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(57) ABSTRACT

A converter circuit for connecting to a source of electrical
energy that is capable of major fluctuations in delivered
power. The circuit includes a chopper circuit having a variable
duty cycle, a variable-size chopper switch and an input ter-
minal connectable to said electric energy source; at least one
first output circuit adapted to being connected via a variable-
size chopper switch to an output terminal of the chopper
circuit; and a control circuit configured to control firstly the
duty cycle of the chopper circuit and secondly the size of said
variable-size switches as a function of the power delivered by
said electrical energy source.
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CONVERTER CIRCUIT AND ELECTRONIC
SYSTEM COMPRISING SUCH A CIRCUIT

RELATED APPLICATIONS

[0001] This application claims the benefit of the Jun. 4,
2010 priority date of French application FR-1054422, the
contents of which are herein incorporated by reference.

FIELD OF DISCLOSURE

[0002] The present disclosure pertains to a converter circuit
and to an electronic system comprising such a circuit.

BACKGROUND OF THE INVENTION

[0003] The development of photovoltaic panels has signifi-
cantly expanded in recent years with a view to the constantly
increasing use of renewable energy sources in order to reduce
the harmful greenhouse effect caused especially by carbon
dioxide emissions.

[0004] This is also true of renewable energy sources such as
wind or thermo-electrical sources.

[0005] These energy sources have the special feature
wherein the electrical energy that they provide varies greatly
according to the natural phenomena that supply them. Fur-
thermore, a photovoltaic generator is a generator whose char-
acteristic I=f(U) is highly non-linear. Thus, for a same illu-
mination value, the power delivered will be different
depending on the load.

[0006] Thus, the efficiency, i.e. the power delivered by a
photovoltaic cell, depends not only on its exposure to sunlight
which varies during the day, but also for example on the
concealment of sunlight, for example by shade cast by clouds
or other meteorological phenomena.

[0007] To transfer the energy produced by these sources,
DC-DC converters are used at output of the energy harvesting
source. A DC-DC converter of this kind may be a chopper
converter used to boost or step down the voltage delivered by
the electrical power source. It generally has power selector
switches, in particular transistors (for example MOSFET
(metal-oxide semiconductor field-effect transistor) type tran-
sistors, JFET (junction field-effect transistors) or BJT (bipo-
lar transistors)) to transfer energy towards an output circuit.
[0008] However, according to a first aspect, these switches
are also the source of energy harvesting losses, which affects
overall energy harvesting efficiency.

[0009] In particular, it must be noted that there are resistive
losses and switching losses in these electronic components.
[0010] If the DC-DC converter is designed for higher cur-
rents, large-sized power selector switches are needed.
[0011] However, when the power tapped is low, the
dynamic consumption for the switching causes the overall
efficiency of the system to drop.

[0012] Ifthe DC-DC converter is designed for low currents,
then small-sized power selector switches are needed.

[0013] However, when the current tapped is high, these
selector switches show a major resistive loss which also
causes the overall efficiency of the system to drop.

[0014] At present therefore there is a problem of finding an
appropriate compromise when choosing the size of the power
switches.

[0015] Furthermore, in a second aspect, when photovoltaic
cells are for example connected to a load such as a consumer
(for example a sensor or again a battery to be recharged), it
turns out to be the case that the power transferred to the load
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does not generally correspond to the maximum power that
can be delivered by the cell. Similar problems can be noted for
wind energy. The result of this is not only that the efficiency
drops for example because of weaker sunlight, but also that
this efficiency is adversely affected by an imposed operating
point situated below the potential performance of the cell.
[0016] In order to overcome this drawback and produce
energy that is consistently as close as possible to the optimum
operating point, circuits are used implementing a method
known as the maximum power point tracking (MPPT)
method which has been known since 1968. This is a method
providing a better connection between a non-linear source
and an arbitrary load.

[0017] These circuits are designed to force the generator,
for example the photovoltaic cell, to work at its maximum
power point, thus inducing improved efficiency.

[0018] An MPPT controller therefore drives the static con-
verter connecting the load (a battery for example) and a
photovoltaic panel so as to permanently provide maximum
power to the load.

[0019] There are known ways, in maximum power point or
MPP tracking, of applying a method based on a disturbance-
observation approach.

[0020] In the case of a photovoltaic application, this is in
fact an algorithm which, for a fixed voltage U1, will measure
the corresponding power value P1 delivered by the generator,
and then, after a certain period of time, dictate a voltage
U2=U1+AU and also measure the corresponding power value
P2. Thereafter, a voltage U3=U2+AU, is imposed if P2 is
greater than P1. If not U3=U2-AU is imposed.

