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Abstract

This paper discusses the latest development
in the field of Z-source inverters. Z-source inverters
are a new breed of inverters specially designed to be
used in photovoltaic applications. It is basically
designed to overcome the limitations of traditional
voltage source inverter (VSI) and Current source
inverter (CSI). Various topologies designed so far
are discussed on the basis of size, cost, no. of passive
elements, THD of output voltage etc.

Keywords—ZSI, THD,boost factor,SBI,VSI,CSI.

I. INTRODUCTION

According to the latest survey in the field of
total electrical power generation, India is producing
288 GW of power which is very huge but the worst
part is the total contribution of renewable sources of
energy to grid connected power which is only about
28%. From this data it is clearly visible that
renewable sources of energy are not quite popular
when it comes to electrical power generation. The
most obvious reason for under utilization of
renewable sources of energy seems to be their
efficiency which is quite low and sometimes also
their reliability.

In the present scenario solar power is very
effective source of energy as it has tremendous
potential to generate electricity but the power
generated by photovoltaic is in DC form, so to
connect solar power to grid power it has to be
converted into AC. Inversion operation is performed
by convention inverters, which is two stage process
because boost operation is also required in order to
connect the photovoltaic power to the grid.

Z-source inverters are new breed of inverter
in which voltage boost operation can be
simultaneously performed along with inversion
operation, which greatly reduces the losses occurring
due to two stages while using conventional inverter
method. These losses include the losses occurring
due to transformer or due to DC-DC hoost converter.
ZSI although reduces the overall cost by reducing the
stages but it has several disadvantages, first is its size
due to presence of passive elements i.e. capacitors
and inductors and due to this its cost also increases.

In recent years there is a lot of research been
done to improve the topological design of z-source
inverter but only a few designs have removed the
disadvantages such as cost, size and performance of

ZSl. In this paper some latest topological designs are
discussed which are modified to give optimum
performance by either reducing the size, total
harmonic distortion or other factors like no. of
passive elements. These parameters are very
important parameters in determining the overall
performance of the inverter.

Z-source inverter is different from
conventional Z —source inverter in a way that the
former uses passive elements apart from DC source
and power electronic switches.

Il. CONVENTIONAL Z-SOURCE INVERTER

In 2002, F.Z. Peng came up with the idea of
Z-source inverter in which the LC- impedance
network is included so as to transform the
conventional voltage source inverter into Z-source
inverter.

Z-source inverter has overcome the
limitations of conventional Voltage Source Inverter
and Current Source Inverter and therefore very useful
in photovoltaic applications.
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Fig.1. Z-Source Inverter

In this Z-source inverter, impedance
network is included so as to obtain both inversion and
boost operation simultaneously. The operation of Z-
source inverter is different from conventional voltage
source inverter in a way that it uses shoot through
states apart from six active states of conventional
VSI.

The Z-source concept can be applied to all
dc-to-ac, ac-to-dc, ac-to-ac, and dc-to-dc power
conversion. The Z-source converter employs a unique
impedance network (or circuit) to couple the
converter main circuit to the power source, thus
providing unique features that cannot be observed in
the traditional voltage-source and current-source
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converters where a capacitor and inductor are used,
respectively. The Z-source converter overcomes the
conceptual and theoretical barriers and limitations of
the traditional voltage-source converter and current-
source converter and provides a novel power
conversion concept.

The Z-source rectifier/inverter system can
produce an output voltage greater than the ac input
voltage by controlling the boost factor, The Z-source
inverter can boost-buck voltage,
minimize component count, increase efficiency, and
reduce cost.

I1l. IMPROVED Z-SOURCE INVERTER

To overcome the limitations of conventional
Z-source inverter improved Z-source inverter is
introduced recently. As during start-up the
conventional Z-source inverter has huge in-rush
current, so to overcome this limitation improved Z-
source inverter is designed. The applications of
improved Z-source inverter are found in starting of
induction motors which requires soft starting.
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Fig.2. Improved Z-Source Inverter

The improved Z-source inverter is shown in
Fig. 2. The elements used are exactly the same as the
previous one. The difference is that the positions of
the inverter bridge and diode are exchanged and their
connection directions are inversed. The voltage
polarity of Z-source capacitors in the proposed
topology remains the same as the input voltage
polarity; therefore, to get the same voltage boost, the
capacitor voltage stress can be reduced to a
significant extent. In addition, as can be seen from
Fig. 2, the topology has inherent inrush-current
limitation ability compared to the previous one,
because there is no current path at start-up.

IV. SWITCHED INDUCTOR Z-SOURCE
INVERTER

This topology is totally different from any
other existing Z-source inverters from the viewpoint
of circuit structures and operation principles.

In this topology, the main emphasis is given to boost
factor rather than cost and size of the inverter
although the addition of six more diodes and two
more inductors lead to huge size of the inverter but

boost factor in this case is greatly increased therefore
this topology is very useful in case of photovoltaic
application where the boost factor plays an important
role.

