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INVERTER, MORE SPECIFICALLY FOR
PHOTOVOLTAIC PLANTS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

The invention relates to an iverter for converting an elec-
tric direct voltage, more specifically a photovoltaic direct
voltage source into an alternating voltage with a direct volt-
age mput with two terminals between which there 1s provided
a bridge circuit arranged 1n parallel, grid chokes being pro-
vided at the alternating voltage outputs of said bridge circuit,
and with an alternating voltage output with two terminals.

The invention 1s not only limited to photovoltaic plants but
also finds application in batteries and other direct voltage
generators.

High efficiency but also safety aspects such as protection
against high voltages are important when current 1s generated
by photovoltaic plants.

Since photovoltaic generators generate direct voltage, said
direct voltage must be converted at mains frequency into a
voltage of corresponding amplitude for feeding it into a pub-
lic utility grid or into an 1sland network. This calls for a suited
inverter. The efficiency of voltage conversion should be as
high as possible 1n order to allow for economic operation of
the plant.

On the other side, problems can occur with respect to
hazardous touch voltages. Inverters with galvanic separation
by means of a transformer are known to avoid such type of
safety problems. The use of a transformer however leads to
additional losses and, as a result thereof, to less efficiency.

Further aspects are the costs, the durability and the weight
of an inverter. Transformerless inverters meet these require-
ments 1n an almost 1deal way.

The missing galvanic separation and, as a result thereof, the
lack of additional transformer losses between the DC and the
AC side result 1n a reduction 1n power loss of the inverter on
the one side, but also 1n problems with respect to leakage
currents at the photovoltaic generators on the other side,
which can lead to high touch voltages on construction parts.
For topological reasons, big potential jumps at mains fre-
quency or big high-frequency potential jumps can occur at the
direct current source. Both disadvantages lead to significant
and for safety reasons possibly inadmissible AC leakage cur-
rents from the direct current generators to the environment
through the unavoidable parasitic capacitances of these gen-
crators with respect to earth potential.

DESCRIPTION OF THE PRIOR ART

A transtormerless solution to avoid capacitive leakage cur-
rents 1s known from DE 10 2004 037 446 A1. This document
describes that, 1f one eliminates the transformer 1n solar stan-
dard feeders, the reference potential of a non grounded solar
generator with respect to earth changes dynamically with the
chopper pulses of the mverter. Capacitive leakage currents
occur hereby at the solar generator, which can on the one side
damage the solar cells and on the other side cause hazardous
touch voltages to occur at the glass surface of solar panels.
The mverter utilized therein 1s therefore composed of a direct
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voltage converter that converts the direct voltage 1into a +/—
voltage which 1s symmetrical with respect to earth potential

and of a chopper that generates alternating voltage pulses.
IGBTs and MOSFETs can be utilized as the power transis-
tors.

Another circuit arrangement of a transformerless inverter
for photovoltaic plants 1s shown and described 1n DE 102 21
592 Al. The circuit includes a bridge circuit with two con-
necting paths in each of which there 1s provided a switch as
well as a series-connected diode. As a result, free-wheeling
paths occur along which a choke current can propagate. This
1s to improve elficiency and to reduce current ripple. Thanks
to the additional paths, an ohmic decoupling occurs between
the solar generator and the alternating voltage terminals for
the duration of freewheeling so that high frequency potential
mumps at the solar generator are avoided. The switches of the
bridge are preferably configured to be MOSFET'Ss or IGBTs.

Another transformerless 1nverter for photovoltaic direct
voltage sources 1s discussed 1n closer detail 1n DE 10 2004
030 912 B3. A decoupling switching element connected
upstream of the bridge makes asymmetrical operation with-
out high frequency interferences possible. Switches are
hereby operated at mains frequency or at high frequency. In
the decoupled condition, a freewheeling current occurs; this
1s made possible by an appropnate freewheeling circuit. This
allows for high efliciency and for reduced current ripple. It 1s
proposed to only configure the switching elements clocked at
high frequency to be MOSFETs. As a matter of principle,
these component parts comprise an anti-parallel diode that 1s
referred to as what 1s termed a body diode; but these diodes
switch on and off slowly and have a high stopper load. For this
reason, 1t makes sense to use for the upper switches of the
bridge IGBTs for example, which are connected together
with additional anti-parallel discrete diodes but suflfer from

the disadvantage of higher losses when compared to the
MOSFETs.