[0021] However, this implies measurements of current and
also entails major computation resources that consume non-
negligible amounts of energy. This is why, in a large-sized
photovoltaic installation, a sub-group of cells is dedicated
exclusively to providing the energy needed to control the
MPPT circuit.

[0022] However, in electronic micro-systems, such as for
example autonomous sensors, this approach is not acceptable
because the constraints in terms of space requirement and
weight are great and it is necessary to have a system that is as
small as possible with increased autonomy.

[0023] There also exist known maximum power point
tracking circuits that possess an additional driver cell, which
is not always desirable.

[0024] There also exist MPPT circuits without driver cells
based on voltage sampling in an open circuit performed by
disconnecting the photovoltaic panel at a fixed frequency
from the rest of the circuit to measure the voltage in an open
circuit. The system then reconnects the panel to the harvesting
circuit which has taken the new optimized parameters into
account. The result of this however is a frequent interruption
of the energy harvesting process, which is unacceptable for
electronic micro-systems designed to be autonomous.
[0025] In information technology, there is a known docu-
ment US2006/0038543 describing a DC-DC converter circuit
that uses variable-size power switches that can be adjusted to
reduce switch-related losses.

[0026] However, the circuit described in this document is
designed to adapt to an environment determined by the con-
sumption and requirements of the load and is not adapted to
energy sources that could show major fluctuations in power
delivered.

SUMMARY

[0027] Thepresentinvention is designed to at least partially
overcome the above-mentioned drawbacks.
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[0028] According to one aspect, the invention seeks to
diminish the losses of the converter circuit.

[0029] According to another aspect, the invention seeks to
optimize energy harvesting while at the same time substan-
tially reducing the space requirement of the system, espe-
cially the size of the generator, for example, the size of the
photovoltaic panel or wind generator as well as the size of the
backup accumulator, for example a battery or a super-capaci-
tor.

[0030] To this end, the present invention features a con-
verter circuit to be connected to a source of electric energy
capable of major fluctuations in power delivered. The circuit
includes:

[0031] a chopper circuit with variable duty cycle, com-
prising a variable-size chopper switch and an input ter-
minal connectable to the electric energy source, and

[0032] at least one first output circuit adapted to being
connected via a variable-size chopper switch to an out-
put terminal of the chopper circuit;

[0033] a control circuit configured to control firstly the
duty cycle of the chopper circuit and secondly the size of
the variable-size switches as a function of the power
delivered by the electrical energy source.

[0034] Various embodiments of the converter circuit pos-
sesses one or more of following characteristics, taken alone or
in combination:

[0035] In one aspect, the control circuit is configured to
control the size of the variable-size switches as a function of
the duty cycle (o).

[0036] According to another aspect, the control circuit is
configured for maximum power point tracking (MPPT).
[0037] This MPPT method is for example implemented by
the control circuit configured to determine a power point
(MPPT) according to the variation in voltage of the electrical
energy source.

[0038] According to yet another aspect, each of the vari-
able-size switches comprises at least two individual switches
that are parallel-mounted and selectively switchable accord-
ing to a command from the control circuit.

[0039] In a first variant, the individual switches have the
same sizes.
[0040] In a second alternative variant, the individual

switches have increasing sizes.

[0041] In the latter case, it is possible for example to plan
that the individual switches will have sizes that increase by
multiples of two.

[0042] In yet another aspect, the control circuit is config-
ured to command an increase in the size of the variable-size
switches as a function of an increase in the power delivered by
the energy source.

[0043] It can also be planned that the control circuit will be
configured to control the size of the variable-size switches as
a function of predefined ranges of set values of power deliv-
ered by the energy source.

[0044] The control circuit may be configured to control the
chopper circuit in discontinuous operation mode.

[0045] In another embodiment, the converter circuit com-
prises a second output circuit adapted to being connected via
a second variable-size switch to the output terminal of the
chopper circuit, and wherein the control circuit is configured
to command the switching of the first and second switches as
afunction of arange of set values of output voltage for the first
output circuit.
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[0046] According to one aspect, the first output circuit is to
be connected to an electrical load working in the range of set
values of voltage, wherein the second output circuit is to be
connected to an electrical energy accumulator.

