Description

This invention relates to an electronic timepiece able to indicate
at least the hours,_ minutes and seconds and having means for making a
fine time setting, i,e. to correct the seconds indication.

Electronic timepieces and more particularly analogue or digital
watches exist in which the display of the secondsis automatically reset to
zero when switching from the normal operating state to a correction
mode in which it is possible to modify the indication of the minutes with
or without that of the hours. Timepieces also exist in which this zero-
resetting operation is performed upon resfarting the timepiece, when
returning to normal operation. In this case, there are two possibilities:
eithé-r the zero resetting operation is performed only if a modification

‘of the minutes indication has indeed taken place, or it is systematic.

Such timepieces have at least one common drawback: there is
always a risk that the user might unwittingly lose the exact time. This
will occur for instance if he possesses a watch having a stem which,
when pulled out, enables .c-orrec-ti‘on of the minutes or some other infor-
mation, such as the date or the hours, depending on whether it is rotated
in one direction or the other or at different speeds, and if he accidentally
changes the minutes when he only wished to modify the other information.

In other known watches, it is possible to perform a rough time
setting, i.e., an a-djustment of the minutes without altering the seconds
display which keeps progressing normally during correction, and also to
reset the seconds to zero, e.g. on hearing a radio time signal, withput
having to adjust the minutes first ar even to put the watch in a mode in
which this adjustment can be made.

Unfortunately, these latter watches, unlike many of those first des-
cribed, always have several controlmembers made up of either push-buttons

6n1y or of a stem and one or more push-buttons, and quite often one of

these control members has no other function ‘than to control the fine time

.setting.



The current trend is to reduce to a minimum the number of these
control members and, whenever possible, to use only a rotary stem
having two or more axial positions, even with watches having many
functions. This single stem concept results in a watch which is more
attractive and which requires less complicated and more intuitive
handling since it is akin to the mechanical watch. Furthermore, such a

watch is easier to make and gives rise to fewer water-resistance

problems.

A main object of the invention is to provide a timepiece which,
although it preferably has only one control member, enables the user,
selectively either to correct the minutes, to correct the seconds, or io
adjust both for a complete time setting.

Another object of the invention is to so design a timepiece that
there is no or at least very lettle likelihood for the user unwittingly to
lose the exact time once he has it,

To these ends the invention provides a timepiece which comprises
a time base for generating a standard frequency signal, a frequency
dividing circuit coupled to the time base for generating time pulses, a
display unit able to indicate at least the minutes and the seconds in
response to the time pulses, a manual control member and a correction
circuit which, wheﬁ the control member is actuated in a first way, causes
the timepiece to switch from a normal operating mode to a correction
mode in which the minutes indication can be correéted by actuating the
control member in a second way, wherein the correction circuit
comprises a control circuit for resetting the seconds to zero which (a),
in the case where the control member has only been actuated in the first
way and in the case where the control member has successively been
actuated in both the first and second ways, enables the timepiece to be
put in a transitory zero-seconds resetting mode for a set maximum
period, e.g. about one minute, from the moment the timepiece ceases to

be in the correction mode, and which {b) is arranged (i) instantaneously



to act on the display unit so that the seconds indication is reset to zero
and to cause the timepiece to switch back to the normal operating mode
when the control member is actuated in a third way before the end of
said period, and (ii) to cause the-timepiece only to switch back to the
normal operating mode at the end of said period if the control member
has not been actuated before.

Preferably, the timepiece according to the invention is so designed
that normal progression of the seconds. indication is not interrupted when
the timepiece is in the correction mode, nor when it is in the transitory
zero-seconds resetting mode, as long as the control member is not
actuated in the third way.

~ The timepiece will of course always indicate the hours too. The
correction circuit can thus also be designed to enable correction of this
indication alone by actuating the control member in a fourth way when
the timepiece is in the correction mode. In this case, it is preferred
that the correction circuit be arranged to cause the timepiece to switch
back directly from the correction mode to the normal operating mode,
when only the hours indication has been altered. The same applies. if
the timepiece is designed to correct both the minutes and the hours by
actuation of thé control member in the second way and if the fourth way
is reserved for other information, e.g. a date.

The control member may consist of a rotatable stem axially
movable between at least three positions: a stable neutral position, a
- stable outer position and an unstable inner position. The first, second,
third and fourth ways of actuating the control member may then consist,
respectively, in moving the stem from the neutral position to the outer
position, in rotating it slowly, in moving it temporarily from the neutral
position to the inner position and in turning it rapidly, the timepiece |
switching back from the correction mode to the normal operating mode when

the stem switches from the outer position to the neutral position.



The invention will be better understood in reading
the following description of a possible embodiment when the
timepiece is a watch of digital type. In the drawing accom-

panying this description :

Figure 1 is a diagrammatic frdnt view of a digital watch according
to the invention;

Figure 2 is a block diagram of a circuit with which the watch of
Figure 1 may be provided;

Figure 3 is a detailed diagram showing one possible form of
embodiment of a zero-seconds resetting circuit used in Figure 2; and

Figures 4a to 4d are.-'signal diagrams illustrating the operation

of the Figure 3 circuit in a variety of possible situations.

For the sake of simplicity, it will be assumed that the watch shown

in Figure 1, which is provided with a six-character electro-optic display
arrangement 1, is only intended to indicate simultaneously and permanen-'
tly the hours, the minutes and the seconds, to the exclusion of other
functions such as calendar, alarm and chronograph functions. ' On the-
other hand, it enables the user to modify the hour alone according to the
time zone in which he happens to be.

The watch has a single control member consisting of a rotatable
stem 2 which may be moved axially between three positions, i.e. a stable
neutral position I, corresponding to normal operation of the watch, a
stable outer position II and an unstable inner position IIl in which a
return s_pi'-'-ing permanently tends to move the stem back to its normal
position I, |

Moving stem 2 from neutral position I to outer position II causes
the watch to switch to the hours and minutes correction mode. While in
.this mode the display of the hours and minutes continues to progress
normally and flashes, at a frequency of e.g. 1 Hz, as.long ‘
as stem 2 is not subjected to rotation. In this correction mode, it is
possible to perform either a rough time setting, i.e. a modification of

the indication of the minutes and possibly, as a result, of the hours, or

-
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a modification of the hours indication alone. It is of course also possible
tfo combine these two kinds of correction to speed up time setting when
the difference between the exact time and that displayed by the watch is
great.

