
To Promote the Progress  of Science and Useful Arts

The Director
of the United States Patent and Trademark Office has received 

an application for a patent for a new and useful invention. The title 
and description of the invention are enclosed. The requirements  
of law have been complied with, and it has been determined that  

a patent on the invention shall be granted under the law. 

Therefore, this United States

grants to the person(s) having title to this patent the right to exclude others from making, 
using, offering for sale, or selling the invention throughout the United States of America or 
importing the invention into the United States of America, and if the invention is a process, 
of the right to exclude others from using, offering for sale or selling throughout the United 
States of America, products made by that process, for the term set forth in 35 U.S.C. 154(a)(2) 
or (c)(1), subject to the payment of maintenance fees as provided by 35 U.S.C. 41(b). See the 
Maintenance Fee Notice on the inside of the cover.

Director of the United States Patent and Trademark Office



Maintenance Fee Notice
If the application for this patent was filed on or after December 12, 1980, maintenance fees 
are due three years and six months, seven years and six months, and eleven years and six 
months after the date of this grant, or within a grace period of six months thereafter upon 
payment of a surcharge as provided by law. The amount, number and timing of the mainte-
nance fees required may be changed by law or regulation. Unless payment of the applicable 
maintenance fee is received in the United States Patent and Trademark Office on or before 
the date the fee is due or within a grace period of six months thereafter, the patent will expire 
as of the end of such grace period.

Patent Term Notice
If the application for this patent was filed on or after June 8, 1995, the term of this patent 
begins on the date on which this patent issues and ends twenty years from the filing date of 
the application or, if the application contains a specific reference to an earlier filed applica-
tion or applications under 35 U.S.C. 120, 121, 365(c), or 386(c), twenty years from the filing date 
of the earliest such application (“the twenty-year term”), subject to the payment of mainte-
nance fees as provided by 35 U.S.C. 41(b), and any extension as provided by 35 U.S.C. 154(b) or 
156 or any disclaimer under 35 U.S.C. 253.

If this application was filed prior to June 8, 1995, the term of this patent begins on the date 
on which this patent issues and ends on the later of seventeen years from the date of the 
grant of this patent or the twenty-year term set forth above for patents resulting from appli-
cations filed on or after June 8, 1995, subject to the payment of maintenance fees as provided 
by 35 U.S.C. 41(b) and any extension as provided by 35 U.S.C. 156 or any disclaimer under 
35 U.S.C. 253.

Form PTO-377C (Rev 09/17)



(54) MULTILEVEL POWER CONVERTER
CIRCUIT

(71) Applicant: UNIVERSIDAD DE TALCA, Talca
(CL)

(72) Inventors: Marco Esteban Rivera Abarca, Maule
(CL); Mohammad Ali Hosseinzadeh,
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to the field of power electronics and non-linear control, and
in particular to a topology structure of a multilevel power
converter of the type of a cascaded bridge.

The present invention provides a new configuration of
power converter comprising a functional block and is com-
posed of a low number of devices; five sources of DC
voltage, nine semiconductor switches, and two semiconduc-
tor diodes. Where switches S1, S1 and S2, S2 are devices
complementary to each other. On the other hand, switch S3

corresponds to a bidirectional switch. The present invention,
in addition, presents a plurality of functional blocks con-
nected in series, each of said functional blocks having the
configuration of the circuit.
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MULTILEVEL POWER CONVERTER

CIRCUIT

CROSS-REFERENCE TO RELATED

APPLICATIONS

This application is a US National Stage of International
Patent Application PCT/CL2019/050038, filed May 9, 2019,
the contents of which are incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to the field of power elec-
tronics and non-linear control, and in particular provides a
multilevel power circuit of the type of a cascaded bridge.

BACKGROUND OF THE INVENTION

With the advance of power electronics technology, the
application of power converters has become ever wider. The
multilevel converters are widely used in the regulation of
speed and in applications of medium and high tension in
addition to the generation of clean energy, due to its low
harmonic tension content and output current, and low
reverse tension of the switch.

