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device according to the present invention, - SEIKOSHA, a Japanese body
corporate, of  nd 3-4. 4-chome, Ginza, Chuo-ku, Tokyo,/  Figure 3 is a
perspective view of a liquid Japan, do hereby declare-the.invention for
crystal display device according to the pre- S which we Spray that atpatent
may be granted  sent invention.                    50 to us and the method
by"which it is to be   :In the drawings like parts have been - performed
to" be particularly described in designated by the same reference
numberals. and by:.the following statement:-          Nematic liquid
crystal material has a This invention relates to liquid crystal structure
in which the molecules are aligned 10 display devices and in particular.
although  parallel to one another. If a nematic liquid 55 not; so
restricted, to liquid crystal display  crystal material is inserted between
two devices for wristwatches.               plate members, this structure
is greatly in- According to one aspect of the present. fluenced by the
nature of the opposed sur- invention there is, provided a liquid crystal
faces of the plate members in contact there- 15 display device co'mprising
a nematic liquid' with. When each of the opposed surfaces 60 crystal
material sandwiched between 'two  of the plate members is rubbed in a given
':transparent platemembersopposed surfaces  direction with, for examiple,
compressed of which have electrode.'means 'thereon, each  cotton, -the
molecules of the nematic liquid of the opposed surfaces of the plate mem-
crystal material in contact therewith are 20 bers being treated so that
molecules of aligned with the given direction. If the two 65 liquid crystal
material in contact.therewith  plate members are arranged so that their are
aligned in a given.direction, theplate  given directions of rubbing are at
an angle members being substantially square or rect-  to one another, the
orientation of the mole- angular in plan and said given directions  cules
of the nematic liquid crystal material 25 being at an angle to one another
and to. the  continuously changes between the plate 70 sides of the plate
members.".          members, the molecules in contact with each At least
onie of the given directions' may  plate member being in alignment with the
be parallel to. a diagonal :of the plate mem- given direction of: rubbing
thereof. Thus, bers.                                   in effect, the
nematic liquid crystal material 30  . Said given directions are preferably
at or has a spiral structure in a direction per- 75 substantially at right
angles to one 'another. pendicular to the planes of the plate mem- 'The
Inematic liquid crystal material may  bers. have positive dielectric
anisotropy.      A nematic liquid crystal material having According to a
further aspect of the'pre-  such a spiral structure is optically active, 35
sen't- invention there is provided a wrist the direction of the plane of
polarization of 80 watch having a liquid crystal display device  polarized
light passing through the nematic as recited above,
liquid crystal material being rotated by an The invention. is illustrated,
merely by  angle equal to the angle between the given way of example, in
the accompanying draw- directions of rubbing of the plate members. .40
ings, in which:.-                       Thus, when the given directions of
rubbing 85 Figures la and, lb show, in plan, two  of the two.plate members
are at right angles embodiments  of a  conventional liquid  to one another,
the plane of polarization of crystal display device;'
polarized light passing through the nematic -Figures 2a. and' 2b show, in
plan, two  liquid  crystal material will be rotated 45 embodiments of a
liquid crystal display  through 900.          .                90 r,    .
.- 



2                    14O2 If thp gematip liquid crystal material has
'direction 3, 4 of nubbing of the.. plate imm- .pos~itive dieltric
anisotropy, when a volt-  bers 1, 2 are substantially par.all to' the ap is
tappliethereacross.by means of trans-  sides of the plate'members. Thus:
the direc- parent electrodl s provideid on the opposed: tion S is either
from the top right upper side  'S S surfaces of the plate members, the
molecules  of the liquid crystal display device to -the 7Q0; of the -
nemativ liquid crystal material be-, hotton, left;Lower, side or from tlw
top right come aliged with the electric field and the  lower side of the
liquid crystal display de- spiral structure disappears, that is to say vice
to the bottom left upper side, depending the liquid crystal material
becomes optically  upon the given directions of rubbig. The 10 inactive.
