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1
HALF BRIDGE INVERTER UNITS AND
INVERTER THEREOF

RELATED APPLICATIONS

This application claims the benefit of the filing date of
U.S. Provisional Application No. 62/109,431, filed on Jan.
29, 2015, the contents of which are hereby incorporated by
reference in their entirety.

FIELD OF THE INVENTION

The invention relates to inverter units and inverter in
power electronics field, especially to half bridge inverter.

BACKGROUND

With the increasing threat of global energy shortage and
serious environmental problems, renewable energy has been
developing fast. Photovoltaic industry has an extensive
future as its resources are plentiful and widespread. It is an
important issue to lower cost and improve efficiency for
photovoltaic system.

Inverter is used to convert DC from photovoltaic arrays
into AC in photovoltaic system. There are two kinds of
grid-connected inverters. They are isolated and non-isolated
ones. The transformer is used in the former to keep human
electrically safe. But because of its power loss and huge
volume, it results in many problems, such as low efficiency
and power density, and high cost. Therefore, the non-
isolated inverter in photovoltaic system is popular. However,
there is a common mode loop circuit for the absence of
transformer in the non-isolated inverter system. The loop
circuit produces leakage current which is dangerous to
devices and human. So the leakage current becomes a
critical issue to be solved for the non-isolated inverter
system. At the same time, high efficiency is becoming
another goal for the photovoltaic industry.

It is required to meet a wide range of input voltage for the
non-isolated inverter as there is a huge scope of the fluc-
tuation of the output voltage from photovoltaic arrays.
However, there is a minimum input voltage for the non-
isolated inverter working normally in photovoltaic system. It
is possible for the output voltage from photovoltaic arrays to
be less than the minimum input voltage. So a boost circuit
is usually used in the photovoltaic inverter system.

As is known, there is a two-stage circuit in the present
photovoltaic inverter system shown in FIG. 1. The first stage
is DC-DC unit which usually employs the boost circuit. The
second stage is DC-AC unit. When the output voltage from
photovoltaic arrays is less than the minimum input voltage,
the DC-DC unit works to boost the input voltage so that the
DC-AC unit can work normally; otherwise, the DC-DC unit
is bypassed while the DC-AC unit works normally. The two
stages are connected in series so that it lowers efficiency of
the whole system and increases cost.

A single stage full bridge inverter shown in FIG. 2 is
disclosed in the reference of “Derivation, Analysis, and
Implementation of a Boost-Buck Converter-Based High-
Efficiency PV Inverter”. However, it costs much in case of
multiple photovoltaic arrays. In addition, the efficiency is
low when there are great differences among the numbers of
photovoltaic cells in multiple photovoltaic arrays. The out-
put voltage from each photovoltaic array is required to be
same because they are connected in parallel. So the output
voltage of each photovoltaic array is raised in various
degrees. It lowers the system efficiency. As is well known,
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2

it is difficult for the full bridge inverter to cancel substan-
tially the high frequency leakage current because of the
parasitic factors within the inverter system. Furthermore, it
costs much because it needs two AC filtering inductors and
their magnetic cores are not common for the full bridge
structure.

SUMMARY

To solve the above problems, a half bridge inverter unit
and inverter thereof are provided in the invention.

To make sure the current flows in both directions, each
semiconductor switch is connected in reverse parallel with a
diode. For the sake of brevity, the term “bidirectional
switch” as used herein is intended to refer to a semiconduc-
tor switch where the current can flow in both directions and
withstand voltage in one direction, such as IGBT with a
parallel diode, or MOSFET where the parallel diode is
inherent.

According to a first aspect of the invention, there is
provided a half bridge inverter unit. It comprises an inverter
controlling module and a first inductor, and has a first input
terminal, a second input terminal, a third input terminal, a
first voltage output terminal, a second voltage output termi-
nal and several controlling terminals.

The inverter controlling module is connected to all the
three input terminals, the two voltage output terminals, two
terminals of the first inductor and the several controlling
terminals.

Based on the controlling signals from the controlling
terminals under a first operation mode, the inverter control-
ling module makes current flow between a first terminal of
the first inductor and the first input terminal and between a
second terminal of the first inductor and the first voltage
output terminal; based on the controlling signals from the
controlling terminals under a second operation mode, the
inverter controlling module makes current flow between the
first terminal of the first inductor and the second input
terminal and between the second terminal of the first induc-
tor and the first voltage output terminal; based on the
controlling signals from the controlling terminals under a
third operation mode, the inverter controlling module makes
current flow between the first terminal of the first inductor
and the first input terminal and between the second terminal
of the first inductor and the second voltage output terminal;
based on the controlling signals from the controlling termi-
nals under a fourth operation mode, the inverter controlling
module makes current flow between the first terminal of the
first inductor and the second input terminal and between the
second terminal of the first inductor and the second voltage
output terminal.

According to a second aspect of the invention, there is
provided a single phase half bridge inverter.

The single phase half bridge inverter comprises the said
half bridge inverter unit provided in the first aspect and a
controller that is connected to the several controlling termi-
nals of the half bridge inverter unit. The controller is used to
provide the half bridge inverter unit with corresponding
control signals to each operation mode.

According to a third aspect of the invention, there is
provided a three-phase half bridge inverter.

The three-phase half bridge inverter comprises three of
the said half bridge inverter units provided in the first aspect
and a controller. All the first input terminals of the three half
bridge inverter units are connected together; all the second
input terminals of the three half bridge inverter units are
connected together, all the third input terminals of the three
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half bridge inverter units are connected together; the first
voltage output terminals of the three half bridge inverter
units are connected one to one to the three-phase AC load
terminals of the three-phase half bridge inverter and mean-
while all the second voltage output terminals are connected
together, or the second voltage output terminals of the three
half bridge inverter units are connected one to one to the
three-phase AC load terminals of the three-phase half bridge
inverter and meanwhile all the first voltage output terminals
are connected together. The controller is connected to the
several controlling terminals of each half bridge inverter unit
and provides the three half bridge inverter units with cor-
responding control signals to each operation mode.

The half bridge inverter unit and inverter thereof provided
in this invention meets the requirement of a wide range of
input voltage for the inverter as it can operate in either a
buck mode or a boost mode. It also solves the problem of
mid-point voltage balance of the two series capacitors
connected in parallel to DC power supply taking advantage
of the symmetry of grid voltage in two half cycles. It
achieves low cost, high efficiency and reliability by using a
single stage structure with low power loss.

The half bridge inverter unit and inverter thereof provided
in the invention can be used for, but not limited to, renew-
able energy power system, such as single-phase or three-
phase grid-connected photovoltaic system.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, reference is now made to the following description
taken in conjunction with accompanying drawings, in
which:

FIG. 1 is a circuit diagram in partial block form of the
present two-stage inverter system.

FIG. 2 is a circuit diagram of the present single stage
full-bridge inverter system.

FIG. 3 (a) is the circuit diagram in partial block form of
a first kind of single phase half bridge inverter according to
an embodiment of the invention.

FIG. 3 (b) is the circuit diagram in partial block form of
a second kind of single phase half bridge inverter according
to an embodiment of the invention.

FIG. 4 (a) is the first schematic circuit diagram of the first
circuit module M1 according to an embodiment of the
invention.

FIG. 4 (b) is the second schematic circuit diagram of the
first circuit module M1 according to an embodiment of the
invention.

FIG. 4 (¢) is the third schematic circuit diagram of the first
circuit module M1 according to an embodiment of the
invention.

FIG. 4 (d) is the fourth schematic circuit diagram of the
first circuit module M1 according to an embodiment of the
invention.

FIG. 5 (a) is the first schematic circuit diagram of the
second circuit module M2 according to an embodiment of
the invention.

FIG. 5 (b) is the second schematic circuit diagram of the
second circuit module M2 according to an embodiment of
the invention,

FIG. 5 (c) is the third schematic circuit diagram of the
second circuit module M2 according to an embodiment of
the invention.