BRIEF SUMMARY OF THE INVENTION

It 1s the object of the invention to provide for a high elli-
ciency transformerless inverter while preventing high fre-
quency interferences and capacitive leakage currents from
occurring on the generator side.

As a solution to this problem, there 1s proposed a circuit 1n
accordance with the invention wherein there 1s provided a first
bridge branch with four series connected switching elements
and a second bridge branch with two series connected switch-
ing elements and wherein, between the alternating voltage
terminal corresponding to the switches provided 1n the sec-
ond bridge branch and a respective one of the connecting
points between the two upper and the two lower switches of
the first bridge branch there i1s connected one diode 1n the
direction opposite the forward direction so that a respective
one of the central switches of the first bridge branch and a
respective one of the diodes carries a freewheeling current in
a condition decoupled from the direct voltage.

Further advantageous features and implementations of the
invention are characterized in the dependent claims.

The 1nverter of the invention has a very high efficiency (in
the test>=98.5%) so that it 1s best suited for photovoltaic
plants. Since the first bridge branch i1s provided with four
series-connected switching elements and since the two cen-
tral switches form a freewheel with a respective one of the
additional diodes connecting the two bridge branches, a very
advantageous ohmic isolation can be achieved during free-
wheeling so that the solar generator 1s operated 1solated from
the grid in certain phases of inner electric energy transport.
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The two outer switches are used to separate the direct current
circuit or are configured to be decoupling switches. In the
decoupled condition, the freewheeling circuit comprising
additional diodes 1s operative, which carries a freewheeling
current 1n a condition decoupled from the direct voltage. High
frequency interferences as well as capacitive leakage currents
at the solar generator can thus be avoided or at least consid-
erably reduced. The circuit arrangement of the invention
makes 1t possible to utilize for all the switches of the arrange-
ment those actually having the least loss irrespective of
whether there are provided anti-parallel diodes or not for
component reasons. All the switches can comprise anti-par-
allel diodes. They are not necessary for the function of the
circuit though and may also be absent.

As aresult, best operation can be achieved for every single
switch by dimensioning it approprately. This 1s not the case
in the solutions described 1n prior art.

This circuit configuration 1s particularly characterized by
the fact that the freewheeling circuit comprises two compo-
nents configured to be additional, for example discrete diodes
that are connected in series so that this series-connection 1s
connected 1n parallel to the switching elements of the first
bridge branch that are clocked at mains frequency, a nodal
point located between the two diodes being connected to the
alternating voltage output of the second bridge branch.
Through this provision, very fast diodes with a high rate of
current rise di/dt and low recovery charge Qrr can be utilized
for freewheel. Accordingly, this not only affords component
savings with respect to diodes and, as a result thereot, a
reduction in the circuit costs, but also further improves effi-
ciency. This 1s very advantageous i1 the bridge 1s operated 1n
the asynchronous mode of operation or if part of the bridge
switches 1s clocked at mains frequency and another part at
high frequency.

Moreover, the invention makes it possible to more readily
trigger the switches and also to further reduce the manufac-
turing costs of the iverter circuit. This all the more so 1, in
accordance with another preferred implementation of the
invention, all the switching elements are of the same con-
struction type. Another advantage 1s the integration of the
circuit arrangement in a semiconductor module.

By avoiding the parasitic leakage currents at the solar gen-
erator 1n accordance with the mnvention, one increases satety
for plant and persons. It 1s thus easy to prevent the solar cells
of the photovoltaic modules from being damaged or even
hazardous touch voltages from occurring at the glass surface
of the solar panels. As a result, a preferred implementation 1n
the form of a transformerless inverter 1s possible. Such an
inverter has a low weight, 1s compact and can be manufac-
tured at low cost.