If the liquid crystal display device  directions "top" and "bottom" refer
to the 75 described above is positioned between two  directions in the
plane of the drawings polarizers  which , have  t   plane.   of;  whereas
the directiofn s "upper"  and "lower" polarization at right angles to one
another, refer to the directions at right angles to the this optical
inactivity cp be see. when a  plane of 3he drawings, 15 voltage is applied
between the electrodes;:   Referring to Fi s 2  and 2b there is 80 thus,
the display will ,be. dk in the region  sbowuipart of a liquiidcrystal
display device of electrodes wthb a light backgrowid.- avccong to the
present inPutio;. like The degree'of aligment of ie. moleculeFs pas in
Figures 2.d2/, and in Fis of the nematic liquid crystal m   l with   -and
lb hve ibeeii deated by thp same 20 the electric field is d4efrtXlqt upon
the, rference nun. Iro,        t   polarizers 85 applied voltJge which ;is'
sially  about 6  and the electrodes proWnot ShQwn  igus volts -AC. flopwvO
withi avolta$e of this  2. and. 2'. 'The gvpn drectons 3. 4 of * magit e tb
IeS of the Rieinatc  rubbing -ra d so"tat they ae atran liid ct$stal
material ibetween the plate  ftOfreWth.eskies<  fthe platemembers 1,'2 25
members are nCot pefeotly A:1ed with the  wahgklre-subulMantally
uarin plan 90 electric field, To ot fp pot aligment although they may be
substantiall square of the  moleules of the ntbc liquid  ig  at. Tus the
berlooks at the dis- crystal  ateral Mwith the .electric :fild, an  pli t
direction'6 In which the. optical applied voltag." of about 15 volts AC
" atity. Appears: Cilyn   the direction  S 30 required. Thus whet boly
about 6 volts is  big fr.fe top central lower si  of 95 applied acros  the
elecodes thene.'matip' th  liqPuid cystal  is1ay  device to. the liquid,
cystl material .des not become  botom  centra upper sde br frm the top
tally optically inaBtlv.  ''ety, the  central upxper side: of the liquid
crystal dis-" optical effect is different at cc    tO t    play 4dvlce to
the bottom cetral lo*er side. 35 dirction, of obsrbirtlon of the liqd
ytal  Thus Il the sage where the plate members 100 display devic. and
there: is. :Ina ct, one  are re ular (at shown) or square in pan dirction
in which the optcal Inactivity  the given  ecious 3, 4 of wbbing are at
whoa an elctic- fJeld  is applied to  he   a  anle .totAe s       ties  of
theplate membie. electrodes cannot- be obsrved   .          and pamllM to
at lest on of the diagonals. 40   Referring no  to piOgu      la 4nd lb of,
I  the case where the display is elongate 105 the drawigs there is shpn
'two' conven-  th. directions 3. 4 of rubbing ar at-an angle tional liquid
crystal' dis la  devices ,ofthoe to the length direction of the display.
type disvusso4 above. The two platemci-:   Figure 3 shows a liquid .crystal
display bers are  dct  by the reference numerals  devioe according to the
present invention 45 1,'2 and the respective given directiono
sandwiched.. between .polarizers  8, the 110 tubbing  are. indicated  by
the reference  nematic' fijuld crystal materia bein inji- numerals 3. 4
respctvely, The polarizers  cated by theo sefreno  numpral 7. and the
electrods ae not showsvl Fiues :       liquid crystl display device
acWording .  . Ia and lb.                                to ;tho  Preent
invention. is of particular usse 50   4n arroW  indicates the dirctio  S in
in wrist watches since it' is possible to 115 which optical linacvty cano
e oserv   arrange for the. direction 6 tobe.towards when an electric;
fieldi' applied to the  the obIe  tv ie: t   normal position of 



-nenamtic liquid:  4ta1  ateriL, thisi-  observation and thus the' display.
wi non 5 being lue{  by the  weft direction  seen mt clearly,
w . , . 55 4 of rubbi  'of fthe plate  ebe.' r 2 and the    WUAT WE.  LAIm
IS:                120 dwfectl  apPOIt  to h  git  direto  3    1. A
liquid crystal disply devc  con of nabbing of the pla~te nembex 1. It has
prising a nematic liquid. crystal" been found that the direction 5 is the
same   rndwiched. blttvn -two transpret. 4lat eo irrespective of whether
the spiral sttzctute  members, opposed sriitces of 60 of the nematic liquid
crystal material is  electrode  means thereof                 125
dextrorotatory or levorotatory.  An arrow   opposed  surfaces of the
ben indicates the direction 6, opposite to the being treated so that
moleciues of liquid direction S. in which the optical inactivity  crystal
material in contact therewith are is observed very clearly, aligned in a
given direction, the plate mem- 65   As shown in Figures la and lb, the
given  bers being substantially square or rect- 130    2
1 409 969                     .,                2 If the  inematic liquid
crystal material has  direction 3. 4 of rubbing of the plate mem- positive
dielectric anisotropy. when a volt-  bers 1, 2 are substantially parallel
to the age is applied thereacross by means of trans-  sides of the plate
members. Thus the direc- parent electrodes provided on the opposed  tion 5
is either from the top right upper side 5 surfaces of the plate members,
the molecules  of the liquid crystal display device to the 70 of the
nematic liquid crystal material be- . bottom left lower side or from the
top right . come aligned-with the electric field and the  lower side of the
liquid crystal display de- spiral structure disappears, that is to say
vice to the bottom left upper side, depending  - the liquid crystal
material becomes optically  upon the given directions of rubbing. The 10
Inactive. If the liquid crystal display device  directions "top" and
"bottom" refer to the 75 described above is positioned between two
directions in the plane of the drawings polarizers  which  have  their
planes  of. whereas the directions "upper" and "lower polarization at right