[0047] According to another aspect, the control circuit
comprises a hysteresis comparator having one input con-
nected to a first output circuit and the other input connected to
a reference, the output of the comparator being connected to
an input of a control unit controlling a command generator,
two outputs of which are respectively connected to the second
and first switches in order to drive them respectively.

[0048] Furthermore, the electrical energy accumulator may
be a rechargeable micro-battery, and/or a super-capacitor.

[0049] The output circuits comprise for example low-pass
filters.
[0050] Inyetanotheraspect, the control circuit furthermore

comprises means to:

[0051] determine the voltage of the terminals of the elec-
trical energy source for two duty cycles that differ by a
predefined quantity,

[0052] compute the difference between the voltages
obtained for two duty cycles that differ by a predefined
quantity,

[0053] compare this voltage difference with a value of
voltage difference obtained previously, and

[0054] command a change in the duty cycle by a prede-
termined quantity as a function of the result of the com-
parison.

[0055] Itis planned for example that the control circuit will
be configured to command an increase in the duty cycle by a
predefined quantity if a previous reduction of the duty cycle
had resulted in a reduction of the difference in voltage rela-
tively to that obtained during the predetermined determining
operation.

[0056] Then, the control circuit can be configured to com-
mand a reduction in the duty cycle by a predefined quantity if
a previous increase in the duty cycle had resulted in a reduc-
tion in the difference in voltage relatively to that obtained
during the previous determining operation.

[0057] According to a non-exhaustive example, the chop-
per circuit comprises an electrical energy accumulation
inductor and at least one chopper switch controlled by the
control circuit.

[0058] According to a first variant, the electrical energy
accumulation inductor and the chopper switch are laid out in
a voltage-boosting configuration.

[0059] According to an alternative variant, the electrical
energy accumulation inductor and the chopper switch are laid
out in a voltage-step-down configuration.

[0060] The control circuit may include a sensor of the zero
current point of the electrical energy accumulation inductor
to trigger the control of at least one switch.

[0061] An object of the invention is also an electronic sys-
tem comprising at least one electrical energy source capable
of undergoing major fluctuations and at least one converter
circuit as defined here above connected to at least one energy
source.

[0062] According to one or more characteristics of the elec-
tronic system, taken alone or in combination:

[0063] the source comprises at least one photovoltaic
cell,

[0064] the source comprises at least one wind power
generator,
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[0065] the source comprises at least one thermo-electri-
cal element,

[0066] the output of each energy source is connected to
the input of an associated converter circuit and each of
the second output circuits of the converter circuits
includes a super-capacitor.

[0067] Other features and advantages shall appear more
clearly from the following description of the invention as well
as from the following figures, of which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] FIG. 1 is a diagram of an electronic system with a
converter circuit according to a first embodiment,

[0069] FIG.2 is a an example of an electric circuit diagram
of a variable-size switch,

[0070] FIG. 3 is a flowchart illustrating the maximum
power point tracking method,

[0071] FIG. 4 is a diagram of an electronic system with a
converter circuit according to a second embodiment,

[0072] FIG. 5 is a schematic graph of the controls of the
transistors of the converter circuit according to the second
embodiment, as a function of time,

[0073] FIG. 61isadiagram of an electrical system according
to another embodiment.

[0074] In all the figures, identical elements carry the same
reference numbers.

DETAILED DESCRIPTION

[0075] FIG. 1 shows an example of a diagram of an elec-
tronic system 1 comprising a converter circuit 2 and an elec-
trical energy source 3 connected to the converter circuit 2.
[0076] The electrical energy source 3 which can show
major fluctuations in delivered power is for example a solar
cell or solar panel, a thermo-electrical element or again a
wind power generator, in particular a small-sized unit.
[0077] The term “major fluctuations” is understood to
mean fluctuations by a factor of 100 between the lowest value
of power and the highest value of power that can be delivered
by a source 3 such as this.

[0078] One output 5 of this source 3 is connected through a
low-pass filter 7, formed by a capacitor, to an input terminal 9
of the converter circuit 2.

[0079] The converter circuit 2 has a chopper circuit 11, the
input terminal of which forms the input terminal 9 of the
converter circuit 2 connected to the electrical energy source 3.
[0080] The chopper circuit 11 comprises an electrical
energy accumulation inductor 12 and at least one variable-
size chopper switch 13.

[0081] InFIG.1, the electrical energy accumulation induc-
tor 12 and the variable-size chopper switch 13 are laid out in
a voltage-boosting configuration (also called a “boost con-
figuration™), i.e. the input of the inductor is connected to the
source 3 and the output of the inductor 12 can be connected to
ground if the switch 13 is in the “on” state to enable a mag-
netic field to be set up around the inductor 12. The chopper
frequency is for example 200 kHz.

