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Abstract— In this paper, a new switching scheme for a 1-Φ Z-source inverter, is discussed. In this scheme a traditional 
UPWM scheme is modified to create shoot-through for Z- source switches. The design of scheme is done on MATLAB 
simulink and the hardware verification is done using P/C 16F8877A.  
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I. INTRODUCTION 
 
High performance voltage- and current-source 
inverters (VSI and CSI) [1], [2] are widely required in 
various industrial applications. However, the 
traditional VSI and CSI have been seriously 
restricted, particularly for standalone power supplies, 
due to their narrow obtainable output voltage range, 
shoot-through problems caused by misgating and 
some other theoretical difficulties due to their bridge-
type structures [1]. The topology of the Z-source 
inverter [3] was proposed to overcome the problems 
in the traditional inverters in which the functions of 
the traditional dc–dc boost converter and the bridge-
type inverter have been successfully coupled by a 
unique lattice type impedance network. The Power 
circuit of 1- Ф Z-source Inverter is shown in figure 1. 

 

Figure 1 Power Circuit of 1- Ф Z-source Inverter 
 

In Z-source inverter, there is a two-port network that 
consists of a split-inductor and capacitors and 
connected in X-shape is employed to provide an 
impedance source (Z-source) coupling the converter 
(or inverter) to the dc source, load, or another 
converter. The dc source can be either a voltage or a 
current source. Therefore, the dc source can be a 
battery, output of controlled/uncontrolled converter, 
fuel cell, or a combination/s of above. As a research 
hotspot in power electronics, the Z-source topology 
has been greatly explored from various aspects [4]–
[5], but the related research on its comparative study 
of boosting ability and stresses on impedance 

network and switches, are seldom reported in open 
literatures. 
 
II. MATHEMATICAL MODEL OF ZSI 
 
Assuming the inductors L1 and L2 and capacitors C1 
and C2 have the same inductance (L) and capacitance 
(C), respectively, the Z-source network becomes 
symmetrical. From the symmetry and the equivalent 
circuits, we have 
 
푉 = 푉 = 푉 and	푣 = 푣 = 푣           ...(1) 
 
Given that the inverter bridge is in the shoot-through 
zero state for an interval of Ts, during a switching 
cycle, T  
 
푣 = 푉 , 푣 = 2푉 ,	and	푣 = 0                   …(2) 
 
Now consider that the inverter bridge is in one of the 
eight non-shoot-through states for an interval of Tn, 
during the switching cycle, T.  
 
푣 = 	 푉 −	푉 , 푣 = 	 푉 ,	and 
푣 = 푉 − 푣 = 	2푉 −	푉 ,                           …(3) 
 
WhereV0is the dc source voltage and 
 
T = Ts+ Tn. 

 
The average voltage of the inductors over one 
switching period (T) should be zero in steady state, 
from (2) and (3)thus we have 

 
푉 = 푣 = {푇 .푉 + 	푇 (푉 −	푉 )} 푇⁄  = 0,                                                                                                   

...(4) 
 
Or 
 

= 	
	

                                                       ....(5)  
 
Similarly, the average dc link voltage across the 
inverter bridge can be found as follows: 
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푉 = 푣 = 	 {푇 . 0 + 	푇 . (2푉 − 푉 )} 푇⁄  = 푉 =
	푉 .                                                                  …(6) 
 
The peak dc link voltage across the inverter bridge is 
expressed in (3) and can be re-written as: 
 
푣 =푉 − 푣 = 	2푉 − 푉 =

	
푉 = 	퐹.푉 ,                                                   

...(7)  
 
Where, 
 
F=  =  ≥ 1,                               ...(8) 

 
is the boost factor resulted from the shoot-through 
zero state. The peak dc link voltage,푣 , is the 
equivalent dc link voltage of the inverter. On the 
other side, the output peak phase voltage from the 
inverter can be expressed as 
푣  = M. ,                                               …(9) 
 
Where M is the modulation index. Using (7), 
Equation (9)can be further expressed as 
푣  = M.F. .                                          …(10) 
 
For the traditional V-source PWM inverter, we have 
the well-known relationship:푣  = M. . Equation 
(10) shows thatthe output voltage can be stepped up 
and down by choosing an appropriate buck-boost 
factor, FF, 
 
FF = M.F = (0 ~ ∞).                                …(11) 
 
From (1), (5) and (8), the capacitor voltage can 
expressed as: 
 

푉 = 	 푉 = 	 푉 = 	 푉 .                  ...(12) 

 
The buck-boost factor, FF, is determined by the 
modulation index, M and boost factor, F. The boost 
factor, F as expressed in (8), can be controlled by 
duty cycle (i.e. interval ratio) of the shoot-through 
zero state over the non-shoot-through states of the 
inverter PWM. 
 
Note that the shoot-through zero state does not affect 
the PWM control of the inverter, because it 
equivalently produce the same zero voltage to the 
load terminal. The available shoot-through period is 
limited by the zero-state period that is determined by 
the modulation index. 

 
III. MODIFIED UPWM FOR 1-Φ ZSI 

 
The ZSI topology shown in figure 1 is realised using 
IGBT switches, as shown in figure 2. 
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Figure 2 Actual Power Circuit of 1- Ф ZSI 
 

The design of the above circuit is done by 
conventional methods and verified using MATLAB 
simulink 

 
Figure 3 Shoot through Achieved by Modified UPWM 

 
Figure 3 shows shoot through achieved by S1S2 and 
S3S4, where as figure 4 shows individual pulses for all 
the four switches, with modified UPWM. 
Instead of using standard PWM channels of 
microcontrollers, simple timer ports are utilised to 
create the waveforms as shown in figure 3 and 4. This 
approach is easy, robust and economical for the fixed 
output 1-phase ZSI fabricated as a system on chip 
product. 
 

 
Figure 4 : Pulses Generated by Modified UPWM 
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IV. FLOW CHART AND ALGORITHM 
 
Figure 5 shows flow chart to generate the pulses 
required for the operation of Z-source inverter. A 
microcontroller is used with 20 MHz crystal. 

 
Algorithm for PWM Generation  

1. Initialize microcontroller ports  
2. Initialize timer of microcontroller  
3. Load timer for delay generation (0.1 ms ) 
4. Set PWM  ports value  
5. Start timer  
6. When timer interrupt appears go to step 4 

 

Initialize Microcontroller ports 
for Pulses

Initialize timer 

Load timer for delay generation
Start Timer 

Set  port values after each 
timer interrupt 

While (1)

Start 

Timer interrupt subroutine 

Figure 5 Flow Chart to Generate Pulses 
 
V. RESULTS AND DISCUSSIONS 
 

 
(a) 

 
(b) 

Figure 6 Output voltage and current for ZSI for full load 

 
(a) 

 
(b) 

Figure 7  FFT analysis of output voltage and current for ZSI 
for full load. 

 
Appendix:- 
 
For  ZSI  
 
IGBT :- Ron Resistance = 0.001 Ω,  
 Current Fall Time =1e-6 sec,  Current 
Tail Time = 2e-6 sec. 
 
Snubber:   Resistance= 0.1MΩ,  
      Capacitance = 250pF. 
 
L1, L2 – 6e-3 H 
C1, C2 – 2800e-6 F 
Load: active power =1kW, 
Reactive power = 100 VAR. 
LC filter L- 10e-3, C - 2000e-6. 
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