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Dunni ngen- Seedorf El ectronic circuit for timer applications having

5m ni mal power consunption and nethods for calibrating and operating
t he sane ThéEpEéEeﬂﬁginvention relates to an external |y programuabl e

el ectronic éE&velit which, after a 10 programmble tinme has | apsed,
outputs an appropriate output signal to pronpt the execution of a
prescribed action, wherein the programmng is effected by nodul ating
a carrier frequﬁﬁ@?haﬁﬁemiﬁV@hﬁPoﬁthsouﬁbﬁabégggnwagnéﬂhoEBﬁéﬁ

calibrating and a nethod for 1§hggﬁ@ﬁ$ﬂukégggkﬁa circuit. The
el ectronic circuit specified above ich is also called an

electronic timer circuit and today usually has a m croprocessor, is
normal |y progranmadtﬁbgi&abircﬁﬂtvEaraﬂ1makeébﬁmQcaﬁheﬂsaﬂaﬁﬂﬁbltUde

nodul at carrler f-reguency net ho The on Jler
frequency usé&d 23?{ sd’l"‘&g'r aﬁ'ﬁi g'bepﬁfc’é#ce%?ﬁ G xRS ¢

is quartz stablllzed 25 Aftendtbpepabgnenuhagsamesuch an electronic
timer circuit, i.e. after transm ssion, for exanple inductive, and

storage of the data for the tinme |apse in the mcroprocessor, a short
pause i s folhewedobysenpr odewsmtiaon er nalapespr obess@mn exestaghadilart

si gnal 30 b?a'r%%r%ﬂﬁn@%ﬁevm' %@etc%%ﬁ%ntScag%uéttartwﬂachhe |§@§%r0f %he

programed tinme. When_this tine has_| apse digital output sig
i s prodtit ed PRIRECRTBRSHSt stimet hers a&@péﬁd SURRCRIRCR| @6 r@HPEOPFi#élte

circuit is wseguitn &i@eiionasi eropieceSss EQECEXABR!I &Ff a prescribed
action, wherein the programming is effected by
modulating a carrier <frequency. The invention also
relates to a methed for calibrating and a method for

15 operating such.a circuit.

The electronic circuit specified above, which is alsgo
called an electronic timer circuit and today usually
has a microprocessor, is normally programmed digitally

20 wvia an interface usging an amplitude modulated carrier
frequency method. The high-precision carrier frequency
used by an external programming appliance in this
context is quartz stabilized.

25 After the programming of such an electronic timer
circuit, i.e. after transmission, for example
inductive, and storage of the data for the time lapse
in the microprocessor, a short pause is followed by a
processor-internal or Eprocessor—external start signal

30 Dbeing output which represents the start of the lapse of
the programmed time. When this time has lapsed, a
digital output signal is produced which prompts further
action. Such an electronic timer circuit is used in a
detonation process, for example.

35
There igs now the need for the programmed time to lapse

very precisely even though the microprocessor has only
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35 - 2 - one or nore relatively inprecise RC oscillators (oscillator
with RC el enent) avail able as a clock generator for the tine | apse
for other limting reasons. By way of exanple, only relative tine
errors 5 of 100 ppmare pernitted for~the | apse of time, whereas the
frequency precision of RC oscillators today is approxinmately 1 to
20% The do&ifentOPE T95 €5 pebativalscl dswsresimet ho’dCf opstdllators

progranmi ng @ cliaddani ¢idef onat O 1wWLl jachkamas A Ni gl | avel.1Qfox
time precision. The kno met hod invol ves calibration to the quartz

t [ . [
preci si on cATIERYFequetty BBFi vELBE byaRRe exk®F naPthesgr ddiirgng
?ppl i ance us:ie?cmsm' ﬁBppmge&sﬂnL ekahpl 8al o@&;}i IlﬁO@nte.;ﬁivé hﬁiﬁéoék_’rorls

requency 15 i.ch is. nore than ower. o aboye the externa
carrier ¥re(ﬁ)ufgnlcd;/gj| R I"F%WIJC%%‘E ??]éq%%ﬁc}apgecﬁ\sét Giify MOPLSRE
oper ati on oftle miseomescessorecsisnce i bfi sRal ssakEhtars| asddahe is

conmmrand exe%’rqgc-dapc iqti.Qn,oddhe high clock rate is necessary in
order to 20 provide su iClI ei%{]l yé%reci se tine resolution for the

calibration interval which forns the basis for the later tinme |apse.

In the case mofe t Beckiews nethosk fos £6b B atdion, Jhg PLOGLANAAY £
i nvol veigt he hi gh precision carrier fre%&ency of the progranm ng é)Sr

appl i ance i % F offc tfchierbei Metsinthed veighpraghietes 2
count er readiingh lawneelatof heisampréti®idbhe rREakihvehY ne¥RHACHS® ol ves
osci |l I at or f({aﬁqt%ernace/ioof %he X ircuit_bpei n% caunt ed. Wen th%
prescribed cOUnter readi ng it eAeHEH® f &1F FHE HYhCPTettsi I ST
30 frequencyelthherwlitertheagkngrnehchedgnathihbeappphieacseusing a
oscill ator fts i r i.n -t ic.glLreuit. as_an
nternal 1 A s e s S PR, oL S b s SRR s
A conti hARousty dppth els hinghepbeas sopwiasciof at @, ahirehthe metessmly

for the knownrmtdodsaupldned abawe, generaies A dugh fE%\é%nWWfsor
t he processor, however hi s is di sadvant ageous for the executiaon of
the progr amfetF taMAFY st PcethEr PRGTEYE Pagse df MREOPEICESEPBgr SAFEE
tinme the m driopiecesssos iusddt endesldek berpovweratlanat dxsu @ hat t ey
but rather from.capacitors, or,simlar _energy stores with,|ow vol une,
whi ch have tjalé'féér??c ogr?’ge%q%u?fglé F?S‘%r 5&}:&%%&9?635?‘?3{ h%?ef’Bﬁ@rS to
desirabk@ f@rohecusnéftcdeawlyy phechser agimecessspltoiba for the
drastically sadyged v | g jyRlNLAl niAg hhesLegqul refd. M1 JHm apgr ating
time and the necessary Erem si on.
later timé lapse. In the case of the known method for
calibration, the programming involves the high
precision carrier frequency of the programming
25 appliance in the electronic circuit being counted to a
prescribed counter reading, and at the same time the
relatively imprecise oscillator frequency of the
circuit being counted. When the prescribed counter
reading 1s reached for the high precision carrier
30 freqgquency, the counter reading reached with the
imprecise oscillator frequency is stored in .the
~electronic circuit as an internal time standard and
used for execu%ing the programmed time.

35 A continuously applied high processor clock rate, which
is necessary for the known methods outlined above,
generates a high power draw for the processor, however.
This 1is disadvantageous for the execution of the

programmed time, since during the lapse of the
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The object of the present invention is therefore to 10 provide a
precisely operating electronic timer circuit which has drastically
reduced current draw during the execution of the programred tine.
Simlarly, the object is to specify a method for calibrati ng an
electronic circuit and a, method for operating a programable 15

el ectroni ¢ SHPSFAHIRS cRIBEI FRSrBeFserrapseser arsgeanfed tiore band

at the sanmegdwded NestICEXeR ian B &y I 8t dHzaMerTher&ROoKEpaABE @6lrd S
achi eved by an electronic circuit 20 II('::E‘I gfs not _only the, first
oscillator Bt 3B tFOn&NS % sBLINT® ol S HOLHME} ok fhe PRV

wher ei n t he aeequehaygefl ttheiseropttdeosaiddadtmerincs. | werid hahetbEore
frequency of..t i.r.st il 1 ato The. el ectropi¢c circuit also ha
R St The s T B A LR ek oAb RERCER B i

means for carrying out ration exp
for carryi ngpeoudraselpal hvd riesucederdti hg mhdntaioing wHiehriesuired

expl ained b Q) j i Eq,}%ses [ met hod
30pfor cal i gdragétyimgﬁh?)n V\h;ﬁ?ﬁ%ﬂ%%l?ng\%md (L:E;Hré:?{ar reagrﬁgﬁ?f%ﬂs&)ésrgd to

ascertain the present period duration (T) of the first oscillator and

a ratio whi ghecObpgspendst t @hchepral bR bamiran ithe per it irAtd on pf
the fi rf@ oscill.ator and the Eerl od dur.ation of the second 35, ,
osci | | ator. PAY 8% & r BAEELEFH¥ U P EEETG iyt §O-TWE G nbERET of1TCULE

f urt her nor e winteniess s daragetibad 1orrapered | enraener dirgr t@uthegy the

i i on in yhich af during the. -.4 - gali f
rent on | RALEAS O e MBS £, ERBLBLBLLENL tiScce

frequency, iserepn safacErfyt ed nimedhiogh bhrt leelddirelbriai om ard ea tstoaritc
signal the tJ; idt [ b ir (A appr [
g tansnid %g}&t.% ggeggﬁgx ol " e Al sa ag g% HfrAnle

fourth period nunber osci |l ator and~an appropriate

third pePi oFIRABERIGT (HeTUltst WEeh | @ldow wiirss isser de@seno afor &
than i nt eLmigdeMddd Padal Al abeing souat ednaf §. reduction in the

current draw.

