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Abstract—This paper analyzes two maximum power point 

tracking (MPPT) converter topologies that are part of an 
interface converter for the integration of photovoltaics (PV) in 
the grid. Two different MPPT converter topologies (boost 
converter and quasi-Z-Source (qZS) converter) were selected and 
compared. Theoretical comparison includes an analysis of 
regulations for obtaining continuous source current and 
comparison of necessary parameters of the reactive elements of 
the systems.  

270 W experimental prototypes of both converters were built 
and experimentally compared. Theoretical and experimental 
efficiency estimation is proposed and discussed. Also, the losses in 
diodes and MOSFETS are evaluated taking into account 
technical data from datasheets 

 
Keywords—DC-DC power converters, boost converter, quasi-Z-

source, photovoltaic system 

I. INTRODUCTION 
Distributed generation systems that use renewable energy 

have great potential to increase the grid potential. Photovoltaic 
(PV) technology that provides renewable energy is the most 
popular distributed energy source with zero emissions. 

PV cells have nonlinear U-I characteristics. The output 
voltage and power change according to the temperature and 
irradiation. Fig. 1 shows the U-I characteristics of the selected 
PV stack (Saana 245-255 TP3 MBW) [1] that is accepted as a 
voltage source.  

 
(a)    (b) 

Fig. 1. U-I characteristics of the PV stack Saana 245-255 TP3 MBW: a) 
voltage/current dependence on the temperature (°C); b) voltage/current 
dependence on the irradiation (W/m2). 

 

Fig. 1a shows the U-I characteristics of the cell at constant 
irradiation (1kW/m2) and varying temperature (°C). It can be 
seen that maximum power could be obtained only at the lowest 
cell temperature. Fig. 1b shows the U-I characteristics of the 
cell at constant temperature (25°C) and varying irradiation 
(W/m2). According to the PV stack Saana 245-255 TP3 MBW 
data sheet, the maximum power point MPP (255 W) is at 
current 8.33 A and voltage 30.6 V. To keep the operation at the 
maximum power point independent of the temperature and 
irradiation, the maximum power point tracker (MPPT) 
converter should be used.  

Fig. 2 presents the general block diagram of the PV 
interface DC-DC converter. Selection of the MPPT converter 
topology and optimization of the parameters is essential due to 
high current and low voltage at the output of the PV cell. 

This paper presents a comparative evaluation of a classical 
boost converter [2] and a quasi-Z-source (qZS) converter [3]-
[6] as possible MPPT converter topologies. The second part of 
the PV interface converter that includes a voltage source 
inverter (VSI), a step-up isolation transformer and a rectifier is 
not discussed in this paper. 

 
Fig. 2. General block diagram of an interface converter for a PV system. 

II. COMPARATIVE ANALYSIS OF A BOOST CONVERTER AND 
AQUASI-Z-SOURCE CONVERTER 

Both of the DC-DC converters (boost and qZS) can be used 
for voltage step-up but it is reasonable to compare their 
parameters and performance. A boundary case between the 
continuous conduction mode (CCM) and the discontinuous 
conduction mode (DCM) of the input current was selected as 
the theoretical comparison point for parameter selection of the 
inductors. Fig. 3 shows the equivalent circuits used for our 
analytical study and comparison. 
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Fig. 3. Equivalent circuits of the proposed MPPT converters: a) boost 
converter, b) qZS converter. 

A. Boost Converter 
Both the CCM and the DCM of the input current can be 

achieved in the classical boost converter shown in Fig. 3a [2]. 
The boundary between the CCM and DCM is revealed when 
the magnitude I1m of the triangular ripple of the input current i1 
is twice higher than the average value of the same current I1a.  

Accepting that the shape of the current i1 ripple is triangular 
at the boundary case, the average value of the switch current is 
ISa=0.5I1mD, where D is the duty cycle of the switch but the 
averaged current of the diode V and the load are U2/R2. An 
averaged current of the source in the boundary and the DCM 
cases is  
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The load voltage in the DCM and the boundary case can be 
expressed as 
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where f is the switching frequency. 
At the end of the discontinuous current case when 

U1=U2(1-Db), where Db is the duty cycle for the boundary case, 
we obtain the relation  
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that allows us to find the parameters for the boundary operation 
case. 

Fig. 4 presents the dependence curve of 2Lf/R2=f(Db). The 
extreme of this curve is at Dbm=0.333 when the value of the 
parameters 2Lf/R2 relation is 0.148. It means that the 
inductance changes of the storage coil for the continuous 
supply current in the whole range of D have to be larger than 
0.148R2/2f. For instance, if R2=50Ω and f=20 kHz, then 
L>185μH.  

