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Abstract: Nowadays, expansion of new energy sources and the necessity of integrating them with the utility grid require more
advanced power electronic converters. Matrix converters (MCs) and indirect matrix converters (IMCs) are recent solutions,
which offer direct AC-to-AC conversion without the need for bulky capacitors. The main drawback associated to these
converters is the limited voltage conversion ratio to 86.6%. Recently, many researchers focused on combination of the
conventional IMCs and recently proposed Z-source (ZS) converters to attain higher voltage conversion ratios. The unique
feature of the ZS converter is its ability to change the output voltage amplitude from zero to infinite, theoretically. Based on the
previously proposed successful ZS converters, this study proposes a novel combination of two ZS networks with an IMC to
achieve a very high voltage gain for practical application of integrating the renewable energy sources to the grid. Simulation
results confirm the proper operation of the proposed combined converter topology.

1 Introduction
AC-to-AC converters appear in many applications, especially
variable speed drives and grid integration of wind generators. In
recent years, lacks of reliable energy sources and environmental
issues have been two main concerns. As a solution, renewable
energy sources have found popularity, among which the wind
energy seems a reliable and persuasive answer to both the lack of
energy sources and environmental issues.

Although wind energy shows priceless merits, some practical
problems restricted the publicity acceptance. Modern wind turbines
are integrated to the utility grid through power electronic
converters. These converters must be reliable, maintenance free,
inexpensive and efficient. Moreover, due to the low speed
operation of the wind turbine, an expensive and heavy gear box is
necessary to increase the generator speed and consequently the
output voltage level [1]. If the gear box is eliminated from the
turbine, then the output voltage level at the generator terminals will
decrease. So, the interface converter must have a step up ability.

Matrix converters (MCs) and indirect matrix converters (IMCs)
have attracted wide interest due to their several advantages, such as
high-quality sinusoidal input and output waveforms, adjustable
input power factor, bi-directional power flow and compact
structure [2]. While the complex control and modulation
requirements are attributed as the main disadvantages of an MC,
the IMC offers a great simplicity regarding these problems,
compared to the conventional MCs. A common problem between
MCs and IMCs is the inherent limit on the voltage transfer ratio to
0.866. Recently, many research articles have focused on the
topologies and modulation of MCs and IMCs with the aim to
overcome the problem of limited voltage transfer ratio [3–8].
Among them, the over modulation strategies have offered a little
improvement; still it is not enough for practical applications.

The Z-source (ZS) network, first proposed in 2002, is an
interesting solution to the problem of limited voltage transfer ratio
of AC-to-AC, DC-to-AC and DC-to-DC converters [9]. Many
articles have considered different ZS topologies and associated
control methods with the aim of improving converter operation,
which all have almost the same basis [10–15]. The ZS networks are
also successfully combined with MCs and IMCs. In [16], authors
suggested to increase the voltage gain of an IMC by integrating a
ZS network in the DC link, as shown in Fig. 1a. This topology
provides a wide range of output voltage levels for those industrial

applications that need to work in both boost and buck modes. In
[17], the authors suggested to replace the conventional cascade ZS
network, as already proposed in [16], with a series ZS (SZS)
network, which brings several advantages over the cascade one and
utilised in other renewable energy resources successfully [18]. In
2015, the SZS network was integrated into an IMC, called
continuous quasi ZS (CQZS) network, shown in Fig. 1b, which
offers the extra feature of continuous current of the input voltage
source [19]. Moreover, this network operates as an input filter and
as a result additional filtering is unnecessary. 

The main common drawback among all these topologies is that
for increasing the voltage gain, the shoot-through (ST) duration
must be increased and consequently the modulation index
decreases, which deteriorates the output voltage quality; as a result
in a practical application, the voltage step-up cannot exceed more
than three or four times. To tackle the problem, an AC-to-AC
converter with a smaller ST ratio for a certain voltage gain is
proposed here. Indeed, the proposed topology is a new combination
of two ZS networks with an IMC. The idea behind the proposed
control algorithm is to divide the voltage boosting between two ZS
networks and wisely determine the ST duty ratios to attain a high
gain without deteriorating the quality of the input and output
waveforms. It will be shown that the proposed converter not only
presents high-voltage boost ability but also exhibits smooth voltage
gain characteristics.

