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Abstract— Solar Energy is recent trend in the power 

generation. Conversion of Ac /Dc voltages and currents is a 

big challenge in present scenario. Normally used Inverter to 

rectify the input and to produce the required output and buck 

boost converters to change the dc input level from one level 

to another level these are recent topological options proposed 

for buck–boost energy con-version with a number of possible 

voltage- and current-type circuitries already reported.LC 

filter network is common feature between them and placed 

between the dc input source and inverter bridge. This 

impedance network allows the output end of a voltage-type 

Z-source inverter to be shorted for voltage boosting without 

causing a large current flow and the terminal current of a 

current-type inverter to be interrupted for current boosting 

without introducing overvoltage oscillations to the system. 

Therefore, Z-source inverters are, in effect, safer and less 

complex and can be implemented using only passive 

elements with no additional active semiconductor needed. 

Believing in the prospects of Z-source inverters, this paper 

contributes by introducing a new family of embedded EZ-

source inverters that can produce the same gain as the Z-

source inverters but with smoother and smaller 

current/voltage maintained across the dc input source and 

within the impedance network and these are used in solar 

power generation. These latter features are attained without 

using any additional passive filter, which surely is a 

favourable advantage, since an added filter will raise the 

system cost and, at times, can complicate the dynamic tuning 

and resonant consideration of the inverters. The same 

embedded concept can also be used for designing a full range 

of voltage- and current- type inverters which are more useful 

in solar power generation. 
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I. INTRODUCTION 

EZ-SOURCE (Embedded Z-source) inverters, first proposed 

in and shown in Fig. 1(a) are treated as a new class of single-

stage converters that can perform energy conversion like 

buck-boost converters using only a simple impedance 

network that contains LC. To date, various Z-source 

topological options have been developed with either voltage 

or current type conversion mechanism. Among them, the 

voltage-type inverters are more popular which are tested for 

applications in motor drives and fuel cell and photovoltaic 

(PV) powered systems, where the dc voltages generated by 

the sources are constantly varying, determined solely by the 

prevailing atmospheric conditions (e.g., intensity of solar 

irradiation). Although a voltage-source inverter can be used 

for such applications, their fixed voltage step-down operation 

forces them to operate at a relatively low modulation depth 

and hence poor harmonic performance in most cases. The 

reason for using a low nominal operating ratio is because their 

upper modulation range must be reserved for riding through 

any surge in demand of energy. Any surge in energy demand 

is then managed by varying the inverter shoot-through time 

duration, which in effect is a third state introduced for gaining 

voltage boosting in Z-source inverters, in addition to their 

buck operation inherited from traditional VSI. 

 For controlling the Z-source inverters, many pulse 

width-modulation schemes have also been reported with 

some achieving a lower switching loss and others realizing an 

optimized harmonic performance. Although these schemes 

do have some differences in features, they are mostly 

developed by introducing shoot-through states to the 

traditional VSI state sequences with more states likely to 

surface under low-load or small-inductance conditions. The 

added states are shown to influence the produced voltage 

gain, which is now load dependent and, therefore, harder to 

control. For minimizing this load influence, proper 

parametric tuning must be done to minimize the amount of 

high-frequency current ripple within the circuit when 

compared with the supplied level of load. Although effective 

in stabilizing the gain, parametric tuning cannot remove the 

chopping current flowing into the dc source, which might 

degrade the source characteristic response. The reason for its 

ineffectiveness is linked to the high-frequency operation of 

the input diode D, shown in Fig. 1(a), during voltage-boost 

operation, which, no doubt, can be filtered by placing a 

second-order LC filter before D. 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. The 

dual scenario is also experienced by the current-type Z-source 

inverters, where now a chopping voltage is imposed across 

the input current source. The chopping voltage can again be 

filtered by introducing a second-order LC filter with the same 

dynamic and resonant complications experienced if not 

implemented correctly. 

