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DEVICE AND METHOD FOR CONVERTING
DIRECT CURRENT INTO ALTERNATE
CURRENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a national phase of PCT Interna-
tional Patent Application No PCT/IB2010/000640, filed Mar.
23, 2010, and Italian Patent Application No
MO2009A000080, filed Mar. 31, 2009, in the Italian Patent
Office, the disclosures of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a device and method
for converting direct current into alternate current.

[0004] 2. Description of the Related Art

[0005] The use has been common and known for some time
of electronic apparatus so-called “inverters” suitable for con-
verting an input direct current into an output alternate current.
[0006] The applications of the inverters are numerous and
g0, e.g., from the use in UPS units for the conversion of direct
current from a supply battery to use in industry for regulating
the speed of electric motors or, again, to use in industry to
convert the electricity coming from production plants, before
introduction into the distribution grid.

[0007] A particulartype of inverter is the multilevel inverter
so-called NPC (Neutral Point Clamped), which is able to
supply more than two output power levels so as to generate a
wave form as close as possible to the sinusoid shape.

[0008] By way of example, FIG. 1 shows the general dia-
gram of a three-phase three-level NPC inverter.

[0009] Theinverter of FIG. 1 has an input branch composed
of two condensers C in series with each other and associated
with a source of direct current V ;. at a positive voltage ter-
minal V, +, at a negative voltage terminal V,— and at a
neutral point NP between the two condensers C.

[0010] The inverter comprises three electronic power
switch units, such as Mosfet, IGBT or similar devices, indi-
cated with the references S-S, S,,5-S and S 5-S /5, which
are suitably connected together on three branches, one for
each phase f1, £2 and 3.

[0011] The inverter also comprises three pairs of diodes,
indicated in FIG. 1, with the references D, and D,,, D, and
D,,, D,; and D, respectively.

[0012] With reference to the branch relating to phase f1,
e.g.,thediodes D, and D, are arranged in series the one with
the other and connect the neutral point NP, respectively, to the
connection point between the switches S, and S,, and to the
connection point between the switches S_; and S, .

[0013] ThediodesD,,,D,,,D,; and D, are similarly con-
nected with the branches relating to the phases {2 and 3.
[0014] By commanding the closing oftheswitches S-S,
S5, and S 3-8 ;5 it is possible to connect each of the phases
to the positive of the voltage V,_+, to the negative of the
voltage V ;.- and to the node NP (Neutral Point) where the
voltage is equal to zero if taken as reference.

[0015] The rapid switch of the switches between the pos-
sible configurations is done by means of suitable modulation
techniques, so as to obtain an alternate output voltage and
current on the three phases, starting with the direct current
V.

~
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[0016] One of such modulation techniques is the so-called
unipolar modulation of the inverter branches, in which the
switches of each branch are on or off according to the varia-
tion of a periodical reference voltage.
[0017] In particular, with reference by way of example to
the branch of the phase f1, the configuration of the switches
S5 Sp15 S, and S, is shown below.
[0018] During the positive half wave of the reference volt-
age:

[0019] switching of the switch S, at a preset switching

frequency;

[0020] switch S, always on;

[0021] switchS,, and S, always off.
[0022] During the negative half wave of the reference volt-
age:

[0023] switching of the switch S, at a preset switching

frequency;

[0024] switch S_; always on:

