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Abstract-Z-Source inverter is a single-stage converter which performs both buck-boost energy conversions using the LC 
impedance network. The further advancement in the Z-Source inverter is the parallel Embedded Z-Source inverter that can 
produce same gain as Z-Source inverter. Energy from the solar cell is taken as input to the EZ-source inverter. The ripple 
content of the solar cell output voltage is reduced using Parallel EZ-Source (PEZS) inverter.  In order to overcome the 
drawbacks of PEZS, partially parallel EZ-Source inverter is proposed.  The proposed system reduces number of PV panels, 
capacitor rating, smoothens source current and also reduces total harmonic distortion.  The proposed system reduces six 
switch three phase inverter to four switch three phase inverter. This makes system compact which reduces cost and switching 
losses, line harmonics, improves power factor, reliability and extends the output voltage range. The system is modeled using 
matlab simulink. Simulation studies are done with induction motor. Simulation results are presented.   
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I. INTRODUCTION 
 
Now-a-days,  PV  energy  has  attracted  interest  as  a 
next  generation energy  source  capable  of  solving 
the Problems of global warming and energy 
exhaustion caused by increasing energy consumption. 
So, solar energy is considered as input source and this 
energy is given to the ZSource. As we know solar 
module can give constant energy so to satisfy load 
conditions i.e. buck-boost operations can be achieved 
by using Z-Source inverter. As we know, we have 
voltage source inverter where voltage buck operation 
is achieved and in current source inverter, boost 
operation is achieved. So, to overcome these effects 
and to achieve buck-boost operation in a single stage 
converter, a new technique is implemented i.e. Z-
source inverter. By using Z-source inverter 2] 
Voltage buck-boost operation is achieved in single 
stage conversion. In traditional voltage source 
inverter, shorting of the inverter leg i.e. by  applying 
same  triggering  pulses  will  produce huge  currents 
which may  damage  the  system,  But  in  ZSource 
inverter with the help of PWM technique, applying 
the same pulse to the switches of the same leg  (i.e. 
shorting one of  the  leg  in  the  inverter) of  the 
inverter for certain period causes shoot through 
condition. PWM schemes with lower switching losses 
and low harmonics will be used in controlling of the 
Z-Source inverter. By this shoot through and with 
eight traditional active and null states, Boost 
operation is obtained in the Z-Source inverter without 
getting damage due to large currents where shoot 
through duration is not for long time. So, by this we 
can therefore conclude that Z-Source inverter is safer 
in which it does not deal with dead-time. In Z-Source, 
research has developed showing two embedded 
impedance network that is used instead of traditional 

 
network shown in fig 1(a) and fig 1(b). Z-Source is 
the X –Shaped structure consists of L1, L2, C1, C2 in 
which we can obtain both buck-boost operations in 
single stage conversion. In this DC Source is placed 
at far-left in series with diode. So, by this, chopping 
is occurred in the source current which is caused by 
the commutation of diode D [1]. So, in this condition 
to smoothen the source current an additional LC filter 
is required which would rise over all cost of the 
system and construction of the system by this 
additional LC filter is complex. So, to overcome the 
above drawbacks, a new technique is proposed i.e. 
Embedded source inverter. In this EZ-Source 
inverter, source is placed in series with the inductor 
L1 and L 2 and chopping current i.e.  Obtained in the 
previous section is filtered. EZ-Source inverter, 
smoothens the source current without any additional 
LC filter but the gain of the Z-Source and  EZ-Source 
is  same  but  only source filtering is achieved without 
any additional LC filter. The voltage stress 
experienced by C 1 and C 2 is lower than the original 
network but in this EZ-Source inverter requires two 
PV panels which is cost effective. So to reduce stress 
across  the  capacitor  and its rating,  to achieve lower 
harmonics, to obtain low switching losses and  to 
make system compact in size, a new technique is 
implemented i.e. partially parallel EZ-Source inverter 
with reduced switches. In this paper, induction motor 
is taken as a load .The Simulation model is developed 
in the MATLAB and results are observed 
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II. TYPES OF EZ-SOURCE 
 
