
PATENT SPECIFICATION                                             1 571 235
(21) Application No. 30066/77  (:22) Filed 18 July 1977 (31) Convention
Application No. 51/086 751                  (32) Filed 21 July 1976 in (33)
Japan (JP) (44) Complete Specification published 9 July 1980 (51) INT [err]
G04G 3/00; H03B 5/04, -5/32 (52) Index at acceptance G3T  101 408 AAF DC
(54) IMPROVEMENTS IN OR RELATING TO ELECTRONIC TIMEPIECES (71)   We,
KABUSHIKI  KAISHA   control are well known and in common use SUWA SEIKOSHA,
a Japanese company,. and Figure I is a diagram of a typical known  50
of.3-4, 4-chome, Ginza, Chuo-ku, Tokyo,  so-called piezo-electric watch as
at present. 



Japan, do hereby declare the invention for  in common iuse and having
temperature which we pray that a patent may be granted   compensation
effected  by  temperature to us and the method by which it is to be.
sensitive capacitors Referring to Figure 1, performed to be particularly
described in  there is a time standard quartz crystal 1. 2 is  55 and by
the following statement:-          an inverting amplifier through which
oscilla- *  This  invention  relates. to  electronic  tions are taken for
utilisation. 3 and 4 are 10  timepieces  and  more  specifically  to
resistors which are provided for phase electronic timepieces of the kind in
which   adjustment and biassing respectively. 5 and time standard . signals
are derived under  6 arecapacitors for adjusting the oscillation  60
piezo-electric crystal control. The object of  frequency.  Where  high
time-keeping this invention is .to  provide improved   accuracy is
required  despite. varying 15   electronic timepieces of this kind which
ambient temperature, temperature com- shall have a high degree of
temperature  pensation is obtained by making at least one compensation and
..thus maintain a high   of these capacitors -  represented as the  65 



degree of timekeeping accuracyevenin the   capacitor 6 - a temperature
sensitive face of substantial variations of. ambient  capacitor such as a
ceramic capacitor. 20  temperature; which shall be of a low current
Oscillations are fed to signal handling consumption (an important advantage
for  circuits including a suitable frequency wrist watches especially)'
which shall be of  divider and represented by block 7, the  70 high
stability. A further object of. the signals from which operate time display
invention is to obtain good temperature   means 8 of any suitable
well-known nature. 25   compensation without having to resort to    A
conventional electronic timepiece as .the use of circuit elements, such as
ceramic.  represented in Figure I has serious'defects capacitors, solely
for  the  purpose  of  of - which the following are the most  75 providing
temperature. compensation.      important:- The  invention  is illustrated
in  and   1. It is extremely difficult to provide a 30   explained in
connection with the accom-  temperature . compensating capacitor (6)
panying drawings in which:            having a temperature characteristic
which 



Figure 1 is a highly simplified diagram of  closely matches the'temperature
charac-  80 a conventional known timepiece of the kind  teristic of the
quartz oscillator itself and, for ..referred to;                 this
reason, it is extremely difficult to obtain 35 Figure 2 (which, is provided
fo purposes a high degree of temperature compensation of preliminary
explanation)- shows one  over a practically useful range of ambient
embodiment of ' this.  invention   temperature variation.
85 diagrammatically .    .       '             2. Although it is possible
to obtain quartz Figures 3 and 4 are explanatory figures ...oscillators
which' are of reasonably good showing temperatur distributions in quartz
temperature characteristics and suited to crystal oscillators:     use in
electronic timepieces, such oscillators Figure 5 is an approximate formula
which   are not only expensive but- are, in general, of 90 will be
explained later herein: and      relatively high frequency and relatively
high Figure 6 is a diagram  of one form of  power consumption. This makes
them dis- 45   circuit which may be used in carrying the   advantageous for
use in timepieces notably 



invention into practice.       . .        wrist watches, in which the
available space Timepieces in. whichtime standard signals  is  severely
limited,' for  high  power  95 are derived under piezo-electric crystal
consumption. involves the provision of a    2
1,571,235                                         2 battery of relatively
high capacity and   biassing respectively, and capacitors 19 and therefore
relatively large, if it is to have an   20 for frequency adjustment. The
output of acceptably long useful life.              . the main oscillator
is fed 'to a frequency The present invention avoids the above  divider 21,
the output of which is fed to a 5  mentioned defects.
delay circuit. 22 which may consist of a shift  70 According  to  this
invention there is  register. Output from the delay circuit 22 is provided
a piezo-electric electronic time-  fed to one input of an AND gate 24 the 