[0025] switches S,; and S, always off.
[0026] The unipolar odulation technique has a number of
drawbacks however.
[0027] In fact, close to the zero crossing of the output
current, meant as the instant in which the ideal current at
output on the branch is equal to zero, a distortion on the actual
output voltage occurs.
[0028] This is due to operation in DCM (Discontinuous
Conduction Mode) of the branch current.
[0029] In particular, when the average value of the current
in the charge inductance is close to cancelling itself out a
spurious oscillatory component (ripple) superimposed on it
cannot cross the zero, causing an instantaneous variation of
the current gradient which flows into the inductance and thus
causes a variation of voltage at the heads of the inductance
itself.
[0030] For greater clarity, and by way of example only, the
FIG. 2 and the FIG. 3 show the patterns of voltage and current
V,and [, respectively coming out of one of the branches in the
case of unipolar modulation, from which is clear the presence
of' the distortions of the signals near the zero crossing.
[0031] In particular, FIG. 3 shows the pattern of output
current [, near the zero crossing compared to the pattern of an
ideal output current I,
[0032] The modulation of unipolar type, furthermore, has
further drawbacks in the case of the reference voltage and the
output current having, at a particular instant or time interval,
opposite signs, e.g., in the case of the reference voltage being
sinusoid and in advance with respect to the output current 1,,.
[0033] In this case, at the change of sign of the reference
voltage, the current can no longer continue to circulate in the
same direction and is forced to zero.
[0034] Such patterns of the reference voltage and of the
output current [, are shown by way of example in the FIG. 4,
in which the reference current is indicated by the wording
U,.»
[00f35] To overcome the drawbacks of the unipolar modu-
lation, alternative techniques are known, such as the so-called
complementary modulation of the inverter branches.
[0036] In particular, with reference by way of example to
the branch of the phase f1, the configuration of the switches
S,15 8,18, and S, is shown below.
[0037] During the positive half wave of the eference volt-
age:
[0038] switching of the switches S,, and S_, at a preset

switching frequency;
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[0039] switch S,, always on;

[0040] switch S, always off.
[0041] During the negative half wave of the reference volt-
age:

[0042] switching of the switches S, and S, at a preset

switching frequency;

[0043] switch S, always on:
[0044] switch S, always off.
[0045] The complementary modulation technique also has

a number of drawbacks however.

[0046] In particular, the central switches that switch at the
switching frequency are not covered by current and, conse-
quently, when the output current is not near the zero crossing
numerous pointless switches are made.

[0047] This involves an inevitable increase in energy losses
tied to the piloting circuit of the central switches of each
branch and additional losses on the diodes tied to the respec-
tive dispersion currents.

[0048] Furthermore, the correct operation of the inverter
requires adequate sizing of the piloting circuit of the central
switches.

SUMMARY OF THE INVENTION

[0049] The main aim of the present invention is to provide
a device and a method for converting direct current into
alternate current that allow to eliminate the disturbances
present at the zero crossing of the output current and which, at
the same time, allows cutting energy losses to the utmost.
[0050] Another object of the present invention is to provide
a device and a method for converting direct current into
alternate current which allow to overcome the mentioned
drawbacks of the known art in the ambit of a simple, rational,
easy, effective to use and low cost solution.

[0051] The above objects are achieved by the present
device for converting direct current into alternate current,
comprising at least a multilevel converter associated with at
least a source of direct current and at least a modulation unit
having piloting means for piloting said converter for the con-
version of said direct current into an alternate output current,
characterised by the fact that said modulation unit comprises
comparison means for comparing said output current value
with at least a preset positive threshold value and at least a
preset negative threshold value, said piloting means being
suitable for piloting said converter with a pulse modulation of
the unipolar type in the event of said output current value
being above said positive threshold value or below said nega-
tive threshold value and with a pulse modulation of the
complementary type in the event of said output current value
being below said positive threshold value and above said
negative threshold value.

[0052] The above objects are achieved by the present
method for converting direct current into alternate current
comprising at least a piloting phase of a multilevel converter
for the conversion of a direct voltage into an alternate output
voltage, characterised by the fact that it comprises at least a
comparison phase of said output current value with at least a
preset positive threshold value and at least a preset negative
threshold value, said piloting phase being suitable for piloting
said converter with a pulse modulation of the unipolar type in
the event of said output current value being above said posi-
tive threshold value or below said negative threshold value
and with a pulse modulation of the complementary type in the
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event of said output current value being below said positive
threshold value and above said negative threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Other characteristics and advantages of the present
invention will become more evident from the description of a
preferred, but not sole, embodiment of a device and a method
for converting direct current into alternate current, illustrated
purely as an example but not limited to the annexed drawings
in which:

[0054] FIG. 5 is a general block diagram of the device
according to the invention;