FIG. 5 (d) is the fourth schematic circuit diagram of the
second circuit module M2 according to an embodiment of
the invention.
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FIG. 6 is the schematic circuit diagram of the first kind of
single phase half bridge inverter with the first circuit module
M1 shown in FIG. 4(a) and with the second circuit module
M2 shown in FIG. 5(a) and meanwhile the first inductor L,
and the second inductor L, share the magnetic core accord-
ing to an embodiment of the invention.

FIG. 7 is the schematic circuit diagram of the first kind of
single phase half bridge inverter with the first circuit module
M1 shown in FIG. 4(a) and with the second circuit module
M2 shown in FIG. 5(4) and meanwhile the first inductor L,
and the second inductor L, share the magnetic core accord-
ing to an embodiment of the invention.

FIG. 8 is the schematic circuit diagram of the second kind
of single phase half bridge inverter with the first circuit
module M1 shown in FIG. 4(a) and with the second circuit
module M2 shown in FIG. 5(a¢) and meanwhile the first
inductor L, and the second inductor L, share the magnetic
core according to an embodiment of the invention.

FIG. 9 is the schematic circuit diagram of the second kind
of single phase half bridge inverter with the first circuit
module M1 shown in FIG. 4(a) and with the second circuit
module M2 shown in FIG. 5(4) and meanwhile the first
inductor L, and the second inductor L, share the magnetic
core according to an embodiment of the invention.

FIG. 10 is the schematic circuit diagram of the first kind
of single phase half bridge inverter with the first circuit
module M1 shown in FIG. 4(a) and with the second circuit
module M2 shown in FIG. 5(a¢) and meanwhile the first
inductor L, and the second inductor L, don’t share the
magnetic core according to an embodiment of the invention.

FIG. 11 is the first operational mode diagram of the single
phase half bridge inverter in FIG. 10 according to an
embodiment of the invention.

FIG. 12 is the second operational mode diagram of the
single phase half bridge inverter in FIG. 10 according to an
embodiment of the invention.

FIG. 13 is the third operational mode diagram of the
single phase half bridge inverter in FIG. 10 according to an
embodiment of the invention.

FIG. 14 is the fourth operational mode diagram of the
single phase half bridge inverter in FIG. 10 according to an
embodiment of the invention.

FIG. 15 is the first modulation mode diagram of the single
phase half bridge inverter in FIG. 10 according to an
embodiment of the invention.

FIG. 16 is the second modulation mode diagram of the
single phase half bridge inverter in FIG. 10 according to an
embodiment of the invention.

FIG. 17 is the circuit diagram in partial block form of the
first kind of single phase half bridge inverter applied in
photovoltaic system with multiple photovoltaic arrays
according to an embodiment of the invention.

FIG. 18 is the circuit diagram in partial block form of the
first kind of single phase half bridge inverter applied in
photovoltaic system with two photovoltaic arrays according
to an embodiment of the invention.

FIG. 19 is the circuit diagram in partial block form of the
second kind of single phase half bridge inverter applied in
photovoltaic system with two photovoltaic arrays according
to an embodiment of the invention.

FIG. 20(a) is an equivalent block diagram of the first kind
of single phase half bridge inverter according to an embodi-
ment of the invention.

FIG. 20(b) is an equivalent block diagram of the second
kind of single phase half bridge inverter according to an
embodiment of the invention.
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FIG. 21(a) is the circuit diagram in partial block form of
a first kind of three-phase half bridge inverter based on the
equivalent circuit in FIG. 20(a) according to an embodiment
of the invention.

FIG. 21(b) is the circuit diagram in partial block form of
a second kind of three-phase half bridge inverter based on
the equivalent circuit in FIG. 20(b) according to an embodi-
ment of the invention.

FIG. 21(c) is the circuit diagram in partial block form of
a third kind of three-phase half bridge inverter based on the
equivalent circuit in FIG. 20(a) according to an embodiment
of the invention.

FIG. 21(d) is the circuit diagram in partial block form of
a fourth kind of three-phase half bridge inverter based on the
equivalent circuit in FIG. 20(b) according to an embodiment
of the invention.

For convenience of description, identical components
have been given the same reference numbers in the various
drawings. The same symbols like “V”, “|” used in one
drawing are intended to refer to be connected together.

DETAILED DESCRIPTION OF EMBODIMENTS

Provided herein are half bridge inverter units and inverter
thereof. For a better understanding of the invention, and to
show more dearly how it may be carried into effect, embodi-
ments will be described in detail with reference of the
accompanying drawings. Of course, the embodiments
described below are part of the invention examples, not all
of them. Those skilled in the art will recognize or be able to
ascertain variants of the embodiments described herein.
Such variants are within the scope of the invention and are
covered by the appended claims.

The half bridge inverter unit provided in this invention
comprises an inverter controlling module and a first induc-
tor, and has a first input terminal, a second input terminal, a
third input terminal, a first voltage output terminal, a second
voltage output terminal and several controlling terminals.

The inverter controlling module is connected to all the
three input terminals, the two voltage output terminals, two
terminals of the first inductor and the several controlling
terminals.

Based on the controlling signals from the controlling
terminals under a first operation mode, the inverter control-
ling module makes current flow between a first terminal of
the first inductor and the first input terminal and between a
second terminal of the first inductor and the first voltage
output terminal; based on the controlling signals from the
controlling terminals under a second operation mode, the
inverter controlling module makes current flow between the
first terminal of the first inductor and the second input
terminal and between the second terminal of the first induc-
tor and the first voltage output terminal; based on the
controlling signals from the controlling terminals under a
third operation mode, the inverter controlling module makes
current flow between the first terminal of the first inductor
and the first input terminal and between the second terminal
of the first inductor and the second voltage output terminal;
based on the controlling signals from the controlling termi-
nals under a fourth operation mode, the inverter controlling
module makes current flow between the first terminal of the
first inductor and the second input terminal and between the
second terminal of the first inductor and the second voltage
output terminal.

The half bridge inverter unit provided in this invention
controls the inverter controlling module by controlling sig-
nals so that it can work in either voltage step-up mode or
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voltage step-down mode. So the inverter with the half bridge
inverter unit meets the requirement of wide input voltage
range. The mid-point voltage between the DC series capaci-
tors connected in parallel with DC power supply can be
balanced automatically by taking advantage of the grid
voltage symmetry with regard to positive and negative half
cycles. The inverter is of single stage structure. It has
advantages of low power loss, low cost, high efficiency and
reliability.

The said inverter controlling module can be implemented
by many structural circuits in practical situations. Take a
simple circuit for example. There are four switching circuit
branches in the inverter controlling module. A first switching
circuit branch is connected between the first input terminal
and the first terminal of the first inductor; a second switching
circuit branch is connected between the second input termi-
nal and the first terminal of the first inductor; a third
switching circuit branch is connected between the first
voltage output terminal and the second terminal of the first
inductor; a fourth switching circuit branch is connected
between the second voltage output terminal and the second
terminal of the first inductor.

Some of possible examples of the said inverter controlling
module will be described in details with reference of the
accompanying drawings. For convenience of description,
some accompanying drawings show other circuit part
besides the half bridge inverter unit, such as the capacitors
used to form power supplies, DC-DC converter, photovol-
taic arrays and so on.

As shown in FIG. 3, the term “PV” as used herein is
intended to refer to photovoltaic arrays (i.e. DC power
supply), Up,- is its DC output voltage, M1 is a first circuit
module in the half bridge inverter unit, M2 is a second
circuit module, C, is a first capacitor (i.e. the first DC power
supply), C, is a second capacitor (i.e. the second DC power
supply), C; is a third capacitor and G is AC power grid.

Of course, the PV is able to be replaced by the other DC
power supply. That is to say, the DC power supply is not
limited to PV in the invention. Similarly, the AC power grid
G can be replaced by the other AC load. So the AC load in
this invention is not limited to the AC power grid G.

Notice that diodes are used for the element characterized
by single directional conduction in the invention, but not
limited to diodes. The positive terminal of diode is referred
to Anode and the negative terminal is Cathode.