 Therefore, instead of using an external LC filter, this 

paper proposes an alternative family of embedded Z-source 

(referred to as EZ-source in short, where “E” is included to 

represent “embedded”) inverters, which are operated on the 

concept of embedding the input dc sources within the LC 

impedance network, using its existing inductive elements for 

current filtering in voltage-type EZ-source inverters, and its 

capacitive elements for voltage filtering in current-type EZ-

source inverters. Despite these modifications, the voltage or 

current gain of the inverters is kept unchanged, as can be 

proven mathematically. The proposed EZ-source inverters 

are therefore competitive alternatives that can be used for 

cases where implicit source filtering is critical. 

A. Voltage-Type Z-Source Inverters 

1) Two-Level VS Type Inverter 

The two-level VSI type EZ-source inverter is shown in Fig. 

1, where an X-shaped LC impedance network is connected 

between the input dc source and three-phase inverter bridge. 
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With the LC network added, any two switches from the same 

phase-leg can now be turned on safely to introduce a shoot-

through or short-circuit state with no surge in current 

observed, since all current paths in the dc front-end are 

effectively limited by at least an inductive element (L1, L2, 

or both). In response to the inserted state, the Z-source 

inverter can then be proven to better voltage-boosting 

capability. 

 
Fig. 1(A): Z-Source Two- Level Voltage-Type Inverter 

2) Input Requirements 

As described and shown in Fig. 1(a), only one dc source is 

needed for the two-level EZ-source inverter. Finding this 

single dc source in the industry is generally not difficult, 

meaning that it is not a limiting factor that would hinder the 

wide-ranging application of the two-level EZ-source inverter. 

a more stringent requirement is now imposed in the sense that 

two balanced dc sources are needed for obtaining optimal 

waveform quality at the inverter ac output terminals. Of 

course, this requirement would narrow down its application 

range to only cases like battery or fuel cell powered systems 

where the unit cells can be arranged into two balanced dc 

groups and PV systems where the panels can be structured 

into two similar groups placed under the same level of solar 

irradiation. 

 If, unfortunately, only two unbalanced sources can 

be found, the Z-source inverter can still be controlled to 

function well after slight modification is made to its 

modulation state durations. To explain that, a typical ULST 

state sequence. 

 
Fig. 2: Typical State Sequence used for Controlling Z-

Source, EZ-Source, and dc-Link EZ-Source Inverters 

 Is shown in Fig. 2, where it is shown that the upper 

and lower shoot-through states can only replace the two 

redundant states {0, −, −} and {+, 0, 0} representing the same 

space vector and placed at the start and end of each switching 

cycle. These replacements would not modify the inverter 

voltage–second average so long as the shoot-through states 

span only within the redundant intervals indicated by Tstart 

and Tstop in the figure. Quite obviously then is that any 

unbalance in input-source voltages can now be conveniently 

balanced at the dc link. while yet keeping them within Tstart 

and Tstop at all times. This method of voltage balancing is 

however applicable only to the ULST scheme and not the 

FST scheme, since the latter shoots through the inverter dc 

link fully rather than separately. 

 Yet, for the discussed EZ-source inverter, a third 

way of configuring its dc input is possible and that is to tie 

only a single dc source to two split-series capacitors, whose 

up-per, middle, and lower dc rails then form the positive, 

neutral, and negative dc terminals. Needless to reemphasize, 

this split-capacitive source is commonly found in traditional 

inverter. At times when the capacitors making up the input 

branch are unbalanced, existing balancing techniques for 

traditional inverter can also be applied directly. Referring to 

Fig. 2 one convenient balancing technique is to insert a 

properly tuned offset to the sinusoidal modulating references; 

whose influence is to redistribute time durations among the 

redundant states to balance out the capacitive voltages. For 

the EZ-source inverter, besides durations of the redundant 

states, tuning of the upper and lower shoot-through durations. 