The above object is achieved by an electronic circuit

20 which has not only the first oscillator but
additionally a second oscillator as a clock generator,
wherein the frequency of the second oscillator is loWer
than the frequency of the first oscillator. The
electronic circult also has means for carrying out the

25 calibration method explained below and for carrving out
the method for operating the circuit which is explained
below.

The above object 1is furthermore achieved by a method
30 for calibration in which the known carrier frequency is

used to ascertain the present period duration (T) of

the first oscillator and a ratio which corresponds to

the ratio between the period duration of the first

oscillator and the period duration of the second
35 osgcillator.

The electronic circuit according to the invention
furthermore implements a method for operation according

to the invention in which after or during the



10 The present electronic circuit according to the invention and the
met hods according to the invention use the insight that the main
cause of the high current drawis the cJock oscillator (first
oscillator) and the associ ated speed of* the cl ocking of the internal
15 processor conponents. On account of the frequent charge reversal
of parasiti E3CapEEIEARC & WARRhCLECREEeSSaY EilRe alhesult , PERETpBNEA
CFnSEWP“ ONoef mbgﬁga%&@@ owﬁSObafﬁlr&@l& rrﬁs]galq)aehbg}earweygfem ragt@%
cl oc requency., i.S_neans at cl qc requency needs, to e
reduced in gﬁﬁé?“?&ﬁ@%Mﬁ t %ecﬁﬁhéﬁFﬁﬁﬁﬂ% saié&%ﬂﬁeﬁkﬁpﬁﬁ Fﬂ@
case of the tpeesent tadvenimen fapsddhebysevdtttbe @fidiah oapbrspednds
processog-e r.nal jlla Lt h frequency as l.ock

Genor at of durirot HEoT ApterBriotie Bf oG At oo 4 o025 nd am
preferred er@mylomryageboditiend, t berdbdck huegeencyodf thbesecHadst
oscillator isgAahewdhe &y ”éﬂ;?féééé ehof f NGO %ﬁpﬁrme%a%wlg

appliance by nore than a_power of ten in order to pus e power
consunpt i on &¥ PEF&Idifleuieing sameas &fdanpere range. 30 Al t hough
the use of the second oscillator at a | ow clock frequency conflicts
W th thf demand for a precise tine.lapse or a high ti resol ution
for thetRal it i BREFHEEr v AL SHHEN v ert 1Y tonbPREOrERngr 35  the
osci | | at or s iwhiecttiaper ah@ rheomethbds iadergdirdentby the panakheh oat
different freguenci X i.nventiyve. calibration_achjeve the
required pr é%‘%si%c%lr‘la ?%‘{ ih:(ralrlﬁart c?el} cub M?o(r:a}l% ?gpggeo lgﬁecurrent
programed tdusw is Eie ook ddsgilatdre (Avesti oacillaterassudedhe

that the quayds PraGs Ups erdial él?é”éi?]éli;%%.e%? | snAresgat han a
short tine span before, during and after the digital tine
pr ogr ank® ng Prlor?wrpr%r@ig@erﬁﬂ R§CBEholi Feat freppsnEachpEge

frequency maewdligibeod §RRESAN ief @Yt afcOF dehik® SUPPhEcROWRR 0
the entire circuit during and after the buffer-storage of th%m
transnitted ®herd e FSFHE capatt® or SPOEYEN afPRFUPRELBRogr 8mi n§ifas
concl uded. Imidruprshedsdr mei seanmddtur iligeaha vpraigranti agngna lidas:
cal i bration | Ci rcul t.-he i nvention provides sufficient
energy for c%ec%ﬁ’lg&'@%ﬁgoc@%és%sr %li]a% %I%hc%?glékf;?gaﬁlelﬁgyn8$ i rtue
of the ZAdudig vieedoupli g ovdehe tpr dgmamm tite applFamc edraecoTdiagliy,
the circuit Jaguy&s onl xhlteh%aﬂs% %@reﬂﬁgg ROl fhen d Qngest the

| asting phase of the tinme lapse while t ourth period nunber o
second osci [45# or °fs Heithg 86ateansif, IPRPMHAs aP¥eCEsSHedcsKipEadl

power consurgydian.aZ® | Wipartd cubar friRfudte mugh d opossk phaseraf- dhe
| apse of the J)rj%%(r)amijrad t%é}rre t he_i nvention grovi des an external RC
oscillator SFAEHsT attiPeR tHe sERBNdPHSUFPIEESr , T4%Pd 028 | [%%or
operati Bf atpmeframed oskehprkrr egbeddypenpr, eftdreabtyodiet deeuency of
appr oxi mat el a . mat el for _.exanple 6 _kHz
and undertakt?hn% F Eéoc%ila ocgg%gfg%%qﬁgai psfo%:ggégé"}r( Iﬁ(rai negx% I(-anngr)f%aj glairtr);'é&f
t he | apse offnewmignayrafmedict inmgrrmisis cébbhi anceéshibsewpuent than a

call ed NFO ﬂBﬁéfiaereﬁothB&ﬁ%QtHﬁ*ﬁ%sﬁt@ﬁéspﬁwgﬂ Egﬁsumptﬁpn of

initialization phase 30 starts and remains swtc uring all the
oper ati ng pHRRLHCHHe W5 Uite BIHMPLD WS nvent i on.
30

Although the use of the second oscillator at a low
clock frequency conflicts with the demand for a precise
time - lapse or a high time resolution for the
calibration interval, the inventive combination of
35 oscillators which operate no more than intermittently
in parallel at different frecguencies and the inventive
calibration achieve the required precision of the timer

circuit for the lapse of the programmed time.
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By contrast, the faster processor-internal oscillator (subsequently
called RCO is switched on only during 35 the calibration and the
transm ssion of the programmed tinme and also up to the start of the
time | apse and for a short time beyond That and also at the end of
the | apse of the programmed time. In this case, the RCO serves as a

d }

reference ofGIATAHEY ahfl cFRRKk d5@ti@br if els- goyumed that the
m croprocesspfaraid hosc s Idrequeneynal prekeeabli LRIMREN is present
approximately 1 MHz an]%ba@prom matel&S VMHz. For .the nmajority of the
tinme the pr (%’rrarrﬁeds}’rc? S "FapSPRY, IHE 5 0cB8EPTi ntefn@fter  the
osci | | at or REQiitslswtinbedaddranmi ey pr aher sed WQMMOEQE‘&@I@Q}Y
the invepti . | brati.on, first of all a first _period nunper for
the first oscl Cﬁa o%r?l %ltl—isl%goanatlIexS Up t%r%q%%% er™9 r2adf ng®Swhifch
i s prescri bedusierheoar eiergy r equemayicand twhi slpoby r gsponds tio &he
prescribed td4ms, L hisc i guysed te fetergingth _9?'9
therefore the prrigﬂ% (g%fti:odudurgtion o% %%J(Lé ?Fltres'?p%gi?:élrlol a ora,lg?hgr{
starting at 'St EFIRFRL )@ 6RSKAY cbndiBs CAPPSLGIOINFO e ater

periods of the fhrsSiraasind ahes REAARMEOUNE LW tdhdhe SBRONApan
osci || aﬁ] r (I;lfO.contl nui ng to operate <:an arallel, uptil the firs

peri od ﬁnb U5ING e R 95 09 13| Het ot TRt RRnCE RBRt téAditng
edge, occur rdingrfi,er thée ibiviesit licastndviddés t Bafseeorft energy for

clocking the processor at a high clock frequency by
virtue of the inductive coupling to the programming
appliance. Accordingly, the c¢ircuit requires only the

15 stored energy for the longest lasting phase of the time
lapse while the fourth period number of the second
oscillator is being counted off, and has a very modest
mean power consumption.