piece having  two  piezo-electric  crystal other input of which receives
narrow width controlled oscillators with flexural mode  pulses from  an
inverter 23 to which the 10 crystals having different flection tempera-
output from 21  is also fed. .     .    75 tures ("flection temperature" is
also known   The output from the' auxiliary oscillator is s"turning-point
temperature" and "turn-  fed to a second frequency divider 25 the over'
temperature") between -50C  and  output from which is fed to a second delay
[err], one of said oscillators being used as a  circuit 26 followed by a.
third delay circuit 15  time  standard  oscillator,  and  means, 27 There
are two inverters 28 and 28' of  80 responsive  to   phase  or  frequency
which the former connects the output of 25 differences  occurring  between
signals  to one input of an AND gate 29 and the dervied   from   said
oscillators  for  latter connects the output of 26 to one input
compensating for variation in frequency due  of an AND gate 30. The outputs
of the AND 20  to  temperature  variations, of said  one  gates 29 and 30
are connected respectively  85 oscillator.
to the set and reset- inputs of a flip-flop 31. 



The  means responsive to phase  or Each of the blocks 32 and 33 represents
a frequency  differences  may  comprise  a circuit consisting 'of a delay
circuit, an circuit. for  comparing  the phase  or  inverter and an AND
gate connected inter- 25  frequencies of output signals from two  se in the
same way as the previously men-  go frequency  dividers  one ' fed  from
one  tioned circuit elements 22, 23 and 24. One oscillator and the other
from the other.  output signal from 31 is fed to 32 and the The timepiece
may comprise a- phase or  inverted output signal from 31 is fed to 33.
frequency comparing circuit arranged to .. The flip-flop 31 changes over
its output only 30  provide zero output at the flection tempera-  if it
receives a reset signal after receiving a  95 ture of the crystal in one
oscillator and over  set signal or if it receives' a 'set signal after a
temperature range extending from [err] receiving a reset signal. It
operates as a below   to  [err] above  said  flection circuit' which:
detects a  phase  change temperature.                              between
the frequency  divided  signals 35    :Preferably the absolute value of the
derived from  the main oscillator and the 100 



number of the frequency ratio of 'the two  frequency divided signals
derived from the oscillators overa temperature range of [err]   auxiliary
oscillator, i.e.. it is, in effect; a to [err] minus I does not exceed 5 x
10.  period difference detecting circuit, and, if a The value of the
quadratic term  of the  period difference exists, there is produced 40
temperature coefficient' of frequency of  from an OR gate 34, a signal
which is fed  105 each crystal is preferably' in the range of  into a
counter 35. Block 36 again represents, err] to [err]        as do the.
'blocks 32 and 33, a circuit Preferably the frequencies of the two
consisting of a delay circuit, an inverter and quartz  crystal oscillators
are  between an AND gate connected inter se like the 45  300KHz and
1000KHz.                     elements 22, 23 and 24. 37, 38,'39, 40 and 41
110 Preferably' the  two  quartz  crystal . are 'dividers which are reset
when a HIGH oscillators have' the same frequency over a  output signal
appears at the output of 35. temperature range of [err] to [err]  and
These dividers change the output of an preferably also the flection
temperature of AND gate 52' to HIGH, by means of the 



50 least one of the quartz oscillator crystals ' exclusive-NOR gates 42, 43
44, 45 and 46  115 is in the range of [err] to [err] only when they are in
the same logic states Referring to Figure 2, it will be seen that  as
dividers which are connected to terminals  there are two quartz oscillators
both With  47,48,49, 50and 51.At the time of resetting     flexural mode
crystals. Of these, one  of the dividers 37 to 41, the output of 52 is 55
includes a quartz' crystal -9,'an inverting  LOW  unless the state of 47 to
51 is LOW   120 amplifier 10, resistors 11 and 12 for phase  and the HIGH
output from 52 is fed into adjustment and for biassing respectively,'- one
'input of an AND -gate 54 through an and capacitors 13 and 14 for-frequency
inverter 53.. A time signal from the main adjustment. This oscillator,
consisting of the  oscillator which 'has 'pased through further 60  parts 9
to  will hereinafter be referred to. dividers 55 and 56 is fed into a
second input    125 as the "main oscillator". The second  of the -AND  gate
:54 and thence to the oscillator, which will hereinafter be referred
divider 41. When the' states 'of 37-to  41  to as the "auxiliary
oscillator" consists of a  become equal to those' at 47 to 51 the 



