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ABSTRACT

This is a multi-level converter comprising one or more arms (B) to each
be connected between a voltage source (VDC) and a current source (). Each arm
comprises two stages (E1, E2) in cascade, the first to be connected to the voltage source
(VDC), the second to be connected to the current source (l). The first stage (Etl)
comprises several elementary stages (Eln, ..., E12, E11) of rank one to n in cascade, the
elementary stage (E11) of rank one being connected to the second stage (Et2) and the
elementary stage (E1n) of rank n having to be connected to the voltage source (VDC).
Each elementary stage (E1n) comprises a pair of identical cells of NPC type (Cen1, Cen2) in
series, the connection being direct in the elementary stage of rank 1, the connection
being made via n-1 capacitive cells ((Can(1), ..., Can(n-1)) for each elementary stage of

rank greater than one, the second stage (Et2) comprising a floating capacitor cell (Ce10).

Figure.1A



S. 55691

1/14

i b
ona | zig BEERR
I
A (L-u)gxnet L auuLs
/ e e . _ N
~ 2TOD Lo ,_ICrCIHl L
| e ! k 4
! ! ‘ i = i i !
xnew 't L T e R
“ Il "FN_W . — lez13 “ s
! I RSN | A AwnCvCNQ\)«/,!.;\m \ uuL 3
“illx.nl._ ” 1 “N:‘m_ M ”4‘ //n,.w\“i
]
| DLy Tk |
HoeO e (Nzeo | }|2213 “
o _ " ” i - - — - U.th M.‘
[ Y H ;==
" AR L (Jueo—~{ | 'lzu3
_ T M U 11213 Ay
! Y ! PR | =
) S ;. Lixneq ! 4‘, | _ |
= \qn - \ _4‘ o “ Lo
Vi Old it | _ Hug
—\ W@Q \.\\\ , M_\ Cv m\xsmlu “ 1
S ) T
129D / LU \“ 'y .“.
g T e ,

S1021dv 20  00L10TS10T

QAN



2015201700 02 Apr 2015

ol

10

15

20

25

MULTI-LEVEL POWER CONVERTER

DESCRIPTION

TECHNICAL FIELD

The present invention relates to multi-level power converters more

particularly intended to operate in the medium voltage range.

PRIOR ART

Known medium voltage power converters generally use semi-conductor
switches placed in series to allow an increase in voltage. The major difficulty with placing
these semi-conductor switches in series is of obtaining identical voltages across the
terminals of all these semi-conductor switches at each instant. If transient or permanent
overloads arise, the destruction of the semi-conductor switches may occur.

Technigues based on interleaving the controls of the switches and
associated with the use of transformers have developed, and they make it possible to
manage the distribution of the voltages and to reconstruct the waveforms. But
transformers have a not insignificant cost and they prevent the realization of compact
converters.

Another solution has arisen, namely the so-called NPC (neutral point
clamped) topology. A cell of NPC type comprises two pairs of semi-conductor switches in
series, two diodes in series connected on one side to the common point between the two
switches of the first pair and on the other to the common point between the two
switches of the second pair. A series of two capacitors, which is connected to the
terminals of the assembly formed by the pairs of semi-conductor switches, is moreover
found. The common point between the two diodes in series is linked to the common
point between the two capacitors of the series.

This topology leads to a satisfactory waveform and to a reduction in the
voltage constraints on the semi-conductor switches. On the other hand, imbalances in the

voltage across the terminals of the capacitors may occur.
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Improvements to the NPC original topology have occurred, by replacing
the two diodes with a pair of semi-conductor switches. This topology is dubbed ANPC
with 3 voltage levels.

Another improvement has arisen for increasing the acceptable voltage
level by placing switches in series and by adding a capacitor. This topology is dubbed
ANPC with 5 voltage levels. It has been developed by the company ABB. However, at
present, it is limited to voltage levels of the order of 6.9 kV.

Another technique is based on the association of floating capacitor cells,
also known as nested elementary cells. A voltage source can be linked to a current source
via an arbitrary number of such elementary cells in series. Each elementary cell comprises
two semi-conductor switches in series and an energy storage device such as a capacitor
links together two neighbouring elementary cells in a ladder-like manner. However, this
solution exhibits drawbacks related to the presence of the floating capacitor between two
elementary cells. The greater the number of elementary cells, the greater the cost
overhead related to the capacitors and the larger the quantity of energy stored in these
capacitors.

Faced with the difficulties resulting from placing numerous semi-
conductor switches in series so as to attain high voltage levels, it has been advocated to
limit the number of switches in series, and to associate stages with cells nested in
cascade, each stage comprising several nested elementary cells.

Thus in patent application US 2007/0025126, there is described a multi-
level power converter comprising at least two arms configured with nested elementary
cells linked together by capacitors.

In a first configuration, each arm comprises a cascade of 3 stages. These
stages each have a different rank lying between one and three. Each stage comprises as
many pairs of nested elementary cells as the rank of the stage. These pairs of nested
elementary cells can take three voltage levels. The drawback of this first configuration is
that it uses many switches and capacitors, thus making it expensive and very unreliable.

In a second configuration, each arm comprises a cascade of two stages,

one of rank one and the other of rank two. Each stage comprises just as many triplets of
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nested elementary base cells. These triplets of elementary cells can take four voltage
levels. In this second variant, the capacitors used will be charged with the different
voltage levels depending on whether they belong to the first stage or to the second
stage. This presents a limitation to standardization. Moreover, spurious inductances of
the capacitors are all the higher the greater the voltage withstand. Overvoltages due to
switching for the cells with largest voltage levels will limit the attraction of the setup.
Any discussion of documents, devices, acts or knowledge in this
specification is included to explain the context of the invention. It should not be taken as
an admission that any of the material formed part of the prior art base or the common
general knowledge in the relevant art on or before the priority date of the claims herein.
Comprises/comprising and grammatical variations thereof when used in
this specification are to be taken to specify the presence of stated features, integers,
steps or components or groups thereof, but do not preclude the presence or addition of

one or more other features, integers, steps, components or groups thereof.

SUMMARY OF THE INVENTION

It would be desirable to provide a multi-level converter able to work at
voltage levels above those of the prior art, without needing either to resort to
transformers or to increase the number of semi-conductor switches.

It would also be desirable to provide a multi-level converter which is less
expensive and more reliable than the multi-level converters of the prior art, for a given
voltage level.

It would also be desirable to provide a multi-level converter which uses
batches of standard capacitors with limited voltage withstand.

