1 H GH PRECI SI ON AND LOW CONSUMPTI ON QUARTZ OSCI LLATOR The subj ect of
the invention relates to a | owconsunption quartz oscillator capable
of supplying a signal that is stable over tine froma | ow power 5
digital oscillator and from a tenperature-conpensated quartz
oscillator of TCXO type that is tenperature corrected and has a

hi gher consunption. It is notably used to retain the tine in

equi pnent operating, on standby or when shut down, in contexts in

whi ch t he pomer source is low, for exanple, for |ow power cel
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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,
« 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
vol t age whi ch decreases over tine, tenperature which nmay vary between
defined limts, speed of variation of this tenperature. A first

sol ution proposed by the prior art relates to the production of a 5
preci se and | ow consunption clock based on the use of a quartz
oscillator with noderate frequency, below 10 MHz, operating at |ow
power, followed by a divider. The relatively high variations of such
an oscillator as a function of tenperature are conpensated by a
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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 1o a value correspending 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 -40T and +85TC.
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



consunption; such a conponent is known by the abbreviation TCXO
(Tenper at ure- Conpensated Crystal Oscillator); its cost is relatively
|l ow. This oscillator is the main clock of the equipnent and it is
used in operation to pace the processors; it is not powered 5when the
equi pnment is on standby or shut down. 3 a | owfrequency oscillator,
generally of the order of 32 768 KHz, inprecise, not

t enper at ur e- conpensat ed, w th hi gher aging, but very | ow consunption
and very low cost; this oscillator is kept operating on standby and
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15 correction on standby or when shut down,

s 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-volatite memory,

» 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



automatic calibration of the | owfrequency oscillator during

comuni cations with a base station and storage of the error in a
non-vol atile nmenory, inclusion of typical paranmeters of the

| ow f requency oscillator: 5probable aging, variation as a function of
power supply voltage. In the case wherge two oscillators are used, the
solution is not generally designed for generation of a pernmanent
preci se conpensated cl ock, independent of the rest of the equi pnent.
In the case where the clock is physically generated, the sw tching
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process does not ach|eve an 1mpor’tant point, because of the low count
20 time and the variation in frequency between each division rank. It is
referred to a precision better than 5%, instead of the objective of 2 ppm or

0.0002% indicated above for the present invention.

The solutions proposed by the prior art are therefore either too costly, too
25 energy-intensive for a system operating on a cell battery or that has a low

power or energy autonomy, cr insufficiently precise in frequency or phase.

The object of the present invention consists notably in remedying at least

the abovementioned problems and relies on the use of a low-frequency



to measure the error of the | owfrequency oscillator A A correction
logic 10 circuit according to the invention is used notably to
digitally conpensate the error by a variable-rank divider and 6 an
i nput permanently receiving a signal SA fromthe oscillator A an

i nput receiving the signal SB fron1t3§ oscillator B during
calibration, produced at a rate Ri, en a switch is activated 5by a
sequencer managing all the conponents that formthe circuit, a
counter counting the nunber of pulses emtted by the TCXO oscill ator
B during a given period, so as to_represent the error between the
oscillators A SAYAR ArHPss RREHHIE) FESR ih ge TR e iUl & RY R1PBniehe
counter, and tfhguenuylrey sf Wiber is diBseh to\de3a JuNBid bf thé fipkeses obtiet t ed by
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The temperature-compensated TCXO oscillator is pericdically powered up
to measure the error of the low-frequency oscillator A. A correction logic
10 circuit according to the invention is used notably to digitally compensate

the error by a variable-rank divider and



stored, an accunulator, conprising a predefined threshold val ue M
when the value of the accunul ator, taken as an absol ute val ue,
exceeds the predefined maxi numvalue M said 25 accunul ator
delivers, to a variable-rank divider, on the one hand an over shoot
i ndi cator and on the other hand the sign of this overshoot; in the
case of an overshoot, the maxi mumvalue Mis subtracted from or
added to, the accunulator to cancel the overshoot, 300 a

vari abl e-rank di vider having a noninal value K; in the event of an
over shoot of the value of tpe accumi ato Kis
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is, for exanple, subst&hk¢itally equal to 32 768 Hz. The TCXO
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o a module designed to analyze the results of the count Ng at
i5 a given moment and those of the previously stored counts
Ng.n, and deduce therefrom a correction to be applied to the

count Ng,

o 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,

o an accumulator, comprising a predefined threshold vaiue 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 o avariable-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 oscillator according to the invention is notably used in the
field of radi ocommuni cations. The invention also relates to a nethod
for delivering a signal Scorr with a 20 frequency that is stable over
time froma | owconsunption quartz oscillator A emtting a signal SA
at a frequency FA characterized in thlt it conprises at |east the
follow ng steps: determining a first fixed rate RL for periodically
nmeasuring the frequency error of the oscillator A 25 step 1 a:
powering up a tenperature-conpensated TCXO oscillator B and waiting

