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H LY STABLE F U ENERATOR

The present invention concerns a frequency generator
comprising a first high frequency oscillator, suitable for
example for telecommunication use.

Such a generator may be part of an analogue system
'using frequency modulation with a limited bandwidth, as
cah be found for example in cellular phones, cordless

- phones 'or also in portable radio-frequency apparatus etc.
Also, the generator may be part of a digital system as can
be found for example in pager systems, such as. pager-
watches. A pager-watch is a wristwatch provided with an
integrated radio receiver, capable of receiving and
processing radio-diffused messages intended to -locate
persons.

In known frequency generators, the oscillator is
usually not stabilised, neither as far as the time is
concerned nor as far as the surrounding temperature is
.concerned. And even if this oscillator comprises a

Jw,gpablllser, the latter normally -'only serves for

\;éjébmﬁfnsatlng temperature influences. Furthermore, this

F*q gpéns ition functions in general only for a very llmlted

1_Lre range. Such thermo-compensated oscillators are

.der the name TCXO (wh:.ch is an abreviation for

are to be stabilised over a- larger temperature range, an
expensive compensation circuit is required. Such a circuit
is often considered too expensive. Furthermore, as has
already been observed, the compensation circuit
compensates-only for the deviations of the oscillator due
to temperature influencés, which does not suffice in the
case of ensuring a durable stability.

For the utilisations intended by the present
invention, the frequency precision of the frequency
generator must be around £ 2 to * 3 ppm (10-8) . This
supposes at least the use of a TCXO oscillator in the
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generator. However a TCX0O oscillator is not time
stabilised, and its ageing may cause a frequency deviation
of 1 to 2 ppm (10-6) per year. Its ageing is due to the
quartz of the oscillator, which provides a signal which
varies with time. The ageing of the oscillator may thus

- play and important role in the change of the stability of

a frequency generator.
Thus, when the oscillator ages or if the generator is
used outside of the authorised temperature range, the

. frequency variation of the oscillator of the frequency -

generator. will become quite .large so that the difference
between the actual frequency and the nominal frequency of
the oscillator could becomes too large. If the generator
is incorporated into a radio-signal receiver, for example, -
the sensitivity of the latter might thus be diminished or
the detected signal might be deformed and this deformation
might produce noise on the useful signal. :

It is thus necessary to stabilise efficiently the
oscillator of the frequency generator, preferably by a
compensation -circuit which is relatively cheap compared to
the price of the complete generator.

An aim of the present invention is to provide-a
solution to this problem by providing a frequency
generator which is not expensive aﬁd which is very stable,
even over a longer period of time,” and which is

. independent of the temperature influence.

This aim is obtained thanks to a highly stable
frequency generator comprising a first oscillator intended
to generate a first frequency, characterised in that it
further comprises :

- a time base comprising a second oscillator
intended to generate a second frequency, and compensation
means of the second oscillator, this time base providing a
frequency signal which is stable in time and which is
independent of the temperature, '

-~ means for defining a time interval determined by
said stable frequency signal, and



- feedback means comprising

- a counter arranged to count a first number of
pulses coming from said first oscillator during said time
interval, and arranged to provide the first number to
comparing means associated to said counter,

- means for providing a reference number of pulses
to said comparing means, and

- means for providing a correction signal as a
function of the difference between said first number and
said reference number,
said generator further comprising a correction circuit of
the oscillation frequency of said first oscillator, the
correction circuit being controlled by said correction
signal.

The aim is also obtained thanks to a highly stable
frequency generator comprising a first oscillator -intended
to generate a first frequency, characterised in that it-
further comprises a time base comprising :

-~ -a second oscillator intended to generate a second
frequency, and compensation means of said second
oscillator .providing ‘a number of correction pulsés Nx
representative of a correction to be performed, this time
base providing a time stable frequency signal which is
independent of the temperature,

"~ means for defining a time interval determined by
said second oscillator, and

- feedback means comprising :

- a counter arranged to count a first number of
pulses coming from said first oscillator during said time
interval and arranged to provide the first number of
pulses to adding means which are arranged to calculate the
sum of said first number and said correction number,

- comparing means arranged to receive said sum
provided by said calculating means,

- means intended to provide a reference number: of
pulses to said comparing means, and
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- means providing a correction signal as a function
of the difference between said sum and said reference
number,
the generator further comprising a correction circuit of
the oscillation frequency of said first oscillator, the
correction circuit being controlled by said correction
signal.

