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Abstract – This paper is devoted to the quasi-Z-source (qZS) 
converter family. Recently, the qZS-converters have attracted 
attention because of their specific properties of voltage boost and 

buck functions with a single switching stage, which could be 
especially beneficial in renewable energy applications. As main 
representatives of the qZS-converter family, the traditional 

quasi-Z-source inverter as well as two novel extended boost 
quasi-Z-source inverters are discussed. Lossless dynamic models 
of these topologies are presented and analyzed.  
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I. INTRODUCTION 

Recently, the quasi-Z-source inverter (qZSI) topology 

(Fig. 1a) has attracted attention because of its specific 

properties of voltage boost and buck functions with a single 

switching stage [1-4]. The qZSI also features such advantages 

as continuous input current, low or no inrush current during 

start-up, high immunity against EMI noise and misgating. As a 

result, the qZSI has become a very attractive choice for 

renewable and alternative energy applications, where the 

reliability and reduced number of energy conversion stages 

could play a vital role. 

The conception of extending the qZSI boost capability 

without increasing the number of active switches has been 

recently proposed by several authors [5-12]. These new 

converters are known as cascaded (or extended boost) qZSIs 

and are generally classified as capacitor assisted and diode 

assisted. The topology of a capacitor assisted extended boost 

qZSI (CAEB qZSI, Fig. 1b) was derived by the adding of one 

diode (D2), one inductor (L3) and two capacitors (C3 and C4) to 

the traditional qZSI. The topology of a diode assisted extended 

boost qZSI (DAEB qZSI shown in Fig. 1c) was derived by the 

adding of one capacitor (C3), one inductor (L3) and two diodes 

(D2 and D3) to the traditional qZSI.  

These three topologies (Fig. 1) have a common property - 

the input inductor L1 that buffers the source current. It means 

that during the continuous conduction mode (CCM) the input 

current of the converter never drops to zero, thus featuring the 

reduced stress of the input voltage source.  

Since each of these three topologies has a different number 

of passive components in the qZS-networks, a detailed 

analysis of component losses and their impact on a converter’s 

operating properties is especially topical to obtain higher 

energy efficiencies. In [12] it was stated that for the same 

operating parameters and component values the twofold boost 

of the input voltage could be realized at the efficiency of 

93.9 %, 89.2 % and 89.3 % for the traditional, CAEB and 

DAEB qZS-converters, respectively. 

This paper is devoted to further investigation of the 

properties of the qZS-converter family and will provide a 

mathematical representation of the lossless dynamic models in 

order to study the transient stability of the presented 

topologies. 
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Fig. 1. Representatives of the qZS-converter family: traditional qZSI (a), 

capacitor assisted extended boost qZSI (b) and diode assisted extended boost 

qZSI (c). 

II. TRADITIONAL QZS-CONVERTER 

Fig. 2 illustrates a lossless dynamic model of the traditional 

qZS-converter, which regards the CCM, and in which the 

diode D (Fig. 1a) was replaced with the switch S and the full–

bridge inverter by the switch S. Both switches work in 

synchronized manner. 
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Fig. 2. Lossless dynamic model of the qZS-converter. 

 This model is described by the following differential 

equations: 

- in the shoot-through state (intervals of length D0·T): 
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- in the active state (intervals of length D1·T): 

 

U

i

u

i

Z

dt

di
L

dt

du
C

dt

di
L

BX

с

L

A

с

L























































































22

1

0

1

20

101

010

000
0

  

 ,  (2) 

where U=UIN , and also D0+D1=1 (since the CCM is under 

consideration). A small signal model of the converter in the 

state space can be represented as [4]: 

UBXAX
dt

d
K 11  ,           (3) 

in the shoot-through interval when S=1. 

UBXAX
dt

d
K 22  ,           (4) 

in the active state interval when S=0. 

Eqs. (3) and (4) can be recorded for small gains:  
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where: 1201 DBDBB  ; 1201 DADAA  . 

Hence, taking into consideration matrixes A1, A2, B1, B2 

included in Eq. (5) as well as the fact that in the case of the 

CCM  D1=1-D0, we obtain: 
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 Where D=D0. Further, by applying the Laplace 

transformation to Eq. (6), we can write: 
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On the basis of derived dependencies (7) it is easy to 

determine appropriate transfer functions for the output 

response. The small signal perturbations of the input voltage 

)(~ su IN  and of the shoot-through duty cycle  sd
~

 define the 

output voltage variations. Assuming a non-variable input 

voltage 0)(~ suIN , we will obtain a transfer function that 

describes the output voltage behavior for shoot-through duty 

cycle variations.  

Taking into account the load Z0 at the operating point (I0, 

UIN, UC, D, IL) and also assuming that 

   10000  sRCRsZ ,     (8) 

we can evaluate the dynamic behavior of the qZS-converter of 

the small signal transfer function as follows: 
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Fig. 3. Bode diagram of the qZS-converter. 

 

Fig. 3 presents the Bode diagram drawn on the basis of 

Eq. (9). It was plotted for the operating parameters UIN = 30 V, 

RO = 5 Ω and component values L = 65 H, C = 180 F, 

LO = 10 H, CO = 10 F. The nominal value of the shoot-

through duty cycle was set at D0 = 0.25. Currents IL, I0 and 

voltage UC were determined from the static model presented in 

[4]. 

 The diagram for higher frequencies (about 1 kHz) shows 

that there is a need of careful selection of settings to assure 

stability of the arrangement and high control dynamics 

without oscillations and a need for significant readjustment. 

