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SOURCE | N PARTI CULAR FOR A TI MEPI ECE iThe present inventi ofP0f&] muy
to an electric voltage booster for a power dource operating by photovoltaic
conver si on. More precisely, the invention concerns a voltage booster
~operating on the principle of periodic chopping of the current which a

phot ovol tai ¢ power source supplies to itstload. This type of voltage
booster . coupled to a photovoltaic power source or cell is particularly
suitabl e for assuring the eIectrlcaI energy supply of Iom1energy consun1ng
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sufficient to assure the power supply of the apparatus.
seen that there T a2BABSLBE Che. electrical energy supply ot low® energy

consuming devices such as timepieces, in particular a

watch or an alarm clock, a pocket calculator, a miniature
radio set, an infrared or radio remote control, a cordless
telephone, a GPS receiver, etc. These low power consuming
apparatus have an autonomous electrical power supply and
include an electric accumulator as the cell load which is
kept charged from the photovoltaic power source. The list
of possible applications of the invention which has just
been given is evidently in no way limiting.

The photovoltaic power sources or cells currently
used to assure the power supply of these low power

' consuming devices, typically supply a voltage of

approximately 0.3 to 0.6 V per element, whether they are
of the semi-~conductor or photochemical type. Moreover, the
electronic circuits require a supply voltage which cannot
be less than 1 V, so that several of these cells are
usually connected in series to assure the supply thereof.

For aesthetic reasons, and reasons of space
requirement, price etc., (criteria which are particularly
crucial in the horological technology), design solutions
are currently sought wherein a single photovoltaic cell is
sufficient to assure the power supply oﬁ the apparatus.

It is thus seen that there is a theoretical
incompatibility between the low voltage supplied by a



i nconpatibility between the | ow voltage supplied by a

2 " single photovoltaic cell and the electric voltage requirenments of the
current integrated circuits necessary for operating the apparatus of the

_ above nentioned type. A solution allowi2ng this inconmpatibility to be

. overcone, has already been proposed in German Patent Application No. DOS 29
. 00 622 which discloses a voltage chopper-anplifier capabl e of converting

- the voltage supplied by the cell into a voltage which |s applied to a | oad,
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. the surroundi ngpddgar nation. A simlar circuit is known from an
carticle in the publlcatl n, El ektroni k, 2087, 39 (1990 27 ril hg. 9,
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' grounded via a sw1tch1ng tran51stor so that the inductor

coil can alternatively store and release magnetic energy
to supply power to its load.

In order to increase the conversion output, the
aforecited Patent Document proposes to regulate the
chopping rate, or in other words the successive conduction
and blocking durations of the switching transistor or the
duty cycle of the control signal of such transistor. This
regulation is achieved by a monostable flip-flop whose
time constant is varied as a function of the quantity of
light which hits the cell. This circuit may also be
considered for the solar cell as a load varylng as a
function of the surroundlng illumination.

A similar circuit is known from an article in the
publication Elektronik, 2087, 39 (1990), 27 April, No. 9,
Munich, DE. In this case, the transistor’'s switching point
may be adjusted by a manually controlled potentiometer,
which, according to the recommendations of the author of
the article, must be adjusted to a nominal wvalue for
maximum illumination (full sunlight). '

However, tests made by the Applicant of the present.
Patent Application on photovoltaic cells of this type show
that, for a given illumination hitting the cell, there
exists an optimum output poﬁer value which is obtained for
a relatively well determined value of the voltage across



However,'tests made by the Applicant of the present Patent Application on

photovoltaic cells of this type show that, for a given illumnation hitting
‘the cell, there exists an optinmum out put power val ue which is obtained for

a rel atlvely wel | determ ned val ue of the valtage .across

-3 the termnals of the cell. Figure 1 of the annexed draw ngs shows a

diagramin which the voltage Uin volts across the cell has been broUght “in

absci ses, as a function on the one hand of the qutput power P.in J[err]W
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features and ad nvent i dn
: towards the right of the diagram as the illumination

increases within a relatively limited range. It has been
noted that other types of solar cells have a similar
diagram, bearing in mind that the most favourable nominal
voltage value for a given output power, may vary from one
type of cell to another. R

An object of the invention is to provide a voltage
booster of the type indicated hereinbefore, wherein
advantage is taken of these findings so that the booster
may always supply, with very good approximation, the
maximum power to 1its load virtually whatever the
illumination to which the solar cell is exposed. _

The invention thus concerns a booster for a low
Voltage supplied by a photovoltaic cell according to claim
1.