The solution presented by the invention consists in
coupling the oscillator providing the useful fregquency to
a second oscillator, or a reference oscillator, which has
a high stability thanks to the fact that it is thermo-
compensated and which comprises a electronic ageing
compensation circuit conceived according to a known
principal in ‘watch-technology for ensuring what
specialists call "running éonvergence".

Advantageously, such a highly stable generator
according to the invention may be used in timepieces such
as pager-watches.

The object of the invention is described hereafter,
merely by way of example, by two embodiments with
reference to the accompanying drawings, in which :

- Figure 1 represents a block diagram of a highly
stable timepiece which may be used in the generator
according to the invention;

- Figure 2 represents a timing chart of a time
interval I showing the corrections to be performed;

- Figure 3 represents a block diagram of the
generator according to the invention 1in a first

~embodiment; and

- Figure 4 represents a block diagram of the
generator according to the invention in a second
embodiment.

Figure 1 is a - -block diagram representing a highly
stable time base comprising a low frequency oscillator 1,
for example a watch oscillator controlled by a quartz
resonator which is arranged to provide an output signal
having a nominal fregquency of 32768 Hz. This oscillator 1 .



is coupled to an inhibition circuit 2 by way of a first
divisor la. The inhibition circuit 2 is associated to an
electronic circuit comprising a division chain 3, arranged
to transform the output signal provided by the inhibition
circuit 2 into a divided signal I, the frequency of which
is adapted according to the intended use. For example,-in'
the case of a watch such as a pager watch, the divisor 1la
and the division chain 3 present together a divisor rate
equal to 32 768 so that the signal I has a frequency of
1Hz, when the signal provided by oscillator 1 is at its
nominal frequency and while the inhibition circuit 2 does
not- block any pulses. Signal I may be used to control the
step motor coupled to the driving chain for driving
display means. ' .

‘However, the actual frequency:as delivered by the
quartz of the low frequency oscillator 1 changes in time
and depends on the surrounding temperature. For -example,
"for a watch oscillator of which the quartz vibrates at its
nominal frequency at a temperature of 25° C,. the error of
this fregquency may reach 20 ppm or more over a temperature
range of -10 to +50° C.

It is thus necessary to compensate -for the effecf_of
the temperature on the frequency delivered by the quartz
of low frequency oscillator 1. :

Several systems have been proposed for thermally
compensating a time base, for example in the American
patent US-A-4 761 771 or the Swiss patent CH-B-650 122.

In the time base shown in figure 1, this compensation
may be performed by the principal described in the patent
Us-a-4 761 771.

According to this principal, an inhibition circuit 2
blocks periodically a number N¢t and a number Ni of
pulses of the signal provided by divisor la, and this with . -
a periodicity of Ip seconds.

The number Ne¢t is the number of pulses to be blocked
so that the frequency of signal I would be independent of
the temperature, and it is produced by a correction



circuit 5 which receives an information N(T) from a
temperature sensitive sensor 4.

The number Naj is the number of pulses to be blocked
to take into account a voluntary made error during the
fabrication of the resonator of oscillator 1 with respect
to its maximum frequency, this number being stocked in a
memory 2a.

A multiplexer 9 provides successively the number Net
and the number Naj to an inhibition circuit 2.

The frequency of the signal. provided by oscillator 1
also changes because of the ageing of its quartz.

In the time base shown in figure 1, the compensation
for its ageing is obtained by the principal known under
the name of "running conversion" and is described in the
Swiss patent CH-B-599 609.

" In short, to correct the frequency of signal I, it is
necessary to remove, firstly, an invariable number Ngji of
pulses to take into account the initial adjustment
(voluntary error), secondly, a variable number Nct of
pulses to take into account the variation of the frequency
of oscillator 1 due to the temperature, and, thirdly, a
number Npmh, also variable, of pulses to take into account
the ageing of the quartz of oscillator 1.