[0055] FIG. 6 is a circuit diagram that shows a possible
embodiment of a multilevel converter of the device according
to the invention;

[0056] FIG.7is agraphthat schematically shows a possible
connection between the output current pattern of the device
according to the invention and the operation of the device
itself;

[0057] FIGS. 8 and 9 are graphs and functional diagrams
that show the possible configurations of the multilevel con-
verter of the device according to the invention in the case of
unipolar modulation;

[0058] FIGS. 10 and 11 are graphs and functional diagrams
that show the possible configurations of the multilevel con-
verter of the device according to the invention in the case of
complementary modulation;

[0059] FIG. 12 is a graph that shows the patterns of a
reference voltage at input to the modulation unit of the device
according to the invention and of the output current of the
multilevel converter of the device around the zero crossing of
the output current itself;

[0060] FIGS. 13 and 14 are graphs that show the patterns of
the output current and voltage of the device according to the
invention around the zero crossing of the output current itself.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0061] With particular reference to the figures from 5to 14,
globally indicated by D is a device for converting direct
current into alternate current, of the type usable in numerous
common-type applications such as, e.g., inside UPS units for
the conversion of the direct current generated by a battery, for
the conversion of the direct current produced by photovoltaic
modules or, again, for regulating the speed of electric motors.
[0062] The device D, shown generally and schematically in
FIG. 5, comprises a multi-level converter, of the type of an
NPC (Neutral Point Clamped) converter or inverter, generi-
cally indicated by the reference C, 5.

[0063] The device D comprises a modulation unit, generi-
cally indicated in FIG. 5 with the reference M, which has
means for piloting the converter C, for the conversion of a
direct current V ;. entering the converter itself into an alternate
output current I,,.

[0064] The device D also comprises a source suitable for
generating a reference current I,,-to be followed and means
for calculating the difference between such reference current
L,,-and the output current I, generated by means of the con-
verter Cppc.

[0065] In particular, these calculation means are schema-
tised in FIG. 5 by means of a negative feedback control which
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detects the output current I, generated by the converter C,
and subtracts it from the reference current I,,, entering the
device D.

[0066] The device D comprises a current control unit,
generically indicated in FIG. 5 by the reference A, arranged
downstream of the above calculation means and upstream of
the modulation unit M, and which is operatively associated
with the modulation unit M and which is provided with means
for generating a reference voltage U, , generated according to
the difference calculated between the reference current I,
and the output current I ,.

[0067] Advantageously, the piloting means of the modula-
tion unit M are suitable for piloting the converter C,p~
according to the reference voltage U, -and the output current
1.

[0068] The device D comprises, moreover, a filtering unit,
generically indicated in FIG. 5 by the reference F, which is
arranged downstream of the converter Cy -~ and which is
suitable for filtering the output current I ,.

[0069] In particular, this filtering unit F can be made with a
filter of the LC, LCL type or the like.

[0070] With particular reference to the embodiment
described and illustrated in FIG. 6, the converter C, 5 is of
the type of an NPC single-phase inverter with three voltage
levels. Different embodiments cannot however be ruled outin
which the converter C,» used is an inverter with more than
three levels and/or of the multi-phase type.

[0071] In particular, the converter C,» comprises at least
an input branch R, made up of'two condensers C connected in
series the one to the other and having a terminal connected to
the positive pole V,_+ of the source of direct current V ;. and
an opposite terminal connected to the negative pole V , — of
the source of direct current V...

[0072] As an alternative to the source of direct current V .
two independent voltage generators may be used, each being
suitable for generating a voltage at the heads of respective
condensers C or groups of condensers C.

[0073] Itis further pointed out that the condensers C shown
in the FIG. 6 can be representative of the series and/or of the
parallel of several condensers physically made to realise the
total necessary capacity.

[0074] The connection point between the two condensers
C, indicated in FIG. 6 by the reference NP, is the zero-voltage
neutral point of the converter C,p.