Other features and advantages of the invention will
appear during the description which follows, given solely
by way of example and made with reference to the annexed
drawings, in which:

- Figure 1 already described is a diagram
illustrating the behaviour of a photovoltaic cell able to
be used with a voltage booster according to the invention;

_ - Figure 2 is a simplified diagram of a voltage
booster according to the invention;



appear during the description which follows, given solely by way of exanple
~and made with reference to the annexed draw ngs, in which: - Figure 1

- al ready described is a diagramillustrating the behaviour of a photovoltaic
‘cell able to be used with a voltage booster gaccording to the invention;

- Figure 2 is a sinplified diagramof a voltage booster according to the

I nventi on; 4 - Figure 3 shows an
enbodi ment exanple of the duty cycle variation _block used in the voltage
booster of Figure 2; -andFigure. 3Fshowe anspoRediBeBEaPXaBReeoPRs thepeUtng
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and a positive tsddted BccdPdingUEdOEheOihvéntidnd Wedlhdre f Wby enaprbe a
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pol e of an accurfiif A6 Mh8s&HBGEEFSe pole is connected to ground

term nal 2. Accuriitt atocl@desy depbbtanplitpie ceelbntdry swdakaldesl bnlt he
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across a ground terminal 2 and a positive terminal 3. An
inductor coil 4 and a diode 5, for example a Schottky
diode, are connected in series between terminal 3 and the
positive pole of an accumulator 6 whose negative pole is
connected to ground terminal 2.

Accumulator 6 may be of any type currently available
on the market, such as chemical accumulators, preferably
lithium ion accumulators, and electrochemical capacities,
in particular those which are usually designated by the
term * supercapacitors ” or “ supercaps ”.

It is to be noted, however, that the inventionlmay be
used for other applications in which the load is formed by
one or more other components requiring power supply by
cell 1. . '

The source-drain path of a switching transistor 7 is
connected between node 7 formed by inductor coil 4 and
diode 5, on the one hand, and ground 2 on the other hand.

A reference voltage block 9 is connected between the
positive pole (terminal 10) of accumulator 6 and ground 2.
This reference voltage block supplies a voltage V.. which
is adjusted to optimum voltage value V.. (Figure 1) to
which the output voltage of the cell at terminal 3 is ﬁo
be adjusted. In the example described, wherein cell 1 is
pfeferably a TiO; type electrochemical cell, this voltage



cell 1. ° The source-drain path of a swtching transistor 7 is connected
bet ween node 7 formed by inductor coil 4 and diode 5, on the one hand, and
ground 2 on the other hand. A reference voltage block 9 is connect ed
bet ween the positive pole (termnal 10) of &cumil ator 6 and ground 2. This
ref erence voltage bl ock supplies a voltage V[err] which is adjusted to

opti mum vol tage value V[err] (Figure 1) to which the output voltage of the

cell at terminal 3 is to be adjusted. In the_exanpl e _described, wherein
cell 1 is preferkbl dausted ©ppd €1 bt raghehluarresrs, hyhihe ofiiaggam of
5 I s adj ust edriguih 1.V, as il lustrated by the diagram of Fi gure 1.