The kind of switch MOSFET is used for the said con-
trollable (on and off) semiconductor switch in the invention.
Take the N-channel MOSFET for example. The first termi-
nal of N-channel MOSFET is referred to Drain, the second
terminal is Source and the control terminal is Gate. The
control terminal of each semiconductor switch in the said
half bridge inverter unit is provided with its own control
signal. For the sake of brevity, it is not described repeatedly
below.

To make sure the current in the branch of each semicon-
ductor switch located flows in both directions, each semi-
conductor switch in the invention is reversely parallel con-
nected to a diode. For the sake of brevity, the term
“bidirectional switch” as used herein is intended to refer to
a semiconductor switch where the current can flow in both
directions and withstand voltage in one direction, such as
IGBT with a parallel diode, or MOSFET where the parallel
diode is inherent.

The said semiconductor switch can also be implemented
by the other kind of transistor, for example, the NPN type
transistor. For the NPN type transistor, the first terminal is
referred to Collector terminal, the second terminal is Emitter
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and the control terminal is Base. Of course, the semicon-
ductor switch is not limited to MOSFET or NPN type
transistor. That is to say, the other triode with characteristics
of controllable alternative states (on and off) is able to be
used as the said semiconductor switch in the invention.

As shown in FIG. 3, the photovoltaic arrays (PV) is
connected in parallel to two capacitors in series. They are the
first capacitor (C,) and the second capacitor (C,). The first
capacitor (C,) works as the first power supply and the
second capacitor (C,) works as the second power supply.
The negative terminal of the first capacitor (C,) is connected
to the positive terminal of the second capacitor (C,). The
positive terminal of the first capacitor (C,) is connected to
the positive terminal of the photovoltaic arrays (PV) and the
negative terminal of the second capacitor (C,) is connected
to the negative terminal of the photovoltaic arrays (PV).

The half bridge inverter unit comprises the first circuit
module (M1), the second circuit module (M2) and the first
inductor (L,). The first circuit module (M1) is connected to
some of the said several controlling terminals and the second
circuit module (M2) is connected to the others of the said
several controlling terminals.

The first circuit module (M1) comprises at least an upper
input terminal (I,), a middle input terminal (I,), a lower
input terminal (I_), an output terminal (A), a first switching
circuit branch and a second switching circuit branch.

The upper input terminal (I,) of the first circuit module
(M1) is connected to the first input terminal of the half
bridge inverter unit; the middle input terminal (I,) is con-
nected to the third input terminal; the lower input terminal
(I.) is connected to the second input terminal. The output
terminal (A) is connected to the first terminal (left terminal
in the accompanying drawings) of the first inductor (L., ). For
convenience of description, the symbol “I,” is also used to
refer to the first input terminal of the half bridge inverter
unit. Similarly, the symbol “I_" is also used to refer to the
second input terminal and the symbol “I,” refer to the third
input terminal.

The upper input terminal (I,) of the first circuit module
(M1) is connected to the positive terminal of the first
capacitor (C,); the middle input terminal (I,) is connected to
the common terminal of the first capacitor (C,;) and the
second capacitor (C,); the lower input terminal (I_) is
connected to the negative terminal of the second capacitor
(C,). The first switching circuit branch in the first circuit
module (M1) is connected between the upper input terminal
(I,) and the output terminal (A) of the first circuit module
(M1); the second switching circuit branch in the first circuit
module (M1) is connected between the lower input terminal
(I.) and the output terminal (A) of the first circuit module
(M1).

The first circuit module provides at least two operation
modes based on the controlling signals from the controlling
terminals: (1) current flows between the output terminal and
the upper input terminal of the first circuit module; (2)
current flows between the output terminal and the lower
input terminal of the first circuit module.

In some embodiments, the first circuit module (M1)
further comprises a third switching circuit branch. The third
switching circuit branch in the first circuit module (M1) is
connected between the middle input terminal (I,) and the
output terminal (A) of the first circuit module (M1). In this
case, the first circuit module can provide another operation
mode based on the controlling signals from the controlling
terminals: current flows between the middle input terminal
and the output terminal of the first circuit module.
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The second circuit module (M2) comprises an input
terminal (B), a first output terminal (C), a second output
terminal (D), a first switching circuit branch and a second
switching circuit branch.

The input terminal (B) of the second circuit module (M2)
is connected to the second terminal (right terminal in the
accompanying drawings) of the first inductor (L,). The first
output terminal (C) is connected to the said first voltage
output terminal and the second output terminal (D) is
connected to the said second voltage output terminal.

The first output terminal (C) of the second circuit module
(M2) is connected to the common terminal of the first
capacitor (C) and the second capacitor (C,), or the second
output terminal (D) of the second circuit module (M2) is
connected to the common terminal of the first capacitor (C,)
and the second capacitor (C,). Both the first output terminal
(C) and the second output terminal (D) of the second circuit
module (M2) are used as AC terminals to connect to AC
loads. The first switching circuit branch in the second circuit
module (M2) is connected between the input terminal (B)
and the first output terminal (C) of the second circuit module
(M2); the second switching circuit branch in the second
circuit module (M2) is connected between the input terminal
(B) and the second output terminal (D) of the second circuit
module (M2).

The second circuit module provides at least two operation
modes based on the controlling signals from the controlling
terminals: (1) current flows between the input terminal and
the first output terminal of the second circuit module; (2)
current flows between the input terminal and the second
output terminal of the second circuit module.

The first inductor (L) connects the output terminal (A) of
the first circuit module (M1) to the input terminal (B) of the
second circuit module (M2). The first inductor (L) is used
to filter the switching high-frequency component to achieve
a load current with almost a sinusoidal waveform.

FIG. 4 (a) shows the first schematic circuit diagram of the
first circuit module M1 according to an embodiment of the
invention. The first circuit module (M1) comprises a first
bidirectional switch (T, ,) and a second bidirectional switch
(Tazp)-

The first terminal of the first bidirectional switch (T, ) is
connected to the upper input terminal (I,) of the first circuit
module (M1) and the second terminal of the first bidirec-
tional switch (T,,,) is connected to both the output terminal
(A) of the first circuit module (M1) and the first terminal of
the second bidirectional switch (T,,,). The second terminal
of the second bidirectional switch (T,,,) is connected to the
lower input terminal (I_) of the first circuit module (M1).

The first switching circuit branch in the first circuit
module (M) comprises the first bidirectional switch (T,,,)
and the second switching circuit branch comprises the
second bidirectional switch (T,,,).

FIG. 4 (b) shows the second schematic circuit diagram of
the first circuit module M1 according to an embodiment of
the invention. The first circuit module (M1) comprises a first
bidirectional switch (T,;,), a second bidirectional switch
(T,45,), a third bidirectional switch (T,5,), a fourth bidirec-
tional switch (T,,,), a first diode (D,,,) and a second diode
(Dazp)-

The first terminal of the first bidirectional switch (T,,,) is
connected to the upper input terminal (I,) of the first circuit
module (M1) and the second terminal of the first bidirec-
tional switch (T,;,) is connected to both the negative
terminal of the first diode (D, ,) and the first terminal of the
second bidirectional switch (T,,,). The second terminal of
the second bidirectional switch (T,,,) is connected to both



US 10,277,146 B2

9

the first terminal of the third bidirectional switch (T,;,) and
the output terminal (A) of the first circuit module (M1). The
second terminal of the third bidirectional switch (T,5,) is
connected to both the positive terminal of the second diode
(D4,p) and the first terminal of the fourth bidirectional
switch (T,,,). The second terminal of the fourth bidirec-
tional switch (T,,,) is connected to the lower input terminal
(1) of the first circuit module (M1). The positive terminal of
the first diode (D, ) is connected to the negative terminal of
the second diode (D,,,). The common terminal of the first
diode (D,,,) and the second diode (D,,,) is connected to the
middle input terminal (I,) of the first circuit module (M1).

The first switching circuit branch in the first circuit
module (M1) comprises the first bidirectional switch (T,,,)
and the second bidirectional switch (T,,,). The second
switching circuit branch comprises the third bidirectional
switch (T,5,) and the fourth bidirectional switch (T,,,). The
third switching circuit branch comprises the first diode
(D,,5) and the second bidirectional switch (T,,,), or com-
prises the second diode (D,,,) and the third bidirectional
switch (T ,;,)-

FIG. 4 (¢) shows the third schematic circuit diagram of the
first circuit module M1 according to an embodiment of the
invention. The first circuit module (M1) comprises a first
bidirectional switch (T,,.), a second bidirectional switch
(T,,.), a third bidirectional switch (T,;.), and a fourth
bidirectional switch (T,,.).