[0082] According to one variant, not shown, the electrical
energy accumulation inductor 12 and the chopper switch 13
can also be arranged according to a voltage step-down con-
figuration.

[0083] A converter circuit furthermore comprises a first
output circuit 14.
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[0084] Upstream, this first output circuit 14 is connected
via a first variable-size switch 17 to an output terminal 19 of
the chopper circuit 11.

[0085] Downstream, this first output circuit 14 is connected
through a low-pass filter 21 to an electrical load 23 belonging
to the electronic system 1 and working in a predefined range
of set values of voltage.

[0086] To optimize the electrical consumption of the con-
verter, both the switch 13 and the switch 17 are therefore
variable-size switches.

[0087] By way of an example, one possible embodiment of
a variable-size switch is shown in FIG. 2.

[0088] Thus, a variable-size switch 13 or 17 in FIG. 1
corresponds to a set of several parallel-connected switches as
shown in FIG. 2.

[0089] For example, each of the variable-size switches 13
and 17 includes at least two or (as, in the figure, three) indi-
vidual switches 130, 132 and 134 parallel-mounted and selec-
tively switchable as a function of a command.

[0090] Itcanbe planned that these individual switches 130,
132 and 134 will all be of the same size i.e. identical.
[0091] Thus, if there is need for a small-sized switch, hence
a switch with low switching losses but with greater resistive
losses, then only one of the individual switches is switched to
the “on” state.

[0092] If a large-sized switch is needed, hence a switch
with low resistive losses but with greater switching losses,
then several or even all the individual switches are switched
simultaneously to the “on” state.

[0093] As a variant, it can be planned that the individual
switches 130, 132 and 134 will have sizes in ascending order,
especially ascending by multiples of 2, i.e. the size of the
individual switch 134 is twice that of the switch 132 which
itself has a size twice that of the switch 130.

[0094] Thus, the range of dimensions can be extended by
judicious combinations of switches, simultaneously switched
over to the “on” state.

[0095] The converter circuit 2 is driven by a control circuit
51.
[0096] This control circuit 51 has a control unit 53 control-

ling firstly the duty cycle a of the chopper circuit 11 and
therefore its variable-size switch 13 and secondly the switch-
ing of the first variable-size switch 17 as shall be described in
detail here below.

[0097] To this end, the control unit 53 includes a PWM
(pulse-width modulation) output controlling a generator 55
for controlling the switches 13 and 17 (also called DTLC or
dead time control logic) units.

[0098] With regard to the switch 13, it must be noted that
these are NMOS type transistors, the bases of which connect
via buffers (also called delay lines) 13A to the output of the
generator 55.

[0099] For the switch 17, these are PMOS transistors, the
bases of which is connect via buffers 17A to associated out-
puts of the generator 55.

[0100] The control circuit 51 furthermore includes means
to determine the voltage of the terminals of the electrical
energy source at two successive instants.

[0101] To this end, the invention uses for example an ana-
log-to-digital converter 57 having one input connected to the
terminal 5 and one output connected to a corresponding unit
of the control unit 53.

[0102] For the control of the switch 17 in particular, the
control circuit 51 has a zero-current-point sensor 59 to deter-
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mine the cancellation of the current through the accumulation
inductor 12, this sensor 59 delivering a signal to a correspond-
ing input of the control unit 53.

[0103] According to one variant that is not shown, it is
possible to envisage replacing the zero-current-point sensor
by a diode with a very low voltage threshold that is parallel-
mounted with a switch.

[0104] Inoperation, the control unit 53 controls the genera-
tor 55 so that:

[0105] when the switch 13 is closed (on), the switch 17 is
open (off),

[0106] when the switch 17 is closed (on), the switch 13 is
open (off).

[0107] Thus, at a given point in time, only one of the

switches 13 or 17 can be open.

[0108] The control circuit can be configured to command
the chopper circuit 11 in a discontinuous mode of operation,
i.e. a mode in which the current is periodically cancelled in
the inductor 12.

[0109] Here below, a detailed description shall be given of
the converter circuit 2 of FIG. 1.

[0110] The control circuit 51 is configured to control firstly
the duty cycle a of the chopper circuit 11 and secondly the
sizes of the variable-size switches 13 and 17 as a function of
the power delivered by the electrical energy source 3.