It would also be desirable to provide a multi-level converter which limits
the occurrence of spurious inductances.

In accordance with the present invention there is provided a multi-level
converter comprising one or more arms, configured to each be connected between a
voltage source and a current source. The or each arm comprises two stages connected in
cascade with a first stage intended to be connected to the voltage source and a second

stage intended to be connected to the current source. The first stage comprises n
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elementary stages of rank one to n (n greater than one) connected in cascade, the
elementary stage of rank one being connected to the second stage and the elementary
stage of rank n being intended to be connected to the voltage source. Each elementary
stage comprises a pair of identical cells of NPC type connected in series, the connection
being direct in the elementary stage of rank one, the connection being made via n-1
capacitive cells for each elementary stage of rank n (n greater than one). The second
stage comprises a cell of floating capacitor type.

In this multi-level converter, a capacitive cell preferably comprises two
energy storage devices arranged in series, these energy storage devices having one and
the same energy storage capacity.

In an elementary stage, the cells of NPC type may comprise a capacitive
bridge with two energy storage devices having one and the same energy storage
capacity. Each energy storage device of a capacitive cell of this elementary stage has one
and the same energy storage capacity as one of the energy storage devices of a cell of
NPC type.

Thus, all the energy storage devices of the first stage have one and the
same energy storage capacity.

To comply with the connection rules as regard voltage source and current
source, at least one of the cells of NPC type of an elementary stage is preferably
connected to a cell of NPC type of a neighbouring elementary stage via an inductance.

In the converter which is the subject of the invention, a cell of NPC type
preferably comprises a quadruplet of elementary switches arranged in series, two of
which are in the extreme position and two of which are in the median position. An
elementary switch in the extreme position and an elementary switch in the median
position which are not directly linked are always in complementary states, one being
enabled and the other being disabled, and these two elementary switches form an
elementary switching cell.

A cell of NPC type preferably possesses a conversion function which
relates the voltage applied at the input of said cell to the voltage present at the output

of said cell. The two elementary switching cells of said cell also each possess a
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conversion function. The conversion function of the cell of NPC type depends on the
conversion functions of the two elementary switching cells.

Furthermore, the cells of NPC type of one and the same elementary stage
have one and the same conversion function.

In the two cells of NPC type of one and the same elementary stage, the
homologous elementary switches are controlled in an identical manner.

In the converter which is the subject of the invention, a cell of floating
capacitor type preferably comprises a quadruplet of elementary switches arranged in
series, two of which are in the extreme position and two of which are in the median
position. The two elementary switches in the extreme position are always in
complementary states, the two elementary switches in the median position are always in
complementary states, one being enabled and the other being disabled. The two
elementary switches in the extreme position form a first elementary switching cell. The
two elementary switches in the median position form a second elementary switching
cell.

The elementary switches may each comprise a controllable electronic
power switch associated with a diode connected in antiparallel.

The energy storage devices are chosen from among a capacitor, a battery
and a fuel cell.

The present invention also relates to a variable speed drive comprising a
cascade with a converter thus characterized operating as an AC/DC rectifier and a
converter thus characterized operating as a DC/AC inverter, linked together by their

sides continuously by way of a voltage source.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood on reading the
description of exemplary embodiments given purely by way of wholly non-limiting
indication while referring to the appended drawings in which:

Figure 1A illustrates, in a very schematic manner, a multi-level converter

arm which is the subject of the invention with a first stage and a second stage mounted
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in cascade, the first stage being a cascade of n elementary stages, Figure 1B is a single-

phase multi-level converter comprising two arms which are similar to that of Figure 1A;
Figure 2A shows a cell of NPC type of the multi-level converter which is

the subject of the invention and Figures 2B, 2C, 2D illustrate the flow of the current in

this cell leading to the three states of the cell of NPC type;

THE NEXT PAGE IS PAGE 6.
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Figure 3A shows a cell of type with floating capacitor with three voltage
levels of the multi-level converter which is the subject of the invention and Figures 3B, 3C,
3D, 3E illustrate the flow of the current in this floating capacitor cell leading to the four
states of the floating capacitor cell;

Figures 4A and 4B illustrate examples of a multi-level converter arm
which is the subject of the invention in which the first stage is a cascade of two first
elementary stages, Figure 4A relates to an inverter and Figure 4B relates to a rectifier;

Figures 5A and 5B illustrate respectively triangular signals for the control
of the elementary switches of the two elementary switching cells of a floating capacitor
cell such as the cell Ce10 of Figure 4A in the case of a control of pulse width modulation
PWM type; Figures 5C and 5D illustrate respectively triangular signals for the control of
the elementary switches of the two elementary switching cells of a cell of NPC type such
as the cell Cell of Figure 4A in the case of a control of pulse width modulation PWM
type; Figure 5E illustrates a command signal to be compared with the triangular signals so
as to determine switching instants of the elementary switches of the elementary
switching cells;

Figures 6 to 9 illustrate signals in the case of a converter, such as that of
Figure 4A, with a load 10 of RL type wired up between the node S and the node N3:

Figures 6.00 to 6.04 illustrate respectively the command signal Vref to
be compared with the carrier Car3 for the control of the elementary switches T4u and
T3u, with the carrier Car4 for the control of the elementary switches T5u and T6u, with
the carrier Carl for the control of the elementary switch T1, with the carrier Car2 for the
control of the elementary switch T2;

Figures 6.1 to 6.8 are timecharts corresponding to the first elementary
stage E11: Figures 6.1 and 6.2 illustrate respectively the control signal for the elementary
switches T3u, T4u; Figures 6.3 to 6.7 illustrate respectively the current flowing from the
node N8 to the elementary switch T4u, the current flowing from the node N9 to the
diodes D7 and D8, the current flowing from the node N10 to the elementary switches

T3'u and T4l, the current flowing from the node N11 to the diodes D9 and D10, the
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current flowing from the node N12 to the elementary switch T3'l; Figure 6.8 illustrates the
output current from the arm and which powers the load 10;

Figures 7.1 to 7.9 are timecharts corresponding to the second
elementary stage E12: Figures 7.1 and 7.2 illustrate respectively the control signal for the
elementary switches T5u, T6u; Figures 7.3 to 7.8 illustrate respectively the current flowing
from the terminal E+ having to be connected to the voltage source VDC to the elementary
switch Téu, the current flowing from the node N1 to the diodes D1 and D2, the current
flowing from the node N2 to the elementary switch T5'u, the current flowing from the
node N4 to the elementary switch T6l, the current flowing from the node N5 to the
diodes D5 and D6, the current flowing from the terminal E- having to be connected to the
voltage source VDC to the elementary switch T5'l; Figure 7.9 illustrates the output current
from the arm and which powers the load 10;

