
PATENT SPECIFICATION    (11) 1477593 (21) Application No. 24115/75    (22)
Filed 4 June 1975 (31) Convention Application No. 49/063 670 (32) Filed 5
June 1974 in (33) Japan (JA) (44) Complete Specification published 22 June
1977 (51) INT [err]  G04C 3/00 (52) Index at acceptance G3T  A5X G4D  6C1
6C2 6Y (54) ELECLECTRONIC TIMBPIECE (71).   We, KABUSHIKI  KAISHA    piece
according to the present invention; SUWA SEIKOSHA, a Japanese company of
Figure 7 illustrates another embodiment of  50 3-4, 4-Chome, Ginza,
'Chuo-ku, Tokyo,  an electronic timepiece according to the present Japan,
do hereby declare the invention for  invention; S  which we pray that a
patent may be granted    Figure 8 illustrates a further embodiment of to
us, and the method by which it is to be   an electronic timepiece according
to the present performed, to be particularly described in and   invention;
55 by the following statement:-                  Figure 9 illustrates
graphically the operation This invention relates to electronic time-   of
the electronic timepiece of Figure 8; 10  pieces.
Figure 10 illustrates a yet further embodi- According to the present
invention there is   ment of an electronic timepiece according to provided
an electronic timepiece comprising   the present invention;
60 an oscillator circuit for producing a relatively  Figure 11 illustrates
graphically the opera- high frequency standard time signal, a divider  tion
of the electronic timepiece of Figure 10; 15 circuit having a plurality of
divider stages for   and dividing the frequency of the standard time
Figure 12 is a circuit diagram  of an ex- signal to produce signals from
which a display   clusive OR gate for use with an electronic  65 of a time
indication is produced, and varying   timepiece according to the present
invention. means for selectively varying the dividing ratio  A
conventional.electronic timepiece is illus- 20  of the divider circuit by
changing the phase of  trated in Figure 1 and comprises an oscillator an
output signal from  at least one divider   circuit 1 for generating a
standard time signal, stage.                                      a divider
circuit 2 for producing from  the  70 Said varying means may include an ex-
relative high frequency standard time signal clusive OR gate. Alternatively
said varying . a relatively low frequency signal, for example, 25  means
may include an integrating circuit.   having a frequency of I Hz, and a
display An electronic timepiece may include a   device.3 driven by outputs
of the divider signal-composing circuit arranged so that the   circuit to
display a time indication. The oscil-  75 phase of said output signal from
said at least  lator circuit 1 and/or the divider circuit 2 may one
divider, stage is delayed in synchronism   be of C-MOS integrated
circuitry. A quartz 30  therewith.                                  crystal
oscillator 4 is used as a time standard The invention is illustrated,
merely by way  in the oscillator circuit 1 since it has a relatively of
example, in the accompanying drawings, in   high stability. However, in
mass produced  80 * which:-                                    quartz
crystal oscillators, a substantial devia- Figure 1 illustrates, in block
diagram form,  tion of the actual frequency of vibration from .35  a
conventional electronic timepiece;        a predetermined frequency of
vibration occurs. Figure 2 illustrates, in block diagram form, Thus it is
necessary to tune the quartz crystal a divider circuit of an electronic
timepiece   vibrator so that the actual frequency vibration  85 according
to the present invention;         substantially coincides with the
predetermined Figure 3 is a circuit diagram of a signal-  frequency of
vibration. A  rough tuning is 40  composing circuit which forms part of the
effected by altering the shape or size of the electronic timepiece of
Figure 2;           quartz crystal vibrator itself or the electrodes Figure
4 illustrates graphically the operation  thereof. The actual frequency
vibration is made  90 of the signal-composing circuit of Figure 3;
substantially equal to the predetermined fre- Figure 5 illustrates
graphically the wave-  quency vibration by a trimmer capacitor 5. 45 form
of output signals that can be obtained   Conventionally the trimmer
capacitor 5 is such from the signal-composing circuit of Figure 3;  that it
can vary the actual frequency of vibra- Figure 6 illustrates a practical
way of effect-  tion 'of the quartz crystal vibrator by up to  95 ing
frequency regulation in an electronic time-  1Hz assuming that the desired
frequency vibra-    2                                           1,477,593 



tion is 32.76 KHz. Accordingly, if the actual  if the frequency of
the.output signal [err] is f, frequency of vibration of the vibrator is not