In this embedded Z-Source inverter, we have 
A)  Shunt embedded Z-Source inverter 
B)  Parallel embedded Z-Source inverter 
A)  Shunt embedded z-source inverter: 
 
In  general  we  have  jumping  currents  which  flow 
in  the input DC source which will  induce  the power 
Interruption in the input. By this jumping currents, 
the complexity to control maximum power and 
designing of system increases. To overcome the 
traditional network, Shunt EZ-Source is proposed, 
Shunt EZSource consist two types 
1.  Partially shunt EZ-Source 
2.  Fully shunt EZ-source 

 Partially shunt embedded Z (PSEZ)-Source 
inverter: 
In this PSEZ-Source inverter, VSI operates as current 
source inverter during shoot-through conditions.  A 
switch SW is used for removing the unwanted 
conditions of the diode during voltage boost 
operations and it should be turned off during 
traditional CSI. 

 

In this, Vdc and inductor L are used for inverter boost 
operation and this voltage boost is equal to traditional 
CSI. Alternatively for buck operation open circuit tate 
should be connected  in  the  switching  sequence  
referring  to  SX  and SX’  (X=A,  B  or  C)  witching  
OFF  simultaneously, meanwhile  SW  turns  ON  to 
set  the  effective  dc-link voltage. The voltage-buck 
(current-boost) ratio equals to the traditional current- 
type Z-Source inverter.  Fully shunt embedded Z 
(FSEZ)-  Source inverter:  In FSEZ-Source inverter, 
an  equal voltage dc source is placed  instead  of  a 
capacitor  C 1  in  the  shunt  leg.  Voltage boost and 
buck capability are same in both FSEZ and PSEZ. 
The current ratio of  L 1 and  L 2  are  reduced  due to 
equal  DC-link  currents  of  L1  and  L 2. But  huge 
circulating currents  between  inductor  and  source 
are  occurred  and reduce  output  voltage  amplitude 
due  to  unequal  input  of two dc voltage sources are 
considered.  So  to  avoid  this,  small  rated  capacitor 
is  placed  in  series with  one  dc  source  to  share 
the  voltage  difference.  This current type SEZ-
Source inverter is not an ideal choice for substituting 
traditional Z-Source inverter but easily smoothen 
source current. Comparing  FSEZ  with  PSEZ,  have 
an  extra  dc  source which  as  same  voltage  gain 
but  having  input  voltage  at stable condition is 
highly impossible. So switch SW is used to control 
the only buck and boost operations but not circulating 
currents. In order to overcome this difficulty, a new 
technique should be implemented. 

 
B)  Parallel embedded Z-Source inverters: 
Besides  the  shunt  embedded  Z-Source  inverters, 
an alternative  topology  with  dc  sources  inserted 
into  the  Xshaped network is the parallel embedded 
Z-Source  inverter [7].In  this  we  have  fully parallel 
mbedded Z-Source inverter and partially parallel 
inverter. 

 Fully parallel embedded Z (FPEZ)-Source inverter: 
To overcome the drawbacks in FSEZ-source, 
FPEZsource are proposed.  In this two dc sources are 
parallel in which it is placed in series with an 
inductor. So by these chopping currents of source due 
to commutating of diode D is reduced and pure DC is 
produced and that is given to 3-ø inverter. In this 
diode itself acts as the switch and control the 
unnecessary condition that are occurred due to 
inverter. In this the voltage stress across the capacitor 
is equal due to placing of two DC sources and having 
increased AC output voltage. 
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Partially parallel embedded Z (PPEZ)-Source 
inverter: 
To overcome the drawbacks of FPEZ-Source, 
PPEZSource is proposed. In  this a single DC source 
is connected to  one  of  the  inductor  in  the  series, 
due  to  this  unequal voltage  distribution  exists  b/w 
capacitor  C1&  C2  but  a symmetric distribution  to 
electrical stem still remain lower voltage while 
comparing with traditional network In this 
unsymmetrical  structure  leads  to  unequal  voltage 
distribution between capacitor C1 and C2 and voltage 
stress across  the  capacitor  is  reuced  which  voltage 
value  can  be considering  the  behavior of equivalent 
circuits for non shoot-through and shoot-through 
states, respectively? In  detail,  voltage  relationship 
in  non  shoot-through  and shoot-through states can 
be expressed as:Non shoot-through; 