Zppl 1 cation o a ti N Gl SROCCBtEreHE Rt € aFhdchgydntion is
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Vol
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terminal 3 and tecniected pte @ffnmeimdmd%lweg lafﬁ’ceqummn 1gm
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transi stor 7 foraQ?li%e‘BuFBoéec ntr@orﬁ’r’c’ﬁ Fghal °§er?ers<ft‘?%l r BAFPT 17 4of
transi stor 7 inodrmkmngihama@ isg bl ock 19 forned of two AND gates 20 and 21

and an inverter N BEECT 98! Y arkiCyutRYe OF, SOBRE ndfrbd in a

connected to one 20a i nptits
comparator 16 whose inputs are respectively connected to

terminal 3 and to the output of reference voltage block 9.
The output of this comparator 16 is connected to a circuit
17 which generates the control signal of transistoxr 7, its
output 18 being connected to the gate of transistor 7 for
this purpose. . @

Control signal generating circuit 17 of transistor 7
includes a sampling block 19 formed of two AND gates 20
and 21 and an inverter 22. More precisely, the output of
comparator 16 is connected to one 20a of the inputs of AND
gate 20, and via inverter 22, to one 2la of the inputs of
AND gate 21. The other inputs 20b and 21b of these gates
20 and 21 are both connected to output 12a of fregquency
divider 12 whose signal they receive at 1 Hz. In this way,
the output of comparator 16 is sampled at a rhythm of one
comparison signal per second, this value evidently being
selected by way of example only.

Outputs 20c and 21lc of AND gates 20 and 21 are
respectively connected to the up 23a and down 23b counting
inputs of an up/down counter 23. This latter component
includes three outputs Q,, Q; and Q, indicating its content
by a binary number which can go from 0 to 7. However, in
the example, only the first six wvalues are'used, i.e.
position * 7 * is blocked.



gate, 20, and via inverter 22, to one 2la of the inputs of AND gate 21. The
ot her inputs 20b and 21b of these gates 20 and 21 are both connected to

out put 12a of frequency divider 12 whose signal they receive at 1 Hz. In

this way, the output of conparator 16 is sagpled at a rhythm of one

conparison signal per second, this value evidently being selected by way of

‘exanpl e only. Qut puts 20c and 21c of AND gates 20 and 21 are

irespectively connected to the up 23a and down 23b counting inputs of an
‘up/ down counter 23. Gémeraterecironpbndfit aled uikeludeseaogopiinagoarial
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from0O to 7. However, |a t he exangle oq&y th first Slé val ues are ed,
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respectively pujses at proxi mately 8, k an Hz.

24 al so has an %HFqu %ﬁt%&ﬁ%%|§9%bﬁr§& %#ﬁ&a?a?[éﬁj°q§ﬁu?h 4gat3F of
transi stor 7 appkachk. a conthiwl dsagnain &t €fombithet atad dHgkbraBédisppearks in
Figure 3. It isaésggﬁéhat, in the enbodi nent exanple shown, it includes
three OR gates ; and 27, whose outputs are applied to the respective

i nputs of an AND gatBhegdipgxraputpfit combimadadritaler LogicoRddecarBeasst i@ set

input S of a biﬁ&@ﬁ_&:@ f1iprtl o 29.64 tthat, RYSFEhe (dnsfdim@ht S@kample
flip-flop) type. This flip flop, has a reset in

from out put 12bSBPY"Pr edderndF Qﬁ%kﬁhﬁﬁgiQRaﬁﬁlg%dsiﬁ;%glﬁggtgsffl o y

here of 8 kHz. outputs are applied to the respective inputs of an AND
gate 28. The output of this latter is connected to the set
input S of a bistable flip flop 29 of the “ RNSFF ”
(reset-not-set flip-flop) type. This flip flop has a reset
input R to which the signal from output 12b of frequency
divider 12 is applied, which has a frequency,here of 8
kHz. '

One of the inputs of each of OR gates 25, 26 and 27
is respectively connected to one of inputs 24a, 24Db, 24c¢
of combinatorial logic 24 and thus receives signals called
respectively 1i,4., 124y and i,,;. together representing a
value able to vary between 0 and 6 and called i. This
value i is materialised in up/down counter 23.

The other iﬁputs of OR gates 25, 26 and 27 are
respectively connected to inputs 24d, 24e and 24f of this
latter and thus receive respective signals having a
frequency of 32, ‘16 and 8 kHz which are designated E32k,
El6k and E8k.