Figures 8.1 to 8.5 are timecharts corresponding to the second stage E2,
Figures 8.1 and 8.2 illustrate respectively the control signal for the elementary switches
T1, T2 with a first time base, the same as that of Figures 6.03 and 6.04; Figures 8.3 and 8.4
illustrate respectively the current flowing from the elementary switch T2 to the
elementary switch T1 and the current flowing from the elementary switch T2 to the
capacitor Cf; Figure 8.5 illustrates the output current from the arm and which powers the
load 10; Figures 8.6 and 8.7 again illustrate the control signal for the elementary switches
T1, T2 with a second time base, the same as that of Figures 8.3 to 8.5;

Figures 9.1 and 9.2 illustrate respectively a timechart of the voltage Vs
across the terminals of the load 10 and of the output current Is from the arm and which
powers the load 10;

Figure 10 shows an exemplary variable speed drive associating two
multi-level converters which is the subject of the invention, one operating as a rectifier

and the other as an inverter.
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DETAILED ACCOUNT OF PARTICULAR EMBODIMENTS

Reference is made to Figure 1A which shows an electrical diagram of an
arm B of a multi-level converter which is the subject of the invention, in a general
structure. It makes it possible to work at voltages from the medium voltage range up to
about 13.8 kv.

It will be described initially in an example of a DC/AC converter arm.

The multi-level converter which is the subject of the invention, such as
that illustrated in Figure 1B, comprises one or more arms B similar to that represented in
Figure 1A. They are intended to each be wired up between two like electrical power
supply sources, including a voltage source VDC and a current source |I. Two arms are used
in a single-phase converter. Three arms would be used in a three-phase converter.

The arm B of Figure 1A is intended to be connected between the voltage
source VDC and the current source |. The converter can then operate as a DC/AC
converter (inverter) or else as an AC/DC converter (rectifier). In the case of a DC/AC
converter, the current source is alternating and may be for example an electric motor,
and the voltage source is direct and may be for example a direct current bus wired up to
the output of a rectifier.

In the case of an AC/DC converter, the current source is alternating and
may be for example the power supply network and the voltage source is direct and may
be for example a capacitor or a battery.

The converter arm B comprises two stages Et1, Et2 connected together
in cascade. The first stage Et1 or input stage is intended to be wired up to the voltage
source VDC which is direct and the second stage Et2 or output stage is intended to be
wired up to the current source | in the DC/AC converter configuration which is illustrated
in Figures 1.

In an AC/DC converter configuration, the first stage Etl or output stage
would be wired up to a direct voltage source and the second stage Et2 or input stage
would be wired up to an alternating current source. The input and the output of the
converter are reversed when toggling from inverter operation to rectifier operation and

vice versa.
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The first stage Etl is formed of n elementary stages E11, E12, ..., Eln
having a rank lying between 1 and n (n an integer greater than one) connected in cascade.
The elementary stage E11 of rank 1 is connected to the second stage Et2. The elementary
stage E1n of rank n is intended to be wired up to the voltage source VDC.

The second stage Et2 is formed of a floating capacitor type cell Ce10 to
three voltage levels.

Each elementary stage E11, E12, ..., E1n of the first stage Et1 comprises
a pair of cells of NPC type (Cel1, Cel2), (Ce21, Ce22), ..., (Cenl, Cen2) linked in series. The
link between the two cells of NPC type (Cell, Cel2), (Ce21, Ce22), ..., (Cenl, Cen2) of one
and the same elementary stage E11, E12, ..., E1n of rank 1 to n is made by n-1 capacitive
cells. For the elementary stage E11 of rank 1, the link between its two cells of NPC type
Cell, Cel2 is then direct. When n-1 is greater than one, there are n-1 capacitive cells
which are connected in series. The capacitive cell of the elementary stage E12 of rank 2 is
referenced Ca2(1) and by analogy those of the elementary stage En of rank n Can(1) to
Can(n-1). Each capacitive cell comprises a pair of energy storage devices in series. The two
energy storage devices of a capacitive cell have one and the same energy storage
capacity. Moreover, all the energy storage devices of the capacitive cells of the first stage
Etl have one and the same energy storage value.

The energy storage devices used in the converter which is the subject of
the invention, whether in the NPC type or floating capacitor cells or else in the capacitive
cells, can be embodied by any device capable of storing electrical energy and of delivering
it in the form of voltage. The energy storage devices can take the form of a capacitor, of a
battery, of a fuel cell, etc.

Subsequently, for the sake of simplification, the reference VDC will
represent both the voltage source and the voltage across the terminals of this voltage
source.

It is appreciated that the voltage VDC has been split into n+1 associated
voltages in series, two more extreme of which, dubbed E1n1 and Eln(n+1), are the input

voltages of the cells of NPC type Cenl and Cen2.
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In inverter operation, a single voltage source VDC has been represented.
Of course this voltage source VDC could consist of an assembly of n+1 independent
elementary voltage sources.

Each cell of NPC type comprises, as will be seen further on while
referring to the description of Figure 3A, an input capacitive divider bridge which
manifests a voltage source. The voltages E1nl, Eln(n+1) are the voltages across the
terminals of these capacitive bridges.

The voltages E1n2 to E1lnn are floating voltages which are applied to the
n-1 capacitive cells Can(1) to Can(n-1). These n-1 capacitive cells Can(1) to Can(n-1) form
floating voltage sources.

In the same manner, the outputs of the cells of NPC type Cenl and Cen2
of the elementary stage E1n are considered to be floating voltage sources.

The link between two neighbouring elementary stages is made between
two respective cells of NPC type, via an inductor Laux11, Laux21, ..., Laux1(n-1), Laux2(n-
1). Each of these inductances can be regarded as a current source so as to comply with
the rules for connection between voltage source and current source. The values of these
two inductances are the same. On the other hand, two inductances which do not link two
like stages do not necessarily have the same values. As a variant, it would be possible to
use only a single inductance to link a first elementary stage and a second neighbouring
elementary stage. Said inductance would be placed between a cell of NPC type of the first
elementary stage and a cell of NPC type of the second neighbouring elementary stage.
The other cell of NPC type of the first elementary stage would be linked directly to the
other cell of NPC type of the second neighbouring elementary stage. It is in order to show
this variant diagrammatically that the inductor Laux21 in Figure 1A has been represented
dotted. This signifies that it is optional. In this case, the value of the single inductance
used would be the sum of the two inductances of the setup with two inductances.

