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1 HI G4LY STABLE FREQUENCY GENERATOR The present invention concerns aR o

frequency generator conprising a first high frequency oscill ator, SUIta £>‘1»

for ‘exanple for tel ecommunication use. Such a generator may be part of an

anal ogue system using frequency nmodul ation with a linted bandw dth, as can

be found for exanple in cellular phones, cardless phones or also in

portabl e radi o-frequency apparatus etc. Al So, the generator nmay be part of

a digital systemas can be found for exanple in pager systenms, such as

pager-  watches. A pager-wat ch gpfcHLYSTHEN GREQURBKICIedENERATAOR | Nt egrat ed

radi o receiver, capable of receliving and processing radio-diffused nessages

i ntended to | ocate persons. In known frequency generators, the oscillator
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ar as the surroundi ng.tenperature,i on V. t hj
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functions in general fQr L mtedpke tdE eqgha
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circuit quency 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
Fﬂcgﬁpéhgitlon functions in general only for a very llmlted

1M1re range. Such thermo-compensated oscillators are

g .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‘5) . This
supposes at least the use of a TCXO oscillator in the



I's offen considered too expensive. Furthernore, as has already been
observed, the conpensation circuit conpensates only for the deviations of
the oscillator due to tenperature influences, 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 mnust
be around [err] 2 to [err] 3 ppm (10-6). This supposes at |east the use of
a TCXO oscillator in the 2 generator. However a TCXO oscillator is not
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|s due to the quartz of .t he oscill.ator

ppm (10-6) per year S
mhlch provi des a 3 iﬁ%i ﬂﬂ? r%§§;§ﬂ§4P9|Wﬁ¥ CRE S GeFHSqBFnFNédeV1at1°n
oscillator may thos pla¢ an¢pmnxmﬁ pé&eyearthEtshaggdngf:mhemséabolthﬁ

of a frequency g 2'o fT?lﬁ%] %%fah?ozos ﬂiéﬁ"{g{%ﬁéegr %?al which

generator is use Ut ST déo StTaed {enperature range
frequency vari at |W¥#Stﬂétbs§llméat Sheohigeimdf r efudi® apgicklater inay thus

beconme quite |arge $p dh@t ihbSrchihf 6FETE i RCENE L ANGe A5E Ué‘lhefééaﬂfﬂ%ya%
the nom nal frequency of the oscillator could becones too |arge.

generator is i nc® PHeHIRPTHESRLRAES 0- si gnal receiver, for exanple, the
sensitivity of the | atfais NMuyHen tthes e idilitorsbgesobr 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



the detected signal mght be deformed and this deformation m ght produce
noi se on the useful signal. It is thus necessary to stabilise efficiently
the oscillator of the frequency generator, preferably by a conpensation
circuit which is relatively cheap conpared to,the price of the conplete
generator. An aimof the present invention is to provide a solution to
this problemby providing a frequency generator which is not expensive
and which is very stable, even over a longer period of tinme, and
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means conprising - a ¢cqunter arranged to count a first nunber of
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 pulses 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



pul ses comng fromsaid first oscillator during said tine interval, and
arranged to provide the first nunber to conparing neans associated to said
counter, - neans for providing a reference nunber of pulses to said
conparing neans, and - neans for providing %:correctlon signal as a
function of the difference between said first nunber and said reference
nunber, said generator further conprising a correction circuit of the
oscillation frequency of said first oscillator, the correction circuit
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f eedback means c& I*'ng - a counter arranged to count a flrst nunber of
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arranged to provi duprlr:}.%gf |t5:15t orélé ator 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 .



pul ses to addi ng neans which are arranged to cal culate the sum of said

first nunber and said correction nunber, - conparing neans arranged to
receive said sum provided by said cal culating neans, - means intended to
provide a reference nunber of pulses to said conparing neans, and 4 -

means providing a correction signal as a function of the difference between
said sum and said reference nunber, the generator further conprising a
correction circuit of the oscillation frequency of said first oscillator,
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' 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



The object of the invention is described hereafter, nerely by way of
exanpl e, by two enbodinents with reference to the acconpanying drawings, in
which - Figure 1 represents a bl ock diagramof a highly stable tinepiece
whi ch may be used in the generator according #o the invention; - Figure 2
represents a timng chart of a tine interval 1T showing the corrections to
be performed; - Figure 3 represents a bl ock di agram of the generator
according to the invention in a. first enbodinent; and - Figure 4
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A multiplexer 9 provides successively the number Net
and the number Nai 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 Ngzji 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.



