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Significant research efforts are underway to develop commercially viable, technically feasible, 
highly efficient, and highly reliable power converters for renewable energy, electric transporta-
tion, and various industrial applications. This chapter presents state‐of‐the‐art knowledge and 
cutting‐edge techniques in various stages of research related to impedance source converters/
inverters, including the concepts, advantages compared to existing technology, classification, 
current status, and future trends.

1.1  General Introduction to Electrical Power Generation

1.1.1  Energy Systems

Electric power generation comprises traditional power generation, such as hydroelectric, 
thermal and nuclear power production, and renewable energy sources, which already has a 
large penetration joined by photovoltaic (PV) and wind energy [1]. Climatic constraints and 
large amounts of pollution require us to limit our development and utilization of traditional 
energy. Renewable energy and energy savings are receiving a greater attention as a sustainable 
and environmentally friendly alternative. Figure  1.1 shows the the levels of annual global 
renewable energy in gigawatts (GW), including solar PV, concentrating solar power (CSP), 
wind, bioenergy, geothermal, ocean, and hydropower [2]. It can be seen that globally installed 
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2	 Impedance Source Power Electronic Converters

renewable energy shows a rapid increase since 2007. To 2013, the share of renewables in net 
capacity additions has reached 60%, doubling the share in 2007.

Among global renewable energy sources, wind and solar energy are the leading potential 
sources of electricity for the 21st century for several reasons: they utilize an abundant energy 
source (the sun or wind) and have no emissions. Furthermore, solar power can be easily 
integrated into buildings, and so on. Figure 1.2 shows the growth rates of installed capacity of 
different renewable energies in 2012 and in five years from 2007 to 2012 [2]; Figure 1.3(a) and 
(b) show globally installed wind and PV power capacity to 2014 [3, 4]. The cumulative 
capacity of wind reached 369.6 GW in 2014, and that of PV in 2014 is 177 GW. It can be seen 
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Figure 1.1  Global renewable energy annual changes in gigawatts (2001–2013) [2] (Source: Reproduced 
with permission of REN21).
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Figure 1.2  Growth rates of installed capacity of different renewable energies [2] (Source: Reproduced 
with permission of REN21).
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that they have had a fast growth rate since 2007. In addition, fuel cells (FCs) have achieved 
global attention as an alternative power source for hybrid electric vehicles (HEVs). Fuel cell 
vehicles (FCVs) have generated interests among industrialists, environmentalists, and consumers. 
An FCV ensures the air quality, with the wide driving range and convenience of a conven-
tional internal combustion engine vehicle.

Nevertheless, power generated by renewable energy sources is intermittent and heavily 
depends on the environmental conditions. For instance, the power incident on a solar panel, 
the panel temperature, and the solar panel voltage affect the utilization of solar power generation; 
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Figure  1.3  Globally installed (a) wind power capacity [3] (Source: Delphi234, https://commons.
wikimedia.org/wiki/File:Global_Wind_Power_Cumulative_Capacity.svg. Used under CC0 1.0 Universal 
Public Domain Dedication https://creativecommons.org/publicdomain/zero/1.0/deed.en) and (b) PV power 
capacity (to 2014) [4] (Source: Reproduced with permission of IEA Photovoltaic Power System Programme).
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4	 Impedance Source Power Electronic Converters

similarly, wind speed, wind turbine angular speed, and pitch angle are critical to the amount 
of harvested wind power. They are unpredictable because of the weather and the seasons. The 
resultant impact of stochastic fluctuations will have a negative effect on the utility grid in 
grid‐connected mode and on loads in standalone mode. Moreover, power consumption also 
presents its own characteristics of seasonal and human living habits. In spring and autumn, 
there are relatively more fine days with a lot of renewable energy compared with the other 
seasons. These seasons also have good weather; thus, electric loads such as air conditioners 
may be used less often. Consequently, increased generation from renewable energy power 
systems and reduced loads cause a voltage rise on the power distribution line. At weekends, 
during which the systems continue to produce the same amount of power and industrial loads 
are lower, the grid voltage and frequency could easily become high. Overvoltage may exceed 
the upper tolerance limit at the point of common coupling; usually grid overvoltage protection 
will regulate the output power of the renewable energy system if the AC voltage exceeds the 
control range. Fuel cells prefer to be operated at constant power to prolong their lifetime and 
it is also more efficient in this way. However, the traction power of a vehicle is ever‐changing.

