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2VX 41D 4G 5E (54) TIMEPIECE HAVING A HIGH FRE QUENCY OSCILLATOR (71)   We,
TIMES CORPORATION, a Corp-  connected in one of the reactive branches 50
oration organized under the laws of the State  which sets the frequency of
the output pulses, of Delaware, United States of America, of  means for
dividing down the frequency of Waterbury, Connecticut, United States of
the output pulses, and means activated by 5 America, do hereby declare the
invention, the output of the frequency dividing means for which we pray
that a patent may be  to drive the time indicating means.      55 granted
to us, and the method by which it is   In one embodiment of the Pierce
oscil- to be performed, to be particularly des-  lator type featuring a
crystal-controlled oscil- cribed in and by the following statement: -
lator, a variable resistor is inserted in series 10   The present invention
relates to a time-  with a first capacitor in a tank circuit com- piece
having a high frequency oscillator, for  prising a quartz crystal and the
first capaci- 60 example a crystal-controlled oscillator.  tor and a second
capacitor. The phase In crystal-controlled oscillators, the quartz  shifted
feedback signal is thus determined by crystal may be cut under normal
manufac-  the combination of the first capacitor and 15 turing procedures
to an accuracy of [err]1 Hz  the variable resistor which causes a corres-
which is satisfactory for many purposes. ponding change in the oscillating
frequency  65 However, in applications such as quartz crys-  of the system.
The invention is, of course, not tal-controlled watches, it is essential
that the  limited to bipolar Pierce type circuits and, quartz crystal
oscillator output frequency be hence, other embodiments include a comple-
20 a predetermined frequency to permit accur-  mentary MOS equivalent of
the bipolar ate timekeeping. For example, in one com-  Pierce type circuit,
a modified Colpitts cir- 70 mercial quartz watch the oscillator frequency
cuit or a modified Hartley oscillator. is specified as 49,152 Hz and a
variation of Other features and advantages of the pres- 1 Hz would result
in an unacceptable vari- ent invention will appear from the following 25
ation of 2 seconds per day in the watch  description of preferred
embodiments there- The conventional method of trimming  of, given with
reference to the accompanying 75 quartz crystal oscillators involves the
use of  drawings wherein: - a variable capacitor typically incorporated in
Figure 1 is a block diagram of a typical a Pierce oscillator arrangement.
However, quartz crystal watch arrangement; 30 this type of trimming
requires a separate    Figure 2 is a circuit diagram of the quartz variable
capacitive element which must be  crystal oscillator showing the resistor
trim  80 mounted on a substrate. The present inven-  arrangement of the
present invention in a tion proposes to employ a variable resistor  bipolar
Pierce circuit; as a more reliable trimming element. The    Figure 3 shows
the use of the resistor trim 35  variable resistor may be deposited on a
sub-  arrangement in a complementary MOS oscil- strate; since an added
assembly operation  lator embodiment;                     85 is then not
required and the element is less    Figure 4 shows the invention in a
modified expensive, a significant cost saving can be  Colpitts oscillator
embodiment, and achieved while circuit reliability is improved.   Figure 5
shows the invention of the em- 40   According to the invention there is
pro-  bodiment of a modified Hartley oscillator. vided a timepiece having
time indicating    Figure 1 of the drawings is a block dia- 90 means and
comprising a power supply, an  gram arrangement for a typical quartz
crystal oscillator activated by the power supply to  watch. The watch
includes a high frequency provide high frequency output pulses, said
quartz crystal oscillator 10, a divider 11 



45 oscillator comprising an active element and  which reduces the
oscillator output frequency a tank circuit including two series reactances
to a driver 12 and a motor 13 which is driven 95 each in a respective
reactive branch with a  thereby. The motor 13 drives a watch mech- grounded
connection between the two series  anism indicated schematically as 14.
resistances, and a variable resistor being    The oscillator 10 includes a
quartz crystal    2                                        1,429,257
2 16, Figure 2, having a natural frequency in  further advantage, be
deposited on a sub- the 50 KHz range connected across the  strate.
. collector-base circuit of transistor 17. The    The present invention is
not limited to circuit also include capacitors 18 and 19 con-  bipolar
Pierce-type circuits as illustrated in .5  nected in a tank circuit with
the quartz crys-  Figure 2. For example, Figure 3 shows a 70 tal 16. A
variable resistor 21 is connected in  complementary MOS equivalent 26 of
the series with capacitor 18 while a fixed resistor  bipolar circuit of
Figure 2 having a quartz 22 is connected across the crystal 16.- Power
crystal 16 connected between the common is supplied over line 23 and
resistor 24 from. gate connection and the common drain con- 10 a power
supply such as a conventional watch  nection. Figure 4 shows a modified
Colpitts 75 battery (not shown).                      circuit 27 and Figure
5 shows a modified The circuit operation of the prior art may  Hartley
oscillator 28. A variable resistor 21 be explained with reference to Figure
2 by  is included in each of the above embodi- assuming resistor 21 to be
shorted out and  ments to adjust the frequency by resistive 15 by assuming
a voltage e at point A and a  means. .. Since the operation of these
circuits 80 lossless tank circuit comprising the quartz  26, 27, and 28 is
well known, details of their crystal 16 and capacitors 18 and 19. Since
functioning have been omitted. The effect the common connection of
capacitors 18 and  of adding resistor 21 is similar to that des- 19 is
grounded and the current through the  cribed with reference to Figure 2 and
simi- 20  capactors 18 and 19 is the same, the tank  lar advantages accrue.