II. VS-TYPE EZ-SOURCE INVERTERS 

A. Two-Level VS Type Inverter 

Comparing with Fig. 1(a), the voltage-type EZ-source in-

verter shown in Fig. 3 has its dc sources embedded within the 

X-shaped LC impedance network with its inductive elements 

L1 and L2 used for filtering the currents drawn from the two 

dc sources without using any external LC filter 

 
Fig. 3: Two-Level Embedded EZ-Source Inverter 

 Quite obviously, the immediate disadvantage shown 

in Fig. 3 is that two dc sources of Vdc/2, instead of the single 

dc source shown in Fig. 1(a), are needed for the EZ-source 

inverter. Although this requirement can at times translate to a 

slightly higher cost, it is not a major issue for PV or even fuel-

cell applications, where the Z-source inverter is originally 

designed for usage, since the isolated sources can simply be 

obtained by rerouting the existing panels or cell units already 

needed in producing the required voltage and current ratings. 

Therefore, it is not viewed as a serious limitation and can 

definitely be outweighed by advantages exhibited by the EZ-

source inverter, including its inherent filtering ability. These 

advantages are more clearly illustrated by analysing the 

inverter operating principle, which again involves shoot-

through and non-shoot-through states produced by a 

modulator that can equally be used for controlling EZ- and Z-

source inverters. 

 Noting that there is again an inductive element 

placed along all current paths in the dc front-end, the switches 

from the same phase-leg can, as usual, be turned on 

simultaneously to introduce a shoot-through state without 

damaging semiconductors devices. 
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III. VOLTAGE-TYPE DC-LINK EZ-SOURCE INVERTERS 

Instead of embedding the dc sources within the impedance 

network, an alternative placement is shown in Fig. 4 for the 

two-and three-level voltage-type inverters, where the dc 

sources are now embedded within the inverter dc link (the dc 

sources shown in Fig. 4(a) can be replaced by a single source 

with voltage of Vdc, if desired). Operating these alternative 

dc-link EZ-source inverters based on the same modulation 

principles discussed in Section 2 would then lead to the same 

equivalent circuits 

 
Fig. 4: Illustration of (a) two- and (b) three-level dc-link 

embedded EZ-source inverter 

 
Fig. 5: Experimental line (top) voltage and (bottom) current 

of two-level EZ-source inverter with T0/T = 0 

 
Fig. 6: Experimental line (top) voltage and (bottom) current 

of two-level EZ-source inverter with T0/T = 0.3. 

IV. EXPERIMENTAL RESULTS 

The embedded inverters proposed in this paper were verified 

experimentally using MATLAB software platform that could 

flexibly be configured to any desired topology for testing. 

Upon completing the tests, most of the captured results were 

observed to be the same, as proven conceptually in earlier 

sections. Therefore, to avoid excessive duplication, only 

results for the EZ-source inverters are presented here for 

illustration purposes. With an EZ-source network constructed 

using L = 4 mH, C = 2300 μF, and Vdc ≈ 60 V and connected 

to a two-level voltage-type inverter controlled by a digital 

signal processor (DSP), Fig. 5 shows the relevant waveforms 

obtained by setting the relevant control parameters to T0/T = 

0 for no shoot-through state insertion. From the figure, it is 

obvious that the output current is sinusoidal, and the 

measured line-voltage pulse height produced by the inverter, 

which corresponds to its dc-link voltage of vi. Next, with a 

shoot-through duration of T0/T = 0.3 added to the inverter-

state sequence, Fig.6 clearly shows the boosting of line-

voltage pulse height (corresponding to vi) from 60 to 150 V 

and the boosting of output current by 2.5 times to ≈1.75 A. 