The first terminal of the first bidirectional switch (T,;_) is
connected to the upper input terminal (I,) of the first circuit
module (M1) and the second terminal of the first bidirec-
tional switch (T, ) is connected to both the output terminal
(A) of the first circuit module (M1) and the first terminal of
the fourth bidirectional switch (T,,_). The second terminal
of the fourth bidirectional switch (T,,,.) is connected to the
lower input terminal (I_) of the first circuit module (M1).
The first terminal of the second bidirectional switch (T,,_) is
connected to the middle input terminal (I,) of the first circuit
module (M1) and the second terminal of the second bidi-
rectional switch (T,,,.) is connected to the second terminal of
the third bidirectional switch (T ;). The first terminal of the
third bidirectional switch (T,;.) is connected to the output
terminal (A) of the first circuit module (M1).

The first switching circuit branch in the first circuit
module (M1) comprises the first bidirectional switch (T, ).
The second switching circuit branch comprises the fourth
bidirectional switch (T,,.). The third switching circuit
branch comprises the second bidirectional switch (T,,_) and
the third bidirectional switch (T,;,).

FIG. 4 (d) shows the fourth schematic circuit diagram of
the first circuit module M1 according to an embodiment of
the invention. The first circuit module (M1) comprises a first
bidirectional switch (T,,,), a second bidirectional switch
(T,,,), a third bidirectional switch (T,;,), a first diode
(D412, a second diode (D,,,), a third diode (D,;,) and a
fourth diode (D).

The first terminal of the first bidirectional switch (T, ;) is
connected to the upper input terminal (I,) of the first circuit
module (M1) and the second terminal of the first bidirec-
tional switch (T, ;) is connected to both the output terminal
(A) of the first circuit module (M1) and the first terminal of
the third bidirectional switch (T,;,). The second terminal of
the third bidirectional switch (T,;,) is connected to the
lower input terminal (I_) of the first circuit module (M1).
The positive terminal of the first diode (D, ;) is connected
to both the negative terminal of the second diode (D,,,,) and
the middle input terminal (I,) of the first circuit module
(M1), and the negative terminal of the first diode (D,,,) is
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connected to both the negative terminal of the third diode
(D,;,) and the first terminal of the second bidirectional
switch (T,,,). The positive terminal of the second diode
(D,,,) is connected to both the positive terminal of the
fourth diode (D,,,) and the second terminal of the second
bidirectional switch (T, ). The positive terminal of the third
diode (D,;,) is connected to both the negative terminal of
the fourth diode (D,,,) and the output terminal (A) of the
first circuit module (M1).

The first switching circuit branch in the first circuit
module (M1) comprises the first bidirectional switch (T, ).
The second switching circuit branch comprises the third
bidirectional switch (T,5,). The third switching circuit
branch comprises the first diode (D, ), the fourth diode
(D,.,) and the second bidirectional switch (T,,,), or com-
prises the second diode (D,, ), the third diode (D, ;) and the
second bidirectional switch (T,,,).

FIG. 5 (a) shows the first schematic circuit diagram of the
second circuit module M2 according to an embodiment of
the invention. The second circuit module (M2) comprises a
first bidirectional switch (Ts,,), a second bidirectional
switch (Ts,,) and a first diode (Ds,,)~an eighth diode
(Dss4)-

The negative terminal of the first diode (Ds,,) is con-
nected to both the negative terminal of the third diode (Ds;,)
and the first terminal of the first bidirectional switch (T, ,)
and the positive terminal of the first diode (Ds,,) is con-
nected to both the negative terminal of the second diode
(Ds,,,) and the first output terminal (C) of the second circuit
module (M2). The positive terminal of the second diode
(Ds,,) is connected to both the positive terminal of the
fourth diode (Ds,,) and the second terminal of the first
bidirectional switch (T, ). The positive terminal of the third
diode (Ds;,) is connected to both the negative terminal of
the fourth diode (Ds,,) and the input terminal (B) of the
second circuit module (M2).

The negative terminal of the fifth diode (Dss,) is con-
nected to both the negative terminal of the seventh diode
(Ds,,) and the first terminal of the second bidirectional
switch (Ts,,) and the positive terminal of the fifth diode
(Dss,,) is connected to both the negative terminal of the sixth
diode (Dsg,) and the input terminal (B) of the second circuit
module (M2). The positive terminal of the sixth diode (Dsg,)
is connected to both the positive terminal of the eighth diode
(Dss,) and the second terminal of the second bidirectional
switch (Ts,,). The positive terminal of the seventh diode
(Ds,,) is connected to both the negative terminal of the
eighth diode (Dsg,) and the second output terminal (D) of
the second circuit module (M2).

The first switching circuit branch in the second circuit
module (M2) comprises the first bidirectional switch (T5, ),
the second diode (Ds,,) and the third diode (Ds;,), or
comprises the first diode (Ds, ), the fourth diode (Ds,,) and
the first bidirectional switch (T5,,). The second switching
circuit branch comprises the fifth diode (Dss,), the eighth
diode (Dsg,) and the second bidirectional switch (Ts,,), or
comprises the sixth diode (Dsg,), the seventh diode (Ds,,)
and the second bidirectional switch (Ts,,).

FIG. 5 (b) shows the second schematic circuit diagram of
the second circuit module M2 according to an embodiment
of the invention. The second circuit module (M2) comprises
a first bidirectional switch (Ts,,), a second bidirectional
switch (Ts,,), a third bidirectional switch (T5;,) and a fourth
bidirectional switch (Ts,,).

The first terminal of the first bidirectional switch (T, ,) is
connected to the first output terminal (C) of the second
circuit module (M2) and the second terminal of the first
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bidirectional switch (Ts,,) is connected to the second ter-
minal of the second bidirectional switch (Ts,,). The first
terminal of the second bidirectional switch (Ts,,) is con-
nected to both the first terminal of the third bidirectional
switch (Ts;,) and the input terminal (B) of the second circuit
module (M2). The second terminal of the third bidirectional
switch (Ts;,) is connected to the second terminal of the
fourth bidirectional switch (Ts,,). The first terminal of the
fourth bidirectional switch (Ts,,) is connected to the second
output terminal (D) of the second circuit module (M2).

The first switching circuit branch in the second circuit
module (M2) comprises the first bidirectional switch (Ts,,)
and the second bidirectional switch (Ts,,). The second
switching circuit branch comprises the third bidirectional
switch (Ts;,) and the fourth bidirectional switch (T,,).

FIG. 5 (¢) shows the third schematic circuit diagram of the
second circuit module M2 according to an embodiment of
the invention. The second circuit module (M2) comprises a
first bidirectional switch (Ts;.), a second bidirectional
switch (Ts,.), a third bidirectional switch (Ts;.), a fourth
bidirectional switch (Ts,_.), a first diode (Ds;_), a second
diode (Ds,,), a third diode (Ds;,.) and a fourth diode (D).

The first terminal of the first bidirectional switch (T, ) is
connected to both the negative terminal of the third diode
(Ds;,.) and the first output terminal (C) of the second circuit
module (M2), and the second terminal of the first bidirec-
tional switch (Ts,_) is connected to the positive terminal of
the first diode (Ds, ). The negative terminal of the first diode
(Ds;,.) is connected to both the first terminal of the second
bidirectional switch (Ts,.) and the input terminal (B) of the
second circuit module (M2). The second terminal of the
second bidirectional switch (Ts,,) is connected to the posi-
tive terminal of the second diode (Ds,.). The positive
terminal of the third diode (Ds;,.) is connected to the second
terminal of the third bidirectional switch (Ts;,.). The first
terminal of the third bidirectional switch (T5;,.) is connected
to both the negative terminal of the fourth diode (Ds,.) and
the input terminal (B) of the second circuit module (M2) and
the positive terminal of the fourth diode (Ds,,.) is connected
to the second terminal of the fourth bidirectional switch
(Ts54.)- The first terminal of the fourth bidirectional switch
(T, is connected to both the negative terminal of the
second diode (Ds,,.) and the second output terminal (D) of
the second circuit module (M2).