quartz crystal 15, an inverting amplifier 16, output of 52 becomes HIGH,
the output of 65  resistors 17 and 18 for phase adjustment and  54 becomes
LOW, and circuits 37 to 41 stop  130    3
1 571,235                                       3 counting. This condition
is kept until  regard to what the temperature is. The rate circuits 37 to
41 are-reset again. When the  that such a.value has in. ranges as shown in
aforementioned  timers are counting, a  Figures 3 and 4 becomes- high and
the more counter 59 is reset by the period difference  accurate
temperature compensation  is 5   signal from 34 acting through an AND gate
obtained. In the circuit of Figure -2, the  70 57. At this time, the output
of an inverter 60  average of the ratio of the pulses logically becomes
HIGH. Circuit 59 receives input  added by the gate 63 (between 55 and 56)
to from an AND gate 62which is controlled by  the output frequency from 55-
is controlled 



output signals from' inverters 58 and 61.  by the signals fed in at 47 to
5-1 so as to be 10  Only a fixed number of pulses pass through close in
value to the value of A in Figure 5; 75 an OR gate 63, adding pulses
between 55 If the average of the ratio is less than twice and 56. The net
result is fed into a display  this, the temperature characteristic of the
device 64. A flexural mode quartz crystal of  main  oscillator will be
correspondingly from about IKHz to 100KHz may be used  improved. The
frequency of the auxiliary 15  for each of the crystals 9 and 15. With such
oscillator may be so'controlled that the  80 crystals the quartz crystal
oscillators may be  output frequency of the phase-comparison made
relatively quite small and well adapted   circuit in Figure 2 is zero when
the tempera- for useas quartz oscillators in small time-  ture is in a
range of [err] above or below the pieces, such as a wrist watch. The
tempera-  flection temperature of the, main oscillator. 20  ture-frequency
characteristic of such a  Accordingly,  the  temperature  charac- 85 quartz
oscillator exhibits an approximately  teristic of the main oscillator and
the quadratic 'curve, the quadratic coefficient  temperature  compensation
- function 



being -2.0 to -4.5 x [err] and the flection  -(difference between the
frequencies of the 'temperature being in the range -[err] to   main and
auxiliary oscillators)[err] multiplied 25   [err]. With a quartz crystal
oscillator, the  by  the  coefficient set by  the  above  90 higher  the'
oscillation  frequency, the  mentioned timers - show good' symmetry,
greater, in general,  is the current con-  which  enables  highly  accurate
com- sumption and for this reason the use of a  pensation to be obtained.
The frequencies flexural-mode quartz crystal oscillator of  of the two
oscillators closely approach 30  from about 1KHz to 100KHz is, in general,
equality in the temperature range of from 5  95 to be preferred, especially
for wrist watches.  to [err] - this is the sort of temperature Figures 3
and 4  show  distribution   range in which a timepiece can normally be
examples of the quadratic temperature co-  expected to be used - and, over
a range of efficient of changing rate with temperature  from  15 to [err],
the departure of the 35  of the frequency of a quartz crystal. Figure 3
frequency ratio of the oscillators from unity 100 shows an example in the
zone of 32KHz.  can be made less than 1/(5 x [err]. Since 



The abscissa axis is the flection tempera-  quartz crystals in the same
frequency region ture and the ordinate axis is the quadratic  can be used
for the crystals 9 and IS, it temperature coefficient. Values of both
becomes possible to use the same type of 40  flection  temperature  and
quadratic  vibratory crystal made by the same process 105 -temperature
coefficient are determined by  for both so that they can be mass produced -
substituting actually 'measured values of  readily - a great advantage from
the point frequency at points of [err], [err] and [err]   of view of
reduction of -cost. The frequency into the equation, shown in Figure 5,
declination of most crystal vibrators of the 45  relating the changing rate
of frequency with  type here in question in a- normal tempera- 110
temperature. The  flection  temperature  ture range of from 15 to [err] is
between along the abscissa axis is determined by the   10 x [err] and 50 x
[err]. Accordingly the temperature along the axis given by the' auxiliary
oscillator can be easily controlled above mentioned equation. However, a
by balancing the frequency of the auxiliary 50  similar distribution can be
obtained if actual  and the main oscillator at about the flection  115 



