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ABSTRACT 
 

 The improved Z-Source inverters are used to increase the boost ability of the inverter circuits without using any external circuits.  In 
the Conventional Z-Source inverter an extra circuit is needed to increase the output voltage boost ability for different applications.  The 
Series inductance Z-Source inverter, Transformer based Z-Source inverter and Quasi inverters are improved Z-Source inverters. These 
three inverters have inbuilt circuits to increase the output voltage and control the speed of an induction motor.   The feedback circuit is 
used to provide the clock pulse for the inverter circuits. The improved Z-Source inverter is an enhanced series inductance Z-Source 
impedance network. These proposed inverters are used to combine the main circuit and the power source. This configuration delivers a 
strong boost capacity to overcome the barriers of the conventional Z-source inverter. Further, with the usage of low voltage capacitors and 
the transformer, the capacitor voltage strain gets reduced. The main point of the proposed technique is that, a very short shoot through zero 
state is essential to obtain high voltage conversion which improves the output power quality. This circuit can be applied to several power 
conversion applications which use impedance-type power inverters. The output results of the Improved Z-Source inverters are simulated 
in MATLAB/Simulink using a 120 degree mode pulse circuit. The simulated output results of the conventional and proposed inverters are 
compared and verified. 

 
Keywords: Improved voltage ability, switched inductor network, transformer based Z-Source, 120 degree mode pulse 
operation.. 

 
INTRODUCTION 
 
 In the power electronics applications, the dc-dc 
buck/Boost converter acts as major part. Using this 
converter circuit, the input voltage is increased or 
decreased corresponding to their applications. It is 
used in lite and heavy load conditions. For a heavy 
load conditions, such as drive applications needed a 
high output voltage in the range of 415V. The input 
voltage is boosted in order to achieve the high range 
of output voltage. The Z-source inverter services a 
unique impedance network, which is connected 
between the power source and inverter circuit, thus 
providing unique features that cannot be received in 
the traditional voltage-source and current-source 
inverters [4]. It allows the turning ON of two 
switches in the same inverter phase leg (shoot-
through state) without damaging the inverter 
Switches [8]. The problem in the traditional source 

inverters are solved by impedance source inverter 
[2]. The inverter switches are designed with low 
voltage ability. The increased input voltage does not 
affect 
 
II. Series Inductance Z-Source Inverter: 
 In order to avoid the disadvantages of Z-Source 
inverter, the series inductance Z-Source inverter is 
developed. An extra amount of one inductor and 
three diodes are added into the topmost and 
bottommost arms of the Z-Source network to obtain 
high boost ratio and it is shown in the Fig.1.  
 The boost factor has been increased from 1/( 
−2D) to (1+D)/(1−3D). In this inverter, a large value 
of modulation index is used to reduce the oscillations 
at the ac output voltages [5]. The duty cycle of the 
switching period is very short. The pulses for the 
inverter circuit are generated by using 120 degree 
mode method. 
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III. Closed Loop Response for Speed Control of 
Induction Motor Using Series Inductance Z-Source 
Inverter: 
 The open loop Voltage/ frequency control of an 
induction motor is the most favorite method of speed 
control because it is simple and these types of motors 
are widely used in industrial applications. In custom 
days, induction motors have been processed with 
open loop 60Hz power supplies for fixed speed 
applications. For Variable speed applications, 
frequency control is natural. However, voltage is 
necessary to be relative to frequency so that the 
stator flux remains static if the stator resistance is 
ignored. In an outer loop controlled induction motor 
drive, the existent rotor speed is compared with its 
controlled value, and the error is processed through a 

controller. Commonly a PI controller and a limiter 
are used to find the slip-speed command.  
 The limiter secures that, the slip-speed 
command is within the maximum permissible slip-
speed of the induction motor. The slip-speed 
command is added to electrical rotor speed to get the 
stator frequency command. Thereafter the stator 
frequency command is treated as in an open loop 
drive. In the closed loop induction motor drive the 
restrains on the slip speed, increased voltage and 
reference speed are externally changeable variables. 
The external adjustment permits the tuning and 
matching of the induction motor to the converter and 
inverter and the pointing of its characteristics to 
match the load requirements 

 

 
 
Fig. 1: Closed loop speed control of induction motor using SL Z-source inverter. 
 