The circuit of the mvention can be implemented not only
for one-phase grids but can also accordingly be configured to
be multiple phase, 1n particular two or three phase.

Appropnately, losses are reduced using a method for con-
verting an electric direct voltage into an alternating voltage
wherein the two central switching elements of the first bridge
branch are switched at a mains frequency, in particular at 50
Hz or at 60 Hz, whilst the two outer switching elements as
well as the two switching elements of the second bridge
branch are clocked at high frequency, in particular in the kHz
range, for example at 16 kHz. Through asymmetric clocking
of the bridge, one achieves a smaller current ripple and higher
elficiency.

A great effect of benellt 1s obtained 1f a respective one of
the outer switching elements located in the first bridge branch
1s clocked 1n synchronism with a respective one of the other
two switching elements of the second bridge branch at high
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frequency. This not only makes it easier to trigger the
switches but also leads to the best possible decoupling of
direct voltage and alternating voltage side as well as to a

reduction of the component load.

In order to minimize harmonics at the alternating voltage at
the 1nverter’s output and, as a result thereot also losses at the
chokes, 1t 1s particularly advantageous 11 part of the switching
clement, 1n particular the switching elements that are clocked
at high frequency, are triggered with pulse-width modulation.

The mvention will be described 1n closer detail herein after
with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an 1llustration of a circuit arrangement of an
inverter for a photovoltaic plant in accordance with the inven-
tion,

FIG. 2 shows an illustration of the circuit arrangement
shown 1n FIG. 1, with a current path for a positive halt wave
of a grid current, two upper switches of a first bridge branch
and one lower switch of a second bridge branch being closed,

FIG. 3 shows an illustration of the circuit arrangement
shown 1n FIG. 1, with a freewheeling current path for the
positive half wave of the grid current, only the upper central
switch of the first bridge branch i the freewheeling circuit
being closed,

FIG. 4 shows an 1llustration of the circuit arrangement
shown 1n FIG. 1, with a current path for a negative half wave
of a grid current, two lower switches of the first bridge branch
and one upper switch of the second bridge branch being
closed.,

FIG. 5 shows an illustration of the circuit arrangement
shown 1n FIG. 1, with a freewheeling current path for the
negative haltf wave of the grid current, only the lower central
switch of the first bridge branch in the freewheeling circuit
being closed.,

FIG. 6 shows an illustration of the circuit arrangement with
anti-parallel diodes for each switch and

FIG. 7 shows an 1llustration of a prior art circuit arrange-
ment.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a transformerless mverter 1 with consider-
ably improved efficiency over prior art and with least opera-
tional leakage currents at the solar generator. In the FIGS. 1
through 7, switching symbols of mechanical switches were
used 1n order to better 1llustrate the functioning principle of
the circuit to be described.

The inverter 1 serves to convert an electrical direct voltage
delivered by a photovoltaic generator SG 1nto an alternating
voltage for a current grid N. The inverter 1 has a direct voltage
input with the terminals DC+ and DC- and an alternating
voltage output with the terminals AC1 and AC2.

Downstream of the generator SG having a bulfer capacitor
CP as an mtermediate circuit there 1s connected an arrange-
ment consisting of six semiconductor switching elements S1
through S6 and two diodes D7 and D8. The switching ele-
ments S1 through S6 are arranged for two bridge branches 71,
/.2 to form, which are connected 1n parallel with the generator
SG or with the butfer capacitor CP. The first bridge branch 71
includes a series connection of the switching elements S1, S2,
S3 and S4. The second bridge branch Z2 includes a series
connection of the switching elements S5 and S6.

