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25 and an* energy-di ssipation circuit connected to the output 9%1’&1% 14
conpar at or | ogi c el enent and controllable in ist power draw by e 79
cotfparator |ogic el enent. One input of the conparator logic elenent is
connected to the el ectronic reference circuit and anot her input of the
conparator logic element is 5 connected to the generator. The conparator

| ogic elenent is designed in such a way that it conpares a clock signal
coming fromthe electronic reference circuit with a clock signal com ng

fromthe generator, cont roﬁj&]ﬁf‘unc .%'“néePg‘?ﬂé“TRéhf‘%'wrr draw of the

ener gy-di ssipation circuit as a 0 resu this
conmparison, and in this way, via the control of the control-circuit pomer

10 draw, controls the running of the generator and thus the running, of the
time di spl ay. In sucHhis {yeaton relat %@a@i?ﬁ@%‘%‘c&imﬁ'tm’ﬂpﬁpa&&‘@!

i.e., the teAISEraric bﬁfb&l@fdrﬁtﬁ)ntr@limg@ﬂ’éguﬁﬁn ithe spbed f estation offa
quartz watch

Eer opean: Pat eAiciRgeneratop a§ dae type ARG St @%ﬁﬂ?ﬂ@%@&%ﬁ TRpphifficeny o,
control l'ing t be eqnmdteﬂtoethé&nmugenwater aamosrhhatmhsupplymmreferen@ signalui t
constant! y "Rk blrabiafmiatrBtuency, B Aokt rl @il AnErAA R | ¢ 2

soon as its a I*ar  posi vanc of t
sensitivity t mt@nqg@ngr%tﬁa qmsg)edw@matmmt@i megpsdenponeeiting the energyse

Aol cat 1 o' No SR ASTRREY: dissipation irauitas a function I8 Petbleaies sigal
in the pr esenlangﬁgr A%&tg’@g% @,eéng@tloneé ‘”Hé‘%ﬁrﬁééﬁ%{naf?

el elct ro {n cmcgmmmbhcatmgwrmummccﬁmg)andmﬂt:ptmr@tmb signal be@.eahen the fitst s
application ri C

voltage nul ti %ﬁ?csft%(aﬁa l@‘?'ﬁgu@ r?&@?’??%‘g‘?@f?rﬁen@%ﬁ’ﬁf’?%@FW@“@F%'i‘ fm%%fa\sxeen
t he t er mi tedist ook aapactienwhichaan b changeddyetheuicregenssaionyia at ieaist
contains vari apagi t ugh
cti ve. ol enen bl sitchiBA8 et fcst ohe controfcintdifofthe menfl P ARt 6f Sitcréer 10
di odes. Diodes are used only for initializing the system In this way,

the energy efficiency of Tfmﬁn%ﬁﬁdh furGRR réigtes to HWaEH mw&mbﬁveanﬂamhe@t

the threshol d volél% 9&] of the di odes are avoi ded hus, the
circuit cal? ofEFtE °5em8 %f&i’@?at or voltage, al | owi ng a 30 reduct i on
In size of the generator and the spring and an increase in the power
reserve of the watch
interrupting the brak ﬁﬁu% Hbﬁ%’iﬁnﬁﬁﬁéﬁt&rﬁﬁ%{@r@é@%ﬁ??ﬁé@ggk %fgéarg%.{s I mum
chargi ng of t Fequeparin dent pourice®f power. This source often consists of a

battery pack or of solar cells. Batteries lead to various kinds of trouble, such as

limited life, annoyingly frequent replacement, increased costs, and pollution of

20 the environment. Solar cells operate only when there is sufficient light and

require an additional store of energy. Further, their disposal may likewise lead

to environmental problems, and fitting them into miniaturized apparatus such as

watches, for instance, is difficult and leads to significant design restrictions.

in order to avoid such trouble, it has been proposed, e.g., in
25 Japanese Laid-Open Application No. 50-006373, to replace the batteries of a
watch movement by a generator and a spring driving the generator. The watch
movement described contains a spring which, via gearing, drives a time display
and a generator supplying an AC voltage. The generator feeds a rectifier, the
rectifier feeds a capacitive component, and the capacitive component feeds an
30 electronic reference circuit having a stable quartz oscillator and an electronic
control circuit. The electronic control circuit has a comparator logic element
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3 It is the object of this invention to propose an

i npr oved el ectronic control circuit which can be operated in a
particularly favorable manner as regards power consunption.

To this end, in the electronic circuit accgrding to the present 5

i nvention for regulating the speed of rotafion of a mcrogenerator, of the
type originally nentioned, the control circuit of the switch or
swi t ches contai ns at | east one storage neans which in a first phase

with bl ocked | € : ] rﬂLé%t =Y Q:oh?p ied to
the sw tches, é}gﬁ | nﬁ%@gg)g%ﬁ%atb%nagtﬁﬁ?‘&ot e ﬁ\ﬁ% e%lﬁ g‘(;@#ttp |Ie gere%agif means
of the cont rologi¢ ginent angl controliable in ist ppwerdiaxby s aPmeataonIogit e

i nvention wil ?Iéiﬁéhtbeoﬁéwmdt!@?ﬁwé Bomparel6tt Riglc &fefrient & %Efﬁ'f&ﬁe(% fo fHee ol ock
acconpanyi ng dfaw ngs, .in _which:. . igure,l is.a Ie
Sirour t di agr BIRCONIGIETeIRnER GToUit and anaghprinut ofhe gempatator logic elment s
Figure 2 i $ acdnagcteditothegeretatdr. eThecompatategiegivelemant (sdesignéd imsuchii t,
Vol tage-mi t; SRR} Yarfidyh ¥ ol6OKBRRI EomitHom'tnb Biedifiitic erGfencg, oM
of a second céifpait witbra clogk :rs’rgrt’aﬂmom fromdhe genesator,wsintralethemagpitudeof ng
Generat | ng. twin%Pouey draw of e érbrag.difeiPaturirdlt & afundtidrofthe Uit of
is a wave di a{:l?iﬁﬁ'gmpaﬂﬁ@ni and i ﬁ\'ﬁiwﬁﬁaﬁlaéhﬁ gantgol of the control-circuit powar
Figure 6 i adeviasoniiod tiie RINENG SPECEeraiRr Bhaghye tHhetimning bbthe time

display. In such a watch, the advantages of a mechanical waich, i.e., the
absence of batteries, are combined with the accuracy of a quartz watch.

Japanese Patent No. 62-255 889 and European Patent No.
679968 describe different electronic circuits for controliing the speed of a
15 microgenerator in which a monitoring circuit constantly monitors the angular
position of the rotor and brakes it as soon as its angular position is in advance.
Because of their sensitivity to errors and phase variations of the components,
these circuits are difficult to manage.

International Patent Application No. PCT/EPS6/02791, the

20 disclosure of which is incorporated in the present application by reference,
describes an improved electronic control circuit which can be used in such a
device. This application describes in particular a control circuit in which a
voltage multiplicating circuit rectifies and multiplies the signal between the
terminals of the generator. The voltage multiplicating circuit contains various

25 capacitors C1, C2, C3 fed by the microgenerator through active elements, e.g.,
through field-effect transistors instead of diodes. Diodes are used only for
initializing the system. In this way, the energy efficiency of the circuit can be
greatly improved in that the threshold voltage losses of the diodes are avoided.
Thus, the circuit can operate with a lower generator voltage, aliowing a

30 reduction in size of the generator and the spring and an increase in the power
reserve of the watch movement. Furthermore, means are described for
interrupting the braking of the microgenerator periodically so that optimum
charging of the capacitors is ensured.



of theﬁcircuit w th power,

4 Figure 7 is a frequency divider which divides the

f requency generated by a quartz oscillator, Fi gure
8 is a diagramof a circuit for starting ug the system upon

initialization, 5 Figure 9 I's a diagramof a counter, the
reading of which is dependent upon the frequency difference between the
generator and a ref erence frequency, Figure 10 is

a diagram of a control ciyfig4hé obfitt bPirié Myehfibn 8 BF&Pbse an Mysrdveat i on of

t he energy-dissipation circurt, "1 . Figure 10a 1s graph
Show ne. Uhe. SRS kit rish fan be oneratedrip apsieuerkdaveap or o rt
whi ch are sel agirg@ras reghrdsopower consuhptiopunt er readi ng, and

Figure 11 is a diagramof an energy-dissipation circuit.

Figure 1 is a block diagramof an inventive electronic circuit 11 15 for
control ling or regul ati nJao thés enddd tiod etectrionicocjrsuit acocordihg tGithe prasent | s
fed by im I [ " | PAE

wnich " ComeanBAte, Moubthine sBeetbr rbickBH it rriadhd plifP g e ps”

M cr ogener at opriginally mepticnedgthe-eentedl creuilof tha swieh or swilehasceomging afpr i ng
(ot shown) . (5L oRES1qrégl meand WAKIn aTiSt BRACE WDl dec sch Sioresiants
Sher oy i 51 piRASANe;coEtP} Signakogee apiigd Bieciichosoand in aisecond AbRsEor 1,
so that the f twgswitchyesbre toiggtrethbydams of the tootrol signaii cr ogenerator 1 is
synchroni zed with the reference frequency at the output of a frequency

divider 5, the input of which is fed by a quartz oscillator 3, 4.
The ni crogwner at or used Magferfest erokadimeants bbthelionention will now be described in

detail with reference to the accompanying drawings, in which:

Figure 1 is a block circuit diagram of the inventive electronic
circuit,

Figure 2 is a diagram of a rectifier and voltage-multiplicating
15 cireuit,

Figure 3 is a diagram of a first comparator used in the rectifier
and voltage-multiplicating circuit,

Figure 4 is a diagram of a second comparator use in the rectifier
and voltage-multiplicating circuit,

20 Figure 5a is a diagram of a logic circuit generating two signals,
latch and meas,

Figure &b is a wave diagram of the latch and meas signals,

Figure 6 is a diagram of a power source supplying various parts
of the circuit with power,



25 described in European Patent Application No. 96810901.7, the disclosure

of *which is specifically incorporated here by reference. The noni nal
fr*equency of the AC voltage of mcrogenerator 1 is preferably 2[err], n
bei ng a natural nunber ot her than Zeroy, The mechani cal portion of the
wat ch novenent forns part of

5 the prior art and is described, for exanple, in Japanese Lai d-Qpen
Application No. 50-006373. M crogenerator 1 is

connected to the two inpgt i : é,ﬁ.‘!ésl | ubhc Crcuit
11 preferably takes the ?ﬁ@m@}%@ﬁgﬁu?ﬁw %VIOI%%{'&PH g+é(9+ arg
connected to depei@ted pya qyartz oseila) Gfxtransformer circuit 2, the

function of which is described below with reference to Figures 2-5.

Rect i fi d | t | t t it 2 char t
Capac tor 10 (C3), i ohFioure i SRR e stk e SBRURH e das YR ypon

gener ated by mitializgtiony ator 1 and supplies the energy to the ICin the
formof a substantially continuous voltage. 10 Rectifier and vol tage
multiplicating circuit 2 also uses two further capacitors 16 (Ad) and
15 (C2). Cdpacitors Cl, ERuraiscadiageamcttecaupitsr, e eaading ohwhiahuigh

they may pO_SSPQbé!n&&t halfRy *Qlfﬁe?ence between the generator and’y L he
enbodi ment il trate energy I sstpation circult connected in

paral | el withFf @W&J@%’E’V 1. However, energy- di SSI patlon 15 circuit 9
m ght instead be disposed on the other side fromrectifier and voltage

transfornmer 2, connecteddn ral lel. with apaC|t | SSi ation
circuit 9 consists of anFLbQH’fgg(fﬁsq g‘?gFamtoﬁ EPQﬁwEO%[rP}rQ\/ﬁ%{%&? gn rgy
controlled bydissipa@inerqjyheliese'rgyadlssmahonmoultrreans 30 (Figure 10).