 The three phase induction motor is connected to 
the three inverter bridge whose 6 switches are 
operated by the dc bus according to three phase ac 
output. PWM signals produced from a PI controller, 
which are used to control the 6 switches. The DC bus 
voltage in this type is increased or decreased to the 
controlled value by the series inductance Z-source 
inverter. The higher value of the dc voltage is 
received, when the rate of the inductance in the 
circuit is increased. Also, the dc voltage is decreased 
by maximizing the value of the capacitance in the 
circuit, thereby supplying buck/boost functionality to 
the circuit.  The Z source inverter permits both the 
switches in the same phase leg to be gated at the 
same time without creating any damage to the 
switches. This ignores the presence of any dead time 
in the circuit, and helps in the buck/boost functioning 
of the improved ZSI by adjusting the duty cycle of 
the shoot through state. 
 The amplitude of the phase voltage is dependent 
on the duty cycle of the PWM signals given to the 

inverter switches. At any instant of time, 3 switches 
(2 upper and1 lower or 1 upper and 2 lower) are 
gated and the remaining 3 are turned OFF. The 
switching produces a rectangular shaped output 
waveform that is rich in harmonics. The supplied 
current with harmonics is made to produce 3-phase 
sine wave with negligible harmonics by the inductive 
nature of the motor’s stator windings. The inductive 
nature of the windings oppose any sudden change in 
the reverse direction of flow of current until all of 
the energy stored in the windings are dissipated, 
when the switches are turned off. This is 
accomplished using fast recovery diodes, known as 
freewheeling diodes across every Insulated-Gate 
Bipolar Transistor (IGBT) switch. 
 
IV. Transformer Based Z-Source Inverter: 
 In the Series Inductance Z-Source inverter, the 
output voltage (AC Voltage) is increased 
corresponding to DC input voltage, when increasing 
the number of inductor stages.  
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 The stray inductance effects are induced, which 
affects the performance of the system. More number 
of stages makes the system complexity and increases 
the system cost. To remove the above disadvantage, 
the transformer based Z-Source Inverter is proposed 
[9]. 
 Transformer based Z-Source Network is the 
arrangement of the two capacitors and one 
transformer that can be connected between the dc 
source and the inverter bridge while maintaining the 
main features of the SL Z-source network shown in 
Fig.5. 

 
V. Closed Loop Speed Control Of Induction Motor 
Using Trans Z-Source Inverter: 
 The electromagnetic torque is directly 
proportional to the flux produced by the stator which 
is in turn directly proportional to the ratio of the 
terminal voltage and the supply frequency. Hence by 
varying the magnitudes of V and f while keeping the 
V/f ratio constant, the flux and hence the torque can 
be kept constant throughout the speed range. 

 
 
Fig..2: Circuit diagram for speed control of induction motor using trans Z-Source inverter. 
 
 In order to accomplish single-stage power 
conversion with buck-boost abilities the proposed 
inverter is used. This inverter turns on both power 
switches in a leg to boost the dc bus voltage.  
 The current drawn from the dc source is 
continuous. Both shoot-through states and the 
transformer turn ratio can be regulated to control the 
boost voltage gain.  
 The output voltage can be adjusted over a wide 
range, and can be boosted to a higher value .Both of 
the power switches in a leg can be turned on at the 
same time, which eliminates dead time and 
significantly improves the reliability while reducing 
the output waveform distortion[10].  
 The exclusive property of this inverter is that, no 
energy is stored in the transformer windings. The 
two DC-current blocking capacitors connected in 
series with the transformer also prevent the 
transformer core from saturation during the 
following three operating modes.  
•  Shoot through mode  
•  Non shoot through mode with ID>0  
•  Non shoot through mode with ID=0  
 Only one inductive element is used to store the 
energy during the boost operation. The average 
currents of two transformer windings over the period 
of the output voltage are equal zero.  
 

VI. Quasi Z-Source Inverter:  
 The quasi-Z-Source network is made of an LC 
impedance network, which can boost the DC link 
voltage of inverter in respect to the interval of shoot 
through zero state during a switching cycle.  
 In the qZSI, there is an addition shoot-through 
state than traditional VSI, which is advantageously 
utilized to boost the DC bus voltage. The equivalent 
circuits of qZSI in two basic operation modes are 
illustrated in Figure 3. In Figure 3.(a), the inverter 
bridge is equivalent to short circuit when shoot-
through zero vectors are working; in Figure. 3(b), the 
inverter bridge is replaced by a constant current 
source in non-shoot-through states. 
 In the nonshoot-through state, as shown in 
Figure.3 (a), the inverter has six active states and two 
zero states of the inverter main circuit. During the 
nonshoot-through state, D1 is on, while the current 
source is off. L1 and L2 are connected in series. The 
capacitors C1 and C2 are charged, while the 
inductors L1, L2 transfer energy from the dc voltage 
source to the main circuit.  
 In the shoot-through state, as shown in Figure 
3(b), the inverter side is shorted by both the upper 
and lower switching devices of any phase leg. 
During the shoot-through state, D1 is off. The 
capacitors C1 and C2 are discharged, while inductor 
L2 store energy. 
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(a) 

 
(b) 

 
Fig..3: Operating states: (a) nonshoot-through and (b) shoot-through state. 
 
