C) 94.1 88.2 91.2 85.5 86.9
T.. (°C) -48 -51 -47 -53 -53
Ve (V) 1.70 1.49 1.64 1.42 1.35
An 0.139 0.138 0.138 0.138 0.128
¥ 1.060 1.066 1.056 1.060 1.057
1 (msec) 180 186 184 198 222
adv/dT(-20°C - 25°C) (mv/°C) {4.1 3.4 3.8 2.5 2.1
dv/dT {25 - 50°C} {mV/°C) 2.9 3.1 3.0 3.1 2.8
dv/dT (~20 - 50°C) {mV/°C) 3.5 3.3 3.5 2.7 2.3
AV/V., (100Hz) (-20°C) 0.53 0.36 0.42 0.24 0.23

As is understood from the formulations shown in Table

2, liguid crystal composition M4

(Comparative Example 4)

a mixture of 95% of liquid crystal composition M1

(Comparative Example 1)

and 5% of 1dl-Cy-Phl-CN

20
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Conmposition (9% : ML-95959070 3- Phl - VO Ph3- CNO5055 | dl - Cy- Phl - CNO0555
4- Ph- VO Phl - CN150000 2- Ph- VO Phl - CN30000 3- Cy- Ph- CN120000 i
Qdl - Oy- Cy- Phl - FO00020 1d1- Cy- Ph- CN100000 Qda- Cy- Ph- CN100000 19 UEC 2003
Qdl - Cy- Cy-590000 0d1i1- Cy-Cy-Ph-1130000 0d3- Cy- Cy-Ph-1140000
3- Cy- Ph- Z- Ph- 260000 2- Cy- VO Ph- Cy- Ph--150000 3- Cy- Cy- VO Ph- Cy-330000
Characteristics: T'1 (C)94.188.291.285.586.9 T_" (C)-48-51-47-53-53 Vth
(V) 1.701. 491. 641. 421. 35 On0. 1390. 1380. 1380. 1360. 128
y1l.0601. 0661) 056110604 @57 st almeecpbd0186eh340822 2 Fdngl(e Z0C is 26C)
(mv/C)4.13.43.82.52.1 dV/dT(25 - 500 (mv/C)2.93.13.03.12.8

mixture of 90% of M1, 5% of 3-Phl-VO-Ph3-CN {compound (I))

and 5% of 1dl1-CY-Phl-CN (compound (II}}; and liquid crystal

composition No. 4 (Example 4) is a mixture of liquid

crystal composition No. 3 and 0dl1-Cy-Cy-Phl-F {compound

(V}}.

It is seen that the STN-LCDs of Examples 3 and 4 show
great reduction in temperature dependence of threshold
voltage and also exhibit marked reduction in frequency

dependence of threshold voltage compared with those of

Comparative Examples 1, 2 and 4.

EXAMPLES 5 AND & AND COMPARATIVE EXAMPLE 5

Liquid crystal compositions No. 5 (Example 5), No. 6
(Example 6) and M5 (Comparative Example 5) having the
formulations shown in Table 3 below were prepared. The
characteristics of STN-LCDs made by using these

compositions are also shown in Table 3.
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dv/ dT(-20 - 50C) (nW/C)3.53.33.52.72.3 AV/ Vt h(100Hz)
(-20C) 0. 530. 360. 420. 240. 23 As is understood fromthe formul ati ons

Table 2, liquid crystal conposition M4 (Conparative Exanple 4) isslhgﬁﬁ;bda3
m xture of 95% of liquid crystal conposition M (Conparative Exanple 1) and
5% of |dl-Cy-Phl-CN (conpound 20 1 9 U E C 2003 (I1)); liquid crystal
conposition No. 3 (Exanple 3) is a mxture of 90% of M, 5% of

