
PATENT SPECIFICATION                                           1 386 715
(21) Application No. 1989/74   (2) Filed 9 Feb. 1973           (19) (62)
Divided out of No. 1 386 714 (31) Convention Application No. 15 624/72
(32) Filed 16 Feb. 1972 in (33) Japan (JA) (44) Complete Specification
published 12 March 1975 (51) INT. [err] G02F 1/16//G04C 17/00 (52) Index at
acceptance G5C  31B 31Q (54) LIQUID CRYSTAL DISPLAY DEVICE (71)   We,
KABUSHIKI KAISHA  SUWA  liquid crystal material between first sur-
SBIKOSHA, a Japanese body corporate, of faces of the first and second
plates; a 3-4, 4-chome, Ginza, Chuo-ku, Tokyo, transparent conductive film
on the first Japan, do hereby declare the invention, for  surface of the
first plate; a reflective con- 5 which we pray that a patent may be
ductive film  on the first surface of the 50 granted to us, and the method
by which it second plate; and a transparent insulating is to be performed,
to be particularly de- film on the reflective conductive film and scribed
in  and   by  the  following  in contact with the liquid crystal material
statement:-                             the  transparent  insulating  film
being 10   This invention relates to liquid crystal shaped to enable
alphanumeric characters 55 display devices.                        to be
displayed. One conventional solid state wrist watch    The liquid crystal
display device may in- has a quartz vibrator, a COS-MOS elec-  dude an
analyser disposed on a second tronic driving circuit and a liquid crystal
surface of the first plate opposite to the 15 display device. Such a
conventional wrist first surface thereof and a polariser dis- 60 watch has
a relatively high degree of ac-  posed on a second surface of the second
curacy, a  relatively  low  power  con-  plate opposite to the first
surface thereof. sumption, and is of relatively small size.   The analyser
and polariser preferably are However, such conventional wrist watches
arranged with their planes of polarisation 20 are not, as yet, in
commercial production.   at right angles.                   65 One
conventional liquid crystal display    Furthermore, the liquid crystal
material device uses nematic liquid crystal material, may be of the type
which is optically ac- the liquid crystal material being disposed  tive
when an electric field is not applied between a pair of plates having
electrodes  thereto and is optically inactive when an 25 thereon. Light
scattered by the liquid  electric field is applied thereto.      70 crystal
material is determined by either ap-   According to a further aspect of the
pre- plying or not applying an electric field to  sent invention there is
provided a watch the liquid crystal material. Such a con- comprising a
quartz vibrator, a COS-MOS ventional liquid crystal display device has
electronic driving  circuit and  a liquid 30 the disadvantage that the
contrast of the  crystal display device as recited above.    75 display is
indistinct and it is difficult to see    The invention is illustrated,
merely by the display in the dark because it utilises  way of example, in
the accompanying incident light and so the visibility of the  drawings, in
which: display depends upon the light conditions    Figure 1 is a
cross-section of a con- 35 of the environment surrounding the liquid
ventional liquid crystal display device;    80 crystal display device.
Figures 2 and 3 illustrate the principle of The present invention seeks to
provide a  operation of a liquid crystal display device more practical
liquid crystal display device  according to the present invention; and
which does not suffer from the above de-   Figure 4 is a cross-section of a
liquid 40 fects.                                  crystal display device
according to the pre- 85 According to one particular aspect of the  sent
invention. present invention there is provided a liquid    Referring to
Figure 1 there is shown, in crystal display device comprising: a trans-
cross-section, a conventional liquid crystal parent first plate; a
transparent second  display device. The conventional liquid 45 plate spaced
apart from  the first plate; crystal display device has a transparent 90
[Price 33p]  



2                                        1386715
2 upper plate 1, a transparent lower plate 2  viewing the analyser 12,
incident light on and liquid crystal material 3 therebetween.  the
polariser is shut out or is visible de- The upper plate 1 has a pair of
trans-  pending upon whether or not an electric parent conductive films 5,
6 on the surface  field  is applied  to  the  liquid  crystal 5 which is in
contact with the liquid crystal  material 13. It will be appreciated that
in 70 material, and the lower plate 2 has a pair  such a liquid  crystal
display device a of transparent conductive films 7, 8 on the  greater
contrast can be obtained compared surface which is in. contact with the
liquid  with the conventional liquid crystal display crystal material. On
the surface of the base  device. 10 plate opposite to the surface carrying
the    The same effect will be achieved by 75 conductive films 7, 8 there
is a further  viewing the polariser 11 if a reflector (not plate 4 with a
reflecting film  9 thereon.  shown) is disposed on the surface of the The
two pairs of conductive films 5. 7 and  analyser 12 opposite to the surface
in con- 6, 8 are so shaped that when an electric  tact with the liquid
crystal material. 15 field is applied therebetween the liquid    The
contrast is superior to that of the 80 crystal material is stimulated so
that, for  conventional liquid crystal display device example, the numerals
"2" and "3" are  because it does not depend upon the light visible  from
the  upper plate  1. The  conditions of the environment surrounding
numerals are visible because incident light the liquid crystal display
device. Moreover, 20 is reflected by the stimulated liquid crystal the
contrast is reasonable even when the 85 material, and for this reason
contrast is  intensity of the incident light is poor. poor since it depends
upon the light con-  Furthermore, the liquid crystal display de- ditions of
the environment surrounding the  vice can be used in a relatively dark en-
liquid crystal display device. In addition, vironnent because luminescent
or fluores- 25 the numerals are difficult to see in the  cent  material
can  be  used, whereas 90 dark because of the reduction in the in-
luminescent or fluorescent material cannot tensity of the incident light.
