Z5 JAN 2005 LI QUI D CRYSTAL DI SPLAY FI ELD OF THE | NVENTI ON Thi s i nvention
relates to a liquid crystal display, particularly, having inprov?q N 2005
t enper at ure dependence of threshold voltage, stably high contras r% é
broader tenperature range and an inproved switching tine at room
tenperature and | ow tenperature ranges. BACKGROUND OF THE | NVENTI ON Not
being limted to indoor use, liquid crystal displays (LCDs) have been
extending their outdoor use under severe tenperature conditions, such as
in personal digital assistances (PDAs) for conputers, autonotive
instruments, and other instrWIOWD CRysqWIdoarseggds Wth this broadening
of application, reduction in display contrast of LCDs due to surroundi ng
t enperature change has given rise to a problem The reduction in LCD

di splay quality with surrounding tenperature change is largely attributed
to the tenperature dependenc&@IsLDt RE MHiEe INGEWTION age Vth. Concei vabl e
causes of the Vth change with tenperature include changes of elastic
coefficient, diel ' TS Tetateftmenstiquid quipkt£T Vet §hBai th
tenperature « nd. changes .of intrinsic pitch of a chiral dopant added with
t enper at ufé. J‘tc“ﬁﬁ reNFHIPOSHP W] riprever atnperdé pesdelependence of a

t hreshol d £
fﬂyeéﬁgién@oltage, stably high contrast in a broader

temperature range and an improved switching time at room

temperature and low temperature ranges.

BACKGROUND OF THE INVENTION

Not being limited to indoor use, liquid crystal
displays (LCDs) have been extending their outdoor use under
severe temperature conditions, such as in personal digital
assistances (PDAs)} for computers, automotive instruments, and
other instruments for outdoor use. With this broadening of
application, reduction in display contrast of 1CDs due to
surrounding temperature change has given rise to a problem.
The reduction in LCD display quality with surrounding
temperature change is largely attributed to the temperature
dependence of the threshold voltage V. Conceivable causes
of the V., change with temperature include changes of elastic
coefficient, dielectric constant, etc. of nematic liquid
crystals with temperature and changes of intrinsic pitch of a
chiral dopaht added with temperature. It has been propeosed

to improve temperature dependence of a threshold voltage by



7 9 )AN 2005 controlling change with tenperature in intrinsic pitch of a
chiral dopant (see JP-A-5S-38669). However, this technique is AN 7005
di sadvant ageous in that the effect varies depending on the conbina ﬁén g@
nother liquid crystals and a chiral dopant wused in the constituting liquid
crystal conposition and that an increase of the chiral dopant adversely
affects the display characteristics such as a response. Further, because
the current increases with tenperature change-induced change in nobility
of the ionic substance contained in liquid crystals, the effective voltage

appli ed tcdriterdlling chysdalwitls conser@tuhy {QNSntFessiti Btch”o? a,
an

reduction of the contrast. Therefore, current control 1s an Inpor
factor forchdiorak abtpampr bvesralR-A-T55+ 398 OVE, I eneved ,Chafacteldmts in
supertwi sted nematic (STN) LCDs, an-active addressing drive system has

recent |y Beerdipragiaetadevws. ir 2thet ntles nat f gl v4d 594 e pSESERECHn the
Conference, p. 503 (1992)). It has been required for PDAs to have

sati sf act GOPRIingn Harerttey stisld ncrys e badatd tengel 24 LUr @opange.
Liquid crystal] materials to be used in these applications are required to
have a | oWSSA Sdbsihs eansicdding tdi ofidbetrystrl veomposat 1 o shid vingt

vol tage and yet keepin nst.ant. vol tage over a broad tenperature range.

a .co
| npr ovenefit’s 1% 9g%st6‘Eem¢shleﬁael dopant adversely affects the

display characteristics such as a response.

Further, because the current increases with
temperature change-induced change in mobility of the ioniec
substance contained in liquid crystals, the effective voltage
applied to the liquid crystals is consumed by ions, resulting
in a reduction of the contrast. Therefore, current control
is an important factor for contrast improvement .

To improve response characteristics in supertwisted
nematic (STN) LCDs, an .active addressing drive system has
recently been proposed (Proc. 12th International Display
Research Conference, p. 503 (19922)). It has been required
for PDAs to have satisfactory display characteristics in a
broader temperature range. Liquid crystal materials to be
used in these applications are required to have a low
viscosity and capability of being driven at a low driving
veltage and yet keeping a constant voltage over a broad
temperature range. Improvements in these respects are
proposed in JP-A-3-38572, U.S. Patent 5,030,382, JP-A-12~-
336364, JP-A-10~330754, and JP-A-11-106752. The proposed



proposed in JP-A-3-38572, U. S. Patent 5,030,382, JP-A-12- 336364,

JP- A-10- 330154, and JP-A-11-106?52. The proposed 2 ?. , JAIL 2005

t echni ques, however, cannot be seen as satisfactory in terns of?"sWN @i ng
time and contrast at a desired threshold voltage or in a desired

ti me-sharing system Proposals on novel liquid crystal displays are stil
awai t ed. SUVMARY OF THE | NVENTI ON An obj ect of the present invention is to
provide a liquid crystal display which alleviates the di sadvant ages
associated with the state-of-the-art liquid crystal displays, 1i.e., which

exhi bits rediceditespaicaierer deRaiiienase O rivi Y e...a. high
contrast (steepness) and a short smﬁtchi%EF?i%%.Q%%%%#%?@%FYy}ntﬁ%rBﬁject
i's to achiodveuitmiieyenimedand Qrerey a4 4 € depeduiens, ld_yol t age
wi thout inpairing various characteristics of |iqu.%dg$§%$%f§f§m%ﬂyﬁ?9%en

at a desirednt far el kd o fregesorr inh gl e s ©sh dutp- S 119, dri ve),
t hereby securing a high contract stably in a broadér tenperatur€ range and

reduci ng &18Wie wm tta el istp rapema te gl B Wws 2kl | ow t enper at ure ranges.
Anot her. object of the invention is to provide an LCD (STN-LCD) having
excel l ent characteristics, such as an
SUMMARY OF THE INVENTION
An object of the present invention is to provide a
liquid crystal display which alleviates the disadvantages
associated with the state-of-the-art liquid crystal displays,
i.e., which exhibits reduced temperature dependence of
driving voltage, a high contrast (steepness) and a short
switching time. |
Specifically, the object is to achieve improvement on
temperature dependence of threshold voltage without impairing
various characteristics of liquid crystals when driven at a
desired threshold veltage or a desired duty (time-sharing
drive), thereby securing a high contract stably in a broader
temperature range and reducing a switching time at roem
temperature and low temperature ranges.
Another object of the invention is to provide an LCD
(STN-LCD) having excellent characteristics, such as an
increased display capacity and capability of displaying a
colored motion picture, that are requested of, for example,
cellular phones of next generation, which is driven at, e.q.,

1/32 to 1/480 duty, preferably 1/64 to 1/240 duty.



I ncreased di s
pi cture, that

pl ay capacity and capability of displaying a colored notion
are requested of, for exanple, cellular phones of neki jAN 2005

generation, which is driven at, e.g., 1/32 to 1/480 duty, preferably 1/64

to 1/ 240 duty
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. 325 ]AN 2005 O her objects and effects of the present

|| becone apparent fromthe foll ow ng description. As a result

researches into liquid crystal displays conprising various

| conpositions, the present inventors found the foll ow ng

| display: A supertwi sted nematic liquid crystal display

st af§h8ToPbliggteo aproefind toowdr ithiengresepai rinofergiilest r at es

n,orientation- controlling |ayer and a transparent el ectrode;

t BECPEfe RPPEFERIts iTAgMa thieg ficd Lowyistonlde ssompdsiidri .on, whi ch i s
saig substrates; and at |east one polarizing sheet provided

one 6f BaFBS8dbsPfafBsenppaeermssairdhiisquind ocdyisiuald

at | east, qgne conpound represented by formula (1):

9%@;?§§§3P§saﬁogp§ﬁﬁl&BoUﬁIH&Vﬁndiﬂuﬁé 6 ws&edon

ositions, the present inventors found the following

id crystal display:

A supertwisted nematic liquid crystal display having

ist angle of 180 to 270°C and comprising:

2 palr of substrates each having an orientation-

controlling layer and a transparent electrode;

a liquid crystal layer comprising a liguid crystal

composition, which is sandwiched by said substrates: and

at least one polarizing sheet provided on at least

one of said substrates,

wherein said liquid crystal composition comprises:

at least one compound represented by formula (I):