20 In particular, for the much longer phase of the lapse
of the programmed time, the invention provides an
external RC oscillator or LC oscillator as the second
oscillator, said oscillator operating at a wvery low
clock frequency, preferably between approximately 1 kHz

25 and approximately 10 kHz, for example 6 kuz, and
undertaking the clocking of the processor during the
majority of the lapse of the programmed time. This
oscillator (subsequently called NFO) has a very low
current draw, starts when the initialization phase

30 starts and remains switch on during all the operating

phases of the circuit according to the invention.

By contrast, the faster processor-internal oscillator
(subsequently called RCO) is switched on only during
35 the calibration and the transmission of the programmed
time and also up to the start of the time lapse and for
a2 short time bevond that and also at the end of the
lapse of the programmed time. In this case, the RCO

serves as a reference osciliator and clock oscillator



20 oscillator NFOis detected, the direction of which can be
determ ned in conparison with the starting edge, wherein a second
period nunber for the first oscillator is counted off in the
period of tinme starting with the first ¥nstant and up to the ending
edge being 25 reached, wherein the ratio between the first period
nunber and ¥ sebBRd FEGLOPLARRSEOTandeBfiso hafe peri ddee@iendie  of

second osci idradfdraMlveh arige&pddh ed bgb‘g@@&lmgqu,artl ng wnd endizpg
edges is obtal ned 3 hi s C@%@ tlon net hod is %I‘tICU| rly
si npl e met hG& a&é@l e oS A £Y rrB dhgestime the
conpar at i velgrqz_crrmmmiy tainek al 5o thag‘)siﬂj]@ sechad p&@bbbéb@r—lﬂE@Iﬁl@ﬂ_
be used as aos%ﬂﬁ‘%ft%%nh?&% S%lt%}.’l ?%%fproportl on of the tine

e

during the |'apse o rorarme t1Tme. Sinple _
calculation,outlined in the exerrpl ary enbodi ments, of the period

ratio is ma S [ &tilgdp X Ly t
starting _%pg Eg?%ﬁéfeidheﬂeen mqg)l#]e ggﬁg gfhtgggtlgglondl os%?t} ’fo

have t he sarﬁé‘ﬂdlhf iigh didstherfer Qh@l¥%'ﬁlﬁe¥%0@s@@mb§rnéﬁr the

di rect ljy fr (ﬂﬂﬁéiﬁhﬁﬁidqut%tﬁfr ghﬁ:c‘gecﬁ“d %@ﬂé&é@t OudN{:%JV‘thhcf%ﬁtﬁﬁer
count ed. hbet ween the startin an i ng edges an e sum o e
first a?'ng s&?c?ﬁﬂd' ri Bt ‘ﬁ]ﬁrrgér s'o?ﬁscfrrfgj?‘f?r]é’?t’ | o S ROEE SRHEHY

particul arl gt aﬂmrdkecbcmm@caﬂs etrﬁ)oailmfe@:ﬁc@ibé@etﬁaét béﬁal 6Ris 1s

met hod, the d. pel he 10 _fi.r 0S¢

the fourth ;#egrglc%d Jél)u ggroggghghseecont s &PF %_Itrberr él%apgﬁrsﬁ%d
usi ng t he calssulad idbratstdrod exphai hbdst nosoiéldeoai | thehowstlam‘tmmgr
preferred exa@dmaa@&am%@ B e Obft %émgaegn{% skL13Rta! | "the

exter nal |y progranmable €l ectronic circuit peri o nunb er
and t helPoumatinsts o‘élfnﬁﬁﬁerfld?sé? cPoethlateh ﬁﬁf@t alife ¢ouRERd peridd

number of thﬂlefgle@e%ﬁldof obhe1sgeopd QBGI lté@x]{z@%%&fz 'St&owﬂe‘?c%t(%”'l'ﬁg
:Eg fSIUP:: agtéc;(’arq:l Jéltegl: e?%[ estlyggegcf% Otneger:god ﬂ%ﬂberprlosgrrqgjarghedl r}%

the first instant, and then a mnext ending edge,
occurring after the first instant, of the second
20 oscillator NFO is detected, the direction of which can
be determined in comparison with the starting edge,
wherein a second period number for the first oscillator
RCO is counted off in the period of time starting with
the first dinstant and up to the ending edge being
25 reached, wherein the ratioc between the first period
number and the second period number and also the
periods of the second oscillator which are counted

between the starting and ending edges is obtained.

30 This calibration method is a particularly simple method
which ensures that the programmed time lapses
comparatively precisely and also that the second
oscillator NFO can be used as a clock generator for a
large proportion of the time during the lapse of the

35 programmed time.

Simple calculation, ocutlined in the exemplary
embodiments, of the period ratio is made possible if,

in one preferred exemplary embodiment, the starting



essentially switched off during the tine conponent. In a further
preferred exenpl ary enbodi ment, the fourth period nunber is
ascertained fromthe nunber of whole 25 periods of the second
oscillator which are contained in the tfansnitted or programed tine

less 1. A partlcularlg easily inplenentable | apse of the transmtted
tine is achiS6\g&d 3nt kBt srdénct IRI9R apf BDesispneind | eseiblawdt | NElen

the fi rlslt Fsﬂé}wlé at:ﬁlé %@n%ﬂﬂ&tﬁﬁpn@n@sCthéﬁé?brf&lF%@é fer%[%?_rcfat iRg
in paralle ir apse _nunbe peri ogs o e firs

oscil | ator, %aﬁﬁﬁgg dﬁ5§cF é&mihﬁegﬂﬁgﬁ sPHndtepef BFETEN
edge of the omn.dﬂdxtm.e:(:lmﬁ‘(at wmhas atz@ncaﬁnt@actm@aiweem cernt edaetfin
then the f|r l RCO |s s t ched o t ourt erio%
nunber of perlo s ﬂf' g8torid" ?IEFH?‘%%C&ESf&&%ﬁ. 9§9P
edge of theIEE@@NHInmnhdﬂsaKdi1ﬂ$§)ﬁu¥s¢ean$mu1Latoaommxhd off, mhen t he
just nentioned edge of the second oscillator - 8 - NFO has been

reached the first oscillator RCOis switched on again, and finally
the differedde PFrbOERISH Hdrirdds RFeierred  sxegpdalivat SroREDdEt wedn

t he thl rd pejﬁeoobﬂwmtl@cxﬁéﬁmaedtha ithe realddyrald aymsdd bhe oy
first ﬁﬁs er | S. fiunted of f. therngdvantages features an
t

oppor t u Appt %F?BnR6¥)tﬁ% O hie nPegh Ofa P HIRRYE het
found in theﬂﬂeseebphﬁonobehmmaabranmpwen@&@rxxﬁmﬁgnwﬂﬁntu@ﬁ@glothhe

AR T R et b

I ndependently or in any conbination, |nclud|ng I rrespective of their

sumary in the &aidE Al tde %&Iﬂfr&%&‘éirﬁgﬁﬁe&ﬂ the method for

15 operating an externally programmable electronic

circuit, the third period number and the fourth period

number are chosen such that the fourth period number of

the periods of the second oscillator NFO is counted

during the substantially greatest time component of the

20 programmed time, the first oscillator (RCO) Dbeing
essentially switched off during the time component.

In a further preferred exemplary embodiment, the fourth
period number is ascertained from the number of whole
25 periods of the second oscillator which are contained in

the transmitted or programmed time less 1.