[0075] The converter C, 5 has an output branch R, com-
prising a first and a second electronic switch S, and S, con-
nected in series the one to the other between the positive pole
V .+ of the source of direct current V ;. and an output termi-
nal, and a third and a fourth electronic switch S_ and S,
connected in series between the negative pole V,_— of the
source of direct current V . and the output terminal.

[0076] Eachswitch S,, S,, S_and S, is operatively associ-
ated with the modulation unit M.

[0077] In particular, the piloting means of the modulation
unit M comprise means for generating four distinct control
signals P, P,, P, P, pulse width modulated (PWM) and
suitable for controlling the first, the second, the third and the
fourth switches S, S,, S_and S, respectively.

[0078] The use cannot however be ruled out of switch con-
trol signals S, S, S_and S, modulated by means of different
pulse modulation techniques.

[0079] Usefully, such switches S, S,, S_and S, can consist
of Mosfet, IGBT or other static commutation devices.
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[0080] Furthermore, the output branch R, has a first diode
D, and a second diode D,,.
[0081] The first diode D, has the anode connected to the
input branch R,, at the neutral point NP, and the cathode
connected to the connection point between the first switch S,
and the second switch S, while the second diode D, has the
cathode connected to the input branch R, at the neutral point
NP, and the anode connected to the connection point between
the third switch S_ and the fourth switch S ;.
[0082] Usefully, the first and the second diode D, and D,
and the diodes associated in anti-parallel with the switches S ,
S, S, and S, not shown in FIG. 6, being of the known type,
can be diodes with silicon or SIC (Silicon Carbide) substrate,
which permit a reduction of losses due to switching.
[0083] It must be pointed out that, notwithstanding the fact
that the particular embodiment of the illustrated and
described device D envisages the use of a single-phase con-
verter C,p.., having therefore only one output branch R,
alternative embodiments cannot however be ruled out in
which the converter C,» used is of the multi-phase type and
therefore has several output branches R,,, one for each phase
of the alternate output current/voltage to be generated.
[0084] Advantageously, the modulation unit M comprises
comparison means for comparing the output current value I,
of the converter Cy . with a preset positive threshold value I,
and with a preset negative threshold value L.
[0085] As schematically shown in the graph in FIG. 7, the
piloting means of the modulation unit M are suitable for
piloting the converter C, 5, in particular the switches S, S,
S.and S, with a modulation of unipolar type of the signals P,
P,, P_, P, in the event of the output current value I, being
above the positive threshold value I, or lower than the nega-
tive threshold value I, and with a modulation of complemen-
tary type of the signals P, P,, P_, P, in the event of the output
current value 1, being below the positive threshold value I,
and above the negative threshold value 1,,.
[0086] In detail, in the event of the output current value I,
being above the positive threshold value 1, and of the refer-
ence voltage U, -being above zero, the piloting means of the
modulation unit M are suitable for piloting the converter
Cype With a pulse width modulation of the unipolar type in
which, as shown in the FIG. 8:

[0087] the first switch S, is periodically switched to a

preset frequency by means of the signal P ;

[0088] the second switch S, s always on;
[0089] the third and fourth switches S_and S, are always
off.
[0090] In the event of the output current value I, being

below the negative threshold value I, and the reference volt-
age U, . being lower than zero, the piloting means of the
modulation unit M are suitable for piloting the converter
Cype with a width pulse modulation of unipolar type in
which, as shown in the FIG. 9:
[0091] the fourth switch S, is periodically switched at a
preset frequency by means of the signal P

[0092] the third switch S, is always on;
[0093] the first and second switches S, and S, are always
off.
[0094] In the event of the output current value I, being

below the positive threshold value I, and the reference voltage
U, being higher than zero, the piloting means of the modu-
lation unit M are suitable for piloting the converter C, - with
awidth pulse modulation of complementary type in which, as
shown in the FIG. 10:
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[0095] the first switch S, and the third switch S_ are
periodically switched at a preset frequency and in a
complementary way to each other by means of the sig-
nals P,and P_;

[0096] the second switch S, is always on;
[0097] the fourth switch S, is always off.
[0098] In the event of the output current value I, being

above the preset negative threshold value I, and the reference
voltage U, being lower than zero, the piloting means of the
modulation unit M are suitable for piloting the converter
Cype with a width pulse modulation of complementary type
in which, as shown in the FIG. 11:

[0099] the second switch S, and the fourth switch S, are
periodically switched at a preset frequency and in a
complementary way to each other by means of the sig-
nals P, and P ;

[0100] the third switch S, is always on;
[0101] the first switch S, is always off.
[0102] Thecombined use ofthe unipolar modulation and of

the complementary modulation allows, in particular, main-
taining the output current I, in CCM (Continuous Current
Mode) around the current zero crossing and ensures the cor-
rect operation of the converter C,, - even in the case in which
the voltage on the output branch R, has, in some instants or
time periods, an opposite sign with respect to the output
current I,

[0103] This way, the distortions of output voltage V,, gen-
erated by the converter C, .- at the zero crossing of the output
current [, are eliminated.

[0104] To show the correct operation of the device D, FIG.
12 shows the patterns of the reference voltage U, .(deducted
by a factor 10) at input to the modulation unit M and of the
output voltage [, of the converter C,,» around the zero cross-
ing.

[0105] Finally, the FIG. 13 and the FIG. 14 show the pat-
terns of the voltage V,' and of the output current I, of the
device D according to the invention around the zero crossing
of the output current and in the case of the charge being the
normal power distribution grid.

[0106] The method according to the invention includes a
phase of comparison of the output current value I, with a
preset positive threshold value I, and with a preset negative
threshold value I, and a piloting phase of the converter C,
for the conversion of the direct current V. at input into the
alternate output current I, in which the converter C, 5 is
piloted with a pulse width modulation of unipolar type when
the output current value I, is above the positive threshold
value I, or below the negative threshold value 1, and with a
pulse width modulation of complementary type when the
output current value I, is below the positive threshold value I,
and above the negative threshold value 1.

[0107] In particular, the piloting phase comprises a genera-
tion phase of the first, second, third and fourth control signal
P, P,, P_, P, pulse width modulated and suitable for con-
trolling the first, second, third and fourth switch S , S, S_and
S,

[0108] Advantageously, the method according to the inven-
tion comprises a generation phase of the reference signal U, -
and the piloting phase of the converter C, is performed
according to such reference voltage U, .and according to the
output current I,,.

[0109] In particular, in the event of the output current value
L, being above the positive threshold value 1, and the refer-
ence voltage U, - being higher than zero, the method envis-

Aug. 16,2012

ages the piloting of the converter C,,»~ with a width pulse

modulation of unipolar type in which, as shown in the FIG. 8:

[0110] the first switch S, is periodically switched to a
preset frequency, by means of the signal P ;

[0111] the second switch S, is always on;
[0112] thethird and fourth switches S_and S, are always
off.
[0113] In the event of the output current value I, being

below the negative threshold value I, and the reference volt-
age U, . being lower than zero, the method envisages the
piloting of the converter C,,» with a width pulse modulation
of unipolar type in which, as shown in the FIG. 9:
[0114] the fourth switch S, is periodically switched to a
preset frequency, by means of the signal P ;

[0115] the third switch S, is always on;
[0116] the first and second switches S, and S, are always
off.
[0117] In the event of the output current value I, being

below the positive threshold value 1, and the reference voltage
U, being higher than zero, the method envisages the piloting
of the converter C,,~ with a width pulse modulation of
complementary type in which, as shown in the FIG. 10:
[0118] the first switch S, and the third switch S_ are
periodically switched to a preset frequency and in a
complementary way to each other, by means of the sig-
nals P, and P ;

[0119] the second switch S, is always on;
[0120] the fourth switch S is always off.
[0121] In the event of the output current value I, being

above the preset negative threshold value I, and the reference
voltage U,,being lower than zero, the method envisages the
piloting of the converter C,, with a width pulse modulation
of complementary type in which, as shown in the FIG. 11:
[0122] the second switch S, and the fourth switch S, are
periodically switched to a preset frequency and in a
complementary way to each other, by means of the sig-
nals P, and P ;

[0123] the third switch S_ is always on;
[0124] the first switch S, is always off.
[0125] Usefully, the method also provides a phase of gen-

eration of a reference current I, -and a phase of calculation of
the difference between such reference current 1,,- and the
output current I,,.