 

 

 

 
 
III. DESIGN OF PARTIALLY PARALLEL 

EMBEDDED Z-SOURCE INVERTER 
WITH REDUCED SWITCHES FED IM: 

 
In  generally,  by  using  six  switches  in  three  phase 
inverter  produces  losses  of  the  six  switches  and 
also Increases the complexity of the control 
algorithms. So to overcome  that 4-switch three 
phase(4S3P) inverter is proposed[6],by this it reduces 
switching losses and reduced number of interface 
circuits to supply logic signals for the switches,  this  
reduces price  due to reduction in number of switches,  
less  chance of  destroying the switches  due  to lesser  
interaction among switches and less real-time 
computational burden. So by implementing four 
switch three phase inverter to the partially parallel  
embedded Z-Source inverter fed IM drives [7]  
reduces  capacitor  rating,  number  of PV  panels and  
also  harmonics  but  having  same voltage gain. So 
by this PPEZ-Source inverter with reduced switches 
is the advanced technique of previous section by this, 
low total harmonic distortion is achieved, voltage 
across capacitor is achieved. 
 
IV. SIMULATION RESULTS: 
 
Partially  parallel  embedded  Z-Source  inverter  with 
reduced  switches  fed  IM  drives  is  simulated using 
matlab and  the  results  obtained  are  obtained  given 
below. The simulation circuit diagram of partially 
parallel embedded ZSource is shown in fig 4(a). The  
model  of  solar  cell  for partially  parallel embedded 
Z-Source inverter  is  shown  in fig 4(b). The partially 
parallel embedded Z-Source inverter with reduced 
switches converts filtered, ripple free pure DC into 
three phases AC. The line and phase voltages and line 
currents are shown fig 4(h), fig 4(i) and fig 4(j). 
Three phase balanced AC thus obtained through 
partially parallel embedded Z-Source inverter with 
reduced switches is fed to an asynchronous machine 
like induction motor for its effective control. The 
variation of rotor speed of induction motor with 
respect to time is shown in fig 4(l). The speed of the 
induction motor increases and settles down above 
1400RPM. Voltage stress across capacitors is reduced 
when compared to normal embedded Z-Source 
inverter is shown in fig 4(k). The total harmonic 
distortion value is 3.87% is shown in fig 4(m).  Thus 
partially parallel embedded ZSource inverter with 
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reduced switches introduces low total harmonic 
distortion. Simulation parameters: 
 

 

 

 

 
A) Simulation results of Embedded Z-Source 

inverter: 

 

 

 

 
 

B) Simulation  results  for  partially  parallel  
embedded Z-Source  inverter  with  reduced  
switches  fed  IM  drive: 

 

 

 
 
CONCLUSION 
 
The partially parallel embedded Z-Source inverter 
with reduced switches reduces number of PV panels,  
Capacitor rating smoo thens source current and also 
reduce total harmonic distortion. PPEZ-Source  
inverter  makes system  compact  which  reduces  
cost  and  switching  losses, lower  voltage  stresses  
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and  line  harmonics.  The system is modeled using 
matlab simulink. Simulation results are done with 
induction motor.  Simulation results are presented. 
The hardware implementation is left for future 
enhancement. 
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