Multilevel inverters (MLI) are the main power conversion
devices selected in industrial applications. These applica-
tions mainly comprise motor units for all voltage and power
ranges. Multilevel inverters also have applications in sys-
tems connected to the network, untinterruptible power sys-
tems (UPS), electric vehicles and FACTS devices, among
others.

In the state of the art there are precedents of different
topologies for multilevel inverters. For example, document
CN2768303 describes a utility model that provides a mul-
tistage cascade inverter, which aims to reduce the number of
components used, simplify its structure and control in the
event of high tension and high power events, and generate
the same level as a conventional cascade inverter. The
multi-level cascade inverter of the utility model is composed
of a basic module cascaded to form a multi-level inverter.

On the other hand, document CN105450063 provides a
multilevel invertor of the type of a cascaded half-bridge and
a control method thereof, with the aim of overcoming the
deficiencies of the control strategy and the existing multi-
level cascade topology. The control strategy adopts a control
mode of a cycle, and the superposition of output levels to
generate a multilevel output.

However, in general, the power converter circuits have a
complex configuration and a large number of components.
Therefore, a new configuration is required to optimize said
topology, achieving the desired number of levels with the
least possible number of components.

Consequently, a new structure is required for a power
converter circuit that achieves the number of levels required,
having a simplified configuration and reducing the number
of components used.

SUMMARY OF THE INVENTION

The present invention provides a new configuration of a
power converter comprising a functional block having the
configuration of circuit shown in FIG. 10:

where V1, V2, V3, V4, V5 are sources of DC voltage;
where S1, S1, S2, S2, S3, T1, T1, T2, T2 are semiconductor

switches; and
where D1 and D2 are two semiconductor diodes.

In a preferred embodiment, the circuit is characterized in

that the switches S1, S1 and S2, S2 are devices complemen-

tary to each other.

In another preferred embodiment, the circuit is character-

ized in that the switch S3 corresponds to a bidirectional
switch.

In another preferred embodiment, the circuit is character-
ized in that it comprises a plurality of functional blocks
connected in series, each of said functional blocks having
the configuration of circuit shown in FIG. 10. In a more
preferred embodiment, the circuit is characterized in that it
comprises two functional blocks connected in series and in
that the outputs of said functional blocks are asymmetrical
with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a general truth table, with the states of all
the switches of a functional block with respect to the voltage
output levels of the power converter circuit that is the object
of the present invention.

FIG. 2 shows a graph with the output voltage for said
functional block of the power converter circuit that is the
object of the present invention.

FIG. 3 shows the cascade arrangement of said functional
block of the power converter circuit that is the object of the
present invention.

FIG. 4 shows an example of embodiment of the power
converter circuit that is the object of the present invention.

FIG. 5 shows a graph with the output voltage of the first
functional block in said example of embodiment.

FIG. 6 shows a graph with the output voltage of the
second functional block in said example of embodiment.

FIG. 7 shows a graph with the output voltage of the circuit
in said example of embodiment.

FIG. 8 shows a graph with the output current of the circuit
in said example of embodiment.

FIG. 9 shows the distribution of meshes in said functional
block of the power converter circuit.

FIG. 10 shows a configuration of circuit of the functional
block of the power converter that is the object of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

Essentially, the present invention provides a new configu-
ration of a multilevel power converter comprising; five
sources of DC voltage (V1, V2, V3, V4, V5), eight unidirec-
tional semiconductor switches (S1, S1, S2, S2, S3, T1, T1, T2,
T2), a bidirectional semiconductor switch (S3), and two
semiconductor diodes (D1 and D2).

The present invention provides a new configuration of
power converter comprising a functional block having the
configuration of circuit shown in FIG. 10:

where V1, V2, V3, V4, V5 are sources of DC voltage;
where S1, S1, S2, S2, S3, T1, T1, T2, T2 are semiconductor

switches; and
where D1 and D2 are two semiconductor diodes.
Switches S1, S1 and S2, S2 are switches complementary to

each other. That is, when one is open, the other is necessarily
closed. The purpose of this is to avoid short circuiting of the
voltage sources V1, V2 and V3 respectively.

The switch S3 is a bidirectional switch, which allows the
passage of current in both directions.