[0126] The reference voltage U, to be generated at input to
the modulation unit M is therefore determined according to
the difference calculated between the reference current I,
and the output current I,,.

[0127] Finally, the method comprises a filtering phase of
the output current I, by means of the filtering unit F.

[0128] It has in point of fact been ascertained how the
described invention achieves the proposed objects and in
particular, the fact is underlined that the device and the
method for converting direct current into alternate current
according to the invention, in particular the combined use of
the modulation of unipolar type and of the modulation of
complementary type, permit eliminating the disturbances
present at the zero crossing of the output current and, at the
same time, allow reducing to the indispensable utmost the
amount of switching of the inverter switches.

[0129] Besides areduction of the disturbances with respect
to the modulation of unipolar type only, this also involves a
reduction in energy losses compared to complementary type
modulation.
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[0130] In fact, compared to complementary modulation,
the described invention permits reducing losses tied to
switching by means of the pilot circuit of the central switches
of the inverter and, furthermore, permits reducing the sizing
requirements of such piloting circuit inasmuch as the central
switches are only used for a small percentage of the output
current period.

[0131] The described invention also allows eliminating the
additional losses on the inverter diodes tied to the respective
dispersion currents.

[0132] Yetanother advantage is represented by the fact that
the described invention permits a minor distortion of the
output voltage in the unipolar modulation area due in particu-
lar to the absence of dead times which reduce the useful
voltage on the charge, the reference duty cycle being equal.

1. A device (D) for converting direct current into alternate
current, comprising at least a multilevel converter (Cyp)
associated with at least a source of direct current (V ), at
least amodulation unit (M) having piloting means for piloting
said converter (Cyp.) for the conversion of said direct current
(V ;.) into an alternate output current (I,) and at least a current
control unit (A) operatively associated with said modulation
unit (M) and having generation means for generating a refer-
ence voltage (U,,), wherein said modulation unit (M) com-
prises comparison means for comparing said output current
value (I,,) with at least a preset positive threshold value (I,,)
and at least a preset negative threshold value (1,,), said piloting
means being suitable for piloting said converter (C,) with
a pulse modulation of the unipolar type in the event of said
output current value (I,,) being above said positive threshold
value (1) and said reference voltage (U,, ) being above zero or
in the event of said output current value (I,,) being below said
negative threshold value (I,,) and said reference voltage (U,
being lower than zero, and with a pulse modulation of the
complementary type in the event of said output current value
(L) being below said positive threshold value (I,) and said
reference voltage (U,, ) being above zero and in the event of
said output current value (I,) being above said negative
threshold value (I,,) and said reference voltage (U,,,) being
lower than zero.

2. The device (D) according to the claim 1, wherein said
converter (Cyp) comprises at least an output branch (R,)
having at least a first and a second electronic switch (S, and
S,) associated in series the one with the other between the
positive pole (V ,.+) of said source of direct current (V) and
at least an output terminal and having at least a third and a
fourth electronic switch (S, and S ) associated in series the
one with the other between the negative pole (V) of said
source of direct current (V) and said output terminal, said
electronic switches (S, S,, S_, S,) being operatively associ-
ated with said piloting means of the modulation unit (M).

3. The device (D) according to claim 2, wherein said pilot-
ing means comprise generation means for generating at least
a first, second, third and fourth control signal (P, P,, P_, P )
pulse width modulated and suitable for controlling said first,
second, third and fourth switch (S,, S,, S, S,).

4. The device (D) according to claim 2, wherein said con-
verter (C,p) comprises at least an input branch (R;) having at
least two condensers (C) associated in series the one with the
other and having at least a terminal associated with the posi-
tive pole (V ,.+) of said source of direct current (V) and at
least an opposite terminal associated with the negative pole
(V 4.-) of said source of direct current (V).