a change in frequency of within 0.5 HZ of the desired frequency of
32.768KHz, the quartz crystal vibrator cannot                I 5  be
sufficiently accurately tuned for it to be               ---
65 of use in an electronic timepiece. However,                  2f to tuni
quartz crystal vibrators within a range of 0.5Hz is difficult and costly
from a manu-  is observed on the output side of the divider. facturing
point of view.                   The number of times the phase advancing 10
The present invention seeks to avoid these  operation is performed is
determined by the disadvantges of known electronic timepieces
signal-composing circut 7. When the input by varying the division ratio of
the divider  signal [err] is HIGH, the output signals [err] to  70 circuit
so that tuning of the quartz crystal  [err] of the divider stages [err] to
[err]  are vibrator- can be avoided. It is,. therefore,  passed to the
phase advancing circuit but not 15  possible in principal to. change the
effective   when the input signal [err] in LOW. Assuming frequency of -the
quartz crystal vibrator by  that each of the divider stages [err] to [err]
are between 0% and 50%.                        one half divider circuits,
only the output signal  75 Figure 2 shows a divider circuit of an elec-
[err] of the divider stage [err] is passed for a tronic timepiece according
to the present inven-  period TB by the signal-composing circuit. 7 20
tion, the divider circuit being of the master-  so that the output signal
[err] is composed of slave type and having n+k divider stages  one cycle of
the output signal [err]  occuring [err] [err] ... [err]. An output signal.
[err] from   within the period TB. The frequency changes,  80 the divider'
stage [err], that is to say the output  therefore: signal which, in a
conventional divider circuit, 25 is the input signal to the divider stage
Fj is                  1 phase advanced by 180 by means of a phase
--- X 2 advancing circuit 6, which produces an output              2F
signal [err].  The number of times the phase advancing operation is
performed within a   Similarly, when the output signal [err]  from 30
predetermined. period of time is: determined  the divider stage [err] is
passed by the signal- by an output signal [err] of a signal-composing
composing circuit 7, the output  signal [err]  85 circuit 7 which
selectively feeds output signals  is composed of the two cycles of the
output [err] to [err] from divider stages [err] to [err]  Signal [err]
within the period [err] so that the respectively to the phase advancing
circuit 6   frequency change is: 35  under the control of a selection
control input signal [err].
1 Figure 3 is a circuit diagram of the signal-              --- X 4
composing circuit 7, the input signal C  con-                2f sisting of
input signals [err], [err]...[err]. 40  Figure 4 ilustrates graphically the
operation of  Thus when the output signal [err] from the  90 the
signal-composing circuit 7. The phase   divider stage [err] is passed by
the signal com- advancing operation is perforned in the phase   posing
circuit 7, the output signal is composed advancing circuit 6 by an
exclusive OR   of n cycles of the output signal [err] within the gate
(hereinafter referred to as "EX-OR").  period [err] so that the frequency
changes: 45  An output signal [err] i.e. any of the output signals [err] to
[err] is, in theory, inevitably              1 synchronous with the output
signal      from                ---- X [err]                    95 the
divider stage [err] at time [err]. However,                  2f in
practice, there is a time retardation TD 50 proportional to the number of
divider stages   Thus a frequency change between 0 and following the
divider stage [err]. Namely, if the    1 time retardation per divider stage
is [err], then             1 for the output signal [err] the time
retardation             ---  X [err] rD is:
2f 55              [err]                   can be selected successively at
intervals of 100 the time retardation is the sinal-composing
1 circuit 7 being ignored  Due to the time                     --- X 2
retardation T, the phase advancing operation                 2f is
performed with the timing shown in Figure 60  4. Namely, the phase is
advanced by [err]   within  the  period  [err].  As  an . ex- with each
rise or fall of the output signal [err] ample, Figure 5 'shows the output
signals of the signal-composing circuit 7. Accordingly,  [err] from the
signal-composing circuit 7 when 
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3 the output signal [err] and [err] from  and   and this is equivalent to
5.2 seconds per day divider stages [err] and [err] respectively are  (60
[err]secX86400). This corresponds to a half passed thereby.
