1 HIGH-PRECISION AND LOW-CONSUMPTION QUARTZ OSCILLATOR The subject of the invention
relates to a low-consumption quartz oscillator capablf of supplying a signal that is stable over time from a
low-power 5 digital oscillator and from a temperature-compensated quartz oscillator of TCXO type that is
temperature corrected and has a higher consumption. It is notably used to retain the time in equipment
operating, on standby or when shut down, in contexts in which the power source is low, for example, for
low-power cell batteries. 10 The retention of time in standalone digital radiocommunication equipment is

usually handled bﬂ%’déﬁﬁﬁﬁ@ﬂ%ﬁm '(-)QIWUQWM?@Q@@ te4 Qﬁﬁ%ﬁTQgﬁjlarly increments a
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capacity to cogmunicate after a period of inactivity. This last constraint should take into account the

The retention of time in standalone digital radiocommunication equipment
is usually handled by a quartz oscillator, the output of which, generally
after a divider, regularly increments a counter. The time can be deduced
from this counter. The precision of the time supplied should observe
15 criteria linked in particular to the bit rate of the radiocommunications and to
the inactivity time between communications. Also, the pulses produced by
the oscillator after division may be used to drive sequencers managing the
state of the radio equipment, in particular when the equipment is shut
down or when the latter is on standby, or even provoke processor
20 interrupts. These pulses have to observe phase jitter constraints.
Producing such a device presupposes finding the most satisfactory trade-
off between a number of conflicting objectives, namely:
» research and fabrication costs that are as low as possible,
e operation at a low voltage which should observe a low consumption
25 to enable the time to be retained on an integrated energy source
(cell battery or accumulator battery) over a duration that may
exceed a year in certain cases,
* maintenance of time precision in the short, medium and sometimes
long term that is sufficient to maintain the operational functionalities
30 of the equipment, notably its capacity to communicate after a period

of inactivity. This last constraint should take into account the



2 variation of the operating conditions of the device: power supply voltage which decreases over time,
temperature which may vary between defined limits, fpeed of variation of this temperature. A first solution
proposed by the prior art relates to the production of a 5 precise and low-consumption clock based on the
use of a quartz oscillator with moderate frequency, below 10 MHz, operating at low power, followed by a
divider. The relatively high variations of such an oscillator as a function of temperature are compensated
by a learning-based calibration with a sufficient number of temperatures and a storage of parameters in a
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The variations of the oscillator as a function of temperature are sufficiently
15 low for a fairly slow correction rate (for example every 10 seconds) to be
sufficient to tolerate fairly rapid temperature variations, for example
3C/min. The design of such an oscillator is difficult and the production
cost is high. Also, the consumption still remains relatively high because of
the high quartz frequency and proves difficult to bring below 400
20 microamperes. One of the drawbacks of this prior art is that it uses a
quartz oscillator operating at low power, and requires a specific, difficult
and costly design, with a relatively high consumption.
In order to reduce the consumption, one solution consists in reducing the
frequency of the oscillator to a value corresponding to that generally used
25 in watches, that is to say 32 768 KHz. The natural stability of the oscillator
is then significantly less good and its compensation by calibration as a
function of temperature is more difficult. The desired precision is not
generally achieved, for example 2 ppm in a wide temperature range that
may vary between -40C and +85<C.
30 Another solution consists in employing two oscillators:
* a high frequency oscillator, above 10 MHz, with high precision,

temperature-compensated, with limited aging, but relatively high



5when the equipment is on standby or shut down. a low-frequency oscillator, generally of the order of 32
768 KHz, imprecise, not temperature-compensated, )évith higher aging, but very low consumption and very
low cost; this oscillator is kept operating on standby and sometimes when shut down. 10 The drawbacks
created by the use of the low-frequency oscillator are generally compensated by one or more of the
following solutions: calibration of the low-frequency oscillator in the factory as a function of temperature
and storage of the error in a non-volatile memory (error measured during calibration); periodic application
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is permanent low consumption, the frequency FA of which is chosen'to be a multiple of the frequency of
the desired signalJ8BRIBNCHPRGERSBIRTHRYPREL ISR @itihe fedpyaasaledons:

» calibration of the low-frequency oscillator in the factory as a function
of temperature and storage of the error in a non-volatile memory
(error measured during calibration); periodic application of the

15 correction on standby or when shut down,

» automatic calibration of the low-frequency oscillator relative to the
high-frequency oscillator when the equipment is in operation and
storage of the error in a non-volatile memory,

e automatic calibration of the low-frequency oscillator during

20 communications with a base station and storage of the error in a
non-volatile memory,

* inclusion of typical parameters of the low-frequency oscillator:
probable aging, variation as a function of power supply voltage.

In the case where two oscillators are used, the solution is not generally
25 designed for generation of a permanent precise compensated clock,
independent of the rest of the equipment. In the case where the clock is
physically generated, the switching between the two oscillators produces
an uncertainty as to its phase, an uncertainty which may be incompatible
with the desired time precision and the specified jitter.
30



10 quartz oscillator whose frequency is of the order of 10 to 30 MHz, which exhibits a high stability. Any
other device that exhibits characteristics comparable4to those of a temperature-compensated quartz
oscillator which has a high stability may be used. The temperature-compensated TCXO oscillator is
periodically powered up 15 to measure the error of the low-frequency oscillator A. A correction logic circuit
according to the invention is used notably to digitally compensate the error by a variable-rank divider and
digitally anticipate the regular frequency variations. This makes it possible to achieve the maintenance of
a stable clock on BRI EPWWHRIRPRRLBWH BT PR &ihdEh T § IR SIS AIBPerIsHY1dRRconsumption
low-frequency oscilieiey-thanssierized gyshahibperapiges nconbnatast, btaast thiollowing
elements: a I%vv\\/lécrogrsgrqré tion | W-frrnequer?c u(élscciiéln ﬁor ,ﬁ & ee{r?}irréggaé[naczgﬁreﬁgsegcy FA) a
temperature-comr?ensated qua% XE 0 ater B veed aDs?requency l{andyard,poperélting ata
frequency FB, a digital circuit suitable for supplying a stable frequency Fcor comprising at least: 300 an