for it to stabilize, S?ﬁlﬁe%@ih H&I&d}%ar?é%ﬂno&?d g{f‘CMl@g&l 4l 50f the
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determ ning a I I e
corr ecti on't o 108 Teasy vagels g e Rl ortr L 2 1302kl FE B el

aver age error SHcH that saicbogediator pag & ooy @ﬂnsumethnaa emAll fogipdnisardra Iy t hi s
val ue E, d%erc%wn cﬁﬁ%&?ﬂ@qﬁe@ﬁcfvﬁ@e A %%Igéé Eﬂlt olquiL! | ow ng

steps: step 1 din e stored average err o an accumul at or
at the rate 1(ThR23'fC%’t a@yzv@ a gprapenenkfapgraied #r CMPS igelnplRayaray t aken

as an absol ut %tH@'IWcor@&%ﬂ%te%h%l@éiﬁfn‘ eGPy BN MSY@! A CAVD, hen
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the one hand df BYVRERERPGEEFat or and on the other hand the sign of
t hi s over shootThanshchxier aly @ 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 Sx 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 1a: 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



15 the follow ng operations: - nodifying the division rank Kto K+l
or K-1 depending on the sign of the value of the error contained in
the accunul ator, during a period of the output signal Scorr, -
subtracting front or adding to, the accumul ator the nmaxi num val ue M
to 20 cancel the overshoot. Accordrnggto one enbodi nent, the rate R2
is determned on the basis of the acceptable maxi numerror equal as
an absolute value to the threshold value of the accunul ator M and of
the anplitude of the tinme correction applied to each overshoot of the

accurul ator. %5 ShdfuifRbuTRRReRhAd@Nages AL, b deRRaggeor di ng
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of the subject of s gi ven for an
out put frequerstsp of: adﬁleglttm/\stbredcﬁyemy evot El th anagccurnaator st thgpateal |y
between 1024 Hg and a few Hz, and its required stability of 10 the
order of 2 ppm “ver one year within the -40 to 85 C tenperature range

and in the pr&shds vdenibs vausrot Bpsednypiern akanaas yhabsgfute value,
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- 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 1o, the accumulator the maximum value M to

20 cancel the overshoot.
According to one embodiment, the rate Rz is determined on the basis of
the acceptable maximum error equal as an absolute value 1o the threshoid
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 desctiption of an
illustrative and in no way limiting exemplary embodiment with appended
figures which represent:

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

comprising the abovementioned two oscillators and the digital error

compensation circuit.



frequency used in watchmaking and in the tine retention circuits of

el ectroni c equi pnent (Real Time Cock). The oscillator Ais the
source of the desired output signal, by division. This signal wll
never be switched to 20 the TCXO oscillator B, in order to preserve a
continuous phase during transitions f@mthe standby or shutdown
nodes or normal operating node. The oscillator Bis powered for a
short period, at a regular rate. The TCXO oscillator B operates at a
frequency that is typically between, for exanple, 10 and 30 MHz. Its

startup and that_ of th sSsoci at circuits 2 ri | gw) | ead
to a not-inconsi de{Jga"B? 2’ %gr?\@ﬁanngtofg}? %%“%‘{’ Ié)%%rra g%'i ggﬁgaa @?\%’tﬁﬁa
Obt ai ning a | ow aviqegé adnsunption, typically 100 pA, presupposes

enabl i ng the TCXO Ti e 8 tﬁg?%’bs ﬁﬁ%’”%&%"t%g“n%aispﬁéh‘rfﬁé%@%@ for a

calibration of the 0Scr time of
the TCXO wi Il be approximtely 0.5 seconds, which |eads to an

enabl i ng 30.petd f d ] | RO tPLs felatively
long tine i F]t g{"\b/lgﬂ ?_t rﬁg%%gﬁ%eggt ﬂ{egfb %r‘%’rgﬂeﬁgbﬁt{faﬁt Fltaeplllsfl écﬁ% nmodi fy
t he frequency “nsyfriopslevifiegueicy Rscittaden aqegidBicsio dpreingentiag: ‘atordsr 768 Hz

usual Iy have aqRRAILEdRr 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 85 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 osciliator B is powered for a short pericd, at a regular rate. The

TCXO cscillator 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 uA,

presupposes enabling the TCXO for a small part of the time. For example,

far 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



10 precision (for exanple +1-20 ppm at anbi ent tenperature) and above
all strong variations as a function of tenperature (parabolic
variation reaching -160 ppmat -40 C and +90° C which is reflected in
a slope of 4.5 ppmcC. For an objective of resistance to tenperature
variations of 3t/mn, it is 5 thus pogsi ble to achieve a frequency
variation FA of the oscillator A of 13.5 ppnimn wth a standard
oscillator operating at 32 768 Hz at the tenperature of -40°C. This

| eads to the need to pre dictively conpensate for the frequency

iati ts.
16" Far' The’ ORGSR LB i B RERR R Ao i BT ATer
possi bl e i n orstreng vayiatipng as qh@ctmmi temparaure (barebelisayarigtigh éeaching

possible to 0b$ Mt @t Lo migoa@q,hem@eﬂeaemoy éﬂfp%'df lyaf Ymrc.
stability. Al e circuits are powered a owvotg)gsliqfor exanpl e