When the converter operates in the CCM, the main 
expressions relative to U1 or U1/R2 describing the processes are 
as follows (see Fig. 4): 

 
Fig. 4. General parameter characterizing the BOOST topology performance 
depending on the boundary duty cycle (Db): 2Lf/R2=f(Db); I*

SCCM=f(Db) 
U*

2CCM=f(Db). 
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but the ripple range of the source current is 
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i.e., the turn-off current of the switch can be expressed as 
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The storage capacitor of the load C is a bulky element 
regarding to the maximum output voltage and must have large 
capacity that provides small load voltage ripple. In the 
calculation of the volume of the capacitor, the capacitor is 
discharged during the interval DCCM/f by the influence of the 
load current, i.e. its efficiency indicator is 
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B. qZS Converter 
The voltage step-up DC-DC converter with the qZS 

presented in Fig. 3b [3][4] comprises two capacitors (C1 and 
C2), two inductors (L1 and L2), and a diode V1. When the switch 
S is turned on, two parallel current circuits are operating - one 
from the DC source through the inductor L1 and capacitor C1, 
the other from the capacitor C2 and inductor L2. Summative 
current of those circuits flows through the switch S. 

The basic expressions that characterize the continuous 
source current operation mode are as follows: 
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For the same load voltage in the qZ case, the duty cycle is 
two times smaller compared to an ordinary boost converter, i.e. 
DCCMqZ=0.5DCCMB . 

Half of the magnitude of the input current i1 in the 
boundary case between the CCM and the DCM is equal to the 
averaged current of the DC source and can be calculated as 
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The boundary case duty cycle can be bound with the 
parameters of the scheme as 
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where 0<Db(qZ)<0.5. The extreme of the expression is at Dbm (qZ) 
=0.211 when the value of the parameter’s relation is 0.0962. 
Fig. 5 presents the dependence curve 2L1f/R2=f(Db(qZ)). Above 
this relation’s value the curve will be in the CCM in the whole 
range of the duty cycle accessible for the scheme. 

 
Fig. 5. Dependence of the parameter relation 2L1f/R2 on the boundary duty 
ratio. 

It means that the inductance changes of the storage 
inductors for the continuous supply current in the whole range 
of D have to be larger than 0.0962R2/2f. For instance, if R2=50 
Ω and f=20 kHz, then L1=L2>120 μH. 

The turn-off current of the switch S can be expressed as 
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C. Comparison of Performance Parameters of Both  
Converters 
Both of the systems discussed have to be compared for 

equal values of supply and load voltages, switching frequencies 
and load resistance. 

One of the essential parameters of the compared systems is 
the summary inductance of the inductors. At equal relative 
supply current ripple, the summary inductance of  both of the 
inductors in the qZS converter regarding to the inductance of 
inductors for the boost converter is 
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Fig. 6. Ratio of the summary inductance of inductors for qZ and boost 
converters depending on the duty cycle of the boost converter. 

As it can be seen from Fig. 6, the relation is growing at the 
duty cycle value rising. If in the boost converter DCCMB=0.8 is 
accepted (in the qZS converter DCCMqZ=0.4), then the relation 
reaches the meaning 3, i.e. the size of inductors in the qZS 
converter has to be three times larger than in the ordinary boost 
converter. 

Turn-off current of the transistor switch is another indicator 
characterizing converter properties. The relation of the turn-off 
currents for both of the discussed systems using (12) and (7) is 
exactly 2, i.e. the turn-off current for the transistor switch in the 
qZ converter is twice larger than in the ordinary boost 
converter, which raises extra problems twith the realization of 
the switch. 

Fig. 7 shows experimentally obtained characteristics of 
the source current ripple and the turn-off current of switches S 
at supply voltages from 15-35 V and output voltage 40 V. 

 
Fig. 7. Input current ripple of the discussed converters (bold line) and turn-
off current of the switch (thin line) at different input voltages for  both 
converters. 

As it can be seen, the turn-off current of the transistor 
switch for the whole range of examined supply voltages is 
almost twice larger in the qZS converter compared to the boost 
converter. Input current ripple of both converters is almost 
equal and it decreases at the rise of the supply voltage.  
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III. POWER LOSS ANALYSIS IN SEMICONDUCTORS 
To increase the efficiency of a PV interface converter, it is 

essential to pay serious attention to the MPPT part (Fig. 2). The 
main components that create major active power losses and 
reduce the efficiency in both of the discussed converters are 
semiconductors (switches and diodes). Our analysis of losses in 
the semiconductors is presented below.  
A. Power Loss Analysis in MOSFETs 

Power loss calculations in the MOSFET using data sheet 
parameters are based on the methodology in [7]. Conduction 
losses in the power MOSFET can be calculated using a 
MOSFET approximation with the drain-source on-state 
resistance (RDS(on)).  