Input receiving;a PSS SHBPY #HE8GHesenflMARHbRYSABRENHLERAF NG RigNR &Adigm the oscillator A,

an input receiving the signal SB from the oscillator B during calibration, produced at a rate R1, when a
switch is activatedNs BPA/SBIRIERBEH rREPRIGIY aNAHEESIbHesiesh & BriAHESEVERRY a counter

counting the numlegtinhiengesvroyéashhicting TéXPeoRClatiPnBettNvg agivempasinthso as to represent
& %l],le er NB frorgtﬁ[]e counter, and the
a y

the error between the os%illal.g r%fwach Efs %ggsa memory Srtﬁ)lﬂ{?ﬁého ber NB _
numbers NB-1, Ngeﬂuﬁgé -l of pulses emﬁ?eooby tRe"Osemator na doanted’by the counter during
preceding periodsgdesired signal, said oscillator is coupled to a temperature-compensated
10 quartz oscillator whose frequency is of the order of 10 to 30 MHz, which
exhibits a high stability. Any other device that exhibits characteristics
comparable to those of a temperature-compensated quartz oscillator
which has a high stability may be used.
The temperature-compensated TCXO oscillator is periodically powered up
15 to measure the error of the low-frequency oscillator A. A correction logic
circuit according to the invention is used notably to digitally compensate
the error by a variable-rank divider and digitally anticipate the regular
frequency variations. This makes it possible to achieve the maintenance of

a stable clock on standby or when shut down.

20
The invention relates to a precise, low-consumption low-frequency
oscillator, characterized in that it comprises, in combination, at least the
following elements:
* a low-consumption low-frequency oscillator A, operating at a
25 frequency Fa,

e a temperature-compensated quartz TCXO oscillator B used as
frequency standard, operating at a frequency Fg,

» a digital circuit suitable for supplying a stable frequency Fcor
comprising at least:

30 0 an input receiving a power supply signal,



a module designed to analyze the results of the count Ng at 15 a given moment and those of the
previously stored counts Ng_n, and deduce therefrong a correction to be applied to the count NB, an
adder receiving the values from the counter and from the correction calculation module, and the output of
which 20 delivers a number representing a corrected error E which is stored, an accumulator,
comprising a predefined threshold value M; when the value of the accumulator, taken as an absolute
value, exceeds the predefined maximum value M, said 25 accumulator delivers, to a variable-rank
divider, on the one hand an®varsiBYt RRITEARE HNJ e HED eI hainertHaBigie dtl@Nershoot; in the
case of an overshoot, the maximum value M is subtracted from, or added to, the accumulator to cancel
the overshoot, 300 a variab!)e-rarrﬁndil\ﬂ'dr%r hrenl/r%nqr? nqn;]inra%!aﬁlr%?n - in (%Q&%Xgpboa arrﬂnovershoot of the
value of the accumulator, the dividion rank K is"mogifict 10 Ra 1 OF KT 8_C0F ngto e %ign of the 6
value of the error contained in salitiratonmukdocedairyratperiodvbethe sutichtisigativdedrr, said
variable-rank djvider producingoghg g@aﬁggcgpqn%qgggﬁ%ﬁig{@b%ggngﬁg asaillatar fyds, for example, an
oscillator operating at a frequency FA, 5 the value of which is chosen such that said oscillator has a low
consumption, a precision and &'t€Mperature stability that are controlled. This frequency value is, for

example, substantially equal taa32o(teHzoliR8niCike asailhaionB iReosaigial eperpsng at a frequency

FB chosen such that said oscil as a low consumption, a small footprint and a low 10 cost price, such
as a frequency value within thellar(%?r{(égof@] %8'[%?4@{.'”5& given penoé), SB'as represer%t

the error between the oscillators A and B,

10 0 a memory storing the number Ng from the counter, and the
numbers Ng.1, Ng2, Ng3, ... Ngn Of pulses emitted by the
oscillator B and counted by the counter during preceding
periods,

0 a module designed to analyze the results of the count Ng at

15 a given moment and those of the previously stored counts
Ng.n, and deduce therefrom a correction to be applied to the
count Ng,

0 an adder receiving the values from the counter and from the
correction calculation module, and the output of which

20 delivers a number representing a corrected error E which is
stored,

0 an accumulator, comprising a predefined threshold value M;
when the value of the accumulator, taken as an absolute
value, exceeds the predefined maximum value M, said

25 accumulator delivers, to a variable-rank divider, on the one
hand an overshoot indicator and on the other hand the sign
of this overshoot; in the case of an overshoot, the maximum
value M is subtracted from, or added to, the accumulator to
cancel the overshoot,

30 0 a variable-rank divider having a nominal value K; in the event
of an overshoot of the value of the accumulator, the division

rank K is modified to K+1 or K-1 according to the sign of the



The circuit may be a component fabricated in CMOS technology or any other low-consumption
technology in the form of an ASIC, a CPLD, an FPG% or a microprocessor. The oscillator may be
powered by a regulator positioned on the power 15 supply voltage and a circuit consisting of a resistor R
and a reservoir capacitor C located between the power supply and the regulator. The oscillator according
to the invention is notably used in the field of radiocommunications. The invention also relates to a
method for delivering a signal Scorr with a 20 frequency that is stable over time from a low-consumption

quartz oscillator A, emitting a sTGHS ShBELHEHUIY RS EhRie@ssHm ARt HEHfises at least the

following steps: determining a fiegidixed taéeddtbiprapgindioally, Rwaswindkhednkaiieidey error of the
oscillator A: 25 step la: poweri?)ga%pg te%%edrature-com ensaggé TCXO oscillator B and waiting for it to
0 :

stabilize, step 2a: counting per suor'qgansmgnsér%? ﬁ@s@ﬁgf et escf Ir35'the oscillator B (number of

pulses emitted) duriegascllrttion 15, (uLenampdeiratiorscil efioredpenatineg risisfisfiabenpgfod of the signal SA,

30 step 3a: powering R th IGMeRTAUreneREIPeRRM e that i T G asFiligder B, Riring the number
NB corresponding to the count of the step 7 2a, and updating the numbers NB-1, NB-2, NB-3,NB-fl of

pulses emitted by IABSHEHIXDr B RISGRININGEE 1By BIBRS ARt HWEVpF%reaTﬁgCBBHBB%‘?'-step 4a;
comparing the restiofriipiencntAigedblasiesaprg shestaratn ebwethoat mahe preceding

