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{57] ABSTRACT

A digital electronic timepiece wherein a fundamental
frequency signal is divided into a pulse signal of 1 Hz
corresponding to one second. Said pulse signal is ap-
plied to a plurality of cascade connected counters,
corresponding to second, minute and hour, each of
said counters being connected to a matrix circuit for
converting the output binary code rows from the re-
spective counters to binary code rows corresponding
to segments of the time display device, the output of
each of said matrix circuits being applied to a selec-
tion circuit for actuating selected segments of each
unit of the time display device in response to the out-
put binary code from the respective matrix circuit.
The display device consists of a liquid crystal display
panel having a plurality of time display units each of
which is divided into a plurality of segments arranged
so that respective combinations of each segments of
each time display units represent all digits from 0 to 9.

8 Claims, 6 Drawing Figures
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1
DIGITAL ELECTRONIC TIMEPIECE

BACKGROUND OF THE INVENTION

This invention relates to a digital electronic time-
piece wherein time display is made in a digital system
using a liquid crystal display panel.

In the prior art timepieces of this type, time display
devices are used including a specific discharge tube in
which digits 0 to 9 can be displayed by selectively turn-
ing on and off a red heat electrode in accordance with
an input signal. But this discharge tube has drawbacks
in that power consumption is generally great and the
tube is.not operable from an electric source of low volt-
age such as a battery. Since the tube is of a considera-
bly great height and thickness, it is difficult to render
it compact, so that it is not suitable for use in a wrist
watch.

SUMMARY OF THE INVENTION

A digital electronic timepiece comprising a funda-
mental frequency oscillator for generating a predeter-
mined fundamental frequency signal; a frequency di-
vider for dividing the output signal from the oscillator
and deriving a pulse signal of | Hz corresponding to
one second; a plurality of counters disposed corre-
sponding to second, minute and hour, and cascade con-
nected, in turn, to the output terminal of the frequency
divider for respectively counting the pulse signals ap-
plied from the frequency divider and simultaneously
generating binary code rows varied in response to sec-
ond, minute and hour, respectively; a liquid crystal dis-
play panel consisting of a plurality of time display units
respectively disposed corresonding to each counter,
each of said time display units being divided into a plu-
rality of segments arranged so that respective combina-
tions of said segments of each time display unit repre-
sents all digits from 0t0 9; a plurality of matrix circuits,
one being connected to each of said counters, for re-
ceiving and converting the output binary code rows
from each of said counters to the binary code rows cor-
responding to said segments of said time display units;
and a plurality of selection circuits one being con-
nected to each of said matrix circuits, for selectively
imparting drive voltage to the segments of said time dis-
play units corresponding to the output binary codes
from these respective matrix circuits.

Accordingly, an object of the invention is to provide
a novel digital electronic timepiece utilizing a liquid
crystal display which permits the display device to oc-
cupy a very small space and consume a very small
quantity of electric power.

Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from
the specification and drawings.

The invention accordingly comprises the feafures of
construction, combinations of elements, and arrange-
ment of parts which will be exemplified in the construc-
tions hereinafter set forth, 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
is had to the following description taken in connection
with the accompanying drawings, in which:
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2

FIG. 1 is a general block diagram of a digital elec-
tronic timepiece illustrating an embodiment of the in-
vention;

FIG. 2 is a full schematic and block diagram of the
circuit of a digital electronic timepiece according to the
invention;

FIG. 3 is a chart showing the corresponding relation-
ship of the output binary code with respective counting
numbers in the decimal counters, the sextuple denota-
tion counters and the ternary denotation counter of
FIG. 2;

FIG. 4 is a chart showing the corresponding relation-
ship of time display digits on the respective time display
units of the liquid crystal display panel of FIG. 2 with
the respective input binary codes and output binary
codes in the decimal matrix circuits, sextuple denota-
tion matrix circuits and ternary denotation matrix cir-
cuit of FIG. 2;

FIG. 5 is a circuit diagram of an embodiment of any
one selection circuit of FIG. 2 and associated time dis-
play unit in the liquid crystal display panel of FIG. 2;
and '

FIG. 6 is a cross sectional view showing an example
of the respective time display units in the liquid crystal
display panel according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1, an outline of one embodi-
ment of the digital electronic timepiece according to
the invention is depicted wherein 1 indicates a funda-
mental frequency oscillator for generating precise fun-
damental frequency signals as later described using, for
example, a quartz crystal oscillator. 2 indicates a fre-
quency divider circuit for dividing fundamental fre-
quency signals from the oscillator 1 and deriving pulse
signals of 1 Hz corresponding to one second. 3 indi-
cates a counter circuit for counting pulse signals from
the frequency divider 2 to form second, minute and
hour signals and simultaneously drawing out by con-
verting these respective signals into binary code respec-
tively varied in response to second, minute and hour.
4 indicates a matrix circuit for receiving the output bi-
nary code signals from the counter circuit and convert-
ing the same into the binary codes corresponding to the
number of segments (7 segments in case of this em-
bodiment) of the respective time display unit in the lig-
uid crystal display panel as later described. § indicates
a selection circuit selectively imparting drive voltage,
in response to the output binary codes from the matrix
circuit 4, to segments of the time display units in the
liquid crystal display panel 6 which actually display
time. 7 indicates a control circuit for making correc-
tions in the time displayed, 24 reset and zero reset on
the respective time display units in said liquid crystal
display panel 6 as later described. 8 indicates a power
source for operating each of the above-mentioned cir-
cuits.