At the level of the elementary stage E12 of rank 2, the outputs of the
cells of NPC type Ce21 and Ce22 are connected via the inductors Laux11, Laux21 to two

floating voltage sources consisting of the capacitive bridges of the two cells of NPC type
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Cell, Cel2. These two voltage sources have a common point. The references E111, E112
correspond to the voltages across the terminals of these capacitive bridges.

The outputs of the cells of NPC type Cell and Cel2 embody a floating
voltage source E2 which is applied as input to the floating capacitor type cell Cel0 of the
second stage Et2. The structure and the operation of a floating capacitor type cell with
three voltage levels are described while referring to Figures 3A to 3E.

The components of the nth elementary stage E1n are chosen in such a
way that the input voltage VDC is split into n+1 equal input voltages applied to each of the
two cells of NPC type Cenl, Cen2 and of the n-1 capacitive cells Can(1), ..., Can(n-1). Thus
VDC/n+1 is applied to each of the cells of the nth elementary stage.

It is possible to define a conversion function f associated with each cell
of NPC or floating capacitor type, it relates the input voltage Ve applied to said cell to the
voltage V present at the output of the same said cell.

V=f*Ve/2 with -1<f< 1

In each elementary stage of the first stage, the two cells of NPC type are
configured and controlled in such a way that their associated conversion functions are
pairwise equal. In this way, the voltages applied at the input of each of the cells of the
first stage, and also of the second stage, are equal to VDC/n+1. All the cells of NPC or
floating capacitor type of the converter must support this voltage VDC/n+1. This
addresses the initial objective of reducing the voltage constraints on the semi-conductor
switches for a given DC voltage applied to the elementary stage of rank n of the first
stage.

The structure of a cell of NPC type with three voltage levels will swiftly
be described while referring to Figures 2A to 2D.

This cell of NPC type comprises a quadruplet of elementary switches
mounted in series dubbed K11, K12, K21, K22. In this quadruplet, a first elementary
switch K11 and a second elementary switch K22 are in the extreme position and a first
elementary switch K12 and a second elementary switch K21 are in the median position,
and the two elementary switches in the median position are linked directly to one

another at the node M3. In the quadruplet, an elementary switch in the extreme position
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is linked directly to an elementary switch in the median position. This link makes it
possible to define a first midpoint M1 between the first elementary switch K11 in the
extreme position and the first elementary switch K12 in the median position and a second
midpoint M2 between the second elementary switch K22 in the extreme position and the
second elementary switch K21 in the median position.

The elementary switches K11, K12, K21, K22 are semi-conductor
switches and each comprise a controllable electronic power switch T11, T12, T21, T22,
such as an IGBT (Insulated Gate Bipolar Transistor) power transistor associated with a
diode D11, D12, D21, D22, connected in antiparallel. Instead of the IGBT transistors, other
electronic power switches such as MOSFET transistors or the like are conceivable. In order
not to overload the figures, the control means of the electronic power switches have not
been represented.

A first diode D100 and a second diode D200 in series are connected
between the first midpoint M1 and the second midpoint M2. The diode D100 has its
cathode connected to the first midpoint M1, the diode D200 has its anode connected to
the second midpoint M2. A capacitive divider bridge with a first energy storage device
C100 and a second energy storage device C200 is connected to the extreme terminals of
the quadruplet of elementary switches K11, K12, K21, K22. The two energy storage
devices C100 and C200 have one and the same electrical energy storage capacity. The
midpoint A between the two energy storage devices C100, C200 in series is linked to the
midpoint B between the two diodes D100, D200 in series. The diode D100 has its anode
connected to the midpoint B, the diode D200 has its cathode connected to the midpoint
B.

Two switching functions are defined. The first switching function F1 is
used for the control of a first elementary switching cell G1 comprising the first elementary
switch K11 in the extreme position and the second elementary switch K21 in the median
position. The second switching function F2 is used for the control of a second elementary
switching cell G2 comprising the first elementary switch K12 in the median position and
the second elementary switch K22 in the extreme position. The elementary switches of

one and the same elementary switching cell G1 or G2 are not connected directly to one
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another and are always in complementary states, one being enabled and the other
disabled.

The first input voltage V1 is applied across the terminals of the first
energy storage device C100. The second input voltage V2 is applied across the terminals
of the second energy storage device C200.

The output voltage V is taken between the midpoint A between the two
energy storage devices C100, C200 and the node M3 common to the two elementary

switches K12, K21 in the median position.

State K11 K21 F1G1 K12 K22 F2 G2 v
1 enabled | disabled 1 enabled | disabled 1 V1
2 disabled | enabled 0 enabled | disabled 1 0
3 disabled | enabled 0 disabled | enabled 0 -V2

The combination K12 disabled and K11 enabled is not permitted in this
setup delivering three voltage levels. State 1 is illustrated in Figure 2B, state 2 is
illustrated in Figure 2C, state 3 is illustrated in Figure 2D.

The structure of a floating capacitor type cell with three voltage levels
will swiftly be described while referring to Figures 3A to 3E.

This cell of floating capacitor type comprises a quadruplet of elementary
switches mounted in series dubbed K110, K120, K210, K220. In this quadruplet, a first
elementary switch K110 and a second elementary switch K220 are in the extreme position
and a first elementary switch K120 and a second elementary switch K210 are in the
median position, and the two elementary switches K120, K210 in the median position are
linked directly to one another at the node M30. In the quadruplet, an elementary switch
in the extreme position is linked directly to an elementary switch in the median position.
This link makes it possible to define a first midpoint M10 between the first elementary
switch K110 in the extreme position and the first elementary switch K120 in the median
position and a second midpoint M20 between the second elementary switch K220 in the

extreme position and the second elementary switch K210 in the median position.
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These elementary switches K110, K120, K210, K220 are semi-conductor
switches and each comprise a controllable electronic power switch T110, T120, T210,
T220, such as an IGBT (Insulated Gate Bipolar Transistor) power transistor for example
associated with a diode D110, D120, D210, D220, connected in antiparallel. Instead of
IGBT transistors, other electronic power switches such as MOSFET transistors or the like
are conceivable.

An energy storage device C101 is connected between the first midpoint
M10 and the second midpoint M20.

Two switching functions are defined. The first switching function F10 is
used for the control of a first elementary switching cell J1 comprising the first elementary
switch K110 in the extreme position and the second elementary switch in the extreme
position K220. The second switching function F20 is used for the control of a second
elementary switching cell J2 comprising the first elementary switch K120 in the median
position and the second elementary switch K210 in the median position. The elementary
switches of one and the same elementary switching cell are always in complementary
states, enabled or disabled.