. F
. . N
HL*@ZZ}.<::}~CN (1)
F

wherein R! represents an alkyl group having 1 teo 16 carbon

atoms, an alkoxy group having 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 to 16 carbon atoms; and

at least one compound represented by formula (II):



atons, an al koxy group having 1 to 16 carbon atons, an al kenyl grog&}, 7005
having 2 to 16 carbon atons, an al koxyal kyj. group having 2 to 16 B@h
atons, or an al kenyl oxy group having 3 to 16 carbon atons; and at | east
one conpound represented by formula (I11): (1) 2 5 AN 2095 CH - N N= wherein
R2 and R3 each independently represent a fluorine- substituted or
unsubstituted al kyl group having | to 16 carbon atons, a
fluorine-substituted or unsubstituted al koxy group having 1 to 16 carbon
atonms, or a fluorine-substituted or unsubstituted al kenyl group having 2
to 16 carbon atonms, and wherein said liquid crystal conposiition has a
nemati c-i sotropi c phase transition tenperature. of 75 to 150C and a
refractive index anisotrop EHONON= ®Liquid crystal di&qmtays
usi ng the compounds of fornul ), while erctive in reducing a
threshol d voltage, are acconpanied with a viscosity increase. On the other
hand, liquid crystal displays using the conpounds of fornmula (XI) are
| ow vi scoSNEFSeanPoupls Bf reah VEGePenien ey ERCCSeW t chi hiuerimebut have
smal | polar't¥. e increas%§ t.he drivin% vol t age. Under_ these
circunstaﬁ3é§,l H&EOhPEngSypstituted alkyl group” having 1 to 16

carbon atoms, a fluorine-substituted or unsubstituted alkoxy

group having 1 to 16 carbon atoms, or a fluorine-substituted

or unsubstituted alkenyl group having 2 to 16 carbon atoms,

and

wherein said liquid crystal composition has =z
nematic-isotropic phase transition temperature of 75 to 150°C
and a refractive index anisotropy (An) of 0.07 to 0.25.
Liquid crystal displays using the compounds of

formula (I), while effective in reducing a threshold voltage,

are accompanied with a viscosity increase. On the other hand,

liquid crystal displays using the compounds of formula (II)

are low-viscosity compounds effective in shortening a

switching time but have small polarity which increases the

driving voltage. Under these circumstances, the inventors

reached findings that a liquid crystal display using at least

one of the compounds of formula (I) and at least one of the

compounds of formula (II) in combination compensates for the

respective drawbacks with each other and also bring about a

surprising improvement on temperature dependence of threshold

voltage, especially on switching time in low temperature.




reached findings that a liquid crystal display using at | east one of the
conpounds of formula (1) and at |east one of the conpounds of for?EU% (bm)
i n conmbi nati on conpensates for the respective drawbacks with each”ot gg
and al so bring about a surprising inprovenent on tenperature dependence of
threshold voltage, especially on switching tinme in |ow tenperature. 5 2 5
JAN 2005 BRI EF DESCRI PTION OF THE DRAW NG Fig_ 1 shows an exanple of the
structure of the electro-optical device according to the present

i nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A representative exanple
of the structure of the |liquid crystal display according to the present

I nvention is shown in Fig. 1. In the figure, reference nuneral 1 denotes
a polarizing sheet; 2, aBBUBEt PASG@RIBTIANt OBNSPEr PRAWENECt rode or a
transparent el ectrode having an active elenent; 4, orientation |ayer; and
5 a liquid cryst&ig-The shioysi dnceyxsmgllecafpadiet isaruc@frése fi RHe present
i nvention conprises at | east one conpound of formula (I). It is preferred
for the | F4BFErerpRticadodeysdics esces dimprtcsaehd romsemt Umven i, ki nds,
particularly one or two kinds, of the conpounds of formula (1) In formula
() , Rlis preferably an al kyl group having I to 16 carbon atons or an

DETARILED DESCRIPTION OF THE INVENTION

A representative example of the structure of the
liquid crystal display according to the present invention is
shown in Fig. 1. In the figure, reference numeral 1 denotes
a polarizing sheet; 2, a substrate; 3, a transparent
electrode or a transparent elecirode having an active
element; 4, orientation layer; and 5, a liquid crystal.

The liquid crystal composition for use in the present
invention comprises at least one compound of formula (I). It
is preferred for the ligquid crystal composition to comprise
from one up to four kinds, particularly one or two kinds, of
the compounds of formula (I). In formula (I), R® is
preferably an alkyl group having 1 to 16 carbon atoms or an
alkenyl group having 2 to 16 carbon atoms, still preferably
an alkyl group having 1 to B carbon atoms or an alkenyl group
having 2 to 8 carbon atoms, particularly preferably an alkyl
group having 1 to 5 carbon atoms or an alkenyl group

represented by formulae (a) to (e):

@). ®) © @ (e)



al kenyl group having 2 to 16 carbon atons, still preferably an alkyl group
having 1 to 8 carbon atons or an al kenyl group having 2 to 8 carbon atons,
particularly preferably an alkyl group having 1 to 5 carbon atongd%oliNabi5
al kenyl group represented by formulae (a) to (e): to}. (b) (c) (d) (e) 6 2
~ AN 2005 Rl is especially preferably the al kenyl group (a) or (b). The
total content of the conpounds of formula (1) in the liquid crystal
conposition is preferably 2 to 20% by weight, still preferably 2 to 10% by
wei ght. Weight being put on contrast, the total content of the conpounds
of formula (1) is preferably 2 to 8% by wei ght. Wi ght being placed on a
Iom/driving voltage or a short switching tinme, it is preferably 6 to 20%
by wei ght R* The ESHatﬂaEﬂyspabfeﬁﬁbm?ith@naﬂﬁén &egkaubhqawr%§qu)_invention
conprises at |east one conpound of formula (11). it is preferred for the

liquid crystal coffpesibited ronteampoifsehat dogdsiunee off fdigAYMEUNdS,
r epr esent ed bi.fornula (I'1-a) through (TlI-h) shown bel ow as at |east one
a

conpound theéphéauide vy thdr monpolitty ot iiss ppastiareiblay |z vy efow ngd  t hat
t he conposition contain the conpound (Il-c) and/or the conpound (I1-d).

weight, still preferably 2 to 10% by weight. Weight being

put on contrast, the total content of the compounds of

formula (I) is preferably 2 to 8% by welght. Weight being

placed on a low driving voltage or a short switching time, it

is preferably 8 to 20% by weight.

The liquid crystal composition for use in the present

invention comprises at least one compound of formula (II).
It is preferred for the liquid crystal composition to
comprise at least ohe of the compounds represented by formula
{IT-a) through (II-h) shown below as at least one compound
represented by formula (II). It is particularly preferred

that the composition contain the compound (II-c¢) and/or the

compound (II-d).



7 2 ~ JAN ZOOS CH, = t-N= ¢ CF6n-mac ----- l~o CI-6 UN- CC-1=N_4COC

|-1=1~1_16 C CHEN-- N---C CH--. ~L--N C (11-c) (l#-d) (tl-e) (fI-9) JAN 2
S The total content of the conpounds of formula (:1) in the conpoﬁﬁﬂﬁ&ﬂm%
preferably 5 to 30% by weight, still preferably 10 to 20% by wei ght. Were

weight is attached to a switching tine, the total content of the conpounds
of formula (Il) is desirably at |east 10% by weight. The |iquid crystal
conposition for use in the invention has a feature of having a
nemati c-i sotropic phase transition tenperature in a range of from75C to
150C. The nematic-isotropic phase transition tenperature is preferably

OO a
OO v
_\_/_CO>—°H=N‘N= CH—QV- )
/r—<::)>_CH=N—N:CH_<C::>‘ﬁ\ (lie)
OO~
\h_/—q<::>—CH=N—N=CH_<C:)}_\hd/ (I+g)
-—\#r{:>putmmmw<:>_\dr_ (Hh)



from80C to 320C, and particularly preferably from85C to 110C. Were a
switching tine is of particular interest, that phase transition tgnﬁ@g%ﬂgre
is preferably 75 to 95C. |Inportance put on the tenperature dependé

Vrh in high- tenperature, that phase transition tenperature is preferably
95 to 120C. The STN-LCD according to the present invention nmade of the
liquid crystal conposition shows unexpected inprovenents on paraneters (i)
dV/ dT (tenperature dependence of Vth) and (ii) t25"c (switching tine at
25C) , which are particularly nmeaningful for display characteristics. That

is, (i) dV/dT S 7Th¥/ €otalacbgiatabyr enkapg =2 0C, r.ei.n
dV/dT = 1 (Vth (50C) - Vth (-200)) / (50C - ?‘Pﬁgéﬁjf 8¢ g%ﬁ-%-“géo\gqgérrﬁﬁ si ng
| iquid crykeatonpopdsibhons ptebéﬁ&gu?ugdtoa@b%hgyeWEQi hargmater
exceedi ng 10 and suffer considerable 7 5 JAN 2005 changes ‘i n ‘di"spl ay

contrast mrefexablpudi hg PeRpbratwightchameese JHeqSE™N LC L L b pLesent
I nvention confrising the liquid crystal conposition was provea conpet ent

to achi ev® sYitghing*tire, 20bentetalt benebyti BEr eWeNgoh@Wub@RPEFat ur e
di splay characteristics and high-tenperature contrast and to exhibit
excel | entfeFarbet éffst igsdesichbdy an imestal6d by weight.

The liquid crystal composition for use in the
invention has a feature of having a nematic-isotropic phase
transition temperature in a range of from 75°C to 150°C. The
nematic-isotropic phase transition temperature is preferably
from 80°C to 120°C, and particularly preferably from 85°C to
110°C. Where a switching time is of particular interest,
that phase transition temperature is preferably 75 to 95°C.
Importance put on the temperature dependence of Ve in high
temperature, that phase transition temperature is preferably
95 to 120°C.

The STN-LCD according to the present invention made
of the liquid crystal composition shows unexpected
improvements on parameters (i) dv/dT (temperature dependence
of Vu) and (ii) 2% {switching time at 25°C), which are
particularxly meaningful for display characteristics.