Consequently, by designating the AND gate output 28
EQ, the following logic eguation may be made :

EQ = (E8k +.i3.) * (E16k + ijg) * (E32k + ijg,)

Flip flop 29 transforms output EQ of AND gate 28 to
generate control signal F. for the gate of transistor 7, it



One of the inputs of each of OR gates 25, 26 and 27 is respectively
connected to one of inputs 24a, 24b, 24c of conbinatorial |ogic 24 and thus

receives signals called respectively i[err], i[err] and i[err] together
representing a value able to vary between 0 and 6 and called i. This val ue
I is materialised in up/down counter 23. .7 The other inputs of OR gates

25, 26 and 27 are respectively connected to inputs 24d, 24e and 24f of this
| atter and thus receive respective signals having a frequency of 32, 16 and
8 kHz which are designated E32k, E16k and_ E8k. Consequent]y, b

desi gnating the kﬁ\ﬁ‘%af‘?g&ﬁtg BPdZé"]q?é, PREPHD FE)\APﬁﬁsfeﬁgi%g equat i oﬂxnﬁbebe
made: EQ i 4ixik eddd asff |the filghaldl -app[ldied] to* oQEBk $ bffethg) flip
Flip flop 29 tr r 0 ut EQ,of a . aLe qa rgk oahgnal
Flerr] for the ggf%gogﬁ rzlgrf;s)i stgr 7,°ﬁ|6\'|[\‘91g E?a?i?[ﬂ:% ey b QLgﬁE&

7 bei ng under2ZRRIded K@t 1oPBBUR-F[err] passes to " 1 " on the rising edge

of the signal appliedHed wakdilis Sv@etbemé! LAvHLORAAAG (the Speraiohhes

trailing edge of the signal _applied.to inpyt R , . _The yarious wavef ornms
i nvol ved in the H{%"gﬂ"-&ﬂ- gg%?n%é‘ o?"f%lsli}%ﬁ’i ¢ EigrESsiown in Figure 4.
The result is that t!Ehaduepudycie thatorhe clutyl gyslleFpér cpnbfol reimmask & 7,
and consequent | y? fetdies CLESEM, ‘;Eéﬂc‘i“ &gné&‘é%éﬁjéll ogf @h&rgg}}gggsﬁhﬁ%iﬁsl »
varies in the folTow ng nanner. Every sSecofd, upydovvn counter, IS .
i ncrement ed by JFWRREE ¥oaders | fyoy ckhe, sRHe@ent @n¥es/ dpy | tke
Mlerr]. This varfcli®mihg waencent efredy kBeoaAYNtES/d&adlscbantlke sPd egki on
of a duty cycle givel, 85c8a Hpebhnullc! BE GO AALL Oafd hOOkEnShOLE! e N
whi ch conbi natorTa
Vge < Vies- This variation in the content of the counter
leads to the selection of a duty cycle given as a function
of the combination of logic signals in which combinatorial
logic 24 intervenes.

The following table may thus be drawn up for the duty

cycle :

IABLE _ -9
Counter All Nothing All Nothing
Content Interval Interval Interval Interval

23 (us) (us) % %

i=6 . 106.2 15.3 87.5 12.5
i=5 91.6 30.5 75.0 25.0
i=4 76.3 45.8 62.5 37.5
i=3 61.0 61.0 50 50
i=2 45.8 76.3 37.5 62.5
i=1 30.5 91.6 25.0 75ﬂ0
i=0 15.3 106.8 12.5 87.5

The system will stabilise itself when voltage Vsc is
close to voltage Vref, i.e. every second it will txry to
establish the most favourable duty cycle for the voltage
conversion to be made in the best possible output
conditions.

