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ELECTRONIC WATCH 

BACKGROUND OF THE INVENTION 

In general, this invention is directed to small-sized 
electronic timepieces such as wrist watches, and in par 
ticular to circuitry for driving a digital display in a 
small-sized electronic timepiece in a manner which 
produces minimal power consumption. 

In small-sized electronic timepieces of the prior art, 
each of the digital display elements representing units 
of time such as hours, minutes and seconds are driven 
simultaneously to thereby render same viewable to the 
human eye. Because of the excessive amount of power 
required to light such digital displays, it has been neces 
sary to limit the length of time that the digital display 
elements could remain lit. If the amount of time is not 
considerably limited, the increased power consumption 
caused by lighting the digital display elements will have 
a marked effect of the life of the battery used in the 
electronic timepiece, it being recognized that the ca 
pacity of such batteries is seriously limited in small 
sized electronic timepieces by obvious space limita~ 
tions. Thus, it is necessary to provide a digital display 
which is easily viewable yet provides minimum power 
consumption. 

SUMMARY OF THE INVENTION 

Generally speaking, in accordance with the inven 
tion, an electronic timepiece circuit is provided for 
driving a digital display in a manner which reduces the 
power consumption thereof. The electronic timekeep 
ing circuit includes a high frequency signal generating 
oscillator, a multi-digit digital display, each digit 
adapted to display a particular unit of time, and logic 
circuitry for receiving the high frequency time standard 
signal from the oscillator and providing same to drive 
circuits which are adapted to energize the display ele 
ments. Within the logic circuit is a timing control cir 
cuit which causes the drive signals supplied by the drive 
circuits to the display elements to be applied to each 
digit sequentially, the duty cycle being selected so as to 
render the display elements simultaneously visible to a 
viewer. 
When the display elements are formed from seg 

mented digital display elements, the timing control cir 
cuit is further adapted to provide sequential energiza 
tion of the segments as well, the duty cycle combining 
with the after-image effect of the display elements to 
render the display elements simultaneously viewable by 
the viewer. 
Accordingly, it is an object of this invention to pro 

vide an improved small-sized electronic timepiece in 
cluding a digital display wherein power consumption is 
minimized. 

It is a further object of the instant invention to pro 
vide an improved small-sized electronic timepiece 
wherein hours, minutes and seconds are not displayed 
simultaneously yet appear to be when viewed. 

It is a further object of the instant invention to pro 
vide an improved small-sized electronic timepiece 
wherein voltage drops caused by the internal resistance 
of the digital display are eliminated. 

It is still a further object of this invention to provide 
an improved electronic timepiece including a digital 
display wherein battery life is extended by the sequen 
tial energization of the digital display elements. 
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2 
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 the features of 

construction, combination of elements, and arrange 
ment of parts which will be exempli?ed in the construc 
tion 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: 

FIG. 1 is a circuit diagram of an electronic timepiece 
including a digital display for providing minimal power 
consumption and constructed in accordance with the 
instant invention; 
FIG. 2 is a wave diagram of signals applied to the dis 

play circuit depicted in FIG. 1; 
FIG. 3 is a circuit diagram of an electronic timepiece 

including a digital display constructed in accordance 
with still another embodiment of the instant invention; 
FIG. 4 is a wave diagram of the pulses applied to the 

digital display depicted in FIG. 3; and 
FIG. 5 is a wave diagram of the signals of still another 

embodiment, the signals being applied to the digital dis 
play in accordance with the instant invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, an electronic time-keeping cir 
cuit in accordance with the invention is provided, in 
cluding a high-frequency signal generator A, the output 
of which is applied to logic circuit B, the output of 
which is, in turn, applied to drive circuits C. Said drive 
circuits are coupled to a digital display D. The high— 
frequency signal produced by the oscillator of signal 
generator A is provided to a divider circuit 10 formed 
from a chain of multi-stage dividers which produce a 
lower frequency signal; for example, a one-second sig 
nal for application to counter/decoder circuit 12, and 
an intermediate frequency signal for application to tim 
ing control circuit 11. 
Timing control circuit 11 consists of a digital matrix 