[0111] The inventors have noted that there is a ratio of
proportionality between the power delivered by the source 3
and the duty cycle a. Indeed, the delivered power increases
according to the duty cycle.

[0112] Thus, the control circuit 51 is configured to com-
mand an increase in the size of the variable-size switches 13
and 17 as a function of an increase in the power delivered by
the energy source or more simply as a function of the duty
cycle a.

[0113] For the implementation, for example the control
circuit 51 is configured to control the size of the variable-size
switches 13 and 17 as a function of predefined ranges of set
values of power delivered by the energy source 3.

[0114] Furthermore, in order to adapt the size of the
switches 13 and 17, it is planned to make the source 3 work
always around the maximum power point MPP.

[0115] Ithas proved to be highly advantageous to consider
a combination in which the duty cycle o is determined
according to an MPPT method so as to tap the energy at the
optimum power point and use this optimal duty cycle to
control the sizes of the switches 13 and 17.

[0116] To this end, the inventors of the present invention
have noted that the derivative of the operating voltage of the
source 3 as a function of the duty cycle has a maximum value
around the maximum power point MPP. The result of this is
that tracking the maximum value of this voltage derivative is
equivalent to tracking the maximum power point.

[0117] Thus, as can be seen, simple measurements of volt-
ages and subtraction and comparison operations that use very
little energy and computation power can be used to make the
converter circuit 2 work around the maximum power point
MPP which is highly advantageous iflittle power is available.
[0118] Furthermore, the losses at the switches can be
reduced without carrying out specific measurements.

[0119] To this end, the control unit 53 controls the duty
cycle a of the chopper circuit 11 as a function of the voltage
variation (the derivative as a function of the duty cycle) of the
electrical energy source by:
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[0120] determining the voltage at the terminals of the elec-
trical energy source for two duty cycles differing by a pre-
defined quantity,

[0121] computing the difference between two voltages
obtained for two duty cycles differing by a predefined quan-
tity,

[0122] comparing this voltage difference with a value of
voltage difference obtained previously, and

[0123] commanding a change of duty cycle by a predefined
quantity as a function of the comparison result.

[0124] These different steps are described in detail in FIG.
3

[0125] At an initialization step 200, the value of the duty
cycle a is set at a predefined value, for example at ¢=0.5 and
the voltage V(o) at the terminals of the source 3 is deter-
mined.

[0126] Then, the duty cycle is made to vary by a predefined
quantity Aa., and the voltage V (a+Aa) at the terminals of the
electrical energy source 3 is determined again.

[0127] Then, the absolute value of the difference between
these two voltages is computed:

AV = |V(o)-Vs(a+Aa)l

[0128] As a variant, it is also possible to set A
predefined value.

ini

sata

[0129] Then, the actual control loop functioning by recur-
rence is started.
[0130] At a step 202, for a loop k (k being an integer) the

voltage V (o) at the terminals of the source 3 is determined.
[0131] At a step 204, the absolute value of the difference
between these two measured voltages for the loop k and k-1
is computed:

AVs(l)=1Vs(ou)-Vs(oye_1)l;

[0132] where I(c)—(oy_;)I=Aa

[0133] Then, at the step 206, this voltage difference AV (k)
is compared with a previously obtained value of voltage dif-
ference AV ((k-1).

[0134] Depending on the result of the comparison, the con-
trol unit 53 commands the change in duty cycle by a pre-
defined quantity Aa at the step 208.

[0135] Thus, the control circuit 51 is configured to com-
mand an increase in the duty cycle by the predefined quantity
Aa. if a previous reduction of the duty cycle had resulted in a
reduction of the voltage difference as compared with the
difference obtained during the previous determining opera-
tion.

[0136] In other words,

[0137] if (o )=(c,_;)-Ac and

[0138] if AV (K)<AV (k-1), then

[0139] (o, )~(c)+Ac.

[0140] If not, the control circuit 51 is configured to com-

mand a reduction of the duty cycle by a predefined quantity
Aa. if a previous increase in the duty cycle had resulted in a
reduction of the difference in voltage as compared with the
difference obtained during the previous determining opera-
tion,

[0141] In other words,

[0142] if (o)=(ct,_;)+Ac and

[0143] if AV (k)<AV(k-1),

[0144] then (o, )=(c)-Ac.

[0145] After the step 208, the operation returns to the step
202,
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[0146] Thus, the converter circuit oscillates around the
maximum power point MPP, guaranteeing the recovery of a
maximum level of power available at the source.