Broadly speaking, the  85 circuit produces an output voltage of -e at
present invention proposes a means for pre- point B. Thus, the tank circuit
has a phase  cisely trimming the output frequency of an shift of [err]
referred to ground. The addi- oscillator by varying the resistance in a
tional [err] phase shift in transistor 17. com-  branch of the circuit.
Preferably the fre- 25  pletes the loop with a [err] phase shift to  quency
setting variable resistor 21 is temper- 90 permit oscillations if the gain
of the tran-  ature sensitive to effect a temperature cor- sistor is
sufficiently high.               rection. for the oscillator. Typical
values of the components for the    It is to be understool that the above
des- operationand 50 KHz are as follows: -     cribed arrangements are
merely illustrative 30                                            examples
of the application. Numerous other 95 Resistor 24= 150 Kohms
arrangements may be readily devised by Resistor 22=2.2 Megohms
those skilled in the art which fall within the Capacitor 18=Capactor 19 =
33 pf.    scope of the claims. 35  A small change in output frequency could
WHAT WE CLAIM IS:-                    100 be effected by this circuit by
varying the    1. A  timepiece having time indicating capacitors 18 or 19
or by varying both capa-  means and comprising a power supply, an citors 18
and 19 which, of course, changes  oscillator activated by the  power supply
to the oscillating frequency of the tank circuit. provide high frequency
output pulses, said 40  Indeed, this technique is commonly em- oscillator
comprising an active element and 105 ployed in the prior art but this has
serious  a tank circuit including two series reactances disadvantages when
applied to watch circuits. each in a respective reactive branch with a
Using a variable capacitor to trim the quartz  grounded connection between
the two series crystal oscillator requires a separate capaci-  reactances,
and a variable resistor being 45 tive element which must be mounted on a
connected in one of the reactive branches 110 substrate. This involves
additional compon-  which sets the frequency of the output pulses 



ent and assembly expense and requires ad- means for dividing down the
frequency of ditional space within the limited confines of the. output
pulses, and means activated by a watch case.
the output of the frequency dividing means 50    According to the present
invention as  to drive the time indicating means.      115 illustrated in
Figure 2 of the drawings a    2. A timepiece in accordance with Claim:
variable resistor 21 is inserted in series with  1, wherein the oscillator
comprises a crystal- capacitor 18. The operation of the circuit controlled
oscillator, the reactances are fixed is as previously described except that
the  capacitors, and the active element is a semi- 55 feedback voltage is
[err] where [err] represents  conductor means coupled across the crystal
120 the phase shift determined by the combina-  to provide the necessary
gain and phase shift tion of resistor 21 and capacitor 18. This  for
oscillations. phase shifted signal causes a corresponding   3. A timepiece
in accordance with Claim change in the oscillating frequency of the  2,
wherein the semi-conductor means com- 60  system and thus, a precise ad
justment in  prises a transistor connected with its collec- 125 output
frequency may be made by. changing  tor-base circuit across the crystal and
oper- the value  of resistor 21 rather than varying  ated in the grounded
emitter configuration. the capacitance value of components 18 or    4. A
timepece in accordance with Claim 19. The variable resistor 21 is a more
re-  2, wherein the semi-conductor means com- 65 liable trimming element
which may, as a  prises a complementary MOS circuit connec- 130    2
1,429,257                                       2 16, Figure 2, having a
natural frequency in  further advantage, be deposited on a sub- the 50 KHz
range connected across the  strate. collector-base circuit of transistor
17. The    The present invention is not limited to circuit also include
capacitors 18 and 19 con-  bipolar Pierce-type circuits as illustrated in 5
nected in a tank circuit with the quartz crys-  Figure 2. For example,
Figure 3 shows a 70 tal 16. A variable resistor 21 is connected in
complementary MOS equivalent 26 of the - series with capacitor 18 while a
fixed resistor  bipolar circuit of Figure 2 having a quartz 22 is connected
across the crystal 16. Power  crystal 16 connected between the common is
supplied over line 23 and resistor 24 from   gate connection and the common
drain con- 10 a power supply such as a conventional watch  nection. Figure
4 shows a modified Colpitts 75 battery (not shown).