2 Proposed very high gain AC/AC converter
The scheme of the proposed converter is depicted in Fig. 2. As can
be seen, it consists of an IMC with two impedance networks, a
CQZS network in the source side, which also replaces the input
filter [19] and a SZS network in the virtual DC link [17]. Fig. 2
shows that the proposed converter is a combination of two
available circuits, which have already shown success in the field.
Compared to the simple IMC, the converter of Fig. 2 has three
additional switches in its structure. These switches in the CQZS
circuit are necessary to realise the ST states for the rectifier stage.
To achieve the maximum voltage boosting and at the same time
have zero current switching, a novel combined switching control
based on the maximum boost control of the rectifier stage and the
simple boost control of the inverter stage is proposed. Before that,
the operation concepts and the basic equations of the rectifier stage
with the CQZS and the inverter stage with the SZS are briefly
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described. Here, it is assumed that the two ZS networks are
controlled independently; however, in the next section, the
simultaneous control strategy is proposed. 

2.1 Inverter stage with the SZS network

As mentioned before, it is assumed here that the ST is only
performed by the inverter stage. As already shown in [11], the SZS
network shows several advantages, such as eliminating the problem
of inrush current, due to the absence of a natural path for the
current at the start-up. Also, the voltage stress on the capacitors is
lower than other conventional ZS networks.

The two capacitors and the two inductors of the SZS are equal.
For the inverter in the ST state, which means that one of the

inverter legs is short circuited (i.e. VDC1 = 0), the following
equation can be readily derived from the equivalent circuit of
Fig. 3b:

VL = VC + VDC2 (1)

Obviously from Fig. 3a for the non-shoot-through (NST) state

VL = − VC (2)

Considering that the average voltage over the inductor during one
switching period is zero, then it is evident that [17]

Fig. 1  Power circuit of
(a) ZS IMC [16], (b)CQZS IMC [19]

 

Fig. 2  Proposed high-gain two-stage ZS IMC
 

Fig. 3  Inverter states
(a) NST state, (b) ST state
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VDC1 = 1
1 − 2dSTinv

VDC2 = BinvVDC2 (3)

dSTinv =
Binv − 1

2Binv
(4)

where dSTinv and Binv are the ST duty cycle and the boost factor of
the inverter, respectively. Assuming that minv is the inverter
modulation index, then

Vout = 1
3minvVDC1 = 1

3minvBinvVDC2 (5)

where Vout is the fundamental output voltage.
Assuming a lossless conversion, then the average input power

to the rectifier circuit is equal to the power in the DC link

VDC2IDC2 = 3
2 Iin2Uin2 (6)

where

mrec =
Iin2

IDC2
(7)

VDC2 = 3
2mrecUin2 . (8)

In the above equations, mrec is the current modulation index of the
rectifier stage and Iin2 (Ia2, Ib2 and Ic2) and Uin2 (Ua2, Ub2, and
Uc2) are the fundamental components of the rectifier input current
and voltage, respectively. For the sake of simplicity, the input
power factor is assumed to be unity. To show the relation between
the rectifier input voltage and the inverter output voltage, (5) and
(8) are combined

Vout = 1
3minvBinvVDC2 = 1

3minvBinv
3
2mrecUin2

= 3
2 minvmrecBinvUin2

(9)

To achieve the maximum voltage boosting for simple boost
control, the relation between dSTinv and minv is established as

dSTinv = 1 − minv (10)

In the rest of the paper, (10) is used for the inverter stage.

2.2 Rectifier stage with the CQZS network

It is assumed here that only the rectifier stage performs the ST
operation. As a matter of simplicity, one input phase is considered
and the results are extended to three phases. The schematic of the
rectifier stage is shown in Fig. 4. 

In the NST, as shown in Fig. 4a, one can write

Ua1 = VLa1 + VCa2 + Ua2 = VLa1 + VCa2 − VLa2 + VCa1 (11)

VCa2 = VLa2 (12)

In the ST state, as shown in Fig. 4b, it is evident that

Ua1 = VLa1 + VCa2 (13)

VLa2 = VCa1 (14)

At the steady state, the time-averaged inductor voltage during one
switching period is zero, which leads to

dSTrecVCa1 + (1 − dSTrec)VCa2 = 0 (15)

where dSTrec is the ST duty ratio of the rectifier stage. From (11),
(13) and (15), it can be concluded that

VCa1 =
1 − dSTrec
1 − 2dSTrec

Ua1 (16)