The input voltage Ve is the voltage across the terminals of the
guadruplet of switches K110, K120, K210, K220. The output voltage V is the voltage across
the terminals of the assembly formed by the second elementary switch K210 in the

intermediate position and the second elementary switch K220 in the extreme position.

State K110 K220 F10J1 K120 K210 F20 J2 \Y%

1 enabled disabled 1 enabled disabled 1 Ve

2 enabled disabled 1 disabled enabled 0 Ve/2

3 disabled enabled 0 enabled disabled 1 Ve/2

4 disabled enabled 0 disabled enabled 0 0

Depending on the state of the elementary switches, the three output

voltage levels which can be obtained are: 0, Ve/2, Ve. State 1 is illustrated in Figure 3B,
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state 2 is illustrated in Figure 3C, state 3 is illustrated in Figure 3D and state 4 is illustrated
in Figure 3E.

The elementary switches of the cells described above are bidirectional
in current, thereby rendering the converter which is the subject of the invention
reversible.

We now turn to Figures 4A, 4B which show in a more detailed manner
the electrical diagram of an arm of a multi-level converter which is the subject of the
invention. In Figure 4A, the converter which is the subject of the invention operates as a
DC/AC inverter. Its AC side output is intended to power a load 10, represented, formed of
a resistor R and of an inductor L in series and equivalent to a current source. In Figure 4B,
the converter which is the subject of the invention operates as an AC/DC rectifier. The
energy storage devices have been called capacitors. This is not limiting.

In this example the first stage Etl of the arm comprises only n=2
elementary stages E11, E12 of ranks 1 and 2. The first elementary stage E11 comprises
two cells of NPC type Cell and Cel2. The cell of NPC type Cell comprises four
elementary switches, two of which are extreme T4u, T3'u and two median T3u, T4u', as
well as two capacitors C7, C8 and two diodes D7, D8. These components are arranged as
in Figure 2A.

The elementary switches of the cell of NPC type Cel1l are distributed as
two elementary switching cells Gr4 with T4u and T4'u and Gr3 with T3u and T3'u. Thus
the elementary switching cell Gr4 has a level 0 when T4u is disabled and T4'u is enabled
and a level 1 when T4u is enabled and T4'u is disabled. Likewise the elementary switching
cell Gr3 has a level 0 when T3u is disabled and T3'u is enabled and a level 1 when T3u is
enabled and T3'u is disabled.

In a similar manner, the cell of NPC type Cel2 comprises four
elementary switches, two of which are extreme T4l, T3'l and two median T3I, T4'l, as well
as two capacitors €9, C10 and two diodes D9, D10. These components are arranged as in
Figure 2A.

The second elementary stage E12 comprises two cells of NPC type Ce21

and Ce22 and a capacitive cell Ca2(1) formed of a pair of capacitors in series C3 and C4.
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The cell of NPC type Ce21 comprises four elementary switches, two of which are extreme
Téu, T5'u and two median T5u, T6'u, two capacitors C1, C2 and two diodes D1, D2. These
components are arranged as in Figure 2A.

The elementary switches of the cell of NPC type Ce21 are distributed as
two elementary switching cells Gr5 with T5u and T5'u, and Gr6 with Téu and T6'u. Thus
the elementary switching cell Gr5 has a level 0 when T5u is disabled and T5'u is enabled
and a level 1 when T5u is enabled and T5'u is disabled. Thus the elementary switching cell
Gr6 has a level 0 when T6u is disabled and T6'u is enabled and a level 1 when T6u is
enabled and T6'u is disabled. The elementary switching cells belonging to NPC cells of one
and the same elementary stage have one and the same conversion function.

In a similar manner, the cell of NPC type Ce22 comprises four
elementary switches, two of which are extreme T6l, T5'l and two median T5I, T6'l, two
capacitors C5, C6 and two diodes D5, D6.

In order to comply with the previously stated constraints, in one and the
same elementary stage, the controls of the homologous elementary switches T3u and T3,
T4u and T4l; T5u and T5I; Téu and T6l are identical. By homologous elementary switches
is meant two elementary switches each belonging to a different cell of NPC type of the
same elementary stage and occupying exactly the same position in said cell.

The first elementary stage E11 and the second elementary stage E12 are
linked together by the two inductors Laux11, Laux21.

The second stage Et2 comprises a floating capacitor type cell Cel0 such
as illustrated in Figure 2B. The cell Cel0 comprises four elementary switches, two of
which are extreme T2, T2' and two median T1, T1', as well as a capacitor Cf. These
elementary switches are distributed as two elementary switching cells Grl with T1 and
T1', and Gr2 with T2 and T2'. Thus the elementary switching cell Grl has a level 0 when T1
is disabled and T1' is enabled and a level 1 when T1 is enabled and T1' is disabled. Thus
the elementary switching cell Gr2 has a level 0 when T2 is disabled and T2' is enabled and
alevel 1 when T2 is enabled and T2' is disabled.

The dimensioning of the capacitor Cf of the floating capacitor type cell

does not conform to the same rules as those of the capacitors of the cells of NPC type. On
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the other hand, the voltage withstand of all these capacitors of the converter is the same.
To simplify, the value of the capacitor Cf of the cell with nested capacitor depends on the
switching frequency of the elementary switches of said cell. The value of the capacitors of
a cell of NPC type is guided by the frequency of the output signal of said cell.

A load 10 of type R, L to be wired up between the node S and the node
N3 has been represented. The node S is located at the common point between the two
median elementary switches T1, T1' of the floating capacitor type cell Cel0. In the
example of Figure 4A, this node S corresponds to the output of the arm B in DC/AC
converter operation. The node N3 is located at the common point between the two
capacitors C3, C4 of the pair of capacitors of the capacitive cell Ca2(1). This node N3
corresponds to the midpoint of the input voltage source VDC.

The converter arm of Figure 4B will not be described in greater detail. It
has the same structure as that of Figure 4A with the exception of the fact that the node S
which corresponded to the output in Figure 4A is now called node E since it now
corresponds to the input. It is intended to be connected to an alternating current source
(not represented). Likewise the input terminals E+, E- in Figure 4A across whose terminals
the voltage source VDC is to be wired up are now called S+ and S- in Figure 4B, they
correspond to the output of the converter and are intended to power a direct voltage
source (not represented). In rectifier operation, a current IE flows from the node E to the
output terminals S+ and S- whereas in inverter operation currents IE+ and IE- flowed from
the terminals E+, E- to the node S. In rectifier operation currents IS+ and IS- appearing at
the terminals S+ and S- are output currents, and in inverter operation the output current
called Is appears at the node S.