3- Phl -VO - Ph3-CN (compound (1)) and 5% of |dl-CY-Phl-CN (conpound (11));
and liquid crydtdLE Gonposition No. 4(Exarrp|e 4) is a mxture of liquid
cryst al conpo sHton-—No—3—and Ol - Cy= = | -F (r‘nr’nmlnrl (\/\\ Lt i s seen
that the STN-|LCDs of Exanples 3 and 4 shou@OI@-‘r eat ﬁé@@@ﬂﬁonmﬁ@mﬁl@ﬁperature
dependence of |[threshold voltage and al so|&s@vitdiet |rPar ked rgfluction ifn
frequency dependence of threshold voltagg®cOar ddNai.t h) t hode: &f)
Conpar ati ve Ek @Ssltll,onz @pd 4. BEXAVPLES 5 /AND 6 AND COVPARATT VE EXAMPLE 5
Liquid crysta \,,__uj gst+it+ons—Ne—S5—{bExarpt—5)—No+—6—(Exapple—6)—afd M
(Conpar ati ve Exdn e 8P Piiy the  fornu eﬁions dH&wn in Table 3 bl ow
wer e prepared 'IH”fePhBeharmmN stics of STN-OLCDs ngde by us|mg these
conpositions I‘Q]Cal_%g_gﬁl?% T Tapre 3. J 8 0

4-Ph-V0O-Ph1-CN 18 0 0

1d1-Cy-Phl-CN 0 0 8

3-Cy-Ph-CN 12 12 0

0d1-Cy-Cy-Phl-F 0 0 20

1d1-Cy-Ph-CN 10 10 10

0¢d3-Cy-Ph-CN 10 10 10

0dl-Cy-Cy-5 9 9 9

0d1-Cy-Cy-Ph-1 13 13 10

0d3-Cy-Cy-Ph-1 14 14 10

3-Cy-Ph-2-Ph-2 6

2-Cy-V0~-Ph-Cy-Ph-1 5

3-Cy-Cy-VO-Ph-Cy-3 3

Characteristics:

Tni (°C) 94.0 87.9 89.5

Tn (°C) -48 -52 -49

Ven (V) 1.70 1.46 1.61

An 0.139 0.134 0.133

¥ 1.060 1.052 1.055

T (msec) 180 171 163

dv/dT (-20°C - 25°C) {mV/°C) 4.1 1.3 1.1

dv/dT (25 - 50°C) (mv/°C) 2.9 2.7 2.4

dv/dT (-20 - 50°C) (mV/°C) 3.7 1.8 1.7

AV/Vy, (100HZ) (-20°C) 0.53 0.17 0.15

Replacement of 4-Ph-VO-Phl-CN in liquid crystal

composition M5 (Comparative Example 5) with 3~Ph1-~V0O~Ph3-CN

(Compound (I)} and 0d1-Cy-Ph3-CN (Compound (II}) provides
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21 1 9 DEC 2003 TABLE 3 Conp. Exanpl e Exanple Exanple 5 6 5 (M) (No. 5)( No.
6) Conposition (% : 3-Phl-VO -Ph3-CN0105 5- Ph3- VO Ph3- CNOOS EC
Qdl - Cy- Ph3- CNO80O 4- Ph- VO Phl - - CN1800 | d1- Cy- - Phl - CNOOS8 3-Cy-Ph-CNléf%8 2003
Qdl - Cy- Cy- Phl - FO020 | dl - Cy- Ph- CN101010 Gd3- Cy- - Ph- CN101010 dI - Cy- Cy--5999
Qdl - Cy- Cy-Ph-1131310 d3- Cy-Cy-Ph--1141410 3- Cy- Ph- Z- Ph- 2666
2- - Cy- VO Ph- Cy- Ph- - 1557

liquid crystal composition No. 5 (Example 5). Replacement

of 4-Ph-VO-Phl-CN and 3-Cy-Ph-CN in M5 with 3-Ph1-VO-Ph3-CN

(compound (I)}, 5-Ph3-VO-Ph3-CN (compound {(I}}, 1d1-Cy-Phl-

CN (compound (II)) and 0dl-Cy-Cy-Phl-F (compound (V))

provides liquid crystal composition No. 6 (Example 6). As a

result of the replacement, the STN-LCDs of Examples 5 and 6

show surprising reduction in temperature dependence of

threshold voltage and also great reduction in freguency

dependence of threshold voltage compared with the STN-LCD

made of M5.