That is, (i) dV/dT £ 7 mv/°C in a temperature range
of -20°C to 50°C,
wherein dvV/dT = | {Ven(50°C) - Ve (=20°C) )/ (50°C - (-20°C)) | .
STN-LCDs comprising liquid crystel compositions of background

art have this parameter exceeding 10 and suffer considerable



di splay capacity and capability of displaying colored notion pictures that
are requested of, for exanple, cellular phones of next generation driven
at 1/32 to 1/480 duty, preferably 1/64 to 1/240 duty. The liquid £y ysk 05
conposition for use in the invention is also distinguished by having a
refractive index anisotropy An of 0.07 to 0.25, preferably 0.08 to 0. 20,
still preferably 0.12 to 0.18. Wight being put on a swwtching tinme, An
preferably ranges fromO0.15 to 0.20. It is preferred for the liquid crystal
conposition to further conprise at |east one conpound represented by

formul a (dHdngeRlon (displahecehbrRét andeR58ach,) e ntly represent a
fluorine- substituted or unsubstituted aIkyF grgﬂgagggiggﬁPEFétTé car bon
atonms, a fdhpirge®- substituted or unsubstituted al koxy - 10 7 5 N 1005
group having 1 to 16 carbon atons, a fluorine-substituted or wunsubstituted

al kenyl group haviTige ZTN-UED oaf bdne ghoeSent irﬁ%é‘l@ﬂ&?'éb‘rﬁ?ﬁ%ié%&dt%

unsubstityted al koxyal kyl group having 2 to 16 carbon atons, or-a

f1 uori ne- diisitid iRYEtr] cRmROSLion eda sl KEayL@XYofpOHPnRaVENg R1L9e 16

carbon atons;. kipg A ring 8 and ring C each independently represent a

1 4 (11) **°< 200 msec, thereby improving low-temperature
display characteristies and high-temperature contrast and to
exhibit excellent characteristics, such as an increased
display capacity and capability of displaying colored motion
Pictures that are requested of, for example, cellular phones
of next generation driven at 1/32 to 1/480 duty, preferably
1/64 to 1/240 duty.

The liquid crystal composition for use in the
invention is also distinguished by having a refractive index
anisotropy 4n of 0.07 to 0.25, preferably 0.08 to 0.20, still
preferably 0.12 to 0.18. Weight being put on a switching
time, An preferably ranges from 0.15 to 0.20.

It is preferred for the liquid crystal composition to

further comprise at least one compound represented by formula

{III):

w@,zﬂ@%as (111)

. 4 .
wherein R and R® each independently represent a fluorine-
substituted or unsubstituted alkyl group having 1 to 16

carbon atoms, a fluorine-substituted or unsubstituted alkoxy

- 10 -



phenyl ene group, a 2- or 3-fluoro-1, 4-phenyl ene group, a 2, 3-

di fl uoro-1, 4- phenyl ene group, a 3,5-difluoro-1, 4-phenyl ene group,.a . ..

2,6-di fluoro-1, 4-phenyl ene group, a 2-nethyl-1,4- phenyl ene group,2-551-“”‘"m[]EJ

3-net hyl - 1, 4- phenyl ene group, a naphthal ene-2,6-diyl group, a

phenant hrene-2, 7-diyl group, fluorene-2,7-diyl group, a

trans-1, 4-cycl ohexyl ene group, a 1, 2,3, 4-tetrahydronapht hal ene- 2, 6-di yl

group, a decahydronapht hal ene-2,6-diyl group, a trans-1, 3-di oxane-2, 5-

diyl group, a pyridine--2, 5-diyl group, a pyrimdine-2, 5-diyl group, a
razi ne-@r8udi hevgngup ¢ ae6pyairtes B - g i QUD, : be each

Py fivgngup Py Gohis? %W&uo@l%@su%%&&%éﬁ az

nono- or di-substituted with a group(s) selected fromthe ting

of a fluopnpebstidnted ehkeniyiegabap aaediaget by 1@ QURLL sents 0, 1
or 2; and_ZI and Z2 each independently repﬁggent a s?%%?g% g%%%%’-éHZCHZ-,
- (CH2) 4f}U°€IPE:SPbSCH2@t¢d-6®OunsuB@Eﬁtut@HZQWkoQ§a1@§§' Holf ormul a

(rr1), R' and R5 each preferably represent an al kyl “grodp aviﬁb | to 16

carbon at®#%iB® dntal kénghrbgnoapohayi ng 2 Foudeinarkop s @R eS|
- 11 2 i JAN 2005 group having 1 to 8 carbon atons or

A o LT -
yEngy BVFRg22kenplexyagonpabeningpar tocakachybBhebebaRly an
ARV 07 Oppng "R Mnd 8020 B RS AL Shamedheeny,, JLouP rebresent ed by
pendently represent a 1,4-
phenylene group, a 2- or 3-fluoroe-1, 4~phenylene group, a 2,3~
difluoro-1,4-phenylene group, a 3,5—difluoro~1,4—phenylene
group, a 2,G—difluoro—l,d—phenylene group, a 2-methyl-1,4-
phenylene group, a 3—methyl-1,4-phenylene group, a
naphthalene-2, 6-diyl group, a phenanthrene-2,7-diyl group, =
fluorene-2, 7-diyl group, a trans-1,4-cyclohexylene group, a
1,2,3,4-tetrahydronaphthalene-z,G—diyl group, a
decahydronaphthalene—z,G—diyl group, a trans-1l,3-dioxane-2, 5-
diyl group, a pyridine~2, 5-diyl group, a pyrimidine-2,5-diyl
group, a pyrazine-2,5-diyl group or a pyridazine-2, 5-diyl
group, and may be each mono- or di-substituted with a
group (s} selected from the group consisting of a fluorine
atom, a chlorine atom and a methyl group; 1 represents 0, 1
or 2; and 2! and 2? each independently represent a single
bond, -CH.CH,~-, ~{CHz2) 4—~, =-OCHo~, -CH;0-, -COC~, —0C0-, -CH=CH-
or -C=C~,
In formula (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 an alkyl

- 11 -



formulae (a) to (e): (a) (b) -(c) (d) (e) Rngs A B and C each preferably
represent a 1,4- phenylene group or a trans-1, 4-cycl ohexyl ene group.
particular, rings A and B each still preferably represent a 25JAN?M5
trans-1, 4-cycl ohexyl ene group, and ring C still preferably represents a

1, 4- phenyl ene group. 1 preferably represents 0 or 1. Za and Z2 each
preferably represent a single bond or -CH2CH2-, with a single bond being
particularly preferred. For ensuring the inprovenent on a switching tine,
the conpound(s) of formula (111) is/are preferably selected from the

conpounds grepredentiaty ly foramdaridd latmd hsough éi}kéﬁ% { tor}%@ﬂ dfnd

Re have the sane neanings as RR and R5) shown bel ow

parti cul atly 8S daxrkihs kdtrhss ,0fpadtel cutleagion fd44D1 8ar@n Ps B oY 1ﬁsed in
conbi nation. 2 ~ | AN 2005 R7_V }-Cl=c U-&$ Coo C=C 13 (I 1I- b) (I?
having 1 to 5 carbon atoms or an alkenyl group represented by

formulae (a) to (e):

/A NN AN N 2
(a) (b) “(e) (d) (e)

Rings A, B and C each preferably represent a 1,4~
phenylene group or a trans-1,4-cyclchexylene group. In
particular, rings A and B each still pieferably represent a
trans-1,4-cyclohexylene group, and ringIC still preferably
represents a 1,4-phenylene group.

1l preferably represents 0 or 1.

2! and 2? each preferably represent a single bond
or -CHzCH;-, with a single bond being particularly preferred.

For ensuring the improvement on a switching time,; the
compound (s} of formula (II1I) is/are preferably selected from
the compounds represented by formula (III-a) through (III-o)
(wherein R’ and R® have the same meanings as R' and R®) shown
below. Three to 20 kinds, particularly 5 to 15 kinds of the

compounds (III) are preferably used in combination.

- 12 -



(111-g9) (111-h) (111-n) 2 ~ JANl 2005 The total content of the conpounds of
formula (I1l) in the liquid crystal conposition is preferably 5 to 85% by
wei ght, still preferably 30 to 80% by wei ght, particularly pref%ﬁaﬁNﬂﬂ%O
to 70% by weight. It is preferred for the liquid crystal conposition to
furthernore conprise at |east one conmpound represented by formula (IV) :
(I'V) y wherein Rs represents a fluorine-substituted or u-n-substituted

al kyl group having 1 to 16 carbon atonms, a fluorine- substituted or

unsubstituted al koxy group having 1 to 16 carbon atons,
afl uorine-substituted or unsubstituted al kenyl group having 2 to 16 carbon

atons, a fluori ne-squ;t' edso unsubstituted al koxyal kyl group having 2
to 16 carbon atons, or s@ eR’substituted or unsmigti tuted al kenyl oxy
group having 3 to 16 carbon atons; mrepresents 0 or 1; X1 represents a

fluorine atom a chI@mC fl uoronet hyl group, a
trifluoronmethoxy group ®sa cyaﬁ‘i and Y' and (M2)each represent a
hydrogen atom or a
(lkc)
R?
_O—QORG (til-d)
R?
mﬂa (ke)

R7 . .

R?

