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[57] ABSTRACT

In an improved digital display device relying on the
phenomenon of dispersion of incident light by nematic
crystals across which an electric field is imposed, an
arrangement of transparent conductive segments in
groups on opposing parallel plates makes it possible to
reduce the number of leads necessary for displaying any
digit from zero to nine from the conventional eight
leads to six leads. The impressed voltage necessary for
causing the nematic liquid crystals to disperse light is
applied in pulses to different segments in each group i
succession, the pulses being supplied at a sufficiently
high frequency so that each pulsed segment appears to
be continuously actuated.

12 Claims, 10 Drawing Figures
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1
DIGITAL DISPLAY DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

In a conventional digital display device wherein ne-
matic liquid crystals are confined between two parallel
plates, at least one of which must be transparent, seven
conductive segments with associated leads are affixed to
one plate, and a single conductive region with an associ-
ated lead 1s affixed to the second plate. At least those
conductive segments on the transparent plate must also
be transparent. The seven segments on the one plate are
essentially straight and are in the form of a FIG. 8. The
single conductive area on the second plate must be large
enough to oppose all of the seven conductive segments
on the first plate.

To operate the device, a total of eight leads to the
seven segments on one plate and the single segment on
the other plate is necessary. Where it 1s desired to dis-
play hours, minutes and seconds in a wrist watch, then
a total of 42 leads must be attached to one of the plates.
This is extremely inconvenient in the case of a wrist
watch, considering the limitation on the amount of
space available for attaching so many leads.

SUMMARY OF THE INVENTION

A digital display device holds nematic crystals in a
sealed chamber between two opposing plates, at least

one of which is transparent. For the display of a single

digit between zero and nine, embodiments are presented
which have two conductive segments on one plate and
four conductive segments on the opposing plate, each
set of six conductive segments on two opposing plates
sufficing to display any digit between zero and nine
when properly actuated. The segments on the two
plates are connected to a source of voltage so con-
structed that pulses can be supplied sequentially to se-
lected conductive segments. The sequence of pulses is
rapid enough so that retention of the image by the
human eye gives the impression of continuous actua-
tion. This type of pulsed actuation is necessary for the
formation of certain of the digits.

Using the segmental design of the present invention,
the hour, the minute and the second can be displayed
with only twelve leads from one plate and four leads
from the other, making a total of 16.

Accordingly, an object of the present invention is to
provide an improved digital display device wherein the
number of conductive leads necessary is minimized.

Another object of the invention is to provide an im-
proved digital display device wherein the space occu-
pied by conductive leads is minimized.

A further object of the invention is to provide an
improved digital display device suitable for use with a
wrist watch, which is capable of displaying the hour,
the minute and the second with a minimum of conduc-
tive leads. |

Still another object of the invention is to provide an
improved digital display device wherein a plurality of
conductive segments forming characters are connected
in parallel. |
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Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from
the specification.

The invention accordingly comprises an article of
manufacture possessing the features, properties, and the
relation of elements which will be exemplified in the
article hereinafter described, and the scope of the inven-
tion will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
1s had to the following description taken in connection

with the accompanying drawings, in which:

FIG. 11s a plan view of the prior art arrangement for
displaying any digit between zero and nine;

F1G. 2 1s a side view of the device of FIG. 1 where
the device 1s indicated as being connected to a source of
alternatlng current; |

FIG. 3 1s a plan view of each of the two plates con-
structed 1n accordance with the present invention for
showing any digit between zero and nine:

FIG. 4(a) shows the equivalents of the driving cir-
cutts for operating the conventionally segmented de-
vice and the device of the present invention;

FIG. 4(b) shows the pulse sequence necessary for
displaying the digit 3 by means of the device of ti:
present invention;

FIG. 5(a) 1s a pair of panels fm' showmg six digits
simultaneously; and FIG. 5(b) is a side view thereof:

FIG. 6 is a diagrammatic representation of the circuit
to be used in combination with a display panel in accor-
dance with the present invention; and

FIGS. 7(a) and 7(b) are further embodiments of seg-
ment arrangements for showing digits.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In a conventional digital display arrangement using
liquid crystals, a sealed chamber is formed of plates A
and B with suitable gaskets where plate A has seven
segments thereon with accompanying leads as indicated
by the letters a through g. Plate B has on it a single
conductive area and lead where the conductive area is
so shaped that when plate A and B are opposed to each
other, conductive [are] area p opposes all parts of the
segments on plate A. The conventional arrangement, as
can be seen, requires seven electrical connections to
plate A and one electrical connection to plate B. A side
view of the prior art arrangement of FIG. 1 is shown in
FI1G. 2 where- it is indicated that panels A and B are
connected to a source of alternating current. For a six
digit display, one panel would require forty-two lead-
out terminals while the other panel would require only
one, since all of the areas having the shape shown at p
could be in parallel.