measuremgnts N%—%é '}IES%)%IB'ﬁé'Or’\ETn’a% deE:I [m(i)rrﬂg erl ol ré?rgi]g;r\‘lav&rairqct:io Iae/H ige%rder to gstimate
the correction to be applié 8N ,tto msﬁly oI Ihe p?gbaa%gaveragg BTGt ESor the Next period of the
rate R1 and storingpttighatleai Epsitiatatihagycel aecong vetetir?, arsinaldoativrgntiaadadidaving steps:
10 cost price, such as a frequency value within the range 10 to 30 MHz.
The circuit may be a component fabricated in CMOS technology or any
other low-consumption technology in the form of an ASIC, a CPLD, an
FPGA or a microprocessor.
The oscillator may be powered by a regulator positioned on the power
15 supply voltage and a circuit consisting of a resistor R and a reservoir
capacitor C located between the power supply and the regulator.
The oscillator according to the invention is notably used in the field of
radiocommunications.
The invention also relates to a method for delivering a signal Scorr with a
20 frequency that is stable over time from a low-consumption quartz oscillator
A, emitting a signal S at a frequency Fa, characterized in that it comprises
at least the following steps:
determining a first fixed rate R; for periodically measuring the frequency
error of the oscillator A:
25 step la: powering up a temperature-compensated TCXO oscillator B and
waiting for it to stabilize,
step 2a: counting periods or transitions of the signal Sg, emitted by the
oscillator B (number of pulses emitted) during a duration T (counting
duration) defined on the basis of the period of the signal Sa,
30 step 3a: powering down the temperature-compensated quartz TCXO

oscillator B, storing the number Ng corresponding to the count of the step



step Ib: adding the stored average error E to an accumulator at the rate 10R2, step 2b: when the value of
the accumulator, taken as an absolute value, exceed; a predefined maximum value M, then transmitting
to a variable-rank divider, having a nominal value K, on the one hand an overshoot indicator and on the
other hand the sign of this overshoot and executing 15 the following operations: modifying the division
rank K to K+1 or K-1 depending on the sign of the value of the error contained in the accumulator, during
a period of the output signal Scorr,  subtracting from, or adding to, the accumulator the maximum value
M to 20 cancel the ®vet G S8R eiseNErmDetmidme; the%Y‘ateoﬁ?E%%FéWHﬁ%Byon the basis of

the acceptable makiusaillatop Bguccan bbby thetecwite thiting threesltnd pyatiwief the accumulator M

and of the amplitude of the time correction applied to each overshoot of the accumulator. 25 Other
foatures and acve ot BT D At St G Bt R I, o rom reaing

the following descfiptidth otha_h dilshatipecaading nNOedRY IEmEnts eNemp_I‘émy,eNk;m_dimébeqwith appended
figures which r§“8§%’?ﬁhi%91%]%‘%ﬂyn6ﬂ1%?ﬁ%ﬂ8ﬁ FEEhiie s Uingdadbe svedifipn comprising the

abovementioned two oscillafors and the digital error compensation circuit. 8 figure 2, a diagram of the
general operation'8f RRePRRYG G e SPHYIHY PUAG HiguPEPhatie avehaampBIEPhENIBE Y measure the

frequency error. Srieiguieribdejirerenie ®) axaspiaty aichitgatirk of a precise, low-consumption,

low-frequency osc&ll tor accordin&to éhe inﬁentiocp. In order ﬁegfivf? a better understanding of the subject
invaStelminiig 3 secqn rate nd_exec tmg olfowing Sfep=: :
of the present invention, thesexample is given for an output frequency ow-frequency oscillator that

is typically betweeste024: lHdding théesiared andragect|uired Sadilincofiroldier adthreof®eppm over one
year within th§0-4q_zt20 85C temperature range and in the presence of maximum temperature variations of
approximately 3C per minute. The required consumption may be of the order of 100 RA with inrush

currents less thanSiemAPAHSRENSUEHHE BB IR By e IdREEY FoRR _RPE AR Uit 1 and

exceeds a predefined maximum value M, then transmitting to a variable-

rank divider, having a nominal value K, on the one hand an overshoot

indicator and on the other hand the sign of this overshoot and executing
15 the following operations:

- modifying the division rank K to K+1 or K-1 depending on the sign of the

value of the error contained in the accumulator, during a period of the

output signal Scorr,

- subtracting from, or adding to, the accumulator the maximum value M to
20 cancel the overshoot.

According to one embodiment, the rate R, is determined on the basis of

the acceptable maximum error equal as an absolute value to the threshold

value of the accumulator M and of the amplitude of the time correction

applied to each overshoot of the accumulator.

25
Other features and advantages of the device according to the invention
will become more apparent from reading the following description of an
illustrative and in no way limiting exemplary embodiment with appended
figures which represent:

30 « figure 1, an exemplary architecture according to the invention

comprising the abovementioned two oscillators and the digital error

compensation circulit.



15 also a first low-frequency quartz oscillator A and a TCXO -type oscillator B. The frequency of the
oscillator A is typically of the order of 32 768 Hz, a frgquency used in watchmaking and in the time
retention circuits of electronic equipment (Real Time Clock). The oscillator A is the source of the desired
output signal, by division. This signal will never be switched to 20 the TCXO oscillator B, in order to
preserve a continuous phase during transitions from the standby or shutdown modes or normal operating

mode. The oscillator B is powered for a short period, at a regular rate. The TCXO oscillator B operates at
a frequency that is typici®yi5efnvdefiagicakanihe, RPN BeRKALON |8 Ssrshieg St off the associated

circuits 25 (described befigutelaadrig a not-inconsiderable consumption of the order of a few mA.

Obtaining a low average consu tlon typically 10 esupposes enablln the TCXO for a small part
of the time. For exanic d0F LANE BE6H GPARTSEETR G TR 0a T CHHETRLENAEe tme of the TCXG

will be approximately 0.5 seconds, which leads to an enabling 30 period of the order of one minute.
Ef”trri]gg this relatively, 1900 Mg pLeEyal 1R IRRRGHLE PaviddpsuRitantalyand megity the frequency
consumption, low-frequency oscillator according to the invention. In order
to give a better understanding of the subject of the present invention, the
example is given for an output frequency of the low-frequency oscillator
that is typically between 1024 Hz and a few Hz, and its required stability of
10 the order of 2 ppm over one year within the -40° to 85C temperature
range and in the presence of maximum temperature variations of
approximately 3C per minute. The required consumption may be of the
order of 100 pA with inrush currents less than 1 mA.
A power supply symbolized by the letter V powers a digital circuit 1 and
15 also a first low-frequency quartz oscillator A and a TCXO -type oscillator B.
The frequency of the oscillator A is typically of the order of 32 768 Hz, a
frequency used in watchmaking and in the time retention circuits of
electronic equipment (Real Time Clock). The oscillator A is the source of
the desired output signal, by division. This signal will never be switched to
20 the TCXO oscillator B, in order to preserve a continuous phase during
transitions from the standby or shutdown modes or normal operating
mode. The oscillator B is powered for a short period, at a regular rate. The
TCXO oscillator B operates at a frequency that is typically between, for
example, 10 and 30 MHz. Its startup and that of the associated circuits
25 (described below) lead to a not-inconsiderable consumption of the order of
a few mA. Obtaining a low average consumption, typically 100 pA,
presupposes enabling the TCXO for a small part of the time. For example,
for a calibration of the oscillator A to 0.1 ppm, the in-service time of the
TCXO will be approximately 0.5 seconds, which leads to an enabling
30 period of the order of one minute. During this relatively long time interval,
the temperature may vary substantially and modify the frequency of the