III.  CAEB QZS-CONVERTER 

Fig. 4 illustrates the dynamic model of the CAEB qZS-

converter, which regards the CCM, and in which the diodes D1 

and D2 (Fig.1b) were replaced with switches S . The full–

bridge inverter is replaced by the switch S.  
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Fig. 4. Lossless dynamic model of the CAEB qZS-converter. 

 As in the previous case the ratios of currents and voltages 

were determined from the static model [12]. The state space 

model is described by the differential Eqs. (12) and (13) for 

the shoot-through state and active state, respectively. 

 In equations U=UIN and D0+D1=1 are the same as in the 

previous situation (since the CCM is under consideration).  
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Taking into account equations describing the model of the 

converter  and matrixes A1, A2, B1, B2 included in the matrix 

equations as well as the fact that in the case of CCM we have 

D1=1-D0, we obtain a small signal model: 

d

ZIUU

I

II

UU

UU

u

i

u

u

i

i

DZDD

DD

DD

DD

dt

id
L

dt

ud
C

dt

ud
C

dt

id
L

dt

id
L

IN

S

~

2

2

2

~

0

0

0

0

1

~

~

~

~

~

)12()1(2100

00010

0001

01200

02100

~

~

~

~

~

0021

1

21

21

21

0

2

1

2

1

0

0
0

2

1

2

1























































































































































(14) 

Further, by applying the Laplace transformation to Eq. (14), 

we can write: 
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Assuming 0)(~ suIN , we can obtain the transfer function 

on the basis of derived dependencies (15). Load Z0 is at the 

operating point  (I0, UIN, U1, U2, D, I1, I2) . 

We can evaluate the dynamics of changes in the output 

voltage of the CAEB qZS-converter with the changes in the 

shoot-through duty cycle D0. The transfer function describing 

this dynamics is defined in the same way as (9) and 

represented by Eqs. (16) and (17). 

Fig. 5 presents the Bode diagram based on the transfer 

function. It was determined for the same operating parameters 

and component values. The nominal value of the shoot-

through duty cycle was set at D0 = 0.17, voltages U1 = 40 V 

and U2 = 10 V. 

As in the traditional qZS-converter, running of the diagram 

for higher frequencies is significant, as it indicates the 

necessity to assure stability of the arrangement and high 

control dynamics, without oscillations and a need for 

significant readjustment. The amount of reactive elements was 

increased. Such systems are more complicated because of the 

higher order of the transfer function. 

 

 
 

Fig. 5. Bode diagram of the CAEB qZS-converter.  

IV. DAEB QZS-CONVERTER  

Fig. 6 illustrates the lossless dynamic model of the DAEB 

qZS-converter. The diodes D1 and D2 (Fig. 1c) were replaced 

with switches S , and the diode D3 was replaced with the 

switch S synchronized with the main switch S.  
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Fig. 6. Lossless dynamic model of the DAEB qZS-converter. 

Compared to CAEB this scheme can be described by seven 

independent states: 

- for the shoot-through mode (intervals of length D0·T): 
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- in the active mode (intervals of  length D1·T): 
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Taking into account that U=UIN, D0+D1=1 and also 

matrixes A1, A2, B1, B2 included in the matrix equations as well 

as the fact that in the case of CCM we have D1=1-D0, D0 = D 

we obtain: 
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Further, based on Eq. (5) by applying the Laplace 

transformation to Eq. (20), we can write a system of equations 

in the state space (21). 
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Assuming a load Z0 at the operating point (I0, UIN, U1, U2, 

D, I1, I2), the numerator and the denominator of the transfer 

function in this case are expressed by Eqs. (22) and (23). 

Fig. 7 presents the Bode diagram for a DAEB qZS 

converter constructed on the basis of Eqs. (22) and (23). 

 
 

Fig. 7. Bode diagram of the DAEB qZS-converter.  
 

The order of such systems is higher and their behavior is 

more complicated. As can we see from the figure, the DAEB 

qZS-converter leads to a phase shift at high frequencies that 

reverses on the poles. It can evoke instability in the system 

because of the higher order. It should be taken into account 

during the control system design. 
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V. CONCLUSIONS  

Lossless dynamic models of the qZS-converter family are 

presented in this paper. An AC small signal model allowed 

obtaining transfer function of the output voltage response from 

shoot-through duty cycle variations. It should be noted that it 

is inadmissible to use this model and the transfer function to 

obtain the transient process of response. Assumptions 

accepted during the analysis limit us. First, the wide range of 

shoot-through duty cycle variations during the transient 

process contradicts the AC small signal model. Also, the 

operating point of the transfer function in such models is 

chosen according to the average states in the converter and 

cannot be changed in a wide range.  

On the other hand, the results obtained are relevant and 

should be taken into account during a close loop control 

system design. 

To provide constant output voltage a close loop digital 

control system admits shoot-through duty cycle variations. In 

this case problems with stability can occur.  Bode diagrams of 

the observed converters show that on the resonance 

frequencies of shoot-through duty cycle variations the gain 

factor significantly increases and the phase shift changes 

rapidly. It can evoke an unpredictable situation and loss of 

stability. Based on the analysis of the transfer functions 

obtained it is obvious that resonance frequencies are defined 

by the elements and the operating point of the converter and 

can be easily calculated. To avoid stability problems the speed 

of shoot-through duty cycle variations must be limited. It is 

especially relevant in digital control systems where the 

processes are discrete and connected with the system clock 

frequency. 

Resulting from the topologies studied it is obvious that the 

CAEB qZS topology has better dynamics characteristics than 

the traditional qZS and DAEB qZS converters and could be 

recommended for applications where high input voltage gain 

and increased reliability are demanded. 
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