The first switching circuit branch in the second circuit
module (M2) comprises the first bidirectional switch (T, )
and the first diode (Ds,_), or comprises the third bidirec-
tional switch (Ts;,.) and the third diode (Ds;,.). The second
switching circuit branch comprises the second bidirectional
switch (T5,,) and the second diode (Ds,,.), or comprises the
fourth bidirectional switch (Ts,.) and the fourth diode
(D54c)'

FIG. 5 (d) shows the fourth schematic circuit diagram of
the second circuit module M2 according to an embodiment
of the invention. The second circuit module (M2) comprises
a first reverse blocking IGBT (RB-IGBT) and a second
reverse blocking IGBT (RB-IGBT).

The first reverse blocking IGBT (RB-IGBT) connects the
input terminal (B) to the first output terminal (C) of the
second circuit module (M2) and the second reverse blocking
IGBT (RB-IGBT) connects the input terminal (B) to the
second output terminal (D) of the second circuit module
(M2).

The first switching circuit branch in the second circuit
module (M2) comprises the first reverse blocking IGBT
(RB-IGBT) and the second switching circuit branch com-
prises the second reverse blocking IGBT (RB-IGBT).
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The reverse blocking IGBTs in FIG. 5 (d) are used for the
semiconductor switch in which current is controllable for
both directions. So they can be replaced by the other
semiconductor switch in which current is controllable for
both directions.

The half bridge inverter unit further comprises a second
inductor (L,). The second inductor (L,) connects the second
output terminal (D) of the second circuit module (M2) to the
AC power grid while the first output terminal (C) of the
second circuit module (M2) is connected to the common
terminal of the first capacitor (C;) and the second capacitor
(C,); or the second inductor (L.,) connects the first output
terminal (C) of the second circuit module (M2) to the AC
power grid while the second output terminal (D) of the
second circuit module (M2) is connected to the common
terminal of the first capacitor (C,) and the second capacitor
(C,). The second inductor (L.,) is used to smooth the output
waveform.

The half bridge inverter unit further comprises a third
capacitor (C;). The third capacitor (C;) is connected
between the first output terminal (C) and the second output
terminal (D) of the second circuit module (M2). The third
capacitor (C,) is used to smooth the output waveform.

A half bridge inverter unit comprises the combination of
any one of the circuits in from FIG. 4(a) to FIG. 4(d) and any
one of the circuits in from FIG. 5(a) to FIG. 5(d) as well as
the first inductor ;. It is usually used with the said first
capacitor C, and the second C,. It further includes the
second inductor L, and/or the third capacitor Cj.

A single phase half bridge inverter comprises the said half
bridge inverter unit and a controller that provides control
signals for each bidirectional switch in the half bridge
inverter unit so that each bidirectional switch is driven by its
own control signal. Four single phase half bridge inverters
are shown respectively in from FIG. 6 to FIG. 9. As shown
in the four figures, the first inductor (L) shares a magnetic
core with the second inductor (L,).

The single phase half bridge inverter in FIG. 6 comprises
the first circuit module (M1) in FIG. 4(a), the second circuit
module (M2) in FIG. 5(a), the first inductor (L, ), the second
inductor (L,) and the third capacitor (C;). As shown in FIG.
6, the bottom terminal of the third capacitor (C;) is con-
nected to the common terminal of the first capacitor (C,) and
the second capacitor (C,). The second inductor (L,) is
connected between the top terminal of the third capacitor
(C5) and AC power grid.

The difference between the inverters in FIG. 7 and FIG.
6 is that the inverter in FIG. 7 comprises the second circuit
module (M2) in FIG. 5(b) instead of FIG. 5(a). The differ-
ence between the inverters in FIG. 8 and FIG. 6 is that the
top terminal of the third capacitor (C;) is connected to the
common terminal of the first capacitor (C,) and the second
capacitor (C,) and that the second inductor (L,) is connected
between the bottom terminal of the third capacitor (C;) and
AC power grid for the inverter in FIG. 8. The difference
between the inverters in FIG. 9 and FIG. 8 is that the inverter
in FIG. 9 comprises the second circuit module (M2) in FIG.
5(b) instead of FIG. 5(a).

Take the single phase half bridge inverter in FIG. 10 for
example to illustrate its operational modes.

FIG. 10 is the schematic circuit diagram of a single phase
half bridge inverter according to an embodiment of the
invention. It comprises a controller and a half bridge inverter
unit including the circuits in both FIG. 4(a) and FIG. 5(a),
the first inductor (L, ), the second inductor (L,) and the third
capacitor (C,). It is used with the said first capacitor (C,) and
the second (C,). The second inductor (L.,) connects the first
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output terminal (C) of the second circuit module (M2) to one
terminal of AC power grid while the second output terminal
(D) is connected to both the other terminal of AC power grid
and the common terminal of the first capacitor (C,) and the
second capacitor (C,).

Suppose the capacity of the first capacitor (C,) is equal to
that of the second (C,) according to the embodiment. So
both the said first capacitor voltage and the said second
capacitor voltage are half of U, Of course, in the invention
it is not limited to the relationships in value of the capacity
of the first capacitor (C,) and that of the second (C,). The
current in the first inductor (L, ) flowing from left to right in
circuits from FIG. 11 to FIG. 14 is defined as positive current
and the opposite as negative current. For the sake of brevity,
the term “U,,” as used herein is intended to refer to the
minimum input voltage of the half bridge inverter. The
minimum input voltage U,, is equal to be the peak-peak
value of grid voltage according to the embodiment of the
invention.

FIG. 11 is the first operational mode diagram of the single
phase half bridge inverter according to an embodiment of
the invention. As shown in FIG. 11, the positive current is as
follows:
X—=C,—=P—=T41,L;=Ds3,~Ts5,,2Dss, L, —>G—X,
and the negative current is:
X—=G—L,—>Ds,,—Ts,,~Ds,,—L—T,,,,—~C,—X.

FIG. 12 is the second operational mode diagram of the
single phase half bridge inverter according to an embodi-
ment of the invention. As shown in FIG. 12, the positive

current is as follows:
X—=C,»N—=T,,,~L,—Ds;,—=Ts,,—Ds,, =L, »G=X,
and the negative current is:

X—=G—L,—>Ds,,—Ts5,,~Ds,,—~L,—>T,,,—~C—>X.

FIG. 13 is the third operational mode diagram of the
single phase half bridge inverter according to an embodi-
ment of the invention. As shown in FIG. 13, the positive

current is as follows:
X—=C,—=P—-T,,,~L,—=Ds;5,—>Ts5,,2Dss,—X, and the
negative current is:

X—Ds;,—Ts;,~Ds4,~L, =T, ,—P—C,—X.

FIG. 14 is the fourth operational mode diagram of the
single phase haft bridge inverter according to an embodi-
ment of the invention. As shown in FIG. 14, the positive

current is as follows:
X—=Cy,—»N—=>T,,,»L,;—Ds5,—T5,,—2Dsg,—X, and the
negative current is:

X—=D57,=Ts5,Dsg, L =Ty, —~C X

The single phase half bridge inverter works alternately
among the four operational modes above-mentioned by
controlling either of the on and off states of each switch to
output the expected voltage. For the sake of brevity, the
terms “a”, “b”, “c” and “d” as used herein are intended to
respectively refer to the first, the second, the third and the
fourth operational modes of the single phase half bridge
inverter.

FIG. 15 is the first modulation mode diagram of a single
phase half bridge inverter according to an embodiment of
the invention where the DC voltage U, is less than the
minimum input voltage U,,.

As shown in FIG. 15, the absolute value of grid voltage
is less than haft of U, during the time slots of t,-t,, t,-t, and
ts-ts. The inverter works alternately in the first operational
mode and the second. The half bridge inverter unit operates
in a buck mode.