Ener gy-di ssipation circuit 9 m ght al so consist of an adjustabl e power
source. The speed of rotation of the 20 rotor of m crogenerator 1 is
control | edOby varying t hEigusi1feds@graph showing the developmept ef thei braking

power source gdrrefteadTbs Bk IebisleisRl, WHiEh afeeSE1B8R-%as a fuﬁ&loﬁ' &Lthé cdunter
pr oduces dlffere t sta ilized currents pp, pn, intended to feed

rectifier and" ransfornmer 2 and elenents 3, 7, 31. Stabilized power
source 32 procures |ts energy from capacitor C3 which feeds the entire IC

25 Gscillator 3, 4 suppl igg,8 1185% GBGFart 0P AR'erl iRy -Aissipatiohigiei™ ned

frequency.

Figure 1 is a block diagram of an inventive electronic circuit 11

15 for controlling or regulating the speed of a microgenerator 1. Circuit 11 is fed
by microgenerator 1 whose speed it regulates via a capacitor C3 which
temporarily stores the energy supplied by generator 1. Microgenerator 1,
which generates an AC voltage, is driven by a spring (not shown) via gears (not
shown). The gears further drive the hands (not shown). Circuit 11 controls the

20 power draw of an energy-dissipation circuit 9 (Figure 11) connected to
microgenerator 1, so that the frequency of rotation of the rotor of
microgenerator 1 is synchronized with the reference frequency at the output of
a frequency divider 5, the input of which is fed by a quartz oscillator 3, 4.

The microgenerator used may, for example, be such as is
25 described in European Patent Application No. 86810901.7, the disclosure of
which is specifically incorporated here by reference. The nominal frequency of
the AC voltage of microgenerator 1 is preferably 2", n being a natural number
other than zero. The mechanical portion of the watch movement forms part of



" Gscillator 3, 4 has a quartz 4 which is preferably nounted outside IC 11
and the oscillations of which define a reference frequency at the
out put of oscillator 3. By neans of frequency divider 5, this reference
frequency is divided by a pr edet er m neg factor described in detail with
reference to Figures 7 and 8. 30 The 1 C further conprises
a counter 6, which is described in detail with reference to Figure 9. A
decrenenting i nput (DOMN) of counter 6 is
6 conngigliorait aiig iOubHbeRf fdr e ndiapaise Paidi) icati
~increnmenti nge@np@gbgoeséh(bm of coﬁn_trer 6 ig’y'(r:lo"_n ecfge%l t:aé)dﬂqudg?oﬁgg@g?g?gr 1
via a hyst er edPsoU- zgfrparator, whi ch ascertains the zero transitions of
the signal at the output of m crogenerator 1, and via an
anticoincidence circuit 8. Anficolncidence ci i 8 preveants apd
DOM pul ses from com ng ﬁﬁc@ﬂﬁﬂﬁ%ﬁew?#gﬁﬁ&%‘ﬂ%ﬁ?@&‘EBUFS _é' B?d gg"ﬁ_ﬂ?er_ 6,
whi ch m ght oelestranicecitoaitadve Qinguibdl preferably kakestthefopniopasingle IC. Inputsui t
8 synchronikzes._ IW%E&' ot i S ' ent
phases comkngéf rhﬁgn r g%@?\_cy |v:t%§?b§“ﬁél[hée?qevég @%@rﬁsf@%%ﬁn@de@ zef_r{he
internal Tupeliengbwhishvslessiibad eiqy withgetareneeta bigusesi24n Radtifiggandt he
ener gy- di ssi paditsge rhOitiploating cif@ans cRErgudth slvage 8aPACIHrsID (TF) WAicH rcuit 9
with a higher vol taae A g > qu a\nd a | ower \{ol bag& LV < Vss,
Ener gy- di ssi pMRA2dly&tos the slectherl «iifroy gepsrated by gicrogengrator 1andhn of
ener gy- di ssi psuppliesthe enietgyptothedCfinithe farm of a Bhbsﬂaaltiaﬂyeogmir&jcgjsa}oltage.
o cr ogener dRoief AR Yoteedh ol it ot 2 Bled RS Wi KNG BapRors 15,
frequency of (G andyhalCRet Gepacitarpils G2 anddCEare praferahly extesnal; athough
frequency dutpigkéﬁgfgbggigﬁ% ﬁt%r?fé’ﬂinﬁb {fre output of frequency divider 5.

Ther ef or e, Iven’inter , counter 6 receives nore pul ses at
its increnenting input UP than at its decrenmenting input DOAN, its count

thus 20 increases. As a [rfhetémibodimentilfistrats’l, enehy-gidelpdtiofl heURE json
control neans 30

contr ﬂ' t J‘@ r.esi st ance ﬂf’Hener%y- di ssipation circuit 9
and, consequetRINECtad i paraliglwitiy microgengralon . Howevel Fnergysyissipation
m cr ogenenst ocirclit @ niglatidnsteatirbe disposed on the otter side frommestifiér anpl eoktggef
m crogener at qp,dseafifler 8 UWorindttdd A PN witi'Eapddir C3. Energy-dissipation
circuit 9 consists of an ohmic resistor, the resistance of which is controlied by
energy-dissipation control means 30 (Figure 10). Energy-dissipation circuit 9
might also consist of an adjustable power source. The speed of rotation of the

20 rotor of microgenerator 1 is controlled by varying the resistance.

A stabilized power source 32, described in detail with reference
to Figure 6, produces different stabilized currents pp, pn, intended to feed
rectifier and voltage transformer 2 and elements 3, 7, 31. Stabilized power
source 32 procures its energy from capacitor C3 which feeds the entire IC.

25 Oscillator 3, 4 supplies a reference signal having a predetermined frequency.
Oscillator 3, 4 has a quartz 4 which is preferably mounted outside IC 11 and
the oscillations of which define a reference frequency at the output of oscillator
3. By means of frequency divider 5, this reference frequency is divided by a
predetermined factor described in detail with reference to Figures 7 and 8.

30 The IC further comprises a counter 6, which is described in
detail with reference to Figure 9. A decrementing input (DOWN) of counter 6 is



display as well--is synchronized with the reference frequency comng from
the 25 quartz oscillator. The regul ating val ue Bl: B31
shpplied to energy-di ssipation circuit 9 by energy-dissipation control
means circuit 30 depends in this enbog§ ment upon the reading of counter
6, i.e., upon the difference between the nunber of pulses of the signal
UP comi ng fromm crogenerator 1 and the 30 number of DOWN pul ses comi ng
fromaquartz oscillator 3, 4 since the watch started running. The type

of control olrcogiédﬂedttbQﬁeio&tﬁdlfﬁf?%@?ﬁgbyr}gﬁg]e?g, gﬂfil?ggﬁ%%r?h&ﬁ’lﬁgqﬁpﬁpnt rol,
e.g., aregu ORI, QROKLL Ona : )
URED BiiR SOfecied P ryFrageReratbr i A @ hystaresience,
;7)r oporti Chal é:?)mpggagr,aghieh aseg'rtam thelzByo tmnsiti_ohg l::frme? sigaal ?thgﬂpgtlré’fat he
nmbodi toiLL I Lon . .rotor is ., .
S b b0, L sy Wi b
circuit 9; s I .both inputs
o | GOV _ |
hysteres s ooheoan@y sy PRIGH BIMISE bo B Gnol BBl o7 s ourpass, oy
connect ed tocﬁg\:"ﬁ q¥Reheanizes thetild and ROWN signate withisigmals of difterent
conparator 7 Ehases comiry Bomefrequeadioy dividecs. TireNERirthks cé%??i@gé'&ﬂ%@ﬁ&

' t he, . I t h nput , . .Jhe use of
St or oot ooBbE il Mg et ek v i oo hronenpsoTn .
i nputs GHo0 Geontsolreeans 30idndethecenengy-dissipationocitoutedwvitd ahighgesoltage/Hvue of
t he signal Ggrv Iéﬁg aoleeWH'rtr?%ér ggcei<n¥$%erroneous I ncrenent ati ons and thus

to excessive bra tor 1, other filter nmeans may be
provi ded, e.g., a |owpass or band- 15 pass filter, or a filter which

changes its state only #nepgy-RisdigeiRhl dtpfroPfidane ﬁcontro!ttﬁé'ﬁnﬁ teresis
conparator 7, s.fed b %p]ower sour(i,e 32. . ) tifier and
vol t age- nul t pﬁsﬂazlpprfé ergyraissipationgirsit 9 as pifystian of thezeference signal
In order to gehemated bheuarteaselilatere® sd Shé offHd sigascoomingarathodes
15 microgenerator 1. When the rotor of microgenerator 1 turns too fast, the
frequency of the signal between inputs G+ and G- is higher than the frequency
of the reference signal at the output of frequency divider 5.

Therefore, during a given interval, counter 6 receives more pulses at

its incrementing input UP than at its decrementing input DOWN:; its count thus
20 increases. As a function of this count, the energy-dissipation control means 30

control the resistance of energy-dissipation circuit 9 and, consequently, the

energy dissipation, in such a way that microgenerator 1 is braked. In this way,

the rotational frequency of microgenerator 1--and thus the running of the time

display as well—is synchronized with the reference frequency coming from the
25 quartz oscillator.

The regulating value B1:B31 supplied to energy-dissipation
circuit 9 by energy-dissipation control means circuit 30 depends in this
embodiment upon the reading of counter 8, i.e., upon the difference between
the number of pulses of the signal UP coming from microgenerator 1 and the

30 number of DOWN pulses coming from quartz oscillator 3, 4 since the watch
started running. The type of control or regulation is therefore integral. Other
types of control, e.g., a regulation proportional to the momentary frequency



20 normally used are replaced in this circuit by switches 17, 18, 19 and
cqrrpar"ators 20, 21 triggering these switches, as already proposed in the
af*forenenti oned I nternational Patent Application No. PCT/EP96/02791. A first
switch 19 is connected in series with mcrggenerator 1 and with the earlier

mentioned storage capacitor C3. 25 First switch 19 preferably
consists of a field-effect transistor whi ch, imedi ately after starting
of the watch novenent, acts as a sinple di ode. At that nonent, the

vol tage drop aﬁfséisoon f&’ﬂ?\?]ggraﬁﬁn?ﬁf‘g‘le fr?q&é‘rﬁ:g%ﬁ@l%ncg oFQp?éﬁtﬂilgﬂélQ' tage,

about 400 nv. tent capac enough

for the inter RiegRbAErvad (P, coélif& RS aBORe U ﬁ%?ﬁtb@ﬂﬁne‘t‘ﬁﬂgﬁrated
function, thetig é}f@é@bﬂﬁo‘iatﬁm ofNBeadtor\ié tones!ied By régmamgeﬂwdourdkh@

conpar at ors. ﬁeqlﬁ@nce D in energy-élsgi afion %erUng P{m}vg\?ervg}wtoa IofF tccrm")gole mlg%I rbiéu' t

I's higher tha

vol t age of scapsedinstedd), the first field-effect transistor is enabl ed.
However, the vol tage drop across the channel of the field-effect

transi stor anounts to only about 10 nV. Hence when transistors and the

conparators triggering t s mentianesh snergy-dissipation eentrobmeans 30 ehroprisgs ahe
vol tage |oss hgﬁéﬂﬂb‘% g6mparator7 Wfﬁ&%@ﬁ\pa?é(}eth% s 6 B VAt thb thdSnBEisCh

novenent i s us

__economn cal r_reserve |s i ncreased.
Fi el d- ef f ect P?@P%‘thé(tﬁ MigrogeNRtAton si-bpﬁah%éﬁnﬁ &W 3t tha ouipitiofge C2

S ]yppl I eg byt t b@mparatag¢1§ élrébl@hgalaf%tgﬁal mmmcmrﬁgys ikestare ub@n eath zhanydd
(6] Irs C

controll edloby g&gl h’a?f t}ﬁgeﬁquq MM?@QF Wu&s ?“I rg StT 2l 1§V§§er%§'?cui t

21 shown in chnp_arator allows disturbances of the sipnaldbetween the inputs &Y, iGxstocdbe
Wnen vol tage LSS UC TRAGT unwerlelf iR AL e Vit @% 3 he
vol tage Vdd owotlstlegddaerraneousiinerementationsnd tusig excessive QKmQP@ passes
fromO to 1. mjcrogenerator 1, other filter means may be provided, e.g., a low-pass or band-
15 pass filter, or a filter which changes its state only after a predefined period of
time. Hysteresis comparator 7 is fed by power source 32.