Ua2 = 1
1 − 2dSTrec

Ua1 (17)

and in the same manner for two other phases

Ua2

Ub2

Uc2

= 1
1 − 2dSTrec

Ua1

Ub1

Uc1

(18)

In (18), Ua1, Ua2 and Ua3 are defined as input voltage (Uin1). The
rectifier stage ST duty cycle is determined such that the maximum
boost control is achieved, i.e.:

dSTrec = ∫
0

(π /3)
(1 − dλ − dδ)dθ = π

3 − mrec (19)

In (19), dλ and dδ are the values of active vector which will be
discussed in the next section. It must be notice that the value of
dSTrec varies during each sector so dSTrec defines the average value
of rectifier ST state.

Based on above results, it is now possible to evaluate the
simultaneous effect of ST operation of CQZS and SZS networks.
For finding the complete relation between the input voltage and the
output voltage, (9) and (18) are combined

Vout = 3
2 minvmrecBinvBrecUin1

= 3
2 minvmrec

1
1 − 2dSTinv

1
1 − 2dSTrec

Uin1

(20)

Equation (20) shows how both rectifier and inverter stages can
boost the output voltage, which offers a degree of freedom to adjust
the output voltage amplitude without sacrificing the power quality
indices. Fig. 5a shows how the voltage gain varies with minv and
mrec. It is assumed that the rectifier stage and the inverter stage
work with maximum boost control and simple boost control,
respectively. Fig. 5b shows the voltage gain of the CQZS IMC with

Fig. 4  Equivalent circuits of the CQZS
(a) NST state, (b) ST state
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the maximum boost control and the SZS IMC with the simple
boost control. Obviously, the proposed converter can achieve very
high voltage gains. Also for a specific voltage gain, the proposed
converter operates with higher modulation indexes, which directly
translates to smaller ST duty cycles and consequently improved
waveform qualities. 

3 Space vector modulation
The conventional space vector modulation (SVM) is applied
simultaneously to the input current vector of the rectifier stage and
the output voltage vector of the inverter stage. Also, as already
mentioned, the simple boost and the maximum boost strategies are
adopted for the inverter and rectifier stages, respectively.

3.1 Rectifier side

The rectifier modulation is based on the input current reference
vector. Also, the maximum boost strategy is applied to the rectifier
to maximise the conversion gain. The current source rectifier has

11 possible switching states, comprising six active and three zero
current vectors shown in Fig. 6a, and two ST states (Id). These
states are shown in Table 1. In the rectifier stage, the current
reference vector is synthesised in each sector by using the two
adjacent active current vectors of that sector, one of the zero
vectors and one of the ST vectors. The dwell times or equivalently
the duty ratios of these vectors in each switching period are
calculated such that their time average follows the reference vector.
Duty ratios of these vectors are obtained as [20]

dλ = mrecsin π
3 − θI

dδ = mrecsin(θI)
dSTrec = Const(dSTrec ≤ 1 − dλ − dδ)

d0rec = 1 − dλ − dδ − dST rec

(21)

Equation (21) shows operation of rectifier part for simple boost
control. By using all zero states as ST states the maximum boost
control is feasible, so the duty ratios become

dλ = mrecsin π
3 − θI

dδ = mrecsin(θI)
dSTrec = 1 − dλ − dδ

(22)

where θI is the input current vector angle, as shown in Fig. 6a. In
this figure, the switching combination for each current vector is
shown as xiyj, which x and y are the switches of the input phase
legs x and y, respectively, and i and j show positive or negative DC
rail connection.

Fig. 5  Voltage gain of
(a) the proposed converter vs. mrec and minv, (b) the CQZS IMC versus mrec (with minv = 1) and for the SZS IMC versus minv (with mrec = 1)

 

Fig. 6  Space vector diagram of
(a) Rectifier, (b) Inverter

 

Table 1 Switching states of the rectifier stage
State Sap San Sbp Sbn Scp Scn Vector
1 1 0 0 0 0 1 I1
2 0 0 1 0 0 1 I2
3 0 1 1 0 0 0 I3
4 0 1 0 0 1 0 I4
5 0 0 0 1 1 0 I5
6 1 0 0 1 0 0 I6
7 1 1 0 0 0 0 I0
8 0 0 1 1 0 0 I0
9 0 0 0 0 1 1 I0
10 1 0 1 0 1 0 Id
11 0 1 0 1 0 1 Id
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3.2 Inverter side

The inverter modulation is based on the voltage reference vector. In
this paper, the simple boost strategy has been used for the inverter
stage to enable the zero current commutation of the rectifier stage.
The voltage source inverter stage has six active vectors, two zero
vectors (shown in Fig. 6b) and three ST vectors (Vd), which are
summarised in Table 2. Based on the SVM concept, the output
voltage vector in each sector is synthesised with the proper
application of the two adjacent active vectors of that sector, one of
the two zero vectors and one of the three ST vectors. 