The converter of Figure 4A makes it possible to obtain at output 7
different voltage levels 0, VDC/6, 2VDC/6, 3VDC/6, 4VDC/6, 5VDC/6, VDC and 36 states as
a function of the level of the elementary switching cells Grl to Gr6, that is to say of the
enabled or disabled state of their elementary switches.

The 36 different and permitted states, as well as the corresponding
voltage levels V at the output of the second stage Et2, have been grouped together in the

following table. The voltage V is taken between the node S and the terminal E-.
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The harmonic content of the output voltage is noticeably reduced.

State Gré Gr5 Gr4 Gr3 Gr2 Grl \Y%

1 0 0 0 0 0 0 0

2 0 0 0 0 0 1 VDC/6
3 0 0 0 0 1 0 VDC/6
4 0 0 0 0 1 2VDC/6
5 0 0 0 1 0 0 VDC/6
6 0 0 0 1 0 1 2VDC/6
7 0 0 0 1 1 0 2VDC/6
8 0 0 0 1 1 1 3vDC/6
9 0 0 1 1 0 0 2VDC/6
10 0 0 1 1 0 1 3vDC/6
11 0 0 1 1 0 3vDC/6
12 0 0 1 1 1 4VDC/6
13 0 1 0 0 0 0 VDC/6
14 0 1 0 0 0 1 2VDC/6
15 0 1 0 0 1 0 2VDC/6
16 0 1 0 0 1 3vDC/6
17 0 1 0 1 0 0 2VDC/6
18 0 1 0 1 0 1 3vDC/6
19 0 1 0 1 0 3vDC/6
20 0 1 0 1 1 1 4VDC/6
21 0 1 1 1 0 0 3vDC/6
22 0 1 1 1 0 1 4VDC/6
23 0 1 1 1 1 0 4VDC/6
24 0 1 1 1 1 1 5VDC/6
25 1 1 0 0 0 0 2VDC/6
26 1 1 0 0 0 1 3vDC/6
27 1 1 0 0 1 0 3vDC/6
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28 1 1 0 0 1 1 4VDC/6
29 1 1 0 1 0 0 3vDC/6
30 1 1 0 1 0 1 4VDC/6
31 1 1 0 1 1 0 4VDC/6
32 1 1 0 1 1 1 5VDC/6
33 1 1 1 1 0 0 4VDC/6
34 1 1 1 1 0 1 5VDC/6
35 1 1 1 1 1 0 5VDC/6
36 1 1 1 1 1 1 vDC

By analysing this table, it is appreciated that several states and therefore
several configurations of the elementary switches lead to one and the same voltage V.
However, these redundant states can generate different effects on the energy storage
devices of the converter. Thus in state 2, the current is aimed at discharging the capacitor
Cf of the floating capacitor type cell Cel0, whereas in state 3, the current flows in the
opposite direction, thereby leading to the charging of the capacitor Cf.

Several types of control can be used to enable or disable the elementary
switches and therefore ensure conversion. A traditional control based on pulse width
modulation PWM can be used. Of course, the homologous elementary switches of the
two cells of NPC type of one and the same elementary stage of the first stage are
controlled in the same manner.

Reference is made to Figures 5A to 5D which show triangular carriers
used to define the switching instants of the elementary switches respectively of the two
cells of NPC type and of floating capacitor type of the converter which is the subject of
the invention. More particularly Figures 5A and 5B relate, respectively, to the control of
the elementary switches of the two elementary switching cells of a floating capacitor type
cell such as the cell Ce10. The triangular carriers have an amplitude lying between +1 and
-1. They are phase-shifted by half a switching period. For example, the triangular carrier
of Figure 5A is associated with the first elementary switching cell Grl and the triangular

carrier of Figure 5B is associated with the second elementary switching cell Gr2.
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Figures 5C and 5D relate respectively to the control of the two
elementary switching cells of a cell of NPC type such as the cells of NPC type Cell, Cel2
for example. The triangular carriers have an amplitude lying between 0 and +1 (Figure 5C)
for the first elementary switching cell Gr3 and between -1 and 0 (Figure 5D) for the
second elementary switching cell Gr4. They are in phase. The switching instants of the
elementary switches are obtained by comparison between the triangular carriers and a
command signal, corresponding to the desired signal at the output of the converter. It is
possible to define as rule, for example, that a switching instant of an elementary switch
arises as soon as the command signal is strictly greater than the triangular carrier. It
would of course have been possible to fix as rule that a switching instant of an
elementary switch arises as soon as the command signal is greater than or equal to the
triangular carrier.

The command signal is illustrated in Figure 5E.

Other types of control are of course conceivable such as for example a
vector control or a direct control of the pair when the converter powers a rotating
machine.

An original control mode is proposed while referring to Figures 6 to 9.
The number of setting to the enabled state of the elementary switches of the cells of NPC
type of the elementary stages of the first stage during a period of the command signal
Vref is limited to one. Coarse adjustment of the output voltage of said elementary stage is
obtained.

By using, to control the elementary switches of the second stage of the
converter, a switching frequency greater than that used to control the switches of the
first stage, much finer adjustment of the output voltage of the converter is obtained,
while complying with the operating constraints of each of the elementary switches. It is
recalled that the switching frequency of the elementary switches is related to their
technology and to their rating. In this application, it may for example lie between 500 Hz
and 10000 Hz. The frequency of the signal at the output of the converter illustrated in

Figure 4A can vary between 0 and 150 Hz.



2015201700 02 Apr 2015

10

15

20

25

21

Figure 6.00 illustrates the profile of the command signal also called the
command voltage Vref which will serve in particular to determine the switching instants
of all the elementary switches of the cells of NPC and floating capacitor type. It will be
used in several comparisons, as will be seen subsequently. It is in phase with the voltage
Vs across the terminals of the load 10 wired up at the output of the arm B, illustrated in
Figure 9.1, on the other hand the output current Is of Figure 9.2 lags behind the command
voltage. It has an amplitude of between -0.8 and +0.8 in the example described. More
generally the command voltage Vref can vary between -1 and +1. The amplitude of this
command voltage Vref is used to adjust the amplitude of the output voltage Vs.

Figure 6.01 is a timechart of the carrier Car3 used with the command
voltage Vref to determine the switching instants of the elementary switches T4u and T3u
of the cell of NPC type Cell of the first elementary stage E11 of the converter. This is a
gated signal in phase with the command voltage Vref and whose amplitude is Vref/3.