A rough time setting is performed by rotating stem 2 slowly in
one direction or the other depending on whether the watch is to be put
forward or -put'ba"ck. A modification of the hours indication is performed
by subjecting the stem to one or more rapid rotations, each rotation
causing the number of hours displayed to increase or to decrease by one
unit. In both cases, the flashing action of the display is interrupted |
during correction. _

Throughout the time stem 2 is in outer position II, the seconds
indication progresses in a normal way.

If, after having pé:rfor.med-a change of hour only, stem 2 is retur-
ned to neutral position I, t-hé watch immédia-tely starts working normally
again,

If, on the other hand, the same operation is performed after
simply pulling out stem 2 without rotating it or after having made a rough
time se‘ttin-g with or without a change of hour, the watch then switches
automatically and for a set time, e.g. about one minute, to a mode
enabling, if required, the seconds to be reset to zero.

From the outside, the only noticeéble difference between this
mode and the normal operating mode is that the seconds display flashes
while otherwise progressing normally.

If, during -th—e set time of about one minute, a more or less short
pressure is applied to stem 2 to move it temporarily into position III,
the sécondsdis—play is then effectively reset to zero and the watch switches
immediately back to the normal operating mode. And if, just before
depressing stem 2, the watch displays over thirty seconds, the minutes
indication is incremented bj one unit. -

On the other hand, if the stem is not depressed before the end of
the one minute period, the watch then switches back automatically to

normal operation, without modifying the seconds indication.
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In all cases, from the moment the watch has started to operate
normally again any pressure or new pressure on the stem remains of
course ineffective.

Providing such a transitory mode for resetting the seconds to
zéro, except in the case of a change of hour done when it 1s not really
justified, turns out to be a very neat and simple way of solving the
problem: although the watch has only one control member, in this case
a time setting stem, the user can, at will, perform a fine time setting
only, by acting on the seconds alone, or a rough time setting only, or
both together, i.e. a complete time setting.

‘Since the seconds display is neither stopped nor reset to zero as
long as stem 2 is not moved to position III, in the cases where the above
transitory mode is provided, the chances of the user accidentally losing
the exact time are practically eliminated since for ‘this he would have to
perform two false moves in succession.

For example, if the user inadvertently pulls the stem out without
intending to perform any kind of correction, he will obviously take care
to return it to the neutral position and not to depress it completely.

Another example: if, when wanting to perform a change of hour
only, the user modifies the minutes .ind-ication by unwittingly rotating the
stem slightly after having pulled it out or by rotating it intentionally
but too slowly, it will then be a simple matter for him to readjust the
watch, possibly bearing in mind the fact that the seconds display may
in the meantime have gone through zero. There again, he should take
care to move stem 2 back to position I after having performed the
required change inhour indication.

There remains the possiblity of the wearer, after ha-viﬁg made a
correction, depressing stem 2 too far, causing it to move from position
II to position III, before letting it return to normal position I. If the
correction consists only in a niodification of the hour alone, there is no
risk since, in this case, the transitory mode is not involved. If, however,
the correction consists in a rough time setting, it does not matter if the

_seconds are reset to zero, even though the wearer did not want this, since

the minutes were wrong already.
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But, if the possibility of an unintentional resetting of the seconds
to zero is to be totally eliminated, it is a simple matter to provide the
watch with means for inhibiting the influence of a pressure on stem 2 for
one second or more after it has béen moved from position II back to
position I or with a time delay device such as that described in Swiss
Patent Specification 608 933, wherein pressure exerted on a control
member, in this case a push-button, only becomes effective if it is
kept up for a sufficient length of time, e.g. more fhan one second. Such
means can easily be added to an electronic circuit such as that shown in
Figure 2 which will now be described.

This circuit comprises a time base 3, e.g. a quartz oscillator,
for generating a standard frequency signal of e.g. 32768 Hz. This signal
is applied to the input of a frequency divider 4 made up of a plurality of
fli-p-ﬂops connectéd m series and which issues on its output a time pulse
signal having a frequency of 1 Hz.
| The output of divider 4 is connected to a counting input CL of a
seconds counter 5 which also has a reset input R, a multiple state output
Ql which issues a plurality of binary signals permanently indicating the
contents of the counter, and a single counting output Qz which issues a
pulse every time the counter is completely filled.

The output Qz of counter 5 is connected via a time delay circuit
6 (whose function will be described later) and via an OR gate 7 to the
counting input CL of a minutes counter 8 having a counting output Qz
which is in turn connected to the counting input CL of an hours counter
9, Counters 8 and 9 have state outputs Ql similar to that of seconds
counter 5, Further, counters 8 and 9 are reversible and therefore have
each an input C/D for receivinga logic signal whose level will determine
whether the counting is forward or backward. It is assumed that every
time one of these counters receives a pulse on its counting input CL,
its content is incremented by one unit if the signal is high and decremen-
ted by one unit if the signal is low.

' The state outputs Ql of counters 5, 8 and 9 are respectively
“connected to inputs a, b, ¢ of a circuit 10 which, via a multiple output

f, controls display unit 1 of the watch.
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Display control circuit 10 is quite conventional and may merely
consist of a decbder and of the means which, in response to the 1 Hz
signal generated by divider 4 and to a control signal applied respectively
to a fourth input, d, and a fifth input, e, of the circuit, cause the charac-
ters indicating the hours and the minutes or those indicating the seconds,
to flash at the required times. The control signal is of course not single
but is made up of at least two elementary logic signals since, for flashing
purposes, there are three possible states for unit 1, one being the com-
plete absence of flashing.

The Figure 2 circuit comprises also a switching device 11 for
generating signals that indicate at all times the axial position of time
setting stem 2, a switching device 12 for generating signals representa-
tive of the 'rot'a:ti_onal movements of stem 2, independently of its position,
and a correction circunit 13 which generates, in response to inter alia
the.sé switching signals, other signals which, when applied to counters 5,
8 and 9, to gates 6 and 7 and to display control circuit 10, either enable
the watch to operate normally or enable the various corrections mentioned
above to be carried out.