Aug. 16,2012

5. The device (D) according to claim 4, wherein said output
branch (R,) comprises at least a first diode (D,) with the
anode associated with said input branch (R,), at a connection
point (NP) between said two condensers (C), and with the
cathode associated with said output branch (R,,), at a connec-
tion point between said first and said second switch (S, and
S,), and at least a second diode (D,) with the cathode asso-
ciated with said input branch (R,), at said connection point
(NP) between said two condensers (C), and with the anode
associated with said output branch (R,), at a connection point
between said third and fourth switch (S_ and S ).

6. The device (D) according to the claim 5, wherein said
connection point (NP) between said condensers (C) is a zero-
voltage neutral point.

7. The device (D) according to the claim 2, wherein said
converter (C,p.) comprises a plurality of said output
branches (R,).

8. The device (D) according to claim 2, wherein said first,
second, third and fourth switches (S,, S,, S_, S,) are of the
Mosfet, IGBT type or the like.

9. (canceled)

10. The device (D) according to claim 2, wherein, in the
event of said output current value (I,,) being above said posi-
tive threshold value (I,) and said reference voltage (U,,)
being higher than zero, said piloting means are suitable for
piloting said converter (C,.) with a width pulse width
modulation of unipolar type in which:

said first switch (S,) is periodically switched at a preset

frequency;

said second switch (S,) is always on;

said third and fourth switches (S, and S ) are always off.

11. The device (D) according to claim 2, wherein, in the
event of said output current value (I,) being below said nega-
tive threshold value (I,) and said reference voltage (U,,)
being lower than zero, said piloting means are suitable for
piloting said converter (C, ) with a pulse width modulation
of unipolar type in which:

said fourth switch (S,) is periodically switched at a preset

frequency;

said third switch (S,) is always on;

said first and second switches (S, and S,) are always off.

12. The device (D) according to claim 2, wherein, in the
event of said output current value (I,,) being below said posi-
tive threshold value (I,) and said reference voltage (U,,)
being higher than zero, said piloting means are suitable for
piloting said converter (C,-) with a pulse width modulation
of complementary type in which:

said first switch (S,) and said third switch (S,) are periodi-

cally switched at a preset frequency and in a comple-
mentary way to each other;

said second switch (S,) is always on;

said fourth switch (S,) is always off.

13. The device (D) according to claim 2, wherein in the
event of said output current value (I,,) being above said nega-
tive threshold value (I,,) and said reference voltage (U,,)
being lower than zero, said piloting means are suitable for
piloting said converter (C,-) with a pulse width modulation
of complementary type in which:

said second switch (S,) and said fourth switch (S,) are

periodically switched at a preset frequency and in a
complementary way to each other;

said third switch (S,) is always on;

said first switch (S,) is always off.
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14. The device (D) according to claim 1, further compris-
ing at least a source of reference current (I,,,) and calculation
means for calculating the difference between said reference
current (I,,) and said output current (I,).

15. The device (D) according to claim 13, further compris-
ing a current control unit (A) comprising determination
means for determining the reference voltage (U,,) to be gen-
erated according to the difference calculated between said
reference current (1,9 and said output current (I,).

16. The device (D) according to claim 15, further compris-
ing at least a filtering unit (F) arranged downstream of said
converter (C,) and suitable for filtering said output current
).

17. The device (D) according to claim 16, wherein said
filtering unit (F) comprises at least one between an LC filter,
an LCL filter or the like.

18. A method for converting direct current into alternate
current, comprising at least a piloting phase of a multilevel
converter (Cyp.) for the conversion of a direct voltage (V)
into an alternate output voltage (I,) and at least a generation
phase of a reference voltage (U,, /), and at least a comparison
phase of said output current value (I,,) with at least a preset
positive threshold value (I,) and at least a preset negative
threshold value (1,,), said piloting phase being suitable for
piloting said converter (C,») with a pulse modulation of the
unipolar type in the event of said output current value (I,,)
being above said positive threshold value (I,,) and said refer-
ence voltage (U, being above zero or in the event of said
output current value (I,) being below said negative threshold
value (I,)) and said reference voltage (U,,) being lower than
zero, and with a pulse modulation of the complementary type
in the event of said output current value (I,,) being below said
positive threshold value (I,,) and said reference voltage (U,
being above zero and in the event of said output current value
(1) being above said negative threshold value (I,,) and said
reference voltage (U, being lower than zero.