2.5V, via a IFOﬁé‘ﬁrOt’d%’QYﬂ gt EeisanGe f%tqnmﬁr"’%}'dﬂat"é@@'%? Mgy $f t o

guarantee the tﬂ@(béﬂémlesfcﬁ@éﬂlévbya ﬂfaqadheﬂ%onk& &ntharcsshmateptt\ufsfe t hat
nmekes it possible to obtajn

formance | evel s ve i s
described in fiegURRIVIN ‘H‘\tb %\ﬁ@”ﬂg i Pchlptor LPRralng a‘i’éi@%éi%r & Menked to
adigital cir qemperefurqabfomesscrhusljead‘éhte thelneéd mﬂprei:luctu\lrmy porogesaer i s

notably: 20 tqQ_reqularly tri tlos 0. bIeth TCXO B, and
o8 el Iefg’

to neasure th TR )&arePaﬁl \yeVI o 1 r§’/ceco§n g

peri ods or pulms@surentemigor ocess t he maasurerrent result (storage,

cal cul ati on,ofg tr:ﬁge %RB"J‘@ ffr@&&e%} wH?%}LQecﬁmgl % 450 h‘v

corrections acco cessor I I’St i nput
| a whi ch receiojess te h@tﬁmmnswumnybtﬁfth%m%agwgésﬂ?lmmoteserv@@lpmor 2.

A second i npUtcoétbarfercﬁélHE‘aS ddaosianabiabif fAFPEHeté?I%ui%SéﬂeHoWe%d 4 at a
frequency FA. A thi i np ugt’ | c receives ty he signal SB fromthe TCXO

oscillator at '%INWP'@ﬁ?efﬂf)?xﬁBp'e%Vo‘élél plligegrregiater pavitndew vakasg 30
power ed by Vi rdreein@ider teYadratesdtha clidxah@nl shyilig of thaergXanked to a

sequencer ﬁs
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 processer 1. The function of the processor
is notably:

20 « o regularly trigger operations to enable the TCXO B, and to
measure the osciliator 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 Sp 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 o manage the varicus steps



The function of the sequencer 4 is notably to manage the various
steps Il inplenmented and to control the various conponents of the
processor 1 and the two oscillators A and B. The outputs of the
sequencer are a signal 4a enabling the counting in the counter 6, 4b
storage in a nenory area 5, 4c commandlto a cal cul ation block 8, 4d
cal cul ation and storage of the 5 error E in an adder, 4e to an

accunmul ator 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 oscl | Biflentin Jighol nglvahls EOMRLENs b B2 pRERARFS (o the

error neasur ed ore corre st or |"at est
val ues of the anditlg tv@aﬂS@UaTatSe‘Mamd)Bmetttms efoheseauBnedT arche sighginal SB

performed in ti&eer%BH{bttﬁé c@untuﬂ&%éﬁ cBMeW@B%ﬁorME Fra%rﬁ gt er and

the nunbers NB-1, NB-2 B-n nmeasured previously. &gr om t' hese
stored val ues, 4thf?éf"&%.’ldc‘ﬁl %P?'@Hatlﬂ”dﬁq{c@s ot ereHigiies andeSerage Pointowed by

the error ag aerrfoH'ECh'a‘ﬁrhdafar wertaan@a&]rﬂ@%pgwﬁéﬂﬁq@éﬁ@matsbma&@n

pr obabl e correctlon to gg} rgn o the | atest g}e surenent %F t he
B Por(for ecadui frribe ARERLSYELfir SetR BE SHENCE TofFoLe: Hs o
provi de an averﬁ;ﬂgefmd@nalcsmmmbloemlla‘tmmthe frequency vari ations
(and therefor eratyre variations next peri od tween 2
oper ati ons toer r[E?Lg qf#é 88'&?@ tc8?res)ﬁopg‘°l i&ﬁ\? er{or %aes‘-'ﬁeéx%%%’e 20
This correcti morrestloadﬁmémqny ailea 5lsitresihe adest valeeeoftthaérrerigalcalatedr | n

the adder 7, nﬁlﬁ'\% c%Hﬁtwt%fgﬂ;e glpﬁal%d%%ﬁorn#t g 0#) nﬁphaﬁﬁ

corresponds to the correc

stored and i s raddet Neoren the covni¢ragnst the %Hmbf@ Mee: RR2 d¥d4 ned\'d@y t he
sequencer 4. Vien tdagriadudfy. of the accumul ator 9 exceeds a predefined
threshold value M then the latter 25 delivers, to a variabl e-rank

di vi der 10 t hdioRalbese §iorgchuR/Ugsa iR criculglion Riech SedetsimanesnthsyBls hoot

i ndi cator and f@lrmteheoyomaaa"rrda@ach td”metlcm oniirgé, drdl Seddvey Fladiom tHae
vari abl e-rank diVvi Fro uces d correct eoﬁjﬁ%i grrrlglrl Scor.