In the embodiment of the present invention shown in
FIG. 3, panel A has four segments thereon and panel B
has two segments thereon making a total of six segments
to which an equivalent number of lead-out terminals
must be connected. In panel A, terminal alpha leads to
the segments a and f of FIG. 1, terminal beta leads to c
and e, terminal delta leads to d and terminal gamma
leads to b and g [delta leads to d]. The electrodes on
panel B are labelled p and q and, in combination, have
the shape of FIG. 8. The correspondence between the
segments of the FIG. 3 display and the segments of the
FIG. 1 display 1s shown in FIG. 4a). To form any
required digit from zero to nine, the terminals on panel
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A and on panel B of FIG. 3 are selectively switched.
The switching sequence is shown in FIG. 4(b) for for-
mation of the digit 3. During the period labelled t,,
alpha, beta, and gamma on panel A are connected to
one terminal of a voltage source and lead p on panel B
is connected to the other terminal of the voltage source.
During this period segments a, C and d, as shown in
FIG. 1, are actuated. |

During the period t, | |, gamma and delta on panel A
and q on panel B are connected to the voltage source.
During this pulse, segments corresponding to g and d of
FIG. 1 are actuated. The pulses are provided at a fre-
quency such that retention of the image gives the 1m-
pression of continuous actuation.

Using similar techniques, any digit from zero to nine

can be formed by the arrangements of segme’nts shown

in FIGS. 3, 5a, 7Ta and 7b.

Panels A and B, suitable for showing six digits within
a restricted space and with many fewer lead-out con-
nections than are needed in the conventional arrange-
ment, are shown in FIG. §. In panel A all of the seg-
ments corresponding to a single letter (Greek) are in
parallel. Part of the alpha segment corresponding to
segment f of FIG. 1 is omitted from the top left hand

group of segments because only the numbers 1 and 2
- need be displayed. Each of the segments in each of the
digital display groups on panel B is individually con-
nected to the voltage source. Consequently, the total
number of lead-out connections required for a six-digit
display with the arrangement of the present invention is
only sixteen as against forty-three for the conventional
design. An assembled six-figure display unit in accor-
dance with the present invention is shown in side view
in FIG. 5(b) where C is a gasket spacer and D is a liquid
crystal material. The method of actuating a six-figure
display panel such as is shown in FIG. § is shown dia-
grammatically in FIG. 6. Clock pulses 1 entering Timer
Coder 1 are changed into signals B, C, and D which are
transferred to Decoder 2. Decoder 2 converts signals B,
C and D into signals for driving the electrodes from
alpha to delta. Scanner circuit 4 scans signals B, C and
D and the synchronous signal S supplied from Time
Coder 1. The combinations of signals from Decoder 2
and Scanner Circuit 4 produces the desired digital dls-
play of the time as shown on display panel 3.

As 1s obvious, the driving method of FIG. 6 can be
readily modified to operate display panels having fewer
or more than six digits and can also operate displays
where each digit consists of a number of segments dif-
fering from those shown in the embodiments thus far.

Embodiments using four segments on panel A (one
segment consisting of two, electrically connected bars)
and two segments on panel B and three segments on
panel A and three segments on panel B are shown re-
spectively in FIGS. 7(a) and 7(b). FIGS. 7a and 7b
show schematically other arrangements of segments for
showing the digits from zero to nine. In FIG. 7a the
~dashed line mdicates an electrical connection between

two vertical bars comprising a single segment. Such a
connection is shown in more detail in the left hand panel |

of FIG. 3.

It will thus be seen that the objects set forth above,
among those made apparent from the preceding de-
scription, are efficiently attained and, since certain
changes may be made in carrying out the above method
and in the article set forth without departing from the
spirit and scope of the invention, it is intended that all
matter contained in the above description and shown in
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4
the accompanying drawings shall be interpreted as iilus-
trative and not in a limiting sense.

It 1s also to be understood that the following claims
are intended to cover all of the generic and specific
features of the invention herein described, and all state-
ments of the scope of the invention which, as a matter of
language, might be used to fall therebetween.