FIG. 2 is a detailed view of the circuit construction
of FIG. 1 wherein said fundamental frequency oscilla-
tor 1 has a quartz crystal vibrator having a natural fre-
quency of, for example, 16,384 Hz. After having once
converted the oscillating output signal from the quartz
vibrator into a rectangular pulse through a-waveform
shaper (not shown), the oscillator continuously
supplies the rectangular pulse of 16,384 Hz to the fre-
quency divider circuit 2. The frequency divider circuit
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consists of, for example, fourteen cascade connected
flip-flop circuits and continuously generates pulse sig-
nals of 16,384/2'* Hz = | Hz corresponding to 1 second
as an output signal. The output signal from the fre-
quency divider circuit 2 is then supplied to the counter
3.

Since this timepiece provides a digital display of time
consisting of two digits or places representative of each
of the hour, minute and second, said counter circuit is
constituted by six portions, namely, a decimal counter
3a for displaying the one second place, a sextuple deno-
tation counter 3b for displaying the ten second place,
a decimal counter 3¢ for the displaying 1 minute place,
a sextuple denotation counter 3d for displaying the 10
minute place, a decimal counter 3e for displaying the
1 hour place and a ternary counter 3f for displaying the
ten hour place. These counters 3a to 3f are so designed
as to perform the counting operation by the fall off of
the respective input pulses.

FIG. 3 is a view showing the corresponding relation-
ship of output binary code with the respective number
of counted pulses in said decimal counters 3a, 3¢ and
3e, sextuple counters 3b and 3d and ternary counter 3f.
As will be apparent from FIG. 3, when the tenth pulse
of 1 second has reached decimal counter 3a from said
frequency divider, one pulse from the output terminal

Dj, of the counter 3a is, at the time of the fall off of the *

1 second pulse, sent to the next stage, i.e., the sextuple
counter 3b. In this way, when the sixth pulse (corre-
sponding to the sixtieth second) is added to the sextu-
ple counter 3b, one pulse from the output terminal Cy,
is sent to the next stage i.e., decimal counter 3c.
Similarly, the output signal from the preceding counter
is in turn sent to the succeeding counter and driven in
the order of decimal counter 3¢ — sextuple counter
3d — decimal counter 3¢ — ternary counter 3f;
Matrix circuitry 4 consists of decimal matrix circuit
4a, sextuple matrix circuit 4b, decimal matrix circuit
4c, sextuple matrix circuit 4d, decimal matrix circuit 4e
and ternary matrix circuit 4f. The respective matrix cir-
cuits 4a to 4f are each connected to the corresponding
one of counters 3a to 3f. Each of the time display units
6., 6;, 63, 64, 65, and 6 in the liquid crystal display
panel 6 are respectively constituted by seven unit seg-
ments. Ly~Lis, Lyi—Laz, Ly-Las, Ly—Ly, Lsi-Ls; and
Lsi—Le7, the seven segments of each time display unit
being combined with each other as a seven bar display
defining the arabic numeral 8 as shown in FIG. 2. Ac-
cordingly, matrix circuits 4a and 4f are so constituted
as to derive Outputé A41~A46, B41—B46, C41—C46, D41—'D48,
E4—Eqe, F41=F4 and G4,-Gy, each group of seven out-
puts consisting of seven kinds of binary codes respec-
tively corresponding to seven kinds of segments. The
said seven output binary codes from each of matrix cir-
cuits 4a to 4f are applied to one of six selection circuits
Sa, 5b, 5¢, 5d, Se and 5f. The seven kinds of output bi-
nary codes As;—Asg, Bs~Bss, C51—Cse, Dsi—~Diss, Esi~Ese,

Fs;—Fs6 and G;,—Gs; from selection circuits 5a to 5f are |

applied to the corresponding segments L,;—Lg;, L1o~Les,
LIS“LG:): L14—Ls4, Lls—Lss, L;s—Lss and L17—L67 of time
display units 6, to 6 in said liquid crystal display panel