.        period. Further assuming that the period of  10 For example,
assuming that the frequency of  the output signals [err] [err] and [err] of
the 5  the phase-advanced signal is 8.192KHz, the   respective divider
stages [err], [err] and [err] advance of timing will be: -
are one second, two seconds and four seconds respectively, results show in
the following table are obtained. Thus it is possible to regulate  15 =60
([err])           the effective frequency of the quartz crystal 2 X 8.192 X
[err]                         vibrator to alter the rate of the electronic
timepiece by nearly 20 seconds per day. Amount of advance step
passing signal           (second/day) 1                  0
0 2           [err]2                       about 2.6 3           [err]
,, 5.2 4           [err] + [err]                  ,,  7.8 5    [err]
,,10.4 6           0k +  ki2                     ,,13.0 7        [err]
,,15.6 8             [err]           ,, 18.2 20     Thus assuming that a
standard time signal  in proportion  to  the operating  frequently having
an effective frequency of 32.768 KHz   Therefore, if the phase advancing
circuit 6 is is desired, a deviation from  this of nearly   provided
between divider stages operating at  50 7.7Hz (0.023%) can be corrected.
After rough   a relatively high frequency or indeed directly regulation by
selecting the output signals 0k   following the oscillator circuit, there
will be 25  to [err] to be applied to the signal composing   an increase in
current consumption. Further, circuit, the rate of the watch may be brought
when the time retardation. [err] of the divider to within less than 2.6
seconds per day of the   circuit approaches a half period of the operat-
55 desired rate and fine tuning is then effected   ing signal, as seen in
Figure 4, an instability by means of a trimmer capacitor such as that  is
introduced by virtue of change in the supply 30  shown in Figure 1.
voltage or the variation of characteristics of Figure 6 illustrates a
practical way of   circuit components, e.g. transistors etc. In the
frequency regulation using the input signal  case of C-MOS circuitry,
particularly operat-  60 [err] in an electronic timepiece according to the
ing the supply voltage of 1.5. volts, there is present invention by
selection between rails   a relatively large. change 'in time retardation
35   (+) and rails (-) using bonding wires of  TD caused by change of
supply voltage or the pads 9 for the input signal [err] mounted on an.
variation of the characteristics of circuit corn- integrated circuit chip
8.                    ponents e.g. transistors. Accordingly, in the  65 As
mentioned above, it is possible to make   case of a time standard frequency
of 32.768 a larger variation in the effective divisional  KHz, the phase
advancing circuit 6 is best 40  ratio of the divider circuit by suitably
selecting   placed between and behind the 8KHz signal the frequency of the
output signals [err] to [err]   (which is a signal two stages after the one
from the divider stages [err] to [err]. Further, if  half divider circuit
from  the point of view   70 the interval between steps of variation  is
of limited increase in current consumption. reduced it may not be necessary
to provide a    The phase control according to the present 45  trimmer
capacitor for fine tuning.            invention is also available for the
data input Generally, in a divider circuit composed of  of the divider
circuit. Figure 7 illustrates such C-MOS circuitry, the current consumption
is  an arrangement in a master-slave type divider  75    4
.             4 having a master 10 and a. slave 11.         synchronously
with the input sis thereto  60 It will be appreciated that the phase  in
the sense that the time retardation of the, advancing circuit may be
replaced by a phase   divider circuit it utilized positvely, and there-
delay cicuit which delays the phase of an   fore this phase advancing
circuit is relatively 5  input signal from one of the divider stages
simple and may be composed of a single by [err]. If means are provided for
performing   exclusive OR gate.                    65   - 



both a phase advancing operation and phase    It is this possible to
regulate precisely the retarding operation, it becomes possible to   output
frequency of a divider circuit over a regulate the amount of advance or