.Switehing device 11 includes a conductive member 14 coupled
mechanically to stem 2 and connected to the positive terminal of the
watch voltage supply, and three fixed contacts 15, 16 and 17, each
connected via a resistor to ground, i.e. to the negative terminal of the
voltage source. Depending on whether stem 2 is in neutral position I,
outer position II or inner position III, conductive member 14 respectively
engages contact 15, 16 or 17 and raises the latter to the voltage of the
positive pole of the source. Thus, on each cortact thére appears a
signal A, B or C which is high (level "1") when the contact is engaged by
member 14 and which is low (level0") in the opposite case.

Switching device 12 includes switches 19 and 20 each comprising
an elastic, electrically conductive, blade 21, respectively 22, having one
end that is fixed and connected to the positive terminal of the voltage
source and whose other end may be alfernately applied against and
removed from a fixed contact 23, respectively 24, connected to ground

via a resistor. When stem 2 is rotated in one direction or the other,
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these switches are actuated by means not shown to generate two signals
CP1 and CP2. Signals CPl and CP2 are made up each of a series of
pulses having a frequency proportional to. the rotational speed of stem 2
and which are out of phase with respect to each other, the sign of the
phase difference depending on the direction of rotation. The above
actuation means may for instance be those described in Swiss Patent
Specification 632894, i.e. two elliptic cams borne by and centered on
stem 2, with their major axes forming between temselves an angle of
about 45°. |

As mentioned earlier, switching device 12 is designed to operate
in any axial position of stem 2, Correction circuit 13 must therefore
include means for inhibiting the effects of signals which may be generated
when stem 2 is not in outer position II. A system could of course be
envisaged in which the switches are actuated only when stem 2 is-ir‘;
position II, but it is likely to be more difficult to achieve from a mechani-
cal point of view and less reliable than the other.

Correction circuit 13 comprises a ciréuit 25 for coding the rota-
tional movements of stem 2, a logic control circuit 26 and a control
circuit 27 for resetting the seconds to zero. |

Coding circuit 25 has two inputs a and b connected to the fixed
contacts 23 and 24 of switching device 12 and receives on a third input
¢ a periodic signal of say 256 Hz, off the output of an intermediate stage
of frequency divider 4. Circuit 25 is similar to the coding circuit
described in Swiss Pé.te:nt Specification 632894 and is mainly made up
of flip-flops and gates, It first rids the switching pulses generated by
switches 19 and 20 of accompanying interference signals due to bouncing
of blades 21 and 22 on fixed contacts 23 and 24. Circuit 25 then |
generates from the switching pulses a signal SR also made up of pulses
whose number and frequency are proportional to, respectivley, the angle
and the rotational speed of the stem, and a signal SS representative of

the direction of rotatidn.



“

-10 -

When stem 2 rotates in any axial position in a direction which,
in the correction mode, enables the watch to be put forward, signal SS
goes high and remains high as long as stem 2 is not rotated in the
opposite direction. When this occurs, signal SS goes low and so on.

' A.s for the pulses of signal SR, eight are generated for each
complete turn of stem 2.

Signals SR and SS issue from outputs d and e of coding circuit
25 and are applied to inputs a and b of logic circuit 26.

Circuit 26 has a further pair of inputs, ¢ and d, that are respec-
tively connected to fixed contacts 15 and 16 of the switching device 11,
A fifth, multiple, input, e, receives various periqdi'c signals that are
issugd by the outputs of certain inter:ﬁediate stages of frequency divider
4 anc! that are required by the circuit for procéssing the other signals it
receives and for generating the signals it issues. A sixth, multiple,
input, f, is connected to the state output Ql of seconds counter 5. Two
more inputs, gand h, are provided, one for receiving the pulse which,
as will be shown later, is generated by control circait 27 for resetting
the seconds to zero when the user actually does perform a fine time
setting during the set time at his disposal, and the other for receiving a
pulse that is generated by circuit 27 also, at the end of the set time when
no such correction is performed.

Control circuit 26 further has five outputs i, j, k, 1 and m.
Output i issues a logic signal FS which keeps the same value, e.g. S U
except during the periods when, as will be shown later, high frequency
pulses are applied to minutes counter 8 to modify the display by a whole
hour, in which case it goes low. Signal FS is applied to one input of
time delay circuit 6 which receives on another input the pulses issuing
from the counting output Q2 of seconds counter 5. The output of circuit
6 is connected to a first input of OR gate 7. The function of circuit 6 is
to memofize a pulse received from counter 5 if this pulse is generated
while signal FS is low and then to allow this pulse to proceed to its out-
put as soon as signal FS goes high again. Otherwise, it would simply

transmit the pulses from the counter to gate 7 as soon as it receives
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them. It may be embodied, e.g., in the same manner as in U.S, Patent
Specification 4 398 831 and operate with a periodic signal having the same
frequency as the pulses which enable the hour display to be corrected,
this signal being received from frequency divider 4 via a connection not
shown.

Output j of control circuit 26 is connected to a second input of OR
gate 7 and issues correction pulses CP which circuit 26 also generates.
These pulses are all equal. Only their number differs depending on the
type of correction performed. _

Outputs k and 1 of circuit 26 issue signals CSS and FCS which
respectively control the direction of the count in counters 8 and 9 and
the flashing of the characters in display unit 1. Thus, output k is
connected to inputs C/D of counters 8 and 9 and output 1 is connected to
input 4 of display controel circuit 10, The nature of signals CSS and FCS
has already been given without them having been identified. It is there-
fore not necessary to discuss this a;_gain here. It should however be
noted that, unlike signal SS generated by coding circuit 25, signal CSS
is always high except when stem 2 is both in its outer position and
rotated in a direction enabling the -wa-‘téh to be put back.

Output m provides outside logic circuit 26 a signal CCP made up
of correction control pulses which are intermediaries between signal SR
- generated by circuit 25 and correction pulses CP. The purpose of
signal CCP will become apparent later.