The diodes D7 and D8 are connected in series and are
interposed between nodal points A and C or C and B. The
nodal point A lies between the two upper switching elements
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S1, S2 of the first branch Z1 and connects these series-con-
nected elements. The nodal point B lies between the two
lower series-connected switching elements S3, S4 1n the first
branch Z1 which 1t connects. The nodal point C lies between
the diodes D7, D8 and 1s a linkage point of the series-con-
nected switch elements S5, S6 1n the second branch 72, this
point leading to the alternating voltage output AC2 via a
choke L2, as can be seen from FIG. 1. The upper or first diode
D7 1s thereby connected for 1ts cathode to be connected to the
first nodal point A and its anode to be connected to the third
nodal point C. The lower or second diode D8 1s connected for
its cathode to be connected to the third nodal point C and 1ts
anode to the second nodal point B. A fourth nodal point D 1s
interposed between the two central switching elements S2, S3
of the first branch Z1 and 1s connected to the alternating
voltage output AC1 via the choke L1.

Accordingly, the alternating current lines are connected to
the nodal points C and D, the alternating current being fed
into the current grid or 1nto a utility grid via the alternating
voltage terminals AC1 and AC2 through two grid chokes L1,
L.2.

The freewheeling circuit includes a respective one of the
two diodes D7, D8 which are configured to be additional
component parts and are connected 1n series so that this series
connection 1s connected 1n parallel with the switching ele-
ments S2, S3 of the first bridge branch 71 as well as a respec-
tive one of the switching elements S2, S3. Every single diode
D7, D8 and each of the switching elements S2, S3 are asso-
ciated with a halfwave. The nodal point C interposed between
the two diodes D7, D8 1s connected to the alternating voltage
output AC2 through the grid choke L.2. The nodal point D
located between the switching elements S2, S3 1s connected
to the alternating voltage output AC1 through the grid choke
L1.

The two central switching elements S2, S3 of the first
bridge branch Z1 are connected at mains frequency, 1n par-
ticular at 50 kHz or at 60 kHz. The other two switching
clements S1, S4 of the first bridge branch Z1 are clocked at
high frequency, 1in particular in the kHz range, and 1n particu-
lar e.g. at 16 kHz. Moreover, the switching elements S5, S6
located 1n the second bridge branch 72 are clocked at high
frequency 1n synchronism with the two other switching ele-
ments S1, S4 of the first bridge branch 71, meaning also at 16
kHz for example, so that the switching elements S1, S4, S5
and S6 are clocked at 16 kHz for example. Pulse-width modu-
lation 1s additionally provided.

Asshownin FIG. 2 and in FIG. 3, the switching element S2
1s closed during the positive haltf wave of the grid voltage. For
the duration of this half wave, the switching elements S1 and
S6 are clocked in synchronism and at high frequency. If the
switching elements S1 and S6 are closed, aload current tlows.
This current flow 1s shown 1n a dashed line 1n FIG. 2.

FI1G. 3 shows that the load current tlows 1nto the freewheel-
ing circuit including the switching element S2 and the upper
diode D7 after the switching elements S1 and S6 have opened.
This current flow 1s also shown 1n a dashed line 1n FIG. 3, this
current flow being still associated with the positive haltf wave.

During the negative hallf wave of the grid voltage, the
switching element S3 is closed, as shown 1n the FIGS. 4 and
5, the switching elements S4, S5 being clocked 1n synchro-
nism and at high frequency. For, if the switching elements S4,
S5 are closed, the load current tlows through the switching
elements S5, S3 and S4 as shown 1n a dashed line 1n FIG. 4.

After the switching elements S5 and S4 have opened, the
switching element S3 and the diode D8 form a freewheeling
circuit for the load current, as this appears from FIG. 5.
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Appropriately, very fast components, meaning compo-
nents with a high rate of current rise di/dt and low recovery
charge Qrr are used for the diodes D7, D8. As a result, the
losses are low during commutation.

Any known semiconductor switch such as MOSFETSs,
FETs or IGBTs can be used in principle. Particularly high
elficiency however 1s achieved 1f MOSFETSs are utilized for
all the switching elements S1 through S6. For component part
reasons, these MOSFETs have internal anti-parallel diodes
D1 through D6 so that the circuit actually includes additional
diodes D1 through D6 as shown in FIG. 6.