The threshdPd RF%‘?EE 8‘%1&‘?%8‘? 'ng?mﬁ'aiﬁ‘ Dggter
accurul at or, ctmp@:raditr@tmatvéregeswgnatmﬁ dvthéheowesrs lwoots t8Gprodide 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 procduces 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



CMOS (Conpl enmentary Metal Oxi de Sem conductor) sem conduct or

technol ogy, or any other technology with | ow consunption, in the form
of an ASIC (Application-Specific Integrated Crcuit), a programmble

integrated circuit CPLD (Conpl ex Programmabl e Logic Device), a mcro-
5 processor or any other equival ent dgyice. Figure 1 also shows a

reservoir capacitor C and an associated series resistor R linked to
the linear regulator 2. Their physical paraneters are chosen notably
to ensure: a peak voltage drop that is conpatible with the

comonent s 38 (e @iadnfielokids, BONRETLRR XeXRohdlife?. 1 he
range and a r ésthdaaby.coreuepter tashndlegy witielowscdnavmption, Wi forasof

possi bl e. Such, PTGIET ARSHERISD- émﬁﬁé Inke 8%1@&' elr Ity © aprpo?gr&'rﬁmtab@ i nrush

currents needed I ng the TCX e current

t aken from t héntegratedirgyit GBUP cl&onmplsx Pe'searﬁ@rreableamgiq pevife) PamicEty

t hr ough thesseﬁrbc%%sdr%?'al%l&ﬁel%qu-{;a@nﬂﬁvtcﬁry in this case is indirectly
connected to the V Ieve %ure . In_certain ap IlcatJeon cases,

ot her el ect rorF'QPr'%l r lap tsgo‘ﬁﬁﬁl gV Rt SPRAFINE PvRihal RESIsHe%FSieSnd V.
20 After havi ngsistesRy iinked t@hecineaplegintonc Mhéie physical paramheigty grel,
figures 2 and w | | kelt ossible to follow the operation of such
a systemand t e A gf the frequency error. In the absence
of any correcti on, atdeak soltarel drep pipdti 1ecbobgpaﬁthe withctbe Svaitable poweresponds

toth f t f E d by th
(o, e, S ongl oM BRRK LR BL el LGRS A DY (e
nomi nal 'val ue K. e Fagostes Rotbrisigvariations within fre cipatesrengesaral 4 iemidng
di agrant in the Ch(%n@%:@ﬁttcf]nnﬁatsa?g%ffﬂﬁreﬁd's a;ﬁag %@%@tl on of the

oscillator according nvention an shows a timng
di agr am of t heSush@naprarigemenhmakes 6rpq=i@b'§lipe?f@‘ﬂ@e trgoinrupl qurests

tenperature, apdsddanidiahddivg He f@ﬁo%ﬂﬁ@ﬂ%ﬁtthéeu&lﬁﬁ@s&bh@@m the |
her ei n-bel ow. The neasur erren% he cal culation of the error wll

be performéll Nt WYufcst ©F eF%ﬂ“p‘?h‘"F Eth'%éa"tﬁ%d@@%? the,gezies Frsisiiquencer
4, will then exetdtbarémen hel daewishadirRey adnnensd tdthStvapvd i figdfVeri ng up

of the TCXO oscill at or nd waiting fo S O tion to st |I|ze
She ntabi | eath cieramapaicaen, e, Ot Seckbie et LBy fep/c:
stabilizati on Hetweenitse bdtry andavipl e, of the order of 10 ns;

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 F, 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 Ry dependent on the

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



Step 2a: counting the periods or transitions of the signal SB (nunber
of pulses emtted) during a duration T (counting duration) defined on
the 10 basis of the period of the signal SA (signal 4a enabling the
counting in the block 6). A sufficient nunber of events nust be
counted to ensure the desired precisidd for exanple, if a precision
of 0.5 10-7 is required, then 1/0.5 10-7 = 2 107 events nust be
counted; if each event is a period of the signal B and the frequency
of the TCXOB is 20 MHz, then the counting is nust continue for a

duration of Tthl%%erﬂ&% ém teg@ the é %FBPqﬂﬁ Prﬁ;eﬁ%t’i% fdegﬂfbﬁd dane.by the

blnary count er orce o araneters
(nunber of evéslow, The zr@a@#rer@@nd@néﬁheacalwia@pm & the Pkl Po RCEAMeRe

result) is sughifid@te FHIEHLHY frofssdiia 1RO uchstr ANRA thid@le¥ltei S z€ro
if the signals SA and SB are perfectly synchronous. The size of the