measurements are used.                    temperature of the crystal in the
main In Figure 5 which is an example of the   oscillator.  By  choosing
the  flection quadratic equation mentioned above, AF/FF  temperature of the
main oscillator to be at a is the rate of change of the frequency, A -is
normal temperature in the range of 5 to 55  the quadratic coefficient, T is
the tempera-  [err], the frequency of the main and  120 ture, T.MAX is the
flection temperature in  auxiliary oscillators can be easily adjusted. the
equation  and C  is a constant. If  Furthermore this gives great advantage
measuring points at three temperatures  from   the  viewpoint  of
time-keeping which are substituted into the equation are  accuracy, in the
case of the cheaper sort of 60  at intervals of about [err] when the rate
of  timepiece in which no temperature com- 125 change 'of frequency with
temperature is  pensation 'is  provided  for - the  quartz approximated to
the equation shown in  oscillators  themselves,  because  the Figure 5,
each fixed value shown in Figure 5   oscillator has its flection
temperature in the which is found from the actual measure-  range of normal
temperatures. 



65  ment will be relatively accurate without    It is quite important to
measure the  130    4                                      1,571,235
4 frequencies of the two oscillators for their  wherein said means
responsive to phase or  50 adjustment.. This  adjustment  can  be
frequency differences comprise acircuit for performed by using a circuit
for substituting  comparing the phase or frequencies of the main and
auxiliary oscillators with each  output signals from two frequency
dividers, 5  other, using a circuit for stopping the adding  one fed from
one oscillator and the other of signals and providing a switch controlling
from the other.                     55 the two circuits. An example is
shown. in    3. A timepiece as claimed in claim I or 2 Figure 6. Here 70
and 71 are piezo-electric  and comprising  a phase or frequency
oscillators, 72 is a two-way switch, 77 and 78  comparing circuit arranged
to provide zero 



10  are inverters, 73, 74, 75 and 76 are AND  output at the flection
temperature of the gates and 79 and 80 are exclusive OR gates.  crystal in
one oscillator and over a tempera-  60 With  the circuitry of Figure6, the
output  ture range extending fron [err] below to signals from the OR gates
79 and 80 are fed   [err] above said flection temperature. in to the
dividers 21 and 25 in Figure 2 in. .  4. A timepiece as claimed in any
of.the 15  substitution for the signals from the main  preceding claims
wherein the absolute vaue and auxiliary oscillators in that figure.  of.
the number ofthe frequency ratio of the  65 As will now be seen the
arrangement  two oscillators over a temperature range of described has
great advantages over known   [err] to[err] minus I does not exceed quartz
timepieces, for it enables the use of  5 x [err]. 20  temperature sensitive
elements, such as    5. A timepiece as claimed in any of the temperature
responsive  capacitors, for  preceding claims wherein the value of the  70
temperature compensation, to be dispensed  quadratic' term  of the
temperature. co- with altogether, enabling high time-keeping efficient of
frequency  of each  crystal 



accuracy to be obtained despite varying oscillator is in the range of -2.0
x[err] 25  ambient temperatures  from  timepieces  to -4.8 x[err]. using
piezo-electric oscillators of relatively . 6. A timepiece as claimed in any
of the  75 low frequency and of relatively low power  preceding claims
wherein the frequencies of consumption.                             the
two  quartz  crystal oscillators are Attention is directed to the
specification  between 300KHz and 1000Khz. 30  of our co-pending
Application No. 48149/77    7. A timepiece as claimed in any of the .
(Serial No. 1539010) which contains subject  preceding claims wherein the
two quartz  80 matter related.to that of the present speci-  crystal
oscillators have the same frequency fication.
over a temperature range of [err] to [err]. 8. A timepiece as claimed in
any of the WHAT WE.CLAIM  IS: -                    preceding  claims
wherein  the, flection 35     1. A piezo-electric electronic timepiece
temperature, of at least one of the .quartz  85 having two piezo-electric
crystal controlled  oscillator crystals is in the range of [err] to 