An energy storage unit installed in a renewable energy system may be used to compensate 
for the insufficient energy through charging and discharging the energy storage unit, so that 
renewable energy power systems can become more reliable by acquiring the possibility to 
cope with some important auxiliary services. Similarly, to balance the difference and also to 
handle regenerative energy, a battery is often used as an energy storage device in FCVs. 
Basically, the main source of the vehicle’s power is the FC; the secondary power source is the 
battery, which stores excess energy from the FC, and from regenerative braking [5].

Efficient energy transfer and high reliability of power electronics, involved in the interface 
between the energy sources and the grid or loads, are essential for converting the fluctuating 
powers into suitable voltage and frequency AC power [6]. According to the configurations of 
PV panels between power converters, PV power systems are categorized into AC‐module, 
string, multi‐string, and central inverter‐based topologies, as shown in Figure 1.4 [6–8]. 
Figure 1.5 shows wind power generation systems based on induction/synchronous generators 
(I/SG) or doubly fed induction generators (DFIG) [9, 10]. To maximize the energy production 
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Figure 1.4  PV power systems categorized by configurations of PV panels between power converters 
(Source: Kjaer 2005 [8]. Reproduced with permission of IEEE).
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in all operating conditions, various maximum power point tracking (MPPT) methods, such 
as hill‐climbing, perturb and observe, incremental conductance, fuzzy theory, and genetic 
algorithms, have been developed for solar panel, wind turbine, and FC [11, 12], which are 
fulfilled by back‐end power conversion devices. Appropriate energy management for energy 
sources, energy storage batteries, and grids has been explored for smoothing the power 
integrated into utility grids, which is also achieved by the power electronics‐based conditioning 
units [13, 14]. Therefore, the efficiency of the whole power generation system finally depends 
on the inverters/converters used.

1.1.2  Existing Power Converter Topologies

Converters are widely used in industry for performing energy conversion from one form to 
another [15–19]. Typical examples are adjustable speed motor drives, electric power inter-
faces, uninterruptible power supplies, rectifiers, and power factor correctors. Traditionally, 
these applications use a two‐level voltage‐source converter, but as the power and switching 
ranges increase, the two‐level topology is increasingly viewed as inappropriate. The main 
restriction is related to the semiconductor manufacturing technology: current power devices 
have limited voltage rating, current rating, and switching frequency. In addition, there is 
currently no immediately available low‐cost solution for mass‐producing devices made from 
silicon carbide (SiC) or gallium nitride (GaN), even though there are some promising devel-
opments. Therefore, instead of waiting for a breakthrough in semiconductor technology, a 
more effective and immediate approach for resolving present restrictions is to use multilevel 
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Figure 1.5  Wind power generation systems based on (a) induction/synchronous generator (I/SG), and 
(b) doubly fed induction generator (DFIG) (Source: Blaabjerg 2013 [9]. Reproduced with permission 
of IEEE).
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converters. The advantages of multilevel converters include their well‐recognized suitability 
for high power applications, improved harmonic performance, reduced electromagnetic inter-
ference (EMI), and a larger pool of discrete voltage levels for flexibly synthesizing the desired 
output voltage waveform. Multilevel converters are therefore important to the power electronic 
community, and will hence be reviewed briefly after introducing the basic two‐level converters 
that have been in existence for several decades [18, 19].