‘O-@O'R‘ tihg)

"~ |
@ @ R® (II-h)

RY -
*C’"@—R” 0i13)
R7 -
OO w
R7—O—©_ CzC Re (k)
t
-Oreoo Qe Chre

RS (I-m)
F

R @ @ :C—©—RB (ilen)
£

R7 cscaa (o)
F



fluorine atom In forrmula (1V), R6 preferably represents an al kyl group
having 1 to 16 carbon atons or an al kenyl group having 2 to 16 carbon
atons, particularly an alkyl group having 1 to - 14 2 F 4N 210QY ?'ﬁgﬁﬁ E
atons or an al kenyl group having 2 to 8 carbon atons, especially ah @
group having 2 to 5 carbon atons or an al kenyJ. group represented by
formulae (a) to (e): (a) (b) (© (d) (e) The conpound(s) of formula (IV)
is/are preferably selected fromthe conpounds represented by formula
(I'v-a) through (1V-0) (wherein RO has the sanme neani ng as FS) shomn

bel ow. Three to 2@pg Rds pegowt%qltarézfy to 1t5§ klr& (ﬂ\f CZ)IUI?J)deﬁIlV)

are preferably used in conbinati©o

2005 The et ahecantily %Hteaf%mx%mstfén for fB&!eaféra}Qly% to 85% by

weight, still preferably 30 to 80% by weight, particularly
preferably 40 to 70% by weight.

It is preferred for the liquid crystal composition to

furthermore comprise at least one compound represented by

m .

y2

formula (IV):

wherein R® represents a fluorine-substituted or unsubstituted
alkyl group having 1 to 16 carbon atoms, a fluorine-
substituted or unsubstituted alkoxy group having 1 teo 16
carbon atoms, a fluorine-substituted or unsubstituted alkenyl
group having 2 to 16 carbon atoms, a fluorine-substituted or
unsubstituted alkoxyalkyl group having 2 to 16 carbon atoms,
or a fluorine-substituted or unsubstituted alkenyloxy group
having 3 to 16 carbon atoms; m represents 0 or 1; X!
represents a fluorine atom, a chlorine atom, a
trifluoromethyl group, a trifluoromethoxy group or a cyano
group; and Y' and Y® each represent a hydrogen atom or a
fluorine atom.

In formula (IV), R® preferably represents an alkyl
group having 1 to 16 carbon atoms oxr an alkenyl group having

2 to 16 carbon atoms, particularly an alkyl greup having 1 to

- 14 -



the conposition is preferably 5 to 60% by weight, still preferably 5 to
50% by weight, particularly preferably 10 to 30% by weight. In nmaking a
choi ce fromanong the conpounds (I11) and the conpounds (1V), the jc 1in 7608
followi ng preference is suggested. Were reduction in viscosity of the
conposition is desired wth inportance attached to a switching tinme, it is
preferred for the conposition to contain at | east one of conpounds
(rrr-ay, (rrr-dy, (rrr-e), (ree-f2), (rrr-i), (rv-b), and (1V- c). Were an
increased An is desired with weight placed on a switching tinme, it is

desi r abl e 8 (F@rkan |atens ove af albemplingotp! haidng (2146l 8, chbbbikitom ,
(rer-1)y, ¢rer-ny,_ (11E1- qé, and (I11-0) be 1 ncorpofated. \Were contras
carries WSRRRL2:kY ian prkkel redoupmabavtng ensto oyecgfbgﬁni)@%mgs (L o),
(rrr-e), glll-fl, (Iv-a), (I'V-b) and (IV-c) be incorporated. V@ere further
reduct i on 2B SFERYR ererkprenteat ol f ¢ hmesheol tayvotéage) is of particular
interest, it is preferred to use at |east one of conpounds (IV-b), (IV-c),
(I'v--i) , and (I1V-j) , Liquid crystal displays using the liquid crystal

conposition conpri si he co und (4, theyconmpou 1) and an optinmum
conbi nati on of choi of eéﬁﬁkmmnd ( ) d'PhEdzgﬁpound (1'V) achieve
i nprovenent on tenper&ﬂure deff@ndencelcbf thidshol d Vel t age wit hout

i npai ring various :

The compound(s) of formula (IV) is/are preferably
selected from the compounds represented by formula (Iv-a)
through (IV-o) (wherein R® has the same meaning as R®) shown

below. Three to 20 kinds, particularly 5 to 15 kinds of the

compounds (IV) are preferably used in combination.

- 15 -



- 17 2 ~uN ?105 characteristics of liquid crystals when driven at a
desired threshold voltage or at a desired duty in a tine-sharing drive
system thereby securing a high contract (excellent steepness) St%P#XﬁﬂﬂM?
broader tenperature range and reducing a switching tinme at room )
tenperature and | ow tenperature. The LCD conprising the above-descri bed
liquid crystal conposition exhibits a current of 0.3 pAlcn2 or |ower after
16-hour WY irradiation in a sun test, proving highly excellent in U

resi stance, and therefore furnishes displays of high reliability and high
contrast. In preferred enbodi nents of the present invention, the liquid
crystal conposition constituting the LCD of the preésent invention
satisfies at |east one of the following conditions with respect to
paranmeters of (iii) digleg i c/~ani sotropy, (iv) elastic coefficient, and
(v) viscosity (all t'ﬁ"g @ @) § e measured at ™8L). (iii) 4 < 4 5 40
(iv) 1.1 S k33/kll S 3.0 (v) 10 nPas 5 viscosity S 80 nPas Wi le the

di el ectric anisotropy At can be or greater, it is preferably in the
range of 4 to 60. Wtke @ (bﬂ vol tage rangig) 1.6 to 2.9 V, Qe is
preferably 4 to

£
R“-O—Q CN (V)
F

F

' F
RQ_QO_@CN V-9
E F
RLO—@—F (V=)
. - :
RS——O—@F (V-h)
F F
R&—<::>—<C:>_d<:j;—F (V)
' F
F
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10, Wth the threshold voltage being 1.5 to 1.9 V, LEis preferably 5 to
15. Wth the threshold voltage being 1.2 to 1.6 V, Ac is preferably 12 to
30. For a threshold voltage of -- 18 JAN 7005 0.8 to 1.3 V, Ac is AN 700
preferably 12 to 40. Inportance being placed on a short sw tching gﬁn%, QJ
de range of from4 to 13 is preferred. The elastic coefficient ratio
k33/kll is preferably 1.1 to 3.0, still preferably 1.2 to 2.8,
particularly preferably 1.3 to 2.7. The viscosity preferably ranges from
10 to 80 nPas, paLticuIarIy 10 to 60 nPas, especially 10 to 40 nPas. Wen
wei ght i s attache@heo tatalokonswntciMa Hd omed.; fed 10,40 ,20
nPa-s is Eart icularty preferred. Fulfillnent mg?utr%ég§§g£%€mg1?§ (&Vit)) ,J'"(i V)
and ' (v) EBR CEBPaSEHEN sheprefieauntl yropy el qglm + thg ;gonpounds (3)
to (IV). As a matter of course, it is a still preferre énbodiient t hat
two or noPESEEIERA YcSndict iS6%s bl mie)i'ghito (Part i cREReaiald e Al )fq"sooe%t ive
preferred%ﬁ%nges, be satisfied. The twi st angle of the STN-LCS according to

the pres Hv¥REESH-i s 180 to 270C, preferably 220 to 270C, stil
preferably 230 to.260C The STN-LCD of the invention preferably satisfies
at In making a choice from among the compounds (III) and

the compounds (IV), the following preference is suggested.
Where reduction in viscosity of the composition is desired
with importance attached to a switching time, it is preferred
for the composition to contain at least one of compounds
(ITI-a), (III-d), (IIl-e}, (III-£f), (I1I-i), (IV-b), and (IV-
C). Where an increased An is desired with weight placed on a
switching time, it is desirable that at least one of
compounds (III-i), (III-9), (IIT-k), (III-1), (IIl-m), (III-
n), and (III-o) be incorporated. Where contrast carries
weight, it is preferred that at least one of compounds (III-
c), (III-e), (I1I-f), (IV-a), (IV-b} and (IV=c) be
incorporated. Where further reduction of temperature
dependence of threshold voltage is of particular interest, it
is preferred to use at least one of compounds (IV-b), (IV-c},
(IV-i), and (IV-3).

Liguid crystal displays using the liquid crystal
composition comprising the compound (I), the compound (II)
and an optimum combination of choice of the compound (III)
and the compound (IV) achieve improvement on temperature

dependence of threshold voltage without impairing various

- 17 -



| east one of the follow ng conditions (i) and (ii): (i) dv/dT < 7 nv/C
(tenperature dependence of threshold voltage in a tenperature range of
-20Cto 50C) 1 5 JAN 20011 Conpared with conventional STN-LCDs, th 0
threshold voltage of the STN-LCD satisfying the condition (i) s’Lbj%NaU
tenperature dependence of only 7 mvV/C or even snmaller in a tenperature
range of -20 to 50C, which nmakes it possible to afford a high contrast

di spl ay over a broad tenperature range. The tenperature dependence (dV/dT)
of a threshold voltage (Vth) is still preferably 6 mv/C or |ess. The

t enper at uchadepEndenciacs soprefriab or pstid £ el 685i +dh i Wehe Si F&4
tenperature range of -20C to 25C. In a higher side tenperature range of 25

to 50C, tlebreaipardturlkt dppendeance idesiaieraby Sh /G- gﬁéﬁn ||) 25"C
S 200 cosec (switching tinme at 25C) The switching tinme at 25C t2

pref er abl @rixe0 spswemy tdteordiey .sckheriavg ta Il igh tdshx Bict 2(1=§<¢é11&5@f er abI y
2000 nsec or shorter. The STN-LCD of the invention exhibits very excellent

st eepness St@SRTRAde Aty sfract drmoaien rastpe rEtai e iaditge (3nd T dAbé Msqt ;
Vth: threshold voltage; Vsat: saturated voltage), a paraneter for
St eepness @ SHitHSITENLI@® Gt tiwon hesRsmtue and8or e artups ef er abl y
1.06 or smaller, Stlll(Priigkgaglng the above-described liquid tal
q crysta
composition exhibits a current of 0.3 pA/cm® or lower after
l6-hour UV irradiation in a sun test, proving highly
excellent in UV resistance, and therefore furnishes displays
of high reliability and high contrast.