20 counter 6 itke QBYEPHPRRIBICAECOrding to the nmaxi numerror that may

occur b?t We@n hEIté'tﬁ‘lé“pﬁW@hngS/rb Sk THeO Deginadr Bhd WaitngmeKitddpariohor  Enax
is equa to the

S mimerraors o omllators
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above the 25 m er , i hi s
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of the TCXO osulsk$ amittedd.dulihg asdyatidn hcowuting slmtids) definet@nsther age in

hunber s N1, SREe 34 Ry BREPRY Enl E5(coRg it UFaBling IRy EBGAY SPUETC, e
result of the biaskrf). ABSuHisteat Aw@berLefi ‘?V@”'ESH@U%J?%@QL@F?C"[TW @Sé@rﬁbar ed to

that of the prgegsd ﬂﬁc.geasw mﬂmé if & %tsmoancaéwarsl RbhiRA, thed | aw
(of a degree dt(/acﬁend ent nber of l_lug‘%;e val ues tor ed) is

cal cul ated by e 1€aFcul Oaﬁ"%ﬁ“?s Hlugbl?{e goupqu 3?0 ntis 3 FE?r”H P g

estimate the eghaeBlananhé dedenapp! hedraxo BBs 200vH, miean e @btrdting t he
aver age error hat Vi d.for +h51%%618‘£_ od of, the rate RI1.
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s Pesel 1S E st B8bpuErof B 9l

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 S, 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 TCXQO oscillaior B. The signal 4b
corresponds to the storage in the memory block 5. The memory stores the
number Ng and also the numbers Ng.i, Ng2, Nga, ... Ngn measured
30 previously,
Step 4a: the result of the count Ng obtained during the duration T is
compared to that of the preceding measuremenis. A polynomial variation



5 calculation and storage of the error Ein the block 7).
Concurrently with these operations executed at a rate Rl, the
sequencer determ nes a second fixed rate R2 dependent on the nmaxi num
error to be corrected. The bottom part of figure 2 diagrammatically
represents the 10 steps and operationgiyexecuted at this second rate.
Step 1 b: the result preceding E is added to the accunulator 9 at the
rate R2 (see signal 4e, figure 2). Step 2b: when the value of the
accurrul ator 9, taken as an absol ute val ue, exceeds the predefined

maxi mum val ue e e I oW ng
operations: - !M&H Pi &d eﬁgﬁﬁﬂrtr&%ﬂm@% O}are?é&ﬁélkﬁﬂésggoé%%sng on
the sign of tw@lcuatagﬂebsometda@ulemmblocjo&t(mrwééf:)i i piger weealimateather
during a peri iNgN& i add
to, the accuw%gle %Irom bglrégel}grcril}%l\ga fué&??t&aug;ﬁ%‘%ﬁr% t (;er%q\?gfr)%hoot :
dependi ng on tvaéd & dhe aextPREC] gf the rate iy Shis Jeutfifr rasteiigdl (fignal 4der o

reset: the apRhicERtiorPanddtorbhEoiRE ERGIE ANhd BlBak™ge of divi sion rank)
nmust be acconpani ed by the discharging fromthe accumul ator of the

equi valent of this correction. The rate R2 (that is expressed as a
duration in sgmaakaéntly&vndethwerﬂp'milo%eimmdtmen &L Bptiad keguaazdrmum

, Whi ch |, d
nunber of TCXCPET ABANE oo H LR AP A IHE: AL Rs i SRde e
anplitude of tdegettedreTieobotixot ipant difighieetl diagraamhbticale refressntsothet he
accumil at oho Mo ASREAls LG LfOUEORN AL he oscl | later A |

t'he ange

practice, ivisron rank over eriod of the 30 signal
Scorr (of averee1h:ribe el pracajingirdp fadeed tohtae @9@5@4'@?“ ot hRdatger i od
Scorr by nore }%r(séeegg%a@gg fi@fd 9d of the signal of the oscillator A

15 An exanple is given to rllustrate the abovenmentioned various
oper at i ons andten dyavhen 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 o K+1 or K-1 depending on the sign of the
value of the error contained in the accumulator, during a peried 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 Rz (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.