oscillators with  flexural mode  crystals [err]. having different flection
temperatures (also    9. A  quartz crystal timepiece having known.as
"turning-point temperature" and  temperature  compensating  circuitry. 40
"turn-over temperature") between -[err]  substantially  as herein
described  with 90 and [err], one of said oscillators being used. reference
to. Figures 2 to 6 of the accom- as a time standard oscillator,. and means,
panying drawings. responsive  to  phase  or  frequency              J.
MILLER.& CO., differences  occurring  between  signals       Agents for
the.Applicants, 45  derived from said oscillators for compen-
Chartered Patent Agents, sating for variations in frequency due to       .
Lincoln Housee, temperature  variations,  of  said  one           296-302
High Holborn,  oscillator.                      .                  London,
WCIV 7JH. 2. A timepiece as claimed in claim  I Printed for Her Majesty's
Stationery Office by the Courier Press, Leamington Spa, 1980. 



Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    4
1,571,235     *  C L  M  S  *         4 frequencies of the two oscillators
for their  wherein saimeans responsive to phase or  50 adjustment.  This
adjustment  can  be  frequency differences comprise a circuit for performed
by using a circuit for substituting  comparing the phase or frequencies of
the main and auxiliary oscillators with each  output signals from two
frequency dividers, 5  other, using a circuit for stopping the adding  one
fed from one oscillator and the other of signals and providing a switch
controlling  from the other.                    55 the two circuits. An
example is shown in    3. A timepiece as claimed in claim I or 2 Figure 6.
Here 70 and 71 are piezo-electric  and  comprising a phase or frequency 



oscillators, 72 is a two-way switch, 77 and 78  comparing circuit arranged
to provide zero 10  are inverters, 73, 74, 75 and 76 are AND   output at
the flection temperature of the gates and 79 and 80 are exclusive OR gates.
crystal in one oscillator and over a tempera-  60 With the circuitry of
Figure 6, the output  ture range extending from  [err] below to signals
from the OR gates 79 and 80 are fed  [err] above said flection temperature.
in to the dividers 21 and 25 in Figure 2 in    4. A timepiece as claimed in
any of the 15  substitution for the signals from the main  preceding laims
wherein the absolute value and auxiliary oscillators in that figure.  of
the number of the frequency ratio of the  65 As will now be seen the
arrangement  two oscillators over a temperature range of described has
great advantages over known   [err] to [err] minus I does not exceed quartz
timepieces, for it enables the use of  5 x [err]. 20  temperature sensitive
elements, such as    5. A timepiece as claimed in any of the temperature
responsive  capacitors. for  preceding claims wherein the value of the  70
temperature compensation, to be dispensed  quadratic term  of the
temperature co- 



with altogether, enabling high time-keeping  efficient of frequency  of
each crystal accuracy to be obtained despite varying  oscillator is in the
range of -2.0 x [err] 25  ambient temperatures  from  timepieces  to -4.8 x
[err]. using piezo-electric oscillators of relatively    6. A timepiece as
claimed in any of the  75 low frequency and of relatively low power
preceding claims wherein the frequencies of consumption.
the  two quartz crystal oscillators are Attention is directed to the
specification  between 300KHz and 1000Khz. 30  of our co-pending
Application No. 48149/77    7. A timepiece as claimed in any of the (Serial
No. 1539010) which contains subject  preceding claims wherein the two
quartz  80 matter related to that of the present speci-  crystal
oscillators have the same frequency fication.
over a temperature range of [err] to [err]. 8. A timepiece as claimed in
any of the WHAT WE CLAIM  IS:-                   preceding  claims wherein
the flection 35    1. A piezo-electric electronic timepiece  temperature of
at least one of the quartz  85 



having two piezo-electric crystal controlled  oscillator crystals is in the
range of [err] to oscillators with  flexural mode crystals  [err]. having
different flection temperatures (also    9. A  quartz crystal timepiece
having known as "turning-point temperature" and  temperature  compensating
circuitry 40  "turn-over temperature") between-[err]   substantially  as
herein  described  with  90 and [err], one of said oscillators being used
reference to Figures 2 to 6 of the accom- as a time standard oscillator,
and means,  panying drawings. responsive  to  phase  or  frequency
J. MILLER & CO., differences  occurring  between  signals        Agents for
the Applicants, 45  derived from said oscillators for compen-
Chartered Patent Agents, sating for variations in frequency due to
Lincoln House, temperature  variations,  of  said  one          296-302
High Holborn, oscillator.                                       London,
WCIV 7JH. 2. A timepiece as claimed in claim I 
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