In preferred embodiments of the present invention,
the liquid crystal composition constituting the LCD of the
present invention satisfies at least one of the following
conditions with respect to parameters of (iii) dielectric
anisotropy, (iv) elastic coefficient, and (v) viscosity (all
the parameters are measuregd at 20°C).

{iid) 4 < Ar £ 40
{(iv) 1.1 £ k33/k11 < 3.0
(v) 10 mPa's £ viscosity £ 80 mPas

While the dielectric anisotropy As can be 1 or
greater, it is preferably in the range of 4 to 60. With the
threshold voltage ranging 1.8 to 2.9 V, Arg is preferably 4 to
10. With the threshold voltage being 1.5 to 1.9 V, Ag is
prefexably 5 to 15. With the threshold voltage being 1.2 to

1.6 V, Ar is preferably 12 to 30. For a threshold voltage of
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1.05 or smaller. In a tenperature range of from-20 to 50C, the ratio of
maxi mumy to mninmumy can be 3% or |ower, preferably 2%or lower. - 20 2
5 JAN 2005 It is particularly preferred for the STN-LCD of the irvéik ildh
to satisfy both the conditions (i) and (ii). The liquid crystal conposition
constituting the LCD of the invention can contain known nematic |iquid
crystals, snectic liquid crystals, cholesteric liquid crystals, etc. in
addition to the conpounds of fornmulae (1) to (1V). The above-descri bed
nematic liquid crystal conposition is useful in TN-LCDs and STN- LCDs,

especi al | 9.8SEN UCBs V,Fave axapplEedata caAes tdmn is, LVBel;
I mprovi ng display characteristics at 1/32 to 1/480 dqu?Egggkt?gﬁﬂgrly 1/ 64

to 1/240 glegedt enprowshdetaswSThicl havid)d a @eCeldfd Shanant of ivy 108,
such as an increased display capacity and capability of displaying colored
nmot i on pi ésupesfetrad.are requested of cellular phones of next generation,
etc. The LCD may be any of a transm ssion type, a sem - transm ssion type
and a reflection ThpeclInbipresefifichennt ranivi k33pawibesi breerabad in
greater detail with reference to Exanples, but it should be undersfood
that the in¥efPi 8nCisskéllconsfryeblys b ng 2.8, particularly

preferably 1.3 to 2.7.

The viscosity preferably ranges from 10 to 80 mPa-s,
particularly 10 to 60 mPa-s, especially 10 to 40 mPa-s. When
weight is attached to a short switching time, a range of from
10 to 20 mPa-s is particularly preferred.

Fulfillment of the conditions (iii), (iv) and (v) can
be accomplished through proper selection of the compounds (1)
to (IV). As a matter of course, it is a still preferred |
embodiment that two or more of the conditions (iii) te (v),
especially their respective preferred ranges, be satisfied.

The twist angle of the STN-LCD accorxding to the
present invention is 180 to 270°C, preferably 220 to 270°C,
still preferably 230 to 260°C.

The STN~LCD of the invention preferably satisfies at

least one of the following conditions (i) and (ii):

(1) dv/dT £ 7 mV/°C (temperature dependence of threshold

voltage in a temperature range of -20°C to 50°C)

- 19 -



limted thereto. Unless otherwi se noted, all the percents are given by

wei ght. The paraneters neasured in Exanples are as follows. TN z:
Nemati c-i sotropic phase transition tenperature (C) - 21 2 T-ON 36l il 7004
snectic-nemati c phase transition tenperature (C r3: Viscosity (nPa.s) at
209C An: Refractive index anisotropy Vth: Threshold voltage (V) of an
STN-LCD having a cell thickness d (nnj, the cell thickness d being deci ded
by equation: An-d=0.90 (Vth is a driving voltage at a transm ssion of

909 . V9at: Saturated voltage (V) of an STN-LCD having a cell thickness d

(rn) (Vsat is a drGampeayred|dhge ednvent{amsMm §BY o . ess at
25C (y=VS.t/Vvth) T25C Switching tinme (nmsec) in éﬁﬂ%g%iigggaghﬁg%ﬁgg i t ching

time (neeciolitrem STNRESHI-LADCGsatts £ {ims ethe (AbSARY {bA &) Shok , Wi th
an applied voltage of 2.5 V having a square wave format 2 arter a
sun test (NOWMRYFEN %R | depénderiCe hofirenhy 7 mV/°C or even smaller in a
temperature range of -20° to 50°C, which makes it possible to
afford a high contrast display over a broad temperature range.
The temperature dependence {dV/dT) of a threshold voltage
(Vth) is still preferably 6 mV/°C or less. The temperature
dependence is preferably 5 mV/°C or less in a lower side

temperature range of ~20°C to 25°C. In a higher side

temperature range of 25 to 50°C, the temperature dependence

is preferably 38 mv/°C or less.

(11) ¢ < 200 msec (switching time at 25°C)

The switching time at 25°C, ¥%°C, is preferably
200 msec oxr shorter. The switching time at -20°C is
preferably 2000 msec or shorter.

The STN-LCD of the invention exhibits very excellent
steepness to provide a satisfactory contrast., The Y value (y
= Ven/Vsar; Vent threshoid voltage; Vg,: saturated voltage), a
parameter for steepness, of the STN-LCD of the invention is
1.08 or smaller, preferably 1.06 or smaller, still preferably
1.05 or smaller. In a temperature range of from -20° to 50°C,
the ratioc of maximum y to minimum Y can be 3% or lower,

preferably 2% or lower.
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25C) dV/ dTaO b*C. Tenperature dependence of threshold voltage 1in a
tenperature range aC to bC dv/dT =j (Vth (aC - Vth (bQ ) / (aC &5 (ACH05
| A display cell was made up of a pair of transparent electrode |ayers
facing each other each having an orientation - 22 Z 5 JAN 20011 | ayer
(formed by rubbing a filmof a polyimde Sunever 150, available from
Ni ssan Chem cal Industries, Ltd.) disposed on the inner side thereof to
make a tw st angle of 240C. A chiral dopant S-811 (available from Merck &
Co., Inc.) was added to a nematic liquid crystal conposition, and the
mxture was filledti dsoperéicelllarly mwake eareSToxCRLeThaN-GlHT alr dgpant
S-811 was, added in such an amount that the doping-induced helical pitch P
of the ni xBYSPLAONd ter patdisSy dedh Mdeceldndiftiicizess Jd sHdhts sat i sfy
equations: An-d=0.90, .,d/P=0.50. In representing conmpounds used in
Exanpl es, the folPEwlAguaBbFavsseilossmpositsed. chbastinalt iny HHaw®
--C. H2n*1 npd : CnH2n+1- CH=CH (CH2) m1- -ndm - (CnH2n+1l-CH=CH (CH2) m 1)
- On - O LB +ghe invention can contain known nematic liguid crystals,

smectic liquid crystals, cholesteric liquid erystals, etc. in

addition to the compounds of formulae (I) to (IV).

The above-described nematic liquid crystal

composition is useful in TN~LCDs and STN-LCDs, especially

STN-LCDs. For example, the composition is effective in

improving display characteristics at 1/32 to 1/480 duty,

particularly 1/64 to 1/240 duty, to provide an STN-LCD having

excellent characteristies, such as an increased display

capacity and capability of displaying colored motioen pictures

that are requested of cellular phones of next generation, etc.

The LCD may be any of a transmission type, a semi-

transmission type and a reflection type.

The present invention will now be illustrated in

greater detail with reference to Examples, but it should be

understood that the invention is not construed as being

limited thereto. Unless otherwise noted, all the percents

are'given by weight.

The parameters measured in Examples are as follows.

Tu-g: Nematic-isotropic phase transition temperature (°C)
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-T-:-C=c- -Z-:-CH=EN-N=CH -VO-:-COO -CN:-C=-N -F:-F C Ph Ma - 23 7 ~ JAN
2905 Exanpl es of representation using these abbreviations are shawy#ipw.
544x-Pf1 3-CH 3-Gy-Ph-CN 4-Ph-r-Ph-02 i' QdS-Cy-Cy-5 3-Cy-Ph-02

7dl -CyrPh-CN GOda-Cy-Ph-CN Ddi -Cy-Cy-Ph-1 Qd3ZyC.y-Ph-1

Gd341h-Z- Ph-(d3) . EXAMPLES 1 AND 2 AND COVPARATI VE EXAMPLE 1 Nematic
liquid crystal conpositions shown in Table 1

Tyt Solid or smectic-nematic phase transition temperature
(°C)

n: Viscosity (mPa.s) at 20°C

An: Refractive index anisotropy

Vins: Thresheld voltage (V) of an STN-LCD having a cell

thickness d (um), the cell thickness d being decided
by equation: And=0.90 (Vg is a driving voltage at a
transmission of 20%).