oscillator A. Oscillators operating at 32 768 Hz usually have a mediocre



oscillator A. Oscillators operating at 32 768 Hz usually have a mediocre 9 precision (for example +1-20

ppm at ambient temperature) and above all strong v%riations as a function of temperature (parabolic

variation reaching -160 ppm at -40C and +90C which is reflected in a slope of 4.5 ppm/C. For an objective

of resistance to temperature variations of 3C/min, it is 5 thus possible to achieve a frequency variation FA

of the oscillator A of 13.5 ppm/min with a standard oscillator operating at 32 768 Hz at the temperature of

-40C. This leads to the need to predicti\'/:(_at?/ compensate for the frequency variations, by virtue of including
r

the preceding errdt RFEQTER HERMALFH 2RPRTE 3O BNRISR JERINST D09t Rllas low as
possible in order tetlini Vg atwrzuaaEiQuh dlichtbatanpeestitrpgpaialsolic ohsan adashipgst and obtain a

good oscillator stahility. All the ¢ireuits ar e e(il}at low voltage, for example 2.5 V, via a linear
regulator 2 with Iov%g\;/é)y gaqea ro%{ci%ugp er §§Jvérécn e Eﬁﬁeﬁﬁ%&m%%‘&ﬁf‘géﬁBr‘V XO. 15 An
architecture that nrakeanitqhirlilste @b wisiaiante jveitonpriatiédevalivirat dfabdvmis, destribed in figure 1.

The two OSCi"%torﬁqﬁsaggsgﬁPéQ@aﬁzrrﬁéUH‘%dfFBcﬁ‘JQﬂQW&H&ﬁ@noI'ZRr%?Eiﬁé%s?ci||Té?8rf¥k”6¥i°“ of the

processor is notablgt:orjz to regularI%/ trigger operations to enable the TCXO B, and to measure the

oscillator A relativé3o RRRYEROMENHG eRTAY PRI Br PRESBINUAhratdSS tHE Med¥irement result
(storage, calculatiggimplefagupsobfalaleerons 28dg@sappiie egdartelpek gorketyiausnpestedig to this error.

The processor ha§0§1 mgt 'pé)ul}éﬁcwhicrrl rﬁgﬁziveg thvt? Fc&%wo Isuc?lﬁ)fh/naft%repassaeqf int% ?Orregulator 2. A
second input Ib receives the |gnaY SR oM the dstilfifor’A &% reauenC)PE/g. r}ﬂirdrinput Ic receives the
signal SB from thenE@X@eosyiliator at a frequency FB. The oscillator B is periodically 30 powered by

virtue of a switgh gctHated Ry aging figkEd i ARRPLLNSEE 4hat is as low as possible in
order to limit the consumption, but that makes it possible to observe a low
cost and obtain a good oscillator stability. All the circuits are powered at
low voltage, for example 2.5V, via a linear regulator 2 with low voltage
drop in order to guarantee the maximum stability of the TCXO.

15

An architecture that makes it possible to obtain the performance levels
stated above is described in figure 1. The two oscillators A and TCXO B
are linked to a digital circuit or processor 1. The function of the processor
is notably:

20 » to regularly trigger operations to enable the TCXO B, and to
measure the oscillator A relative to the TCXO B, by counting
periods or pulses,

» to process the measurement result (storage, calculation of the
probable error),

25 » to apply regular clock corrections according to this error.

The processor has a first input 1a which receives the power supply after
passage into a regulator 2. A second input 1b receives the signal Sa from
the oscillator A at a frequency Fa. A third input 1c receives the signal Sg
from the TCXO oscillator at a frequency Fg. The oscillator B is periodically
30 powered by virtue of a switch 3 actuated by a line linked to a sequencer 4.

The function of the sequencer 4 is notably to manage the various steps



The function of the sequencer 4 is notably to manage the various steps 10 implemented and to control
the various components of the processor 1 and the tyxo oscillators A and B. The outputs of the sequencer
are a signal 4a enabling the counting in the counter 6, 4b storage in a memory area 5, 4c command to a
calculation block 8, 4d calculation and storage of the 5 error E in an adder, 4e to an accumulator 9. The
sequencer also has an output for the signal SWB that actuates the switch 3. It receives at the input 4f the
signal SA from the oscillator A. The output of the counter 6 corresponds to the error measured before

correction. A menBIR/SRENE S BRES ithE9atE: R UEXIBH e8P RANERISUR P 1B ALRASPe ount Ng of the

signal SB performasbithihencoosiiiboraadmely ernerobiutigofrone sequamoriesand shpalumbers NB-,

NB-2, NB-3, NB-n 4%1%%% Tﬁd %gvciOHrs]% Firnom ethc%se t%tOéeqt\)/al%res etqre] calcula(;ironalblo 8 determines the
law followed by the efror as-a tunction mgtlme, and deduges tﬁer@lgom tﬁemfénprgbagﬁa correction to be

applied to the latede memmemémtaotﬁi@l@ﬁorl (rvekfstifd ma@wg@wwmemh&error) so as to
provide an aveyagg 5086 £aMBARSALLR {97 e demaamr Wralossdaerttheiripigeqperature

variations) in the next period between 2 operations to measure the oscillator A relative to the TCXO B. 20
This correction is S0t {87 tHee I Xe5ehe R bRt URiRe HifoP HithehdbiéreevasHE Jifput of the adder,

the value obtainednporrespeglgrial thefeaienteskeliator ke output of the adder 7 is stored and is added to
an accumulator 9 at a ratte R2 ined by.the_sequencer 4. \{Vh%n the value of th %c umulator 9 exceeds
0 t i 0t e?l

a predefined thres SiaraRie en ug{ 1'I%rttgr rggﬁ\ggpss’ {8 a VariaDle 1ok divider B hat has a

nominall value K, @Qmeet'tme/ﬁamhmi)om_ﬁoﬁo'rﬁdithﬁ(bataﬁtjvafumbtherewm@amlsi@d of this oyershoot.
The variable-rgnk hididelRiogicRs Heresitnd 0 Rrsrnied inianakssater'd e tireanald value M is

subtracted from, or added to, the accumulafor, depending on the sign of the overshoot. 30 11 CMOS
(Complementary TN XNte S8 EEH 0BRSS SHidBR TR Arato e or™¥my othdetechnology with
low consumption, inetstifesprel/RudpIC (Application-Specific Integrated Circuit), a programmable

integrated circuit GELD (COmPIR & QURIMARLe LAFREYIER:R ' Rermines the taw
followed by the error as a function of time, and deduces therefrom the

15 probable correction to be applied to the latest measurement of the error
(forecasting the average variation of the error) so as to provide an
average-mode compensation for the frequency variations (and therefore
temperature variations) in the next period between 2 operations to
measure the oscillator A relative to the TCXO B.