It is to be noted that the invention provides a
voltage booster whose operation is entirely digital. Its



| ogic 24 intervenes. | The followi ng table may thus be drawn up for the

duty cycle TABLE Count er Al Not hi ng Al Not hi ng
Cont ent I nt erval Interval Interval I nt erval 23 (us)
(us) % % i.=6 106.,2 15.3 87.5

12.5 i =5 91. 6 30. 5 780 25.0 i =

. 76. 3 45. 8 62.5 37.5 i =3 61.0 61.0
50 50 i =2 45. 8 76. 3 37.5 62.5 i=1
30. 5 91. 6 yse is 2otk particilddly adviaritageous ih digitall@frluits

12. 5 87.5 The system wi | |, stabilise i.tseli whe age Vsc is
close to vol t agth &S those éf?&? B PR LEHY i‘a"rﬁ’ﬁnt %ye%tcg’%%ﬂé%' t he nost
favourabl e duty cyclEhd areddimtiaint afe thendatyl cycle b@anGelmrﬁﬁé_eﬁebw
possi bl e OUtmﬂaégﬂ%%téﬁafti nal EEa?ésF@ob%HEKﬁ5Vdéﬁﬁ d&@nt &Y ENLh@Nby
provi des a vol tage booster wﬁose opefation is entirely digital. Its
8 use is th@cg@mmg;mr@r cpmRinareaiRbuCI¥¢ digital circuits such as
those found in tinmepiecesidrayss Bg aoked tthat thdhdiffsobmtibhookst 9e
duty cycle may be ipcreased, by din di.tional stag t A
counter, and byljaﬁaﬁi ngit h%ECO iﬁﬁgoi?al(sﬁgg?%gurg §§I %g\?vi Fﬁpéﬁ'é%abm%y
noted that the acddmristtobléocks 9, 11, 12, 13, 14, 16 and 17 (see Figure 2)
are supplied by It is to be noted that implementation of the various
functions described hereinbefore may be achieved via other
digital circuits, in particular as regards " the
combinatorial logic, other frequency values and other
values of reference voltage Vies, this latter having to be

best selected for each type of solar cell used.



accumnul ator 6. It is to be noted that inplenentation of the various
functions described herei nbefore may be achi eved via other digital

icircuits, Lﬂ“mmmwummﬂ regards the conbinatorial |ogic, other frequency
ival ues andlilg reference voltage V[err], this latter having to

be best sel'ecfed fdt &ach type of solar ce%f used.

- 9 - CLAI V5 ' 1. Voltage booster for a | ow voltage supplied
by a photovoltaic cell (1) arranged to be applied to a load (6), said
vol t age boost er ¢ di ng an i nductor coil (4) connected in series with
a bl ocking diode (5) between said cell (1) and said load (6), the node

(8) between said inductor coil - (4) and said 5 diode (5) being connected to
t he conmon node (2) betwesltsgpa dbasdtex 1fornal low saldageaduppPliedaby a

swi tchabl e sem g?QQB%%a% elnt(f)7>ar§%9?a%aaﬂ1% ar%lbloé)ét@& 3l 9%aq

i ncl udi ng regul
control signal (f)er SF)l-dt yodsrgeshPPskas| én§é#ﬁééﬁdéélt (}Fld@G#ﬁ’é‘nmll( 7))

\tNhOS_e dlut y( , BEMﬁhéctédda% L@éﬂﬁ@ wiGH laabltghﬁmtgl a:ll'z‘8§e (M prsddwe @sid he
ermnal s , ce ups n
pr edet er ni ned v%??; Kﬁ%ﬁ?]faéﬂbéé%% %§ thd F#%sﬁgnd ﬁgWFSntﬁéld

vol t age naxi rrummduaeomf caivol (ddgerpgbvesxid AildB;le (5) chaingt epnsem';edumce of
said cell (1), the EE%%% ?f&d?aldsd)” ﬁé’c%ﬁee%?"é’a{&géﬁ'éﬂ' 09) ”Eﬁ?v » g 16,