19. The method according to the claim 18, wherein said
converter (Cyp-) comprises at least an output branch (R,)
having at least a first and a second electronic switch (S, and
S,) associated in series the one with the other between the
positive pole (V +) of a source of said direct voltage (V ;) and
at least an output terminal, and having at least a third and a
fourth electronic switch (S, and S,) associated in series the
one with the other between the negative pole (V) of said
source of direct voltage (V) and said output terminal.

20. The method according to claim 18, wherein said pilot-
ing phase comprises a generation phase of at least a first,
second, third and fourth control signal (P,, P,, P_, P ), pulse
width modulated and suitable for controlling said first, sec-
ond, third and fourth switch (S,, S,, S_, S,).

21. The method according to claim 19, wherein said con-
verter (C,p) comprises at least an input branch (R;) having at
least two condensers (C) associated in series the one with the
other and having at least a terminal associated with the posi-
tive pole (V ,.+) of said source of direct voltage (V) and at
least an opposite terminal associated with the negative pole
(V 4.-) of said source of direct voltage (V).

22. The method according to claim 20, wherein said output
branch (R,) comprises at least a first diode (D,) with the
anode associated with said input branch (R,), at a connection
point (NP) between said two condensers (C), and with the
cathode associated with said output branch (R,,), at a connec-
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tion point between said first and second switch (S, and S,),
and at least a second diode (D,) with the cathode associated
with said input branch (R,), at said connection point (NP)
between said two condensers (C), and with the anode associ-
ated with said output branch (R,), at a connection point
between said third and fourth switch (S_ and S ).

23. (canceled)

24. The method according to claim 18, wherein, in the
event of said output current value (I,) being above said posi-
tive threshold value (I,) and said reference voltage (U,,)
being higher than zero, said piloting phase is suitable for
piloting said converter (C,-) with a pulse width modulation
of unipolar type in which:

said first switch (S,) is periodically switched to a preset

frequency;

said second switch (S,) is always on;

said third and fourth switches (S, and S) are always off.

25. The method according to claim 18, wherein in the event
of said output current value (I,) being below said negative
threshold value (I,,) and said reference voltage (U, ) being
lower than zero, said piloting phase is suitable for piloting
said converter (C,,»-) with a pulse width modulation of uni-
polar type in which:

said fourth switch (S,) is periodically switched to a preset

frequency;

said third switch (S,) is always on;

said first and second switches (S, and S,) are always off.

26. The method according to claim 18, wherein in the event
of said output current value (I,,) being below said positive
threshold value (I,) and said reference voltage (U, ,) being
higher than zero, said piloting phase is suitable for piloting
said converter (C,,.) with a pulse width modulation of
complementary type in which:

said first switch (S,) and said third switch (S,) are periodi-

cally switched to a preset frequency and in a comple-
mentary way to each other;

said second switch (S,) is always on;

said fourth switch (S,) is always off.

27. The method according to claim 18, wherein in the event
of said output current value (I,,) being above said negative
threshold value (I,,) and said reference voltage (U, ) being
lower than zero, said piloting phase is suitable for piloting
said converter (C,p-) with a pulse width modulation of
complementary type in which:

said second switch (S,) and said fourth switch (S,) are

periodically switched to a preset frequency and in a
complementary way to each other;

said third switch (S,) is always on;

said first switch (S,) is always off.

28. The method according to claim 18, wherein it com-
prises at least a generation phase of a reference current (I,
and at least a calculation phase of the difference between said
reference current (1,9 and said output current (I).

29. The method according to claim 28, comprising at least
a determination phase for determining the reference voltage
(U, to be generated according to the difference calculated
between said reference current (I,,,) and said output current
.

30. The method according to claim 18, comprising at least
a filtering phase of said output current (J,).
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