Rectifier and voltage-multiplicating circuit 2 is shown in Figures

In order to achieve the greatest possible efficiency, the diodes
20 normally used are replaced in this circuit by switches 17, 18, 19 and
comparators 20, 21 triggering these switches, as already proposed in the
- aforementioned International Patent Application No. PCT/EP96/02791. A first
switch 19 is connected in series with microgenerator 1 and with the earlier
mentioned storage capacitor C3.

25 First switch 19 preferably consists of a field-effect transistor
which, immediately after starting of the watch movement, acts as a simple
diode. At that moment, the voltage drop across switch 19 is equal to the diode
threshold voltage, about 400 mV. As soon as the potential of capacitor 10 is
high enough for the internal power source, and thus aiso the comparators, to

30 function, the transistors acting as switches are triggered by the comparators.
When the voltage supplied by the voltage-tripler circuit is higher than the



Normal conparators al ways have a (positive or negative) offset vol t age

Vl[err]. In order for the output of conparator 210 to pass to 1, the

f&l | owi ng condition nust therefore be net:

C2>vdd+V[err] 20 If, for inggance, the offset voltage is +2
nV, the difference of potential across switch 19 nust anount to 2 nV or
nore in order for the out put of conparator 210 to pass to 1.

| f, however, switch 19 were directly controlled by conparator 210,

switch 19 mWoﬂagBQﬁ%aﬁﬁgmq e FiFg fdid-bRE Firlyé?étopiété’r‘iﬁbléé H@&e@emﬁé’f 25

nore. Yet becaus [esi stance o S, SW t

vol t age vgltage grep asrassthe|chaanek ol m@m%ﬁﬁﬁﬁt @%'?@F a \{\% FﬂaoBlVf set
vol tage. In téuo%t 10 mvC 3Héhceswhés rahSistere |aﬁdhhelerM triggevimerthe.  The

difference of (; ggf gwed indfaad’sr 0hdS hd YoltRY thes1E LoRSidRrggnt 2gai n.

so that the d

'?h cogr}[:)ereauoed vaIelh resanwsfme\&atchnﬂommemsmednmr@ cl ose agai n:
e system cou In order to avoid this
probl em the ?ﬁg ghgalﬂlﬁ%bﬁttﬁ%%owe&; s mcreaseéi time difference between

measuring and swtching. First, svmtch 19 I's blocked 5 by t he nmeas signal,

and the conparator is thlfi%ﬁ?éﬁ[ﬁa'rtgﬁs@stgﬂgﬁ nbf@isdblbﬂeﬁ @ntil thedfoltage

potential acr th t
conpar at or 2 ;mgpl?ﬁds \émytﬂﬂ%Mglit%QQﬂ”Pi@'eéf"é‘étbﬁeg?égidggg*?a%?‘@?ﬁ’ tf‘%u %tgs({g%%of

el ement 211 hyspBgpciter 10, @ latch signal. Not until after a certain

I nterval do the neas and | atch signals pass to 0, and switch 19 is
triggered by neans of the value ser stored in 10 storage elenent 211. In
this way, 10t i s ensured Finsttswitch +9 ist contcbtled byoa signal faetitiansmittegh By st t he

current flows The formation of the two
del ayed si gna‘fgé{'é)%)tai% cg'%&“?eilaghown o Flgure 4| n Figure 5b, is described with

reference to Figure 5a. A NAND gate 3081
Comparator circuit 21 has a comparator 210 which compares

the voltage on both sides of switch 19. When voltage C2 on the left-hand side
of switch 19 is higher than the voltage Vdd on the right-hand side, the output of
15 comparator 210 passes from O to 1.

Normal comparators always have a (positive or negative) offset
voltage V.. In order for the output of comparator 210 to pass to 1, the following
condition must therefore be met:

C2>Vdd+V,

20 If, for instance, the offset voltage is +2 mV, the difference of
potential across switch 19 must amount to 2 mV or more in order for the output
of comparator 210 to pass to 1.

If, however, switch 19 were directly controlled by comparator
210, switch 19 would close as soon as the difference of potential was 2mvVor
25 more. Yet because the internal resistance of this switch is low, the voltage
drop across the closed switch can be smaller than the offset voltage. In this
case, switch 19 would be immediately reopened. The difference of potential
across switch 19 would then be present again, so that the output of the



whi ch conbi nes the 16kHz, 8kHz, 4kHz, 2kHz, and 1 kHz signals supplied by
15 frequency divider 5, transmts a signal p. Accordingly, pulsing signal p

always has a value of 1 except once per 1 kHz cycle during a 16kHz hal f
cycle. This signal at the output of NA@D gate 3081 is inverted by an
I nverter 3082 connected to an AND gate¥3083. A power-on reset signal

rud, the formation of whi ch is explained belowwith reference to Figure
8, is supplied at the other 20 input of gate 3083. \Wen the circuit is

SLan oy ¢ Bemarod} 883 46 is to 1, hBSiRh' ] wBlLiHiseaGan e 1

meas signal supp I's-al iays zZer
starting-up, ﬁMﬁﬁMWW@@D&'&te state of p is 1. Signal p
at the output of NAND gate 3081 is also transnmitted to an OR gate 3084

whi ch i kew se receives 32kHz SI Bﬁ com ng from 25 frequency divider 5.
The signal r supplied by qerdg s mythe Reggent inventien praviges:fass

zero except Waemn@dmehd%&bé%éh meﬁﬂiﬂm@éﬁd %wmhihgnerqml $witch 19 & Blocke§ -

ool - day a5y YIS ead e 35k ind odrata & BareY 018 Rl B ciprgnos

Thus, t heof potential gcmss $hgp pwitetol B‘hegpafmr,stmafahwat theocoutputviecomparador

glsa ﬁgfdl 2 ‘Jg'eg?o%ﬂtrﬁtfraﬂsl%?’ 1‘9*H?§'at5léla dé Storéd Pa s r%ﬁ@"e@%iﬁ%ﬁt 28 By 1 %%qépﬁfi gh
of conpar at or 8 latghzsignal; Not untll aﬁ%atceotawntemalsdcbmg@eas@mddaghzs)gnalgll in

conparator ci pgyé t6028nd dwitch 19 is trig c]gered by means of the value ser stored in
10 or ned {ﬂ y when

Si
the quartZ® Sto5age P'%P%‘?trbg‘ﬁld 'fa"htB 1SV3Y.d ;seg}ﬁ%ﬁﬁ}aﬁ%mtﬁ 1 dQeF 80t 5™ not
the case, howeseillate and thiatthe berrent fiows fromaC2 %o Mad. so the circuit nust be
designed in such a way that when the systemis started up, the sw tches
are triggered directly byl_the 5 conparators: when the systemis set
running, the neas and | at mfgrrgam@ohm two delayed asgnglalatczlmand)mas shown

respectively, wP#:ghPé*stQ &gﬁbd with fctbrehle! t8 F‘iélﬁgféy A N 8@3@6’1

directly by conpar ators

t t
one, neani ng whigh @%b'@e§rth§ 16kHz $H§gp4|§'f¥d 2Kk, andg1 @f%?%gfgﬁ‘ﬁ%g';B 'gﬁpki ng,
switch 19 jss frehgese deaerrsemsﬁftstdﬁggnal pleA&b@rrcmbly mmsmgmmﬁva&%l-

ggpaci tor 15 Nasg e&ﬁgee%t r?h W%Bﬁ’aﬁﬁ%f’yq% dtl"%f‘g%c eﬁ@@ cyﬁleggﬂﬁﬁs
wi t h m cr ogensigatbat theadutput of NAND gate 3081 is inverted by an inverter 3082
connected to an AND gate 3083. A power-on reset signal rud, the formation of
which is explained below with reference to Figure 8, is supplied at the other
20 input of gate 3083. When the circuit is started up, the rud signal is zero,
thereafter always one. Thus, the meas signal supplied by gate 3083 is always
zero except after starting-up, when the logical state of p is 1.

Signal p at the output of NAND gate 3081 is also transmitted to

an OR gate 3084 which likewise receives a 32kHz signal coming from

25 frequency divider 5. The signal r supplied by gate 3084 consequently always
has a value of zero except when p and the 32kHz signal are simultaneously
zero, i.e., once per 1kHz cycle during half a 32kHz cycle. This signal is
validated by the rud signal and inverted by means of a NAND gate 3085. Thus,
the latch signal supplied by gate 3085 equals only when r has assumed a value

30 of 1 and when rud is not simultaneously zero. The latch signal is used in this
way in order to store the state at the outputs of comparators 20 and 21,
respectively, in storage elements 201, 211 in comparator circuits 20, 21.



inputs G+ and G. A second switch 17 is connected between input G and the
grounded end of third capacitor 16 opposite mcrogenerator 1. Athird

sWwi tch 18 is connected between input G+ and the end of second capacitor
15 opposite 15 microgenerator 1 which is 8nnect ed to first switch 19.
Switches 17 and 18 are controll ed by g second conparator circuit 20
(Figure 3) which conpares the electric potential of input G, connected
to second capacitor 15, with the potential of the ground.

Switches 17 and 18 |i kew | N - ef f SASH '
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and 16 are cdriggeeshdirgctiytoy ceriparaitersy20,2dr Asigoon as terutbsignef passesstost or s
17 and 18, Wi U] tidt e oliako'GBIIG Mt MiviBer bhain areWitKIrig, DS not ed
that input G, c¢onnect 0 mcrogenerator 1, Is groun ed over he

channel of t rawitthst@is triggaredby megnsiaféhe yealuersterachinsiotagedneansgl 1.
O her voltage nultiplicating circuits are described in the earlier

menti oned | nternational lication .~ PCT[EP96/ 02791 and in Eurqpe
Patent Nol®695 978, for @&lﬁqqﬂ &gpier 1‘§\,k216, 19,T1 comprises a&ﬁﬁ?&‘ﬂ?ﬁﬂa&ﬁgbggand
% ﬁo (][:i guL es (82)=hd4 thirdecdpeatitoy 18 ¢Ct xgennéctyd in sereswithrmiceggerierator d3at
ey further i reeenk J ; ' el | s
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do not work agroloded esdididhird cppacitord 6ceppasitesmispoganeraier 4r A third switchi gh
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microgenerator 1 which is connected to first switch 19. Switches 17 and 18 are
controlled by a second comparator circuit 20 (Figure 3) which compares the
electric potential of input G-, connected to second capacitor 15, with the

potential of the ground.

Switches 17 and 18 likewise consist of field-effect transistors

20 acting in the disabled state as diodes. When the watch movement starts
running, capacitors 15 and 16 are charged by the diode structures of
transistors 17 and 18. As soon as the comparators are working and the voltage
of the generator at junction G- is lower than Vss, second comparator circuit 20
flips with the next edge of the meas signal, and with the edge of the latch signal

25 the state of the comparator is stored in storage element 201 and the switches
are triggered by means of the stored values. Transistors 17 and 18 are then
conducting. Capacitors 15 and 16 are consequently charged solely over the
channels of transistors 17 and 18, which proves to be favorable energy-wise. It
should be noted that input G-, connected to microgenerator 1, is grounded over

30 the channel of transistor 17 as soon as the latter becomes conducting.



10 . Power source 32 consists of a conventional current
mrror. It conprises a resistor 321 having a high value, e.g., 300
[eFr], connected between the ground and the source of an n-channel
field-effect transistor 322. The dr ai f transistor 322 is connected
in series with the drain of field-effect transi stor 323a and with the
gates of three p-channel transistors 323a, 323b, 15 and 323c, the source of
the latter being fed by the voltage generated by voltage transforner 2.

The drai ft | st ' i i i
e drain of transistor et oltatd Mﬁftﬁ@%@?&?&ﬁs"a@%&ﬁb@@ ifthe earlfen®
e

three p-channel fjeld-effect transisto 2 nd 323c as a mrror
it eu b The Renienedinternaianal APRISEAN NAch OTAE 9810751 Ak &spPean. and

resistor 321 Peestt N®GSS, 918 foP8kampleustrated in Figure 3. 20
The drain of transistor 323a is connected to the drain of n- channel

transistor 322 and in series wwth the gates of n-channel transistors
322a', 322b', 322c', andQfMphratord 280 anch210 (friguresc® andd) dre fexd by tvoitage 2.