Traditionally, two‐level converters can be implemented as either a voltage‐source (VS) or a 
current‐source (CS) converter. Their representative topologies are given in Figure 1.6(a) and (b), 
configured for dc‐ac inversion. The same topologies can be used for ac‐dc rectification, but for 
convenience of the description, the dc‐ac inversion mode is usually assumed. Beginning with 
the VS converter shown in Figure 1.6(a), it is fed from a dc voltage source usually filtered by 
a relatively large capacitor connected in parallel. For dc‐to‐ac conversion, a dc voltage source 
feeds the main converter circuit – a three‐phase inverter bridge that converts the dc power to 
ac for an ac load. The dc voltage source is usually a dc capacitor fed by a battery, fuel cell 
stack, or diode rectifier. For ac‐to‐dc conversion, an ac source feeds the converter bridge which 
converts ac to dc for a dc load. Six switches are used in the main circuit, each traditionally 
composed of a power transistor and an anti‐parallel (or free‐wheeling) diode to provide bidirec-
tional current flow and unidirectional voltage blocking. Its maximum linear ac output voltage 
is known to be limited to 1.15 times half the dc source voltage if triplen offsets are included 
for modulation [14, 15]. The VS converter is therefore a buck or step‐down dc‐ac converter 
(or boost or step‐up ac‐dc converter) if no additional dc‐dc converter is used for boosting its 
dc‐link voltage.

By contrast, a CS converter is fed from a dc current source, which in most cases is imple-
mented by connecting a dc voltage source in series with a comparably large inductor, as shown 
in Figure 1.6(b). The dc inductor to some extent behaves as a boosting component, whose 
presence allows the ac output voltage of the CS converter to be always greater than the dc 
source voltage. For dc‐to‐ac conversion, a dc current source feeds the main converter circuit – a 
three‐phase inverter bridge that converts dc to ac, to power an ac load. The dc current source 
is usually a relatively large dc inductor fed by a voltage source such as a battery, fuel cell 
stack, diode rectifier, or thyristor converter. For ac‐to‐dc conversion, an ac source feeds the 
main converter bridge which converts ac to dc to power a dc load. Six switches are used in the 
main circuit, each traditionally composed of a semiconductor switching device with reverse 
block capability such as gate‐turn‐off thyristor (GTO), silicon controlled rectifier (SCR), or a 
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Figure 1.6  Typical dc‐ac (a) voltage‐source and (b) current‐source converters.
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power transistor with a series diode to provide unidirectional current flow and bidirectional 
voltage blocking. The CS converter is therefore only suitable for boost dc‐ac power conversion 
(or buck ac‐dc power rectification).

The VS and CS converters are thus capable of performing different types of power conver-
sions, and should therefore be chosen based on the requirements under consideration. However, 
for certain well‐accepted reasons such as the absence of large dc inductors and fewer semicon-
ductors conducting in series, the VS converter has dominated most applications. This happens 
even though the desired system requirements might theoretically favor the CS converter more 
than the VS converter. This is true, for example, in photovoltaic generation, which usually 
demands a dc‐ac boost, and the direct application of the CS converter is still not popular 
even though the dc‐ac boost ability is inherently found with the CS converter. Instead, the 
VS converter is almost always adopted, even though an additional dc‐dc boost converter might 
at times be needed. The VS converter is therefore the clear “winner.” Many converters 
developed subsequently have adopted the same VS characteristics, including the multilevel 
converters to be described next.