Figure 6.1 is a timechart of the control signal for the elementary switch
T3u of the cell of NPC type Cell of the first elementary stage E11 of the converter. This is
a gated signal whose period is equal to that of the command signal Vref. The elementary
switch T3u is disabled just once during this period, as long as the amplitude of the
reference voltage Vref is less than the negative rung of the carrier Car3.

Figure 6.2 is a timechart of the control signal for the elementary switch
T4u of the cell of NPC type Cell of the first elementary stage E11 of the converter. This is
a gated signal whose period is equal to that of the command signal Vref. The elementary
switch T4u is enabled just once during this period, as long as the command voltage Vref is
greater than the positive rung of the carrier Car3.

The elementary switches T3u and T4u are directly connected
elementary switches in the median and extreme position, and they can have the same
state as shown by the above table. This holds twice during a period.

Figure 6.3 illustrates a timechart of the current IN8 flowing from the
node N8 to the elementary switch T4u. The node N8 is common to the inductor Laux11

and to the elementary switch T4u.
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Figure 6.4 illustrates a timechart of the current IN9 flowing from the
node N9 to the diodes D7 and D8. The node N9 is common to the capacitors C7, C8 and to
the diodes D7 and D8.

Figure 6.5 illustrates a timechart of the current IN10 flowing from the
node N10 to the elementary switches T3'u and T4l. The node N10 is common to the
capacitors C8, C9 and to the elementary switches T3'u and T4l.

Figure 6.6 illustrates a timechart of the current IN11 flowing from the
node N11 to the diodes D9 and D10. The node N11 is common to the capacitors €9, C10
and to the diodes D9 and D10.

Figure 6.7 illustrates a timechart of the current IN12 flowing from the
node N12 to the elementary switch T3'l. The node N12 is common to the inductor Laux21
and to the elementary switch T3'l.

Figure 6.8 illustrates a timechart of the output current Is of the
converter arm illustrated in Figure 4A. The timecharts of Figures 6.3 to 6.7 represent
portions of the current Is illustrated in Figure 6.8.

Figure 6.02 is a timechart of the carrier Car4 used with the command
voltage Vref of Figure 6.00 to determine the switching instants of the elementary
switches Téu and T5u of the cell of NPC type Ce21 of the second elementary stage E12 of
the converter. This is a gated signal in phase with the command voltage Vref and whose
amplitude is 2Vref/3. The command voltage Vref has been superimposed on this
timechart in bold.

Figure 7.1 is a timechart of the control signal for the elementary switch
T5u of the cell of NPC type Ce21 of the second elementary stage E12 of the converter.
This is a gated signal whose period is equal to that of the command signal Vref. The
elementary switch T5u is disabled just once during this period, as long as the amplitude of
the command voltage Vref is less than the negative rung of the carrier Car4.

Figure 7.2 is a timechart of the control signal for the elementary switch
Tou of the cell of NPC type Ce21 of the second elementary stage E12 of the converter.

This is a gated signal whose period is equal to that of the command signal Vref. The
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elementary switch Téu is enabled just once during this period, as long as the amplitude of
the command voltage Vref is greater than the positive rung of the carrier Car4.

The elementary switches T6u and T5u are directly connected
elementary switches in the median and extreme position, and they can have the same
state as shown by the above table. This holds twice during a period.

Figure 7.3 illustrates a timechart of the current IE+ flowing from the
terminal E+, which has to be connected to the voltage source VDC, to the elementary
switch T6u.

Figure 7.4 illustrates a timechart of the current IN1 flowing from the
node N1 to the diodes D1 and D2. The node N1 is common to the capacitors C1, C2 and to
the diodes D1 and D2.

Figure 7.5 illustrates a timechart of the current IN2 flowing from the
node N2 to the elementary switch T5'u. The node N2 is common to the capacitors C2, C3
and to the elementary switch T5'u.

Figure 7.6 illustrates a timechart of the current IN4 flowing from the
node N4 to the elementary switch T6l. The node N4 is common to the capacitors C4, C5
and to the elementary switch T6l.

Figure 7.7 illustrates a timechart of the current IN5 flowing from the
node N5 to the diodes D5 and D6. The node N5 is common to the capacitors C5, C6 and to
the diodes D5 and D6.

Figure 7.8 illustrates a timechart of the current IE- flowing from the
terminal E-, which has to be connected to the voltage source VDC, to the elementary
switch T5'l.

Figure 7.9 illustrates a timechart of the output current Is of the
converter arm illustrated in Figure 4A.

Figure 6.03 is a timechart of the carrier Carl used with the command
voltage Vref to determine the switching instants of the elementary switch T1 of the
floating capacitor type cell Ce10 of the second stage E2 of the converter. It is a triangular
signal of amplitude lying between +1 and -1. The command voltage Vref is superimposed

on the carrier Carl.
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Figure 6.04 is a timechart of the carrier Car2 used with the command
voltage Vref to determine the switching instants of the elementary switch T2 of the
floating capacitor type cell Ce10 of the second stage E2 of the converter. It is a triangular
signal of amplitude lying between +1 and -1 of the same frequency but in phase
opposition with respect to the carrier Carl of Figure 6.03. The command voltage Vref is
superimposed on the carrier Car2.

Figure 8.1 illustrates a timechart of the control signal for the elementary
switch T1 of the cell Cel0 of floating capacitor type of the second stage Et2. This
elementary switch T1 is enabled as long as the command voltage Vref is greater than
Carl.

Figure 8.2 illustrates a timechart of the control signal for the elementary
switch T2 of the cell Cel0 of floating capacitor type of the second stage Et2. This
elementary switch T2 is enabled as long as the command voltage Vref is greater than
Car2.

These two control signals are gated signals at the frequency of the
carriers Carl and Car2. This frequency is much higher than that of the control signals for
the elementary switches T4u, T3u, T6u, T5u of the first stage which are illustrated in
Figures 6.1, 6.2, 7.1, 7.2 and which are at the frequency of the output current Is.

Figure 8.3 illustrates a timechart of the current IT1 flowing from the
elementary switch T2 to the elementary switch T1.

Figure 8.4 illustrates a timechart of the current ICf flowing from the
elementary switch T2 to the capacitor Cf.