The duty ratios of adjacent voltage vectors are calculated as
follows [20]:

dα = minvsin π
3 − θV

dβ = minvsin(θV)
dSTinv = const(dSTinv ≤ 1 − dα − dβ)

d0inv = 1 − dα − dβ − dSTinv

(23)

where θV is the voltage reference angle, as shown in Fig. 6b. As
mentioned in [9], the duty ratio of ST state in the inverter is a
constant value. In Fig. 7, the switching combination for each
voltage vector is depicted based on the state of the upper switches
of the inverter legs. It must be noticed that the strategy that has
been applied to the inverter stage is the simple boost strategy and
by replacing (10) in (23) the maximum voltage gain of the simple
boost strategy is possible with preserving the zero states in the
inverter stage; however, for the rectifier, it must be considered that
the modulation strategy is the maximum boost, which means all
zero states turn into the ST states and it is different from the
inverter modulation control. 

3.3 Combined switching sequence

Apparently, the proposed converter of Fig. 2 has no power
decoupling capacitive link in its structure. Therefore, the average
input and output powers during each switching period are equal
and a precise coordination between the input and the output
switching patterns is necessary. To do so, the switching of the
rectifier and the inverter stages cannot be done independently and
an exact combination of the switching patterns to allocate the dwell
times and the sequence of switching actions must be proposed.

Indeed, the combined switching pattern is proposed with multi-sub-
duty ratios. Each of these sub-duty ratios can be calculated as

dλα = mrecminvsin π
3 − θI sin π

3 − θV

dλβ = mrecminvsin π
3 − θI sin(θV)

dδα = mrecminvsin(θI)sin π
3 − θV

dδβ = mrecminvsin(θI)sin(θV)
dδ0inv = dδd0inv

dλ0inv = dλd0inv

(24)

The proposed switching sequence is shown in Fig. 7. To minimise
the number of switching and losses, the zero vectors of the rectifier
stage must obey certain rule: for an output voltage when reference
voltage vector takes place in even sectors switching sequence for
inverter starts with 000 state and for the odd sectors starts with 111.

4 Alternative switching realisation and state
sequence
Implementation of Fig. 7 sequence needs powerful and fast
processors such as DSPs and FPGAs. In [21], a relatively simple
modulation method is proposed, which is based on the SVM
calculations and can be readily realised in the same way as the
conventional carrier-based PWM. The same approach is followed
to show the feasibility of implementing the ST duty ratios for both
rectifier and inverter stages. Therefore, the new modulation scheme
is an extended idea from [21, 22]. Calculations related to the
inverter stage are exactly the same as [21, 22], so they are not
repeated again. The only difference between the two methods is the
insertion of the ST intervals inside the rectifier stage switching
sequence.

To create the gate pulses for two stages, a reference signal must
be compared with the carriers. The general scheme of the
modulation technique is shown in Fig. 8. As previously stated and
can be clearly seen in Fig. 8, the successful modulation technique
of [21] is modified only by insertion of ST intervals in the rectifier
switching states. To show the operation of rectifier, Fig. 9 has been
depicted. 

Table 2 Switching states of the inverter stage
State SAp SAn SBp SBn SCp SCn Vector
1 1 0 0 1 0 1 V1
2 1 0 1 0 0 1 V2
3 0 1 1 0 0 1 V3
4 0 1 1 0 1 0 V4
5 0 1 0 1 1 0 V5
6 1 0 0 1 1 0 V6
7 1 0 1 0 1 0 V0
8 0 1 0 1 0 1 V0
9 1 1 0 0 0 0 Vd
10 0 0 1 1 0 0 Vd
11 0 0 0 0 1 1 Vd
 

Fig. 7  Combined switching sequence
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To better explain the operation of the regular rectifier, it is
assumed that the current reference is located inside the sector one.
So values of active vectors in a regular pattern are derived as [21]

dλ2 = −
cos θib
cos θia

dλ2 = −
cos θic
cos θia

(25)

In (25), θia, θib and θic are the input voltage phases. By inserting
the ST states inside the rectifier switching pattern, the values of
active vectors and the ST duty ratios, which are represented in
Fig. 9c in red colour, can be calculated as in (22).