The present invention provides an STN-LCD the threshold

voltage of which has reduced dependence on both frequency

and temperature to secure improved display quality in the

operating temperature range. The STN-LCD of the invention

exhibits satisfactory display quality free of unevenness in

the operating temperature range.

While the invention has been described in detail and
with reference to specific examples therecf, it will be
apparent to cne skilled in the art that various changes and

modifications can be made therein without departing from the

spirit and scope thereof.
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3- Cy- Cy- VO Ph- Cy-3330 Characteristics: T,,1 (C)94.087.989.5 T..R
(C)-48-52-49 Vth (V)1.701.461.61 An0.1390.1340. 133 y1.0601. 0521. 055 t
(nmsec) 180171163 dV/ dT (-20C - 25C) (mV/ C)4.11 . 31 . 1 dv/ dT(25 -1808L 2003
(mV/ ) 2.92.72 . 4 dV/dT(-20 - 50C) (mv/C)3.71.81.7 L LV/Vth (100Hz)
(-20C)0.530.170. 15 Repl acenment of 4-Ph-VO- Phl-CNin liquid crystal
conposition Mo (Conparative Exanple 5) with 3-Phl-VO Ph3-CN (Conpound (1))
and dl - Cy-Ph3-CN (Conpound (11)) provides 22 1 9 DEC 2003 liquid crystal
conposi ti @AY .15 QIBIMY €5) . Repl acenent  of 4- Ph- VO Phl-CN and
3-Cy--Ph-CN in Mb with 3-Phl-VO Ph3-CN (conpound (1)), 5-Ph3--VO Ph3-CN
(compound (1)), 1d1-Cy-Phl- CN (conmpound (11)) and Il - Cy-Cy-Phl -F (conpound
(V)) provides liquid crystal conposition No. 6 (Exanple 6). As a result
of the replacenenta thgestMiLERs QEmE%QEphﬁﬁuﬁd?ggygtaﬁhQWsﬁg%g{'s'ng

reduction in tenperature dependence of thresho voltage a So great
reduction Ciol?npfrrie_sqlﬁ%qcy
a pair of substrates each having a liquid crystal
orientation-controlling layer and a transparent electrode;
a liquid crystal material held between said
substrates; and
at least one polarizing sheet provided on at least one
of said substrates,
wherein said liquid crystal material comprises:

(a) a compound represented by formula (I):

F F
RL4C:§_COQA<:§FLN (1)
X1 F

wherein R! represents an alkyl group having 1 to 16 carbon
atoms, an alkenyl group having 2 to 16 carbon atoms, an
alkenyloxy group having 3 to 16 carbon atoms; and X!
represents a hydroéen atom or a fluworine atom; and

(b} at least one compound selected from the group

consisting of: compounds represented by formula (II):
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dependence of threshold voltage conpared with the STN-LCD nade of Mb. The
present invention provides an STN-LCD the threshold voltage of whijch)Peg;
reduced dependence on both frequency and tenperature to secure inproved
display quality in the operating tenperature range. The STN-LCD of the
invention exhibits satisfactory display quality free of unevenness in the
operating tenperature range. Wile the invention has been described in
detail and wth reference to specific exanples thereof, it will be

appar ent teord rski’l kegrisehhe ar f1tbatineasudss i¢hargesrand nodifications
can be made therein wi thout departing fromthe spirit and scope thereof.

23 1 9 DEGnaR% WAL dfS SQUANMER duP Hav i@ UP&d W 61 o8- BSIBd ¢ Snd | Gii d

crystal display conprising: a pair of substrates each having a liquid

i 0 cryaral st erra R betneik o i FPERRE e B0 10,

POl g SR BRI, A Rl SRS B g oo
atoms, an alkoxyalkyl group having 2 to 16 carbon atoms, or

an alkenyloxy group having 3 to 16 carbon atoms; and

compounds represented by formula (III):

RS_Q, CN (I11)