I s adapted according to the intended use. For exanple, in the case of a
wat ch such as a pager watch, the divisor la and the division chain 3
present together a divisor rate equal to 32 768 so that the signal | has a
frequency of 1Hz, when the signal provided b» oscillator 1 is at its

nom nal frequency and while the inhibition circuit 2 does not bl ock any
pul ses. Signal | may be used to control the step notor coupled to the
driving chain for driving display neans. However, the actual frequency as
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oscillator 1.

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

The frequency F1l 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



a perdiodicity of IT seconds. The nunber Nct is the nunber of pulses to be
bl ocked so that the frequency of signal | would be i ndependent of the
tenperature, and it is produced by a correction 6 circuit 5 which
receives an information N(T) froma tenperatuge sensitive sensor 4. The
nunber Nai is the nunber of pulses to be blocked to take into account a
voluntary nmade error during the fabrication of the resonator of oscillator
1 with respect to its nmaxi num frequency, this nunber being stocked in a
menory 2a. A nul tdogitecdr @yvter dels. St ddsiss et fedithe tiumsh dradée tBRImrdhides
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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



of oscillator 1 due to the tenperature, and, thirdly, a nunber Nvh, also
vari abl e, of pulses to take into account the ageing of the quartz of
oscillator 1. These different nunbers are provided successively to
inhibBition circuit 2 by nmultiplexer 9, in such a way as is shown by way of
exanple in figure 2. As can be seen in this exanple, multiplexer 9 provides
the nunber Nai to inhibition circuit 2 at the start of each period IT.

Si mul t aneousl y, sensor 4 neasures the tenperature and transmts the signal
N(T) to circuit sapkwithésercommeactetierimngmatdklalntsy Nite wvhicddlistidmn
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t enper at ure and 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



varies in time, the sanme 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 F1 of the output signal of
oscil'lator 10 nust be-neasured firstly beforeggthis frequency F1 may be
regul ated. For practical reasons, the output signal of this oscillator 10
passes, preferably, through divisor 10a so as to obtain a | ower frequency
which facilitates the neasurenment. Next, the output signal of divisor 10a
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In fact,
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 :



signal | outputted by stabilised time base BT is used to 8 control
counter 11. To this effect, tinme base BT provides the frequency stable
signal | to counter 11 by way of the divisor 9a which divides the frequency
of this signal | so as to obtain a control signal of counter 11 which has a
period equal to the desired tinme length of interval T. For exanple, if the
out put signal of time base BT is a signal having a frequency of 1 Hz, and
if the desired time length of interval Tis to be 8s, the divisor 9a

di vides signal | by 8 so as to obtain a signal output by divisor 9a which
has a frequency of 1/8 Hz yh cor rE3phid to Rpls mhldhlaTQEZInE spaced
apart by 8s. The first pul s’ia o aihe B2 ghad Tout uthed dim2sokd ®a nmay be a

control signal which starts counter 11 so as to start the neasurenent,
whil e the second pulse, arriving T seconds |later (here T=8s), nmy be a stop

command of count efp l&lié}&'&iﬁta}ﬁpld@ e f@@ﬁé&ﬁ%ﬁy e af@ﬂl,ioﬁ)fraé@s of

measur enment of counter 11 I S us a nunber guls €s counted during
time interval T. & 1Pa 16r o?Pde Pﬁ|§ fukbBr bengthsed ﬁhet%Ftual
conparing neans Teeasihrenentbef fifeqhenoV SPE. i S conpared to a reference

nunber NT of pul ses stqckgdyhn B@”Hh&e%:%toto@ Schd ato éi h{]ﬁnb%ﬁ:g%t e@%e@e

and dependi ng on the nunber of pul ses at OSCI
during the positive or negatlve, depending of the values of Net and

Naji (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 np of this addition is compared by
comparing means 13 to the reference number Np 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.



interval T. The conparing neans 13 determne the difference A = [err], which
IS thus representative of the correction to be perfornmed so as to correct
frequency F1 of high frequency oscillator 10. To this effect, this value A
is applied to evaluation means 15 which conpphse an data- instruction table
stocked in nmenory 16 and which provides, for each possible value of A a
correspondi ng correction signal Sc. Thus, the val ue of mmm 110 B
necessary correction as will be expl ai ned hereinafter. I""nmmﬂm Sc
is a control sigqaAsi ch nay be applied to correction cfrcuitt 1P s8 as to
nodi fy frequency FI of the output signal of oscillator 10. Correction
circuit 17 conprises for exanple a network of sw tchable 9 capacities
connected in parallel flo Frequsuidy atgemeratoui t () osomblrdisimdl0.a first