FIG. 4 is a chart showing the corresponding relation-
ship of time display digit on the respective time display
units 6, to 64 in liquid crystal display panel 6, with the
respective input binary codes and the output binary
codes in the decimal matrix circuits 3a, 3c and 3e,
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sextuple ‘matrix circuits 3b and 34 and ternary matrix
circuit 3f of FIG. 2. FIG. § is a view showing an em-
bodiment of the circuit of a selection circuit and time
display unit of FIG. 2. In said embodiment, seven out-
put binary codes Ay to G, from matrix circuits 4a
which correspond to the one second place are applied
to the input terminal of the respective base of seven
NPN type emitter grounded transistors Ty, T,, T, Ty,
Ts, Te and T; constituting selection circuit Sa. Load re-
sistor R is respectively connected between the output
terminal of the collector of these transistors and the
terminal + Vcc of the power source. Seven respective
unit Segments Lll’ le, Ll39 L14, L15, LlG and L17 of time
display unit 6, in said liquid crystal display panel 6 are
connected between the output terminal of the collector
of said transistors T; to T; and ground.

FIG. 6 is a cross sectional view showing an example
of the respective time display units in said liquid crystal
display panel, in which a transparent front glass panel
7 and a back glass panel 9 are positioned and spaced
a fixed distance apart from each other, a transparent
electrode 8 is deposited to the inner surface of the front
glass panel 7 and nickel is deposited to the inner sur-
face of the back glass panel 9. After liquid crystal 12
has been received in the space defined by the front and
back glass panels 7 and 9 thus formed, the outer cir-
cumference is sealed airtight by means of spacers 11
made of suitable ‘plastic materials. In this case, the
nickel deposited on the inner surface of said back glass
panel 9 is divided into seven segments positioned in
said seven bar display to define arabic numeral 8, as de-
scribed above. The liquid crystal display panel 6 is
formed by the combination of six time display units 6,
to 6¢ having the above mentioned construction. Light-
ing electrodes 13 and 14 having a square shape are
preferably disposed in a portion of the display panel
corresponding to the boundaries between the hour,
minute and second digits as a marker for such bounda-
ries as shown in FIG. 2. Power source V.. is connected
to these respective lighting electrodes 13 and 14
through respective resistors R.

The operation of the digital electronic timepiece of
the present invention having the above-mentioned con-
struction is as follows. Suppose that six pulses are sup-
plied to the decimal counter 3a from said frequency di-
vider 2, then the content of the output binary code A;;,
Bsi, Ca1, Dy, is 0,1,1,0 and binary codes Ay, By, Cay,
D.i, Eq, Fa, Gy of the decimal matrix circuit 4a are
0,1,0,0,0,0,0 (see FIG. 4). Accordingly, inputs are ap-
plied to only transistor T, of the selection circuit and
not applied to the other transistors, so that only transis-
tor T; becomes “‘on.”” That is to say, since the collector-
emitter voltage of the transistor T, becomes approxi-
mately zero, voltage is not applied to the segment L,,
of the liquid crystal display panel. Further, since input
signals are not supplied to the other transistors, each
transistor becomes “off”” and the collector voltage of
each transistor is in accord with the power source volt-
age, so that voltage is applied to the segments L ;, L3,

Ly, Lys, Lig and L,; and thus arabic numeral 6 is dis-
played by the electric field effect on the nematic liquid
crystals 6. When decimal counter 3a counts ten pulses,
one pulse is sent to a sextuple counter 3b. When the
sextuple counter 3b counts six pulses, one pulse is sent
to decimal counter 3c. Similarly, sextuple counter 3d,
decimal counter 3e and ternary counter 3fin turn oper-
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ate to produce a digital display of hour, minute and sec-
ond.

An and-gate 15 is provided for displaying zero hour,
zero minute and zero second after having displayed 23
hours, 59 minutes and 59 seconds. Namely, at the time
of 23 hours and 59 minutes, the output Cy; of decimal
counter 3e is zero and the output By, of ternary counter
3bis 1. The output Cy; of decimal counter 3e becomes
1 by the next pulse and the output By of ternary
counter 3b remains at 1. Accordingly, the output of
and-gate 15 becomes 1 and decimal counter 3¢ and ter-
nary counter 3b are returned to zero, so that zero hour,
zero minute and zero second is displayed instead of 24
hours, zero minute and zero second.

S, indicates a switch for correcting the indication
error of the watch and the input of each counter is con-
-nected to the power source +V,, through this switch.
When the switch S, is closed at a certain correct time
in response to, for example, the radio announcement
of the time, voltage is applied to the reset terminal of
each counter, and sextuple counter 3d, decimal
counter 3c, sextuple counter 35 and decimal counter 34
are respectively reset at one time, and thus zero minute
and zero second are displayed. Further, switches S, to
Se are provided for the purpose of optionally correcting
the display of hour, minute and second. When the
switch corresponding to the optional time display unit
is operated, the display on the time display unit is ad-
vanced by one increment upon each operation and thus
correction can be made. Diodes 164, 165, 16¢, 164 and
16¢ operate as a buffer for preventing the supply of sig-
nals to the preceding matrix circuit at the time of the
operation of switches S, to S;."