Since the design of logic circuit 26 is unrelated to the invention,
there is no need to describe this circuit in detail. Further, it is known
to set a watch to the right time or to.change the hour alone by rotating a
stem at low or high speed in the same axial position, and to increment
the minutes indication by one unit when the seconds are being reset to
zero at a time when the watch displays more than thirty seconds. More-
over, it is commonplace in digital watches for characters of the display

unit to be made to flash to indica_te that the wafch is in a correction mode
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and to show which information can then be modified. Circuit 12 simply
enables all three operations to be performed at the same time. It is
thus a simple matter for a man of art to produce such a circuit by
using circuits of known watches,

Control circuit 27 for resetting the seconds to zero, of which one
form of embodiment is described later, comprises six inputs, a to f,
and two outputs, g and h., Inputs a, b and c are respectively connected
to the fixed contacts of switching device 11 and inputs d, e and f respec-
tively receive the 1 Hz periodic signal generated by frequency divider 4,
correction control pulses CCP issuing from output m of control circuit
26 and correction pulses CP issuing from output j of circuit 26. As for
the outputs, output g is connected both to the zero resetting input R of
seconds counter 5 and to the input g of logic control circuit 26, and out-
put h is connected to input h of circuit 26.

The Figure 2 circuit operates as folows:

When time setting stem 2 is in neutral position I (see Figure 1),
~ conductive member 14 of -swi-tcl__ii-ng device 11 engages fixed contact 15,

Signals A, B and C generated by device 11 are therefore respectively

high, low and low.

Most of the time, when stem 2 is in that position, the watch is in
the normal operating mode, '

In this case, signal FS which is applied to time delay circuit 6
and signal CSS which controls the diréction of the counting are high.
The pulses appearing on the counting output -Q2 of seconds counter 5 are
thus transmitted as soon as they are generated to counter 8 whose content
increases by one unit every minute, while the pulses generated every
hour by counter 8 in turn increment the content of counter 9. Further,
the elementary signals making up signal FCS which is applied to the
input e of display control circuit 10 are then at logic levels such that
display unit 1 indicates the state of counters 5, 8 and 9 without the
figures flashing. ' '

Of course, as long as the watch operates normally, no pulse
issues either from the outputs j.and m of logic circuit 26 or from the

outputs g and h of control circuit 27 for resetting the seconds to zero.
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If stem 2 rotates, pulses SR issue from the output d of coding circuit

25, in response to switching pulses CPl and CP2 generated by switches
19 and 20, but they remain blocked within logic circuit 26. Moreover,
the latter does not take into consideration, at that instant, the logic level
of rotational direction signal SS generated by circuit 12, for the genera-
tion of signal CSS, As for cohtrol circuit 27, it remains at rest.

If, while the watch is operating in this manner, stem 2 is depres-
sed into position I1I, the logic levels of signals A and C generated by
switching device 11 are inverted, but this does not affect the overall
operation of the remainder of the circuit. The same applies when stem
2 later returns automafically to neutral position I.

If stem 2, instead of being depressed into posiﬁim I1], is pulled
into position 1II, it is no longer signal C of switching device 11that goes
high, but signal B, Logic control circuit 26 immediately reacts by
modifying the signal F'CS that it issues on its output 1 whereby control
circuit 10 causes the hours and minutes display to flash by using the
1 Hz signal that is -aﬁplied to its input d. Circuit 26 also readies itself
to process any pulses SR it may subsequently receive on its input a,
instead of blocking them. It however maintains both signal FS and signal
CSS for controlling the counting direction high, even if rotational direc-

" tion signal SS is then low, which means that, apart from the fact it is
flashing, the display of the minutes and of the hours continues, as that
of the secands, to proceed normally as long as stem 2 is not touched.

If stem 2 is rotated in the direction of forward setting of the
watch, signal SS goes high, if it is not high already, and the level of

signal CSS remains unchanged. Further, logic circuit 26 starts by
counting for a set time, e.g. 60 ms or so, the first pulses SR it receives
from coding circuit 25. If it counts say more than three pulses, it infers
that stem 2 is being rotated rapidly and that the correction to be made is
a change of the hour alone. It then generates a correction control pulse
CCP which causes sixty correction pulses CP to be formed. These
pulses CP of relatively high frequency, e.g. 64 Hz, Iissue from output

j of the circuit and are transmitted via OR gate 7 to the counting input
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CL of counter 8. Each pulse received by couhter 8 of course causes its
contents to increase, but at the end of the sixty pulses, it switches back
to the value it had initially. But in the process the contents of counter 9
are incremented by one unit. In display device 1, this has the efféct of
causing the minutes display to progress rapidly, finally to resume the
value it had to start with, and of causing fhe hours indication to increase
by one unit when the minutes indication changes from 59 to 00.

Also at the same time as it feeds the first of pulses CP to counter
8, logic circuit 26 causes signal FS to go low only to cause it to go high
again when the last pulse has been issued. Thus, if during that time a
pulse appears on the counting output Q2 of seconds counter 5, time delay
circuit 6 retains it for a short while in its memory, in order to transmit
it to minutes counter 8 immediately after signal F'S goes high again,
thereby making it possible always to maintain the exact time.

If after having pulled stem 2, the latter is rotated at the same
speed, but in a direction enabling the watch to be put back, everything
obviously happens as before except that signal SS goes low if it was not
low already, that the level of signal CSS also goes low while logic
circuit 26 is generating the sixty correction pulses CP, that counters 8
and 9 thén deductthe-pulses they receive and that, therefore, the display
is not increased but is decreased by one hour.

In both cases, i.e. in either direction of rotation of stem 2, and
throughout generation of correction pulses by logic circuit 26, signal
FCS is such that the hours and minutes display ceases to flash.

If, however, logic circuit 26 counts, during the discrimination
period of about 60 ms, only three pulses SR or less, it knows that the
correction to be performed is a simple time setting and once this period
is over it generates, in response to every pulse SR it receives, a
correction control pulse CCP which, in turn, causes a correction pulse -.
CP to be formed, as long as stem 2 continues to rotate.

Circuit 26 could of course also be designed to generate only one
pulse for every two, or even more, pulses SR it receives, the division

occurring with the generation of pulses CCP or later.
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In this case, correction pulses CP, whose frequency and number
are no longer fixed but are respectively proportional to the speed of
rotation of stem 2 and to the angle by which the latter is shifted after the
discrimination period has ended, enable the contents of counter 8 and
possibly, by way of consequence, the contents of counter 9 to be modi-
fied at will,

Signal F'S is always kept high because it matters not that a pulse
coming from seconds counter 5 should be added to correction pulses CP,.