20 This correction is added to the latest measurement of the error in the
adder 7. At the output of the adder, the value obtained corresponds to the
corrected error. The output of the adder 7 is stored and is added to an
accumulator 9 at a rate R, defined by the sequencer 4. When the value of
the accumulator 9 exceeds a predefined threshold value M, then the latter

25 delivers, to a variable-rank divider 10 that has a nominal value K, on the
one hand an overshoot indicator and on the other hand the sign of this
overshoot. The variable-rank divider produces the desired and corrected
signal Scor. The threshold value M is subtracted from, or added to, the
accumulator, depending on the sign of the overshoot.

30
The processor or digital circuit 1 is a digital processor circuit with low static

and dynamic consumption, which may be based, for example, on the



5 processor or any other equivalent device. Figure 1 also shows a reservoir capacitor C and an
associated series resistor R, linked to the linear regylator 2. Their physical parameters are chosen notably
to ensure: a peak voltage drop that is compatible with the available power 10supply voltage and the
power supply voltage of the components, a cost, a footprint, variations within the climatic range and a
residual consumption that are as low and small as possible. Such an arrangement makes it possible to
provide the inrush currents needed while enabling the TCXO and to limit the current taken from the 15

energy source, fol AR plC AMRISTIF AR aifoigHdRe SBRECRMISIBY RSAREMRMEAPIN this case is
indirectly connectesttmingyy, levahin digeredcHnotegiainitapplicasasurasesn Oietiefetiosic circuits may be

located between the b y and V. 20 After having described an exemplary architecture in figure 1,
figures 2 and 3 wiﬁr}na%%i{f pgg‘gf}){fg go o%ev%ﬁ'g oprze(r9 ri%{r?%f g?(r: X Sysateér%%rg rR{E‘‘”’llrjtr)llgeasurement of the
frequency error. Inntiegrateskneudf @R Roleonpex iy edimansapplicebisyReEigehoeseiora corresponds to

the signal fro%th%mggégbﬁm{m G%Fe'ﬁtQMﬁI@& by the variable-rank divider 10 which 25 has set

its division factor to the nominal value K. Figure 2 diagrammatically represents a 'timing diagram" in the
chain of the sequéri@d€ir tRE B pRIANB nPof¢RBNHEI R A oF iRt R th @06 8REPSgure 3 shows a

timing diagram of ib&issigrR|Sifikedn€oettier imeastugunant. 30TAS thisyisoappaartardddie quality of the
compensation described heﬁgki)rl" elow. The measurement and the calculation of the error will be

performed at this (A Fore |s,){h% %r}%érees'sor, via the sequencer 4, will then execute the following

operations: 5 Step la* pcaverag uplElihalfoPX0aossiltaiopBtiated witititiee fav dtabpenatioarto stabilize. The
stabilization tipge is giveglﬂyp @Jﬁé@aﬁd‘&%‘HE%&W&I?&D%{QBQ%%?@J &Sidasexample, of the order
) ) (

of 10 ms; Step 2a: counting the periods or transitions of the signal SB (number of pulses emitted) during a
duration T (counting Suratfsis}.cefifdaron wasiations within the climatic range and a residual

consumption that are as low and small as possible.
Such an arrangement makes it possible to provide the inrush currents
needed while enabling the TCXO and to limit the current taken from the
15 energy source, for example, a lithium battery, through the series resistor
R. The battery in this case is indirectly connected to the V level in figure 1.
In certain application cases, other electronic circuits may be located

between the battery and V.

20 After having described an exemplary architecture in figure 1, figures 2 and
3 will make it possible to follow the operation of such a system and the
measurement of the frequency error. In the absence of any correction, the
signal supplied by the processor 1 corresponds to the signal from the
oscillator A at a frequency Fa divided by the variable-rank divider 10 which

25 has set its division factor to the nominal value K.

Figure 2 diagrammatically represents a “timing diagram” in the chain of the

sequences in the operation of the oscillator according to the invention and

figure 3 shows a timing diagram of the signals for the error measurement.
30

The sequencer 4 determines a first fixed rate R; dependent on the

potential drift of the oscillator A in temperature, the speed of variation of



10 basis of the period of the signal SA (signal 4a enabling the counting in the block 6). A sufficient
number of events must be counted to ensure the deﬂed precision; for example, if a precision of 0.5 10-7
is required, then 1/0.5 10-7 = 2 107 events must be counted; if each event is a period of the signal B and
the frequency of the TCXO B is 20 MHz, then the counting 15 must continue for a duration of T = 2
107/20 106 = 1 second. The counting is done by the binary counter 6 of limited capacity. The choice of
the parameters (number of events, size of counter 6, digital correction of the result) is such that the result

of this count (sign%%ﬁﬁ%\%@‘i@*o%%@@i%@%ﬂfe{HE SRR BRI HPSEHRATORSR The size of the 20
counter 6 is deterpéngd geeonthagiethenmnamdriataoaatioat sheneaseot witaepsribargignal SA and the

signal SB. The ma>§imum err Emax 158 ual to the sur{hof the maximum SToLS of each of the oscillators
dt this rate. or_this e%roces or Via the sequencer 4, wi {hen execute .
A and B, as a function of temperature, aging and power supp()l) voltage variations; since the counter is

binary, the power WJ@M&@ME&@@% the 25 maximum error calculated hereinabove is chosen; this
value is named Mdyepeinafteiiariig dPeHmeRcRISR St ROME AN AR @FdhRsTEp8Auseillator B. The

signal 4b corresponds to the storage in the memory block 5. The memory stores the number NB and also
the numbers NB-1ONE13¢8 BIR BIANIZALRRH S0 BrelRudY, Bte pRA 1R TESWESH IR count NB
obtained during thendusatimrzdtithapnepal eck textrapiel tiatereegsling roeasurements. A polynomial variation