which produces, from the signal applied thereto, eight 
sequential pulse signals to more particularly shown in 
FIG. 2, six of which are applied to the output of timing 
control circuit 11, which output is applied to drive cir 
cuit l3 and counter/decoder circuit 12. 
Counter/decoder circuit 12 includes a further divider 

chain, which produces time-keeping signals representa 
tive of each digit of time on a continuous basis from the 
signal received from divider circuit 10. Display D in 
cludes an hour, minute and seconds display having six 
digits, each of the digits formed of seven segments. The 
segmented display, generally known as a seven-bar dis 
play, is depicted, by way of example, in FIG. 3 of US. 
Pat. No. 3,756,011, which issued on Sept. 4, 1973. The 
display elements defining each segment of each digit 
are preferably formed of gallium arsenide phosphide 
light-emitting diodes in the timepiece in accordance 
with the invention. In order to minimize power con 
sumption, each of the six digits of time is sequentially 
energized for the duration of the associated pulse from 
timing control circuit 11 as shown in FIG. 2. The duty 
cycle for the output of timing control circuit 11 is 
chosen so that one viewing the display would not notice 
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the ?ickering thereof due to retinal retention. A prefer 
able pulse width is of the order of l/256th of a second. 
Thus, instead of simultaneously energizing all of the 
digits, the digits are sequentially displayed at such 
speeds that it appears that all are lighted simulta 
neously. Such a display sequence utilizes one-half or 
less of the power that a digital display utilizes when all 
of the digits are lit at the same time. The embodiment 
of FIG. 1 may take two forms. In a first embodiment, 
like segments on each of the six digits would be con 
nected to a common drive circuit 14, which in turn 
could be connected to respective decoders or to a com 
mon decoder connected to respective counter circuits, 
the selection of the counter circuit coupled through 
drive circuit 14 to the digital display being controlled 
by the pulses from timing control circuit 11 in coordi 
nation with the actuation of the digits through drive cir 
cuit 13. This embodiment would save substantial cir 
cuit elements, requiring only a single drive circuit 14, 
or if desired, a single decoder for converting the BCD 
output of the respective counters into a seven signal 
output suitable for driving the seven bar display. In 
such an embodiment, a logic circuit incorporated in 
counter/decoder 12 would perform the selective con 
nection of either the counters or decoders, if more than 
one decoder is provided. 
A second embodiment is depicted in FIG. 3 wherein 

like reference numerals are applied to like elements. In 
this embodiment, each of the segments of each of the 
digits are sequentially actuated. Thus, not only are each 
of the digits sequentially actuated, but each of the seg 
ments within each of the digits are sequentially actu 
ated. A low frequency output of divider 10, for exam 
ple a l-second signal, is applied to counter/decoder 12' 
while intermediate frequency outputs are applied to 
timing control circuit 11'. Said timing control circuit 
generates seven kinds of segment codes, corresponding 
to each segment of each digit, and six kinds of digit 
codes, corresponding to each separate digit. Coun~ 
ter/decoder circuit 12' produces timing signals repre 
sentative of each digit of time in a chain of counters. As 
discussed above in connection with FIG. 1, these time 
keeping signals can be applied to either a common de 
coder or to separate decoders associated with each 
digit of time, the output ofthe common decoder or sep 
arate decoders being applied to a drive circuit 14’. 
The output signals from timing control circuit 11 ’ op 

crate through a logic circuit in counter/decoder circuit 
12' so that each segment of each digit is sequentially 
actuated. This effect is achieved by assigning a time slot 
in the duty cycle to each segment of each digit. The sig 
nal applied in each time slot can come from either a 
common drive circuit 14' or decoder, in which case 
logic circuitry in counter/decoder circuit 12’ would se 
lectively apply the output of the respective counter cir 
cuits of the counter chain to the common drive circuit 
14’, or through separate decoder and drive circuits for 
each digit, in which case the output of the respective 
drive circuit would be energized by the signals from 
timing control 11' through a suitable logic circuit. 