Among the multilevel converters proposed, the three gaining most attention are the 
diode‐clamped, cascaded, and flying‐capacitor converters. The diode‐clamped converter’s 
implementation is realized by connecting multiple switches in series, and then adding 
clamping diodes for distributing the dc voltage stress evenly among the switches per phase‐leg. 
For illustration, a three‐level and a five‐level diode‐clamped converter are shown in Figure 1.7(a) 
and (b), respectively. The former is also referred to as the neutral‐point‐clamped (NPC) con-
verter, whose dc‐link voltage has been divided by capacitors C

1
 and C

2
 to form three distinct 

voltage levels, to which each phase output can be tied. For example, by turning on only 
switches SA1 and SA2 of the leftmost phase‐leg in Figure 1.7-(a), the phase output will be tied 
to + V

dc
/2. Similarly, by turning on SA2 and SA′1, the output will be zero, while turning on 

SA′1 and SA′2 causes the output to be –V
dc

/2. A three‐level phase voltage waveform is thus 
produced by the four switches per phase‐leg operating as two complementary pairs. The first 
pair consists of SA1 and SA′1, while the second pair consists of SA2 and SA′2.

The same switching principles apply to the five‐level diode‐clamped converter, as shown in 
Figure 1.7-(b), which will therefore not be explicitly described. Instead, to demonstrate its 
operation, Table 1.1 has been included to show how the five discrete voltage levels per phase‐
leg can be obtained by switching its eight switches. The diode‐clamped converter is thus an 
ideally feasible topology, but when implemented physically, it will face a tough dc capacitor 
voltage balancing problem. This problem, if not resolved satisfactorily, will give rise to 
low‐order harmonic distortion and increased voltage stress across the capacitors and semicon-
ductor switches. Although a number of voltage balancing techniques have since been proposed 
with most relying on extra hardware or redundant state swapping, the balancing concern has 
limited a practical diode‐clamped converter to only three discrete voltage levels which, as 
mentioned, is called the NPC converter.

For higher level converters, the cascaded multilevel inverter is preferred, and is simply 
assembled by connecting multiple single‐phase full‐bridges or H‐bridges in series. A typical 
cascaded five‐level inverter is shown in Figure 1.8, where each H‐bridge is powered by a 
separate dc source. Since each H‐bridge generates three distinct voltage levels, +V

dc
, 0, and –V

dc
, 

the cascading of two H‐bridges in series per phase‐leg produces five distinct voltage levels, 
+2V

dc
, +V

dc
, 0, –V

dc
, and –2V

dc
. Although the cascaded converter offers many advantages, its 

requirement for multiple isolated dc sources makes it an expensive topology used only for 
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Figure 1.7  Illustrations of (a) three‐level and (b) five‐level diode‐clamped converters.
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converters with more than five distinct voltage levels. However, this limitation is slowly being 
diluted by the introduction of renewable sources, where multiple sources are readily available. 
Upon solving the source availability, the modular structure of the cascaded converter will 
again appear as an attractive feature since it allows easier converter construction and a more 
streamlined manufacturing process.

The third popular multilevel converter is the flying‐capacitor converter, whose represen-
tative three‐level phase‐leg is shown in Figure 1.9. With its isolated capacitor C

1
 regulated at 

half the dc‐link voltage, the converter can produce three distinct output voltage levels: V
dc

/2, 0, 
and –V

dc
/2. Supposing that the voltage rating of the capacitors used is the same as that of the 

active semiconductor switches, an n‐level flying‐capacitor converter can be realized with 
(n − 1) × (n − 2)/2 clamping capacitors per phase‐leg, in addition to (n − 1) dc‐link capacitors. 
That is obviously a drawback since the system size will increase tremendously with the 
number of output voltage levels. The increase will, however, create fewer technical problems 
than the diode‐clamped topology because with an appropriate phase‐shifted modulation 
scheme implemented, the capacitor voltages of the flying‐capacitor converter are naturally 
self‐balanced. A higher level flying‐capacitor converter can therefore be implemented more 
easily, but it is unlikely to surpass the cascaded multilevel converter.

+ + +

+ + +

Va Vb Vc

Vdc

Vdc Vdc

Vdc Vdc

Vdc

Single H-
bridge

Figure 1.8  Five‐level cascaded multilevel inverter [20].