13 law (of a degreg, depgndent an the number of preceding values stored) is calculated py the calculation
plock 8 (signal 4c) Porder By BUIFhATE He U A 0 R A e 1 AR B the average
error E that is validdtsethemésad)ediodhgf eheueatioR 1T Tleisurdingt @uistnoyedefsigdabadiBcalculation and

storage of the, oS HROIASHE o CABUEAY WU PSS BREFAHAAEYSGHIRA B herte RL the
sequencer determines a second fixed rate dependent on the maximum error to be
block 6). A sufficient number of events must be counted to ensure the
desired precision; for example, if a precision of 0.5 107 is required, then
1/0.5 107 = 2 10" events must be counted:; if each event is a period of the
signal B and the frequency of the TCXO B is 20 MHz, then the counting
15 must continue for a duration of T = 2 107/20 10° = 1 second.
The counting is done by the binary counter 6 of limited capacity. The
choice of the parameters (number of events, size of counter 6, digital
correction of the result) is such that the result of this count (signed binary)
is zero if the signals Sa and Sg are perfectly synchronous. The size of the
20 counter 6 is determined according to the maximum error that may occur
between the signal Sa and the signal Sg. The maximum error Emax is
equal to the sum of the maximum errors of each of the oscillators A and B,
as a function of temperature, aging and power supply voltage variations;
since the counter is binary, the power of 2 immediately above the
25 maximum error calculated hereinabove is chosen; this value is named M
hereinafter in the document.
Step 3a: powering down of the TCXO oscillator B. The signal 4b
corresponds to the storage in the memory block 5. The memory stores the
number Ng and also the numbers Ngi, Ng.2, Ngs, ... Ng.n measured
30 previously,
Step 4a: the result of the count Ng obtained during the duration T is

compared to that of the preceding measurements. A polynomial variation



corrected. The bottom part of figure 2 diagrammatically represents the to steps and operations executed
at this second rate. Step Ib: the result preceding E islgdded to the accumulator 9 at the rate R2 (see
signal 4e, figure 2). Step 2b: when the value of the accumulator 9, taken as an absolute value, exceeds
the predefined maximum value M, then the processor 1 will 15 execute the following operations: modify
the division rank K to K+1 or K-1 depending on the sign of the value of the error contained in the
accumulator, during a period of the output signal Scorr subtract from, or add to, the accumulator the

maximum value MR &3 &legian derereRabeHEIeRUIRBES P tmEese g HauessioEksifs equivalent to a
zero reset: the appheatigie @ fiheheoctectiardeaoge ®f siyisionciank)omiestibecateritepaaied by the

discharging from the ac um%llagor of the &g |vaIFn¥. of }his arrection. The rate R% (tt}r11att IS expressed as a
I & rrection 1o ea |(?d Li\l 0 ma{g ?b ain the “average errar E that is
duration in secon s% IS determine rom the acceptable maximum error, which is équal, as an absolute

value, to M, expregslisti fas theunekeperfolOX B twarfinglieresdufing sterddrégional 4dnd the amplitude
of the time corgectigR ARARIA R %ﬁﬁﬂé@’@ﬁﬁé_’@rgﬂﬁ%ﬁﬁmﬁ%‘? which depends on the frequency of

the oscillator A. In practice, the change of division rank over a period of the 30 signal Scorr (of average
frequency FA) modifies the duration of the period Scorr by more or less one period of the signal of the

oscillator A. 14 Acexampierlis gitrethisdlopériedhe abarsieatianetevRiiow cpefalines and steps.
Example: FA = 32d7 8 H|Z’eF% §e2%n I?izblélqupéi %gtké% éarﬁodstﬂurin T = 1 s?cooqg, maximum oscillator
error = 200 ppm or eIB‘E the Valie of M should eogreater?HanQZB] XD T0% = ZI?SOO, or in practice
4096 to take an integecisowdmhef Rotloenniinainigiree Btalidgratatiadcalhp rrepragedtsyiteis therefore
4096/20 106=2.048, ﬁf&l&iﬁg@l@@{@@@gﬁ@@%ﬁ@&g@)&i%@n time error on each period R2 of R2 x

2.048 10-4, an error that should be equal to the correction cagaci'ty calculated above, of one period to of
the signal A: R2 x 2@ 80 3he £epul Areasdingnake AL I0RE G CHAHERIORS &t 1RgT81868 x 2.048 10-4)
=0.149s. R> (see signal 4e, figure 2).

Step 2b: when the value of the accumulator 9, taken as an absolute value,
exceeds the predefined maximum value M, then the processor 1 will
15 execute the following operations:
- modify the division rank K to K+1 or K-1 depending on the sign of the
value of the error contained in the accumulator, during a period of the
output signal Scorr
- subtract from, or add to, the accumulator the maximum value M to cancel
20 the overshoot, depending on the sign of the latter. This is equivalent to a
zero reset: the application of the correction (change of division rank) must
be accompanied by the discharging from the accumulator of the equivalent
of this correction.
The rate Ry (that is expressed as a duration in seconds) is determined
25 from the acceptable maximum error, which is equal, as an absolute value,
to M, expressed as a number of TCXO B counting events during the
duration T, and the amplitude of the time correction applied to each
overshoot of the accumulator, which depends on the frequency of the
oscillator A. In practice, the change of division rank over a period of the
30 signal Scorr (of average frequency Fa) modifies the duration of the period

Scorr by more or less one period of the signal of the oscillator A.



An example is given to better understand the meaning of the value of R1 in the case of a linear prediction.
15 Determination of the rate R1 (expressed as a durgfion in seconds) Example: linear predictive
correction (a single preceding value stored); slope of maximum frequency variation as a function of
temperature =5 ppm/C; slope of temperature variation as a function of time = 3C/min; maximum
acceptable time error when starting this temperature variation 20 At = 180 jis (or 0.1 ppm over 30 min).
The frequency/time slope P is of 5 ppm/C x 3t/min = 15 ppm/min_or 2.5 10-7/s. The predictive correction

cannot avoid an efforSXRABR!S A Y thEYRIGIR ARG FRREBINFPRRIWEFIUS18BEPNST variation just

after a frequency erbsigggnent), there may be a frequency error that increases 25 throughout a period

R1. It is shown that the carrespongdjng time drift At at the end of a period R1 is egual to (R1)2 x P12.
During the foIIowir%%@n@c?d E’l,_ﬂrwggt?%érgrzrgrﬁ ?sbr%z%i%’c%%ﬂgﬂga?ﬁgﬁy%goﬁ ictive correction (2
successive valuesTot theefteqdeneyxiararrresaiiatohierionakall pessibled eiétenmivaug@tlope P and

correct it). 30 I thg capitnYeatpeaidieinaxsaupeuabled Ridadhereierprdidéd ABbg ol (2 x 180
10-6/2.5 10-7) = 37.9 5 15 The system according to the invention notably offers the advantage of

providing a low-fré8tRAE)/ BSERARPHSA £ HRIFIIBLIBAT AR SriRlr b s8@ R 8nd a low
consumption apprexinatielyhtoeione s tpesthantrap 548 achnupntivaalel 67D mseilleteraThis low
consumption is ensured by the use of a permanent low, freguenc rtz ascillator, The temperature
bty 1 onsured B0 T KLTEs 11T TaRBIR Of e 2 048 Fo ffor et
should be equal to the correction capacity calculated above, of one period
10 of the signal A: R, x 2.048 10*= 1/ Fa, which makes it possible to

calculate R, = 1/(32 768 x 2.048 10™) = 0.149 s.