A  particularly easily implementable lapse of the
transmitted time is achieved in that after the start
30 signal first of all, when the first oscillator RCO and
the second oscillator NFO are operating in parallel, a
first lapse number of lapsed periods of the first
oscillator, which number has lapsed after the start
signal before an edge of the second oscillator has been
35 reached, is counted off, then the first oscillator RCO
is switched off and the fourth period number of periods
of the second oscillator NFO before the relevant edge
of the second oscillator NFQO is reached is counted off,
when the just mentioned edge of the second oscillator



15 Schematically: Figure 1 shows an electronic circuit based on the
present invention, Figure 2 shows an illustration of the
chronol ogi cal l y successive steps during,calibration, programmng and
the | apse of the progranmed tine, Flgur% 3 shows a first step in the
inventive calibration_of the electronic circuit shown_in figure 1, 30
Figure 4 shdW® ahéscok@es: egeprieRe theentivétcaPFBRalRsRTof RERe 1S
e: Fct[onit_c @wifmﬂe't @iwwzat qdd’h.rfl HHE® ﬂd-ln@D_?yF%ﬁérﬁlﬁféB@ﬂ@e?ﬁmber of
illustration of. geor 0 i.nyention

operating t K& rﬁ Eﬁ |3rt§1Lﬁ %t‘?}r’gﬁ‘pg %e&dﬁ% 1(E)lf‘u‘?s- Fhped
of the progmemied tnunber - Qseeftgmedllﬂh(m& tdeel Bhewt t@n) candlr ahict
according t ti 1. CI.0 sor 1 which has the

i nput s A9 B% et %% %?rf?\é&%lr}l lj.{gu%ftegi |O%q§.ddltl on, the

M croprocessor 1 has an i nput Ub provided on it mhlch is used for

suppl yi ng peygrihelhe é&w%r?d’ég%&essofeét@éés angh{t eBBﬁbrEhﬂEE;QE”eéﬁ%@r

(RC oscillator, RCO for shor Wwhi ch grOV|des a processor-intern
hi gh cl ock PREGISTEGHBY <2f4t1|wzprfe§fen xampIeEting Fan heksoree Epend

M Cropr ocessey thecqﬁsadfhsg@&w&mﬁ SR én(bk@ﬁmaz Wainehdi flent and
to the

connect iither_to the in ence tq the
via a sﬁ?tc#ﬁ? NPT - p Ptqﬂl%h%a%?ecgﬁgmqy?ng%ﬁFFrﬁﬁc &Fﬁ?ﬁé&
the 15 invthdﬂDnsgﬁﬁphﬂnnmﬂyﬁpmééentmd(55{mfDhesbobgbchamangea of

clock frequ , i IS [ ex |s I |n
conpari son &ﬁ%%_t#%eégaf Thegﬁ%gfﬁg?conﬁgg%ﬁﬁn Iy ?o the any
ext er nal cI@@Wﬁhﬂﬁﬂiqnmﬁlﬂ¢k¥¢ﬂ@@essn¢sne¢muval@ﬁ thepar alnshrio itthe
port i nput Bl A%tfe di GHEPIoGasSAedrenied Naleddis, | nput can also

be used for program counter control for ca ratton to this clock

t 00. Th&3connection to the inputs B and D of the nicroprocessor 1 is
made nerel y deacause dd1 13Ny processors the clock input D cannot be
used as a port

Figure 1 shows an electronic circuit based on the

present invention,

20
Figure 2 shows an illustration of the chronologically
successive steps during calibration,
programming and the lapse of the programmed
time,
25

Figure 3 shows a first step 1in the inventive
calibration of the electronic circuit shown
in figure 1,

30 Figure 4 shows a second step in the inventive
calibration of the electronic circuit shown
in figure 1, and

Figure 5 shows an illustration of the method
35 according to the invention for operating the
electronic circult shown in figure 1 during

the lapse of the programmed time.



25 or interrupt input internally. In a further exenplary enbodi nent,
it is possible to use a mcroprocessor in which the clock input D can
al so be used as a port or interrupt input. In this 30 case, the
paral |l el connection of the NFOto a SEﬁ%rhte port input is not
necessary. During the programming of the circuit according to the

i nvention, EREVGRart AMi §1P%n@g%%FﬁallCcé’rllflcélrltBBaGQ@ﬁiﬂékﬁtyw sthe

appl i Fd to theentidhn Aviafh thenitebpPHOEESSOT ll-wHilrtl'Pr!gasprglflé”iﬁButs
exenpl ary enbodi t e carrier frequency may al so be an energy
carrier in §3d2¥nﬁga§ﬁégﬁﬁﬂggﬁéﬁ 5 Entire circuit during and
after the programm ng. This case is shown in - 10 - figure 1 by the
dashed cgnpanents...The sigpal for rting_ the Japse of__the
progrann%d 3?he%?91%2§5f aPﬁ?héﬁ%%%%sréé%gs?ﬁe %1§F€%r5%bs§8Puf_ gb
Wien t he pr ogrcamded tomelhashiapseids thedodoputsidwifyide power. The
nicroproce5§grI%P@ga@ggara pr edet ecgi ned sigpal L&h

further actioﬁi or exanpl e detonati on. fﬁg&%idgpgkgo In n%ﬁ?e(§c
shows the i RFGHld@dioTst 18cguehRg ti nivtiiah ZREeeile afti PEQCES/OT -

progr anm ng,idtapse10thidie B166karFedubhee, AEND ends t Bothedebiired
si gnal P@ln output to the output F of the m croprocessor. In the top
an

row, it e ARG chta¢ TEREANCIEE s 1 REGAIRED) 2 | §OHEEd PSS
cl ock gener atrdrt 16 i(met)ock’ Wwhioh tibe dontleopiedc esisdierl. td Nnthdi RCO or

context, in.,the.reqion ich are _denated-.b ref erence s ol 11
the RCOis t Oeecc eog'ﬁl%élzcng]a(facﬁd?l h\ﬁnné:ree%so t heE‘y cl)\isEt(gﬁl 2t NRO b n?‘:h'e
cl ock generator in the region 12. The bottomrow 13 in figure 2

symbol i zes WhJERNS Plr (s L XL POl Pln LT 1 By D LBeaeAEeERAl e
carrier_frequency is applied to I nput A of the m croprocessor in

t he st e%% aBesvERHen 1s a second oscillator (NFO for short) having

a clock frequency, which is 6 kHz, for example, which

is lower in comparison with the RCO. The NFO ig

connected not only to the external clock input D of the

processor 1 but also in parallel to the port input B of

20 the microprocessor 1, so that this input can also be

used for program counter control for calibration to

this clock too. The comnnection to the iaputs B and D of

the microprocessor 1 1is made merely because in many

processors the clock input D cannot be used as a port

25 or interrupt input internally.

In a further exemplary embodiment, it is possible to
use a microprocessor in which the clock input D can
also be used as a port or interrupt input. In this

30 case, the parallel connection of the NFO to a separate
port input igs not necessary.