Vaar: Saturated voltage (V) of an STN-LCD having a cell
thickness d (um} (Vear is a driving voltage at a
transmission of 10%)

¥: Steepness at 25°C (y=V.s:/Ven)

1°:  ‘Switching time (msec) in an STN-LCD at 25°C

“2¢;  switching time (msec) in an STN-LCD at -20°C
Ir: Current (uA/cm®) in an STN-LCD with an applied
voltage of 2.5 V having a square wave form at 200 Hz

after a sun test (UV irradiation for 1§ hours at

25°C)
dv/dracre, Temperature dependence of threshold voltage
in a temperature range a°C to b°C
dV/dT = | (Ven(a°C) — Ven(b°C)}/(a°C) - (b°C)) |

A display cell was mace up of a pair of transparent

electrode layers facing each other each having an orientation
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bel ow (Nos. 1 and 2) were prepared. Using these conpositions, liquid

crystal displays were produced with the above- descri bed construct'oqﬁﬁ?ﬁ[

their characteristics nere neasured. The results obtained are sho | !

Table 1 together wth those of Conparative Exanple 1. 2 ¢ Jk N 2005 TABLE

1 Exanple 1 Exanple 2 Conpara. Ref. (No. 1)(No. 2)Exanple 1Exanple

Conposition M : 5-Ma-Ph3-CN3500 d3-Ph-Z-Ph-(0d3) 1515150 3- Cy- Ph- CN2050

| dl - Cy--Ph-CN15151518. 75(15) Oda- Cy- Ph- CN10101012.5 (10)

4- - Ph- T- Ph- 025556. 25 (5) dl - Cy- Cy-520202025 (20) 3-Cy-Ph-023333.75 (3)
layer (formed by rubbing a film of a polyimide Sunever 150,

available from Nissan Chemical Industries, Ltd.) disposed on
the inner side thereof to make a twist angle of 240°C. A
chiral dopant S-81l1 (available from Merck & Co., Inc.) was
added to a nematic liguid crystal composition, and the
mixture was filled into the cell to make an STN-LCD. The
chiral dopant S-811 was added in such an amount that the
doping-induced helical pitch P of the mixed liquid crystals
and the cell thickness d might satisfy equations: An-d=0.90,
d/P=0.50.

In representing compounds used in Examples, the

following abbreviations are used.

Terminal -n (figure): -~CiHane
ndm-: CnHon+1-CH=CH- (CH;) p-1—
~-ngdm: « (CaHzans+1~CH=CH=- (CH32 )} me1)
~0n: ~0CrHan41
-T=: -C=C-
-Z-: -CH=N~N=CH-
=VO~: -CO0-
~CN: ~C=N
-F: -F
F
O~ -0~ -C-
Cy Ph Pha Mz
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Qdl - Cy- Cy-Ph-113131316. 25(13) (d3-Cy- Cy-Ph-114141417.5 (14)
Characteristics: TNi ('C) 90899186 T-N (0C)-52-50-50-51 Vth
(V) 2.232.152.362.53 AnO . 1450. 1460. 1430. 11 Q C-50 (nv/C) 5.93. 17.237 )/ 2005

dv/dT-20  ¢-25 dV/dT°20 ¢ (mv/C) 4.01.56.05.8 *

Examples of representation using these abbreviations

are shown below.

F
Cﬁ“—©)_©}_m 5443-Ph3-CN N 141-Cy-Ph-CN
F CN D43-Cy-Ph-CN
c“”’—O_@_’;N 3-Cy-Ph-CN :
H: O -Cy-Cy-Ph-4
C4H¢—©:'4©—OL' LPh‘T‘Ph-OZ
FO e sersrays OO0 ooy
C’H?—O_Q—o 3-Cy-Ph-02 N-N”_©_L/ 0d3-Ph-Z-Ph-{0a3)

- EXAMPLES 1 AND 2 AND COMPARATIVE EXAMPLE 1

Nematic liguid crystal compositions shown in Table 1
below (Nes. 1 and 2) were prepared. Using these compositions,
liguid crystal displays wexe produced with the above-
described construction and their characteristics mere
measured. The results obtained are shown in Table 1 together

with those of Comparative Example 1.
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c-50 dV/dT25 8.15.79.58.9 ¢ (mV/C) t25c (nsec)182161220340 T-20 75
1421111921054733 ¢ (nsec) Table 1 shows conpari sons of characterlst|c§ AN 2005
obtai ned by adding, to nother conmponents (80% of the Reference Exanpl e,

5- Ma- Ph3- CN (conpound of formula (1)), Od3--Ph-Z-ph-(0d3) - 25 7 ti JAN
?[1 05 (compound of formula (11)) and 3-Cy-Ph-CN in various conbinations.

It can be seen that replacenent of a part or the whole of 3-Cy--Ph-CN used
in Conparative Exanple 1 with 5- Ma-Ph3-CN i nproved tenperature dependence
of the threshold voltage in both the |ow tenperature range of from-20C to
25C and the high tenperature range of Tfmﬁm 215C to 50C in the Exanples

according[to the i nvention Using 1T uuf o crystat—conpesi-t-ens—gonataining
the nothel conponents, 5- Ma- Ph3- dRyanmple 1 Example 2 Compara. Ref.
{No. 1) {No. 2} Example 1 Example
Composition (%):
5-Ma-Ph3-CN 3 5 1 0 0
0d3-Ph-Z-Ph- (0d3) 15 15 15 0
3~Cy-Ph-CN 2 0 5 0
1d1-Cy-Ph-CN 15 15 15 18.75(15)
0d3-Cy-FPh-CN 10 10 10 12.5 (10)
4-Ph-T~Ph-02 5 5 5 6.25 (5)
0dl1-Cy-~Cy-5 20 20 20 25  (20)
3-Cy-Ph-02 3 3 3 3.75 (3}
Odl-Cy-Cy~Ph-1 i3 113 13 16.25(13)
0d3-Cy-Cy~Ph-1 14 i4 14 17.5 (14)
Characteristics:

Tar (°C) 50 89 91 86
Ty (°C) -52 -50 ~50 -51
Ven (V) 2.23 2.15 2.36 2.53
An 0.145 0.146 0.143 0.11
dv / dr29°e-50%c (v /°C) 5.9 3.1 7.3 7.5
Qv /dT™29"C"28°C (s soc) 4.0 1.5 6.0 5.8
dv/deych%(mV/oc) 8.1 5.7 9.5 8.9
129°C  (msec) 182 161 220 340
T29°C (msec) 1421 1119 2105 4733

Table 1 shows comparisons of characteristics obtained
by adding, to mother components (80%) of the Reference Example,

5-Ma-Ph3~CN (compound of formula (I)), ©d3~Ph-Z-Ph-(0d3)
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(d3- Ph- Z- Ph-- (Qd3) and 3-Cy-Ph-CN, as conpared to Conparative Exanple 1
using a liquid crystal conposition conprising nother conponents, 5 AN 2005
d3- Ph- Z- Ph-- (Qd3) and 3-Cy-Ph-CN. The replacenent also brings aboat AN ¢
great reduction in switching time T at 25C from 220 nsec to 182 cosec or
161 nsec. The neasurenent was nade at a 1/64 duty. The current Ir in
Exanples | and 2 was 0.25 A/lcn2. EXAMPLES 3 AND 4 Nematic liquid crystal
conpositions shown in Table 2 below (Nos. 3 and 4) were prepared. Using

t hese conpositions, liquid crystal displays were produced with the above-

descri bed{compbunct iodn fanehutllzei (T 19harz=agct @’Jc?_ig(}-ﬁ.d}@l’i% ‘@%}[ d. The
results obtained are shown in Table 2. 7 5 N 7Q0J TA anple 3

(No. 3) Coepbéhaiténney ItEwanpbe deepNehat) r3pWBcBRAnENS¢ 3 Markh3;CN40

Qdl - Cy- Ph3- CNO4 (d3- Ph- Z- ph- (Qd3) 1515
the whole of 3-Cy-Ph-CN used in Comparative Example 1 with 5-
Ma-Ph3-CN improved temperature dependence of the threshold
voltage in both the low temperature range of from -20°C to
25°C and the high temperature range of from 25°C to 50°C in the
Examples according to the invention using liquid crystal
compositions containing the mother components, 5-Ma-Ph3-CN,
0d3-Ph-2-Ph-(0d3) and 3-Cy~Ph-CN, as compared to Comparative
Example 1 using a liquid crystal composition comprising mother
components, Od3-Ph-2-Ph-(0d3) and 3-Cy-Ph-CN. The replacement
alseo brings about a great reduction in switching time 1 at

25°C from 220 msec to 182 msec or 161 msec. The measurement

was made at a 1/64 duty. The current Ir in Examples 1 and 2

was 0.25 pA/cm?®.