Correction signal G I e-gﬁrg}ﬁﬁ'o o] | of.
correction circuit llgéc?cglﬁa?lg)gel r(_aquendé E?lgg%’%grgg%ola%t EFE%B %ye%b?%‘f
the desired val udF1A.nehasprterisest tRabhat chpdynther gompaisess:its

connection being known toat Remekiddsrd @PFSOfompheyiMk! & EBeen@OlodE 11lator

descri bed in nor etail here. It will thus be understood that freguency F1
o The out put o1 didr ERteRrfl £t SSPCRRRSnE rBHrPREd EHREHSTAY s (B8) 1

as a function of compenshtrion nmeanz ovi,&ed)bypf 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,



time base BT thus_functioning as a reference oscillator in the feedback

| oop of high frequency oscillator 10. Figure 4 represents a bl ock di agram
of the generator 31“““ ﬂ vention in a second enbodi ment. This
enbodi nent corresp I"ml"ﬂ)ul mu e first F‘OOdI ment of figure 3, that is
to say that a divisdr fOal} a%sotiated to oscilTlator 10, is connected to a

counter 11. However, here, counter 11 is associated to cal cul ati ng neans
12, for exanple an adder. The cal cul ating neans 12 are associated to

Cﬁrrpari ng neans 13, te Whinﬁbniss aiza(yl %@Cicﬁﬁ%ﬁ@e@wlﬂ\é iee pihpUL ( ©f
t he conparing ne pass t u val uat onprising a nmenory
16 and providing%G% bg'gﬁé §FPHRRY < ggﬁﬂﬂxﬁ%rgé circuit 17

The correction CirCUIF 17 feedbaskcihnesrs dcompticsiogci:l | ati on circuit of the
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signal of oscillator second not
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control led only Bytihgy QdiRYtc Sidialtdvall VitS0Tard WPy et BASFLAY VRY
of a divisor 20 the tlmn of achi%eof counter 11. As the fre guency of

the output signal 1635%5’6‘11 §Fofl PuLgeEnte 13RS HERDS o(fl%eWB&FFutare
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the |l ength of thgn%ﬁngngpgggﬁeEEQE?cgy%ﬁ éﬁég?fnﬁy%srenent thus has a length

t: and not T as i e casein ‘The error
- 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



10 (t.he difference between t and T) caused by the variations due to the
tenperature t he agglgg_ggg_ng_LnLLLa4 adj ustnent of the resonator of

osci |l | at or orrected by the conpensatlon i nformation Nct, Nmh and
Nai provi ded to rrul t| “‘M\‘ im)he err of the neasurement due to
the length of the |nta“ mﬂm rrecte To this effect, multiplexer
9 is connected to a catctf atti nf CIrCUIt 9a to provi de a correctlon val ue Nx
as. W ll be explained hereafter. In fact, counter 11 counts during the
interval t a nunigrtHerofcdmprinses i ftgec&ﬁémiai gbnétaauenqm)owddx&hefg 1b
by way of divisor _10a. ‘However couater 11wl | not ve_count ed durln T
seconds, but onl $™Ur Phg FPSeBRAESHRG: FlaiBseaySatf ¢ EFeaushihe, SEERRY |
not have count edprovi.dedblph,saidl time sbaMS(B'E):ebsang assadd akedurtisersabd
of correction pulge l%%atxﬁgaﬂsesué dminOfthrar&e tre@é‘r& %Cﬂgh'hgr Yeurther

t>T, the counter w ve counted t 0o I'S necessary t

substract this nG@W@rﬂ%@(ﬁa¥ﬁn§b§SFr9ﬁFh&g§§Pﬁﬂ(1°m)Q%l% Eﬁﬂé@treQQkyer
three val ues Nai foNCkailiedBabésed to nultiplexer 9 pass through a
arithmetic circuit 9a arranged in such a way to adapt these values to the
conditions of the high frequency | oop by effecting the necessary
corrections so as to take into account the



di fference between the frequency F2 of |ow frequency oscillator 1 and the
frequency F1 high frequency oscillator 10, the difference between the
interval IT of the conpensation neasurenent of tine base BT and the desired
interval T of the neasurenent, and the interval t of the actual neasurenent
of frequency F1. Furthernore, if the divisors la and 10a do not have the
sane division rate, a correction for the PBroportion between their rates is
al so necessary. Mre specifically, the arithnmetic circuit 9a may be
arranged in such a way so as to calculate the correction nunber Nx with the
hel p of the follow ng equation [err] i°® which d1 and d2 are respectively
the division rates of divisor 10a and la,jgnd t is the tinme length of the

act ual -nmeasurenent of frequency Fl. It w be understood that the nunber
Nx rmay be positive or negative, pendlng —~-4 he val ues of Nct and Na
(al ways positive), on the one hadd, and{Nn} (positive or negative), on the

ot her hand. Next, cal cul ation negns 12 ddd/t he nunber Nx cal cul ated by the
arithnetic circuit 9a to the nunijer nt f pul$es received fromcounter 11

so as to obtain a nunber of pulsds nT —|n NX. The result nT of this
addition is conpared by J
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conpar-ing neans 13 to the reference nunber
enbodi nent of figure 3. The difference [err] determ ned by this conparison
is processed by neans 15 and 16 in the same way as in the first enbodi ment