Through this circuit arrangement, 1t 1s possible to conse-
quently only utilize one construction type of the most modern
semiconductor technology for all the semiconductor switch-
ing elements S1 through S6. This facilitates integration of the
circuit arrangement 1n a semiconductor module, the manu-
facturing thereof and the expense for triggering.

Since for technological reasons MOSFETs with a low
switch-on resistance have a bad anti-parallel diode or body
diode, the advantages of the MOSFETSs, namely a very good
switching and forward behaviour, could not be made use of
hereto before, this being explained 1n closer detail with ref-
erence to F1G. 7.

The switches S2', S4' and S5' are for example clocked at 16
kHz. Depending on the grid polarity current flows through the
anti-parallel diodes D1' or D3' in the freewheeling phases. If
the switches S1'and S3', which are switched at 50 kHz, were
here configured to be MOSFETs, the poorer anti-parallel
diodes used for technological reasons would lead to consid-
erable switching losses. As a result, the switches S1' and S3'
are used as IGBTs with an additional anti-parallel diode. As
compared to MOSFETSs, the IGBTSs 1n this application have a
poorer switching behaviour and, in particular in part load
operation, also poorer forward behaviour. Therefore, 1n prac-
tical operation, MOSFETs are only used for the switches S2'

and S4', the body diodes D2', D4' of which are shown in a
dashed line in FIG. 7. The diodes D2' and D4' are of little
importance for the functioning of the circuit.

This drawback can be avoided thanks to the invention so
that all the switches can be configured to be MOSFETsS.
During freewheel through the switching elements S2 or S3 as
shown in the FIGS. 3 and 3, the switching elements S1 and S6
or S4 and S5, which are clocked athigh frequency, are opened
so that the direct voltage circuit 1s decoupled from the load
circuit. This leads to low operational leakage currents.

The switching elements S2 or S3 can thereby even be
coniigured to be a parallel connection of MOSFET and IGBT
for example in order to combine the advantages of the two
component types in the light load and nominal load range
without having to cope with disadvantages.

LIST OF NUMERALS

1 inverter
SG generator

CP butler capacitor
[.1, 1.2 chokes

A, B, C, D nodal points
DC+, DC- terminals of the direct voltage mnput
AC1, AC2 terminals of the alternating voltage output

S1-S6 switching elements
D1-D8 diodes

N gnd
/1, 72 bridge branches
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We claim:

1. An inverter for converting an electric direct voltage],
more specifically of a photovoltaic direct voltage source,]into
an alternating voltage [with a), the inverter comprising:

direct voltage input [with two] terminals [between which
there is provided];

a bridge circuit [arranged in parallel.];

grid chokes [being provided at the alternating voltage out-
puts of said bridge circuit,] for cornnecting the bridge
circuit to alternating output terminals; and [with an}

alternating voltage output [with two] terminals,

[characterized in that there is provided] whereir

a first bridge branch [with at least] of the bridge circuit
comprises four series connected first through fourth
switching elements and a second bridge branch [with at
least one] of the bridge circuit comprises a fifth and
[one] a sixth switching element [and that, between the
alternating voltage terminal, which takes departure from
said second bridge branch, and the],

a first connecting point between the second and the thivd
switching elements in the first bridge branch is con-
nected to a first alternating output tevminal,

a second connecting point Jcorresponding to] between the
fifth and sixth switching [element provided] e/ements in
the second bridge branch [and the respective] is con-
nected to a second alternating output terminal,

a third connecting [points] point between the first and the
second [or the third and the fourth] switching [element]
elements of the first bridge branch [there] is [respec-
tively] connected Jone] via a first diode [in the direction
opposite the forward direction so that a respective one of
the central second or third switches of the first bridge
branch and a respective one of the diodes carries a free-
wheeling current in a condition decoupled from the
direct voltage] to the second connecting point, wherein a
cathode of the first diode is connected to the third con-
necting point, and

a fourth connecting point between the second and the thivd
switching elements of the first bridge branch is con-
nected via a second diode to the second connecting
point, wherein an anode is connected to the fourth con-
necting point.