For a better understanding, this without limiting the scope
of the present invention, a description of said functional
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block is presented below. Said functional block is divided
into 7 meshes, this without limiting the scope of the present
invention. The description of the components of each mesh
will be done in a clockwise direction, this without limiting
the scope of the present invention:

Mesh I: comprises a switch, S1, connected to another
bidirectional switch, S3, which, in turn, is then connected to
a voltage source V1 which is subsequently connected to said
switch S1.

Mesh II: comprises a switch, S1, connected to a voltage
source, V2, which in turn is then connected to the bidirec-
tional switch, S3, which is then connected to said switch, S1.

Mesh III: comprises a switch, T2, connected to a voltage
source, V2, which in turn is connected to a diode, D1. Said
diode, D1, in turn, is connected to a switch, T2, which is then
connected to said switch, T2.

Mesh IV: comprises the voltage source, V1, connected to
the voltage source, V2, which in turn is connected to a
switch, T1. Said switch, T1, is then connected to a voltage
source, V4, connected to another voltage source, V3, then
connected to an additional voltage source, V5. Said voltage
source, V5, is then connected with switch, T2, which in turn
is connected to said voltage source V1.

Mesh V: comprises a switch, T1, with a diode, D2, which
in turn connects to the voltage source, V4. Said voltage
source, V4, is then connected to a switch, T1, which in turn
is connected to said switch, T1.

Mesh VI: comprises the voltage source, V3, connected to
a switch, S2, which in turn is connected to another switch,
S2. Said switch, S2, is then connected to said voltage source
V3.

Mesh VII (external): comprises switch S1 connected to
switch S1. Said switch S1 is connected to switch T1. Then,
said switch T1, is connected with diode D2, which, in turn,
is connected to switch S2. Switch S2 is then connected to
switch S2, which, in turn, is connected to diode D1. Said
diode D1 is connected to switch T2, which is finally con-
nected to switch S1.

The output voltage is determined from the difference in
voltage generated between two nodes; the first node is
located between switches S1, S1 and S3; the second node is
located between switches S2 and S2.

Both the voltage value of the sources and the nature of the
components of the circuit do not limit the scope of the
present invention and will depend, for example, on the
application for which the power converter is intended.

On the other hand, the output voltage of the functional
blocks does not limit the scope of the present invention. In
a preferred embodiment, it is in a range between 0 [V] and
1200 [V].

Additionally, the output current of the functional blocks
does not limit the scope of the present invention. In a
preferred embodiment, it is in a range between 0 [A] and 8
[A]. Nevertheless, higher output currents may be used
without limiting the scope of the present invention.

Consequently, the output power of the functional blocks
does not limit the scope of the present invention either. In a
preferred embodiment, it is in a range of between 0 [kW] and
10 [kW].

In the context of the present invention, this without
limiting the scope of the requested protection, a diode will
be understood as a two-electrode electronic valve that only
lets the current pass in one direction, preventing the passage
of current in the opposite direction .

In the context of the present invention, this without
limiting the scope of the requested protection, a semicon-
ductor switch will be understood as an electronic power

device provided with electronic semiconductor valves, and
which aims to open or close the passage of electric current
in a circuit.

In the context of the present invention, this without
limiting the scope of the requested protection, a functional
block will be understood as a set of electrical and/or elec-
tronic elements that are interconnected in such a way that the
assembly fulfills a specific function.

In the context of the present invention, this without
limiting the scope of the requested protection, asymmetrical
outputs will be understood as the configuration whose main
blocks generate different levels of output voltage.

In the context of the present invention, a series connection
will be understood as a connection configuration in which
the devices are connected successively.

FIG. 1 shows a general truth table, where the states of the
switches are observed in relation to the 23 levels of output
voltage of the circuit. Said output voltage levels are detailed
below:

At the first voltage level, switches S1, S2 and T1 are
closed, switches S1, S2, S3, T1, T2, T2 are open, and the
voltage output is (V1+V2+V3+V4).

At the second voltage level the switches S1, S2, S3, T1 are
closed, switches S1, S2, T1, T2, T2 are open, and the output
voltage is (V2+V3+V4).