Similarly, each of the digits would be separately ener 
gized by signals applied from timing control circuit 11’ 
through drive circuit 13'. 

It is noted that the segment code signals and the digit 
code signals applied from divider 10 to timing control 
circuit 11’ may be of 2,048 Hz and 256 Hz respectively. 
The segment signals and digit signals produced by tim 
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4 
ing control circuit 1 1 ’ are shown in FIGS. 4a and 4b re 
spectively. Since there are seven segment electrodes in 
each digit and six digits, there are 42 separate elements 
that can be energized. If a duty cycle is selected to be 
less than l/42, each segment of the digit display can be 
independently and sequentially lit. In this manner, only 
one segment is energized at any instant, so that the en 
ergy required to drive the display is 1/3 to ‘A that con 
sumed by a conventional digital display wherein all of 
the digits are simultaneously energized. Moreover, the 
frequency at which a display is energized is greater than 
or equal to 32 Hz, the after-image effect of the human 
eye eliminates the ?icker in the display. In this manner, 
low temperature operation with a continuous display 
can be achieved in a satisfactory manner. 

In a third embodiment of the arrangement in accor 
dance with the invention, advantage is taken of the fact 
that the viewer cannot efficiently view the six digits of 
a time display simultaneously. In the third embodiment, 
both hour digits, both minute digits and both second 
digits are sequentially displayed in turn, two by two. As 
more particularly shown in FIG. 5, the gate signals for 
driving both hour digits is represented by waveform c, 
the gate signals for driving both minute digits is repre 
sented by waveform d, and the gate signals for driving 
both second digits are represented by waveform e. If 
the delay time t is set at l/16 second or more, a distinct 
and readable time display is provided wherein the 
hours, minutes and seconds are sequentially displayed. 
Further savings and energy consumption can be 
achieved by combining the instant embodiment with 
the embodiment of FIGS. 1 and 3 respectively. 
Various embodiments of the invention in accordance 

with the invention utilize the after-image effect of the 
human eye, as well as the high light-producing effi 
ciency in relation to current characteristic of light emit 
ting diodes to provide an electronic timepiece having 
lower power consumption and an enhanced display. 
The watch construction in accordance with the inven 
tion can be simply constructed through the use of inte 
grated circuitry techniques. 

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 the above construction, it is 
intended 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: 
I. In an electronic timepiece having oscillator means 

for producing high frequency timekeeping signals; mul 
ti-state divider circuit means for producing a low fre 
quency timing signals from said high frequency time 
keeping signal, and digital display means for the digital 
display of time in response to said timing signals, said 
digital display means including at least two digits of 
time each digit of time being defined by a plurality of 
segments, the selective energization of certain seg 
ments effecting the display of numerals from 0 to 9, the 
improvement which comprises timing control circuit 
means operatively coupled to each of said segments of 
said digital display means to sequentially and repeti 
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' tively energize each segment of each digit of time, said 
timing circuit control means being coupled to said di 
vider means for receiving an intermediate frequency 
cycle control signal therefrom whereby each segment 
of each digit is actuated during a separate slot of each 
cycle of said timing control circuit means. 

2. An electronic timepiece as recited in claim 1, 
wherein said digital display means includes digits for 
the display of at least hours and minutes, said timing 
control circuit means additionally sequentially actuat 
ing the hours digits as a unit and the minutes digits as 
a unit. 

3. An electronic timepiece as recited in claim 1, 
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wherein said timing circuit control means sequentially 
energizes each of the digits of time. _ 

4. An electronic timepiece as recited in claim 3, 
wherein the duty cycle for the sequential energization 
of each of the segments and digits of the digital display 
means is such as to render said digits simultaneously 
visible to the human eye. 

5. An electronic timepiece as recited in claim 1, 
wherein the duty cycle of the timing control circuit 
means for the sequential driving of all of said segments 
is such as to render same simultaneously visible to the 
human eye. 

* * * * * 