2. The inverter as set forth in claim 1, [characterized in that
all] wherein the first through sixth switching elements and the
first and second diodes are integrated in a semiconductor
module.

3. The inverter as set forth in claim 1,

[characterized by an implementation as] wherein the

inverter is a transformerless inverter.

4. The inverter as set forth 1n claim 1,

[characterized by a] wherein the inverter comprises a mul-
tiple phase implementation.

5. A method of converting an electric direct voltage into an
alternating voltage with an 1nverter as set forth i claim 1,
[characterized in that both triggering signals at mains fre-
quency and such with a high clock frequency are available for
the first through sixth switching elements of the bridge cir-
cuit,] wherein the second switching element [being] is
clocked at mains frequency and the first and sixth switching
element [being] is clocked at a high clock rate during a half
wave of the grid voltage, wherein the third switching element
[being] is clocked at the mains frequency and the fourth and
fifth switching elements is c/ocked at [a] the high clock rate
during the other halt wave of the grid voltage, and wherein the
first, fourth, fifth and sixth switching elements [being trig-
gered so asymmetrically] are switched such that the first or
the fourth switching element of the first bridge branch 1s
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respectively [triggered] switched, whilst the fifth or the sixth
switching element of the second bridge branch is [clocked]
switched at the same clock rate and that, during at least one
freewheeling phase, a freewheeling current flows through the
second switching element and the first diode at the one half
wave ol the grid voltage or that a freewheeling current flows
through the third switching element and the second diode at
the other half wave of the grid voltage so that the alternating
voltage circuit decouples from the direct voltage circuit dur-
ing freewheeling.

6. The method of converting an electric direct voltage into
an alternating voltage with an 1nverter as set forth 1n claim 5,

[characterized in that] wherein the second and third switch-
ing elements of the first bridge branch are connected at
mains frequency, in particular at 30 Hz or 60 Hz, whilst
the two other first and fourth switching elements of the
first bridge branch as well as the fifth and sixth switching
clement of the second bridge branch are clocked at high
frequency, 1n particular 1n the kHz range.

7. The method of converting an electric direct voltage into

an alternating voltage with an inverter as set forth in claim 5,

[characterized in that] wherein the first switching element
of the first bridge branch and the sixth switching element
of the second bridge branch are clocked 1n synchronism
during the one half wave of the grid voltage and that the
switching element of the first bridge branch and the
switching element of the second bridge branch are
clocked i synchronism during the other half wave of the
orid voltage.

8. The method as set forth in claim 7,

[characterized in that] wherein the additional switching
clements located 1n the first bridge branch are clocked at
high frequency 1n synchronism with the two other fifth
and sixth switching elements of the second bridge
branch.

9. The method as set forth in claim 7,

[characterized in that] wherein part of the switching ele-
ments, in particular the first, second, fourth and fifth
switching elements, which are clocked at high {fre-
quency, are triggered with pulse-width modulation.

10. A method for converting an electric photovoltaic direct
voltage into an alternating voltage with an inverter as set forth
in claim 1.

11. A method for converting an electric photovoltaic direct

voltage 1nto an alternating voltage with a method as set forth
in claim 5.

12. An inverter comprising.

direct voltage input terminals;

alternating voltage output terminals; and

a bridge cirvcuit connected to the divect voltage input ter-

minals and the alternating voltage output terminals,
whevrein the bridge circuit is configured to transform a
dirvect voltage into an alternating voltage, wherein the
bridge civcuit comprises six switching elements, wherein
a first bridge branch comprises four switching elements
in series, and whervein a second bridge branch comprises
two switching elements in series.

13. The inverter as set forth in claim 12, further comprising
a first inductor and a second inductor, whevein the first induc-
tor is connected to the first bridge branch at a first connection
point, and wherein the second inductor is connected to the
second bridge branch at a second connection point.