The soyrc f [ : ' . i ng
through ¥ ¢ PeRstbient Slpsbinae3. Ty IAHASSuIrE R RUAEH) shut

i 11ustrated i Fespegtivelyawhichss managed through poweksewsge 32:expiainasiin frigurethi s
type of pover TheWopfpatrhidrs de'iidtMork as |Bh¢ BSthé PedptiiVe RAfrehfs BH@ndn are
consequent |y defcr bed onl_i/{FB)rgléeflé/. When t‘ﬂe g&o currgg I n rg ses, the
current drop B6tBigh enaughy sape, . LBGIr QUtpyts remaikin zero s; rﬁslon'g‘a & age at
the drain of tontnslied switdhts $Z,c18, diovemain blockedes as wel | . The vol t age
applied to transistors 322a', 323b', and 323c' is consequently 30

i ncreased, which leads to their disabling, so that the voltage at the drain
of p- whannel transi fower3ptce 32 consistssof arbonventionabeurrentapisiaredt t o

th te of p; . ) . :
Chanaal Ct rantPRTBrisgs 3 resistor, 321 having & high value, .9 300 0, connected Hétween
voltage is the gupdendthedsiayreg pfann-ehanns 39"13?@(%5@*’15%0"[ 3ehb® to
légcoms d: sabl thiﬁ@ﬂtr_ansisk%r 3227istcdghéci@él iﬁlgegiéﬁiwith thefdrtair? of fielld-effect |
e Tl ot pnasto e rnd it 5AS ol & s iohBlng tiistore 3558, 32w of
the gates ©Bf andi32Boethet saurse of theslaie beingIadipy, thend|tageé genelidteddy voltage
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voltage at th
the three p-channel field-effect transistors 323a, 323b, and 323c as a mirror

circuit. The pp current flowing through the channel of transistor 322 and
resistor 321 feeds comparator 200 illustrated in Figure 3.

20 The drain of transistor 323a is connected to the drain of n-
channel fransistor 322 and in series with the gates of n-channel transistors
3222, 322b', 322¢', and 322d' and as a mirror concerning transistor 322. The
source of transistor 3222’ is grounded. The pn current flowing through
transistors 323a’, 323b', and 323¢' feeds comparator 210 illustrated in Figure 4.

25 The mode of operation of this type of power source with current
mirror is known per se and is consequently described only briefly. When the
pp current increases, the current drop across resistor 322 likewise increases,
and the voltage at the drain of transistor 322 accordingly increases as well.
The voltage applied to transistors 322a’, 323b', and 323c¢' is consequently

30 increased, which leads to their disabling, so that the voltage at the drain of p-
channel transistor 323a' decreases. This voltage is applied to the gate of p-



transi stor 323a’ applied to the gate of transistor 322. The latter

t herefore becones nore conducting and all ows an increase of the pp
current flowing 10 through. The pp current is stabilized and thus depends
only slightly upon the | oad appli ed. Ig%is easily shown that the pn
current flow ng through transistors 323a', 323b', and 323c' is
stabilized in the sane nmanner. The magni tude of the
current can therefore be determ ned by adapting the characteristics of

and the size of their channe ) [

currents pp afRAysed: raeqopdinglye trgRsister 32ohas thecleadeney inbeeame gisabled and
Such a currento fifnittieé phasurtaMp. st abl e states. The first one has been
described and is achi eved when the pp and pn currents have reached the
desired intensities. The second state corresponds to the pp and pn currents
20 equal to zero. This Snnversely,a lesseniaglofppddads émaabtuttiamsi thieorcitagee
di sabl ed. ' Gyl e, ' i stem
at tor ahi cff SR AT0sb PeBicriand dtd Medbarts o BRlARE redi ol with I abpifedts
initializing theogatiestofp-cmnned transistors\d23al 323b6aner323s’.f Ghese gonsequently
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its first stable state. | trangi stor 320 is_25 Qroun

its source i sUroBRgtPe appl?ﬁipéegﬁteﬁ tepgist3dor The | the"e(?‘?}ﬁeai n of
initializing bémésmremdu_etm@and@tl]le%tam ihbﬁa@@tdfﬁh@fpptdwmmfﬂb&fm|
transi storgs. ri e starting- as t he, wat ¢ ve

m er ogener i offeuR 1P Aty SarliiaRan ryBintiEncs it 8RR, upomthe nou
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negative, i.e., 15 belbw ground voltage, transistor 320 becones
conducting, and the negative voltage of G is applied to the gates of

p-channel transistors 323pe magmitude dMAedUfent can therefore be determined by
on current | Sdepi e draciepsies PLGE SIEMERE Biibe FWer SoHEes RSy Loe,
and this tisantiesturnbert sbtransistorndnd tise sizppftheir ehanndls. dipltauspdssibiae,
and vol t age. ntiperiHe & lirants ph4REDA BRI Ete Rl orefighog ol B plrrSt
out put signal of conparator circuit 20 changes its
Such a current mirror has two stable states. The first one has
been described and is achieved when the pp and pn currents have reached the
desired intensities. The second state carresponds to the pp and pn currents
20 equal to zero. This second state is achieved when all transistors are disabled.
It exists particularly when volitage is applied to the system, after which the pp
and pn currents are thus zero. An n-channel initializing transistor 320 is
provided in order to force a current through current mirror 32 in the starting-up
phase so that it reaches its first stable state. The gate of transistor 320 is
25 grounded, while its source is connected to input G- of microgenerator 1. The
drain of initializing transistor 320 is connected to the gates of the p-channel
transistors. During the starting-up phase of the watch movement,
microgenerator 1 is floating with respect to ground. Signal G- at the input of
microgenerator 1 consequently oscillates in an approximately sinusoidal
30 manner in relation to ground. When input signal G- is negative, i.e., is below
ground voltage, transistor 320 becomes conducting, and the negative voltage
of G- is applied to the gates of p-channel transistors 323a’, 323b’, and 323c'.



state, as indicated in Figure 2, when the voltage at the junction G is

| ower than Vss, and enables transistors 17 and 18, thus groundi ng i nput
G of m crogenerator 1 and connecting i nput G+ of mcrogenerator 1 to
C2. As soon as input G is grounded, ttfnsistor 320 i s di sabled and
thereafter ceases to 10 consune current. Power source 2 is henceforth
initialized, and the pp and pn currents quickly attain the desired

val ues. The power source nmay easily be conpleted, e.g.,

connected to € source )
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field-effect transistors a
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Figure 7 illustrates a preferred embodiment of the invention
comprising a frequency divider 50 consisting of ten D-flipflops connected in
series. The frequency of the signal is divided by 2 at each flipflop. When the

20 reference signal supplied by oscillator 3, 4 at the input of frequency divider 50
oscillates at 32 kHz, the frequency of the signal at the output of divider 50 is
2% 32 kHz, i.e., 32 Hz. This signal is combined by a circuit 500 with the 4 kHz
signal in order to generate a DOWN signal which assumes the logic state 1 just
once per cycle of 32 Hz and during a half cycle of 4 kHz.

25 Figure 8 illustrates a circuit 51 which delivers a power-on reset
signal rud. This signal is intended, among other things, to reset counter 6 to a
predetermined value upon initialization and to cut out energy-dissipation circuit
9. Circuit 51 comprises three p-channel field-effect transistors 510, 511, and
512 disposed in series with a p-channel transistor between ground and the

30 feed. The gates of the three p-channel transistors receive the pp signal coming
from power source 32. During initialization, the three transistors 510, 5§11, and
512 remain disabled as long as power source 32 does not supply sufficient



with a signal POR2. The signal at the output of gate 528 is relayed to a
flipflop consisting of two NOR gates 517 and 518 and having two inputs.
The other 5 input of flipflop 517, 518 is connected to the output of a
frequency divider 520 conposed of five flipflops 521-526. The 32 Hz

out put signal supplied by frequency d|L der 50 is connected to the

I nput of the first flipflop 521. The /reset inputs for resetting
flipflops 521-526 are connected via an inverter 527 to t he out put of

bi nary one. asCYERG: Hepee the voltags ¢y $16 l¢ere P RyalbOBE) ety fis
power. Siml awolj«ageslrmal SIMZF’gB'l hhialn js combined tasmeeng oﬁantChB gate§28ncy
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counter) and on-as
power source t@@@ppi?fwg‘eéﬁbﬁ@ﬁ power , the t hree transi stors 510 to
512 becone conducting. The signal at point 516 is therefore vdd, so

i PR, 22U o MMy b one o 168

fﬁ gp} :’ gget i npbweuemr@e]gdbe%;’r&?tsmpbly aiff’ aanﬁﬂ&ugﬁ V&mnaréy,lr@grhaKPd)erus fmavgi | e
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After one secpretieteimined yahle. £iorsequently;dbe signabat the putpupobgate2Bsissnato 1.
Since the two snils tRé qﬁ%hﬂ%‘s@ﬁa@%ncﬁﬁ? pfo%? stree e othl \W&iking/ 2l ue 1,

its output passes to zero, so that signa reac the logic val ue
1. This value is then maintained as |ong as the current pp is sufficient 30

and the quartz oscillatoy o‘h lﬁiti%ﬂzé’ﬁﬁrk itfig-signal is still at 1, so that ﬂlpﬂops 521-

rlrgverrent 526 are all set to zero hLieheglnp E o% ﬁ{pﬂbfs 5$lt70grl)§ connegted tW?F&IOp §2é“’a teh
thus receives the logic state zero, whereas the input connected to inverter 515
receives the logic state 1. The signal is inverted by inverter 519 into a signal
called rud (reset up-down counter) and having a logic value of zero.

20 As soon as the power source is supplying enough power, the three
transistors 510 to 512 become conducting. The signal at point 516 is therefore
Vdd, so that inverter 515 supplies a signal POR1 having a logic value of zero.
When the quartz oscillator is also working, a logic value of zero is supplied
through gate 528 to flipflop 517, 518 having two inputs, while the /resst inputs

25 of flipflops 521-526 receive the logic value 1. Frequency divider 520 starts to
divide the 32 Hz frequency supplied. After one second, the signal at the output
of flipflop 560 passes to 1. Since the two inputs of flipflop 517, 518 receive the
logic value 1, its output passes to zero, so that signal rud reaches the logic
value 1. This value is then maintained as long as the current pp is sufficient

30 and the quartz oscillator is also working.



Is being set, capacitor 10 (C3) is no longer fed by the generator. However,
t he " I C continues to consume power, so voltage Vdd at C3 drops nore and
nor e. When the voltage has dropped so far that the quartz oscillator no
| onger 5 functions, the neas and |l atch signals are no | onger forned.
However, since it is not ensured that capacftor 514 is di schar ged

qui ckly enough, it may happen that, although the circuit no | onger has
sufficient voltage, signal PORL does not pass to binary one. The second
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Figure 9 illustrates a preferred design of counter circuit 6. In this
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16 15 is ensured only by means of signal POR2 from the frequency divider. Signal
POR2 remains at zero. Figure 9 illustrates a preferred design of counter circuit
6. In this design, circuit 6 comprises a 6-bit counter 60 which is formed, for
example, by six resettable D-flipflops connected in series. The binary number
formed by outputs Q1 to Q6 increases by one unit with each leading edge
20 supplied to input 801. The counter is reset when a signal rud is supplied to
reset-input 603.

A maximum detector 63 consisting of the two NAND gates 61,
62 and the OR gate blocks, by means of a NAND gate 64, the introduction of
new UP pulses at incrementation input 601 when the maximum output state
25 Q1=Q2..=Q6=1 is reached. In the same way, a minimum detector 65, 66, 67,
68 prevents all counting down below the minimum output state
1Q1=/Q2=..=/Q6=1. False counts outside the counting limits of counter 60 are
thus prevented owing to the two state detectors.