[0147] Themaximum power point MPP tracking frequency
or refresh frequency of the duty cycle, i.e. the frequency for
performing the steps 202 to 208, is of the order of about ten
Hertz, for example 16 Hz.

[0148] Itcan be planned that the frequency for adapting the
size of the switches 13 and 17 goes together with the maxi-
mum power point (MPP) tracking frequency.

[0149] It can also be noted that the smaller the value of Aa.,
the closer to the optimum maximum power point will the
circuit be capable of operating. In this case, a higher refresh
frequency is chosen to enable faster adaptation of the duty
cycle in the event of a change in operating conditions.
[0150] As stated here above, when the switch 13 is closed,
the switch 17 is open and the inductor is crossed by a current
given by the source 3 setting up a magnetic field.

[0151] When the switch 13 is open, the electrical energy
can be provided directly to the load 23. The output circuit 14
therefore works together with the chopper circuit 11 like a
voltage regulator.

[0152] Thus when the switch 13 is open, the switch 17
opens if the output voltage is contained within a range of set
values of output voltage.

[0153] We now refer to FIG. 4 showing another embodi-
ment of the present invention.

[0154] This embodiment is distinguished from that of FIG.
1 by the fact that the converter circuit 2 has a second output
circuit 15.

[0155] While the first output circuit is connected to the
electrical load 23 for direct consumption, the second output
circuit 15 is connected to an electrical accumulator 29 for
storage of the output therein for subsequent consumption.
[0156] This makes it possible to increase the quantity of
energy tapped from the electrical source 3.

[0157] Upstream, the second output circuit 15 is connected
via a second variable-size switch 25 to the output terminal 19
of the chopper circuit 11.

[0158] Downstream, the second output circuit 15 is con-
nected via a low-pass filter 27 to an electrical energy accu-
mulator belonging to the electronic system 1.

[0159] This accumulator 29 may be a capacitor, a super-
capacitor, a battery, a micro-cell or a mini-battery.

[0160] As FIG. 4 shows, in order to enable a controlled
power supply to an electrical load 31 downstream from the
electrical accumulator 29, it is possible to provide for a DC-
DC voltage regulator 33.

[0161] If the energy accumulator 29 is a battery, a micro-
cell or a mini-battery, then it is planned to provide for a
charger circuit between the low-pass filter 27 and the accu-
mulator 20 to enable the charging of the battery according to
the conditions associated with the technology ofthe battery to
avoid heating and/or premature deterioration.

[0162] In a first variant, the load 31 and the load 23 are
identical. In this case, the electrical energy accumulator 29 is
used for example to power the load 23 when the energy
produced by the source 3 is not sufficient for a direct power
supply to the load 23. In a photovoltaic cell used as an elec-
trical energy source 3, this may be the case for example at
night or when the sunlight is too weak, for example under
cloudy skies.

[0163] Inasecond variant, the loads 23 and 31 are different
and correspond to different electrical consumers.
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[0164] It can easily be seen that full control of the losses of
the switches 13,17 and 19 is important, given that the number
of switches and the number of switching operations per
charging/discharging cycle has been increased. The fact of
furthermore controlling the size of the switches 13, 17 and 25
as a function of the power delivered by the electrical energy
source 3, and/or as a function of the duty cycle, especially
when it is determined by an MPPT tracking method, proves to
be important for an optimizing of the total efficiency of the
converter circuit 2.
[0165] For the control of the variable-size switches 17 and
25 whose open or closed state determines whether the output
19 of the chopper circuit 11 is directly connected to the load
23 or to the electrical energy accumulator 29, the control
circuit 51 has a hysteresis comparator 61 having one input
connected to the first output circuit 14 and its other input
connected to a reference 63, the output of the comparator
being connected to an input of the control unit 53.
[0166] Inoperation, the control unit53 controls the genera-
tor 55 so that:

[0167] when the switch 13 is closed (on), the switch 17 is

open (oft),
[0168] when the switch 17 is closer (on), the switch 13 is
open (off).