These different numbers are provided successively to
inhibition circuit 2 by multiplexer 9, in such a way as is
shown by way of example in figure 2. As can be seen in
this example, multiplexer 9 provides the number Nzji to
inhibition ‘circuit 2 at the start of each period Ig.
Simultaneously, sensor 4 measures the temperature and
transmits the signal N(T) to circuit 5. The latter then
determines the number Nct, which is then transmitted to
inhibition circuit 2 by multiplexer 9. An instant later,
multiplexer 9 transmits the number Nph to inhibition
circuit 2.

Figure 3 represent a block diagram of the generator G
according to the invention in a first embodiment.



Generator G comprises first of all a circuit BT such
as is represented in figure 1. The frequency generator G
further comprises a high frequency oscillator 10 which may
be part of, for example, a radio receiver capable of
receiving radio-diffused messages. Such a receiver may be
used in pager-watches for example. .

The frequency Fl1 generated by high frequency
oscillator 10 depends on the surrounding temperature and
varies in time, the same as the one generated by
oscillator 1.

To stabilise this oscillator 10, a feedback. circuit
is incorporated in generator G according to the invention.

The frequency Fl1l of the output signal of oscillator
10 -must be measured firstly before this frequency Fl may
be regulatéd.

For practical reasons, the output signal of this
oscillator 10 passes, preferably, through divisor 1l0a so
as to obtain a lower frequency which facilitates the
measurement.

Next, the output signal of divisor 10a is applied to
a counter 11 which counts during a certain time interval T
a number ny of pulses coming from this divisor 10a. The.
number ng is thus an indication of the measurement of the.
frequency F1l provided by high frequency oscillator 10. The
output of the counter 11 is associated to comparing means
13 so as to compare the number of pulses counted by
counter 11 during the time interval T to a reference
number of pulses provided by a memory 14, also associated
to comparing means 13. The output of the comparing means
13 is associated to evaluation means 15 which also
- comprises a memory 16. Means 15 produce a control signal
Sc to control a correction circuit 17 .associated to high.
-~ frequency oseillator 10 so as to modify the frequency of
its output signal.

The length of time of the measurement, - the interval
T, is determined by the stabilised time base BT. In fact,
signal I outputted by stabilised time base BT is used to



control counter 1ll. To this effect, time base BT provides
the frequency stable signal I to counter 11 by way of the
divisor 9a which divides the frequency of this signal I so
as to obtain a control signal of counter 11 which has a
period equal to the desired time length of interval T. For

example, if the output signal of time base BT is a signal
having a frequency of 1 Hz, and if the desired time
length of interval T is to be 8s, the divisor 9a divides
signal I by 8 so as to obtain a signal output by divisor
9a which has a frequency of 1/8 Hz which corresponds to
pulses which are time-spaced apart by 8s. The first pulse
of the signal outputted by divisor 9a may be a control
signal which starts counter 11 so as to start the
measurement, while the second pulse, arriving T seconds
later (here T=8s), may be a stop command of counter 11
thus stopping the measurement.

The result of the meadsurement of counter 11 is thus a
number of pulses counted during the time interval T.
Counter 11 then provides this number of pulses ng to
comparing means 13. The number n7.of pulses is compared to
a reference number N7 of pulses stocked in memory 14, this
number being predetermined and depending on the number of
pulses that oscillatof 10 should produce during the
interval T.

The comparing means 13 determine the difference A =
|np-Nr|, which is thus representative of the correction to
be performed so as to correct frequency Fl of high
frequency oscillator 10. To this effect, this wvalue A is
applied to evaluation means 15 which comprise an data-
instruction table stocked in memory 16 and which provides,
for each possible value of A, a corresponding correction
signal Sc. Thus, the value of A determines the necessary
correction as will be explained hereinafter.