It is in positive half cycle of grid voltage during the time
slot of t,-t,. The value of grid voltage is more than half of
Uy, but less than half of U,,,. The inverter works alternately

10

15

20

25

30

35

40

45

50

55

60

65

14

in the first operational mode and the third. The half bridge
inverter unit operates in a boost mode.

It is in negative half cycle of grid voltage during the time
slot of t,-t5. The absolute value of grid voltage is more than
half of Uy, but less than half of U,,. The inverter works
alternately in the second operational mode and the fourth.
The half bridge inverter unit operates in a boost mode.

FIG. 16 is the second modulation mode diagram of a
single phase half bridge inverter according to an embodi-
ment of the invention where the DC voltage U, is more
than the minimum input voltage U,,. The inverter works
alternately in the first operational mode and the second
during the whole cycle. The half bridge inverter unit oper-
ates in a buck mode.

It is observed from the above analysis about the opera-
tional modes and modulation modes that the second inductor
(L,) can be absent in practical situations. The third capacitor
(C;) can also be absent. The first capacitor (C,) and the
second capacitor (C,) are used as DC power supply and can
be replaced by the other DC power supplies which can
provide three voltage levels.

It is easy to find from the above two modulation modes
that it can meet the requirement of a wide range of input
voltage for the inverter as the half bridge inverter unit
operates in either a buck mode or a boost mode according to
the specific modulation modes. So it can be used with
multiple photovoltaic arrays connected in series. There is a
bidirectional DC-DC converter between the multiple pho-
tovoltaic arrays and the half bridge inverter unit connected
in parallel with two series capacitors. The bidirectional
DC-DC converter is mainly used to achieve maximum
power point tracking (MPPT). It doesn’t matter whether the
numbers of photovoltaic cells in multiple photovoltaic
arrays are equal. It improves system efficiency and reduces
cost.

Suppose the number of photovoltaic arrays is N. As
shown in FIG. 17, the bidirectional DC-DC converter com-
prises N capacitors (Cyy, . . . Cyn), N bidirectional switches
(Tyys - - - T and (N=1) inductors (L, - - - Ly ;). Each
photovoltaic array is connected in parallel with a capacitor.
The first terminal of a first bidirectional switch (T,;) is
connected to both the positive terminal of the first photo-
voltaic array (PV ) and that of the said first capacitor (C,).
The second terminal of the first bidirectional switch (T, ) is
connected to the common terminal of the first and the second
photovoltaic arrays through the first inductor (L,,). At the
same time, the second terminal of the first bidirectional
switch (T,,) is connected to the first terminal of the second
bidirectional switch (T,,). The second terminal of the sec-
ond bidirectional switch (T,,) is connected to the common
terminal of the second and the third photovoltaic arrays
through the second inductor (L,). The second terminal of
the second bidirectional switch (T ) is also connected to the
first terminal of the third bidirectional switch (T,;). For the
bidirectional DC-DC converter, the connections among the
other elements but the N? bidirectional switch (T,,) are in
the same way. The first terminal of the N bidirectional
switch (Ty,,) is connected to both the second terminal of the
(N-1)" bidirectional switch (Trn-1)) and the common ter-
minal of the (N-1)” and the N photovoltaic arrays through
the (N-1)" inductor (Laev-1))- The second terminal of the
N* bidirectional switch (T,,) is connected to both the
negative terminal of the N* photovoltaic array (PV,,) and
that of the said second capacitor (C,).

FIG. 18 is the first circuit diagram in partial block form of
a single phase half bridge inverter applied in photovoltaic
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system with two photovoltaic arrays connected in series
according to an embodiment of the invention.

As shown in FIG. 18, the bidirectional DC-DC converter
comprises two capacitors (C,;, C,,), an inductor (L,,), a
first bidirectional switch (T,,) and a second bidirectional
switch (T,,). Each photovoltaic array is connected in par-
allel with a capacitor. The first terminal of the first bidirec-
tional switch (T, ) is connected to both the positive terminal
of the first photovoltaic array (PV,) and the upper input
terminal (I,) of the first circuit module (M1). The second
terminal of the first bidirectional switch (T,,) is connected
to both the common terminal of the first and the second
photovoltaic arrays through the inductor (L,,) and to the first
terminal of the second bidirectional switch (T,,). The sec-
ond terminal of the second bidirectional switch (T,,) is
connected to both the negative terminal of the second
photovoltaic array (PV,) and the lower input terminal (I_) of
the first circuit module (M1). The first output terminal (C) of
the second circuit module (M2) is connected to AC power
grid through another inductor (L,) and the second output
terminal (D) of the second circuit module (M2) is connected
to both AC power grid and the common terminal of the first
capacitor (C,) and the second capacitor (C,).

FIG. 19 is the second circuit diagram in partial block form
of a single phase half bridge inverter applied in photovoltaic
system with two photovoltaic arrays according to an
embodiment of the invention. The bidirectional DC-DC
converters in FIG. 18 and FIG. 19 are identical. For the sake
of brevity, it is not described repeatedly here. The difference
between the inverters in FIG. 19 and FIG. 18 is that the first
output terminal (C) of the second circuit module (M2) is
connected to the common terminal of the first capacitor (C,)
and the second capacitor (C,) and the second output terminal
(D) of the second circuit module (M2) is connected to AC
power grid through the inductor (L,) for the inverter in FIG.
19.

It is observed from the accompanying drawings and the
above analysis that one terminal of AC power grid is
connected to the midpoint of DC power supply. The parasitic
capacitor voltage is constant so that the leakage current is
eliminated substantially.

FIG. 20(a) is an equivalent block diagram of a single
phase half bridge inverter with the second output terminal
(D) of the second circuit module (M2) connected to the
common terminal of the first capacitor (C,) and the second
capacitor (C,). FIG. 20(b) is an equivalent block diagram of
a single phase half bridge inverter with the first output
terminal (C) of the second circuit module (M2) connected to
the common terminal of the first capacitor (C,) and the
second capacitor (C,). The said half bridge inverter unit is
equivalent to a circuit module (M). The upper input terminal
the middle input terminal (I,) and the lower input terminal
(1) of the first circuit module (M1) are respectively used as
that of the circuit module (M). The first output terminal (C)
and the second output terminal (D) of the second circuit
module (M2) are respectively used as that of the circuit
module (M).

Also provided herein are three-phase half bridge inverters
shown in FIG. 21(a), FIG. 21(5), FIG. 21(c¢) and FIG. 21(d).

The three-phase half bridge inverter comprises three
circuit modules (M) sharing the first capacitor (C,) and the
second capacitor (C,), and a controller that provides control
signals for each bidirectional switch in the three circuit
modules (M) so that each bidirectional switch is driven by
its own control signal.

As shown in FIG. 21, all the upper input terminals (I,) of
the three circuit modules (M) are connected to the positive
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terminal of the first capacitor (C,); all the middle input
terminals (I,) of the three circuit modules (M) are connected
to the common terminal of the first capacitor (C,) and the
second capacitor (C,); all the lower input terminals (I_) of
the three circuit modules (M) are connected to the negative
terminal of the second capacitor (C,); all the first output
terminals (C) of the three circuit modules (M) are connected
respectively to three phase terminals of AC power grid
through the inductor (L,) while all the second output ter-
minals (D) are connected to the common terminal of the first
capacitor (C,) and the second capacitor (C,) (FIGS. 21(a)
and 21(¢)), or all the second output terminals (D) of the three
circuit modules (M) are connected respectively with three
phase terminals of AC power grid through the inductor (L,)
while all the first output terminals (C) are connected to the
common terminal of the first capacitor (C,) and the second
capacitor (C,) (FIGS. 21(b) and 21(d)).

As shown in FIG. 21(a) and FIG. 21(5), the neutral
terminal of AC power grid is connected to the common
terminal of the first capacitor (C,) and the second capacitor
(C,) to form a three-phase four-wire system. As shown in
FIG. 21(c) and FIG. 21(d), the neutral terminal of AC power
grid is not connected to the common terminal of the first
capacitor (C,) and the second capacitor (C,) to form a
three-phase three-wire system.