At the third voltage level, switches S1, S2, T1 are closed,
switches S1, S2, S3, T1, T2, T2 are open, and the output
voltage is (V3+V4).

At the fourth voltage level, switches S1, S2, T1 are closed,
switches S1, S2, S3, T1, T2, T2 are open, and the output
voltage is (V1+V2+V4).

At the fifth voltage level, switches S1, S2, S3, T1 are
closed, switches S1, S2, T1, T2, T2are open, and the output
voltage is (V2+V4).

At the sixth voltage level, switches S1, S2, T1 are closed,
switches S1, S2, S3, T1, T2, T2 are open, and the output
voltage is (V4).

At the seventh voltage level, switches S1, S2, T1 are
closed, switches S1, S2, S3, T1, T2, T2 are open, and the
voltage output is (V1+V2+V3).

At the eighth voltage level, switches S1, S2, S3, T1 are
closed, switches S1, S2, T1, T2, T2 are open, and the output
voltage is (V2+V3).

At the ninth voltage level, switches S1, S2, T1 are closed,
switches S1, S2, S3, T1, T2, T2 are open, and the output
voltage is (V3).

At the tenth voltage level, switches S1, S2, T1 are closed,
switches S1, S2, S3, T1, T2, T2 are open, and the output
voltage is (V1+V2).

At the eleventh voltage level, switches S1, S2, S3, T1 are
closed, switches S1, S2, T1, T2, T2 are open, and the voltage
output is (V2).

At the twelfth voltage level, switches S1, S2, T2 are closed,
switches S1, S2, S3, T1, T1, T2 are open, and the output
voltage is (0).

At the thirteenth voltage level, switches S1, S2, S3, T2 are
closed, switches S1, S2, T1, T1, T2 are open, and the output
voltage is (−V2).

At the fourteenth voltage level, switches S1, S2, T2 are
closed, switches S1, S2, S3, T1, T1, T2 are open, and the
output voltage is (−V1−V2).

At the fifteenth voltage level, switches S1, S2, T2 are
closed, switches S1, S2, S3, T1, T1, T2 are open, and the
output voltage is (−V3).

At the sixteenth voltage level, switches S1, S2, S3, T2 are
closed, switches S1, S2, T1, T1, T2 are open, and the output
voltage is (−V2−V3).
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At the seventeenth voltage level, switches S1, S2, T2 are

open, switches S1, S2, S3, T1, T1, T2 are closed, and voltage

output is (−V1−V2−V3).

At the eighteenth voltage level, switches S1, S2, T2 are
closed, switches S1, S2, S3, T1, T1, T2 are open, and the
voltage of output is (−V5).

At the nineteenth voltage level, switches S1, S2, S3, T2 are
closed, switches S1, S2, T1, T1, T2 are open, and the output
voltage is (−V2−V5).

At the twentieth voltage level, switches S1, S2, T2 are
closed, switches S1, S2, S3, T1, T1, T2 are open, and the
output voltage is (−V1−V2−V5).

At the twenty-first voltage level, switches S1, S2, T2 are
closed, switches S1, S2, S3, T1, T1, T2 are open, and the
output voltage is (−V3−V5).

At the twenty-second voltage level, the switches S1, S2,
S3, T2 are closed, switches S1, S2, T1, T1, T1 are open, and
the output voltage is (−V2−V3−V5).

At the twenty-third voltage level, switches S1, S2, T2 are
closed, switches S1, S2, S3, T1, T1, T1 are open, and the
output voltage is −(V1+V2+V3+V5).

FIG. 2 shows a graph with the output voltage in a
particular embodiment of a functional block through time. In
said graph it is observed that the voltage value ranges
between −550V and 550V.

FIG. 3 shows the generic cascading arrangement for a
plurality of functional blocks connected in series with each
other, and configured to achieve the provision of a number
of levels of determined output voltages. The number of
levels that each functional block is capable of generating is
detailed in the truth table of FIG. 1.