What is claimed is:

1. An improved structure for selectively displaying
the digits from zero to nine by means of nematic liqud
crystals between opposed plates at least one of which 1s
transparent, [comprising] comprising a non-conduc-
tive first plate having thereon at least one group of

seven conductive segments essentially in the conven-

tional [FIG.-8} fi gure-S arrangement, wherein se-
together to form sub-groups whereby all of the seg-
ments in a sub-group may be actuated together; a non-
conductive second plate opposed to said first plate and
having thereon at least one conductive segmented
group in [FIG.-8] figure-8 arrangement, each group
on said second plate being in registry with a group on
said first plate and being subdivided into sub-groups of
segments, all of the segments in a sub-group being elec-
trically connected; means for applying an activating
voltage 1n pulsed sequence to each of the sub-groups in
one group on said first plate at a repetition rate suffi-
ciently great that digits, when displayed, appear to be
continuously displayed, and for applying an activating
voltage pulse to selected sub-groups of the group on
said second plate, the group on said second plate being
in registry with said one group on said first plate, said
pulsing means being adapted to supply pulses to se-
lected subgroups on said second plate in synchroniza-
tion with said pulsed sequence applied to said one group
on said first plate so as to display any selected digit for
the period during which said pulsed voltage sequence is
applied to said one group on said first plate, at least one
of said plates and the conductive segments on said one
plate being transparent.

2. The improved structure of claim 1 wherein there
are a plurality of [FIG.-8} figure-8 groups on said first
plate each divided into sub-groups identical with said
sub-groups mto which said one group is divided, each
sub-group 1n each group being separately pulsable by
said voltage-applying means in a sequence such that
every sub-group in all groups is pulsed at a high repeti-
tion rate; and a plurality of groups on said second plate
equal in number to the number of groups on said first
plate each of said groups on said second plate being in
registry with a group on said first plate, each group on
said second plate being divided into sub-groups identi-
cal with said sub-groups into which said group on said
second plate in registry with said one group on said first
plate is divided; electrical leads connecting each sub-
group one said second plate with all identical sub-
groups on said second plate; said voltage pulsing means
being adapted to selectively activate appropriate sub-
groups in synchronization with said sequenced pulses in

-said sub-groups in said groups on said first plate so as to

make visible a selected digit by each pair of groups in
registry, the digit presented by each pair of groups in
registry being independent of the digits presented by
other pairs of groups in registry, the pulsing rate being
high enough so that the presentation of any digit ap-
pears to be continuous.

3. The improved structure as defined in claim 2,
wherein the sub-groups into which the segments of the
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groups on one plate are divided are the.top, the top
right and the bottom rlght segments and the top left, the
middle, the bottom ‘left, and the bottom segments and
the sub-groups into which the segments of the groups
on the other plate are divided are the top and the top
left segments, the bottom right and the bottom left seg-
ments, the top right and the middle segments and the
bottom segment alone, the location of the various seg-
ments being related to an observer seeing all groups
through the face through which it is intended that said
structure will be viewed when in use.

4. The improved structure as defined in claim 2
wherein the sub-groups into which the segments of the
groups on one plate are divided are the top, the top
right, and the bottom right segments, and the top left,
the middle, the bottom left, and the bottom segments;
and the sub-groups into which the segments of the
groups on the other plate are divided are the top and the
top left segments, the top right and the middle seg-
ments, the bottom left and the bottom right segments,
and the bottom segment alone, the location of the vari-
ous segments being related to an observer seeing all
groups through the face through which it is intended
that said structure will be viewed when in use.

5. The improved structure as defined in claim 2
wherein the sub-groups into which the segments of the
groups on one plate are divided are the top, the top
right and the bottom right segments, the top left, the
middle and the bottom left segments, and the bottom
segment along; and the sub-groups into which the seg-
ments of the groups on the other plate are divided are
the top, and the top left segments, the top right and the
middle segments, and the bottom left, the bottom and
the bottom right segments, the location of the various
segments being related to an observer seeing all groups
through the face through which it is intended that said
structure will be viewed when in use.

6. The improved structure as defined in claim 3
wherein there are 6 groups on each of said plates, the 6
groups on each plate being divided into pairs conve-
niently disposed for displaying hours, minutes and sec-

onds wherein the left-most group in the two pairs of

groups on said first and second plates, disposed for
displaying hours, lacks the top-left segment, said left-
most groups needing to display only the digits one and
two for reading time on a 24-hour basis or to be blank.