Signals Q1-Q86, supplied by counter 6, allow the coding of 64
30 different braking values. There is minimum braking when Q1=Q2=...=Q6=0
(level 0) and maximum braking when Q1=Q2=...=Q6=1 (level 63). According to



t.he present invention, however, braking of the m crogenerator does not
I ncrease |inearly between these m ni num and maxi num val ues. The energy
di'ssi pati on across braking resistor Rf of energy-dissipation circuit 9

preferably devel ops in such a way as pﬁ)tted in the graph of Figure
10A. Between 0 and 5 31, the frequency diftTerence integrated by counter 6
bet ween m crogenerator 1 and oscillator 3, 4 is slight: no braking is

caused. This allows fast acceleration of the m crogenerator when the

bt oh 1S 35, iHeBnt RvehiiEn AR, SRER beine mickiiohehkicf HoksTRfeed.
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ol i ned 15 a1 SeElialttd o isBubht o Brakifd T llide il BoweTadl aqiififetion,
connect ed di r ettheymicrogeneratarwhemtineswaleh isSsebfunning, sodhewminat speed is

S Lhes 900 1ROk foRthed. BEfier 32 éf’gﬂri ooy RSP AL
from ener gy- dl@%arﬂié‘mtbr@ meferate ”ﬁ@ar@om levelH2 ga; therenasay Aissipat {OR of the
nunber of par pcr@dsed Wm%ﬁﬁuéﬁﬁhél?éf $lse/§iﬁ0rbébﬁ§s /9 mad@mbircat 1evdiBs, sohe
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nore effective braking than, e.g., signal Bl Swi t ches

000, 12 308,20 T channel i SRl ek B b aton oo ridabed oPhef

no current fl|ooRverhsigngls Qe fr@nstr@muntwmagna@st@a whiahhdirectly
potential at § a‘i@‘éh@?gﬁalsb?é lbﬁ%ﬁ%ﬁh'yﬁdW@WF@h% 14 S Aﬁ%l%dgsét lélgﬁd

transi stor econes Co neans ener at raked

because nd# aln COW@FF'PBM' lgpr%an ﬁ@e@yrﬂsgs'pﬁ@om GEP%'t f Calﬂfée%ﬂﬁ;é"@sﬁ
between the tpetwesn |$1p(4@"G+ G- df themicrogeh@@tgre neconigists of 0plurality of

Pepend! n9 poRgtlbrlofh LEHto siothia n HREY Sytdles ot ot PRBlisgRye | b2
rat ed speed osignatssB1 émBSaarti B62s63 beminigyfrent enprgy-ididsipatiarpcentoa Innears
30, permit modification of the number of parallel-disposed resistors. According
20 to Figure 10A, the resistances of resistors 910 to 916 are inversely proportional
to the strength of control signals B1-B63: signals B62 and B63 thus control
more effective braking than, e.g., signal B1.

Switches 900 to 908 are n-channel field-effect transistors.
When the potential at the gate of the transistor is 0, the transistor is disabled,
25 hence no current flows through the transistor. However, as soon as the
potential at the source of the respective transistor is below Vss, the transistor
becomes conducting. This means that the generator is braked because now a
current is flowing since the resistors are connected between the terminals (G+
and G-) of the generator.

30 Depending upon which circuit is used, however, it is
indispensable that the generator attain a substantially higher speed of rotation
than the rated speed of rotation, and thus the highest possible output voltage,



17 \ in order for the circuit to be able to start up at all. In this
connection, however, it is possible for the voltage at G+ and G to be
| €ss than Vss, so that the generator is then braked because the
switching transistor for the brake beﬁpnes conducting. Yet if the high
speed of rotation and thus the high output'™ 5 voltage are not attained, the
circuit cannot start up because of the voltage drop across the diodes.
Now, in order that the generator nay not be braked by energy-
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potential at ydltagepdre nct ditaeed, tthecironie chhnetssial dipusddarisealf ebe /bBiRage drop

source potent'?. IE .15 certainly not the case when the systemstarts up,
so 15 that t oéﬁ}i- ?éfoéﬁ'sis not braked, and it is possible to start the

system N-channel and p-channel transistors can be
used as good Swi tche Y LGN _
potential at drain and. SON&%érYofﬂér}tgﬁstgﬁgﬂﬂee?%togéﬂam%\%%g b{%esﬁé}ﬁy no
| onger suffi céissipgtienicyguit Suporysiagting of taetsystar, ibis neaessanuiodeanmest at he
transistors tRaBe6REp-criithet fickeffect Gransistor and at least oré hscHahney féldséact! he
case with ene -.dj ssi pat.i on .Ci rcw{ 9 and . tf% switch 19 of the

vol t age ddﬂblége{s'S{m In series Rthey are °sqrﬁe@ts(%\"t°¥¥ﬁ§t of ¢Rnneciing iaking may be
used as swi t cresistorsdsstween Ghend Gondicdording, totthe pgesent drfivértionn this énseived
or der for tnedt Pibisdy s BrBdnheiiniv-eibl el 29, HaMaRleri it vaff Pppdlic
p- channel t r aonlysf e, patentiajat ¢he patenisdawentaneneativestald walue belowthe

vol tage whi Chsél?rgé?o‘té’rﬁﬁél. GRat mg&g}i?lﬁ]é‘&éé’%bnttﬂé%yé’éﬁ\ bfér@r&a;sr?f or

the transistor econe properly con ing. . ce
t ransi st orl592that thengenerateniginel brkede and ibis pessibie o slartibe systemy neans of
an LV signal which in active state has a substantially | ower voltage 30

h Vss. The f [ f LV | ' ' ' ' ' [
than Vss.” The formation of LV 10 Ghteuiln 30,5 AEseidRa 1M gBs Gods' o

switches only in the vicinity of Vss and Vdd. If the potential at drain and source
is somewhere between Vdd and Vss, it no longer suffices to trigger the gate
with Vdd or Vss in order for the transistors to become conducting.

20 This is precisely the case with energy-dissipation circuit 9 and
with switch 19 of the voltage doubler:

In order that the transistors may be used as switches under
these conditions, the gate of the n-channel transistor must now be triggered
with a voltage higher than Vdd in order for the fransistor to conduct well. The

25 same applies to the p-channel transistor, the gate of which must be activated
with a voltage which is at least one threshold value lower than Vss in order for
the transistor to become properly conducting.

Hence transistor 920 is not activated by means of Vss but rather
by means of an LV signal which in active state has a substantially lower voltage
30 than Vss. The formation of LV in circuit 30 is described in more detail below.



1.8 \ In the same way, n-channel transistors 900: 906
cannot be triggered directly by nmeans of signals QL : Q@ fromthe
counter because these si gnal s cannot be hi gher than Vvdd. These
transistors are therefore activated %Teans of signals Bl:B63, the

| ogi c states of which correspond to those 0 5 QL : B, but the voltages of
whi ch are doubl ed. For this purpose, signals QL-® are converted into
out put signals B1-B5 in energy-dissipation control means 30 by neans of

| evel shifters 301-305. _ betré‘ r{ﬂgﬁ beof the
i nvention (not shown) forthesarpeway,nchannel {rQnQ ?608 of volta

nul ti pl i cati niiggered, F’tr eotly By means<f signgjs ang§ ffﬂm éhqgo%m@ﬁgpcﬂésﬁ &ﬁsﬁhe
sane | ogi ¢ st gigRaRscdritot Betighemthan Mdd. aThes pansislorsams tHerefore avtvétddbe

equal |y possible to dquble t sof t.he nal s par_an [

which tri ggerg¥\mq36ﬁ Qnao{ﬁ qi%é)é thd 10gi states of Whih cq_rﬁworgﬁtpﬁﬁ%%of

30|1 305 |33Fl Qur@s6,butthe vbﬁdgésroawhmrtam&idd}blled Fobthis parpdse, sigmals Gd-Qbe
vol tage Vdd af,.C | : K e

shown). In or &Bﬂg)‘;ér{e%rm@a @éuﬁ@@ﬁlssfé} 'E% é/uglér %i?s s%)#ﬁzj éorﬁ@oag ns 30
doubl er mnust lbaerrmnsmfdeval@wtersﬁ&ﬂ-ii% supplies a voI tage at |east equal to
vdd even at the tine of i n| tialization. For th| S purpose vol tage

doubl er 31 may, for X e, be tri ered %at rud a
described, so that at thﬁ’?” epembodimey; (Pféh? n {net g’@ﬁﬁm sdmﬂ@l'tage
Vdd, and doub&ea%onglmwwvbuagé mtlpmaﬁngeﬁhunt sttr@ggb banyafeans ophat e
Wnen t he uartz o%}éllartr(})r andl qﬁ rce % ort‘h {kl ng1
The | ogic Qt atignagaving the, 505, 8%'%%3 r‘FSAtNE é’ JHQ erv IE B2,
B3, B4, and Buoalkkbebtually possible td dodsbte’tiﬂvcﬂﬁgesmfﬁweng@alsﬁparand benmary 11
1110). CGate %%kégg}ﬁﬁﬁc@%gﬁdQ§ to B5 and supplies a signal 25 B62

e onl'y

havi ng t he Ioglc S en thé count reaches levels 30 or 31. A
second AND gate nultiplies B62 by Bl in such a way that the logic state

d?feci |S Con't PSI cat edt Pghglve;\t%.ﬁ&rsesomw@in ﬁ@a% fowﬁélféd BO & woithgdadv

N ol r eady meptpinRstby Epubing sovaliags Ve SheArasTer Gy Medos sl vitags

trigger p-i§hagoablet Batadissowrd2aniondenter the cir@uii toadtarupcieliably! trs valtagd-V
doubler must be so constructed that it supplies a voltage at least equal to Vdd
even at the time of initialization. For this purpose, voltage doubler 31 may, for
example, be triggered by signal rud already described, so that at the time of
initialization, it supplies a voltage Vdd, and doubled voltage HV only after

20 signal rud has changed its state when the quartz oscillator and the power

source are both working.

The logic state "62" is indicated by an AND gate 306 when
signals B2, B3, B4, and B5 are all at binary 1 (decimal 62 corresponds to
binary 111110). Gate 306 multiplies signals B2 to B5 and supplies a signal

25 B62 having the logic state 1 only when the count reaches levels 30 or 31. A
second AND gate multiplies B62 by B1 in such a way that the logic state "63" is
indicated by means of a signal B63. Signals B62 and B63 directly control
transistors 905 and 906, respectively.

As already mentioned, circuit 30 supplies an LV signal intended
30 to trigger p-channel transistor 920 in energy-dissipation circuit 9. The LV
signal is generated by a level shifter 300. As already mentioned, in order for



signal is generated by a | evel shifter 300. As already nentioned, in order
for ) 19 transi stor
920 to be properly conducting, the voltage of the LV signal in the

active state nust be at |east one threshol g value |ower than Vss. For this
pur pose, the output of level shifter 300 is”connected to a capacitor 3005.
A transi stor 3006, functioning as a diode, is connected between the

ot her side of 5 capacitor 3005 and the point/rud. Transistor 3006 has a
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reached at |east level 16, signal /b is 1, so t hat energy-di ssi pation
circuit 9 can brake only from/level 16 of the count according to

the graph ¥n Figure 1 OA the,syatemds injtializads mj\aﬁfgﬁgi? ahbinarpenecse cui t
O o SoRNCcorshavTE oy o aresor 0tedhanie Tt
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Q6 is zero, i.e., if counter 6 has not reached at least level 16, signal /b is 1, so
that energy-dissipation circuit 9 can brake only from level 16 of the counter on,
according to the graph in Figure 10A. The formation of pulsing signal p by
20 circuit 308 has already been explained with reference to Figure 5a.
Consequently, pulsing signal p always has a value of 1 except once per 1kHz
cycle during a 16kHz half cycle. This serves the purpose of recharging the
capacitor which produced the LV. Here braking is interrupted by pulsing signal
p once per millisecond (pulsed braking). However, solutions are also
25 conceivable using LV1 and LV2, hence two p-channel transistors, so that
braking need not be interrupted.