14. The inverter as set forthinclaim 13, whereinthe second
inductor is further connected to the first bridge branch at a
thivd connection point via a first diode and a fourth connec-
tion point via a second diode.
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13. The inverter as set forth in claim 14, wherein a cathode
of the first diode is connected to the thivd connection point and
an anode of the first diode is connected to the second connec-
tion point, and wherein an anode of the second diode is
connected to the fourth connection point and a cathode of the
second diode is connected to the second connection point.

16. The inverter as set forth in claim 13, wherein the first
connection point is between two upper switching elements
and two lower switching elements, and wherein the second
connection point is between an upper switching element and
a lower switching element.

17. The inverter as set forthin claim 13, wherein the second
inductor is further commnected to the first bridge branch
between a first switching element and a second switching
element, and between a third switching element and a fourth
switching element.

18. An inverter comprising.

divect voltage input tevminals;

alternating voltage output terminals; and

a bridge circuit connected to the divect voltage input ter-

minals and the alternating voltage output terminals,
wherein the bridge circuit is configured to transform a
dirvect voltage into an alternating voltage, wherein the
bridge circuit comprises six switching elements, whervein
a first bridge branch comprises four switching elements
in series, wherein a second bridge branch comprises two
switching elements in servies, wherein the bridge circuit
is configured such that

for a first period of time, a first switching element of the first
bridge branch and a second switching element of the
second bridge branch are closed while a second switch-
ing element of the first bridge branch and a first switch-
ing element of the second bridge branch are open, and
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configured to switch with a second frequency, and wherein the
second frequency is higher than the first frequency.
20. An inverter comprising:
direct voltage input terminals;
a first alternating voltage output terminal;
a second alternating voltage output terminal; and
a bridge circuit connected to the divect voltage input ter-
minals and the first and second alternating voltage out-
put tevminals, wherein the bridge circuit is configured to
transform a direct voltage into an alternating voltage,
whevrein the bridge civcuit comprises.

a first bridge branch having four switching elements in
servies, wherein the first bridge branch comprises first
to third connection points, and wherein the first con-
nection point is connected to the first alternating volt-
age output terminal;

a second bridge branch having two switching elements
in series, whervein the second bridge branch com-
prises a fourth comnnection point, and wherein the
fourth connection point is connected to the second
alternating voltage output terminal;

a first diode connected to the second connection point
and a fifth connection point; and

a second diode connected to the thivd connection point
and the fifth connection point, and wherein the fourth
connection point is connected to the fifth connection
point.

26. The inverter as set forth in claim 25, further comprising
a first inductor and a second inductor, wherein the first induc-
tor is connected between the first connection point and the
first alternating voltage output terminal, and wherein the
second inductor is connected between the fourth connection
point and the second alternating voltage output tevminal.

27. The inverter as set forth in claim 25, wherein a cathode

for asecond period of time, the second switching element of 35 of the first diode is connected to the second connection point

the first bridge branch and the first switching element of
the second bridge branch are closed while the first
switching element of the first bridge branch and the
second switching element of the second bridge branch
are open.

19. The inverter as set forth in claim 18, wherein the bridge
circuit is further configuved such that, between the first period
of time and the second period of time, the first and second
switching elements of the first and second bridge branches
are open and a first period of freewheeling occurs.

20. The inverter as set forth in claim 19, wherein the bridge
circuit is further configured such that, after the second period
of time, the first and second switching elements of the first and

40

45

and an anode of the first diode is connected to the fifth con-
nection point.

28. The inverter as set forth in claim 27, wherein a cathode
of the second diode is connected to the fifth connection point
and the anode of the second diode is connected to the thivd
connection point.

29. The inverter as set forth in clam 25, wherein outer
switching elements of the first bridge branch are configured to
be clocked at a first frequency, and wherein the inner switch-
ing elements of the first bridge brvanch are configured to be
clocked at a second frequency, the first frequency being dif-

fervent than the second frequency.

30. The inverter as set forth in claim 29, wherein the second

second bridge branches ave open and a second period of  frequency is higher than the first frequency.

freewheeling occurs.