EXAMPLES 3 AND 4
‘Nematic liquid crystal compositions shown in Table 2
below (Nos. 3 and 4) were prepared. Using these compositions,
liguid crystal displays were produced with the above-
described construction and their characteristies mere

measured. The results obtained are shown in Table 2.
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1dl - Cy- Ph- CN1010 Qda- Cy- Ph- CN1010 Qd3- Ph- T- Ph- ( 0d3) 96 3-Ph-T-Ph-1985'.‘

Qdl - Cy- Cy-5120 Od1- Cy- Cy- Phl-F1212 3- Cy- Ph- T- Ph- 205 4- Cy- Ph- T- - Ph-£h1.04N 2005
3- Qy- VO Ph- T- Ph- 140 3- Cy- VO Ph- T- Ph-530 Qdl - Cy- Cy- Ph- 172 Qd3- Cy- Cy- Ph- 1105
Characteristics: TN-1 (0 91.990.4 T-N (C) -44 -22 Vth (V)1.931.90 Y 1.050
1. 062 An0. 1650. 207 dV/dT-20-50c (nmv/C)3.02.8 . 25 C (msec) 161104

TABLE 2
Example 3 | Example 4
(No. 3) (No. 4)
Compositien (%):
3-Ma~Ph3-CN 4 4
5-Ma-Ph3-CN 4 0
0dl~Cy-Ph3-CN 0 4
0d3-Ph~2-Ph- (0d3) 15 15
1d1-Cy~Ph-CN 10 10
Cd3-Cy-Ph-CN 10 10
0d3-Ph-T-Ph- (0d3) L 6
3-Ph-T-Ph-1 0 15
0dl-Cy-Cy-5 12 0
0dl-Cy=-Cy-Phl-F = |12 12
3-Cy-Ph-T~-Ph-2 0 5
4-Cy~Ph-T-Ph-1 0 4
3-Cy-VO-Ph~T-Ph-1 4 0
3-Cy-VO-Ph-T-Ph~5 3 0
0d1-Cy-Cy-Ph-1 7 2
Od3-Cy~Cy-Ph-1 10 5
Characteristics:

Tu-1 (°C) 891.9 90.4
Toy (°C) -44 —22
Ven (V) 1.93 1.90
¥ 1.050 1.062
An 0.165 0.207
dv/dT 2078 (mysecy 3.0 2.8
125 (msec) 16l 104
72°¢ (msec) 1633 1007
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F -sac (nsec) 16331007 - 27 JAN ZQ05 The liquid crystal displays

constituted with liquid crystal conposition No. 3 conprising 4% of
3-Ma-Ph3-CN, 40 of 5-Ma--Ph3-CN and 150 of Qd3-Ph-Z-Ph-(0d3) and 75 JAN 2005
constituted with liquid crystal conposition No. 4 conprising 4% of

3-Ma- Ph3-CN, 4% of I --Cy-Ph3-CN and 15% of (Qd3--Ph-Z-((Qd3) exhibited a
swtching tine as short as 161 nsec and 104 nsec, respectively, at 25C

The steepness y at that tenperature was 1.055 and 1.062, respectively,
showi ng a sufficiently high contrast. The tenperature dependence of

t hreshol d vol t age T dlE quaisd asey sl ldsp B s %%%é%g %‘é}?ﬁﬁ%{%‘ﬂ?gmnt

respectively, in a tenperature ranging from -
was .nadquyqug)qﬁmg@sﬂniqnuN¢malnmbmﬁfixmbér@$1éfe§$M£e§HFléNth@% Lpe
li quid Crﬁgtath{splay according to the present invention allevfiates
di sadvant 2388 -G 31 snd LY -aheddd-tPh+ bl (CAY)Sthd COIROSL £ i8S, whayi NY
a reduced.tenperature dependence of driving voltage, a high contrast, and
“a short i _,;grystqar;g__com@qi:tqmmdmysq tadclmp:smayg?w%ﬂib?méo%ﬁgﬁcn,
pr esent ng'agvg’p%g@%;lj—cgﬁ%{f%i%@ S b QR B a{0@Y) abesibited a
switching time as short as 161 msec and 104 msec, respéctively,
at 25°C. The steepness y at that temperature was 1.055 and
1.062, respectively, showing a sufficiently high contrast.
The temperature dependence of threshold voltage dV/dT was as
small as 3.0 mV/°C and 2.8 mv/°C, respectively, in a
temperature ranging from -20°C to 25°C. The measurement was
made at 1/80 duty.

It can be understood from these results that the
ligquid ecrystal display according to the present invention
alleviates disadvantages of the state-of-the-art liquid
crystal compositions, having a reduced temperature dependence
of driving voltage, a high contrast, and a short switching
time.

The liquid crystal display according to the present
invention comprises a liguid crystal composition obtained by
combining a specific liquid cryétal compound and alleviates
disadvantages of the state-of-the-art liquid crystal
compositions, having a reduced temperature dependence of

driving voltage, a high contrast (steepness), and a short

switching time. More specifically, the invention provides a
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di sadvant ages of the state-of-the-art liquid crystal conpositions, having a
reduced tenperature dependence of driving voltage, a high contrast
(steepness), and a short switching tine. Mre specifically, th?HUﬂquﬁion
provides a - 28 2S JAN 2005 liquid crystal conposition which has I nproved
tenperature dependence of the threshold voltage, secures a high contract
stably in a broader tenperature range, and has a reduced swtching tine at
roomtenperature and | ow tenperature without inpairing various
characteristics of liquid crystals when driven at a desired threshold

vol t age oliguial degisted @empositiidyr ShardmMeL i r?%fé Tﬁll%st €

present invention provides an STN-LCD havi ng ﬁ*gﬁ iéﬁﬁ%?m% aré%tgristics,
such as depencdeeasedfditsipl ahreapanid WA apaidrtes of rﬁiggp'@&ﬂ ct
col ored notion pictures, which are requested of cellul ar ones of next

gener ati oftakd yt i@ lai beroadkid &ehipe rpteseNtranieg Nt Haas Peandaseribed in
detail and with reference to specific exanples thereof, it wll be

appar ent £8is681isK [tige iat treomatentdeats tuatd Gintl 1QRARGRP ARt Ui toaddtons
can be made therein wthout departing fromthe spirit and scope thereof. Z
S JAN ZdUAMPEATING CRARNED Kcharacteristics of liquid crystals when

driven at a desired threshold voltage or at a desired duty

(time~sharing drive system). Thus, the present invention

provides an STN-LCD having high display characteristics, such

as an increased display capacity and capability of displaying

colored motion pictures, which are requested of cellular

phones of next generation and the like.

While the present invention has been described in
detail and with reference to specific examples thereof, it
will be apparent to one 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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1. A supertwisted nema liquid crystal display having a tw st angle of 180
to 270C and conprising: a pair of substrates each having an orientation-
controlling |ayer and a transparent electrode; a liquid crystal Ipyg& i
conprising a liquid crystal conposition, which is sandw ched by s‘alor'l Y
substrates; and at |east one polarizing sheet provided on at |east one of
sai d substrates, wherein said liquid crystal conposition conprises: at

| east one conpound represented by fornula (1): F CN wherein Rl represents
an al kyl group having 1 to 16 carbon atons, an al koxy group having 1 to 16
carbon at #&T &P CUAIMBD Iffoup having 2 to 16 carbon atons, an al koxyal kyl
group having 2 to 16 carbon atons, or an al kenyloxy group having 3 to 16
carbon atons; and at | east one conpound represented by fornula (11):
CH=EN.N. _c (1) 7 5. JAN Z W95 wherein Rz and R3 each i ndependently represent
a fluorine- substﬂfut%dsﬁpeﬁhwaatedtuewdtébk&ﬁqgﬁduarbathugdisbqa§6 car bon
at ons, a'%luorine-substituted or unsubstituted al koxy

aving a twist angle of 180 to 270°C and comprising:
a pair of substrates each having an orientation-
contrclling layer and a transparent electrode;
a liquid crystal layer comprising a liquid crystal

composition, which is sandwiched by said substrates; and

at least one polarizing sheet provided on at least

one of said substrates,

wherein said liquid crystal compeosition comprises:

at least one compound represented by formula (I):

F
N
3
R_C CN (I)
F

wherein R’ represents an alkyl group having 1 to 16 carbon
atoms, an alkoxy group having 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 to 16 carbon atoms; and

at least one compound represented by formula (II):

_RL©_CH=N-N=CH—©—R‘ (II)
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group having | to 16 carbon atonms, or a fluorine-substituted or
unsubstituted al kenyl group having 2 to 16 carbon atons, and whgy @i zgei d
liquid crystal conposition has a nematic-isotropic phase transition
tenperature of 75 to 150C and a refractive index anisotropy (.n) of 0.07
to 0.25 2. The supertwi sted nematic liquid crystal display according to
claim1, which satisfies the condition: dV/dT 5 7 nv/C (i) wherein dV/dT
shows tenperature dependence of a threshold voltage and is represented as
follows: dV/dT =1 (Vth (50C) - Vu,(-20C)) / (50C - (--20C) ) wherein Vth

i s a threstitzeinl RagndatR’a edichy ii ig clpemeamhat ; upertw.st ed
nematic liquid crystal display accotrp?i ngh?&%ﬁgip%els%? % &%r‘fé:’rrénﬁ'sai d at
| east one %}lhﬁibhtwtecéforommhlastitu'tsdpwﬁ?ntgfauﬁnhgqyggt 0{:02130 20~ by
weight - 31 Z 5 JANI H5 and said at |east one conpoun o% orfmula (I1) is
presentilFa%FPQuﬁﬁﬁmsofa5fl@OBDﬂebguMetghﬁte@a§P @ﬁ§§gs9§t&98?|%ﬂHEg¥

y

crystal conposition. 4. The supertw sted nematic liquid crysta I'Sp
accor di ng $F°H diaNinsrl 2o wher ek rosmi att bnsjui dr & ySlabrine-subst ituted

or unsubstituted alkenyl group having 2 to 16 carbon atoms,

and

wherein said liquid crystal composition has a
nematic-isotropic phase transition temperature of 75 to 150°C

and a refractive index anisotropy {An) of 0.07 to 0.25.