VII. Closed Loop Response of Speed Control of 
Induction Motor Using Quasi Z-Source Inverter: 
 The Quasi Z-Source inverter is designed by 
using LC components which is used to boost the 
given dc voltage without using any additional buck-
boost converter. The increased dc voltage is fed to 
the inverter circuit. It can be used to convert the dc 
voltage to corresponding ac voltage which is used to 
run the induction motor. The speed control of 
induction motor is achieved by the feedback system. 
 The error between the actual running speed of 
the motor and the reference value is calculated and 
the control mechanism is executed by using a PI 
controller. The control signal is then given to a 
PWM generator which then produces the required 
gating signals that are to be given the 6 IGBT 
switches. The switches act according to the gate 
pulses given to them and the speed of the motor is 
controlled to the required value 
 The function of the proportional term of the PI 
controller is to consider the current size of the error 
value only at the time of controller calculation, and 
the integral term of the PI controller eliminates offset 
and sums up the complete controller error history up 
to the present time, starting from when the controller 
was first switched to automatic.  
 The extent, to which the dc voltage is boosted 
via the Z source network i.e. the boost factor, is 
decided by the modulation index of the pulse width 
modulation used. 
 In order to reduce DC link voltage fluctuations, 
it is necessary to bring in the closed-loop control of 
peak DC-link voltage in qZSI. However, the 
capacitor voltage is not exactly the same as peak 
DC-link voltage of   Z- source network, so is it in 

quasi- Z-Source network. To achieve the more ideal 
performances of both DC-boost and AC-output 
voltage of qZSI, the peak DC-link voltage control 
must be introduce while, the voltage-current closed-
loop control of shoot through duty cycle is also 
designed to acquire desired buck or boost capacities. 
 The startup inrush current problem of the SL-
ZSI occurs because the initial voltage across the Z-
source capacitors is zero a huge inrush current flows 
to the diode Din, Z-source capacitors and charges the 
capacitors immediately to Vdc/2. Then, the Z-source 
inductors and capacitors resonate, generating the 
current and voltage spikes. These problems are 
eliminated in the quasi Z-source inverter. 
 
VIII Simulation Using Matlab: 
 To verify the mentioned theoretical results, a 
simulation example for the voltage inversion from 
DC 75 V to AC 440V (rms) is given in MATLAB 
which will be difficult to achieve with the Z-source 
inverter. Without using any boost converter circuit 
high AC voltage was obtained. The main circuit 
parameters are chosen as follows: 
•   Series Inductance Z-source impedance network 
 L1 = L2 = L3 = L4 = L5 = L6 = 1 mH and  C1 = C2 = 
800 μF;  
• Quasi Z-source impedance network 
L1 =L2= 0.05 mH and  C1 = C2 = 800 μF 
• Transformer based Z-source impedance network 
 L1 = 0.05 mH and  C1 = C2 = 800 μF;  
• Three-phase output filter: 
Lf =  1 mH,  Cf      =   13300 μF; 
• The switching frequency fs = 1/T = 50 Hz; 
• The induction motor parameters are given as   6 
pole, 1200 rpm, 60Hz, 50 HP machine. 
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Simulation Model of the Self Designed Pulse 
Generation Circuit: 
 The Self designed pulse generation circuit is 
used for providing the gate pulses for inverter in both 

Series Inductance Z-Source inverter and Transformer 
based Z-Source inverter. The simulation model of 
self -designed pulse generation circuit is shown in 
Figure 5. 

 

 
 
Fig. 4: Circuit diagram for Speed control of induction motor using quasi z-source inverter. 
      

 
 
Fig. 5: Self -designed pulse generation circuit. 
  
 Gate pulses are used in the inverter circuit to 
turn ON and turn OFF the switches for the drive 
applications. The Pulse Width Modulation circuit is 
mostly used to generate the gate pulses .In that the 
high frequency carrier signal and low frequency 
reference signals are compared and generate the 
pulses. If the reference signal is greater than the 
carrier signal then the upper switches are turned ON 
and If the reference signal is lesser than the carrier 
signal then the lower switches are turned ON .Self- 
designed gate pulse generation circuit is used to 
provide the gate pulses. Each pulse having phase 
difference. The PWM method is quite complex 

compared to the self -designed pulse generation 
circuit. 
 
Simulation Model for Closed Loop Speed Control of 
Induction Motor Using Series Inductance Z-Source 
Inverter:  
 The simulation model of closed loop speed 
control of induction motor using series inductance Z-
source inverter is shown in Figure7, in which the 
motor’s actual running speed is compared with a 
base speed 1200 rpm. The Inductance stages are 
added in upper and lower side to increase the voltage 
boost ability. 
  