[0169] Thus, at a given point in time, only one of the
switches 13 or 17 cannot be open, the other two being closed.
[0170] Here below, a detailed description shall be given of
the converter circuit 2 of FIG. 4.
[0171] The converter of FIG. 4 works around the maximum
power point MPP in the same way as the circuit of FIG. 1.
[0172] Thus, the converter circuit 2 oscillates about the
maximum power point MPP thus guaranteeing the harvesting
of'a maximum power available at the source.
[0173] As stated here above, when the switch 13 is closed,
the switches 17 and 25 are open and the inductor is crossed by
a current given by the source 3 setting up a magnetic field.
[0174] Then, the switch 13 is open and the electrical power
can be provided either directly to the load 23 for direct con-
sumption by opening the switch 17 or stored in the accumu-
lator 29 for subsequent consumption.
[0175] The output circuit 14 therefore works together with
the chopper circuit 11 as a voltage regulator.
[0176] Thus, when the switch 13 is open, the switch 17
opens if the output voltage is included in a range of set values
of output voltage.
[0177] This range of set values is defined by means of the
hysteresis comparator 61 and the reference 63.
[0178] When the output voltage is out of the range of set
values, the control unit 53 receives a corresponding signal
from the comparator 61 and commands the opening of the
switch 25 if the switch 13 is still open.
[0179] Thus, the electrical energy generated by the source 3
can be harvested optimally either for direct consumption by
the load 23 or for charging the accumulator 29.
[0180] This operation is also illustrated in FIG. 5.
[0181] The curves 300, 302 and 304 respectively show the
control voltages U of the switches 13,17 and 25 as a function
oftime. It may berecalled that the switch 13 is an NMOS type
transistor while the variable-size switches 17 and 25 are of the
PMOS type in the present exemplary embodiment.
[0182] The curve 306 shows the progress of the current at
the output terminal 19.
[0183] Thus, during the time slot 308, the control voltage
for the switches 13, 17 and 25 is at a high level, signifying that
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the NMOS transistor 13 is on and the inductor 13 is charged
while the PMOS transistors 17 and 25 are in the off state.
[0184] Then, during the time slot 310, the control voltage
for the switches 13 and 17 is at a low level, meaning that the
NMOS transistor 13 is off and the inductor 12 is discharged
by the output circuit 14 (see curve 306) since the PMOS
transistor 25 is powered by a high-level voltage and is there-
fore in the “on” state. The duration of this time slot 310
depends on whether the output voltage is included in the
range of set values. It therefore depends on the energy pro-
duced by the source and the current consumed by the load 23.
[0185] When the output voltage is outside the range of set
values of output voltage and when the output voltage from the
NMOS switch is still at the low level, therefore in the off state,
the switch 17 passes, during the time slot 12, into the off state
while the switch 25 passes to the on state and the inductor now
is discharged into the output circuit 15 to recharge the accu-
mulator 29.

[0186] The use of the energy stored in the accumulator 29,
for example by the load 31, is done conventionally, if need be,
through the regulator 33 and shall not be described in greater
detail.

[0187] FIG. 6 is a diagram of an electrical system compris-
ing several photovoltaic cells, each of which is associated
with a converter circuit 12 like that of FIG. 4 for example.
[0188] Inthis case, the first output circuits 14 are connected
together to provide a local stabilized power supply and each
of the second output circuits 15 of the converter circuits 2
includes a super-capacitor as well as a DC-DC voltage regu-
lator 33.

[0189] The energy harvesting is thus optimized since the
cells are made independent of one another, thus preventing a
cell, for example a cell in the shade, from becoming a load for
the other cells and from causing the efficiency of energy
harvesting to drop.

[0190] Furthermore, an assembly of this kind makes each
of the cells be capable of functioning at its maximum power
point independently of the other photovoltaic cells.

[0191] Finally, when the super-capacitor is sufficiently
charged, it can deliver its energy through the regulator 33.
[0192] It can be understood therefore that the converter
circuit 2 of the invention enables an optimization of energy
harvesting by reducing losses at the level of the power
switches.

[0193] The circuit can also be distinguished by its simplic-
ity of operation and its low requirements in terms of energy
and computation resources.

[0194] In particular, for autonomous sensors, it enables a
smaller sizing of the cells/batteries powering the sensor when
the source does not provide sufficient energy or does not
provide energy at all.

1. A converter circuit for connecting to a source of electri-
cal energy, said source being capable of major fluctuations in
delivered power, said converter circuit comprising:

achopper circuit having a variable duty cycle, said chopper

circuit including a variable-size chopper switch and an
input terminal connectable to said electric energy
source,

at least one first output circuit adapted to being connected

via a variable-size chopper switch to an output terminal
of'the chopper circuit; and

a control circuit configured to control firstly the duty cycle

of the chopper circuit and secondly the size of said
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variable-size switches as a function of the power deliv-
ered by said electrical energy source.