In order for the system to be stable, the charging of capacitors
C1, C2, and C3 must be separate from the braking, i.e., the moment of braking
must not be dependent upon charging. In the circuit shown in Figure 10,
30 braking takes place during the entire period. The voltage drop is consequently
relatively small; moreover, this voltage drop exists only when hard braking
takes place. This is tantamount to a high driving moment and thus to greater



rust not be dependent upon charging. In the circuit shown in Figure 10, 30
braki ng takes place during the entire period. The voltage drop is
consequent |y relatively small; noreover, this voltage drop exists only
when hard braking t akes place. This iszd antanount to a high driving
nonent and thus to greater

20 certainty that after an inpact, the generator can be rapidly

accel erated again and the systemagain supplied with power. It would
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the m crogenerator (1), 10 ener gy-*di $si pat fon’ cont r ol
neans (5, 6, 7, 8, 30, 31) for controlé1i ng the energy dissipation of
t he energy-dissipation circuit (9) as a function of the reference

signal and of the signal between said inputs (G, Gt),

a rectifier and voltage-multiplicating circuit (2) for rectifying and
mul tiplying the signal between said first and second inputs, the rectifier
and 15 voltage-nmultiplicating circuit conprising at | east one capacitor

(d; Cc2; C3) whi ch can be charged by said m crogenerator via at | east
one switch (17, 18, 19), and CLAIMS at | east one control
circuit (20; 21) of said switch or switches (17, 18, 19), 20
characterized in that said control circuit (20; 21) conprises at | east
one storage neans (201; 211) Leh in a first ] 0 d 1 tc
stores at | east one control éﬁ%r‘\% rqnécSléélﬂgﬁrirgggl?ﬁné\ngﬁ%séé\?‘?gﬁ'écgg}(ﬁmci&i,OPTS,
19), and microgeneratere(doeomprisingssai d switches (17, 18, 19) are
triggered by neans of said control signal (ser/par).

22 2. An electronic circuit according to the
precedi ng &l ai m chardslpput>tiandasesand ity o) whichGanbg 20, 21)
conpri ses a Cefmscé®to thedmicrogenerdfdr-(1), 3. An

electronic circuit according to claim1, characterized in 5 that braking
I s blocked during every second cycle of the signal fromthe
m crogenerat or. an oscillator (3, 4) supplying a reference signat of a

predetermined frequency,
an energy-dissipation circuit for braking the microgenerator (1),

10 energy-dissipation control means (5, 6, 7, 8, 30, 31) for
controlling the energy dissipation of the energy-dissipation circuit (9) as a
function of the reference signal and of the signal between said inputs (G-, G+),

a rectifier and voltage-multiplicating circuit (2) for rectifying and
multiplying the signal between said first and second inputs, the rectifier and
15 voltage-multiplicating circuit comprising at least one capacitor {(C1; C2; C3)
which can be charged by said microgenerator via at least one switch (17, 18,
19), and

at least one control circuit (20; 21) of said switch or switches
(17, 18, 19),

20 characterized in that said control circuit (20; 21) comprises at
least one storage means (201; 211) which in a first phase with blocked switch
stores at least one control signal to be applied to said switches (17, 18, 19),
and that in a second phase said switches (17, 18, 19) are triggered by means
of said control signal (ser/par).



4. An electronic circuit according to claim1, char a\ﬁﬂlﬂﬂﬁﬂulm mu" Et
said energy-dissipation circuit (9) is connected bet ,
GH intended for connection to the mcrogenerator. 10* ¢ bt * % = 5

An el ectronic circuit according to claim characterized in that said
energy-di ssipation circuit (9) is connect bet ween the inputs I nt ended
for connection to said capacitor (10) charged by the m crogenerator.

6. An electronic circuit according to claiml1, characterized in t hat

sai d energy-di ssi pati on cant pgl i 30, El;@,y@q ter (6),
15 the count of which depgdéﬁfé%a;ﬁ%?ﬁ%é??%pﬁ%@d%&t?ﬁé% nce @?S\%{gﬂ’the

ni cr ogener at ofh@ractesized:indhatsaid captsp! gircuitf20, 2%190%8?'&?5 aiconnaaton k209: t he
ener gy- di ssi pgqq')pn circuit being a function of said count.

7. An electronic circuit according to the preceding claim characteri zed
in that the count of the counter (6) increases with each pulse of 20 an

i ncrementation signal (UP)3.cAmetectforiccirtigt aceprdingdetalaiant f ¢chearaetierizedun s
(G, G+) and k W AUl td; ' ( DOWN)
comng fr 021 sg]%g bﬁ@ﬁﬁg |'§§‘Pfé’lr&k§§,%ﬂﬂ§ e%%r)pée&ﬁae&c?mﬁ% élgﬂgﬁ“%ﬁﬁe‘?ect ronic
circui t accor migrggenenater. pr ecedi ng cl ai m characterized in that it
conpri ses neans (51, rud) for resetting said counter (6) 25 to a

predet erm ned val ue when a voltage is applied tqg the circuit. . .
9. An electronic circuit adt:c&“ ?‘?@rWE‘"&F’W@O"@W&rtQ I fe@arﬁctenzeﬁwat it

conpri ses i ni {hatlshtbénargyrassipaticrl tiradit (J) i$ comedted detivasrabaidRopils (G-, a
speci fic val u&_'_?s tl oagd?s t he cyrr?nEh Su?é)l Led by said stabilized power

SOUr ce inten or connection to the microgenerator. 23 (32) does
not reach a given value, and a signal of the opposite value is

transm tteg as soon as the cup Rl OB albrafglotiail 1] 4RfaRipkasRY co

(32) exceeds said predeterined val ue. ) )
el ectroni c ci thabisaidenrergyrdigsipation eirenit (9) is aenneded between the inputs

intended for connection to said capacitor (10) charged by the microgenerator.

6. An electronic circuit according to claim 1, characterized in
that said energy-dissipation control means (5, 6, 7, 30, 31) have a counter (6),
15 the count of which depends upon the frequency difference between the
microgenerator (1) and the oscillator (3, 4), the energy dissipation of the
energy-dissipation circuit being a function of said count.

7. An electronic circuit according to the preceding claim,
characterized in that the count of the counter (6) increases with each pulse of
20 an incrementation signal (UP) coming from the signal between the two inputs
(G-, G+) and decreases with each pulse of a decrementation signal (DOWN)
coming from said oscillator (3, 4).

8. An electronic circuit according to the preceding claim,
characterized in that it comprises means (51, rud) for resetting said counter (6)
25 to a predetermined value when a voltage is applied to the circuit.

9. An electronic circuit according to claim 1, characterized in
that it comprises initialization means (51) which transmit a signal (POR1) of a
specific value as iong as the current supplied by said stabilized power source



S-that it conprises initialization means which transm“"ﬂ"ﬂ“ﬂlﬂ"lﬂ"[ Ea
a specific value as long as the quartz oscillator nd a

signal of the opposite value is transnmtted as soor a$ the YuattZ
oscillator is working. 2 11. An electronic circuit
according to claim1, characterized in Fhat it conprises initialization
means (51) which transmt the follow ng signals: 10 a
first power-on reset signal (PORl) having a specific value as Iong as

reach a given'v he o rte current
suppl i ed by séna@smlm as sean e cytr@n éupepim)d oy said stakilized paweéseurmened

value, 15 (39 exceeds said PretRteitiné@VBfueon reset signal (POR2) having a
specific val ue as |l ong as the quartz oscillator is not working, and

havi ng the opposite val ue as soon as the quartz oscillator is worKking,
and that the initializatidd. maekectronideircuttcaguording toekaim 1, Th3racterizedirch

e ok S hated EREPHGS s P BBl a R R o

char act er i zed specifih yalussasiiong as the qmrtzmsmﬁqsls(mt)wm'hm and aisipngl ofthes

the current Sk':?@:dc‘?ék R d%%bﬂ Fé\i@ béﬁ%daﬂa‘ﬁeélgﬁ@%ﬁﬁe@ébsﬁé’%
85

(510). QM o claim
6, characteri Zggosnte value i lﬁ ”angﬁ’é“ﬁgggéaﬁuagg{’%a Ib(F)t%‘H()Flll%&ﬁﬁéWd?ﬂmb

ener gy- di SSI pation circuit (9) can assune at | east three specific

val ues. 11. Ard-électBnR) @fdui t%ﬁc@r&h?@@bta:t%cﬁ@?ﬁkétﬂeﬁﬂed’hﬁ' m

1, characterl for r di ssi pat [ on of
sai d energy- d%@‘g gé?'T’B'ﬂses 'nr{@"&@ﬁ%"? s\ﬂgéﬂ‘wgl ?ﬂée %WI%SﬁB [
el ectronic circuit.
15. An elegtronic CII‘CUI I gﬁﬁ at
said oscillator (3, 4) is @rﬁﬁﬁ&@@ngnﬁ'gs& %@QA&P cy Wﬁéé@é@fl@ value EQ
fong as the current supplied by said stabilized power source (32} does not
reach a given value, and having the opposite value as soon as the current
supplied by said stabilized power source (32) exceeds said predetermined
value,

15 a second power-on reset signal (POR2) having a specific value
as long as the quartz oscillator is not working, and having the opposite value as
soon as the quartz oscillator is working,

and that the initialization means further comprises means (528)
which combine the two power-on reset signals (POR1, POR2).

20 12. An electronic circuit according to one of the claims 9 to 11,
characterized in that said initialization means (51) comprise delay means (510).

13. An electronic circuit according to claim 6, characterized in
that the energy dissipation of said energy-dissipation circuit (9) can assume at
least three specific values.

25 14. An electronic circuit according to claim 1, characterized by
means (51) for minimizing the energy dissipation of said energy-dissipation
circuit (9) when a voltage is applied to the electronic circuit.



16. An electronic circuit according to claim1l, chara at
sai d energy di ssi pation control neans (5, 6, 7, 30, 3 ﬂﬂﬂlﬁmumu“m

fol |l ow ng conponents; a hyst eresi s ‘torfpatat8r {7)" which
conpares the signal bet ween said firspgand second inputs (G, Gt), and
an anticoincidence circuit (8) which is connected to the output of sai d

hysteresis conparator (7) and transmts said increnentation signal (UP).
10 17. An electronic circuit according to claim1,

characterized in that 15apag é}é&%éﬁic@rrc@ndcmr@wmim nEbhmbtemedl incui t

2
on or hor o patsel GRollalan @, dh s Sornected f ¢ satpece piiEgSPh o 0o V'

eleptron:c C|rcuEt sald passive el enment or el enents being repl aced by
active elenents (17, ) C d Jelds
capacitor or capaci tors (i% flé‘%%h'gg rH}iigKBétIdﬂ'gtto (\glgngqt R agté}l n

el enent athatsaidesmesgy-dissipation control means (5, 637, 30, ¥1)«comprisecths r cui t

for regula n,%"&@,‘?n o5 oﬁé otation of a mecr t
ntk! _ _ ogenerator (1),
conpri si ngB gs 8 a first input (G+t) and a second input (G)

whi ch can be 20 connected to the m crogenerator (1),

?pega gln Iclyat or (3, 4) supg |h¥fbféie§src©frﬁfa$§l©¢ (S}S) \Uﬁi%htdbinpiares th@sgget bglwelml
, y-di'ssipation circuit for brakin
t he mi cr ogenefaigdirstand second inpufs (G-, G+}./an engr gy- di ssi pation control )

means (5, 6, 7, 8, 30, 31) for 25 controlling the energy dissipation of the
ener gy- di ssi pat 'on cl rcu éoﬂﬁld%ncef&cw& 8§ Whithqs cBHﬁeét@H%%%u&hﬂ'&ﬂ"

and of the signal bet Wee sal
25 said hysteresis comparator (7) and transmits said incrementation signal (UP).

10 17. An electronic circuit according to claim 1, characterized in
that said rectifier and voltage-multiplicating circuit (2) comprises at least one
capacitor (10, 15, 16) which is charged via one or more passive elements when
a voltage is applied to the electronic circuit, said passive element or elements
being replaced by active elements (17, 18, 19) as soon as the voltage charged

15 in the capacitor or capacitors (10, 15, 16) suffices to activate the active element
or elements.