be used in  conjunction  with  the con- Figures 2 and 3 illustrate the
principle  ventional liquid crystal display device. operation of a liquid
crystal display device    Figure 4 shows, in cross-section, a liquid 30
according to the present invention. The  crystal diiplay device according
to the pre- 95 liquid crystal display device comprises a  sent invention. A
transparent upper. plate polariser 11, an analyser 12 and liquid  14 and a
transparent lower plate 15 holds crystal material  13  therebetween. The
liquid crystal material 16  therebetween. polariser 11 and the analyser 12
are dis-  The upper plate 14 has transparent con- 35 posed so that their
planes of polarization  ductive films 21, 22 on the surfaces which 100 are
at right angles to one another. Thus  are in  contact with the liquid
crystal linearly polarised light which passes from   material 16. The lower
plate 14 has re- the polariser 11 is rotated by [err] as it  flective
conductive films 23, 24 thereon. An passes through the liquid crystal
material  analyser 17 is disposed in front of the 40 13 when an electric
field is not applied  upper plate 14, that is to say on, the sur- 105
thereto, as shown in Figure 2. Accordingly,  face opposite to the surface
in contact with the plane of polarisation of the light after  the liquid
crystal material and a polariser it has passed' through the liquid crystal
18 is disposed on the back of the lower material 13 is the same as the
plane of  plate 15, that is to say on the surface op- 45 polarisation of
the, analyser 12. Thus light  posite to the surface in contact with the 110
passes through the analyser 12 to an obser-  liquid crystal material. The
analyser 17 ver and the analyser will appear light in  and the polariser 18
are arranged to form colour, as shown in plan view in Figure 2.   a
polariscope, and have their planes of Figure 3 illustrates the case when an
polarisation at right angles to one another. 50 electric field is applied
to the liquid crystal  The liquid crystal material 16 is such that 115
material. The linearly polarised light which  when an electric field is not
applied thereto passes through the polariser 11 is, in this  it is
optically active to rotate the plane of case, not rotated by the liquid
crystal  polarisation  of  light  incident  thereon material 13. This is
because the liquid  through [err], and when an electric field is 55 crystal
material is of of the nematic type  applied it becomes optically inactive.
On 120 



which is optically inactive when an electric  the back of the polariser 18
is disposed a field is applied thereto.                 transparent base
plate 19 having a coating Accordingly, the light after it has passed  20 of
luminescent fluorescent or phos- through the liquid crystal material 13
does  phorescent material thereon. 60 not pass through the analyser 12
because    When a voltage is applied between the 125 its plane of
polarisation is different from  films 21, 23 and the films 22, 24 the the
plane of polarisation of the analyser  numerals "2" and "3", for example,
are Thus, to an' observer, the analyser 12  visible from the analyser 17 as
shown in would appear black or almost black as  plan view in Figure 4. The
background 25 65 shown in plan view in Figure 3. Therefore, to the numerals
appears light in colour. 130    3                                       1
386 715                                      3 The contrast is good even in
relatively  parent second plate spaced apart from the 45 dark environments
because it does not de-  first plate; liquid crystal material between end
solely upon the light conditions of  first surfaces of the first and second
plates; the environment surrounding the liquid  a transparent conductive
film on the first 5 crystal display device. Furthermore, in ex-  surface of
the first plate; a reflective con- tremely dark environments, the light
emit-  ductive film  on the first surface of the 50 ted from the coating 20
forms the back-  second plate; and a transparent insulating ground 25.