As one terminal of AC power grid is connected to the
mid-point of DC power supply, the parasitic capacitor volt-
age is constant so that the leakage current is eliminated
substantially. As the grid voltage is symmetry in two half
cycles, the mid-point voltage of the two series capacitors
connected in parallel to DC power supply is balanced
automatically. It achieves low cost, high efficiency and
reliability by using single stage structure with low power
loss.

The half bridge inverter unit and inverter thereof provided
in the invention can be used for, but not limited to, renew-
able energy power system, such as single-phase or three-
phase grid-connected photovoltaic system.

Each embodiment in the part of the detailed description of
the embodiments goes forward one by one. The differences
among the embodiments are focused on, and it is easy to
understand the same or similar among all the embodiments
by making a cross-reference.

Note that the relationship terms like “first”, “second”,
“upper”, “lower” and so on are used in the invention just to
separate one thing or operation from the other and not to
indicate any real relationship or sequence among them.

EQUIVALENTS

While the invention has been described with respect to
illustrative embodiments thereof, it will be understood that
various changes may be made to the embodiments without
departing from the scope of the invention. Accordingly, the
described embodiments are to be considered merely exem-
plary and the invention is not to be limited thereby.

The invention claimed is:

1. A half bridge inverter unit, comprising an inverter
controlling module and a first inductor, has a first input
terminal, a second input terminal, a third input terminal, a
first voltage output terminal, a second voltage output termi-
nal and several controlling terminals;

wherein the inverter controlling module is connected to

all the three input terminals, the two voltage output
terminals, two terminals of the first inductor and the
several controlling terminals;
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based on the controlling signals from the controlling
terminals under a first operation mode, the inverter
controlling module makes current flow between a first
terminal of the first inductor and the first input terminal
and between a second terminal of the first inductor and
the first voltage output terminal;

based on the controlling signals from the controlling

terminals under a second operation mode, the inverter
controlling module makes current flow between the
first terminal of the first inductor and the second input
terminal and between the second terminal of the first
inductor and the first voltage output terminal;

based on the controlling signals from the controlling

terminals under a third operation mode, the inverter
controlling module makes current flow between the
first terminal of the first inductor and the first input
terminal and between the second terminal of the first
inductor and the second voltage output terminal;
based on the controlling signals from the controlling
terminals under a fourth operation mode, the inverter
controlling module makes current flow between the
first terminal of the first inductor and the second input
terminal and between the second terminal of the first
inductor and the second voltage output terminal.

2. The half bridge inverter unit of claim 1, wherein either
the first voltage output terminal or the second voltage output
terminal is connected to the third input terminal.

3. The half bridge inverter unit of claim 2, wherein the
inverter controlling module comprises a first circuit module
and a second circuit module;

the first circuit module is connected to all the three input

terminals, the first terminal of the first inductor and
some of the several controlling terminals;

the first circuit module provides at least two operation

modes based on the controlling signals from the con-
trolling terminals: (1) current flows between the first
terminal of the first inductor and the first input terminal;
(2) current flows between the first terminal of the first
inductor and the second input terminal;

the second circuit module is connected to the two voltage

output terminals, the second terminal of the first induc-
tor and some of the several controlling terminals;

the second circuit module provides at least two operation

modes based on the controlling signals from the con-
trolling terminals: (1) current flows between the second
terminal of the first inductor and the first voltage output
terminal; (2) current flows between the second terminal
of the first inductor and the second voltage output
terminal.

4. The half bridge inverter unit of claim 3, wherein the
first circuit module comprises at least an upper input termi-
nal, a middle input terminal, a lower input terminal, an
output terminal, a first switching circuit branch and a second
switching circuit branch;

the upper input terminal of the first circuit module is

connected to the first input terminal of the half bridge
inverter unit; the middle input terminal of the first
circuit module is connected to the third input terminal
of' the half bridge inverter unit; the lower input terminal
of the first circuit module is connected to the second
input terminal of the half bridge inverter unit; the
output terminal of the first circuit module is connected
to the first terminal of the first inductor;

the first switching circuit branch in the first circuit module

is connected between the upper input terminal and the
output terminal of the first circuit module;
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the second switching circuit branch in the first circuit
module is connected between the lower input terminal
and the output terminal of the first circuit module.

5. The half bridge inverter unit of claim 4, wherein the
first circuit module further comprises a third switching
circuit branch;

the third switching circuit branch in the first circuit

module is connected between the middle input terminal
and the output terminal of the first circuit module.

6. The half bridge inverter unit of claim 5, wherein the
first circuit module comprises a first bidirectional switch, a
second bidirectional switch, a third bidirectional switch, a
fourth bidirectional switch, a first diode and a second diode;

the first terminal of the first bidirectional switch is con-

nected to the upper input terminal of the first circuit
module;

the second terminal of the first bidirectional switch is

connected to both the negative terminal of the first
diode and the first terminal of the second bidirectional
switch;

the second terminal of the second bidirectional switch is

connected to both the first terminal of the third bidi-
rectional switch and the output terminal of the first
circuit module;

the second terminal of the third bidirectional switch is

connected to both the positive terminal of the second
diode and the first terminal of the fourth bidirectional
switch;

the second terminal of the fourth bidirectional switch is

connected to the lower input terminal of the first circuit
module;

the positive terminal of the first diode is connected to the

negative terminal of the second diode;

the common terminal of the first diode and the second

diode is connected to the middle input terminal of the
first circuit module.

7. The half bridge inverter unit of claim 5, wherein the
first circuit module comprises a first bidirectional switch, a
second bidirectional switch, a third bidirectional switch, and
a fourth bidirectional switch;

the first terminal of the first bidirectional switch is con-

nected to the upper input terminal of the first circuit
module;

the second terminal of the first bidirectional switch is

connected to both the output terminal of the first circuit
module and the first terminal of the fourth bidirectional
switch;

the second terminal of the fourth bidirectional switch is

connected to the lower input terminal of the first circuit
module;

the first terminal of the second bidirectional switch is

connected to the middle input terminal of the first
circuit module;

the second terminal of the second bidirectional switch is

connected to the second terminal of the third bidirec-
tional switch;

the first terminal of the third bidirectional switch is

connected to the output terminal of the first circuit
module.

8. The half bridge inverter unit of claim 5, wherein the
first circuit module comprises a first bidirectional switch, a
second bidirectional switch, a third bidirectional switch, a
first diode, a second diode, a third diode and a fourth diode;

the first terminal of the first bidirectional switch is con-

nected to the upper input terminal of the first circuit
module;
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the second terminal of the first bidirectional switch is
connected to both the output terminal of the first circuit
module and the first terminal of the third bidirectional
switch;

the second terminal of the third bidirectional switch is
connected to the lower input terminal of the first circuit
module;

the positive terminal of the first diode is connected to both
the negative terminal of the second diode and the
middle input terminal of the first circuit module;

the negative terminal of the first diode is connected to
both the negative terminal of the third diode and the
first terminal of the second bidirectional switch;

the positive terminal of the second diode is connected to
both the positive terminal of the fourth diode and the
second terminal of the second bidirectional switch;

the positive terminal of the third diode is connected to
both the negative terminal of the fourth diode and the
output terminal of the first circuit module.

9. The half bridge inverter unit of claim 4, wherein the

first circuit module comprises a first bidirectional switch and
a second bidirectional switch;

the first terminal of the first bidirectional switch is con-
nected to the upper input terminal of the first circuit
module;

the second terminal of the first bidirectional switch is
connected to both the output terminal of the first circuit
module and the first terminal of the second bidirec-
tional switch;

the second terminal of the second bidirectional switch is
connected to the lower input terminal of the first circuit
module.