Fig. 9c also shows that the relation between the rectifier active
vectors in two methods is

dλ2 = dλ1 + dSTλ1

dδ2 = dδ1 + dSTδ1

dSTrec = dSTλ1 + dSTδ1

(26)

The values of dSTλ1and dSTδ1 can be calculated based on (26) as

dSTλ1 =
1 − (dλ1 + dδ1)
[1 + (dδ1/dλ1)]

, dSTδ1 =
1 − (dλ1 + dδ1)
[1 + (dλ1/dδ1)]

(27)

To arrange the switching sequence of the rectifier, four references
for the rectifier ST states (RC1, RC2, RC3, RC4) and one reference
for the active vectors (or as shown in Fig. 8a rectifier reference
(RACT)) are necessary

RC1 =
dSTλ1

2

RC2 = dλ2 −
dSTλ1

2 = dλ1 +
dSTλ1

2

RC3 = dλ2 +
dSTδ1

2 = dλ1 + dSTλ1 +
dSTδ1

2

RC4 = dλ2 + dδ2 −
dSTδ1

2 = dλ1 + dδ1 + dSTλ1 +
dSTδ1

2
RACT = dλ2 = dλ1 + dSTλ1

(28)

Fig. 8  Reference-carrier arrangement and sequence of modulation pulses
(a) Rectifier stage without ST intervals [21], (b) Rectifier stage with ST intervals
(proposed modulation), (c) Inverter stage with ST intervals with variable slope and
symmetrical arrangement [21]

 Fig. 9  Sequence of proposed modulation
(a) Rectifier stage without ST intervals, (b) Inverter stage with ST intervals with
variable slope and symmetrical arrangement, (c) Arrangement of switching sequence
for PWM method
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With calculated references in (28) and a simple triangle carrier
producing the rectifier gate signal pulses is feasible.

5 Selection of passive components
To achieve proper converter function with reasonable cost and
volume, passive components must be optimised. The values of SZS
network are determined according to the directions of [17] as

C1 = C2 ≥
(1 − 2dSTinv)Ts

2.25 × kCm%Uin2
2 Pout (29)

L1 = L2 ≥ 2.25
dSTinv(1 − dSTinv)Ts

(1 − 2dSTinv)kLm%Pout
Uin2

2 (30)

In above equations, kCm% and kLm% are defined as the ripple ratio
of capacitor voltage and inductor current, respectively, and Ts is the
switching period.

To find the values of CQZS network, the current ripple of the
inductors and the voltage ripple of the capacitors must be
formulated. In [23], authors derived the component selection
formulas for the discontinuous QZS network. Here, the similar
method is followed to find values of the CQZS network. Based on
VL = L(dIL/dt) and IC = C(dVC/dt), one can write

ΔVC =
ILavgdSTrecTs

C (31)

ΔIL =
VCavg(1 − dSTrec)Ts

L (32)

It is acceptable to assume that the input voltage source works in the
unity power factor. Also one can assume that the converter losses
are negligible and write

3
2Uin1Iin1 = Pout (33)

By selecting ΔVC ≤ kC%VC, one can conclude from (15), (16) and
(17) that

C2 ≥
dSTrecTS
kC2%VC2

Iin1 = 2
3 ×

TS
KC2%

×
Pout
Uin1

2 × (1 − 2dSTrec) (34)

C1 ≥
dSTrecTS

kC1%
Iin1

VC1
= 2

3 ×
TS

KC1%

×
Pout
Uin1

2 ×
dSTrec × (1 − 2dSTrec)

(1 − dSTrec)
(35)

Considering ΔIL ≤ kL%IL and using (33), (15), (16) and (17) and
the following equation, which is already proved in [19]

ILa1

ILb1

ILc1

=
ILa2

ILb2

ILc2

=
Ia1

Ib1

Ic1

(36)

One can deduce that

L2 ≥
(1 − dSTrec)

kL%
VC2

IL2
= 3

2 ×
Uin1

2

Pout

×
Ts

kL% ×
dSTrec(1 − dSTrec)

(1 − 2dSTrec)

(37)

Value of inductor L1 is chosen equal to L2, because equal current
amplitude pass through them.