SO as to generate a correction signal

generate a correction signa

to nodify frequency F1 of the output signal
as descri bed hereabove for the first enbodi nent

stabilise this frequency,

| Sc to control
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(1) intended to generate a Second frequency (F2), and conpensation neans
(4,5,6) of the second oscillator, this tine base providing a frequency
signal which is stable in tine and which is i ndependent of the tenperature,
- neans (9a) for defining atime interval (T) determ ned by said stable
frequency sighal, and - feedback neans conprising - a counter (11)
arranged to count a first nunber (nT) of p@ ses comng fromsaid first
oscillator (10) during said time interval (T), and arranged to provide the
first nunber (p#}—{e—Cﬁﬁparing-neans-(tsy—ass |aﬁ§d to said counter (11),

- nmeans (14) for providing a reference nunber |(NI) of pulses to said
conparing neans (13), and neanso (13,15,16) fo@r providing a correction
signal (Sc) asya function of the difference (Al between said first nunber
(nT) and said Leference nunber sai d gener thet conprising a

correction cirguit (17) of 1) of said first
oscillator (10), the cqrrecfi ircuit being led bg said correction
rst oscillator (10)

signal (Sc). 2 Frequengy gg 1((3 conpri'
[ sed in that it

intended to generate a ercy (F1), |c
[ pcond oscillator (1)

further conpriEes Do- e ba e (BT) conpyi
intended to generate a quéncy (F2),} and—qgompensati on neans
vidiing a- nunber. of
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representative of a correction to be perforned, this tinme base providing a
time stable frequency signal which is independent of the tenperature, -
nmeans (20) for defining a tinme interval (t) determ ned by said second
oscitlator (1), and - feedback neans conprising - a counter (11) arranged
to count a first nunber (nt) of pulses comng fromsaid first oscillator
(10) during said tine interval (t) and arrgnged to provide the first nunber
of pul ses to adding nmeans (12) which are arranged to cal cul ate the sum (nT)
of said first E#nﬁr__(n.t_). and said correction.nunber (Nx), - conparing
means (13) arranged to receive said sum (nT) aﬂoviggd by said cal cul ating
nmeans (12), - ¢Eans (14) intended to provide a yeference nunber (NT) of

pul ses to said conparing neans ((j13), and - nedns (15,16) for providing a
correction sigmal (Sc) as a funcdtion of the digference (A, between said sum
and said reference nunber, the geperator furthdr {conprifsigg a correction

circuit (17) of the oscillation equency (F1) loff sai st oscill ator
(10), the corregction cirtuit (4 n control lled by ind correction signa
(Sc). 3. Generator accdrding {to) claim 1 or] |2, chgracterised in that
the conpensati on nmeans (|4, 5, 6, 9) :
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sai d_second oscillator (1) conprise - a tenperature conpensation circuit

(4,5) of said tine base, and - an ageing conpensation circuit (6,8) of

said time base. 4. Generator according to claiml1, 2 or 3, characterised in . .-
that® the correction circuit (17) is constituted by an network of switchable : "~
capacitors conprising one or several cgﬁa I ties, each been connectable in
parallel to the oscillation circuit d first oscillator (10) so as to
nodify its frequency (F1). 5.. Tinmepiece capable of receiving radio-diffused
messages conprising at | east KiGHpY STABERFREQUENCYI GENERATORy a ti me

information (1) and receiving nmeans for receiving said nessages,

characterised in that said tinepiece further conprises a frequency

generator (G according to any of the preceding clainms, said frequency

signal provided by said tinme base (BT) being associated to said display

means, and in that sai Theebdighlyy stednise firddueencyngensratakd (G)r stomprises

oscillator (10) agnackafhPatEFe(Ve £ fHHAABIRAWLFirst frequency (F1).

This generator further comprises a time base (BT)
providing a time stable frequency signal which is
independent of the temperature, and feedback means
arranged to provide a first number of pulses (np) coming
from said oscillator (10) to comparing means (13), means
(14) for providing a reference number of pulses (Np) to
said comparing means (13), and means (13,15,16) providing
a correction signal (Sc) as a function of the difference
(A) between the first number (n7) and the reference number

(Np), said generator (G) further comprising a correction
circuit (17) of the oscillation frequency (Fl) of said
first oscillator (10), this correction circuit being
controlled by said control signal (Sc).

Figure 3 of the drawings should accompany the abstract when published