circuit 27 and Figure 5 shows a modified The circuit operation of the prior
art may  Hartley oscillator 28. A variable resistor 21 be explained with
reference to Figure 2 by  is included in each of the above embodi- assuming
resistor 21 to be shorted out and  ments to adjust - the frequency by
resistive 15 by assuming a voltage e at point A and a  means. Since the
operation of these circuits 80 lossless tank circuit comprising the quartz
26, 27, and 28 is well known, details of their crystal 16 and capacitors 18
and 19. Since  functioning have been omitted. The effect the common
connection of capacitors 18 and  of adding resistor 21 is similar to that
des- 19 is grounded and the current through the  cribed with reference to
Figure 2 and simi- 20  capacitors 18 and 19 is the same, the tank  lar
advantages accrue. Broadly speaking, the 85 circuit produces an output
voltage of -e at present invention proposes a means for pre- point B. Thus,
the tank circuit has a phase  cisely trimming the output frequency of an
shift of [err] referred to ground. The addi-  oscillator by varying the
resistance in a tional [err] phase shift in transistor 17 com-  branch of
the circuit.  Preferably the fre- 25  pletes the loop with a [err] phase
shift to  quency setting variable resistor 21 is temper- 90 permit
oscillations if the gain of the tran   ature sensitive to effect a
temperature cor- sistor is sufficiently high.              rection for the
oscillator. Typical values of the components for the    It is to be
understool that the above des- operation and 50 KHz are as follows: -
cribed arrangements are merely illustrative 30
examples of the application. Numerous other 95 Resistor 24=150 Kohms
arrangements may be readily devised by 



Resistor 22=2.2 Megohms             those skilled in the art which fall
within the Capacitor 18=Capactor 19=33 pf.    scope of the claims. 35 A
small change in output frequency could    WHAT WE CLAIM IS: -
100 be effected by this circuit by varying the    1. A  timepiece having
time indicating capacitors 18 or 19 or by varying both capa-  means and
comprising a power supply, an citors 18 and 19 which, of course, changes
oscillator activated by the power supply to the oscillating frequency of
the tank circuit. provide high frequency output pulses, said 40  Indeed,
this technique is commonly em-  oscillator comprising an active element and
105 ployed in the prior art but this has serious  a tank circuit including
two series reactances disadvantages when applied to watch circuits. each in
a respective reactive branch with a Using a variable capacitor to trim the
quartz  grounded connection between the two series crystal oscillator
requires a separate capaci-  reactances, and a variable resistor being 45
tive element which must be mounted on a  connected in one of the reactive
branches 110 substrate. This involves additional compon-  which sets the
frequency of the output pulses, ent and assembly expense and requires ad-
means for dividing down the frequency of ditional space within the limited
confines of the output pulses, and means activated by a watch case.
the output of the frequency dividing means 50    According to the present
invention as  to drive the time indicating means.       115 illustrated in
Figure 2 of the drawings a    2. A timepiece in accordance with Claim
variable resistor 21 is inserted in series with  1, wherein the oscillator
comprises a crystal- capacitor 18. The operation of the circuit controlled
oscillator, the reactances are fixed is as previously described except that
the  capacitors, and the active element is a semi- 55  feedback voltage is
[err] where [err] represents  conductor means coupled across the crystal
120 the phase shift determined by the combina-  to provide the necessary
gain and phase shift tion of resistor 21 and capacitor 18. This  for
oscillations. phase shifted signal causes a corresponding    3. A timepiece
in accordance with Claim change in the oscillating frequency of the  2,
wherein the semi-conductor means com- 60  system  and, thus, a precise
adjustment in  prises a transistor connected with its collec- 125 output
frequency may be made by changing  tor-base circuit across the crystal and
oper- the value of resistor 21 rather than varying  ated in the grounded
emitter configuration. the capacitance value of components 18 or    4. A
timepece in accordance with Claim 19. The variable resistor 21 is a more
re-  2, wherein the semi-conductor means com- 65  liable trimming element
which may, as a  prises a complementary MOS circuit connec- 130    3
1,429,257                                        3 ted so that the crystal
is connected between  setting resistor is temperature sensitive to the
common gate connection and the com-  effect a temperature correction for
the oscil- mon drain connection.                      lator. 5. A timepiece
in accordance with Claim    8. A timepiece according to Claim 1 and  15 5
1, wherein the oscillator comprises a Colpitts-  substantially as herein
described with refer- type circuit.                              ence to
the accompanying drawings. 6. A timepiece in accordance with Claim
STEVENS, HEWLETT & PERKINS, 1, wherein the oscillator comprises a Hartley-
Chartered Patent Agents, type oscillator.
5, Quality Court, 10    7. A timepiece in accordance with any
Chancery Lane, one of Claims 1 to 6, wherein the frequency          London,
WC2A 1HZ. Printed for Her Majesty's Stationery Office by Burgess & Son
(Abingdon), Ltd.-1976. Published at The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY from which copies may be obtained.    