As for the direction of the correction and the flashing of the
display, all takes place as with a change of hour alone. _

In fact, since coding circuit 25 only generates eight pulses SR per
revolution of stem 2, the display cannot of course be modified by more
than a few minutes without stopping the turning of stem 2. Frequently,
because of the accuracy of quartz watches, this may be sufficient to
perform a rough time setting. However, far more substantial correc-
tions are sometimes re—_qui'ned. When such is the case, if stem 2 can be
turned several times without interruptions of more than say half a second
between actuations, at the moment of the second and following rotations,
control circuit 26 continues to generate a correction pulse in response to
- every pulse SR. Otherwise, it again starts to count, at the beginning of
each new actuation, the first :puises it receives, .

It should be noted that this discrimination phase, which is
necessary if the circuit of the watch is to know whether the correction
to be performed is a lchange of hour alone or a simple time resetting
Qpé-rati.on, also provides a measure of security: if after having pulled
stem 2 the latter is unwittingly rotated, pulses SR could be generated by
coding circuit 25 but the chances of them being sufficient in number to
initiate the formation of a correction contrél pulse are practically nil.

As for control circuit 27 for resetting the seconds to zero,
pulling stem 2 into position II causes it to leave its rest state. If stem 2
is then rotated rapidly to bring about a change of hour only, input e of
circuit 27 then receives correction control pulse CCP generated by logic

circuit 26, but this pulse has no effect on its operation. However, it
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counts the correction pulses CP received oﬁ its input f and, on receiving
the sixtieth, it returns automatically to its rest state without having
issued a signal. If stem 2 is again rotated in the same manner, the pulse
CCP that is generated reactivates the circuit which enables it then to
count the new correction pulses and to return to the rest state,

Thus, if stem 2 is returned to neutral position I after having only
modified the display by one or more complete hours, the watch resumes
normal operation, and if stem 2 is then depressed to move it to position
111, this action is of no consequence.

But if stem 2, after having been pulled, is rotated slowly one or
more times, there are then two possibilities. If the modification of the
display is less than one hair, none of the correction control pulses fed to
zero-seconds resetting _c-ontr_ol circuit 27 has any effect on its operation
and as it c-ou-nté less than sixty correction pulses it remains active., But
if the correction is greater than one hour, the sixtieth correction pulse
CP received by circuit 27 causes it to return to its rest state but the
sixty-first correction control pulse CCP applied to its input e reactivates
it and it again starts counting the correction pulses from zero. Thué,
everything occurs as though it has counted less than sixty pulses CP and
here again it remains ac‘tiv-é. _

The same would of course apply if one or several hour qhanges
only were first performed followed by a rough time setting.

In these various cases, as soon as stem 2 is returned to neutral
position I, zero-seconds resetting control circuit 27 starts counting the

1 Hz pulses it receives on its input d whereas logic circuit 26 causes
the seconds indication to flash, instead of the hours and minutes indi-
cations.

If no pressure is exerted on stem 2 before circuit 27 has counted
sixty 1 Hz pulses, the latter then feeds via its outpﬁt h to control circuit
26 a pulse that causes the'fiashing of the seconds indication, which has
been progressing normally ever since étem 2 was pulled, to cease.
Further, as it issues this pulse, circuit 27 automatically returns to its

rest state. From then on the watch operates normally again.
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If, however, circuit 27 detects an inversion of the logic level
between signals A and C due to pressure being exerted on stem 2 before
having counted sixty 1 Hz pulses, it generates as soon as this chance
occurs a pulse no longer on its output h but on its output g, as it returns
to its rest position. This pulse, referenced RP, is received both by
seconds counter 5, whose contents are immediately reset to zero, and
by logic circuit 26 which immediately modifies signal FCS to cause the
flashing of the seconds display to stop and which, as it knows the contents
of counter 5 just before it was reset to zero, issues a correction pulse
CP to minutes counter 8 if said contents exceed thirty.

When it does get generated, pulse CP is of course also sent to
zero-seconds resetting control circuit 27 but it is easy to avoid this
pulse being taken into consideratfon by providing blocking means in
circuit 27 or, as will be shown Jater, by ensuring that the counter, which
circuit 27 necessarily comprises for counting the pulses applied to its
input f, is reset to zero when stem 2 is pulled into its outer position.

There remains the case of stem 2 being moved into position I to
perform a zero-seconds resetiing operation only. Everything happens
as with a rough time setting, except that no correction pulse CP is '
generated. Despite this, circuit 27 remains operative when stem 2 is
returned to neutral position I and the zero resetting operation is perfor-

med in the same way as after a minutes éorrec-tion.

Figuxfe 3 shows a possible form of embodiment for zero-seconds
resetting control circuit 27.

In this form of embodiment, the circuit comprises three identical
monostable circuits 28, 29 and 30 whose inputs TR are connected respec-
tively to inputs ¢, a, and b of circuit 27, which inputs receive signals C,
A and B generated by switching device 11 (Figure 2).

Output @ of monostable circuit 28 associated with ihput cis
connected via an inverter 31 to a first input of an AND gate 32 whose
second input is connected directly to circuit input ¢ of circuit 27 azid

whose output is linked to a first input of a three-input OR gate 33.
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The output of OR gate 33 is connected to the reset input R of an
RS flip-flop 34 made up in the conventional way of two NOR gates not
shown and whose output Q is connected to one of the two inputs of an AND
gate 35, the other input of this gate being connected to the output Q of
monostable circuit 28 and its output being connected to the output g of
circuit 27. Set input S of flip-flop 34 is in turn connected to the output
of an OR gate 36 having one input connected to output Q of monostable
circuit 30, its other input receiving correction control pulses CCP when
the latter are applied to input e of circuit 27.

The output of OR gate 36 is also connected to set input S of ano-
ther RS type flip-flop 37 whose output Q is connected to one input of an
AND gate 38 and whose reset input R is connected to the output of gate
38 via two inverters 39 and 40 and a two-input OR gate 47.

AND gate 38, whose other input is connected to output Q of mono-
stable circuit 29, has its output also connected to the set input S of a third
flip-flop 41 of the same type as the other two and whose reset input R is
connected, via a two-input OR gate 42, to output Q of monostable circuit
28.

Output Q of flip-flop 41 is connected to one input of an AND gate
43 which receives on its other input the 1 Hz signal that is applied to
input d of circuit 27 and whose output is connected to the counting input CK
of a counter by sixty 44.

Reset input R of counter 44 is connected to input b of circuit 27
via an inverter 45 and its counting output Q is connected to a second
input of OR gate 33, to the input of OR gate 42 that is not connected to
the output of monostable circuit 28, and to output h of circuit 27.