Correction signal Sc is a control signal which may be
applied to correction circuit 17 so as to modify frequency
Fl of the output signal of oscillator 10. Correction
circuit 17 comprises for example a network of switchable



capacities connected in parallel to the oscillation
circuit of oscillator 10. Correction signal Sc controls.
the connection of the capacities of correction circuit 17
‘so that the frequency Fl of oscillator 10 may obtain the
desired value. A network of switchable capacities as well
as its connection being known to the skilled person, they
will thus not be described in more detail here.

It will thus be understood that frequency F1l of the
output signal of oscillator 10 may be modified and thus
stabilised as a function of the information provided by
time base BT thus functioning as a reference oscillator in
the feedback loop of high frequency oscillator 10.

Figure 4 represents a block diagram of the generator
-according to the invention in a second embodiment.:

This embodiment corresponds largely to the first
embodiment of figure 3, that is to say that a divisor 10a,
associated to oscillator 10, is connected to a counter 11.
However, here, counter 11 is associated to calculating
means 12, for example an adder. The calculating means 12
are assocliated to comparing means 13, to which is also
associated a memory 14. The output of the comparing means
pass through evaluation means 15, comprising a memory 16
and providing an output control signal Sc to a correction -
circuit 17. The correction circuit 17 is associated to the
oscillation circuit of the high frequency oscillator 10 so
as to modify the frequency Fl of the output signal of
oscillator 10.

In the second: embodiment, counter 11 1is not
controlled by the output signal I of the stabilised time
base BT, but it is controlled only by the output signal of
divisor la which determines by way of a divisor 20 the
timing of activity of counter 1l1. As the frequency of the
“output signal of oscillator 1, and thus the frequency of
the output signal of divisor la, is not stable in itself,
it will generate an error of the length of the time
measurement. This time measuremeht thus has a length t and
not T as is the case in the first embodiment. The error
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(the difference between t and T) caused by the variations
due to the temperature, the ageing and the initial
adjustment of the resonator of oscillator 1, may be
corrected by the compensation information Ne¢t, Nmh and Naji
provided to multiplexer 9. Thus, the error of. the
measurement due to the length of the interval t may be
corrected.

" To this effect, multiplexer 9 is connected to a
calculating circuit 9a to provide a correction value Nx as
will be explained hereafter.

In fact,  -counter 11 counts during the interval t .a
number nt of pulses coming from high frequency oscillator
10 by way of divisor 10a. However, counter 11 will not
have counted during T seconds, but only during t seconds.
That is to say, if t<T, counter 11 will not have counted
long enough, and it is thus necessary to add a number Nx
of correction pulses to the result nt of the count; on the
contrary, if t>T, the counter will have counted too long,
and it is necessary to substract this number Nx of pulses
from number nt.

To this effect, the three values Naji, Nct., Nmh
applied to multiplexer 9 pass through a arithmetic ciréuit
9a arranged in such a way'to adapt these wvalues to the
conditions of the high frequency loop by effecting the
necessary corrections so as to take into account the
difference between the'frequenqy F2 of low frequency
oscillator 1 and the frequency Fl1 high frequency
oscillator 10, the difference between the interval Ip of
the'compensation measurement of time base BT and the
desired interval T of the measurement, and the interval t
of the actual measurement of frequency Fl. Furthermore, if
the divisors la and 10a do not have the same division
rate, a correction for the proportion between their rates
is also necessary. _ _

More specifically, the arithmetic circuit 9a may be
arranged in such a way so as to calculate the correction
number Ny with the help of the following equation :
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F1l.T-d2 Fl-7-d2
N, =N, - =—F=——7+ (th+Nnm)-m

ai F2-IT-d1

in which dl and d2 are respectively the division rates of
divisor 10a and la, and t is the time length of the actual
measuremeﬁt of frequency Fl.

It will be understood that the number Nx may be
positive or negative, depending of the values of Ngt and
Nai (always positive), on the one hand, and Nyh (positive
or negative), on the other hand.

Next, calcuiaéion means 12 add the number Nx
calculated by the arithmetic circuit %a to the number nt
of pulses received from counter 1l so as to obtain a
number of pulses nrT = nt + NX.