 Fig.7 shows the waveforms captured with no shoot-

through state inserted (T0/T = 0) This represents 

 
Fig. 7: Experimental line voltage Vab, phase voltage Va, 

common-mode voltage, and line current Ia of EZ-source 

inverter with T0/T = 0 (5 ms/div) 
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Fig. 8: Experimental line voltage Vab, phase voltage Va, 

common-mode voltage and line current Ia of EZ-source 

inverter with T0/T = 0.3 (5 ms/div) 

 The maximum output electrical quantities that can 

be produced by a traditional inverter, whose peak current is 

noted to be 1.2 A, and maximum line-voltage pulse height 

noted to correspond to the sum of the two dc source voltages 

(80 V in total). With T0/T now set to 0.3 the recaptured 

experimental results are shown in Fig.8, where the maximum 

current is boosted to 2 A, which is a factor of 1.75 times 

higher than that shown in Fig. 7. Alternatively, these results 

mean that even if the input dc voltage (e.g., from renewable 

sources) dips by 43%, the proposed EZ-source inverter can 

still keep its output at the presage level. Figs.9. and 10 show 

the recaptured ex-perimental waveforms, where the same 

observations are noted, except for a slightly degraded output 

waveform quality with non-adjacent line-voltage. 

 For illustrating the filtering advantage of the EZ-

source inverter, Figs. 10 and 11 show waveforms captured at 

the dc front-end when the inverter is controlled using the 

ULST schemes, respectively. From the fourth traces in both 

fig-ures, it is clear that the illustrated network inductive 

currents iL are relatively smooth even when the dc link and 

other voltages are chopping rapidly during the voltage-

boosting mode. Also 

 
Fig. 9: Experimental line voltage Vab, phase voltage Va, 

common-mode voltage and line current Ia of EZ-source with 

T0/T = 0 (5 ms/div) 

 
Fig. 10: Experimental line voltage Vab, phase voltage Va, 

common-mode voltage and line current Ia EZ-source 

inverter with T0/T = 0.3 (5 ms/div) 

 
Fig. 11: Experimental dc-link voltage vi, diode voltage vd, 

network capacitive voltage VC, and inductive current iL of 

EZ-source inverter with T0/T = 0.3 (2 ms/div) 

 
Fig. 12: Experimental dc-link voltage vi, diode voltage vd, 

network capacitive voltage VC, and inductive current iL of 

EZ-source inverter with T0/T = 0.3 (2 ms/div) 

 
Fig. 13: Illustration of (a) Z-source, (b) EZ-source, and (c) 

dc-link EZ-source current-type inverters 

 The same set carrier frequency. This gives rise to a 

smaller ripple for the ULST scheme and a set of highly dense 

chopping waveforms shown in Fig.11. Another feature shown 

in Fig. 12 is that the dc-link voltage vi does not collapse to 

zero, unlike that shown in Fig. 13 where full collision of 

voltage to zero is observed. hence will result in a finite dc-

link voltage. 



Simulink Model of Solar Operated Embedded Z -Source Inverter 

 (IJSRD/Vol. 6/Issue 09/2018/071) 

 

 All rights reserved by www.ijsrd.com 278 

V. CONCLUSION 

This paper has proposed a new family of EZ-source in-verters 

implemented using an impedance network with the relevant 

dc sources embedded within. Comparing with the Z-source 

inverters, the embedded EZ-source inverters have the 

advantages of drawing a smoother current from the dc input 

sources like solar and fuel cells without using second-order 

filters and a lower capacitive voltage. These advantages are 

attained with no degradation in gain, diode blocking voltage, 

and other characteristic properties of the X-shaped impedance 

network for the same specified shoot-through duration. With 

slight modification introduced, an alternative family of dc-

link EZ-source inverters can also be implemented with an 

even lower network capacitive voltage attained at the expense 

of no inherent inductive filtering, a noisier source current 

waveform even under no voltage-boosting condition, and the 

presence of a small negative capacitive voltage. The testing 

of the inverters has been performed experimentally with 

favourable results obtained, hence confirming the practicality 

of the new EZ-source inverters. Needless to say, the 

embedded concepts can also be applied to the current-type 

inverter with its possible variants shown in Fig. 13. Details of 

these new current-type inverters are left for future scope. 
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