Integration of the instantaneous power losses over the 
switching period gives an average value of the MOSFET 
conduction losses: 
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where IDrms is the rms value of the MOSFET on-state current. 
Another type of losses that characterize transistor losses is 

the switching losses that consist of turn-on and turn-off energy 
losses. The worst case turn-on energy losses in the MOSFET 
(EonM) can be calculated as the sum of switch-on energy and 
switch-on energy caused by the reverse recovery of the free-
wheeling diode. In our experiments the free-wheeling diode is 
not employed, therefore its losses are neglected. The switch-on 
energy losses of the MOSFET can be obtained as 
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where 
UDD – DC-link voltage 
IDon – drain current at the beginning of pulse 
IDoff – drain current at the end of pulse 
tri – current rise time 
tfu – voltage fall time 
Qrr – reverse recovery charge 
The switch-off energy losses in the MOSFET can be 

calculated as  
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where  
IDoff – drain current at the end of pulse 
tfi – current fall time (from data sheet) 
tru – voltage rise time 
The total switching losses in the MOSFET are the product 

of switching energies and switching frequency (fsw): 
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B. Power Losses in the qZS-Network Diode 
Power losses in a diode consist of conduction losses, 

reverse recovery losses and reverse leakage losses. Since the 

Schottky diode is used in our case, the reverse recovery losses 
can be neglected. 

Conduction losses of the diode can be calculated as 
 rmsFVDcond IUP ⋅=Δ . (18) 

The reverse leakage losses can be found as 
 )1( diodediodercond DUIP −⋅=Δ , (19) 

where Ir is the reverse leakage current that can be found in the 
component data sheet. 

C. Justification of Theoretical Power Losses in 
Semiconductors 
Based on the calculation methodology presented above, the 

power losses in switches S and diodes V of both converters are 
summarized in TABLE I.  

TABLE I.  POWER LOSSES (W) IN SEMICONDICTORS 

Converter Type Boost qZS 
                  Device 

Op. point Switch Diode Switch Diode 

Uin=15 V (135 W) 1.88 4.19 2.63 5.2 
Uin=20 V (180 W) 2.19 4.64 2.58 5.36 
Uin=25 V (225 W) 1.75 5.036 2.65 5.52 
Uin=30 V (270 W) 1.64 5.36 2.61 5.67 
Uin=35 V (210 W) 1.25 3.81 1.88 3.89 

Fig. 8a presents theoretical power losses in the 
semiconductors of the boost and qZS converters in different 
operation points according to TABLE I. As can be seen, in 
both converters diode losses increase proportionally to the 
conduction time but MOSFET losses grow proportionally to 
the switch S duty-cycle or the longer the switch S on-state time, 
the larger are the losses.  

Fig. 8b shows the theoretical efficiency of both converters 
neglecting power losses in the inductor, capacitors and PCB 
tracks.  

  
(a)    (b) 

Fig. 8. Power losses in the diode and the MOSFET of boost and qZS 
converters in different operation points according to TABLE I.  

IV. EXPERIMENTAL RESULTS  
Experiments were made with both of the discussed 

converters. A general circuit diagram used in our experiments 
is the same as in Fig. 3. General operation parameters, 
component types and values are summarized in TABLE II. 
Both inductors (Fig. 9b) in the qZS converter are wound on one 
core (ETD 29, N87) performing as a coupled inductor [8]. The 
capacitors of both converters consist of the parallel connection 
of “Murata” (GRM32ER72A225K) [9]. 
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TABLE II.  GENERAL OPERATING PARAMETERS, COMPONENT  TYPES 
AND VALUES 

Operating parameters Value/type 

Input voltage, UPV 15…35 V 
Intermediate voltage, U1 40 V 
Switching frequency, f 100 kHz 

Components  
Switch, S Si4190ADY 
Diode, V V60D100C 
Inductors L1=L2 22 µH 
Capacitors C=C1=C2 26.4 µF 

    
(a) 

    
(b) 

Fig. 9. Top and bottom view of both MPPT converter topologies: a) boost 
converter; b) qZS converter. 

Fig. 10 shows the comparison of the theoretical and the 
experimental efficiency in both of the discussed converters.  

 
(a)    (b) 

Fig. 10.  Theoretical and experimental efficiency at different operation points: 
(a) boost converter; b) qZS converter. 

Difference between the theoretical and the experimentally 
obtained efficiency in different operation points is 0.5-3%. As 
it was expected, the difference between both curves is greater 
at a higher voltage boost. This difference between the 
theoretical and the experimental efficiency curves indicates to 
the components the losses of which were not considered 
(inductor, capacitors and PCB tracks).  

V. CONCLUSIONS 
This paper has presented an analytical and experimental 

comparative analysis of the boost and qZS topologies as MPPT 
converters. 

Analytical expressions for the estimation of parameters in 
different operation modes for both of the converters were 
proposed. Semiconductor loss calculation and estimation were 
elaborated. 

It should be taken into account that the application of the 
qZS converter needs the turn-off current of the transistor switch 
to be twice larger than the boost converter, which is the main 
disadvantage of the qZS converter.  

Experimental results show that depending on the input 
voltage boost (1.2 - 2.7 times), the efficiency of the qZS 
converter was 91...96% against the boost converter efficiency 
of 92…97%. It can be concluded that both of the discussed 
converters show similar results in terms of efficiency. It means 
that additional features of each converter should be considered 
when selecting the MPPT converter. 

Focus in further studies will be on the analysis of other 
component losses as well as optimization of the PCB in order 
to reduce losses in the conductors. Also, synchronous 
rectification will be considered in order to reduce losses in the 
diode. 
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