angles to one another, refer to the directions at right angles to the this
optical inactivity can be seen when a  plane of the drawings. 15 voltage is
applied between the electrodes;    Referring to Figures 2a and 2b there is
80 thus the display will be dark in the region  shown part of a liquid
crystal display device of electrodes with a light background.    according
to the present invention; like- The degree of alignment of the molecules
parts in Figures 2a and 2b and in Figures of the nematic liquid crystal
material with  la and lb have been designated by the same. 20 the electric
field is dependent upon the  reference numerals. Again, the polarizers 85
applied voltage which is usually about 6  and the electrodes are not shown
in Figures volts AC  However. with a voltage of this  2a and 2b. The given
directions 3. 4 of magnitude the molecules of the nematic  rubbing are
arranged so that they are at an liquid crystal material in between the
plate, agle to the sides of the platen members 1,   ! 2` 25 members are not
perfectly aligned with the  which are substantially rectangular in plan 90
electric field, To obtain perfect alignment although they may be
substantially square of the molecules of the nematic liquid  in plan. Thus
the observer looks at the dis-. crystal material with the electric field,
an  play in the direction 6 In which the optical applied voltage of about
15 volts AC is  activity appears clearly. the direction 5 30 required. Thus
when only about 6 volts is  being from  the top central lower side of 95
applied across the electrodes. the nematin  the liquid crystal display
device to the liquid crystal material does not become  bottom central upper
side or from the top totally optically inactive, Consequently. the  central
upper side of the liquid crystal dise  - optical effect is different
according to. the  play device to the bottom central lower side. 35
direction of observation of the liquid crystal  Thus In the case where the
plate members 100 display device and there is, in fact, one  are
rectangular (as shown) or square in plan direction in which the optical
inactivity  the given directions 3, 4 of rubbing are at when an electric
field is applied to the  an angle to the sides of the plate members  -
electrodes cannot be observed.            and parallel to at least one of
the diagonals. 



40   Referring now to Figures la and -lb of In the case where the display
is elongate ios the drawings there is shown two conven-  the directions 3,
4  frubbingareat an angle tional liquid crystal display devices of the to
the length direction of the display. type discussed above. The two plate
mem-    Figure 3 shows a liquid crystal display bers are indicated by the
reference numerals device according to the present invention 45 1, 2 and
the respective given directions of  sandwiched  between  polarizers  8, the
110 rubbing are indicated  by  the reference  nematic liquid crystal
material being indi- numerals 3, 4 respectively. The polarizers  cated by
the reference numeral 7. and the electrodes are not shown in Figures    A
liquid crystal display device according la and lb.
to the present invention is of particular use so   An arrow indicates the
direction 5 in  in wrist watches since it is possible to 115 which optical
inactivity cannot be observed  arrange for the direction 6 to be towards
when an electric field is applied to the  the observer in the normal
position of nemntic liquid crystal material. this direc-  observation and
thus the display will be tion 5 being defined by the given direction  seen
most clearly 55 4 of rubbing of the plate member 2 and the    WHAT WE CAIM
IS:                    120 direction opposite to the given direction 3
1. A  liquid crystal display device com- of rubbing of the plate member I.
It has  prising a nematic liquid crystal material been found that the
direction 5 is the same  sandwiched between two transparent plate
irrespective of whether the spiral structure  members, opposed surfaces of
wh4ic.h has 6o of the nematic liquid crystal material is  electrode  means
thereon;, :uc f       1 dextrorotatory or levorotatory. An arrow  opposed
surfaces of the plat*eLtiembers indicates the direction 6, opposite to the
being treated so that molecules of liquid direction 5, in which the optical
inactivity  crystal material in contact therewith are is observed very
clearly.                 aligned in a given direction, the plate mem- 65
As shown in Figures la and lb, the given  bers being substantially  square
or rect- 130 IIIIIIID1 lii N 111 111111 .I..-  __o _, -   i; C
d        S S    1409 969 angular in plan and said given directions    5. A
liquid crystal display device sub- being at an angle to one another and to
the  stantially as herein described with reference - sides of the plate
members.               to and as shown in Figures 2a, 2b and 3 of 2. A
display device as claimed in claim  the accompanying drawings. 5 1 in which
at least one of the given direc-   6. A wrist watch having a liquid crystal
20 tions is parallel to a diagonal of the plate  display device as claimed
in any preceding members.                                 claim. 3. A
display device as claimed in claim 1 or 2 in which said given directions
are at    J. MILLER & COMPANY, 10 or substantially at right angles to one
an- other.                                           Chartered Patent
Agents, 4. A display device as claimed in any preceding claim in which the
nematic liquid         262 High Holborn, crystal material has  positive
dielectric         London, WC1V 7EF. 15 anisotropy.
Agents for the Applicants. Printed for Her Majesty's Stationery Office by
The Tweeddale Press Ltd., Berwick-upon-Tweed, 1975. Published at the Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may
be obtained. *   C  L  M  S    *    