10. The half bridge inverter unit of claim 3, wherein the

second circuit module comprises at least an input terminal,
a first output terminal, a second output terminal, a first
switching circuit branch and a second switching circuit
branch;

the input terminal of the second circuit module is con-
nected to the second terminal of the first inductor;

the first output terminal of the second circuit module is
connected to the first voltage output terminal of the half
bridge inverter unit; the second output terminal of the
second circuit module is connected to the second
voltage output terminal of the half bridge inverter unit;

the first output terminal of the second circuit module is
connected to the third input terminal of the half bridge
inverter unit, or the second output terminal of the
second circuit module is connected to the third input
terminal of the half bridge inverter unit;

the first switching circuit branch in the second circuit
module is connected between the input terminal and the
first output terminal of the second circuit module;

the second switching circuit branch in the second circuit
module is connected between the input terminal and the
second output terminal of the second circuit module.

11. The half bridge inverter unit of claim 10, wherein the

second circuit module comprises a first bidirectional switch,
a second bidirectional switch, a first diode, a second diode,
a third diode, a fourth diode, a fifth diode, a sixth diode, a
seventh diode and an eighth diode;

the negative terminal of the first diode is connected to
both the negative terminal of the third diode and the
first terminal of the first bidirectional switch;

the positive terminal of the first diode is connected to both
the negative terminal of the second diode and the first
output terminal of the second circuit module;
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the positive terminal of the second diode is connected to
both the positive terminal of the fourth diode and the
second terminal of the first bidirectional switch;

the positive terminal of the third diode is connected to

both the negative terminal of the fourth diode and the
input terminal of the second circuit module;

the negative terminal of the fifth diode is connected to

both the negative terminal of the seventh diode and the
first terminal of the second bidirectional switch;

the positive terminal of the fifth diode is connected to both

the negative terminal of the sixth diode and the input
terminal of the second circuit module;

the positive terminal of the sixth diode is connected to

both the positive terminal of the eighth diode and the
second terminal of the second bidirectional switch;
the positive terminal of the seventh diode is connected to
both the negative terminal of the eighth diode and the
second output terminal of the second circuit module.

12. The half bridge inverter unit of claim 10, wherein the
second circuit module comprises a first bidirectional switch,
a second bidirectional switch, a third bidirectional switch
and a fourth bidirectional switch;

the first terminal of the first bidirectional switch is con-

nected to the first output terminal of the second circuit
module;

the second terminal of the first bidirectional switch is

connected to the second terminal of the second bidi-
rectional switch;

the first terminal of the second bidirectional switch is

connected to both the first terminal of the third bidi-
rectional switch and the input terminal of the second
circuit module;

the second terminal of the third bidirectional switch is

connected to the second terminal of the fourth bidirec-
tional switch;

the first terminal of the fourth bidirectional switch is

connected to the second output terminal of the second
circuit module.

13. The half bridge inverter unit of claim 10, wherein the
second circuit module comprises a first bidirectional switch,
a second bidirectional switch, a third bidirectional switch, a
fourth bidirectional switch, a first diode, a second diode, a
third diode and a fourth diode;

the first terminal of the first bidirectional switch is con-

nected to both the negative terminal of the third diode
and the first output terminal of the second circuit
module;

the second terminal of the first bidirectional switch is

connected to the positive terminal of the first diode;
the negative terminal of the first diode is connected to
both the first terminal of the second bidirectional switch
and the input terminal of the second circuit module;
the second terminal of the second bidirectional switch is
connected to the positive terminal of the second diode;
the positive terminal of the third diode is connected to the
second terminal of the third bidirectional switch;
the first terminal of the third bidirectional switch is
connected to both the negative terminal of the fourth
diode and the input terminal of the second circuit
module;
the positive terminal of the fourth diode is connected to
the second terminal of the fourth bidirectional switch;

the first terminal of the fourth bidirectional switch is
connected to both the negative terminal of the second
diode and the second output terminal of the second
circuit module.
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14. The half bridge inverter unit of claim 10, wherein the
second circuit module comprises a first reverse blocking
IGBT and a second reverse blocking IGBT;

the first reverse blocking IGBT is connected between the

input terminal of the second circuit module and the first
output terminal of the second circuit module;

the second reverse blocking IGBT is connected between

the input terminal of the second circuit module and the
second output terminal of the second circuit module.

15. A single phase half bridge inverter, comprising: the
half bridge inverter unit of claim 1 and a controller, wherein
the controller is connected to the several controlling termi-
nals of the half bridge inverter unit; the controller provides
the half bridge inverter unit with corresponding control
signals to each operation mode.

16. The single phase half bridge inverter of claim 15,
further comprises a second inductor; wherein the single
phase half bridge inverter has a first AC output terminal and
a second AC output terminal; the second inductor is con-
nected between the first voltage output terminal of the half
bridge inverter unit and the first AC output terminal of the
single phase half bridge inverter, and meanwhile both the
second voltage output terminal and the third input terminal
of the half bridge inverter unit are connected to the second
AC output terminal of the single phase half bridge inverter;
or

the second inductor is connected between the second

voltage output terminal of the half bridge inverter unit
and the second AC output terminal of the single phase
half bridge inverter, and meanwhile both the first
voltage output terminal and the third input terminal of
the half bridge inverter unit are connected to the first
AC output terminal of the single phase half bridge
inverter.

17. The single phase half bridge inverter of claim 16,
wherein the second inductor shares the magnetic core with
the first inductor in the half bridge inverter unit.

18. The single phase half bridge inverter of claim 15,
further comprises a bidirectional DC-DC converter, wherein
the bidirectional DC-DC converter is connected to the first
and the second input terminals of the half bridge inverter
unit and used to convert the received DC voltage and output
it into the half bridge inverter unit through the first and the
second input terminals of the half bridge inverter unit.

19. The single phase half bridge inverter of claim 18,
wherein the bidirectional DC-DC converter comprises N
capacitors, (N-1) inductors and N bidirectional switches
where N is an integer which is more than or equals two; the
N capacitors are connected in series between the first input
terminal and the second input terminal of the half bridge
inverter unit; the N bidirectional switches are connected in
series between the first input terminal and the second input
terminal of the half bridge inverter unit; the circuit branch
formed by the N bidirectional switches in series is connected
in parallel with the one formed by the N capacitors in series;
one terminal of the i inductor in the (N-1) inductors is
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connected between the i” and the (i+1)” capacitors where i
is an integer and 1=i=(N-1), and the other terminal of the i”
inductor is connected between the i” and the (i+1)” bidi-
rectional switches where 1 is an integer and 1=i=(N-1).

20. A three-phase half bridge inverter, comprising: three
half bridge inverter units of claim 1 and a controller;

wherein the three-phase half bridge inverter has three AC

load terminals;

all the first input terminals of the three half bridge inverter

units are connected together;

all the second input terminals of the three half bridge

inverter units are connected together;

all the third input terminals of the three half bridge

inverter units are connected together;

the first voltage output terminals of the three half bridge

inverter units are connected one to one to the three AC
load terminals of the three-phase half bridge inverter
and meanwhile all the second voltage output terminals
are connected together, or the second voltage output
terminals of the three half bridge inverter units are
connected one to one to the three AC load terminals of
the three-phase half bridge inverter and meanwhile all
the first voltage output terminals are connected
together;

the controller is connected to the several controlling

terminals of each half bridge inverter unit and provides
the three half bridge inverter units with corresponding
control signals to each operation mode.

21. The three-phase half bridge inverter of claim 20,
wherein all the third input terminals of the three half bridge
inverter units are connected to all the first voltage output
terminals which are connected together; or all the third input
terminals of the three half bridge inverter units are con-
nected to all the second voltage output terminals which are
connected together.

22. The three-phase half bridge inverter of claim 20,
further comprises three second inductors; wherein the three
second inductors are of one-to-one correspondence to both
the three half bridge inverter units and the three AC load
terminals;

each of the three second inductors is connected between

the second voltage output terminal of the corresponding
half'bridge inverter unit and the corresponding AC load
terminal of the three-phase half bridge inverter, and
meanwhile all the first voltage output terminals of the
three half bridge inverter units are connected to the
third input terminals of the half bridge inverter units; or
each of the three second inductors is connected between
the first voltage output terminal of the corresponding
half'bridge inverter unit and the corresponding AC load
terminal of the three-phase half bridge inverter, and
meanwhile all the second voltage output terminals of
the three half bridge inverter units are connected to the
third input terminals of the half bridge inverter units.
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