FIG. 4 shows an example of embodiment of the power
convertor circuit that is the object of the present invention.
In said example of embodiment, this without limiting the
scope of the applied protection, a circuit of a power con-
verter of an output phase is illustrated, which generates 45
voltage levels. FIG. 4 shows that the proposed structure
comprises two functional blocks connected in series.

In a more preferred embodiment, this without limiting the
scope of the present invention, the values for said DC
voltage sources illustrated in FIG. 4 are:

V1,1 = V2,1 = V1,2 = V2,2 = 50 V

V3,1 = V3.2 = 150 V

V4,1 = V5,2 = 300 V

The peak output voltage is 1100V having a step voltage of
50V with an output frequency of 50 Hz, and the peak current
is 7.3 A.

FIG. 5 shows a graph with the output voltage of the first
functional block in said example of embodiment. The output
voltage of said first functional block describes a step func-
tion that ranges between −550V and 550V.

FIG. 6 shows a graph with the output voltage of the
second functional block in said example of embodiment.
The output voltage of said second functional block describes
a sinusoidal function that oscillates between −550V and
550V, having a step at zero.

In FIG. 7 a graph with the output voltage of the circuit in
said example of embodiment is shown. The output voltage
of said circuit describes a sinusoidal function that oscillates
between −1100V and 1100V and that is the sum of the output
voltage of the first functional block with the output voltage
of the second functional block.

FIG. 8 shows a graph with the output current of the circuit
in said example of embodiment. The output current of said
circuit describes a sinusoidal function that oscillates
between −7.3 A and 7.3 A.

FIG. 9 shows an enumeration of meshes that form a
functional block of the power converter circuit. In said
figure, the enumeration referring to each mesh described in
the present detailed description is indicated. Said enumera-
tion was made in order to provide a better understanding of
the present invention, but does not limit the scope of the
applied protection.

According to the previously detailed invention, it is
possible to obtain a 23-level power converter circuit, which
has a simplified configuration and reduces the number of
components used.

It should be understood that different options of technical
features of the present invention can be combined in any
foreseen manner by a person with average knowledge in the
technical field without limiting the scope of the present
invention.

Next, examples of embodiment of the present invention
will be presented. It should be understood that the purpose
of said examples is to provide a better understanding of the
invention but in no case limit the scope thereof. Addition-
ally, technical characteristics presented in different examples
may be combined with each other, or with other technical
characteristics previously described, in any foreseen manner
by a person with average knowledge in the technical field
without limiting the scope of the present invention.

EXAMPLE OF EMBODIMENT

Example 1: Realization of the Circuit of a Power
Converter That is Object of the Present Invention

FIG. 4 illustrates a circuit of a single-phase power con-
verter that generates 45 voltage levels. FIG. 4 shows that the
proposed structure comprises two functional blocks con-
nected in series.

In order to verify that the configuration of said circuit
allows obtaining the expected output, a simulation of the
circuit was performed. In said simulation, the set of semi-
conductor devices such as switches and diodes are supposed
to be ideal. The values selected for the DC voltage sources
are:

V1,1 = V2,1 = V1,2 = V2,2 = 50 V

V3,1 = V3.2 = 150 V

V4,1 = V5,2 = 300 V

The peak output voltage is 1100V, having a step voltage
of 50V with an output frequency of 50 Hz, and the peak
current is 7.3 A.

The invention claimed is:
1. A multilevel power converter circuit characterized in

that the multilevel power converter circuit comprises a
circuit configuration shown in FIG. 10,

where V1, V2, V3, V4, V5 are sources of DC voltage;
where S1, S1, S2, S2, S3, T1, T1, T2, T2 are semiconductor

switches; and
where D1 and D2 are two semiconductor diodes.
2. The circuit according to claim 1, characterized in that

the semiconductor switches S2, S1 and S2, S2 are devices
complementary to each other.
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3. The circuit according to claim 1, characterized in that
the semiconductor switch S3 corresponds to a semiconductor
bidirectional switch.

4. A circuit comprising a plurality of functional blocks
having the configuration of circuit of claim 1 connected in
series.

5. The circuit according to claim 4, comprising two
functional blocks connected in series and in that outputs of
said functional blocks are asymmetrical with each other.

∗ ∗ ∗ ∗ ∗
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