Table 1.1  Switching states of five‐level diode‐clamped 
converter per phase‐leg (X = A, B or C)

ON Switches Voltage

SX1, SX2, SX3, SX4 +V
dc

/2
SX2, SX3, SX4, SX′1 +V

dc
/4

SX3, SX4, SX′1, SX′2 0
SX4, SX′1, SX′2, SX′3 –V

dc
/4

SX′1, SX′2, SX′3, SX′4 –V
dc

/2
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1.2  Z‐Source Converter as Single‐Stage Power Conversion System

In applications that need to boost the voltage, the Z‐source converter is a possibility.
The Z‐source power converter was initially presented in 2002 [20]. It is an impedance 

source converter and it is different from conventional voltage source and current source con-
verters. The main feature is that the impedance network consists of inductors, capacitors, and 
switches/diodes, and it is employed in the circuit to boost or buck the voltage. It is a circuit 
to combine the dc‐dc boost converter and inverter, using a single‐stage power conversion 
system. Figure 1.10 shows the general topology of the Z‐source converter. A two‐port net-
work that consists of inductors L

1
 and L

2
 and capacitors C

1
 and C

2
 connected in an X shape is 

employed to provide an impedance source (Z‐source) coupling the converter (or inverter) to 
the dc source or load.

A three‐phase voltage‐fed Z‐source inverter, as shown in Figure 1.11. is used as an 
example to briefly illustrate the operating principle. The traditional three‐phase voltage‐
source inverter has six active states and two zero states. For the Z‐source inverter, several 
extra zero states are possible by gating on both the upper and lower devices of any one 
phase leg, any two phase legs, or all three phase legs [20]. These shoot‐through zero 
states are forbidden in the traditional voltage‐source inverter, because they would cause 
a short‐circuit across the source. The Z‐source network and shoot‐through zero states 
provide a unique buck–boost feature of the inverter. All the traditional pulse width modu
lation (PWM) schemes can be used to control the Z‐source inverter and their theoretical 
input–output relationships still hold true. In addition, with the unique feature of the 
shoot‐through zero states, several new PWM methods: simple boost control, maximum 
boost control, maximum constant boost control, and space vector modulation, have been 
developed [20–29].
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Figure 1.9  Three‐level flying‐capacitor converter.
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1.3  Background and Advantages Compared to Existing Technology

As mentioned before, power electronics is the enabling technology for the energy processing 
necessary for electronic and electrical equipment of all types, from renewable energy to power 
systems, from house appliances to aerospace systems. Both the VS converter and CS converter 
have their conceptual and theoretical limitations and barriers that prevent economical and 
efficient solutions to many applications.

The VS converter has the following three conceptual and theoretical limitations:

1.  The ac load has to be inductive or the ac source has to have series inductors.
2.  The ac output voltage has an upper limit because it cannot exceed the dc rail voltage or the 

dc rail voltage has to be greater than the ac input voltage. Therefore, the VS inverter is a 
buck (i.e. step‐down) inverter for dc‐to‐ac power conversion and the VS converter is a boost 
(i.e. step‐up) rectifier (or boost converter) for ac‐to‐dc power conversion. For dc‐to‐ac 
power conversion applications where the dc voltage is given, the obtainable maximum ac 
output can not be greater than the given dc voltage. For ac‐to‐dc power conversion applica-
tions, where the ac source voltage is fixed, the minimum dc output is limited because it can 

DC (voltage or
current) source

or load
Z source

L1

Converter
or

inverter

C1 C2

To DC or
AC load
or source

OR

A switch or a combination of switching device(s) and/or diode(s)

L2

Figure 1.10  A general topology of the Z‐source converter (Source: Peng 2003 [20]. Reproduced with 
permission of IEEE).