18. An electronic circuit for regulating the speed of rotation of
a microgenerator (1), comprising:

a first input (G+) and a second input (G-) which can be
20 connected to the microgenerator (1),

an oscillator (3, 4) supplying a reference signal of a
predetermined frequency,

an energy-dissipation circuit for braking the microgenerator (1),
energy-dissipation control means (5, 6, 7, 8, 30, 31) for

25 controlling the energy dissipation of the energy-dissipation circuit (9) as a
function of the reference signal and of the signal between said inputs (G-, G+),



sai d energy-dissipation circuit (9) having a network;g ect ed
in ‘ parallel, each el enent conprising a resistor 4 m lﬂmﬂﬂllrﬂ)}m‘erl es

with a switch (900:906), the total resistance of thecenergy-di sgi pation
circuit being control |l abl e by connect iﬂ? in a predeterm ned conbi nation
of switches 5 (900:906), and arectifier and

vol tage-nmultiplicating circuit (2) for rectifying and mul tiplying the

signal between said first and second inputs,

characteri zed.j | e ' ' | Al d
resistors (9185@%&??’%&%%@%@@% @g’%gh%eéﬁ gMda{gsﬁ? %Eéofﬁévtg%t‘ededslﬁ
that sai d enepgialigl.Rraoh-element cemprisingua resistoe (36 toskiH)dn seeas twith a switeh

-ch | fi ' idiopadi k of
el errent s (9'08?%%%ﬁf;ggﬁm%&%%@‘%‘s%%ﬁﬁf@ R RSPAOT AT ° i ¢

el ectronic ci PR ?M@mﬁsﬁ dva pEegdetermingd coshination of switehas 1 ol | i ng
sai d p- channe(9d0:e08), @hldect transistor (920) in order to disable said p- 15
channel field-effect transistor when the electronic circuit is put into
operati on, so that braking of the m crogenerator is bl ocked.

19. An el ectroni c circui & rectifierdand)voltagesmufiipticating girchitu(2h for rectifying and

h teri zedqd, ' ; ' . db f
P ol t age ARG, R ey BRI palE AN e U O ot 1t

transistor is 20 triggered by neans of a voltage which is at |east one
threshold value lower  chhRferi#d in that said switches (900 to 908f%in J¥tied! i roni ¢

circuit accordi to,.cl al characteri in that salid control
ot (oo sutesudotbbie) s hahernebig-offest frandilors;
21. An electronic circuit according to claim 18, characterized 25 in that

braking | sl ocked duri ngh S eRERR SsEB&tion Lrclit furte? Wingrlsdd dt iast

m cr ogenerdt or.
one p-channel field-effect transistor (920) connected to said network of

elements (900:916) connected in parallel, and

that said electronic circuit further includes means (3080, 300) for
controlling said p~-channel field-effect transistor (920) in order to disable said p-
15 channel field-effect transistor when the electronic circuit is put into operation,
so that braking of the microgenerator is blocked.

18. An electronic circuit according to the preceding claim,
characterized in that said n-channel transistors are triggered by means of a
voltage higher than Vdd, and that said p-channel field-effect transistor is
20 triggered by means of a voltage which is at least one threshold value lower
than Vss.

20. An electronic circuit according to claim 18, characterized
in that said control circuit (20, 21) comprises a comparator (200, 210).

21. An electronic circuit according to claim 18, characterized
25 in that braking is blocked during every second cycle of the signal from the
microgenerator.



22. An electronic circuit according to claim18, chara ' ' hat
sai d ehergy-dissipation circuit (9) is connected bet weiﬂmuﬂﬂni“mlulll"]u ,

G+) intended for connection to the mcrogenerator.  * ¢ L ® s *

23. An electronic circuit according to cIa%g118, characterized 5 in that

sai d energy-dissipation circuit (9) is co cted between the inputs

I ntended for connection to said capacitor (10) charged by the

m cr ogener at or. 24. An electronic circuit according

mcrogenerator, - _ _ _
e lfg’eé%?ﬁﬁﬁ‘r?t‘?‘e’?““““f:g%f?‘gg‘héﬁgﬁﬁ‘ﬁ%%@?%é@ 95 a

function of t Kethat §QWQMT¢$§QEM@B§{“A@M§ eated betwsen %iﬁ(imw@r{@‘t he
osci | I ator (3G#intehded ¢BeEanhettion itd#ie Riicrogehdtémer gy- di ssi pation
circuit being a function of said count. 25. An

el ectronic circuit according to the preceding claim characterized in

that the count of the cou8erAr électronicareit aucoirding dd claithsl8, eharactedred

. Cati : L O _ ) v Lnouts 15
(& " SR S b BRI Bl B B BB
com ng from siitended fariconsection taisaid capacitor (10) charged by thepmicrogenrgratar: oni ¢

circuit according to the preceding claim characterized in that it
conprises neans (51, rud) _for rese}ting,said COo

upter (6 oa. .
predet er mi ned val ue when &4vd\t 8lge "P’é'caﬁm“#éﬂ‘@@gﬂgléo %ﬁaI)"EJisﬂ _cha@ytenzed
27. An el ect r pnihat siardcerhergyﬁissiﬁéﬁm;t@wttdméaﬂ&(,s, ehdr 30! B1) inelldlde § cdnﬁhtépat
it conprises i Liallzati.on.means ich.transm t..a s a of a
speciT1c var ulBathe sarita WhiER BE piniion i 9 £5aRERE Mol PotwasnoRe
SO:JI‘ ce 10( 3gpnerater ({1()1andetbe losaillgtord8, 4pithe energy @islsipgtdierlg obthe gmer?pgpisi t ed
value is : ?%@ : upplied by said stabilize
power source 9@%{" %’%&'Z‘Z’ S gifgﬁ%tﬁgg%%gr’%ﬁﬁgﬁéval ue.
28. An electronic circuit according to claim 18, characterized i n that

et TPe Sorug s P 25, RSRONnR R K il Bd ot
ific valu u [ ,
SPonal ' of | thecharacissizain shating soust of Bewsainiene) indeseswit rdch piss of
osci |l I at or i sammdrengntation signal (UP) coming from the signal between the two inputs
15 (G-, G+) and decreases with each pulse of a decrementation signal (DOWN)
coming from said oscillator (3, 4).

26. An electronic circuit according to the preceding claim,
characterized in that it comprises means (51, rud) for resetting said counter (6)
to a predetermined value when a voltage is applied to the circuit.

20 27. An electronic circuit according to claim 18, characterized
in that it comprises initialization means (51) which transmit a signal (POR1) of a
specific value as long as the current supplied by said stabilized power source
(32) does not reach a given value, and a signal of the opposite value is
transmitted as soon as the current supplied by said stabilized power source

25 (32) exceeds said predetermined value.

28. An electronic circuit according to claim 18, characterized
in that it comprises initialization means which transmit a signal (POR2) of a
specific value as long as the quartz oscillator is not working, and a signal of the
opposite value is transmitted as soon as the quartz oscillator is working.



27 i 29. An electronic circuit i m 18,
charaéteri zed in that it conprises initializati Hmﬂﬂﬂﬂmﬂgﬂﬂ Ium
transmt the foll ow ng si gnal s: * a'first *poler-on
reset signal (POR1) having a specific val as 5 long as the current
supplied by said stabilized power source 2) does not reach a given
val ue, and having the opposite value as soon as the current supplied by
said stabilized power source (32) exceeds said predeterm ned val ue,

a second power - on reset s I’l
Phe o et et ot s %ot An éIE .cfe:?rgu %cao td bigini aBuehdiclsridedng as

soon as the qunathatnt@gmpnsggérmtlagzqi;,mmﬁgns( vu%ch transmO t tﬁéffceallvainﬁet ﬁ:t t he
initializati oggpBmns further conprises nmeans (528) whi ch conbi ne t he
two power-on reset signals (POR1L, POR2). 30. An

el ectronic circuit according to one of the clains 27 to 15 29,

characterized in that sabdirsihpdwer-onr sesetsigreh (BORY) havinga speClﬁeNaiuen%%ns

(510). troneCl

(22 b acer 082S e cuent ybidBy SR LablsSa e soufss (] st o
enFr gy- di ssi peadohra giveowalug, yndhaviag ﬂms@pposne value @sfRoonhsesgErent ¢

val ues. 20 peed cl
18, characteri z%%ied by s%'d sr%%l;{g&? E?)R’ eﬁhsg%ﬁ?ﬁ?%@héealgner gf/{eglggfldpat ?l)rrP
of said ener gyaléI'ESS| pation circuit (9) when a voltage is applied to

t he elject r?nl cI ci I‘Clilst ] 33. An electronic circuit
accordin o claim t d

O g 0 o L, e chihon resst BighlPlpGRYS nGihb'd Ghetind Jaid) !
el ectroni cioci &sldng as tioe quadz pecillatoir is 06t wortking, @ner haniag the oppesitenvalue asd
ener gy- di ssi ﬁ%éhrg%?gﬂgtqhghz%@ﬁ'@t&ﬁs vfé:rktﬁg, 30, 31) conprise the

follow ng co

and that the initialization means further comprises means (528)
which combine the two power-on reset signals (POR1, POR2).

30. An electronic circuit according to one of the claims 27 to
15 29, characterized in that said initialization means (51) comprise delay means
(510).

31. An electronic circuit according to claim 24, characterized
in that the energy dissipation of said energy-dissipation circuit (9) can assume
at least three specific values.

20 32. An electronic circuit according to claim 18, characterized
by means (51) for minimizing the energy dissipation of said energy-dissipation
circuit (9) when a voltage is applied to the electronic circuit.

33. An electronic circuit according to claim 18, characterized
in that said oscillator (3, 4) is connected to a frequency divider (50).

25 34. An electronic circuit according to claim 18, characterized
in that said energy-dissipation control means (5, 6, 7, 30, 31) comprise the
following components;



g?gnal bet ween sai d f?r Qtysgﬁéezéioﬁgn})ﬁ[ﬁgr(g)l Imnmllulﬂ"]ﬂmﬂﬂlf e

an anticoincidence circuit (8) which is connected to *thé oltplt dbf * sai d
hysteresis conparator (7) and transmts sagd i ncrenentation signal (UP).

5 _ 35. An electronic ci r?ﬁi t according to claim18,
characterized In that said rectifier and voltage-nmultiplicating circuit
(2) conprises at |east one capacitor (10, 15, 16) which is charged via

one or nore passive el GWE’P,;% TRl é:Pmr%a‘?‘?t‘éPk?)e\Pﬁich%oﬁ‘%rEE%é Si Q?b?tween

el ectronic circuit, said Sive bei ng repl aced
active el emensaeld(lst anmseqmﬂ inputsd&ir. @4)tard vol t age charged 10 in the
capacitor or capacitors (10, 15, 16) suffices to activate the active

el enent or el enment An el

for regulating the speedaB\anF'G‘t"Qﬂd@Hc%P’rcu't (B)awmcéﬂﬁgﬁﬁ@‘gé?gggkﬁ%%h# &u

a first inputsdi§hystiresia conmpardtor (PLiand fahsmits shidimerdrreritationsigre! ¢€dP).o the
m crogenerator (1), arectifier and

vol tage-nultiplicating circuit (2) for rectifying and mul tiplying the
si gnal betgeen said first3andn electronic circuit accorsdingteiclaim d8s chanasterized f i er

e o3 s TR e A gt )

el ectroni c cicapaaitor §HY 1P, d&)rtﬂi\* herggd vis oY AL MOre PRSIV eemﬁePSrw
::Mg;;h of a 2@ voltage is applled toatﬁeféflétttl’drﬁé elrcliiB.safd passivé elergent oredlements

ned fre C
ener gy- di ssi paelnsrfeelape qy q(ﬁwetﬁiar% éﬁﬁeﬂﬁ] 19he RRPRAS NS yylta%charged
ener gy- di ggi pmtthercapanttmodar capatitof$(105.157 16Bsuffides & activate tmactive elegante
epeggg f hssil Pﬂatlon of the energy-dissipation circuit (9) as a function
0 refere

36. An electronic circuit for regulating the speed of rotation of
a microgenerator, comprising:

a first input (G+) and a second input (G-) which can be
15 connected to the microgenerator (1),

a rectifier and voltage-multiplicating circuit (2) for rectifying and
multiplying the signal between said first and

second inputs, the rectifier and voltage-multiplicating circuit
comprising at least one switch (17) connected between said first input (G-) and
20 a reference point in this electronic circuit, and a comparator (20} for controlling
the first switch,

an oscillator (3, 4) supplying a reference signal of a
predetermined frequency,

an energy-dissipation circuit for braking the microgenerator (1),
25 energy-dissipation control means (5, 6, 7, 8, 30, 31) for controlling the energy
dissipation of the energy-dissipation circuit (9) as a function of the reference
signal and of the signal between said inputs (G-, G+), and
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particul ar said conparator (20) in the rectifier an

vol tage-transformer circuit (2), 29 characterized in that
said stabilized power source (32) conprises an initialization
transistor (320) permtting current to be fed into or 5 wthdrawn from
sai d power source. 37. An electronic circuit

?Ccor_di tng t?Sggai m 36, Claaéttagﬂigéd p@@gr fspuﬁdté (B«b-?wth‘?@gféeﬂgiilg bahidﬁ]ﬁsaidl t

ransi st or I S .copnec 0. sai ir i npu and. e vol tage

ref erence poi ﬁ?')npﬁra}%% 'Wﬁ}e f%i?'eﬁapgé’ﬂﬁagg't&@ﬁfﬂ(m@zd CERUR & ved by

sai d power source as long as said first input (G) exhibits a potenti al

difference 10 relative t | ¢k i . 38.