Figure 8.5 illustrates a timechart of the output current Is of the
converter arm illustrated in Figure 4A. These last three timecharts are to be compared
with the timecharts of Figures 8.6 and 8.7 which are timecharts of the controls of the
elementary switch T1 and of the elementary switch T2. The timecharts of Figures 8.3 to
8.7 have the same time base. The time bases of the timecharts of Figures 6.03, 6.04, 8.1,
8.2 have been expanded to render the switching instants of the elementary switches

more visible.
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Figure 9.1 illustrates a timechart of the voltage across the terminals of
the load 10 wired up at the output of the converter arm illustrated in Figure 4A, output
being effected at the node S common to the elementary switches T1 and T1' of the cell
Celo.

Figure 9.2 illustrates a timechart of the output current Is flowing in the
load 10 wired up at the output of the converter arm illustrated in Figure 4A.

It may be noted that the voltage illustrated in Figure 9.1 is centred on
0V, and its amplitude goes from -3000V to +3000V. The seven voltage levels are clearly
visible. The voltage varies by rungs of 1000V. The values mentioned in the previous table
are all positive, and there is a shift of VDC/2 between these magnitudes. For the
simulation from which the timecharts ensue, the resistance of the load 10 equals 10
ohms, the inductance equals 300mH, thereby leading to a maximum current of 30A for an
effective value of 20A.

Referring to Figure 10, a variable speed drive has been represented
which comprises in cascade a converter 1 which is the subject of the invention operating
as an AC/DC rectifier and a converter 2 which is the subject of the invention operating as
a DC/AC inverter while placing between the two, DC side, a voltage source 3 such as an
energy storage device. The rectifier 1 is intended to be connected at input to an
alternating electrical power supply network Re that may be regarded as a current source.
The inverter 2 is intended to be connected at output to a user device that may be
regarded as a current source such as an AC motor M. Figure 10 illustrates an example
where the two converters 1 and 2 are three-phase. They would each comprise three arms
such as those represented in Figures 4A, 4B.

The multi-level converter which is the subject of the invention is much
more compact and lightweight than the converters of the prior art with transformer. It is
much easier to install and to transport. It can be used with or without an isolation
transformer. It can be plugged directly into the alternating network for AC/DC rectifier
operation. It allows minimization of the harmonic pollution of the electrical network and
the correction of the power factor by associating it with a regenerative active rectifier.

The converter which is the subject of the invention is compatible with the alternating
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network up to 13.8 kV, whether it is operating as an inverter or a rectifier. Therefore, it is
not compulsory to use a voltage level matching transformer, a conventionally used
solution.

The DC/AC converter which is the subject of the invention can be used
to power banks of asynchronous or synchronous motors, be they new or existing.

The converter which is the subject of the invention has a modular
structure by virtue of employing cells of NPC and floating capacitor type and capacitive
cells. It follows from this that maintenance expenditure is reduced and that reliability is
good.

The load's power supply waveform is of good quality and the current
source side overvoltages are limited and are related only to the linking cables.

The common DC bus can serve to power several converters which is the
subject of the invention.

Another advantage of the converter which is the subject of the
invention is that it does not have a low-frequency operating limit as is the case for the
converters of MMC (Modular Multi-level Converter) topology used in transmissions in

high-voltage energy networks.
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CLAIMS:

1. Multi-level converter comprising one or more arms, configured to each be
connected between a voltage source and a current source,

in which the or each arm comprises two stages connected in cascade with a first
stage intended to be connected to the voltage source, a second stage intended to be
connected to the current source,

in which the first stage comprises n elementary stages of rank one to n (n greater
than one) connected in cascade, the elementary stage of rank one being connected to
the second stage and the elementary stage of rank n being intended to be connected to
the voltage source,

wherein each elementary stage comprises a pair of identical cells of NPC type
connected in series, the connection being direct in the elementary stage of rank 1, the
connection being made via n-1 capacitive cells for each elementary stage of rank n (n

greater than one), the second stage comprising a cell of floating capacitor type.

2. Multi-level converter according to claim 1, in which a capacitive cell comprises
two energy storage devices arranged in series, these energy storage devices having one

and the same energy storage capacity.

3. Multi-level converter according to claim 2, in which, in an elementary stage, the
cells of NPC type comprise a capacitive bridge with two energy storage devices having
one and the same energy storage capacity, and in which each energy storage device of a
capacitive cell of this elementary stage has one and the same energy storage capacity as

one of the energy storage devices of a cell of NPC type.

4, Multi-level converter according to claim 3, in which all the energy storage devices

of the first stage have one and the same energy storage capacity.

5. Multi-level converter according to any one of claims 1 to 4, in which at least one
of the cells of NPC type of an elementary stage is connected to a cell of NPC type of a

neighbouring elementary stage via an inductance.
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6. Multi-level converter according to any one of claims 1 to 5, in which a cell of NPC
type comprises a quadruplet of elementary switches arranged in series, two of which are
in the extreme position and two of which are in the median position, in which an
elementary switch in the extreme position and an elementary switch in the median
position which are not directly linked are always in complementary states, one being
enabled and the other being disabled, these two elementary switches forming an

elementary switching cell.

7. Multi-level converter according to claim 6, in which each cell of NPC type
possesses a conversion function which relates the voltage applied at the input of said cell
to the voltage present at the output of said cell and the two elementary switching cells

of said cell also possess a conversion function.

8. Multi-level converter according to claim 7, in which the cells of NPC type of one

and the same elementary stage have one and the same conversion function.

9. Multi-level converter according to any one of claims 1 to 8, in which a switching
cell of floating capacitor type comprises a quadruplet of elementary switches arranged in
series, two of which are in the extreme position and two of which are in the median
position, and in which the two elementary switches in the extreme position are always in
complementary states and the two elementary switches in the median position are

always in complementary states, one being enabled and the other being disabled.

10. Multi-level converter according to any one of claims 6 to 9, in which in the two
cells of NPC type of one and the same elementary stage, the homologous elementary

switches are controlled in an identical manner.

11. Multi-level converter according to any one of claims 6 to 10, in which the
elementary switches each comprise a controllable electronic power switch associated

with a diode connected in antiparallel.
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12. Multi-level converter according to any one of claims 2 to 11, in which the energy

storage devices are chosen from among a capacitor, a battery, a fuel cell.

13. Variable speed drive comprising a cascade with a converter according to any one
of the preceding claims operating as an AC/DC rectifier and a converter according to any
one of the preceding claims operating as a DC/AC inverter, linked together by their sides

continuously by way of a voltage source.

SCHNEIDER ELECTRIC INDUSTRIES SAS

WATERMARK PATENT AND TRADE MARKS ATTORNEYS

P40135AU00
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