2. The converter circuit of claim 1, wherein the control
circuit is configured to control the sizes of said variable-size
switches as a function of the duty cycle.

3. The converter circuit of claim 2, wherein the control
circuit is configured for maximum power point tracking.

4. The converter circuit of claim 3, wherein said control
circuit is configured to determine a power point according to
variations in voltage of said electrical energy source.

5. The converter circuit of claim 1, wherein each of said
variable-size switches comprises at least two individual
switches that are parallel-mounted and selectively switchable
according to a command from said control circuit.

6. The converter circuit of claim 5, wherein the individual
switches have the same sizes.

7. The converter circuit of claim 5, wherein the individual
switches have increasing sizes.

8. The converter circuit of claim 7, wherein the individual
switches have sizes that increase by multiples of two.

9. The converter circuit of claim 1, wherein said control
circuit is configured to cause an increase in the size of said
variable-size switches as a function of an increase in power
delivered by said energy source.

10. The converter circuit of claim 9, wherein the control
circuit is configured to control the size of said variable-size
switches as a function of predefined ranges of set values of
power delivered by said energy source.

11. The converter circuit of claim 1, wherein said control
circuit is configured to control the chopper circuit in discon-
tinuous operation mode.

12. The conveter circuit of claim 1, further comprising

a second output circuit adapted to being connected via a

second variable-size switch to the output terminal of the
chopper circuit, and

wherein said control circuit is configured to cause the

switching of the first and second switches as a function
of a range of set values of output voltage for the first
output circuit.

13. The converter circuit of claim 12, wherein the first
output circuit is to be connected to an electrical load working
in a range of set values of voltage, and wherein the second
output circuit is to be connected to an electrical energy accu-
mulator.

14. The converter circuit of claim 13, wherein the control
circuit comprises

a hysteresis comparator having a first input connected to

the first output circuit and a second input connected to a
reference, an output of the comparator being connected
to an input of a control unit controlling a command
generator, two outputs of which are respectively con-
nected to the first and second switches in order to drive
said first and second switches respectively.

15. The converter circuit of claim 13, wherein said electri-
cal energy accumulator comprises a rechargeable micro-bat-
tery.

16. The converter circuit of claim 13, wherein the electrical
energy accumulator comprises a super-capacitor.

17. The converter circuit of claim 1, wherein said output
circuits comprise low-pass filters.

18. The converter circuit of claim 1, wherein said control
circuit further comprises means for:
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determining voltages of the terminals of said electrical
energy source for two duty cycles that differ by a pre-
defined quantity,

computing a difference between the voltages to obtain a
first voltage difference,

comparing said first voltage difference with a second volt-
age difference, said second voltage difference represent-
ing a difference between voltages of said terminals, said
second voltage difference having been obtained prior to
said first voltage difference, and

causing a change in the duty cycle by a predetermined
quantity as a function of a result of the comparison.

19. The converter circuit of claim 18, wherein the control
circuit is configured to cause an increase in the duty cycle by
a predefined quantity if a previous reduction of the duty cycle
resulted in a reduction of the difference in voltage relative to
that obtained during the predetermined determining opera-
tion.

20. The converter circuit of claim 19, wherein the control
circuit is configured to cause a reduction in the duty cycle by
a predefined quantity if a previous increase in the duty cycle
resulted in a reduction in the difference in voltage relative to
that obtained during the previous determining operation
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21. The converter circuit of claim 1, wherein the chopper
circuit comprises an electrical energy accumulation inductor
and at least one chopper switch controlled by the control
circuit.

22. The converter circuit of claim 21, wherein the electrical
energy accumulation inductor and the chopper switch are laid
out in a voltage-boosting configuration.

23. The converter circuit of claim 21, wherein the electrical
energy accumulation inductor and the chopper switch are laid
out in a voltage-step-down configuration

24. The converter circuit of claim 21, wherein the control
circuit includes a sensor of a zero current point of the electri-
cal energy accumulation inductor to trigger the control of at
least one switch.

25. An electronic system comprising at least one electrical
energy source capable of undergoing major fluctuations, and
atleast one converter circuit as recited in claim 1 connected to
the at least one energy source.

26. The electronic system of claim 25, wherein said source
comprises at least one photovoltaic cell.

27. The electronic system of claim 25, wherein said source
comprises at least one wind power generator.

28. The electronic system of claim 25, wherein said source
comprises at least one thermo-electrical element.

sk sk sk sk sk