6 Simulation results
The two-stage ZS IMC was simulated in PLECS to confirm the
proper operation of the proposed converter with the proposed
carrier-based modulation. Converter and load parameters are
summarised in Table 3. Also, circuit non-idealities such as snubber
circuits, non-idealities in semiconductor devices etc. have been
considered. In the first simulation SVM method is used to show the
validation of proposed switching sequence. Values of mrec and minv
are both 0.8. Fig. 10a shows that the increased output voltage of
89.1 V is in agreement with the calculated value from (20), which
is higher than other ZSIMC's with one stage with the same
modulation index. In addition, Fig. 10c shows sinusoidal output
current with THD of 7.1%. 

Fig. 10  Proposed high gain converter with SVM and minv = mrec = 0.8
(a) Input voltage, (b) Output phase voltage, (c) Output line voltage, (d) Output current with THD = 7.7%, (e) VDC1, (f) Ua2, (g) IL1, (h) ILa1

 

IET Renew. Power Gener., 2017, Vol. 11 Iss. 5, pp. 633-641
© The Institution of Engineering and Technology 2017

639



As it is mentioned before an alternative modulation is proposed
to improve the processing speed. Figs. 11 and 12 are implemented
based on this method to show the effect of different modulation
indexes on the converter output. Fig. 11a shows the output
waveforms for mrec = 0.8 and minv = 0.9 while Fig. 11b represents
the output waveforms for mrec = 0.9 and minv = 0.8. Obviously, the
output voltage in Fig. 11a is higher than Fig. 11b. It is clearly
shown in Fig. 5 that mrec variation makes changes on the output

voltage amplitude more than minv variation. The output current
THD for Figs. 11a and b are 6.45% and 7.1%, respectively. 

The last simulation shows the proposed converter waveforms
with the carrier-based method and minv = mrec = 0.8. One can easily
deduce from Figs. 11 and 12a that output voltage increases by both
mrec and minv. Fig. 12c shows that the proposed carrier-based
modulation provides sinusoidal output current with THD = 7.7%.

By comparing Figs. 10 and 12, the output voltages of two
simulations with equal modulation indexes are shown, which
indicate that the output voltage increased equally with both
modulations. Evidently, the output currents are sinusoidal.
Although the output current THD is higher for the carrier-based
PWM in comparison with the SVM, the speed of processing
increased. Also, the start-up transient successfully vanishes in both
modulations in less than a period without experiencing high over/
under-shoots in the voltage and current waveforms. By looking at
the figures one can get that although increasing the ST duty ratio of
both sides can increase the voltage gain, the voltage stress on the
DC link and AC side capacitors and inductors increases as well.

Table 3 Simulation parameters
Converter parameters
input AC source 50 V/50 Hz
output frequency 40 Hz
switching frequency 10 kHz
load R/L 50 Ω/10 mH
C1 = C2 400 μF
L1 = L2 2 mH
Cabc1 = Cabc2 250 μF
Labc1 = Labc2 2.5 mH
 

Fig. 11  Proposed high gain converter with carrier-based PWM
(a) mrec = 0.8 and minv = 0.9, (b) mrec = 0.9 and minv = 0.8

 

Fig. 12  Proposed high gain converter with carrier-based PWM and minv = mrec = 0.8
(a) Input voltage, (b) Output phase voltage, (c) Output line voltage, (d) Output current with THD = 7.7%, (e) VDC1, (f) Ua2, (g) IL1, (h) ILa1
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7 Conclusion
This paper proposes a combination of two ZS networks with the
IMC to achieve a very high gain with limited values for ST duty
ratios. Both ZS networks were previously implemented with the
IMC by other researchers, while the proper combination of them as
it is shown with proposed modulation scheme, successfully leads to
very high gains. Proposed structure shows highlights and
drawbacks. Increasing voltage gain ability and modulation indexes
of both rectifier and inverter stages are advantages of proposed
converter, which makes this structure very suitable for integrating
wind turbine with the power grid. Moreover two novel modulations
are proposed to show the feasibility of the converter control and
modulation. Although added components and extra complexity are
drawbacks, additional input z-source acts as an input filter, which
means that this structure does not require a separate input filter.
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