F
wherein R® has the same meaning as R?,

wherein said liquid crystal display satisfies:

condition formula (i):

|V::.(—20 T)—Va(50 °C)

l 0 SE3mV I°C (1)

wherein V¢, (-20°C) and Vin (50°C) represent the threshold
voltage of the liquid crystal display measured at a
temperature of -20°C and 50°C, respectively, with an
applied voltage having a square wave form and a frequency
of 100 Hz; and

conditicen formula {(ii):

Ve (5000Hz ) — ¥ (100Hz )| o 4
= 0. (ii)
} Vi(100Hz )
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(a) a conpound represented by formula (1): (1) wherein RL represents an

al kyl group having 1 to 16 carbon atons, an al kenyl group having 2 to 16
carbon atons, an al kenyl oxy group having 3 to 16 carbon atons; angdgXEf 203
represents a hydrogen atomor a fluorine atom and (b) at |east one
conpound sel ected fromthe group consisting of: conpounds represented by
formula (I11): 24 1 9 0 E C 2003 wherein R2 represents a
fluorine-substituted or wunsubstituted al kyl group having 1 to 16 carbon

atonms, a ywheyrinne, susddisN eth@ry gmwbﬁ&zt Wbgdeabkexynar edpelawiag 1 to
16 carbon atons, an al kenyl group‘haV|ng to 16 carbon atons, an

| k | kyl i 2t 6 b t : I
havi g 3 1o TeM o dd e o P T essteaY B Formia (111): F
R3-O- CN F Pherein R3 has Hhe sane _neani_ng as R2, mheggin sakg | i quid
crystal difdfftay’s SEPSRIEEs YOI GTH 0 Formi R S A %t Y (50t 5 70

r
frequency of 5000 Hz and 100 Hz, respectively.

2. The supertwisted nematic liquid crystal display
according to claim 1, wherein said liquid crystal material
contains 5 to 40% by weight of component {a) and 5 to 40%

by weight of component (b)}.

3. The supertwisted nematic liguid crystal display
according to claim 2, wherein R? in formula (II} and R® in
formula (IXI) each independently represent an alkenyl group

having 2 to 16 carbon atoms.

4. The supertwisted nematic liquid crystal display
according to claim 1, wherein said liquid crystal material
contains both a compound represented by formula (II) and a

compound represented by formula (III).
5. The supertwisted nematic liquid crystal display

according to claim 1, which further comprises a compound

represented by formula (IV):
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S3mV/ C (i) wherein Vth(-20C and Vth(500)

represent the threshold

voltage of the liquid crystal display neasured at a tenperature pf ;120633

and 50C,

respectively, with an applied voltage having a square wave

and a frequency of 100 Hz; and condition forrmula (ii): Vrh (5000Hz )

(100Hz )

Vrh (100HZ ) S 0.3 25 1 9 DEC 2003 wherein Vth(5000Hz) and

form

V h

Vt h(100Hz) represent the threshold voltage of the liquid crystal display

nmeasur ed at
frequency of 5000 Hz and 100 Hz,

-20C with an applied voltage having a square wave formand a
respectively 2. The supertw sted nematic

liquid crystal display accordi to £ erein said liquid crysta
material contains 5to 40%B 6 oﬁfp Bht (a) and 5 to 40P%) by
wei ght of component (b). 3. The -per Wi shed n tic liquid crystal display

according to claim?2, wherein R2 in fornula (11) and R3 in
each independently represent an al kenyl

wherein R? and R® each have the same meaning as R%; A
represents a 1, 4-phenylene group or a trans-1,4-

cyclohexylene group; and n represents 0 or 1.

6. The supertwisted nematic ligquid crystal display
according to claim 5, wherein said liquid crystal material
contains:

5 to 40% by weight of a compound represented by

formula ({(IV-a):

wherein R’ and R® each independently represent an alkyl
group having 1 to 8 carbon atoms or an alkenyl group having
2 to 8 carbon atoms; and

5 to 40% by weight of a compound represented by

formula (IV-Db):