film on the reflective conductive film and Any conventional luminescent
fluorescent  in contact with the liquid crystal material, 10 or
phosphorescent material may be used  the  transparent  insulating  film
being for the coating 20 which can, if desired, be  shaped to enable
alphanumeric characters 55 applied directly to the analyser. to be
displayed. The liquid  crystal display device of    2. A  liquid crystal
display device as Figure 4 is such  that the planes of  claimed in claim 1
including an analyser 15 polarisation of the polariser and analyser
disposed on a second surface of the first are at right angles to one
another. How-  plate opposite to the first surface thereof CO ever, the
analyser and polariser may be  and a polariser disposed on a second sur-
arranged so that their planes of polarisa-  face of the second plate
opposite to the tion are parallel to one another. In such a  first surface
thereof. 20 case the display would be light numerals   3. A  liquid crystal
display device as upon a black background.                 claimed in claim
2 in which the analyser 65 In the above embodiment the conductive  and
polariser are arranged  with  their films 23, 24 are reflective and a
suitably  planes of polarisation at right angles. shaped  transparent
insulating  film  (not   4. A  liquid crystal display device as 25 shown)
is placed over the reflective con-  claimed in any preceding claim  in
which ductive film and in contact with the liquid  the liquid crystal
material is of the type 70 crystal material. The conductive films 23, which
is optically active when an electric 24 may be constituted by a single con-
field is not applied thereto and is optically ductive film. The transparent
insulating  inactive when an electric field is applied 30 film  is shaped
to enable  alphanumeric  thereto. characters, etc. to be displayed.
5. A  liquid crystal display device as 75 The liquid crystal display device
shown  claimed in claim  1 and substantially as in Figure 4 may be used in
conjunction  herein described with reference to and as with a wrist watch
including a quartz vi-  shown in Figure 4 of the accompanying 35 brator and
a COS-MOS electronic driving  drawings. circuit, neither of which are shown
in the    6. A  watch comprising a quartz vi- 80 drawings.
brator, a COS-MOS electronic driving cir- A  liquid crystal display device
having  cuit and a liquid crystal display device as the above features and
also described and  claimed in claim 1. 40 claimed in our copending
application no         J. MILLER & COMPANY, 6512/73 (Ser. No. 1 386 714).
Agents for the Applicants, WHAT WE CLAIM IS:-
Chartered Patent Agents, 1. A liquid crystal display device com-
262 High Holborn, prising: a transparent first plate; a trans-       London
WC1V 7EF. 



Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1975. Published at the Patent Office, 25 Southampton
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1 386 715                                     3 The contrast is good even
in relatively  parent second plate spaced apart from the 45 dark
environments because it does not de-  first plate; liquid crystal material
between end solely upon the light conditions of  first surfaces of the
first and second plates; the environment surrounding the liquid  a
transparent conductive film on the first 5 crystal display device.
Furthermore, in ex-  surface of the first plate; a reflective con- tremely
dark environments, the light emit- ductive film  on the first surface of
the 50 ted from the coating 20 forms the back-  second plate; and a
transparent insulating ground 25.                               film on the
reflective conductive film and Any conventional luminescent fluorescent  in
contact with the liquid crystal material, 10 or phosphorescent material may
be used  the  transparent  insulating  film  being for the coating 20 which
can, if desired, be  shaped to enable alphanumeric characters 55 applied
directly to the analyser.        to be displayed. The liquid  crystal
display device of    2. A  liquid crystal display device as Figure 4  is
such  that the planes of  claimed in claim 1 including an analyser 15
polarisation of the polariser and analyser  disposed on a second surface of
the first are at right angles to one another. How-  plate opposite to the
first surface thereof CO ever, the analyser and polariser may be  and a
polariser disposed on a second sur- arranged so that their planes of
polarisa-  face of the second plate opposite to the tion are parallel to
one another. In such a  first surface thereof. 20 case the display would be
light numerals   3. A  liquid crystal display device as upon a black
background.                 claimed in claim 2 in which the analyser 65 In
the above embodiment the conductive  and  polariser are  arranged  with
their films 23, 24 are reflective and a suitably  planes of polarisation at
right angles. shaped  transparent insulating  film  (not   4. A  liquid
crystal display device as 25 shown) is placed over the reflective con-
claimed in any preceding claim  in which ductive film and in contact with
the liquid  the liquid crystal material is of the type 70 crystal material.
The conductive films 23, which is optically active when an electric 24 may
be constituted by a single con-  field is not applied thereto and is
optically ductive film. The transparent insulating  inactive when an
electric field is applied 30 film  is shaped to enable  alphanumeric
thereto. characters, etc. to be displayed.          5. A  liquid crystal
display device as 75 The liquid crystal display device shown  claimed in
claim  I and substantially as in Figure 4 may be used in conjunction
herein described with reference to and as with a wrist watch including a
quartz vi-  shown in Figure 4 of the accompanying 35 brator and a COS-MOS
electronic driving  drawings. circuit, neither of which are shown in the
6. A  watch comprising a quartz vi- 80 drawings.
brator, a COS-MOS electronic driving cir- A  liquid crystal display device
having  cuit and a liquid crystal display device as the above features and
also described and  claimed in claim 1. 40 claimed in our copending
application no         J. MILLER & COMPANY, 6512/73 (Ser. No. 1 386 714).
Agents for the Applicants, WHAT WE CLAIM IS:-
Chartered Patent Agents, 1. A liquid crystal display device corn-
262 High Holborn, prising: a transparent first plate; a trans-       London
WC1V 7EF. 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.