Example: FA = 32 768 Hz, FB = 20 MHz, counting of the periods during
T = 1 second, maxi mum oscillator error = 200 ppmor 2 10-4; the val ue
of 5 Mshould be greater than 20 106 x 2 le = 4000, or in practice
4096 to take an integer power of 2; the maxi mum acceptable relative
error of the device is therefore 4096480 106= 2.048 10-4; this
relative error produces a maxinumtinme error on each period R2 of R2
X 2.048 104, an error that should be equal to the correction capacity
cal cul at ed above, of one period 10 of the signal A R2 x 2.048 104 =

1/ FA, Wh' ch W%%nlné)tle %O@%nbo lllﬁs?rafeathglé[lf)na\;é?’ne?%on ﬁa‘r%gs égéﬁe n% 048

10-4) = 0. 149s 1ven to better stan meani ng
of the value @mdBieps. in the case of a linear prediction. 15

Det er m nati on eefarrrrpiée Fhal 82 s 8XBY ESRAPHAScRNGHY aftmerbehedssemads)

Exanpl e: |inear edictive correction (a single precedi ng val Ue
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t enperat ur es= Np PRI Ge §regRe tth deipdaredolr-Lq00al baﬁn pracie fodsudct i on
of time = 3C/ m n; npxi mum acc ptq_ﬁsetlma erro nstartly%ethls

T L L N o SRR S L e R
frequency/ t i neiesico pethBrefse abodopprint 2048 ﬁff/ thigretatil® epmirmiuteela 2.5 10

-7/s. The predigtive . .correction anno e when rting
up the f requer{E??< PAP; UG BT 9 %eecﬁeuewg sF{3 a%]s)%%ﬁ f ?/ré?rﬁéatl on

just after a fshegddreguadase e@mention, caphrmye:ahralyteld@bavei méqlufen@;oder ror
that incregges,apet nBPﬂhfptx % Rl 1 $d- R} FAl Shlich, ﬁugﬁ?%g‘utdb@&.ubhﬁ%
a perio al” to

correspondi ng tine t he end of iI's equ
(R1)2 x P/ 2. Dalculatp Rire 1437 TeSH 2498 NP RO S-the time error
preci sely conpensated by the predictive correction (2 successive

val ues of the frequency are known, which make it possible to
det er mi ne t he A BEEPEE i glyer it patier Unqeystangtzhg H‘eﬁﬂ'égé’faf%‘é "P'HEPEQI Bd, the

maxi mum val ue tpd cdk df & lihdepeddtien. R1L .\/ (2 At/P) = 4 (2 x 180
10-6/ 2.5 10- d t t.h ti t abl
T T R P o

a hi gh preci sibxampfe: tihearogrdgictive correction (a single preceding value stored);

slope of maximum frequency variation as a function of temperature =
5 ppm/TC; slope of temperature variation as a function of time = 3C/min;
maximum acceptable time error when starting this temperature variation

20 At= 180 pus (or 0.1 ppm over 30 min}. The frequency/time slope P is of
5 ppm/C x 3C/min = 15 ppm/min or 2.5 10 7/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,. It is shown that the corresponding time drift At at
the end of a period Ry is equal to (R1)? x P/2. During the following period
R;, 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:
Ri 2V (2 AYP) =+ (2 x 180 10-6/2.5 10-7) = 37.9 s



of a few ppmand a | ow consunption approximately 10 tines |ess than
that 5 of a conventional TCXO oscillator. This | ow consunption is
ensured by the use of a permanent | ow frequency quartz oscillator.
The tenperature stability is ensured by the use of a calibration TCXO
and the stability during the tenperatuge variations is obtained by
means of a 10 predictive algorithminplenented in the abovenenti oned
processor and its conponents. The generation of a signal w thout
phase breaks is ensured by the absence of sw tchovers between 2
oscillators. The consunption draws are reduced by the use of a
reservoir capacitor. A low cost is ensured by the 15 absence of

t enper at ur e calhebsystenp aceaiding lie thes verttiopomiaipbliere toe rpwandagesof 17
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| east the fol IQ@ifeH PRMERE Rlaw C%UFM\%%@%@%HMF&MW@WH@
oscillator A, Rdaphamhtibeal FOROURilAbr. a

This low consumption is ensured by the use of a permanent low frequency

quartz oscillator.

The termperature 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.



frequency FA, and adapted to emit a signal SA, a
tenperature conpensated quartzoscillator TCXO B used as a frequency
reference, adapted to operate at a freque?ncy Fs, a
digital circuit (1) adapted to provide d’stabl e frequency FeoR, which
10 conprises at least: - an input (la) for receiving a supply signal,
- an input gétg for continuously receiving a signal SA originating
fromsaid ofd&iAM&or A, an input (lc) for receiving the signal SB
originating fromsaid oscillator B 15 during calibration perfornmed at

a rate |21, jwhenagigipieeRion Idwiifeqasicl badiRAob¥itRlose A8 iRAR on( dharddidised in
Counter (6) RSB S EOOREo oY HTBLIE ROt ¢t ed by said
oscillatdr B during aadiwennguerption lew-faguenryr epille®ent, adagedte operate at a
bet ween sai @e@%b}kgtaﬁﬂﬁda%t@lggﬁﬁ afsrenory (5) recording the

nunber NB originating fromsaid counter (6) as_well as the nunbers
1\13.1, N5-2, N5:3, @ fnsrabire spmpensated gharzogcilbaipn TeYOs vagd; 4§ a frequency
osci |l | at or Bfanenkef inaptedne opovata bediréynesai B, count er (6) during the
precedi ng peri ods,