An example is given to better understand the meaning of the value of R; in
the case of a linear prediction.

15 Determination of the rate R; (expressed as a duration in seconds)
Example: linear predictive correction (a single preceding value stored);
slope of maximum frequency variation as a function of temperature =
5 ppm/<C; slope of temperature variation as a function of time = 3T/min;
maximum acceptable time error when starting this temperature variation

20 At= 180 ps (or 0.1 ppm over 30 min). The frequency/time slope P is of
5 ppm/<T x 3C/min = 15 ppm/min or 2.5 10 /s.

The predictive correction cannot avoid an error when starting up the
frequency variation. In the worst case (start of variation just after a
frequency measurement), there may be a frequency error that increases

25 throughout a period R;j. It is shown that the corresponding time drift At at
the end of a period R; is equal to (R1)? x P/2. During the following period
R1, the time error is precisely compensated by the predictive correction (2
successive values of the frequency are known, which make it possible to
determine the slope P and correct it).

30 Inthe case indicated, the maximum value of R; is therefore:

R1=V (2 At/P) =V (2 x 180 10-6/2.5 10-7) =37.9 s



the stability during the temperature variations is obtained by means of a 10 predictive algorithm
implemented in the abovementioned processor and it§ components. The generation of a signal without
phase breaks is ensured by the absence of switchovers between 2 oscillators. The consumption draws
are reduced by the use of a reservoir capacitor. A low cost is ensured by the 15 absence of temperature
calibration and the use of commonplace components. 16 CLAIMS 1 - A precise, low-consumption
low-frequency oscillator, characterized in that it comprises, in combination, at least the following
elements: 5 a low-consumption low-frequency oscillator A, operating at a frequency FA) a

temperature- comper@samequ@raa @X@ tosmuaatﬁv@m@edwa&m@q@lmytﬂwmt@@@rating ata
ey o S S iabie elce BRI & sigR 5 LRSSy fecs@pomerising at
least: an input (Ia5J rRCEh a pow Eﬁl

of a few ppm and a Iow consumptlon approximately 10 times less than that

5 of a conventional TCXO oscillator.
This low consumption is ensured by the use of a permanent low frequency
guartz oscillator.
The temperature stability is ensured by the use of a calibration TCXO and
the stability during the temperature variations is obtained by means of a
10 predictive algorithm implemented in the abovementioned processor and its
components.
The generation of a signal without phase breaks is ensured by the
absence of switchovers between 2 oscillators. The consumption draws are
reduced by the use of a reservoir capacitor. A low cost is ensured by the
15 absence of temperature calibration and the use of commonplace

components.



an input (Ib) permanently receiving a signal SA from the oscillator A, an input (1c) receiving the signal SB
from the oscillator B 15 during calibration, producedlgt a rate R1, when a switch (3) is activated by a
sequencer (4) managing all the components that form the circuit, a counter (6) counting the number of
pulses emitted by the oscillator B during a given period, so as to represent the 20error between the
oscillators A and B, a memory (5) storing the number NB from the counter (6), and the numbers NB _i,
NB_2, NB_3,NBflof pulses emitted by the oscillator B and counted by the counter (6) during preceding
periods, 250 a module (8) for analyzing the resuls'dMMe count NB at a given moment and those of the
previously stored counts NIBm and for deducing therefrom a correction to be applied to the count NB)

an adder (7) recelying,ihe. yalues fiom e, conntsi and iom 200e rorrection calculatpn module, and the
output of which 1 delVEE s iumBer repregentlng % Corrected Srror e wihich is stored, o an accumulator

(9), comprising a mad'éﬁnﬁd)tm%h@Imﬂmmwdﬁ&h@haf@émiﬂgee&m&malator (9), taken as an 5
absolute value, exceeds nfpregrlindipaximlmapluad saliasrumuiaiat Bhdelets. o a

variable-rank divider (10?, on the one hand an overshoot indicator and on the other hand the sign of this
overshoot; in the case of'8AWREShoot, the maximum value M is subtracted from, or added to, the

10accumulator (9) to LancetHhigepyeiei@thpensated quartz TCXO oscillator B used as
frequency standard, operating at a frequency Fg,
» a digital circuit (1) suitable for supplying a stable frequency Fcor
10 comprising at least:

0 an input (1a) receiving a power supply signal,

0 an input (1b) permanently receiving a signal Sa from the
oscillator A,

0 an input (1c) receiving the signal Sg from the oscillator B

15 during calibration, produced at a rate Ry, when a switch (3) is
activated by a sequencer (4) managing all the components
that form the circuit,

0 a counter (6) counting the number of pulses emitted by the
oscillator B during a given period, so as to represent the

20 error between the oscillators A and B,

o a memory (5) storing the number Ng from the counter (6),
and the numbers Ng.1, Ng.2, Ng.3, ... Ng.n Of pulses emitted by
the oscillator B and counted by the counter (6) during
preceding periods,

25 o a module (8) for analyzing the results of the count Ng at a
given moment and those of the previously stored counts
Ng-n, and for deducing therefrom a correction to be applied to
the count Ng,

0 an adder (7) receiving the values from the counter and from

30 the correction calculation module, and the output of which



0 a variable-rank divider (10) having a nominal value K; in the event of an overshoot of the value of the
accumulator (9), the division rank K in K+1 or K-1 is ygodified according to the sign of the value of the
error contained in the accumulator, 15during a period of the output signal Scorr, said variable-rank divider
produces the desired and corrected signal Scorr. 2 - The oscillator as claimed in claim 1, characterized in
that the oscillator A is an oscillator operating at a frequency FA, the value of which is chosen 20 such that
said oscillator has a low consumption, a precision and a temperature stability that are controlled. 3 - The

oscillator as claimed in claim 298h45ciRLBPR! {GRITREARIE GOMeCHRLBEREF PSS ibstantially equal
to 32 768 Hz. 4 - The oscillatorsggedaimed in one of claims 1 or 3, characterized in that the TCXO

oscillator B is an oscillator ocpegantingcatm a rg%lfu ?cgolﬁqB rclg(r)]seg suc eﬁﬂfé‘}ﬁﬁ‘%s%% m%tacirgas a low
consumption, a small footprint NG L IOW 62 §Ce, SRPES & fPequency valie within the range 10 to 30
MHz. 18 low-consumption tecMiolsggninttiee Yelue odfaithASICCWINCRLAD, (@), RRKEA grsa anicroprocessor. 6 -