During the programming of the circuit according to the
invention, the Gguartz ©precision external carrier
35 frequency is applied to the input & of the
microprocessoxr 1. In one preferred exemplary
embodiment, the carrier frequency may also be an energy
carrier in oxder to supply power to the entire circuit

during and after the programming. This case i1s shown in



When the carrier frequency fT, which is 200 kHz, for 25 exanple, and
isinitially not yet nodul ated, has been switched on, the supply of
power to the circuit begins and in the _first phase 21 the subsystens
of the m croprocessor 1 are initialized? The direction of the
progression of tine is denoted by the arrow 10 in 30 figure 2. In the
subsequent pH&RER2L Py whheh fashsfogramarngnappl | Zhee Bhonaal | for
continues t@tsefdngn ¢HWOUshabed rCalid ehrbfLaMREEY thhe a4 I{8lur 2
calibration_step - which 35 .is shown in nore detail in figure 3 -
per f or ned. Itrsﬁlet HPEUSt &p 0% then BIGTORESSESSPcdunts in a first
counting operation up to a prescribed known nunber of oscillations
of the quar recl se_carrier freguenc fT at its ihput A said
oscillat?ongﬁﬁéhrgé%oﬁ ?ﬁﬁaP%eg ﬁgﬁ%aoﬁaﬁkgigfeﬁt (é% PHWPRE} F of
figure 3). Itheonmiexenpbargsemboti nemtputk = 8 predeAertiaecsaneitigg
as the firs j eratd QR start .4 S t ration
i's initiategdﬁgﬂ?%gQ%%?%gﬁaFg%Qt|neﬁ&%nfﬁLtﬁgﬂﬁgﬁéggﬂg%ggggggggf%}i
arrow 31 in figure 3). The second counting operation involves the
clock cycl el a0l N6 coupied Anbhbubhery efgh ped, aumbeeaf

i CarrliéFE%flL|atIDnS haf.been reacgﬁd after the tine tk (arrow ?
32). Th UGk Bt cotint @Y d SR G TRt OF P T RI T AN hakapge
peri od duratifontfie opeogrhembdnetike, arendhaydd N Wik L che f GgEre s
The counter . i-ng on the tinmer 2 which.is reached at_the end of
the second &ol n%ﬁng §B%Pgtid%uF%u§toﬂ%ﬁ i 8 nefBFYUE ndt sRdwn P%fB
in the mcroprcseessgressoiror Turtthrercars erowhel t ot eber gadhnghXch of

corr esponds . el o Wedykd) RED ClgKa6Y el th

current perio uration To o¢§$ﬁe:§irst)osciﬁ aﬁo?g 8§§n8§§era%or

ascert atped 1 dmtHe i@y dha/mécpgorocessor 1. In this context, in
the regions which are denoted by the reference symbol
11, the RCO 1is the <clock generator, whereas the

L
i's

oscillator NFO is the clock generator in the region 12.
The bottom row 13 in figure 2 symbolizes by means of

20 its extent or stretch when the external carrier
frequency is applied to input A of the microprocessor 1
in the steps above that.

When the carrier frequency £., which is 200 kHz, for
25 example, and is initially not yet modulated, has been

switched on, the supply of power to the circuit begins

and in the first phase 21 the subsystems of the

microprocessor 1 are initialized. The direction of the

progression of time 1is denoted by the arrow 10 in
30 figure 2.

In the subseguent phase 22, in which the programming
appliance initially continues to send an unmodulated
carrier frequency fo, a first calibration step - which

35 is shown in more detail in figure 3 - is performed.

In this step 22, the processor 1 counts in a first
counting operation up to a prescribed known number of

oscillations i of the quartz precise carrier frequency



After this first calibration step 22, the run tine tp is progranmed
in a step 23 as a digital word by nodul ating the carrier frequency fT
applied to input A of the mcroprocessor 1. In this case, the
information for the 25 run tine tp i§ thansnitted as a di gital val ue
and is |ikew se stored in the menpry - not shown - in the

nmi cropr ocesdar af. its |Impay it heal@xenpl bigt Hemddrasnespending to a
progr anmm ng ﬁﬁ@o %@ 23, cang ah$o (ke Ebeacexbei@r%gif‘ré':{ S! In omne
calibration ste I n.accordance with the invention, the

progr anmi ng % ?lﬁry EHRIIGEF by xa=sBcBAd A5l FBPaFPBR §iBp 28, the
whi ch 35 is fliotstshewurntinpr epdetailon nstiegttse 4a %e@@ﬁ@unbo%th&%
perform ce { f reced: ng fi calibration step 2 t he_ext er nal
carrier Treq eenIE:a;t i%S™ 1o Ion%ceratr e%ul?sf et F ot ™ ?W?‘E‘?}épgim rig in the

t her ef or e switartmedasfdssar thel cburaer of 331e:anﬂ1gnfe e2nd mher ewchdd n
figure 2) e

m croprocessccgjru]ﬂzcl vgn #}é}gao%q%gﬂ%é&?lo‘}%%a%# ]Z%g]gt&?ﬁlé%@ff}%gugggy
first of al ek teewnted seneblinthag pé“@@@féﬁle@héllmﬁ?@ls ef otk cawhiich

i's shown lndsM:LMaﬂlaﬂsgum@s dpeiherchbhedaRpaals €138y LW, 33hr P
countlngPI t|o (third _and fourth countlng operations) in turn
m

start. ird" %uﬁppngf atY OntS aCpPBEREMITIF T otlie s CERE NPFO
c: oct cyc: es\rhsumplhm%t ) mwdrtloﬂ &t €1 drheTdi Werﬁ ik C@Lhﬂésﬁ&he ag‘éo
cl ock cycl es.gener at ed inside._t rocessqrl. In this case, .the NF

cl ock cycl es 1'gjre shiown < nSLr‘ ow M@eﬁ%ﬁeg r‘eqﬁlh%nﬁoPﬁ CROAAGIE % cI98s
are shown i rthrovcMeén i ghviehd iswWesadiedt ateth2 rowl i oxf t tha seaches
t he counter &ﬁgg e; of 2 se n

pr ogram syr%o |zg% &rﬁé%dg%%cserb4% %Egr ?ows gnfl‘énlc}ﬁ%)ﬁ%%ds%rg‘én&pt_s
t he nextScourt i hfCedy& EPUINEINDT cloél@rt of artler afuser. tTee f cagriterbe
used after n-&Od Oﬁkc%)t%scgoﬁﬁsatﬁioﬂz@r tgl.ﬁlléeq,}er n?éaélﬁ;éd)n ﬁ?fRdd‘e

conti nued col nt i ng of cl ock cycles (see arrow 3

the step 24,° YGRS © R ’Fp?o?mt’ﬁ%n’ﬁuﬁ%ﬁo‘éfdRF@%PBc?%?éI dde
and t he courﬁlﬁﬁadmmmtof ORBDI ehnt e td gidrtd gt £eoh henRCO=61ieck
cycl es duri q:[c% he n NFO cl ock cycles, are therefore avail able. These
can be used ascertain the ratio V = n/(X+Y). 25 The available
count er2Peadi ngs and val ues can now be used in step 25 by the

m croprocessOf L, M I‘fq_(glglﬁr&{] &,&f aty [%C%-f equengy,
to cal cul ate tthe par a§metlers %ertéjcf 't%lh g%se olié]t e 1Y
progr amred FRIEFIISSh; ieh éiss‘é%mﬁlﬁsfﬁg@ihﬁlsal word by modulating

the carrier frequency £: applied to input A of the

microprocessor 1. In this case, the information for the
25 run time tp is transmitted as a digital wvalue and isg
likewise stored in the memory - not shown - in the

microprocessor 1.

In a further exemplary embodiment, the programming step
30 23 can also take place before the first calibration
step 22.

In accordance with the invention, the programming step
23 is followed by a second calibration step 24, which
35 is not shown in more detail in figure 4. On account of
the performance of the preceding first calibration step
22, the external carrier frequency 1is no longer
required for this step. It is therefore switched off in
the course of step 24 (cf. end of row 13 in figure 2).



13

For this, the programmed tinme tp, which is intended to | apse before
the predefined signal is output at the output F of the m croprocessor
1 and which is available 35 as an integer, for exanple, in
mlliseconds, is initially expressed™ 2t fe calibration interval tk:
tp =a tk+b tk /k where a=tp DIVK and b=tp MODk(1) - 13 - In this
case, tp and k are assuned to be integers, for which reason a and b

al so becone ﬂmtmraeaaﬁdb/dalﬁaﬂwm é@éﬁ tzﬁan the SmhbrbBeocessor
calibration |nt %b tk is nOM/expgess the NFO clock period T in
I

equation (1)L’ TN HYPES BBt 38 HR REX+FF FRUSHSY
=(a+b/ k) n( X (=YDTeM RTE 'E(v&:)tleaV\Af&ﬁ:@thhEE(i(:a‘lgl ¥dgen of the NFO

AT AR G PRy TR R 0 GO

appears (see arrow 33) two count:.ng operations (third
and fourth counting operatlons) in turn start. In a
third counting operation, a program loop counts the NFO
clock cycles supplied to port B, while the timer 2

10 counts the RC0O clock cycles generated inside the
processor. In this case, the NFO clock cycles are shown
in row M in figure 4 and the RCO clock cycles are shown
in row N in figure 4. When the timer 2 now in turn
reaches the counter reading X after the time tyx, a flag

15 1s set in the program (symbolized in figure 4 by <the
arrows 34 and 35) and prompts the next counting edge of
the NFO clock to arise after the flag to be used after.
n NFO clock cycles as a stop or takeover criterion for
the continued counting of the RCO clock cycles (see

20 arrow 36). After the step 24, an integer count n for
the number of NFO clock cycles and the count reading
X+Y, to which the timer 2 counted the RCO clock cycles
during the n NFO clock cycles, are therefore available.
These can be used to ascertain the ratio V = n/(X+Y).