. . I f aor.,cal atin .
correction that allows digital Flé%ugﬁ @d%?&?‘%gg PENAE ,Fagia?t %‘%q“gfl e Ficor, which

nmonent, ¥k @RIpprigsatlpbe of the previously recorded counts N541 to be

25 anal ysed, and a coffigshti(Ps) fdiGebfvia® ki dignat,he count NB to be
deduced t herefrom pRe(H) ?gggr F?qiy,dg[}si gned to receive_the

. - an a .
val ues originating fronrey @bLineumugrsly f4eivigra uiat on orgigting frrg said

nmodul e and bscilikériAdver to its output a nunber representing a corrected

error E that is recor Rput (36 BE 4 1n3URE oibdh SNl B8 GOSERGLER
error is added at a rate sal cC atBr onprTsing._a

predefi nbd ARARE FYPERLOR PEEOTREd 4 @rfaterfs, Wi?‘hé sytcly Q)gg a%fafﬁg by t3ojeqpapper
t aken as an(Bbksominesesallwé theexmpakntssthatdom deefrcwitd t hr eshol d val ue

M 2o pocumil ot o (Bl S0 g U6ld L p S SHR e )
vari abl e roRFGEIRteR pripg ppivepperiad 5P anfopmRreseat tesrronpeteseneindd oscilagprs A
predefi ned alxBshold value Mis subtracted or added to the
accumul aiOO r(9) 351 1Y 1%39185 (%?re%@aﬁl%l thd It;'lﬁnl'?@ﬁw%so%i’ginating from said counter (6) as
well as the numbers Ng.j, Ng.2, Ng.3, ...Npy of pulses that are emitted by said oscillator B
and that are counted by said counter (6) during the preceding periods,
- a module (8) for calculating a correction that allows the results of the count
Ng, at a given moment, as well as those of the previously recorded counts Ng., to be
25 analysed, and a correction to be applied to the count N to be deduced therefrom,
- an adder (7) designed to receive the values originating from said counter
and the correction calculation module and to deliver to its output a number representing a
corrected error E that is recorded,
- an accumulator (9) in which said corrected error is added at a rate Ry, said
30 accumulator comprising a predefined threshold value M; when the value of said
accumulator (9), taken as an absolute value, exceeds said predefined threshold value M,
said accumulator (9) is designed to deliver an excess indicator on the one hand and the
sign of this excess on the other hand to a variable row splitter (10); wherein in the case of
an excess, said predefined threshold value M is subtracted or added to the accumulator (9)
35 in order to cancel the excess,
- the variable row sphitter (10} having a nominal value K; in case the value
of said accumulator {9) is exceeded, the row of division K is changed to K+1 or K-1
depending on the sign of the value of the error contained in said accumulator, for a period



the variable row splitter (10) having a nomnal value K; in case the
val ue of said accunulator (9) is exceeded, the row of division Kis
changed to K+1 or K-1 depending on the sign of the value of the error
contained in said accunulator, for a per1i80d 18 of the output signal
Scorr, said variable row splitter is designed to produce the desired
and corrected.signal .Scorr. 2. The oscill.ator .according.to claimai1l,
Char act er 1 s QU U PHLA L SLp0 ARTT o bt dEEeen it o duggdpt Gigydgind
operate at sofigckairegmal/Sdofy. t he val ue of which is selected so that
said 5 oscihlato . - QM LQb: Ar:eci si ;
Stabi ¢y o o cont Po ke ReBRRRATRAT, bR 0 @lflgor a g o
to claim 2, okHerAdaptPd onerals it reRensyHw dheofalteid Wi arlesieds that said
equal to 332pFdldatétz has a4 .lowheorsmmoptidnat o rhigicpecidiongarido stabditynat orcoBirolled
charact eri sedyipgfpat said oscillator 10 TCXO B is an oscillator that
is adapted to operate at a frequency FB that is selected in an

i nterval befweenTh® ospilatap gesording  toTelainy I j hprseisFisede bo it b tvglugngf the
one of cl ai MeqientpF4is aghsantad2@6§ Hed in that the circuit is a
conponent nuf act ured. usin 5. technal g or _any.ot.her, | ow. .
coneonnti onhec bt SSHE prbore s SR 385 haBNi T mudia gecillator
m cr opr odes 360 Biigaposcillatordhatiis adeptsd te epawitaiahg fregneney Fothat ispelested ipgan
1 to 5, chakaevsiiiesdnild ahdhadMHL. conprises a regulator (2) that is