There are some of the factors due to which this
inverter is assumed to be more beneficial than the
others. The main characteristics of this inverter are:
basic X-shaped structure is retained, the boost factor
is increased from 1/(1-2D) to (1+D)/(1-3D) just by
addition of six diodes and two inductors.

More often it is observed that there is conflict
between modulation index, M and duty ratio, D.by
introduction of switched inductor Z-source inverter
this problem at least got the initial solution.
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Fig.3. Switched Inductor Z-Source Inverter

The switched inductor inverter could be
widely used in the distributed generation.
Furthermore, the concepts of SL Z-source impedance
network can be applied to all areas of dc—ac, ac—dc,
ac-ac, and dc-dc power conversion, which will be
beneficial for the engineering applications using
impedance-type power inverters.

V. EMBEDDED EZ-SOURCE INVERTER

During voltage-boost operation, voltage
waveform can be filtered by placing a second-order
LC filter before diode. But including an additional
filter might raise the overall cost of the system
slightly and might introduce unnecessary dynamic
and resonant complications to the system if not
designed properly.

Embedded Z-Source
Vad2 Vit

Fig.4. Embedded EZ-Source Inverter
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Therefore, instead of using an external LC
filter, an alternative family of embedded Z-source
(referred to as EZ-source in short, where E- is
included to represent —embedded) inverters, which
adopts the concept of embedding the input dc sources
within the LC impedance network.

Despite these modifications, the voltage or
current gain of the inverters is kept unchanged, as can
be proven mathematically. The EZ-source inverters
are therefore competitive alternatives that can be used
for cases where implicit source filtering is critical.
Comparing with conventional Z-source inverter it
shows the advantages of drawing smoother current
from source with no external filter required.

VI. EXTENDED BOOST Z-SOURCE INVERTER

The extended boost Z-source inverter
topology is not a single topology but it is a family of
topologies. All these topologies can be modulated
using the modulation methods proposed for the
original ZSl.

The other main advantage of these proposed
new topologies is their expandability. This was not
possible with the original ZSlI, i.e., if one needs to
increase the boosting range, another stage can be
cascaded at the front end without increasing the
number of active switches.

Fig.5. Extended Boost Z-Source Inverter

However we can classify Extended Boost Z-
source inverter in two categories which diode assisted
topologies and capacitor assisted topologies. The
main advantage of both these categories is that the
voltage gain can be increased just by adding some
passive elements or diodes and not increasing the no.
of switches. All the topologies show higher boost and
lower voltage stress across the capacitors compared
to those of traditional ZSI. Lower voltage stress on
capacitors play an important role as it determines the
size and rating of the capacitors used in the inverter.

VII. LZ-SOURCE INVERTER

Different to the original ZSl, the proposed
inverter has no capacitor, and is composed of two
inductors. The LZ topology provides inrush current
suppression, unlike the traditional topologies,
because no current flows to the main circuit at start-

up. This topology also provides a common ground for
the source and inverter.

The L-Z source inverter employs a unique inductor
and diode network to couple the low dc voltage
energy source to the main circuit of the inverter, and
avoids the disadvantage causing by capacitor in the
classical ZSI and SL-ZSI, especially in prohibiting
the inrush current at start-up and the resonance of Z-
source capacitors and inductors.

Same modulation techniques i.e. simple
boost control, maximum boost control and constant
boost control etc. as for conventional Z-source
inverter are valid to L-Z source inverter.
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Fig.6. LZ-Source Inverter

The inverter can increase the voltage gain
through adjusting shoot-through duty ratio and
increasing the number of inductor.

The LZ-source inverter is the only inverter
so far which is able to eliminate the capacitor
completely. But it shows very high DC link voltage
when it comes to serve an inductive load.

VIIL.SWITCHED BOOST INVERTER
A. Ravindranath et al. proposed this
topology which exhibits properties similar to that of
ZSI with lower number of passive components
In the present scenario a lot of research has been
done in Z-source inverter topologies but most of the
topologies are of 3-phase inverter type. But switched
boost inverter is single phase inverter topology so its
application are primarily for standalone photovoltaic
applications and also it shows very good performance
when it comes to low power applications.

Still it got some disadvantages such as
additional switch which increases switching losses
and another disadvantage is modulation techniques
available for the smooth operation of SBI, new pulse
modulation technique is developed by the author for
its operation.
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Fig.7. Switched Boost Inverter
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but due to the increase in the number of
semiconductor devices, the SBI requires a better
protection circuit compared to ZSI The average dc
link voltage of SBI is only (1 — D) times that of ZSI.
Therefore, SBI has to operate at a higher M
compared to ZSI to obtain the same ac output
voltage.

The switched boost inverter shows the same
ac output voltage with lower number of passive
elements as compared to conventional Z-source
inverter which uses two capacitors and two inductors
to boost the voltage but in this inverter only single
capacitor is used which is the main reason for more
cost, size and weight of the inverter

But for proper output voltage the SBI has to
be operated on high modulation index. SBI is mainly
suitable for low power applications. One of the major
disadvantage of SBI is that the conventional
modulation techniques used in case of ZSI are not
valid for this inverter.
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