delay deter-  relative wide range. Thus the manufacturing 10  mined by the
frequency of the quartz crystal  cost of the quartz crystal vibrator of the
vibrator to zero.                           oscillator circuit can be
reduced to half or less.  70 Referring now to Figure 8, an impulse-
Further, similarly from the viewpoint of the shaped waveform  having a time
width [err])  current consumption, since it is possible to (Figure 9) is
elininated by using a trans-  select and fix the smallest circuit constant,
the 15  mission gate 12 having an equivalent resistor   oscillator circuit
of low current consumption R and a CR integrating circuit including a   and
high stability can be provided.       75 capacitor 13. Consequently, a
phase delay of  Since the phase of the output signal of.a [err] is
obtained. Since the transmission gate  divider stage is varied by
positively utilizing 12 is OFF when a signal S is HIGH bythe   the tme
retardation present the circuitry used 20  advance-delay control signal
[err] an integration   in the present invention is relatively simple. is
not performed so that the output signal  Therefore, to reduce costs
moolithic C-MOS  80 [err] is phase advanced by [err] relative to
integrated circuitry can be used and this is the output signal [err]. When
signal S is LOW,  particularly advantageous in the case of elec- an
integration is perfomed and the output  tronic wristwatches. 25  signal
[err] is phase delayed by 180 relative to the output signal [err]. The
impulse-Shaped  WHAT WE CLAIM IS:-- wave form can be eliminated stably by
suitably  1. An electronic timepiece comprising an  85 selecting the values
of the time retardation   oscillator circuit for producing a relatively
[err], the equivalent resistor R to the transmis-  high frequency standard
time signal, a divider 30  sion gate 12 determining the time constant
circuit having a plurality of divider 'stages of integration, and the
capacitor 13. The   for dividing the frequency of the standard time
integration can be performed by: using the   signal to produce signals from
which a display  go output resistor of an inverter which forms the   of a
time indication is produced, and.varying output' signal [err]. In this
case, since both   means for selectively varying the dividing 35  the phase
advance and phase delay operations  ratio of the divider circuit by
changing the need not be synchronised with the output signal  phase of an
output signal from at least one [err] the construction is relatively
simple.  divider stage.                         95 Referring now to Figure
10 by applying    2. An electronic timepiece as claimed  in the output
signal [err] having a given time   claim 1 in which said varying means
includes 40  retardation to a  flip-flop circuit 14, an output  an
exclusive OR gate. signal Q synchronous with the output signal    3. An
elecroi  timepiece as claimed in [err]  is obtained. Either this output
signal Q   claim 1 in which said varying means includes 100 or the output
signal [err] is passed through a   an integrating circuit. selecting
circuit 15 by a selectingal S..  4.  An ectronic timepiece as claimed inany
45  to cause its phase to be advanced or delayed.  preceding claim includig
a signal-composing The passage of the output signal Q causes circuit
arranged so that the phase of said a phase delay of [err] and the passage
of the   output signal. from said at least one divider 105 output signal
[err] causes a phase advance of  stage is delayed in synchronism with a
signal [err], this arrangement being shown   Figure  from the
signal-composing circuit. 5011.
5. An electronic timepiece substantially as The present invention relies
basically upon   herein described with reference to and as shown  *
altering the effective division ratio of a divider  in Figs 2 to 12 of the
accompanying drawings. 110 circuit by advancing or delaying by [err] the
phase. of an output signal from one of the 55  divider stages of the
divider circuit This            J. MILLER & CO., can be accomplished
relatively simply by            Agents for the Applicants, using an
exclusive OR gate of integrated           Chartered' Patent Agents, C-MOS.
circuitry as shown in Figure 12.                262, High Holborn, The
phase advancing circuit need not operate          London, WC1V 7EF. Printed
for Her Majesty's Stationery Office by the Courier Press, Leamington Spa.