di sposed on_t he | t age .supply,.and a circuit co sed of resi st,or R
Cha e rasordorr L as BRI oot i eERAb L e Ritradhelsfd I bt o
t he regul at ércyiR)is a compguentriypanyépstusdd asingseMPatteshnolagy orrdpmnsg other day
one _OL_ cl ai %?sﬁrggﬁor?tecﬁrﬁﬂogryadﬂ@ f&@ill Gpdﬁs A ZCf, algpoms ﬁl} F%A&rﬁ%i&@ﬁmlﬁwsor.
provi di a_ta regyency sj.gn corr forom a hjgh-precision.|lqw .
Pr equench oo |1 abe Pt pswrdifh st pbh SRR ink Dot in it it
char act er i seemprises haggulatord@hibet is disposed ov ithsi yedtegeosvpaly and asircuineomposed of

foll owi ng shepsstor R and a resd@difcApabiteOC ahhtl IsSlocdtbd @6tweat eheéRdugpDf and the
periodicallxgﬁﬁﬁﬁQﬁing the frequency error of 25 said oscillator A
Step la: po -6% a tenperature conpensated quartzoscillator TCXO
B and wai ti g fofh¢ tus¢ @fsanabsdillader, according to Smyporaof clims ilntp, Sudrngpdio
count er %) cohh@nR&idn@ds or transitions of the signal SB emtted by

ount i ng. 30 dur atTORNEET PiayidhEs  Hete BFIVEHS) HER Sout foa S Pggn low

t he signal d&equency oscilEt@pwilia low owtmpdorD hdcoidigy toecﬂﬁﬁf B,';ngmecterised hin that it

conpensat e 1.7 i4): r i t he nunber NB t hat
PSR L Fond e

corresponds count . a ting the nunbers N3-1
N13-2, NB-3,  Neetermping g iyelixedirate &d fenpesafigalisweasuansthedrequgrics grroned
precedi nxs pesit esisllasndat hat are counted by said counter (6),

Step la: powering-on a temperature compensated quartzoscillator TCXO B and
waiting for it to stabilise,

Step 2a: counting, using a counter (6), the periods or fransitions of the signal Sg
emitted by said oscillator B (number of emitted pulses) for a duration T or counting

30 duration that is defined on the basis of the period of the signal Sa,

Step 3a: powering-off the temperature compensated quartz oscillator TCXO B,
recording the number Np that corresponds to the count of step 2a, and updating the
numbers Ng.i, Nga, Ngs, ...Ng, of pulses emitted by said oscillator B during the
preceding periods and that are counted by said counter (6),

35 Step 4a: comparing the result of the count Ng obtained during the duration T with
that of the preceding measurements Ngp_j, Np.2, Ng.3, ...Np., determining a polynomial
variation rule so as to estimate the correction to be applied to Ny in order to finally obtain
a probable mean error E for the next period of the rate R, and recording this value E,

determining a second rate R and performing the following steps:



35Step 4a: conparing the result of the count NB obtained during the
duration T wth that of the precedi ng neasurenents NB-1, N3-2, N3-3,
.N13.n, determning a polynomal variation rule so as to estinmate
the correction to be applied to NBin orer to finally obtain a
probabl e nean error E for the next period of the rate RI and
recording this val ue E, deternlnln a second rate R2 _and perform ng
the fol l owing st 8f®:1b: adsling thpracarded mepmnerar fFetoras @sratatoRa theditedv: E t o

an accunul at or abtephe: é’eﬁﬂﬁg &R excess indicSibEéh BB on& BAAI 2NG (15 @XETRIHS excess on

i ndi cat or Ol or@?r%ngd H)aan E][% r&w%&l@&egfln@%h hﬁa‘tssa Sordifial afde Ié Pﬁenotﬁg Vé]lue of

hand to a varliabl'ée rom1s§ as a nomna
the val ue ofaid aF@mEdaiemid).dtksn ap an absoleyalygs eﬁsﬁ?e%%@mafn@mﬂap@f@ped value M
exceeds & naxdﬁufarmﬁr%dﬁéfdmd/m@dm@hwhé and performng the follow ng

d 1 d
Che oign of the val uelBRepRa appRioR Ko ohR-NcneRiimb o teRETE ATy
a period of of the egar prutaingdgn spid gegumulator for a peyigigtaf e quimpt figaahScer,
adding to, said aCCUﬁsub%ta& ngtﬁn&n,p&eﬂ@mur}sdsatdﬂs&ﬁmia@br@é HRaMRe t1ResHoR

cancel the exce met hod accor di ng to claima8

char act eri sé&i "Fﬁf%%ttotc?ﬂace %‘Fg’mﬁﬁs is determned on the basis of the
maxi mum ffer @1 ssi @he methodractdrdingits ciiadl, clyractdyized i Elat/ﬁ]buaem it Betermined

predefined rtﬁé Badid OY ﬁ{euﬁ’laMrmn E rﬁxﬁssﬁﬁ@g fhPls ?d%] aﬁgbﬁltélmlub O, S

f th r r [ X
gCCLme“ ;te gP ?)re eﬁr?e% ltlolg al%leaq\/[ Sald hocima atce)r nd o amplltude of the temporal

correction applied to cach excess of said accumulator.