The oscillator gs claimed in ong@og@%%@ &%@qﬁ@ri&%@ﬁg@t ;ﬁg)&gmﬁr(%%@wﬁgulator (2)

positioned on the power supply voltage and a circuit consisting of a resistor R and a reservoir capacitor C
located between the power suSpl§ &RBUREIRGISIFIgIIETS. fo-aryarabiedrak duigratttAs claimed in one

of claims 1 to 6 for 10 radiocoramunécaiiensald Anmeibethdot delivattiganstahlexisequrency signal Scorr

from a low-consumption quartqqgﬁgiléﬁteor.Ah e@tlrt]tllsn a Issigg&l_ ?ﬁb‘tﬁ‘é a grequ#agﬁ:% \I/:éA cg racterized in that it
comprises at least the following steps: 1594k ermining a first fixed fate RIS perloglcaﬂ Y measuring the

frequency error of the oscillatoth®, s@giamoieirinlylup aubastedtinercorn@eideatda, TAXO oscillator B
and waiting fap)it to stabilize, 5ccymulator (9) to cancel the overshoot,

0 a variable-rank divider (10) having a nominal value K; in the
event of an overshoot of the value of the accumulator (9), the
division rank K in K+1 or K-1 is modified according to the
sign of the value of the error contained in the accumulator,

15 during a period of the output signal Scorr, said variable-rank

divider produces the desired and corrected signal Scorr.

2 — The oscillator as claimed in claim 1, characterized in that the oscillator
A is an oscillator operating at a frequency Fa, the value of which is chosen
20 such that said oscillator has a low consumption, a precision and a

temperature stability that are controlled.

3 — The oscillator as claimed in claim 2, characterized in that the value of

the frequency Fa is substantially equal to 32 768 Hz.

25
4 — The oscillator as claimed in one of claims 1 or 3, characterized in that
the TCXO oscillator B is an oscillator operating at a frequency Fg chosen
such that said oscillator has a low consumption, a small footprint and a low
cost price, such as a frequency value within the range 10 to 30 MHz.

30

5 — The oscillator as claimed in one of claims 1 to 4, characterized in that

the circuit is a component fabricated in CMOS technology or any other



step 2a: counting periods or transitions of the signal SB, emitted by the 20 oscillator B (humber of pulses
emitted) during a duration T (counting duration) defiligd on the basis of the period of the signal SA, step
3a: powering down the temperature-compensated quartz TCXO oscillator B, storing the number Ng
corresponding to the count of the step 2a, and updating the numbers NB-1, NB-2, NB-3,NB-fl of pulses
emitted by 25 the oscillator B and counted by the counter (6) during preceding periods, step 4a:
comparing the result of the count Ng obtained during the duration T with that of the preceding
measurements, d&BFFRRRER HINSSHISIAR8HBR RN LR B e KBt doRetivh to be applied to
NB, to finally obtaurihie@iaissisoaverage error E for the next period of the rate 30 R1 and storing this
value E, determining a second rate R2 and executing the following steps: 19 step Ib: adding the stored
average error E to an accumulator at the rate R2, step 2b: when the value of the accumulator (9), taken
as an absolute vahie, Tdheeeciiatoprsiefimdchiagineurhclaine Mialvesheaasteniizeditotkabitariable-rank

divider (10), h%vingoﬂqﬁggg@%j Yédieator Qﬁ)ﬂb%é_?ﬁ'@n%r@n%@%@QP%DMF%%@E%% the other hand the

sign of this overshoot and execufing the following operations: modifying the division rank K to K+1 or
K-1 depending onGH &GP B3 aie Y fiicfof SR B JF itathd 8RR LRARPAST, SAIRY a period of the 10

output signal Scorsetgideiiantingivensuppadatiagtie.rthpiaesu@ylator the maximum value M to cancel the
overshoot. 9 - The method as claimed in claim 8, characterized in that the rate R2 is 15 determined on the

basis of the acceptable maximum error equal as an absolute value to the threshold value of the
accumulator M and ef fHeeausglittidenfabeligtos esrreleiivadchpplietetotathinsetstodt dbthe accumulator.

10 radiocommunications.

8 — A method for delivering a stable-frequency signal Scorr from a low-
consumption quartz oscillator A, emitting a signal Sa at a frequency Fa,
characterized in that it comprises at least the following steps:
15 determining a first fixed rate R, for periodically measuring the frequency
error of the oscillator A,
step la: powering up a temperature-compensated TCXO oscillator B and
waiting for it to stabilize,
step 2a: counting periods or transitions of the signal Sg, emitted by the
20 oscillator B (number of pulses emitted) during a duration T (counting
duration) defined on the basis of the period of the signal Sa,
step 3a: powering down the temperature-compensated quartz TCXO
oscillator B, storing the number Ng corresponding to the count of the step
2a, and updating the numbers Ng.1, Ng-2, Ng.3, ... Ng. Of pulses emitted by
25 the oscillator B and counted by the counter (6) during preceding periods,
step 4a: comparing the result of the count Ng obtained during the duration
T with that of the preceding measurements, determining a polynomial
variation law in order to estimate the correction to be applied to Ng, to
finally obtain the probable average error E for the next period of the rate
30 Rj and storing this value E,

determining a second rate R, and executing the following steps:
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step 1lb: adding the stored average error E to an accumulator at the rate
Ro,

step 2b: when the value of the accumulator (9), taken as an absolute
value, exceeds a predefined maximum value M, then transmitting to a
variable-rank divider (10), having a nominal value K, on the one hand an
overshoot indicator and on the other hand the sign of this overshoot and
executing the following operations:

- modifying the division rank K to K+1 or K-1 depending on the sign of the
value of the error contained in the accumulator, during a period of the
output signal Scorr,

- subtracting from, or adding to, the accumulator the maximum value M to

cancel the overshoot.

9 — The method as claimed in claim 8, characterized in that the rate R, is
determined on the basis of the acceptable maximum error equal as an
absolute value to the threshold value of the accumulator M and of the
amplitude of the time correction applied to each overshoot of the

accumulator.