27
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4. The supertwi sted nematic liquid crystal display according to claiml,
wherein said liquid crystal material contains both a conpound repquﬁrﬂtHg
by formula (I1) and a conpound represented by forrmula (I11). 5

supertwi sted nematic liquid crystal display according to claiml1, which
further conprises a conpound represented by formula (1V): 26 19 DEC 2003
R4 A)RS (IV) wherein R4 and R 5 each have the sane neaning as R2; A
represents a 1, 4- p enylene group or a trans-1,4- cycl ohexyl ene group; and n
repr esent S rgrin R anth&” S tgrerht vi rdaok mderst 1 ¢ te;qm:demy&uaalhiykpl ay
according to claim5, wherein said liquid crystal material contains: 5 to
40% by weiggttupothav iconpouns § eprEsentedorty of oimus Bkéh Wt agrold Revihy- a)
wherein R7 and R8 each i ndependently represent an alkyl group having 1 to
8 carbon & as Oreabad ketvs group having 2 to 8 carbon atons; and 5 to
40% by wei ght of a conpound represented by formula (I1V-b):

7. The supertwisted nematic liquid crystal display
according to claim 5, wherein said liquid crystal material
comprises:

5 to 40% by weight of a compound represented by

formula (I-a):

- F F
F

wherein R represents an alkyl group having 1 to 16 carbon
atoms or an alkenyl group having 2 to 8 carbon atoms;

5 to 40% by weight of a compound represented by
formula (II-a):

F

wherein RY represents an alkyl group having 1 to 8 carbon
atoms or an alkenyl group having 2 to 8 carbon atoms; and
5 to 40% by weight of a compound represented by

formula (IV-b):
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Rio (IV-b) 27 1 9 DEC 2003 wherein RO and R10 each independently represent
group having 1 to 8 carbon atons or an al kenyl group havH@guﬁéﬁwf)
8 carbon atons. 7. The supertwi sted nematic liquid crystal display °

an al kyl

according to claim5, wherein said liquid crystal material conprises:

40% by wei ght of a conpound represented by formula (l1-a): wherein R
represents an al kyl group having 1 to 16 carbon atons or an al kenyl

having 2 to 8 carbon atons; 5 to 40% by wei ght of a compound represented by
formula (l11-a): wherein R14 represents an al kyl group having 1 to 8 ¢

atonms or an al kenyl group havino

(I'V-b) wherein RO and Rl each

2 to 8 carbon atons; and 5 to 40%Db
(L Neb) @ 28 1gUEG 20P3_
epresent an al kyl group

having 1 to 8 carbon atonms or an alkenyl group having

wherein R® and R!® each independently represent an alkyl

group having 1 to 8 carbon atoms or an alkenyl group having

Z2 to 8 carbon atoms.

8. The supertwisted nematic liquid crystal display
according to claim 5, wherein said ligquid crystal material
comprises:

5 to 40% by weight of a compound represented by

formula (I-a):

F F

Rﬁ_<(:j;_coo_<c:§;-cm (I-a)

F

wherein R represents an alkyl group having 1 to 16 carbon
atoms or an alkenyl group having 2 to 8 carbon atoms;

5 to 40% by weight of a compound represented by

formula (III-a):

F
wherein R’ represents an alkyl group having 1 to 8 carbon

atoms or an alkenyl group having 2 to 8 carbon atoms; and

2%

5to
3

gr oup

ar bon
y



2 to 8 carbon atons. 8. The supertw sted nematic liquid crystal display
according to claim5, wherein said liquid crystal materi al conprh%e§azﬁ&§o
40% by wei ght of a conpound represented by formula (l-a): R wherein R
represents an al kyl group having 1 to 16 carbon atons or an al kenyl group
having 2 to 8 carbon atons; 5 to 40% by wei ght of a conpound represented by
formula (lIl1l1-a): (lIl1l--a) wherein R15 represents an al kyl group having I to
8 carbon atons or an al kenyl group having 2 to 8 carbon atons; and 29 1 9

DEC 2003 5 to 4,0%bm0\%ebghmequh& CHTROWMhIRIHLIIH L M oyl a (1'V-Db):
R10 (IV-b) wherein RO and R10 "'each independently represent an al kyl group

having 1 %@,8,33r Rey-a4ons or an al kenyl group having 2 to 8 carbon atons.
9. The supertw sted nematic liquid crystal display according to claiml,
wherein said liquid crystal materi al

wherein R’ and R'® each independently represent an alkyl

group having 1 to 8 carbon atoms or an alkenyl group having

2 to 8 carbon atoms.