17) include a at or or conparing t err ) across
the termnals (26>3yl@f %L?Wls"aﬁl'é{ﬂ?:]é |S¢Ibla<=%¢1é¢%%ecvlap?aget(\{If/ér'r]S)aléqum

to said predet e{ranaagevgbbegar alsbvhgeuhhmgegaguaatm&me:h&)s fqarL,Saml i ng
the output st ongk 04 -52iih COUBALALE o purdid M0 Adsl oS! ol Sag

adj ustnent of sard y C cI a%cF et ating said
control signal $ﬁﬁ£mﬂ@bkﬁuﬁﬁﬂmaf¢onéuytpg t k& )vawhe sef éam&‘dayple igycl e

according to m?&?ﬁ%t&ﬂie‘{‘”&é&%eﬁ: rf[ihreb) %r%tgglaeggbgggglg [“;%rrﬁ

said 20 cell s less or greater an sald erence voltage
2. Vol tage boosﬂé? at2or Hf ngt tho aTiaRrengerataceeivsbasd A tdaty <y

pr edet er m ned vbhaagEhéV%eltégelsm@mpaorosntehg fermimdls. (2, 3) of said3.
Vol t age booster accor, to cI chara eri.zed
FEOLE} Ve e by B boc R mh ot ombtd vpteans

predet er m ned voF ? equa sol ar
25 appr oxi mat el Vost véubStantlally conrequm;raxgetq) SaxHanE Vaigie @fany

of claims 1, 2 gr31cebuatheil 2008) chdrhddidtiddid nehiveson, selel ean

vol t age source & g suppl ying said reference voltage (V[err]) equal to
sai d predeterm & voltage (V[err]), said source (9) being :
2. Voltage Dbooster according to claim 1,

characterised in that said predetermined vo'ltage (Vope) is
approximately 0.5 volts.

3. Voltage booster according to «claim 1,
characterised in that said predetermined voltage (V) is
equal to the voltage of two solar cells, approximately 1
volt. '

4. Voltage booster according to any of claims 1, 2
or 3, characterised in that it includes a  reference
voltage source (9) supplving said reference voltage (Viee)
equal to said voltage (Vi) maximum value and in that said
regulating means include a comparator (16) for comparing
said reference voltage (V,;) to the voltage across the
terminals (2, 3) of said cell, and a circuit (17) for
generating said control signal (F.) capable of varying the
value of said duty cycle according to whether said
'r.eference voltage (V.ef) 1s less. or greater than the
_voltage (Vg) across the terminals (2, 3) of said cell (1).
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connected to the termnals of said |load (6) and generating the reference 30
vol tage (V[ err fromthe voltage across the termnals of said | oad.

5. VbltageLﬁgag%E?_EEEBTﬂ“hg“to any of clainms 1 to 4, characterized in

that said rjgmm,tcm cl ude an up/down counter (23) which is
connected t mlmﬂﬂwans (11, 12,1d9) and whose content varies as
a function of* tlfe testiltso he conparison effected by said conparator

(16), 35 neans (11, 12) for generating a pl urallty of pul se signals of
di fferent - 10 - f requenci es

and a combinatorial 5l 0§Péteas cborstied t meherstitnpat d¢fo sacdaimup/down
counter (23) éﬂQrE%t%@:.%e‘henﬁia{:hQH IS é&\%rcéz)(Qqn%faEﬁgl e¥erence

est abl i shi ng 3a&ta (V % e as a functron o L g conte g of salq%gga?g
counter (23).V8litage (Vig) fispgannecte| ti Fca 951“?‘3@ S i i ng
to any of the(6) pheECce@mGae¥ Bhe reference voltage from the voltage
REPLACENMENT SHEET 11 MAY
1999 across the terminals of said load.

6. Voltage booster according to any of claims 4 and
5, characterised in that said regulating means also
include means (11, 12, 19) for sampling the output signal
of said comparator and thus to effect periodic adjustment
of said duty cycle. . .

7. Voltage booster according to claim 6;
characterised in that said regulating means include an
up/down counter (23) which is connected to said sampling
means and whose content varies as a function of the result
of the comparison effected by said comparator'(ls), means
(11, 12) for generating a plurality of pulse signals of
différent frequencies and a combinatorial logic (24)
connected to the output of said up/down counter (23) and
to said generator means (11, 12) and . capable of
establishing said duty cycle as a function of the content
of said up/down counter (23). '

8. Timepiece including a voltage booster according
to any of the preceding claims.
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