Circuit 27 further comprises another counter by sixty, 46,
adapted directly to receive, on its counting input CK, correction pulses
CP when they are received on circuit input f. Reset input R of counter
46 is also connected to the output of inverter 45 and output Q of counter |
48 is connected to a third input of OR gate 33 and to the input of OR gate

47 that is not connected to the output of inverter 40.
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The signal diagrams of Figures 4a to 4d will help to understand
the operatipn of circuit 27 which will now be described. _

These diagrams show the sigmls which appear with time at various
points of circuit 27 when a fine time setting (Figure 4a), a correction of
both the minutes and the seconds (Figure 4b), a change of the hour
indication alone by one hour (Figure 4c), or a complete time setting
starting with a change of the hour indication alone (Figure 4d), are
performed. There are of course other possibilities, some of which have
already been considered, such as the non-performance of a zero-seconds
resetting operation after a corr-ectiori of the minutes,

Each signal diagram shows signals B, C, CCP, CP and RP, which
are input and output signals discussed earlier, and signals BRP, CRP,
HCRP and BS which are internal to the circuit and which appear on the
outputs of monostable circuits 30 and 28, counter 46 and flip-flop 34,
respectively. _ |

- As exgained earlier, w—heﬁ the watch operates normally, signals
A, B, C whichare applied to inputs a, b and ¢ of circuit 27 and which are
generated by fixed contacts 14, 15 and 16 of switching device 11 (Figure 2)
are respectively high, low and low and circuit 27 is in a state of rest.
Outputs Q of monostable circuits 28 to 30 and of flip-flops 34, 37 and 41
are then all low. 1 Hz pulsesdo appear on input d of circuit 27 but are
blocked by AND gate 43 since the output of flip-flop 41 is low. The
contents of counters 44 and 46 depend on the last correctionthat was made.
‘When stem 2 is moved to position II, signal A goes low and
signal B goes high. As monostable circuit 29 is designed only to react
to the rising edge of a signal, its output Q remains low. But output Q
of monostable circuit 30 goes high, remains so briefly, e.g. for 7.8 ms,
then automatically goes low again. Pulse BRP thus generated is trans-
mitted to set inputs S of flip-flops 34 and 37 via OR gate 36. Outputs Q
of flip-flops 34 and 37 thus go high, thereby opening AND gates 35 and
38. Further, when signal B goes high, reset inputs R of counters 44 and

46 go low and their contents are reset to zero if not already so.
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If stem 2 is then returned to neutral position I without a change
of hour alone or a rough time setting having been performed, it is mono-
stable circuit 29 which issues a.pu-lse similar to that generated earlier
by circuit 30, This pulse is transmitted by AND gate 38 until flip-flbp
37 reacts to the change in level of the output of gate 38 by making its
output Q go low again. Inverters 39 and 40 slightly delay the closure of
gate 38 again, i.e. slightly lengthen the pulse which appears on its out- |
put, These inverters could possibly be dispensed with.

The pulse issuing from AND gate 38 and transmitted to the set
input S of flip-flop 41 causes its output Q to go high and, therefore, 'AND
gate 43 to open. Counter 44 then begins to count the 1 Hz pulses it
receives on its input CK.

As long as counter 44 has no-i: counted sixty pulses, which
corresponds roughly to one minute, its output remains low and it is only
when it receives the sixtieth pulse that it will itself emit a pulse, zeroing
its contents in so doing.

If, béfore counter 44 generates this pulse, pressure is exerted
on stem 2, the situation will be that shown in the Figure 4a diagram.
Signal C goes high,whereupon monostable circuit 28 generates a pulse
CRP, identical to pulse BRP mentioned earlier. As AND 'gaté 35 is.then
open, pulse CRP reaches output g of circuit 27 and then becomes pulse
RP which enables seconds counter 5 of the w-at-ch. td be reset to zero.
Also, when signal C and output Q of -m-ono.sta-ble circuit 28 go high, the
input 6f AND gate 32 which is connected to input c of circuit 27 also of

course goes high, while its other input goes low., Furthermore, as
shown by the diagrams of Figures 4a to 4c, even if the pressure exerted
on stem 2 is very brief, its duration still remains far greater than that
of pulse CRP generated by monostable circuit 28. Therefore, at the
end of this pulse, the input of AND gate 38 that is connected to inverter
31 goes high again while the other input is still high, the latter only
going low again when the pressure is stopped. A pulsé is thus obtained
on the output of gate 38, which starts when pulse CRP ends and which

ends when signal ¢ goes low again. Since flip-flop 34 reacts to the
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rising edge of pulses applied to its inputs, its output Q goes low again

when pulse CRP has gone through AND gate 38 to again close the latter.
Another consequence of the pressure exerted on stem 2 is that,

when output Q of monostable circuit 28 goes high, output Q of-flip-flop 41

goes low again, and that AND gate 43 then ceases to transmit to counter

44 the 1 Hz pulses that are applied to input d of circuit 27.

When stem 2 later returns to neutral position I, monostable
circuit 29 again generates a pulse, but since flip-flop 37 is low, this
pulse is blocked by AND gate 38.

But if stem 2 is not depressed before counter 44 has issued a
pulse on its output Q, it is this pulse which, on being transmitted via
OR gates 33 and 42 to the reset inputs R of flip-flops 34 and 41 respec-
tively, causes flip-flops 34 and 41 to go low again and gates 35 and 43 to
close. | |

In both cases, gates 35 and 38 will of course remain closed as
long as stem 2 is not pulled out to ..-p'ositibh II again. Until then, they
will block all pulses generated by monostable ecircuits 28 and 29 in
response to int-ent—ic_ma“l or unintentional pressure on stem 2.