D1
L1
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C1 C2

To AC
loads or

grids
+
–

DC
source

Figure 1.11  Three‐phase voltage‐fed Z‐source inverter—an example of Z‐source inverter.
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not be lower than the ac peak voltage. These output voltage limitations are major barriers 
to reducing the system cost and increasing the conversion efficiency, because another stage 
of dc‐dc boost or buck conversion is required for many applications that need wide output 
voltage ranges.

3.  The upper and lower devices of each phase leg cannot be gated on simultaneously either on 
purpose or by EMI noise. Otherwise, a shoot‐through would occur and destroy the devices. 
The shoot‐through problem caused by misgating due to EMI noise is the major threat to the 
converter’s reliability.

The CS converter has the following four conceptual and theoretical barriers and limitations:

1.  The ac side has to be capacitive or has to have parallel capacitors for the CS converter to 
operate.

2.  The ac output voltage has to be greater than the original dc voltage that feeds the dc inductor 
or the dc voltage produced is always smaller than the ac input voltage. Therefore, the CS 
inverter is a boost inverter for dc‐to‐ac power conversion and the CS converter is a buck 
rectifier (or buck converter) for ac‐to‐dc power conversion. For applications where a wide 
voltage range is required, an additional dc‐to‐dc buck (or boost) converter is needed. This 
additional power conversion stage again increases system cost and lowers the conversion 
efficiency.

3.  At least one of the upper devices and one of the lower devices have to be gated on and 
maintained on at any time. Otherwise, an open circuit of the dc inductor would occur and 
this will destroy the devices. The open‐circuit problem of EMI noise causing misgating off 
is a threat to the converter’s reliability.

4.  The main switches of the CS converter have to block any reverse voltage which requires a 
series diode to be used in combination with high‐speed and high‐performance transistors 
such as insulated gate bipolar transistors (IGBTs). This prevents the direct use of low‐cost 
and high‐performance IGBT modules and integrated power modules (IPMs).

In summary, both the VS converter and the CS converter have the following three common 
problems:

1.  They are either a boost or a buck converter and cannot be a buck–boost converter. Hence, 
their obtainable output voltage range is limited to either lower or higher than the input 
voltage.

2.  Their main circuits cannot be interchangeable. In other words, the main circuit of the VS 
converter can not be used as a CS converter and vice versa.

3.  They are vulnerable to EMI noise and thus are not as reliable as desired.

The Z‐source power converter provides a new single‐stage converter topology and theory 
with the intention of achieving the functions of two‐stage power converters. The Z‐source 
converter compromises an impedance network to couple the main converter circuit to the 
power source or load. As a result, the Z‐source converter is neither a VS converter nor a CS 
converter and has none of their inherent problems.

The major unique feature of the Z‐source network is that, unlike the traditional VS or CS, it 
can be open‐ and short‐circuited, which provides a mechanism for the main converter circuit 
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to step up or step down the voltage as desired. The Z‐source network provides the following 
three aspects of flexibility for the source, main circuit, and load:

1.  The source of the Z‐source converter can be either a voltage source or a current source. 
Therefore, unlike the traditional VS or CS converters, the Z‐source converter’s dc source 
can be anything, such as a battery, a diode rectifier, a thyristor converter, a fuel cell stack, 
an inductor, a capacitor, or a combination of these.

2.  The main circuit of the Z‐source converter can be either a traditional VS configuration or a 
traditional CS configuration. In addition, switches used in the Z‐source converter can be a 
combination of switching devices and diodes such as the anti‐parallel combination shown 
in Figure 1.6-(a) or the series combination shown in Figure 1.6 (b).