25
The available counter readings and values can now be
used in step 25 by the microprocessor 1, which
continues to be c¢locked at the RCO freguency, to
calculate the parameters M and g for the lapse of the

30 programmed time tp, which i1s shown in figure 5.

For this, the programmed time tp, which is intended to
lapse Dbefore the predefined signal is output at the
output F of the microprocessor 1 and which is available
35 as an integer, for example, in milliseconds, is
initially expressed by the calibration interval ti:

tp=at, +bt, /k where a=t,DIVk and b=t, MODk. (L)



Since F is the fractional conponent of an NFO cl ock period T, higher
run time precision T is attained for the second summand in (2) using
the relationship To = n T/ (X+Y) by writli ng the NFO period T in

i nteger 20 val ues of the RCO cl ock pé"riéd”To: tp =M

T+FT=(/1-1) T4+1$%=N1%%T+q To where g=(F+1) (. X+."1/n and g=(F+1)/V(3)
25 Since thd®itE-%To*$e aFna§R| bngér AFamste Q ek HRERSETS. bdor
shorter thamiiwh cteskopeni el To thewe thasoheeinacheeakdown hko iM 1
and F+1 cIocIS]M%giﬂds T..n_equation (3). The effect achieved by this
is that the%i 5t FE2&t drt signal , which appears 30
asynchronously with the period T, to the start of an NFO cl ock cycle
and al socth f pk in_fi e 3. .can a s ,be
filled im iﬁltfg‘%#&fﬁéglf%%ggﬁ% Sﬁ‘i%gi’?%% e B R S%‘%\é\iﬁg s.t%e
Thi s achi evéd¥FC pleeks@arapse Toint Rayrtogramiel, t ithe tHollowBsgt Hes
average ti npriefid wiWH ¢ Lsnok /Rikedeninant |ength - of the tine

| apse, precisely (M1) NFO clock cycles are counted in power-saving
fashion. - 14 - After a pause 26 and when triggered by a start

si gnal appl itpe(aobilnp(X/(B=0f ))T kd Mi+di Bpr ocessor 1 (synbol i zed2hy
arrow Zgoin figure 2), the progranmmed run tinme tp - which is shown in
figure by step 28 - n | apses. When the programed tinme tp has

| apsed, a prédara M&@Tgaalxﬁ‘bndéi FE+X0) the owre INR(nK /K -+ +b/k))

m croprocessor 1 and pronpts a prescribed actiar t he
signal is shown in figure 2 by the arrow 29. 1%@@53@9%/? e
programmed tine tp is illustrated in detail in figure 5. The start 27
general | y ocgid sF@BRAQJ((aSM$bWXJk)@b€YD§E®M©(GKk/T@Qa /Rpans that up
unti | thg occurrence of the first counting edge of the O cl ock (see
arrow 4%°in figure 5) the internal timer 15 initially counts RCO

cl Oﬁk <r:]yc:c egitefe FOW thef iﬂfcﬁcﬁ:h@naﬂh@loﬁ@ﬁ!ﬁbﬁ;:mr@%dhﬁg W@t Tc@id%,@@d
with the first .co i ng.edge of the, NFO cl ock,- ich counter reading
nust still l?eers]ﬁaéfj Inj}e’r ﬁﬁgﬁ‘ga i hFEC aBECFOP L PRe Tt e“a%oﬂtE?%’éﬁda%&Fe
gTo > T - i &isd orsegbardd t heur@fem@noiy of 21 heusingoptheessel atiandHiken
the RCO clo i_S i f. The.stat f e i-S Shown.in row

42 in fi urgﬂ%S, ﬁ\gé@@+§%oo%%" W%eggrllgl thg}eot]‘r\ﬁ'eé9 Rgl“@gdsv'\nft%:‘ﬁe&ngr?gaeﬁd

"RCO of #¢ ne@rsiashal tthe RGO islashi tgriddiTe: 25 The internal timer 2
which is then connected to the NFO cl ock now counts precisely (M1)

nerrupt (Syroit gtk Al ek el AR D Earoontiane recgh Y e
)

and q=(F+1)/V . (3

25 Since the time gTo 1s always longer than one clock
period T but shorter than two clock periods T, there
has been a breakdown into M-1 and F+1 clock periods T
in equation (3). The effect achieved by this is that
the time from the start signal, which appears

30 asynchronously with the period T, to the start of an
NFO clock cycle and also the end of the lapse phase
shown in figure 3 can always be filled in integer
fashion with g = p+{g-p) fast RCO clock cycles. Thig
achieves a precise lapse for the programmed time tp. In

35 the average time period - which is of predominant
length - of the time lapse, precisely (M-1) NFO clock
cycles are counted in power-saving fashion.
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30 latter now undertakes the tinmer clocking again by appropriately
changi ng over the switch 3 for the remaining (g-p) RCO cl ock cycles
up to the end of the programmed run t;ﬂﬁ tp. Row 44 in figure 5 once
again shows in which periods of tine ch period or clock 35
frequency governs the nlcrggrocessor where To is_the period of the

ROO and T i &L5Fe ferPREE St 2Ph@mrdyhen E%lgg%BQErb&bﬁtdﬁ%%?%nségnﬁﬁe
circuit acca@@hﬂ@d(tdf&hpmwe%tbgnuné\MMcﬁdﬂh%fééﬁh@Oﬁeﬂs?ﬁB&@ﬂF@H@n
of the whol e_arr e t,can.be_ke ow during. the eptire | apse
of the prog% dﬂgfggptbn §l$H5e ?équ Rﬁﬂ%ﬁ%ﬁ% of W} pime te =
OSC|IIatorswmﬁcmandSR@ﬁmmg ofin ndigugei i dancetkor Zht ai niaw aabsgh

| evel ofg e pLe Y ficignt, s erms Li-t

't he output Pﬁbqueﬁgé g} t eggiosgﬁ%lafo?§1|sm%égﬁééeg%aﬁggaefl

the frequenéiigsadatich Qﬂ#@m@ gkl thravtugpuand tok e mﬁQQOphaseSSbw

addi tion, RE oggd! b%bﬁb%sreélubféswﬁbé@”%@tdﬂe @1@@ Lhe %%p%]ﬁ %fhe
power to be kept cqnst t hi s .can generally be ach |eve th sinple

means, howefeRrais 1s. s EFSﬁlgprﬁbﬁe#@hE@ES?ﬁHGWé fNIcroprocessor
2Counter uni t (tlner) BSmntch 11 Time span in which the RCOis the

clock gfgler%%r lapse of the programmed time tp is illustrated in

detail in figure 5. The start 27 generally occurs out
of sync with the N#0 clock, which means that up until
the occurrence of the first counting edge of the NFO
clock (see arrow 41 in figure 5) the internal timer

15 initially counts RCO clock cycles (cf. row Q in
figure 5). The counter reading p attained with the
first counting edge of the NFC clock - which counter
reading must still be smaller than g in this case for
the reason cited above gTo > T -~ 1is stored in the

20 memory of the microprocessor 1 and then the RCO clock
is switched off. The state of the RCO is shown in row
42 in figure 5, where “RCO on” means that the RCQO is
switched on and *RCO off” means that the RCO is
switched off.

25
The internal timer 2 which is then connected to the NFO
clock now counts precisely (M-1) NFO clock periods T
(see row P in figure 5), and then a timer interrupt
(symbolized by arrow 43) switches on the RCO again. The

30 latter now undertakes the timer clocking again by
appropriately changing over the switch 3 for the
remaining (g-p} RCO clock cycles up to the end of the
programmed run time ty. Row 44 in figure 5 once again
shows in which periods of time which period or clock

35 frequency governs the microprocessor, where To isg the
period of the RCO and T is the period of the NFO.