If, after being pulled out to position II, stem 2 is rotated to
perform a correction of under sixty minutes, circuit 27 operates in
exactly the same way as in the previous case except that, before
stem 2 is returned to neutral position I, flip-flops 34 and 37 receive on
their set inputs S, after pulse BRP, correction control pulses CCP
which are of no effect, and that counter :4-6 counts the correction pulses

CP resulting from pulses CCP. This is shown in the Figure 4b diagram
in which the resetting of the seconds to zero follows a correction of two
minutes,

If, after being pulled to position II, stem 2 is rotated rapidly
instead of slowly, to modify the display by a whole hour (Figure 4c),
flip-flops 34 and 37 only receive one correction control pulse CCP which,
again, does not modify their state. Moreover, counter 46 counts the

sixty correction pulses CP that are applied to its input CK and, on
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receiving the sixtieth, issues on its output Q a pulse HCRP, automatical-
ly zeroing its contents in so doing. Pulse HCRP is transmitte.d via OR
gates 33 and 47 to the reset inputs R of flip-flops 34 and 37 respectively.
Outputs Q of these flip-flops then go low again, thereby closing AND
gates 35 and 38. |

Thus, if stem 2 is then returned to neutral position II, the pulse
that is then generated by monostable circuit 29 is not transmitted to
input S of flip-flop 42 and the 1 Hz pulses fed to input d of circuit 27 are
still blocked by AND gate 43, Further, any pressure subsequently exerted
on stem 2 has of course no effect. |

If, instead of returning stem 2 to position I after having performed
a change of one hour only, it is again rotated rapidly, the new correction
control pulse CCP received by circuit 27 causes outputs Q of flip-flops
34 and 37 to go high again and everything then occurs as if stem 2 had
‘been turned just after having been pulled.

Similarly, as shown in Figure 4d, if after having modified the
display by one whole hour or, which amount to the same thing for circuit
27, by several hours, a correction of the minutes iridica{tion is per'fofmed, :
it is then the first pulse CCP that is generated after starting to turn stem
2 slowly which causes flip-flops 34 and 37 to go high again and from then
on the situation is the same as if no change of the hour alone had taken
place.

When the watch is corrected by more than one hour, by only
slowly turning stem 2, counter 48, on receiving the sixtieth correction
pulse, issues a pulse HCRP which causes the outputs of flip-flops 34 and
37 to go low, but immediately afterwards, the sixty-first pulse CCP
causes them to go high again and everything happens as if this pulse
CCP came from monostable circuit 30 and as if the sixty-first correc-
tion pulse were the first.

There remains one other possibility which has also not been
considered in the explanation of the operation of the Figure 1 watch .
circuit: that of a change of the hour alone preceded by a modification

of the minutes indication. The reason is that, in this case, control



- 23 -

circuit 27 for resetting the seconds to zero (Figure 3) would not operate
properly since as explained earlier, this circuit returns to its state of
rest every time it has received sixty correction pulses and it occasional-
ly needs to be re-activated by a correction control pulse. Consequently,
and although it has not been stated so far, logic control circuit 26 must
be designed to prevent the user from performing such a correction, e.g.
by not responding to a rapid rotation of stem 2 after a modification of the
minutes indication as long as stem 2 has not been returned to neutral
position I, between said modification and said rotation and as long as the
watch has not ceased to be in the transitory mode for resetting the seconds
to zero through which it will then necessarily pass.

If such a possibility of correction has been excluded in the watch
described, it is because it is of no real interest. If the time is to be set
for a watch which runs very slow or very fast, something that should
normally only occur ,wh.'en the battery is put in for the first time or is
changed, it is best to start with a correction of the hours indication
because if the reverse is dbne it may become necessary to modify again
the minutes indication at the end. _

How.evef, if the user is -to-:be afforded this possibility nonetheless
this can be achieved in various ways, _

_ First, control circuit 27 for resetting the seconds to zero can
still be designed as described earlier and logic control circuit 26 can be so
designed that, in the case of a change of hour alone, it does not generate
one but sixty correction control pulses, each occuring before a correction
pulse.

" Control circuit 27 may also be modified in such a way that it may
be re-activated, instead of by pulses CCP, by correction pulses CP or
by other internal signals, whether or not derived from pulses CP.

Finally, circuit 27 may be so designed a.s‘to be unable to return
to its rest position before stem 2 has returned to neutral position I.

In the latter two cases, llogic circuit 26 no longer needs to

generate correction control pulses and its design then becomes practical-

ly independent of that of control circuit 27.
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The use of one or other of these alternative arrangements remains
of course withing the scope of the invention.

Moreover, the latter may apply to many watches, more or less
complex and more or less close in d.esigh to that described by way of
example, and these watches may be of the aﬁalogue or digital tjpe or
both. |

There are many alternative arrangements for the watch that has
been described. |

| For example, not ohly se.condsl counter 5 but also a number of
stages of frequency divider 4 could be reset to zero to obtain a more
accurate time setting.

The circuit of the watch could be so designed that successive one-
hour changes or a minutes correction after a change of hour cannot be
performed without first returning stem 2 to neutral position I,

Further, to avoid the need to provide a supplementary axial posi-
tion for stem 2 only for the purpose of resetting the seconds to zero, the
watch could be so designed that this resetting operation could be control-
led otherwise than by pressure on stem 2, e, g. by a rapid rotation of the
latter in neutral position I, although an arrangement of this kind is less
practical and less reliable. Many known watches, to which the invention
may apply and which are less simple than that described above, already
have a pluri-positional stem including an unstable depressed position for
performing a timing operation, stopping an alarm, memorizing an alarm
time setting, etc. This position may also be used for resetting the

seconds to zero.
The invention is compatible with, for example, the following

other kinds of watches:

- those where a slow rotation of the stem in the outer position
enables correction of both the minutes and the hours, while a rapid
rotation enables some other information to be modified, e.g. a date;

- those where time setting and the changing of the hours alone

or the correcting of some other information are performed in an



- 25 -

unidirectional way, i.e. forwards only, by leaving the stem in the same
axial position and by rotating it in one direction or the other;

- those where time setting and the correcting of some other
information, e.g. a change of hour alone, are performed in a bidirec-
tional way by rotating the stem in different axial positions;

- those where the correction of the hours indication is controlled
by modifying that of the minutes by more than a certain number of units,
e.g. fifteen or thirty; and

- those where the time setting stem is replaced by some other
time setting system, e.g. capacitive contact members or photo-electric
sensors. In this case, the watch circuit may be best so designed that
it switches automatically to the transitory mode for resetting the seconds
to zero if no correction or no new correction has been made for a while.
and, also, that the same will happen to cause the watch to return to normal
operation after a change of hour alone. This saves the user having to
perform an operation that will take the watch out of the correction mode,
something that is hardly conceivable when the control member is a time
sett-ing stem.