9. The supertwisted nematic liquid crystal display
according to claim 1, wherein said liquid crystal material

further comprises a compound represented by formula (V):

wherein R® represents an alkyl group having 1 to 16 carbon
atoms or an alkenyl group having 2 to 8 carbon atoms; G
represents a 1,4-phenylene group or a trans-1,4-
cyclohexylene group; X’ represents a cyano group, a
fluorine atom, a trifluoromethoxy group or a
difluoromethoxy group; %2 and X? each independently

represent a hydrogen atom or a fluorine atom.

10. The supertwisted nematic liquid crystal display

according to claim 9, wherein said liquid crystal material
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atom a trifluoronmethoxy group or a difluoronethoxy group;

further conprises a conpound represented by formula (V): X3 (V) wherein R6
represents an al kyl greup having 1 to 16 carbon atons or an al keny]
having 2 to 8 carbon atons; G represents a 1, 4-phenyl ene group or

trans-1,4 cycl ohexyl ene group; X3 represents a cyano group, a fluorine

i ndependently represent a hydrogen atomor a fluorine atom 10. The

supertw sted nematic liquid crystal
said |iquicdneikdsisals mat anisalbyB3@el % tDEE 2003
a conmpound represented by formula’(V-a) : RlL (V-a) wherein Rl1 represents

an al kyl Qb&%ﬁl@ﬁ%bﬂ )l to 16 carbon atons or an al kenyl group having 2 to

8 carbon atons. 11. The supertw sted nematic liquid crystal display

according to claim9, wherein said liquid crystal material contains 5to
40% by wei ght of a conpound represented by for
R12 represents an al kyl grouplggvi 1

16 rbon
F

(V-a)
F
wherein R'' represents an alkyl group having 1 to 16 carbon

atoms or an alkenyl group having 2 to 8 carbon atoms.

11. The supertwisted nematic liquid crystal display
according to claim 9, wherein said liquid crystal material
contains 5 to 40% by weight of a compound represented by

formula (V-b}:

wherein R'? represents an alkyl group having 1 to 16 carbon

atoms or an alkenyl group having 2 to 8 carbon atoms.

12. The supertwisted nematic liguid crystal display
according to claim 1, wherein said liquid crystal material
further comprises:

a compound represented by formula (IV):
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atons or an al kenyl group having 2 to 8 carbon atons. 12. The supertw sted
nematic liquid crystal display according to claiml, wherein said quth
crystal material further conprises: a conpound represented by f or mi1%UEL 2003
(I'V): Rd AJR5 (IV) 31 1 9 DEC 2003 wherein R4 and R5 each have the sane
meaning as R2; A represents a 1, 4-phenyl ene group or a trans-1, 4-

cycl ohexyl ene group; and n represents 0 or 1; and a conpound represented by
formula (V): wherein R6 represents an al kyl group having 1 to 16 carbon

atoms or @AReabkanyk! HEOUR® haMMGhaAd & He GHROhEH IR 43 KQpresents a
1, 4- phenyl ene group or a trans-1,4- cycl ohexylene group; X3 represents a

cyano gro lyarin a i £ onet ho psor a
difIuorong?ﬁggﬁggFgu%;q’ﬁzbgn y%ih%a%ﬁggﬁdgge%dgﬁﬁg§ggééresent a hydrogen
atom or acyEHHREkQ%e%%OEEO% ; and n represents 0 or 1; and

a compound represented by formula (V):

x2
x4

wherein R® represents an alkyl group having 1 to 16 carbon
atoms or an alkenyl group having 2 to 8 carbon atoms; G
represents a 1,4-phenylene group or a trans-1,4-
cyclohexylene group; %3 represents a cyano group, a fluorine
atom, a trifluoromethoxy group or a difluoromethoxy group;
X? and X* each independently represent a hydrogen atom or a

fluorine atom.
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