Since in the predominant time component (M-1)T, in
which only the low-frequency NF0O is switched on, the



12 Time span in which the NFOis the clock generator Tine span in
whi ch the external carrier frequency 13is applied 21lnitialization
phase 22First calibration step 23Pr ogrﬁgm' ng step 24 Second

calibration step 25 Step for paraneter calcul ati on 26Pause 27Start

signal 28 Lapse of the programed. tinme 29 Qutpput of the output signal
by the mcr é&v‘f?dfeséz&nsf?@f%ﬁ&m Rk RSWS10C3TCHP E3328403518g 415043 W

A B, C, D, Ubl riputentdfort hésmiwsmpr 0oessothd @l ebnbh@pfi 6£0Q5OCeERON
1 Signal pr%hkh%aogx&%%g%%.DQU|%5%d ﬁ%rrégétfﬁﬁﬁgfn9ﬂ5ﬂ during the

entire lapse of the programmed time tp.

The frequency tolerance of the oscillators NF0O and RCO
is of no significance for obtaining a high level of run
time precision. Only sufficient short-term stability of
the output freguency from these oscillators ig

10 necessary, 0 that the freguencies match during
calibration and the run time phase. In addition, RC
oscillators regquire the temperature and the supply of
power to be kept constant. This can generally be
achieved with simple means, however.

15



L,N,QProfile of the RCO signal M PProfile of the NFO signal
Prescri bed counter reading Nunber of NFO oscillations Period
duration of the NFO To Period duration_qf the RCO tpProgranmed tine
X, Y Period nunber of RCO peri ods PeFi&g nunber of NFO periods (or
M 1) q,p Period nunber of RCO perjods. Ratio - 17 - Patent Clains 1.
Amet hodf or cal i br at i nganext etf':’rl%\‘?l?/é ROGTERRED | Y BPREE roni ¢ circuit
having a first 5 oscillator (RCO and at | east one second oscillator
(NFO), mheran tgﬁl§ec%pd frquency (1/T) of the second oscillator
(NFO is |ower thanm the 195§ requency (1/To) of the first
osci |l ator @RCO) ,Conhvgresi nurtihe (diirari)t, after a programmable 10 tine
(tp) has |l apsed, Qut S an appropriate output signal to pronpt the
execution of a prescribed action, wherein the programming is effected
by nmodul ati Ag a JHm¥s &P} dguefityeq fthe Riterisl thehe lardwroersrs wyr
ErTe;que]pc%/h( fl]:ﬁ_) i Ls?:iuf&eqsﬁ% %L%P‘(%Jﬂi%lﬂ £hkd NP Y ec?%ﬁtc% %zﬁéﬁzﬁéd@g

0) O e firstpQsei r TBQE?)h | S
to the rati d%et@%ﬁqﬁﬁ od urgc?%o?le){%ﬂ)rpdo% tah]}gsfl rs oém H)gtor
(RCO and the perio uration (T) of the second oscillator (NFO.

21 Initialization phase

22 First calibration step

23 Programming step

24 Second calibration step

25 Step for parameter calculation

26 Pause

27 Start signal

28 Lapse of the programmed time

29 Output of the output signal by the microprocessor 1
42 Row

44 Row

10,31,32,33,34,35,36,41,43 Arrow

A,B,C,D,Ub Inputs of the microprocessor 1

F Cutput of the microprocessor 1

K Signal profile of the unmodulated carrier
frequency

L,N,Q Profile of the RCO signal

M,P Profile of the NFO signal

i Prescribed counter reading

n Number of NFQO oscillations

T Period duration of the NFO

To Period duration of the RCO

to Programmed time

X,Y Period number of RCO periods

M Period number of NFO periods (or M-1)

g,p Period number of RCO periods
v Ratio



20 2. The method as clainmed in claim1l, characterized in that first
of all a first period nunber (X) for the first oscillator (RCO is
counted up to a counter 25 reading (i),, which is prescribed by the
carrier frequency (fT) and whi ch corres"ﬁonds to a prescribed tine
(tk), and this is used to determ ne. the ratio (tk/X) and therefore
the present period duration (To) BFt¢RE ‘Ff‘?‘%’f‘sosm |l ator (RCO), then,
30 starting at a starting edge of the second oscillator (NFO, the

periods (To), of the L%)?EB ﬁSCI ator are counted, with the

second osci 1"t of* (N tindifig to 8 SPEEETPS pardl| el SXGREFF e
first period numpsrogxgmmadleds arlwﬂmduhty tdier duiirtst havstant a ad dshen

a next egding edg)eJC GG ng ﬁe (rj|tg§dfl rg%f \r,ﬁé&ﬂé canf thes%%co

oscillator (NFO etected, rection
deternined in corﬁ?e?rlils]@i% t HNERY /st atiduritedddie wisscong afgegmu@dlcy

period - 18 - nunber) (0B dFis éeeoﬁarégc%%kb@t QRFH ROV &%w%eueﬁfe%

off inthe period_ of tine starting with t first instant an
t he endi ng edge Ee'i%gé]r%%ﬁ: > AGHHET B ﬁlfrﬁ‘é r afi shBefwEER Pﬁé’lfllllaé'{OIS

period number (X)(rou t hehseeond ter i @ﬂrauﬂber dfferand ahgrbhtable
peri odslpn) of th:e sec g sci Ll ator 5%2’0% ich are count %d bet ween
the starting and ent gc d§ &5 Eﬁda SUTREPTHEPHGE t4s O Yted
inclaim2, char aEtxge‘ral_ze(tim et dmptt hehest andsiong iedgeoand t peesrdiiig:d
edge of the Seco@ﬁngﬁﬁLll%E%&eggfckhgavﬁrbggaﬁﬂﬂﬁgdI{éunéf¥ECted by
modulating a carrier frequency (fy), wherein the
known carrier frequency (fgz) is used to ascertain
15 the present period duration (To) of the first
oscillator (RCO) and a ratio (V) which corresponds
to the ratio between the period duration (To) of
the first oscillator (RCO) and the period duration
(T) of the second oscillator (NFO).

20
2. The method as claimed in claim 1,
characterized in that
first of all a first period number (X) for the
first oscillator (RCO) is counted up to a counter
25 reading (i), which is prescribed by the carrier

frequency (£z) and which corresponds to a
prescribed time (ty), and this is used to determine
the ratio (tyx/X) and therefore the present period
duration (To} of the first oscillator (RCO), then,
30 starting at a starting edge of the gecond
oscillator (NFO), the periods (To) of the first
oscillator (RCO}) are counted, with the second

ogscillator {NFO) continuing to operate in
parallel, until the first period number (X) 1ig
35 reached by the first instant, and then a next

ending edge, occurring after the first instant, of
the second oscillator (NFO) i1is detected, the
direction of which can be determined in comparison

with the starting edge, wherein a second period



and therefore the ratio (V) is ascertained from 15n/(X+Y). 4. The
met hod as clainmed in one of the preceding clains, characterized in
that 20t hefirstfrequency(1l/ To)i sbetwee apprOX|nater 1 and
approximately 5 MHz and the second freE&ency (1/T) is between

approximately 1 and.approxi nmat_el 25 5. The t hod as cIa| med
in one of clains Ip 8(Har§ erltg’t?defﬁrth’fat OFﬁl&rE[EEPrto (BGRY r oS
the | apse of the qmlmg:resﬂnmﬂftlm tHhe) p@xﬁhﬁ doperiioe nrdetifdg) wieh

the first oscill fro = 1011pv _and
a fourth period %Ej er%% J) Ig?he SeC %n &?I%‘P%ngﬁs #fa %
from35 M 1-Al Nvmaqhemerevheﬁ%mvt&kﬁé Torz\‘t‘ale bbkrwaed athb, Kiase

i nteger sg period number (X) and the second period number (Y)
and also the periods {n) of the second oscillator
(NFO) which are counted between the starting and
ending edges is obtained.
10 3. The method as claimed in claim 2,
characterized in that
the starting edge and the ending edge of the
second oscillator (NFO) have the same direction
and therefore the ratio (V) ig ascertained from
15 n/ (X+Y).
4, The method as claimed 1in one of the preceding
claims,
characterized in that
20 the first fregquency (1/To) is between
approximately 1 and approximately 5 MHz and the
second frequency (1/T) is between approximately 1
and approximately 10 kHz.
25 5. The method as claimed in one of claims 3 or 4,
characterized in that
in order to control the lapse of the programmed
time (tp) a third period number (g} for the first
oscillator (RCO) is ascertained from
30
q={FRAC(P)]+1}/V
and a fourth period number (M-1) for the second
oscillator is obtained from
35

M-1=[INT(P)] -1,

wherein P = V tx/To {(a + b/k) and a, b, k are
integers.