Finally, despite what has been said earlier about the singleness
of the control member and its advantages, the invention is not limited to
a watch or other timepiece having one control member only. There may
well be several, those not intended for a rough time setting having

functions other than that of enabling a fine time setting.
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Claims

1. An electronic timepiece comprising:

- a time base for generating a standard frequency
signal;

- a frequency dividing circuit coupled to said time
base for generating time pulses;

- a display unit able to indicate at least the
minutes and the seconds in response to said time pulses;

- a manual control member; and

- a correction circuit which, when the control mem-
ber is actuated in a first way, causes the timepiece to
switch from a normal operation mode to a correction mode in
which the minutes indication may be corrected by actuating
the control member in a second wey.
characterized by the fact that said correction circuit (13)
comprises a control circuit (27) for resetting the seconds
to zero which, in the case where the control member (2) has
only been actuated in the first way and in the case where

the control member has successively been actuated in both

the first and in second ways, enables the timepiece to be

put in a transitory zero-seconds resetting mode for a set
maximum period from the moment the timepiece ceases to be
in the correction mode, and which is arranged (i) instanta-
neously to act on the displey unit (5, 8-10, 1) so that the
seconds indication is reset to zero and to cause the time-
piece to switch back to the normal operation mode, when the
control member is actuated in a third way before the end of
said period, and (ii) to cause the timepiece to switch back
to said normal operation mode only at the end of said
period if the control member has not been actuated before.
2. A timepiece according to claim 1, characterized by
the fact that said set maximum period is about one minute.
3. A timepiece according to claim 1 or 2, characte-
rized by the fact that it is arranged to enable normal pro-
gress of the seconds indication in response to said time

pulses when it is in the correction mode and also when it
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is in said transitory mode, as long as the control member
is not actuated in said third way.

4. A timepiece according to anyone of the preceding
claims, characterized by the fact that the correction cir-
cuit (13) is adapted to act on the display unit (5, 8-10,
1) whereby the minutes indication progresses by one unit
upon the seconds indication being reset to zero if, just
before the control member (2) is actuated in the third way,
said display unit was indicating more than thirty seconds.

5. A timepiece according to anyone of the preceding
claims, characterized by the fact that said display unit
(5, 8-10, 1) is adapted to display time information other
than minutes and seconds and that said correction circuit
(13) is adapted to enable said time information to be cor-
rected by actuating the control member (2) in a fourth way
when the timepiece is in the correction mode and adapted to
cause the timepiece to switch directly from the correction
mode to the normal operation mode when a correction of only
said time information has been made.

6. A timepiece according to claim S, characterized by
the fact that said time information is an indication of the
hours, ' '

7. A timepiece according to claim 6, characterized by
the fact that said control member is a rotary stem (2)
axially movable between at least a stable neutral position
(I), a stable outer position (II) and an unstable inner po-

sition (III), and that said first, second, third and fourth

ways of actuating the control member respectively include

moving the stem from the neutral position to the outer posi-
tion, rotating it slowly, moving it temporarily from the
neutral position to the inner position and rotating it ra-
pidly, the timepiece ceasing to be in the correction mode
when said stem moves from the outer position to the neutral
position. |

8. A timepiece according to claim 7, characterized by
the fact that said display unit comprises a seconds counter

(5) which receives the time pulses generated by the frequen-
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cy divider (4), a minutes counter (8), an hours counter

(9), a digital display device (1) and a display control cir-
cuit (10) to cause said device to displéy the contents of
said counters, and that said zero-seconds resetting control
circuit (27) is adapted to feed to the seconds counter a
pulse enabling the latter to be reset to zero when pressure
is exerted on the stem (2) while the timepiece is in the
zero-seconds resetting mode.

9.. A timepiece according to claim 8, characterized by
the fact that said correction circuit (13) is adapted to
generate, in response to a slow rotation of the stem (2) in
said outer position (II), correction pulses (CP) whose fre-
quency and number are a function respectively of the speed
of rotation and of the angle by which the stem is rotated,
and, in response to each rapid rotation of the stem in the
same position (II), sixty correction pulses having a fre-
quency which is fixed and far greater than the frequency of
said time pulses, said correction pulses being transmitted
to said minutes counter (8).

10. A timepiece according to claim 9, characterized by
the fact that said zero-seconds resetting control circuit
(27) comprises:

- first means (28) for generating a pﬁlse (CRP)
every time the stem (2) is moved to the inner position
(II1); |

- an AND gate (35) to one input of which this pulse
is applied;

- a flip-flop (34) connected to another input of the
AND gate, which, when the timepiece is in the normal opera-
tion mode, is in a first state causing the gate to be clos-
ed, and which, when the stem is moved to the outer position
(II), switches to a second state causing said gate to be
open;

- a first counter (46) for counting said correction
pulses and issuing a first signal (HCRP) causing the flip-
flop to return to the first state while the stem is still

in the outer position, when the counted number of correc-
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tion pulses is equal to sixty;

- second means (31,-32) for generating a second
signal when a pulse is generated by said first means after
the stem has been moved back from the outer position to the
neutral position (I), said second signal enabling the flip-
flop to be caused to return to the first state after said
pulse is transmitted from said gate to the seconds counter
(5), when said flip-flop is still in the second state as
said pulse is generated; and

- a second counter (44) for counting the time pulses
supplied by the frequency divider (4), from when the stem
is moved back to the neutral position, and for generating,
at the end of the set maximum period, a third signal enabl-
ing said flip-flop to be caused to return to said first
state, when it is still in said second state at the end of
said period. |

11. A timepiece according to claim 10, characterized
by the fact that said Correction circuit (13) is adapted
automatically to return said flip-flop (34) to the second
state after said first signal (HCRP) has been generated by
the first counter (46), if more than sixty correction pul-
ses (CP) are generated while the stem (2) is in the outer
position (II)f

12. A timepiece according to claim 10 or 11, characte-
rized by the fact said that zero-seconds resetting control
circuit (27) further comprises means (27, 37-43, 47) for
avoiding time pulses being counted. by the second counter
(44) if the flip-flop (34) is already back in the first
state when the stem (2) is returned to the neutral position
(I) and, on the other hand, interrupting the counting of
said time pulses by said second counter when a pulse is
generated by said first means (28) before the end of said
set maximum period.

13. A timepiece according to claim 8, characterized by.
the fact that said transitory mode for resetting the se-
conds to zero is indicated by a flashing action of their

display.