/. A digital display device comprising a non-conductive
Jirst plate having thereon at least one group of seven con-
ductive segments essentially in the conventional figure-8
arrangement, wherein selected segments of said group are
electrically connected together to form sub-groups whereby
all of the segments in a sub-group may be actuated to-
gether;, a non-conductive second plate opposed to and
spaced from said first plate and having thereon at least one
conductive segmented group in figure-8 arrangement, each
group on said second plate being in registry with a group on

said first plate and being subdivided into sub-groups of

segments, all of the segments in a sub-group being electri-
cally connected; a material positioned intermediate said
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first and second plates and adapted so that regions thereof 60

in registration with said conductive segments are displayed
when an activating voltage pulse is simultaneously applied
to opposed conductive segments on said first and second
plates; and means for applying an activating voltage in
pulsed sequence to each of the sub-groups in one group on
said first plate at a repetition rate sufficiently great that
digits, when displayed, appear to be continuously displayed,
and for applying an activating voltage pulse to selected
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sub-groups of the group on said second plate, the group on
- said second plate being in registry with said one group on

said first plate, said pulsing means being adapted to supply

“pulses -to selected subgroups on said second plate in syn-

chronization with said pulsed sequence applied to said one
groupon said:first plate so as to-display any selected digit
Jor the period during which said pulsed voltage sequence is
applied to said one group on said first plate, at least one of
said plates and the conductive segments on said one plate
being transparent.

8. The digital display device of claim 7 wherein there are
a plurality of figure-8 groups on said first plate each di-
vided into sub-groups identical with said sub-groups into
which said one group is divided, each sub-group in each
group being separately pulsable by said voltage-applying
means in a sequence such that every subgroup in all groups
is pulsed at a high repetition rate; and a plurality of groups
on said second plate equal in number to the number of

- groups on said first plate each of said groups on said second

plate being in registry with a group on said first plate, each
group on said second plate being divided into sub-groups
identical with said sub-groups into which said group on said
second plate in registry with said one group on said first
plate is divided; electrical leads connecting each sub-group
on said second plate with all identical sub-groups on said
second plate; said voltage pulsing means being adapted to
selectively activate appropriate sub-groups in synchroniza-
tion with said sequenced pulses in said sub-groups in said
groups on said first plate so as to make visible a selected
digit by each pair of groups in registry, the digit presented
by each pair of groups in registry being independent of the
digits presented by other pairs of groups in registry, the
pulsing rate being high enough so that the presentation of
any digit appears to be continuous.

9. The digital display device as defined in claim 8,
wherein the sub-groups into which the segments of the
groups on onc plute are divided are the top, the top right
and the bottom right segrnents and the top left, the middle,
the botiom left, and the bottom segments; and the sub-
groups into which the segments of the groups on the other
plate are divided are the top and the top left segments, the
bottom right and the bottom left segments, the top right
and the middle segments and the bottom segment alone,
the location of the various segments being related to an
observer seeing all groups through the face through which it
is intended that said structure will be viewed when in use.

10. The digital display device as defined in claim 8,
wherein the sub-groups into which the segments of the
groups on one plate are divided are the top, the top right,
and the bottom right segments, and the top left, the middle,
the bottom left, and the bottom segments;, and the sub-
groups into which the segments of the groups on the other
plate are divided are the top and the top left segments, the
top right and the middle segments, the bottom left and the
bottom right segments, and the bottom segment alone, the
location of the various segments being related to an ob-
server seeing all groups through the face through which it is
intended that said structure will be viewed when in use

11. The digital display device as defined in claim 8,
wherein the sub-groups into which the segments of the
groups on one plate are divided are the top, the top right
and the bottom right segments, the top left, the middle and
the bottom left segments, and the bottom segment alone;
and the sub-groups into which the segments of the groups
on the other plate are divided are the top, the the top left
segments, the top right and the middle segments, and the
bottom left, the bottom and the bottom right segments, the
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location of the various segments being related to an ob-
server seeing all groups through the face through which it is
intended that said structure will be viewed when in use.

12. The digital display device as defined in claim 9

wherein there are 6 groups on each of said plates, the 6 5

- groups on each plate being divided into pairs conveniently
disposed for displaying hours, minutes and seconds wherein
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 the left-most group in the two pairs of groups on said first

and second plates, disposed for displaying hours, lacks the
top-left segment, said left-most groups needing to display
only the digits one and two for reading time on a 24-hour
basis or to be blank. '
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