3.  The load of the Z‐source converter can be inductive or capacitive.

1.4  Classification and Current Status

As shown in Figure 1.10, a two‐port network that consists of inductors L
1
 and L

2
 and capaci-

tors C
1
 and C

2
 connected in a unique X shape is employed to provide an impedance source 

(Z‐source) coupling the converter (or inverter) to the dc source or load. The unique feature of 
the Z‐source network is that, unlike the traditional VS or CS, it can be open‐ or short‐circuited, 
which provides a mechanism for the main converter circuit to step up and step down voltage 
as desired in a single‐stage power conversion. These features give the Z‐source converter not 
only a high reliability against EMI, but also fewer components and lower cost to achieve the 
same function as a conventional two‐stage converter/inverter (dc‐dc converter plus inverter). 
The configuration allows the elimination of dead time, which improves the output current/
voltage waveform quality (no distortion). The Z‐source concept has been extended to all 
dc‐to‐ac, ac‐to‐dc, ac‐to‐ac, and dc‐to‐dc converter power conversions [30, 31].

The involved application fields include PV power generation [32–38], wind power genera-
tion [39–46], electric vehicles [47–51], etc. Without doubt, the Z‐source converter has been a 
significant branch of power electronic converters, following on from VS and CS converters.

Z‐source related research has been a hot topic since its birth. The number of modifications 
and new Z‐source topologies has exploded. Figure 1.12-(a) and (b) shows a summary of the 
Z‐source converter categories and Z‐source network topologies that can be found in recent 
literature, with the chapter numbers for this book. They can be sorted into four main categories 
according to conversion functionality: ac‐dc rectifiers, dc‐ac inverters, ac‐ac converters, and 
dc‐dc converters. A further breakdown leads to two‐level and multilevel [20–29, 32–38], ac‐ac 
regulators [52–56], matrix converters [57–63], and non‐isolated and isolated dc‐dc converters 
[64–68]. From the Z‐source network topology standpoint, it can be voltage‐fed or current‐fed. 
The Z‐source networks can be divided into four types: original Z‐source [20], quasi Z‐source 
[69], trans‐Z‐source [70], and other Z‐source, such as embedded Z‐source, semi‐Z-source, 
distributed Z‐network, switched inductor Z‐source, tapped‐inductor Z‐source, and diode‐
assisted and capacitor‐assisted quasi‐Z‐source, LCCT‐Z‐source [71–75]. All are derived from 
the original Z‐source and quasi‐Z‐source topologies.

All the diverse Z‐source network topologies in the literature have been derived by modifying the 
original Z‐source network, or by rearranging the connections of inductors and capacitors. Each 
Z‐source network topology has its unique features for different or particular application needs. 
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New Z‐source topologies are still being developed for three main reasons: (1) reduction of the 
Z‐source network component count and rating, (2) extension of voltage gain range, and (3) 
application‐oriented optimization and improvement.

For example, four quasi‐Z‐source (two voltage‐fed and two current‐fed) inverters were 
proposed to reduce the passive component ratings, to achieve continuous input current, and to 
provide a common negative dc rail between the source and inverter bridge. These new benefits 
spread this topology to applications of renewable energy generation and motor drives. The 
embedded Z‐source was proposed to achieve continuous input current and lower capacitor 
voltage rating, and its multi‐source feature is suitable for photovoltaic power generation. 
Theoretically, the original Z‐source, quasi‐Z‐source, and embedded Z‐source, all have unlimited 
voltage gain. However, a high voltage gain (>2–3), will result in a high voltage stress imposed 
on the switches. Trans‐Z‐source (two voltage‐fed and two current‐fed) inverters were pro-
posed to have higher voltage gains while keeping voltage stress low and reducing component 

(a)

(b)

ac-ac converters
(Chapter  10)

Z-source
converter
categories

dc-ac inverters

dc-dc converters
(Chapter  9)

Two-level inverters
(Chapter 2)

Multilevel inverters
(Chapter  12)

ac-ac regulators

Matrix converters

Non-isolated dc-dc converters

Isolated dc-dc converters

Voltage fed
Original Z-source/

Quasi-Z-source
(Chapter  2)

Transformer-
based Z-source

(Chapter  7)