- 19 - 6. A nethod for operating an externally programuable

el ectronic circuit which, after a programmed tine (tp) has | apsed,
outputs an appropriate output 5 signal to pronpt the execution of a
prescri bed action, wherein the progranming is effected by nodul ati ng
a high precision carrier frequency, wherein the circuit has a first
oscillator (ECU) and at |east one second oscillator (NFO, wherein
10 the secord frequesidyod 1£3) obetrheinecaend escéthaldy OHNEQrainsalqeer

t han the frequen f & fir Ci tor (RCO . _Wherein,
after or during the cal?%fgff5ﬁ§%'& ﬁelgﬁfc&ﬁ%%ﬁm§t?¥é§f?$ﬁe$stlme
programed usi ng {tthe cb@$|e¢apa§dfreQUHnUy3 mhera@@r@ptéatEerGMM@mkon
of the calibratiqngnd acgtas anﬁl h '
| apses by virtue of an ap roprl e foS%t %E?PE ﬁg %igﬁf%%e% efhe
second osci | | at oY) ah’@%ﬁlﬁtppiﬂéﬁr |Eﬂf@1€¢vﬁuﬁ%ﬁ$‘)er4€od efdmsaeq q)by

20 for the first mesgildateyy ERCALgIWLeR-QREHAL e%a%l@r efk@%ﬂency,
intermttently in aralle{ beln counted off . The nethod "as

clalned|r1cla|m %%tEFF Bd b %%a? F&§ﬁqn??Fk%}q%ﬂfndﬁﬁ%
(q) and the fOurEmQMHtOﬂeBHﬁbehe(Méﬁbﬁﬂ%bg&KEEHtQMChNFbﬁt therein

periods; {T) of tggksecgggogﬁplI%ggéu?gNFC» g{gggount d e;dtggﬁgnd

substantrally gr st “tie conpon of th
(tp), wherein whidsgitlHettdme @boneirs |bOWapS|h@anhethersﬁrequency

ooy 1 ator (RO (it ched 0id - sSzcfecresodpy claad | ngos.af

claine 6 to 7, 35characterized in that th ourth
cor responds to t REYRINSE EMing Wil @2 bprakkon 9 ot heheisesdhd the

oscil lator (NFO) wshiech akg) contai ngdobRakfieapr ogs anged ﬂqdém CER)- 1SS
: 9. The._nethod as clainmed in o e of clains 6 to 8,
charactg?lzed in ency, wherein ter termlnatlon of the
calibration and a start signal the transmitted
time (ty;) lapses by virtue of an appropriate fourth
period number (M-1) for the second oscillator
(NFO) and an appropriate third period number (q)
20 for the first oscillator (RCO), which operates no
more than intermittently in parallel, being
counted off.

7. The method as claimed in claim 6,

25 characterized in that
the third period number (g) and the fourth period
number (M-1) are chosen such that the periods (T)
of the second oscillator (NFO} are counted over
the substantially greatest time component of the

30 transmitted time (tp), wherein while the time
component is lapsing the first oscillator (RCO) is
switched off.

8. The method as claimed in one of claims 6 to 7,
35 characterized in that
the fourth period number (M-1) corresponds to the
number (M) of whole periods (T) of the second
oscillator (NFO) which are contained in the
programmed time {tp) less 1.



the transmtted tine (tp) | apses after the start 5 signal such that
first of all, when the first oscillator (ROD) and the second
oscillator (NFO are operating in par_aI2I el, a first |apse nunber (p)
of the | apsed periods (To) of the first oscillator (ROD), which
nunber has | apsed after 10 the start signal before an edge of the
second oscillator (NFO has been reached, is counted off, then the
first oscill%tor TIRODetlmdws cdliedrdd iandrd e aldimge itad syunber

of periods (T) of SE60 'I%%L&or (NFO) before the rel evant
edge 15 of the seccﬁ)% 0SCi r}%éj{t)??{( \ is reached is counted off,
when the edge justherehrppsithad Bdawe r eaohetapsesf iafserosche | atert
(ROD) issswtcheds; alsQepan nad 4 h i re u -

& QA0 changnf+ nNag i s d %§ %ﬁ?, %]:?9218 Hﬁét%ﬂr

of periods (To) of the first oscillator (ROD) between

period nunber (q)°SHS O ndBCPh R cEIRhESCOsS, gl ket ey r WFO)
| apse number (p) dre copatedingf .irdlOpafalester nal kyrgrogr bhember

el ectronic circuit_ 25 ving a.first oscil.l ator ) and a secqnd
oscillator (NFO), %erogin 1:th%e JEPSTE f P& (((IP/‘B’%D 6?% t feSseddidt
oscillator is |owscillatdhe (RCOSt fuwleguieneynbbrTohaof Tdigsdd ratfter
oscillatgr, wherel tg Lrcyit | such when 30
progran’?rgbl e ti rrgd tp %ﬁgflst I%%)éne%ft Eﬁéfou eputlél(%'lof EEaiﬁgap%fopt?qeat 5’86:|9Pﬁjut
signal pronpts t®® don(26t0)a reshedhedeachedn, inhepennethefs,
progranmi ng i s et enby MM abbBg18a£8LT | Bicdf equeNGY: { G uh ks

q
the circuit is at least intermttently 35 connected gurln
progranmmi ng, wherd@ith @ otiisHYy ReF 100 vikvaheE ant beetondectBd eft kde

to the first osciddadrl 6RED)18tot0 (NF®)SEEONEr&SEiHd atOT ek NFO) <
al so means for pecgéor i ng onern%{ t he gplthods specified in clains 1 to
f

5 and =721 - ned € &G GG G- Fhe BB odd SspacprPed i /s
claine 6 to 9 areqmvderff, whdi.tHbecdhectiuoni neathotbl aaschbajsed
in claim10, 5ch | Z i Bs t fihrstfre cy(1/ To) | shetween
approxi mately 1 %Ir—ﬁ é’%&i atglg? ogll%rg?elo%ggl .%Oé:ndﬂ{@ s%%oﬁ%ilﬁﬁaﬁeﬁ&
(1/T) is between aﬂﬂ@{fbxi@ﬁefynélkﬁzth@d@piﬁ@em ehymid@r kkz-p) of
periods {To) of the first oscillator {(RCO) between
20 the third period number (q), ascertained in the
calibration, and the first lapse number (p) is
counted off.

10. 2An externally programmable electronic circuit

25 having a first oscillator (RCO) and a second
oscillator (NFO), wherein the second fregquency

{1/7) of the second oscillator is lower than the

first freguency (1/To) of the first oscillator,

wherein the circuit is set up such that when a

30 programmable time (t;) has lapsed the output of an
appropriate output signal prompts the execution of

a prescribed action, wherein the programming is
effected by modulating a carrier frequency to

which the circuit is at least intermittently

35 connected during the programming, wherein a
counting wunit, which can be connected either to

the first oscillator (RCO) or to the second
oscillator (NFO), and also means for performing

one of the methods specified in claims 1 to 5 and



11.

- 21 -
means for performing one of the methods specified

in claims 6 to 9 are provided.

The electronic circuit as claimed in claim 10,
characterized in that

the first frequency (1/To) ig between
approximately 1 MHz and approximately 5 MHz and
the second frequency (1/T) is between

approximately 1 kHz and approximately 10 kHz.