21. The inverter as set forth in claim 18, whevein the first
and second switching elements of the first and second bridge
branches arve configured to switch with the same frequency.

22. The inverter as set forth in claim 18, wherein the bridge
circuit is further configuved such that, between the first period
of time and the second period of time, a first period of free-
wheeling occurs through a first diode and a first central
switching element of the first bridge branch.

23. The inverter as set forth in claim 22, wherein the bridge
circuit is further configured such that, after the second period
of time, a second period of freewheeling occurs through a
second diode and a second central switching element of the
fivst bridge branch.

24. The inverter as set forth in claim 23, wherein the first
and second switching elements of the first and second bridge
branches are configured to switch with a first frequency,
wherein the first and second central switching elements are

50
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31. The inverter as set forth in claim 30, wherein the second

frequency is a mains frequency.

32. The inverter as set forth in claim 29, wherein the two
switching elements of the second bridge branch are config-
ured to be clocked at the first frequency.

33. An inverter comprising:

direct voltage input terminals;

alternating voltage output terminals; and

a bridge circuit between the divect voltage input tevminals

and the alternating voltage output terminals, the bridge

Clrcuit comprising.

a first bridge branch comprising four switching elements
in series, wherein the four switching elements com-
prise a first switching element, a second switching
element, a third switching element, and a fourth
switching element; and

a second bridge branch comprising two switching ele-
ments in servies, wherein the two switching elements
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comprise a fifth switching element and a sixth switch-
ing element, wherein the second and third switching
elements are configured to switch at a first frequency
and whervein the first switching element and the fourth
to sixth switching elements are configured to switch at
a second frequency, the second frequency being dif-
Jerent than the first frequency.

34. The inverter as set forth in claim 33, wherein a first
diode is connected between a first connection point of the first
bridge branch and a first alternating voltage output terminal.

35. The inverter as set forth in claim 34, whervein a second
diode is connected between a second connection point of the

first bridge branch and the first alternating voltage output
terminal.

36. The inverter as set forth in claim 33, further comprising
a first inductor and a second inductor, wherein the first induc-
tor is connected to the first bridge branch, and whevein the
second inductor is connected to the second bridge branch.

37. The inverter as set forth in claim 33, wherein the first
frequency is higher than the second frequency, and wherein
the first frequency is a mains frequency.

38. An inverter comprising.

divect voltage input tevminals;

10

15

20

alternating voltage output terminals comprising a first 25

alternating voltage terminal and a second alternating
voltage terminal;

a bridge circuit between the direct voltage input tevminals
and the alternating voltage output terminals, the bridge
circuit comprising.

a first bridge branch comprising four switching elements
in series, wherein the four switching elements com-

30
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prise a first switching element, a second switching
element, a third switching element, and a fourth
switching element; and

a second bridge branch comprising two switching ele-
ments in servies, wherein the two switching elements
comprise a fifth switching element and a sixth switch-
ing element,

a first connection path connecting the first bridge branch
to the first alternating voltage output tevminal; and

a second connection path comnnecting the first bridge
branch and the second bridge branch to the second
alternating voltage output terminal.

39. The inverter as set forth in claim 38, wherein the second

connection path comprises a first diode.

40. The inverter as set forth in claim 39, wherein a cathode

of the first diode is connected to first bridge branch.

41. The inverter as set forth in claim 40, wherein the second

connection path comprises a second diode.

42. The inverter as set forth in claim 41, wherein a anode of

the second diode is connected to the second connection path.

43. The inverter as set forth in claim 38, wherein the first

and fourth switching elements are configured to switch at a
first frequency, wherein the second and thivd switching ele-
ments are configured to switch at a second frequency, and
whevrein the fifth and the sixths switching elements switch are
configured to switch at a thivd frequency.

44. The inverter as set forth in claim 38, wherein the second
frequency is higher than the first frequency and the third
frequency.

45. The inverter as set forth in claim 44, wherein the first
frequency and the thivd frequency ave the same.
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