2. The supertwisted nematic liquid crystal display

according to claim 1, which satisfies the condition:
dv/dT < 7 mv/°C

(1)

wherein dv/dT shows temperature dependence of a threshold

voltage and is represented as follows:
dV/dT = [ (Ve (50°C) - Veu(-20°C)) / (50°C - (-20°C) ) |
wherein Vi, is a threshold voltage at a driving temperature.
3. The supertwisted nematic liquid crystal display

according to claim 1 or 2, wherein said at least one compound

of formula (I) is present in an amount of 2 to 20% by weight
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conposition further conprises at |east one conpound represent

ed by formul a

(I'11): wherein R and R5 each independently represent a fluorine-
substituted or unsubstituted alkyl group having | to 16 carbon 60N, /1B

fluorine-substituted or unsubstituted al koxy group having 1t

0 16 carbon

atons, a fluorine-substituted or unsubstituted al kenyl group having 2 to 16
carbon atons, a fluorine-substituted or unsubstituted al koxyal kyl group
having 2 to 16 carbon atoms, or a fluorine-substituted or unsubstituted
al kenyl oxy group having 3 to 16 carbon atons; ring A ring B and ring C

each i ndepaddenrtild) atedressemtorse chinpcﬂhﬁilyéﬁnﬁ‘oﬂﬁﬂﬁi

resent

3-fluoro-x, 4--phenyl ene group, a 2,3- difluoro- henylen group, y

3, 5- diflu@noamomqﬁun@uinﬁp IProup; thhﬁﬁflégﬁﬂ)ﬂagg&ﬁgmy{ﬁ@el
2-nmet hyl -1, 4- phenyl ene group, a 3-nethyl -1, 4- phenyl ene group,
naphthaleﬁéygt@ldpﬁmﬂyamniona phenanthrene 2 7-diyl group, a -
N aM fl uorene-2,7-diyl group, a trans-1I, 4- cyclohexylene group,
1,2,3,4- tetrahydronaphthalene 2,6-diyl group, a

decahydronaphthalene 2,6-diy a trans--1, 3-di oxane- 2, 5-

foorR @

32 7. ~ 1A
a

di yl group,

a pyridine-2,5- dlﬂr g?%ﬁpsUEEE§W%ﬁ$§¢neema5idiyﬁqugdonmysaal display
pyrazi ne- 2 5-di roup a pyrlda2|ne 2,5-diyl group, and may be nono-
- S pain e

COI‘
-sub

composition further comprises at least one compound

represented by formula (III):

R Oan OOy

adﬂb&p 2, wherein said liquid crystal

(I11)

wherein R® and R® each independently represent a fluorine-

substituted or unsubstituted alkyl group having 1 to

16

carbon atoms, a fluoxine-substituted or unsubstituted alkoxy

group having 1 to 16 carbon atoms, a fluorine-substituted or

unsubstituted alkenyl group having 2 to 16 carbon atoms, a

fluorine-substituted or unsubstituted alkoxyalkyl group

having 2 to 16 carbon atoms, or a fluorine-~substituted or

unsubstituted alkenyloxy group having 3 to 16 carbon

atoms;

ring A, ring B and ring C each independently represent a 1,4-

phenylene group, a 2- or 3-fluoro-1, 4-phenylene group, a 2,3-

difluoro-1, 4-phenylene group, a 3,5-difluoro-1, 4-phenylene

group, 2,6-difluoro-1,4-phenylene group, a 2-methyl-1, 4-

phenylene group, a 3-methyl-1, 4-phenylene group, a

naphthalene-2, 6-diyl group, a phenanthrene-2, 7-diyl group, a
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selected fromthe group consisting of a fluorine atom a chlorine atom and
a nethyl group; 1 represents 0, 1 or 2; and Z3 and Z2 each independently
represent a single bond, -CH2CH2-1 - (CH2) a-, -0CH2-, -CH2O, -COO,
-OCC-, --CH=CH or -C=C. 5. The supertwi sted nematic liquid cryst@alJAN 7405
di splay according to any one of clains 1, 2 and 4, wherein said liquid
crystal conposition further conprises at |east one conpound represented by
formula (1V): (IV) Y2 wherein R6 represents a fluorine-substituted or
unsubstituéed al kyl group having 1 to 16 carbon atons, a fluorine-

substitutg UG etesifasictintle s zd kox ya grmrm#m,vﬂkgyélé}@e;lﬁeﬁ@rgpguqt ogs, a

quorlne-iugsbltuted or unsubstituted al kenyl group having 2°to 16 Carbon
atoms, a fréeorrAetSishindrcsmrirthakenubsa i 6rdpfl ajkeugyal kyl group having 2
to 16 carhon atonms, or a fluorjine-substituted or unsubstituted al kenyl oxy
group - 3%¢c3hydygnardddalaneny 1t vils aangon AltRis+ J BRI ESeMS- P or 1]
X1 repreaeg%s a fluorine atom a chlorine atom a trifluoronethyl group,
a trifluordmet B5RYPyr Gup Yt B ngrgne-dindumrarnd ¥ i ndAiaaete f By pgent a

hydr ogen &EQHb?raapyEL%gwéyifgfgyyl group or a pyridazine-2,5-diyl
group, and may be mono- or di-substituted with a group(s)
selected from the group consisting of a fluorine atom, a
chlorine atom and a methyl group; 1 represents 0, 1 or 2; and
2 and z? each independently represent a single bend, -CH,CH,-,

- (CHz) s~, -OCHz-, -CH,0-, -CO0~, -0OCO-, -CH=CH~ or -C=C-.

5. The supertwisted nematie liguid crystal display
according to any one of claims 1, 2 and 4, wherein said
liguid crystal composition further comprises at least one

compound represented by formula (IV) :

m

2

wherein R® represents a fluorine-substituted or unsubstituted
alkyl group having 1 to 16 carben atoms, a fluorine~
substituted or unsubstituted alkoxy group having 1 to 16
carbon atoms, a fluorine~-substituted or unsubstituted alkenyl
group having 2 to 16 carbon atoms, a fluorine-substituted or
unsubstituted alkoxyalkyl group having 2 to 16 carbon atoms,

or a fluorine-substituted or unsubstituted alkenyloxy group
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6. The supertwi sted nematic liquid crystal display according to claimb,
wherein said liquid crystal conposition conprises 2 to 20% by wei ght of
said at | east one compound of fornula (1), 5 to 30% by wei ght ofgqﬁqugt

| east one conmpound of fornmula (11), 5 to 85% by weight of said at |east
one conmpound of formula (l111), and 5 to 60% by weight of said at |east
one conpound of formula (1V). 7. The supertw sted nematic |iquid crystal

di splay according to claim6, which satisfies the condition: dv/dT S 7
nv/ C (i) wherein dV/dT shows tenperature dependence of a threshold voltage

and is rehasiegt &d tas Ifeoldamion Aokl = nl e dEOQ ¢ MM (200)) / (50C -
(-20C)) wherein Vth is a threshold voltage at a driving tenperature. 34 Z5

JAN 2005 $epTlesesuserat iilstoad rreensticng, |4 @Hlbwimestadomli spl ay according to
claim2, which satisfies the condition: T25 C < 200 cosec wherein 125""' is
a switchi gifilmerameiypl Yrofipe superifiitemeatermty iidulick o WSfalo di spl ay
according to claim7,  which ;atisfies the condition: ~z5 c¢ <_ 200 cosec
wher ei n , 8I9YPC adidg Yswapehihgeas¢herepresent a2 hydrogen atom or a

fluorine atom.

6. The supertwisted nematic liquid crystal display
according to elaim 5, wherein said liquid crystal composition
comprises 2 to 20% by weight of said at least ocne compound of
formula (I), 5 to 30% by weight of said at least one compound
of formula (II), S5 to 85% by weight of said at least one
compound of formula (III), and 5 to 60% by weight of said at

least one compound of formula (IV).

7. The supertwisted nematie liguid crystal display

according to claim 6, which satisfies the condition:
dv/dT < 7 mv/°C (1)

wherein dV/dT shows temperature dependence of a threshold

voltage and is represented as follows:
dV/dT = | (Ve (50°C) =~ Ven(-20°C))/ (50°C - (-20°C) ) |

wherein Vi, is a threshold voltage at a driving temperature.
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8. The supertwisted nematic liquid crystal display

according to claim 2, which satisfies the condition:

1% < 200 msec

25°

wherein 1**° is a switching time at 25°C.

8. The supertwisted nematic liquid crystal display

according to claim 7, which satisfies the condition:

2 < 200 msec

[

wherein 1 is a switching time at 25°.
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