The use of a liquid crystal display panel results in
small power consumption while permitting digital dis-
play, and since a low voltage is used for operation of
the circuit, the display can operate continuously for a
long time although powered by a battery.

Accordingly, lines for the connection of a power
source becomes unnecessary, so that, the device may
be conveniently moved. Further, the use of the liquid
crystal display panel makes the thickness of the display
unit itself, and accordingly of the timepiece, very thin,
so that the timepiece can be made compact. Further,
the display is very visible in lighted places exposed to
the direct rays of the sun. Further, since a liquid crystal
display panel is used, the flexibility of design of the dis-
play panel is increased. Thus, various effects are ob-
tained.

It will thus be seen that the objects set forth above,
and those made apparent from the preceding descrip-
tion, are efficiently attained and, since certain changes
may be made in the above construction without depart-
ing from the spirit and scope of the invention, it is in-
tended that all matter contained in the above descrip-
tion or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims
are intended to cover all of the generic and specific fea-
tures of the invention herein described; and all state-
ments of the scope of the invention which, as a matter
of language, might be said to fall therebetween.

What is claimed is:

1. A digital electronic timepiece comprising a crystal
oscillator means for generating a high frequency time
standard signal; frequency divider means for dividing
the output signal from said oscillator means and deriv-
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ing a pulse signal of 1 Hz corresponding to one second;
a plurality of counter means respectively correspond-
ing to second, minute and hour, and cascade con-
nected, in turn, to the output of the frequency divider
means for respectively counting the pulse signals ap-
plied from the frequency divider means and simulta-
neously generating binary code rows varied in response
to second, minute and hour, respectively; a liquid crys-
tal display panel consisting of a plurality of time display
units corresponding respectively to said counter means,
each of said time display units being divided into a plu-
rality of segments arranged so that respective combina-
tions of said segments of such time display unit repre-
sent all digits from 0 to 9; a plurality of matrix circuit
means, one being connected to each of said counter
means for continuously, during the operation of said
divider means, receiving and converting the output bi-
nary code rows from each of said counter means to the
binary code rows corresponding to said segments of
said time display units; a plurality of selection circuit
means, one being connected to each of said matrix cir-
cuit means for continuously, during the operation of
said divider means, selectively imparting a driving volt-
age to the segments of said time display units corre-
sponding to the output binary codes from the respec-
tive matrix circuit means; a power source including bat-
tery means for driving said oscillator means, divider
means, counter means, matrix circuit means, selection
circuit means and liquid crystal display panel said se-
lection circuit means including a plurality of transistor
means each having an emitter to collector path and a
base, each of said emitter to collector paths being con-
nected between an output terminal and ground, the bi-
nary codes from said matrix circuit means being re-
spectively individually applied to the base of one of said
transistor means, and a load resistor connected betwen
each output terminal and said power source, each seg-
ment of each time display unit in said liquid crystal dis-
play panel being connected between the output termi-
nal of one of said transistor means and ground.

2. A digital electronic timepiece as described in claim
1, wherein said oscillator means includes therein at
least one quartz crystal oscillating element generating
a predetermined frequency signal, and means for form.-
ing the output frequency signal from the oscillating ele-
ment into rectangular pulses.

3. A digital electronic timepiece as described in claim
1, wherein said frequency divider means includes a plu-
rality of mutually cascade-connected flip-flop circuits,

4. A digital electronic timepiece as described in claim
1, wherein said plurality of counter means consist of six
counters for counting the one second place, ten second
place, one minute place, ten minute place, one hour
place and ten hour place, said counters being cascade
connected one counter with another in turn.

5. A digital electronic timepiece as described in claim
1, wherein said liquid crystal display panel includes six
time display units each of said time display units includ-
ing a pair spaced transparent glass panels, a transparent
electrode deposited on the inner surface of one of said
pair of transparent glass panels, a segmented electrode
deposited on the inner surface of the other glass panel
and having a plurality of unit segments formed into an
array adapted to selectively display the digits 0 to 9
when selected combinations of said segments are actu-
ated, fluid crystal received between said pair of said
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glass panels, and means for air tight sealing of the outer
circumference of the liquid crystal.

6. A digital electronic timepiece as described in claim
5, wherein said segmented electrode is formed of
nickel.

7. A digital electronic timepiece as described in claim

5, wherein the array of said segmented electrode de-

8

fines a seven-bar display defining the numeral 8.
8. A digital electronic timepiece as described in claim
1, including switch means, said counter means being
provided with reset terminals through which said
5 counter means can be optionally and selectively set to

0 by said switch means. )
* * * * *
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