Continuous

Discontinuous

Trans-Z-source

LCCT-Z-source

Embedded Z-source

Semi-Z-source

Diode-assisted quasi-Z-source

Capacitor-assisted quasi-Z-source

Distributed Z-network

Switched-inductor Z-source

Tapped-inductor Z-source

Current fed
(Chapter  3)

Other Z-source
(Chapter  6)

Z-source
network

topologies

Figure 1.12  Summary of different Z‐source converters in the literature, plus chapter numbers for this 
book: (a) Z‐source converter categories; (b) Z‐source network topologies.
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count to one transformer (or one coupled inductor) and one capacitor. There are many 
other ways to increase voltage gain by integrating traditional switched‐inductor, switched‐
capacitor, tapped‐inductor, diode‐assisted, and capacitor‐assisted extensions to the Z‐source/
quasi‐Z‐source network, but they require more components. Semi‐Z‐source inverters were 
proposed to achieve low cost and high efficiency in applications such as single‐phase grid‐tie 
PV power systems. A semi‐Z‐source inverter with only two active switches has a voltage boost 
function and a double‐ground feature that eliminates the need to float/isolate PV panels without 
leakage current, and improves safety. Distributed impedance networks such as transmission 
lines and hybrid LC components can be used for a Z‐source network. These distributed 
Z‐source networks are difficult to implement, but, a distributed Z‐source inverter does not 
need any extra diode or switch to achieve the voltage boost function, thus having minimum 
component count.

1.5  Future Trends

Obviously, the Z‐source concept has opened up a new research area in the power electronics 
field. The above description only provides a brief summary of the major Z‐source network 
topologies. There are many modifications and twists of the Z‐source topologies mentioned. 
Each topology has its own unique features and suited applications. There is no one‐size‐fits‐all 
solution. It is feasible that new Z‐source topologies will continue to appear to meet needs and 
improve performance in different applications. Motor drives and renewable energy generation, 
such as PV and wind power, will be perspective applications for Z‐source converters, 
because of the unique voltage buck–boost ability with minimum component count and 
potential low cost. New power electronic devices, such as the SiC and GaN, will definitely 
improve the Z‐source converters’ performance. Their high switching frequency, low loss, and 
high temperature capacity will contribute to smaller size Z‐source passive components and 
high converter efficiency. Z‐source converters are still driving forward in terms of topologies 
and applications. Chapter 20 will provide detailed prospects.

1.6  Contents Overview

A brief introduction of the concept, advantages, classification, current status, and future trends 
have been reviewed in this chapter, and detailed system contents are presented throughout the 
rest of this book. As illustrated in Figure 1.12, Chapters 2 and 3 provide comprehensive anal-
ysis of the operating principle and modeling of voltage‐fed and current‐fed Z‐source/quasi‐
Z‐source inverters (ZSI/qZSI); different modulation methods and shoot‐through duty cycle 
control methods are discussed in Chapters 4 and 5; an overview of various improved Z‐source/
quasi‐Z‐source (ZS/qZS) networks is addressed in Chapter  6; typical extended converter 
topologies, such as transformer‐based Trans‐ZSI/qZSI and LCCT‐ZSI/qZSI, ZS/qZS ac‐dc 
rectifiers, Z‐source dc‐dc converters, ZS/qZS matrix converters, energy stored ZSI/qZSI, and 
ZS/qZS multilevel inverters are detailed in Chapters 7–12, including their principle, mod-
eling, control, and examples; hardware design, especially the impedance value design, is dem-
onstrated in Chapter 13; their applications to PV and wind generation systems, adjustable 
speed drives, and multi‐leg (four‐leg and five‐phase) converters/inverters are described in 
Chapters 14–17; the model predictive control (MPC) of ZSI/qZSI is illustrated in Chapter 18; 
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grid integration of the qZS‐based PV multilevel inverter is discussed for the traditional method 
and MPC in Chapter 19; finally, Chapter 20 presents future prospects of this promising topology.
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