1977. 'Published by the Patent Office, 25 Southampton Buildings, London,
WC2A lAY, from which copies may be obtained.    4
1,477,593                                         4 having a master 10 and
a slave 11.          synchronously with the input signals thereto  60 It
will be appreciated that the phase  in the sense that the time retardation
of the advancing circuit may be replaced by a phase   divider circuit it
utilized positively, and there- 



delay circuit which delays the phase of an   fore this phase advancing
circuit is relatively 5  input signal from one of the divider stages
simple and may be composed of a single by [err]. If means are provided for
performing   exclusive OR gate.                      65 both a phase
advancing operation and phase    It is this possible to regulate precisely
the retarding operation, it becomes possible to   output frequency of a
divider circuit over a regulate the amount of advance or delay deter-
relative wide range. Thus the manufacturing 10  mined by the frequency of
the quartz crystal  cost of the quartz crystal vibrator of the vibrator to
zero.                           oscillator circuit can be reduced to half
or less.  70 Referring now to Figure 8, an impulse-   Further, similarly
from the viewpoint of the shaped waveform having a time width [err]
current consumption, since it is possible to (Figure 9) is eliminated by
using a trans-  select and fix the smallest circuit constant, the 15
mission gate 12 having an equivalent resistor   oscillator circuit of low
current consumption R and a CR integrating circuit including a   and high
stability can be provided.        75 capacitor 13. Consequently, a phase
delay of  Since the phase of the output signal of. a [err] is obtained.
Since the transmission gate  divider stage is varied by positively
utilizing 12 is OFF when a signal S is HIGH by the   the time retardation
present the circuitry used 20  advance-delay control signal [err] an
integration   in the present invention is relatively simple. is not
performed so that the output signal  Therefore, to reduce costs monolithic
C-MOS   80 [err] is phase advanced by [err] relative to  integrated
circuitry can be used and this is the output signal [err]. When signal S is
LOW,  particularly advantageous in the case of elec- an integration is
performed and the output  tronic wristwatches. 25  signal [err] is phase
delayed by [err] relative to the output signal [err]. The impulse-shaped
WHAT WE CLAIM  IS:- wave form can be eliminated stably by suitably  1. An
electronic timepiece comprising an  85 selecting the values of the time
retardation   oscillator circuit for producing a relatively TD, the
equivalent resistor R to the transmis-  high frequency standard time
signal, a divider 30  sion gate 12 determining the time constant   circuit
having a plurality of divider stages of integration, and the capacitor 13.
The   for dividing the frequency of the standard time integration can be
performed by using the   signal to produce signals from which a display  90
output resistor of an inverter which forms the   of a time indication is
produced, and varying output signal [err]. In this case, since both   means
for selectively varying the dividing 35  the phase advance and phase delay
operations   ratio of the divider circuit by changing the need not be
synchronised with the output signal  phase of an output signal from at
least one [err], the construction is relatively simple.  divider stage.
95 Referring now to Figure 10, by applying     2. An electronic timepiece
as claimed in the output signal [err], having a given time   claim 1 in
which said varying means includes 40  retardation to a flip-flop circuit
14, an output  an exclusive OR gate. signal Q synchronous with the output
signal   3. An electronic timepiece as claimed in [err] is obtained. Either
this output signal Q   claim 1 in which said varying means includes 100 or
the output signal [err] is passed through a   an integrating circuit.
selecting circuit 15 by a selecting signal [err].    4. An electronic
timepiece as claimed in any 45  to cause its phase to be advanced or
delayed.  preceding claim including a signal-composing The passage of the
output signal. Q causes   circuit arranged so that the phase of said a
phase delay of [err] and the passage of the   output signal from said at
least one divider 105 output signal [err] causes a phase advance of  stage
is delayed in synchronism with a signal 1800, this arrangement being shown
in Figure  from the signal-composing circuit. 50  11.
5. An electronic timepiece substantially as The present invention relies
basically upon   herein described with reference to and as shown altering
the effective division ratio of a divider  in Figs 2 to 12 of the
accompanying drawings. 110 circuit by advancing or delaying by [err] the
phase of an output signal from  one of the 55divider stages of the divider
circuit. This               J. MILLER & CO., can be accomplished relatively
simply by            Agents for the Applicants, using an exclusive OR  gate
of integrated            Chartered Patent Agents, C-MOS circuitry as shown
in Figure 12.                 262, High Holborn, The phase advancing
circuit need not operate          London, WCIV 7EF. Printed for Her
Majesty's Stationery Office by the Courier Press, Leamington Spa, 1977.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copies may be obtained.    