 
 
Fig..6: Pulse for inverter circuit. 
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INPUT VOLTAGE = 75V          OUTPUT RMS VOLTAGE=380V 

 
Fig.7: Simulink model for closed loop speed control of induction motor using Series inductance Z source    
     inverter. 
 
 The converted high ac output voltage of 380 V 
is fed to the induction motor. The comparator 
compares the original rotor speed with the reference 
speed. By using the PI Controller, the control signals 
are generated which makes induction motors runs at 
the reference speed of 1200 rpm is shown in the 
Figure 9. 
 
Simulation Of Speed Control Of Induction Motor 
Using Quasi Z-Source Inverter: 
 The simulation model of Quasi based Z-Source 
inverter is shown in Figure 10  
 The ac output voltage is generated by the quasi 
z-source inverter is shown below which is used in 
drive applications for the speed control. Constant 
speed control is achieved by the gain control. 

Variable speed control is obtained by varying the 
torque of induction motor. 
 The converted high ac output voltage of 410 V 
is fed to the induction motor. The comparator 
compares the original rotor speed with the reference 
speed. By using the PI Controller, the control signals 
are generated which makes induction motors runs at 
the reference speed of 1200 rpm is shown in the 
Figure 12. 
 
Simulation Of Closed Loop Speed Control Of 
Induction Motor Using Trans Z-Source Inverter: 
 The simulation model for closed loop speed 
control of induction motor using trans Z-Source 
inverter is shown in Fig13. 
 

 
 
Fig. 8: Output voltage and current waveform of Series Inductance Z-Source inverter. 
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Fig.. 9: Speed and torque waveform of induction motor using SL Z-Source inverter. 

 

 
INPUT VOLTAGE = 75V                    OUTPUT RMS VOLTAGE=410V 

 
Fig. 10: Simulink model for speed control of induction motor using Quasi   Z-source inverter. 
 

 
 
Fig. 11: Output voltage waveform of Quasi Z-Source inverter. 
 

 
 
Fig. 12: Speed and torque waveform of induction motor using Quasi  Z-Source inverter. 
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INPUT VOLTAGE = 75V          OUTPUT RMS VOLTAGE=440V 

 
Fig. 13: Simulation model for speed control of induction motor using Trans     Z-source inverter. 
 
Table 1: Comparison of Simulated Inverter Topologies. 

S.NO INVERTER TOPOLOGY 
INPUT  VOLTAGE 

(V) 
OUTPUT RMS            
VOLTAGE (V) 

1 Series Inductance Z-Source inverter 75V 380V 
2 Quasi Z-Source inverter 75V 410v 
3 Transformer based Z-Source Inverter 75V 440V 

 

 
 

Fig. 14: Output voltage waveform of trans z-source inverter. 
 
 The converted high ac output voltage of 440 V 
is fed to the induction motor. The comparator 
compares the original rotor speed with the reference 

speed. By using the PI Controller, the control signals 
are generated which makes induction motors runs at 
the reference speed of 1200 rpm. 

 

 
 
Fig. 15: Speed and torque waveform of induction motor using trans Z-Source inverter. 
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Comparison Of Simulated Output Voltage Of 
Various Inverter Configureurations: 
 From the above simulated results observed, it 
can be concluded that the output voltage of the Trans 
z-source inverter is increased compared to the input 
voltage in Series Inductance Z-Source using self-
designed logic circuit (by controlling the shoot 
through zero state) and Quasi Z-Source inverter. All 
the observed values have been tabulated and the 
details are presented in Table 1. 
 
Conclusion: 
 In this project, the self-designed pulse 
generation circuit is developed and the gate pulses 
are generated for the inverter circuit. Various 
inverter circuits are designed in MATLAB 
environment and their corresponding output voltages 
for a constant input of 75V has been rated as 
follows: 
• Series Inductance Z-Source Inverter- 380 V 
• Quasi Z-Source Inverter - 410V 
• Trans Z-Source Inverter - 440V 
 The converted high ac output voltage is fed to 
the induction motor .The PI controller produces the 
control signals, which is used to run the motor at the 
reference speed, the speed control of induction motor 
is thus obtained. The operating modes of the 
proposed inverter and its realization have been 
discussed. The above mentioned inverter outputs are 
obtained by MATLAB/SIMULINK. Among these 
discussed methods the Trans Z-Source inverter 
provides good performance in terms of maximum 
boost output voltage. The major advantages of this 
proposed inverter are low cost, reduced number of 
passive components, high efficiency and reduced 
stray inductance losses. Also no additional circuits 
are required to boost the output voltage, which is 
impossible in the traditional inverters. The 
limitations of the circuits are controlled. 
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