An electronic circuit ac%gé'%%@gﬁbﬁggﬁ%"@@,s%%eadc?%\y?rz Qtiree (3?)n_ that said

ref erence poi pompgises andniializatiomisansister (32Q)ipermitting curnentitasbe fed inta 20)

is an n-chgnn@ﬁthgj}ﬁrgfrgmgﬁgw%gpﬁ, the gate of which is grounded, and
nnect e

t he source o Ich1s ¢ to said first input (G). 15
39. An electronic circuit according to the preceding claim

?286 acteri g(lag in that sai @7cqui slettrohicaiiclit(@@ordiAg te oIhi3ee Sharansmasdit or

: e e . | ect ' | E.CUi. t di
o cl ai m 36, HteLeRiEnialation fransintar (B7alR spriecisidbeat fitst i RIGE] gnd
ot her cyf:l e othe valtagegreférenhce poiritén 30chiaowaythat catrent is supplied or received by |
41. A ectr [ ol o ve
hi frers (30150 P Yhod 85 it 29 shit AsEIrPLE e SRR SPbRfftel ditpRdnes
for contr ol i FRjative ¢ gridwelerence peindi- ef f ect transi stors (900-906).
42. An electronic circuit according to claim 36, characterized

38. An electronic circuit according to claim 36, characterized
in that said reference point is the ground, and said initialization transistor (320)
is an n-channel field-effect transistor, the gate of which is grounded, and the
source of which is connected to said first input (G-).

15 39. An electronic circuit according to the preceding claim,
characterized in that said control circuit (20, 21) comprises a comparator (200,
210).

40. An electronic circuit according to claim 36, characterized
in that braking is blocked during every other cycle of the signal from the
20 microgenerator.

41. An electronic circuit according to claim 38, characterized
by level shifters (301 to 305) which increase the voltage of the signals (Q1-Q5)
for controlling said p-channel field-effect transistors (800-906).

42. An electronic circuit according to claim 36, characterized
25 in that said energy-dissipation circuit (9) is connected between said inputs (G-,
G+) intended for connection to the microgenerator.



25 in that said energy-dissipation circuit (9) is said

i nputs (G, G+) intended for connection to thenwmmymwmnﬂm

30 _ 43. An electronic circuit accordingt té ckai m 36,
characterized in that said energy-disgppation circuit (9) is connected
bet ween the inputs I ntended for connection to said capacitor (10)
charged by the m crogenerator. 44, An electronic
circuit according to claim36, characterized 5 in that said

ener gy- di ssi pation contraq 6 i T st 20 . o _ 6)
Ther g ot Pan oh denendi3 AR Biettionié cirduit d€oordig RAuidin? S60eraCterized( ©)

) | nt re ncy difference between the
mi crogener at dn tb@)%iﬁ&“ﬁf@"@@élﬂﬁ“&f‘(ﬁ""("ﬁ? hys,ycqnﬁ@cg%ﬁ?we&f‘s@gﬂa?lﬂffm of the
ener gy- di ssi patdrifeéddof edhhedtonte said bagaditor (00) crarded dyrthe microgenerator.
45. An electronic circuit according to the preceding claim 10
characterized in that the count of the counter (6) increases with each
pul se of an i ncrenent44. An elegmanic cloejit acodnding toostainh 86s chgractasizedeen

t he two i nput. . '
decrenent ati o'ﬁ tg?bﬁé‘&e{%%fbﬁ@@m@ m;gr%},g élsge’g?s’g?q 'I%aqt) gi;avé?ﬁ c%lir_\ter
46. An el ect r(6) thetauntiof whighodepengds uparihejrequancy gliéerenas between tre
characteri Ze%id??%&gérSch {APBREHAE BsEmatey (8.54), the éheroyrdissipation optreai d

counter (6) 1 predet erm ned, val ye en.a voltage is applied to the
circuit. energy-dissipation circuiybeinga @!"@)QQ?GRFE'%‘?‘%’-E\?}it accgfdi ng to claim
36, characterized in that it conprises initialization means (51) which

transmt a signal (PORl) of: a | £.1.C .V . fescétﬂ?q e Lent
supplied by said stabili ze‘%:" p%%}ecir%ﬁf%%ll'%t 5‘%@3‘;“@5@?‘?&8 reéc 8taér"g'l ven
val ue, anctoaI charaeterizedtih ¢hatrthe sount ofthe«ouster (6) increasas with eash psdse ek t he
current suppl bd: St aRiLi ; e S6U
pr edet erm nedé@%c@ém@ﬂiﬁlﬁ éahél (m d&mﬁé f%?ﬁ?\'gg?le%t r_or?ﬁ)gﬁgﬁ\?gg%‘@
according to (GgiGr)38)d decreases withaach pulse af 2 giecrerpentatipn signal ( N)
initializati Ogorﬂﬁ?ﬁom#i@obéiﬂﬁm& £ signal (POR2) of a 25 specific value
as long as the quartz oscillator i's not working, and a signal of the
46. An electronic circuit according to the preceding claim,
15 characterized in that it comprises means (51, rud) for resetting said counter (6)

to a predetermined value when a voltage is applied to the circuit.

47. An electronic circuit according to claim 36, characterized
in that it comprises initialization means (51) which transmit a signal (POR1) of a
specific value as long as the current supplied by said stabilized power source
20 (32) does not reach a given value, and a signal of the opposite value is
transmitted as soon as the current supplied by said stabilized power source
(32) exceeds said predetermined value.

48. An electronic circuit according to claim 36, characterized
in that it comprises initialization means which transmit a signal (POR2) of a
25  specific value as long as the quartz oscillator is not working, and a signal of the
opposite value is transmitted as soon as the quartz oscillator is working.

49. An electronic circuit according to claim 36, characterized
in that it comprises initialization means (51) which transmit the following
signals:



opposite value is transmtted as soon as the quart ' ' r ki ng.
49. An electronic circuit according to clai m 36, C,m{mjmmm%mm"rm' n that
it conprises initialization nmeans (51) which transmt cthe 1ol Oowng

si gnal s: 1 31

a first power-on reset signal (POR1) haviﬁ% a specific value as | ong
as the current supplied by said stabilized power source (32) does not

reach a given value, and having the opposite value as soon as the current

supplied by said stabili éeﬂsgﬁeggégﬁﬁyéga sﬁgq’r?él @gg@c@%ﬁs B%ﬁdg di 5

val ue, } power=on're aving a
speci fi c val ulong as thescyrsent supplind by reid stabilized pawsr soures(32)slaasmpt and
having the opp&gdd & gidin\falé, and haviRg thé BppBsitdivallbasosdor 4G clrfeO! Ki ng,

o ht L1, bk 3SR e S hsed i prtortnd

50. An electreajue,circuit according to one of the clains 47 to 49,
characterized in that said initialization nmeans (51) conprise del ay neans
(510). 51. An electronic circuit according to claim

44, characterized 15 in @hsacondepawarrayrasiet signal (R@R2) hawing a specific value
ener gy- di ssi pagijghg 85 'iﬁé’hha&?bggiﬁatgﬁ% hgfé\{v?rkin@tadoeﬁaﬁﬁné m&s;r)ﬁ@ﬁfé VaiGe as

val ues. I \ ctronic circuit-according to claim
36, char act er $9@Q as the gliapz a8sillaton)is WarkiRgni i zi ng t he energy di ssi pation
of said energy-dissipation circuit (9) when a voltage is applied to the

electronic circuit. 20 . e e 53, An.electronic circuit
according to claim 36, Cﬁgﬁé@ﬁ%ﬁhﬁig@lallzathmmpﬁgff i%‘mr,qeargga%%@%ﬁ) S
connect ed wo whichecprabinge thetwderoweran reset signals (POR1, POR2).

50. An electronic circuit according to one of the claims 47 to
49, characterized in that said initialization means (51) comprise delay means
(510).

51. An electronic circuit according to claim 44, characterized
15 in that the energy dissipation of said energy-dissipation circuit (9) can assume
at least three specific values.

52. An electronic circuit according to claim 36, characterized
by means {61} for minimizing the energy dissipation of said energy-dissipation
circuit (2) when a voltage is applied to the electronic circuit.

20 53. An electronic circuit according to claim 36, characterized
in that said oscillator (3, 4) is connected to a frequency divider (50).

54. An electronic circuit according to claim 36, characterized
in that said energy-dissipation control means (5, 6, 7, 30, 31) comprise the
following components;

25 a hysteresis comparator (7) which compares the signal between
said first and second inputs (G-, G+), and



54. An electronic circuit according to claim 36, I n that
sai d ener gy-di ssi pation control neans (5, 6, 7, #lmmﬂﬂn mﬂmllt he

foll owi ng conponents; 25 a hysteresrs eonmparatdr (7) which
conpares the signal between said firstqsnd second inputs (G, Gt+), and
32 an anticoincidencé circuit (8) which is connected
to the output of said hysteresis conparator (7) and transmts said

i ncrementation signal (UP). 55. An electronic circuit

according to claim 36, ChafAfice) &@éhce circuft ( Bg%léﬁb%ﬁ%{efd't%rthé%t utof

vol tage-nul tipljcati n%§0| rcul t q) r| ses one capaclt
(10, 15, 16) wRIJWSteresiscyRRaratel (Sna rtr%nutsmme@eet?éwnsﬂmr{ a

voltage is applied to the electronic circuit, said passive el enment or

oL ETE S g " " 2088, B ARk okl (G glaimse, f%fracﬁ?m%ideéhfo
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10 56. A watch movement containing an electronic circuit for
regulating the speed of rotation of a microgenerator (1),

comprising:

a first input (G+) and a second input (G-) which can be
connected to the microgenerator (1),

15 an oscillator (3, 4) supplying a reference signal of a
predetermined frequency,

an energy-dissipation circuit for braking the microgenerator (1),

energy-dissipation control means (5, 6, 7, 8, 30, 31) for
controlling the energy dissipation of the energy-dissipation circuit (8) as a
20 function of the reference signal and of the signal between said inputs (G-, G+),

a rectifier and voltage-multiplicating circuit (2) for rectifying and
multiplying the signal between said first and

second inputs, the rectifier and voltage-transformer circuit
comprising at least one capacitor (C1; C2; C3) which can be charged by said
25 microgenerator via at least one switch (17, 18, 19), and



controlling the energy dissipation of the ener gy-g mmnmmmﬁlt (9) as
a 20- function of the reference signal and of the n idinputs

(G, GH), a rectifier and vol tag®e- nul t pl®i cating
circuit (2) for rectifying and mul ti plaai Ng t he signal between said
first and second inputs, the rectifier and

vol tage-transformer circuit conprising at |east one capacitor (O ; C2;
C3) which can be charged by said 25 m crogenerator via at |east one switch
(17, 18,19), and ' ircuit (20; id switch or switcRés

at | east one control ci rghlleta s‘t%e c%?'}rdocflrcggi(go’s%\;l])t%fhsacl)? S\g\lf:tnp?ghes (17,
18, 19), (17, 18, 19), said control circuit (20; 21) conprising at

| east one storage means (201; 211) which in a first phase with bl ocked

switch stores at |east one 5 control .sjgn t . i t i i t ches
(17,18, 19), and in a seéﬁ'ﬂcpon?“’&)ﬁﬁg‘g?@?Q\ﬁgfr@ﬁ'gw%ﬂ?‘?gﬁ@égi)&%@&ng
triggered by means (201;5241) veioh iroa first phiageavith blocked syitch stores at least one

5 control signal to be applied to said switches (17, 18, 19), and in a second

phase said switches (17, 18, 19) being triggered by means of said control
signal (ser/fpar).