The result nm of this addition is compared by
comparing means 13 to the reference number Nt of pulses,
as in the embodiment of figure 3.

The difference InT—NT|¥A determined by this
comparison is processed by means 15 and 16 in the same way
as in the first embodiment so as to generate a correction
signal. Thus, here too, evaluation means 15 generate a
correction signal Sc to control the correction circuit 17
so as to modify frequency Fl1 of the output signal of
oscillator 10 so as to stabilise . this frequency, as .
described ‘hereabove for the first embodiment shown in
figure 3.

As has Dbeen explained hereabove, generator G
according to the invention may advantageously be
. incorporated into a pager-watch. Time base BT of generator
G is then associated to the display means of the pager-
watch, and high frequency oscillator 10 of generator G is
used as a radio receiver of messages. Thus, the pager-
watch has a stable time base as well as a stabilised radio
receiver thanks to the frequency generator G according to

the invention.
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1. Frequency generator (G) comprising a first
oscillator (10) intended to generate a first frequency
(F1), characterised in that it further comprises :

- a time base (BT) comprising a second oscillator
(1) intended to generate a second frequency (F2), and
compensation means (4,5,6) of the second oscillator, this
time base providing a frequency signal which is stable in
time and which is independent of the temperature,

- means (9a) for defining a time interval (T)
determined by said stable frequency signal, and

- feedback means comprising :

- a counter (11) arranged to count a first number
(np) of pulses coming from said first oscillator (10)
during said time interval (T), and arranged to provide the
first number (nT) to comparing means (13) associated to
said counter (11), ' _

- means (1l4) for providing a reference number (NT)
of pulses to said comparing means (13), and

- means (13,15,16) for providing a correction
signal (Sc) as a function of the .difference (A) between
said first number (n7) and said reference number (Np),

said generator further comprising a correction circuit

. (17) of the oscillation frequency (Fl) of said first

oscillator (10), the correction circuit being controlled:
by said correction signal (Sc).

‘2. Frequency generator (G) comprising a first
oscillator (10) intended to generate a first frequency
(F1), characterised in that it further comprises :

- a time base (BT) comprising a second oscillator
(1) intended to generate a second frequency (F2), and
compensation means (4,5,6,9,9a) of said second oscillator .
(1) providing . a number of correction pulses Nx
representative of a correction to be performed, this time
base providing a time stable frequency signal which is

- independent of the temperature,
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- means (20) for defining a time interval (t)
determined by said second oscillator (1), and

- feedback means comprising :

- a counter (l1ll) arranged to count a first number
(nt) of pulses coming from said first oscillator (10)
during said time interval (t) and arranged to provide the
first number of pulses to adding means (12) which are
arranged to calculate the sum (np) of said first number
(nt) and said correction number (Nx),

- comparing means (13) arranged to receive said sum
(np) provided by said calculating means (12), .

- means (14) intended to provide a reference number
(N7) of pulses to said comparing means (13), and

- means' (15,16) for providing a correction signal
(Sc) as a function of the difference (A) between said sum
and said reference number,
the generator further comprising a correction circuit (17)
of the oscillation frequency (Fl) of said first oscillator
(10), the correction circuit (17) been controlled by said
correction signal (Sc).

3. Generator according to <c¢laim 1 or 2,
characterised in that the compensation means (4,5,6,9) of
said second oscillator (1) comprise :

- a temperature compensation circuit (4,5) of said
time base, and

- an ageing compensation circuit (6,8) of said time
base.

4. Generator according to claim 1, 2 or 3,
characterised in that the correction circuit (17) is
constituted by an network of switchable capacitors
comprising one or several capacities, each been
connectable in parallel to the oscillation circuit of said
first oscillator (10) so as to modify its. frequency (F1).

5. Timepiece capable of receiving radio-diffused
messages comprising at least display means for displaying
a time information (I) and receiving means for receiving

said messages, characterised in that said timepiece
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further comprises a frequency generator (G) according to
any of the preceding claims, said frequency signal
provided by said time base (BT) being associated to said
display means, and in that said receiving means further
comprise said first oscillator (10) as a radio receiver

for said messages.



