
Bidirectional Operation of the Single-Phase 
Neutral-Point-Clamped Quasi-Z-Source Inverter 

O. Husev1,3, J. Zakis2, D. Vinnikov1,2, O. Savenko3

1Department of Electrical Engineering, Tallinn University of Technology, Tallinn, Estonia 
2Institute of Industrial Electronics and Electrical Engineering, Riga Technical University, Riga, Latvia 

3Department of Biomedical Radioelectronic Apparatus and Systems, Chernihiv State Technological University, 
Chernihiv, Ukraine 

E-mail: oleksandr.husev@ieee.org 

Abstract—This paper shows the bidirectional operation 
possibility of the single phase three-level neutral-point-clamped 
quasi-Z-source grid connected inverter. The simple traditional 
control system for three-level grid connected rectifier was 
implemented. Simulation results confirmed bidirectional 
operation capability of the discussed topology. 
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I. INTRODUCTION 
A new modification of the quasi-Z-source (qZS) inverter - a 

three-level neutral-point-clamped (3L NPC) quasi-Z-source 
inverter has been proposed and discussed in several papers [1]-
[4]. This topology was presented as novel solution for 
photovoltaic (PV) application with wide input voltage 
regulation range, continuous input current mode, short circuit 
immunity and high switching frequency. 

Fig. 1 shows generalized case study system. It contains PV 
panel string, quasi-Z-source (qZS) network, three-level NPC 
inverter with grid side inductor connected to the grid. Such 

topology provides the energy transfer from PV panels to the 
grid. Thanks to shoot through states this is a single stage buck-
boost solution that is capable to perform maximum power point 
tracking (MPPT) and inversion with no need for an extra 
DC/DC converter. 

In addition, special functions, such as power factor 
corrections or active filtering, can be implemented.  

At the same time there is a modern trend in similar solutions 
to provide bidirectional performance of PV inverters by means 
of heater element [5]-[10]. It is required to melt snow in the 
frosty conditions [11], [12]. It can be accomplished by 
providing a solar collector system having at least one 
evacuated tube solar collector, a conductor arranged on the 
solar collector, a power source for sending electricity through 
the conductor, and an indicator connected to the conductor to 
indicate when electricity is flowing through the conductor. 
Such function can be easily implemented by means of 
bidirectional converter. In order to provide bidirectional 
operation the qZS diodes must be replaced by the two quadrant 
switches.  
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Fig. 1. General circuit diagram of discussed system. 
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The conductor is preferably formed from a material 
that heats up quickly when electrical current is applied to 
it. In Fig. 1 this conductor is represented as a heater. The 
electricity flow heats the conductor and melts the snow on 
the collector. 

Fig. 2 shows modified topology with qZS diodes 
replacement.  
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Fig. 2. Single phase 3L qZS NPC inverter with replaced qZS diodes. 

In this case transistors Tq1 and Tq2 control the power 
flow direction. If they are switched off the scheme 
operates as a PV inverter, if they are switched on the 
scheme operates like a rectifier. In the second case the PV 
string is represented like passive load with parallel 
capacitor. DC-link voltage VDC, grid current Ig and voltage 
Vg are the parameters under control. Input current Iin is a 
current in the heater.  

II. DESCRIPTION OF CONTROL SYSTEM

Table I shows the parameters of the discussed topology 
as well as control system parameters used in simulation. 

TABLE I. SYSTEM PARAMETERS  

Parameter Value 

Input DC voltage VIN 220-440 V

Nominal output AC voltage VOUT 230 V

Capacitance value of the capacitors C1,C4 4000 uF

Capacitance value of the capacitors C2, C3 1000 uF

Inductance value of the inductors L1... L4 145 uH

Inductance of the grid inductor Lg 2.2 mH

Switching frequency 100 kHz 

PV panels LDK 185D (180W, 
44 V) 

Number of panels in series 7 

Time constant of PI controller 10-9

Gain of the PI controller 103 

Whereas there is no difference between classical 
three-level rectifier and our case from control point of 

view, the scetch of the proposed control system is 
depicted in Fig. 3. There are many studies devoted to the 
existed possible solutions [13] – [16]. Since the control 
system is not an object of the research we have chosen 
one of the simplest and easy to implement control 
approaches.  

It can be seen that the basic idea is in the DC-link 
voltage control VDC. The error between VDC and reference 
value enters the PI regulator the output signal of which 
defines the amplitude of the grid consuming current. 
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Fig. 3. The sketch of the proposed control system. 

The measured grid voltage Vg is used for reference 
current waveform generation by means of multiplication 
Vg  value by PI regulator output signal.  

Switch control block implements traditional PWM 
technique, that is based on the comparison between grid 
and reference current [16]. 

III. SIMULATION RESULTS

The results of the simulation study are described in 
this section. The main goal of simulation is to confirm 
bidirectional operation capability of the discussed 
topology. 

The PSIM model was used for simulation. Parameters 
are in correspondence with Table I. As it was mentioned 
above the PV panels are represented by means of load 
resistor with paralel capacitor. The PI regulator 
parameters were tuned in order to avoid stability problem.  

Fig. 4 shows transient process of the power flow from 
grid to PV panels. Preliminary the output resistor value 
was 120 Ohms that corresponded to 1.3 kW. We can see 
that DC-link value achieves reference value at the 
moment of time 0.4 s. It should be emphasised that there 
is no any significant voltage or current stress during 
transient response. It is explained by presence of the grid 
side inductor along with the passive qZS network. At the 
moment of time 0.4 s the load goes down to the half of 
initial value. It is evident that minor overvoltage follows 
transient response. Finally we can claim that DC-link 
voltage tends to the reference value. 
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Fig. 4. Transient response of the 3L qZS NPC as rectifier. 

The qZS network was preliminary designed in order to 
provide continuous conduction mode (CCM) converter 
behavior in full operation range [2]. The main conclusion 
from the above presented diagrams is that despite of the 
single phase low frequency power fluctuation the DC-link 
voltage has acceptable minor ripple in the case of inverse 
power flow.  

Fig. 5 demonstrates the diagrams in steady state mode. 
All current and voltage waveforms are in full agreement 
with theoretically expected results. 

 
Fig. 5. The simulation waveforms in the steady state mode. 

Analyzing the obtained diagrams, we can claim that 
when demanded power on the DC-link side goes down 
the low frequency ripple significantly decreases. Also it 
should be noted that power range used in simulation was 
used in order to demonstrate the bidirectional capability. 
In fact the demanded power for snow melting is much 
less. 

 

IV. CONCLUSIONS 
This paper considers the bidirectional operation of the 

single phase 3L NPC qZSI. In order to realize this 
function the two quadrant switches were implemented 
instead of qZS diodes. The simple traditional control 
system of 3-level grid connected rectifier was realised. 
Simulation results confirmed bidirectional operation 
capability of the discussed topology.  

The qZS network has low pass filter features in such 
application. As a result, there are no current or voltage 
stresses during transient response. Also it mitigates low 
frequency oscillation in the output PV heater current. 

At the same time it should be noted that bidirectional 
operation requires transistors with fast body diodes that 
operate like qZS diodes in direct power convertion mode. 
Since the transistor itself must not be fast switching the 
IGBT transistor with fast body diode can be used. There 
is another possible solution based on fast Shottky body 
diode of the SiC MOSFETs that are already available on 
the market. Such semiconductor switches can realize 
bidirectional operation with negligable losses in the both 
energy flux directions.  
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