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ABSTRACT: The three-level neutral point clamped quasi-
Z-source inverter has been proposed recently. Dueotits
features the neutral point clamped quasi-Z-sourcenverter is
especially suitable for renewable energy sources. iBh
topology requires special control methods and respévely
new element basis can be used for control implemeatton.
Current paper describes the control system implemeasd,
based on FPGA for a three-level neutral point clamed
quasi-Z-source inverter and the control signals ofatined.

KEYWORDS: FPGA, control system, three-level inverter
neutral point clamped inverter, quasi-Z-source inveter.

1 Introduction

A new modification of the quasi-Z-source invertex,
three-level neutral point clamped quasi-Z-sourceiiter,
has been proposed recently [1]. Its topology isnshin
Fig. 1.

switching and balanced neutral-point voltage losises
comparison with the traditional two-level voltageusce
inverter [1]. Due to the above features the neytaht
clamped quasi-Z-source inverter is especially blatdor
renewable energy sources.

To manage the 3L-NPC gZSI eight control signals
applied to the gates of power switches (e.g. MOSFET
IGBTs) and a shoot-through separately formed signal
required. Finally, the generated shoot-through orewill
be mixed with other control signals. These sigisaisuld
be shifted and have different shape. To satisfyhsuc
requirements using microcontroller will be quitéfidullt
and therefore new element base for control is rsacgs

2 Basis for Control Implementation
In recent years implementations based on Field

This topology is a combination of the quasi-Z-seurcProgrammable Gate Arrays (FPGAs) have become

inverter (qZSl) and the three-level neutral poitatneped

common in different areas of electronics.

inverter (3L-NPC). The new converter comprises There are many studies devoted to embedded systems

advantages of both of these topologies: it can bark
boost the input voltage, it has excellent shorcuitr
immunity and due to the multilevel topology, higheegy
density is attainable [2].

L}
Fig. 1. Neutral point clamped quasi-Z-source insert

(Systems-On-Chip) that cover the main problemdeirt
usage, both in the industry and academia. Accolyling
each year at the most prestigious conferences ruser
papers describing the newest features of FPGAs have
been reported. For example, in some cases if we, itae
possible now to emulate large systems that canest be
placed into existing FPGA [3]n turn, the possibilities of
FPGAs (due to their advantages, such as fast ppatay,
reprogramming, high operating frequency, and palrall
processing capabilities) are increasingly used omwey
electronics to control the DC/AC converters (ineesj in
order to achieve the desired output voltage. The
implementation of control for various types of \agje
source inverters (VSI) using FPGA was proposedin [
[5] and several practical examples of its applaati
demonstrate the utility of such approaches.

In addition to the above features of FPGAs, there i
also the possibility to use the Nios Il embeddestpssor,
which can be built by a designer through a softvié}e

The digital Sinusoidal Pulse Width Modulation
(SPWM), typically based on microcontrollers (MCUSs),
Digital Signal Processors (DSPs) or FPGAs, is comigno
used to realize the control algorithms of the DC/AC

Each leg of the neutral point clamped quasi-Z-seurdnverters [7].

inverter consists of two complementary switchingaf
transistors and four anti-parallel diodes (Fig. 1).

Many researchers have chosen to implement PWM by
DSP or MCU. This approach has the advantages qflsim

This topo]ogy has also such advantages as Conﬁnu(ﬁjrcuitry, software realization and ﬂelelllty M@ver,

input current, the possibility to use shoot-throufgwer

there are also several disadvantages [5]:



Up to 1.8x and
on-average 1.2x highe
performance

* If the DSP or MCU is not able to provide enough o Jn High-performance
chip peripherals, such as comparators and dead-time FPGAs comparison:
controllers to support the PWM outputs, extra hamw | Altera's Stratix 1| FPGAS vs.
circuits need to be designed to cooperate with the Xilinx's Virtex-4 FPGAs
controller. Low-cost FPGASs:

* As the levels of the inverter increase and theiiter | Altera’s Cyclone || FPGAS vs Up to 2x and oraverag
structure becomes more complex, the programmingedf |  xilinx's Spartan-3 FPGAs 1.5x higher performande
corresponding PWM in the DSP or MCU becomes one of
the most time-consuming tasks. Based on the benchmarked data [14], the Cyclone I

Accordingly, when dealing with the implementationdevice family operated at over 200 MHz in 9 of thé
of the control system for a multi-level invertes, a rule, designs and one FIR design exceeded 300 MHz. Nbne o
FPGAs are used. The FPGA-based control systema fothe 17 designs in Spartan-3 devices operated apode
3-level inverter are described in [8], [9], [10]cafor a MHz. In addition, Cyclone Il FPGAs outperform Syaart
5-level inverter in [5], [11]. 3 devices in all designs benchmarked. This perfooea

However, despite the wide opportunities of theadvantage can directly translate to higher chacmeht or
FPGAs, some developments to manage the converters @wer cost for typical designs.
performed using with FPGA an additional microcolmo
[8] or a digital signal processor [5], [9] to caate the 3 System Description

=

reference voltages. ) Fig. 2 illustrates the proposed functional struetof the
There are many studies where the control systegstem. The direction of control is shown by theas.
based on FPGA is used to control NPC inverters[19], In the current work the above control system fa th

[12]. In [13] it was proposed to use FPGA in order 3| .NPC qzSI was built based on the FPGA Cyclone I
control a Z-Source inverter for a wind energy coBih  Ep2C5T144C8 from Altera [15]. In order to implement
system, although no corresponding experimentallteesuthe control algorithm the VHDL was used. VHDL is a

have been presented. . _VHSIC (Very High Speed Integrated Circuits) Hardevar
Currently no studies are available that deal Wwitlhescription Language.

building a control system based on FPGA to manage a The control system, in additon to FPGA, also
3L-NPC qZSI, because this topology has been praposgontains Matching Board and Driver Board. An ogitic
quite recently. connection between the Matching and Driver Boams h
In this paper the control system based on FPGAforpeen provided. In this way, the system can be mehag
3L-NPC qZSI will be described and the obtained mint far a5 it is limited by the length of fiber. Theiler Board
signals will be presented. In addition to the abovgpntains eight channels each of them consisting of
advantages, the use of FPGA makes it easier t@emmmt ecejvers (HFBR-2528Z), driver ICs (ACPL-H312) and
a shoot-through mode that is important for the Wivenecessary passive components. The drivers aretidirec
topology [1]. controling the MOSFETSs of the NPC-qZSI. The output

There are numerous FPGAs families available tQotage from the NPC-qZSI is connected to the power
choose from different vendors. In some designs tgd through the output filter.

manage the power converters the FPGAs of Straliri{4
Cyclone [6] families from Altera Corporation wereedl.
In other designs the FPGAs of Virtex [7] or Spartah] Matching
families from Xilinx Corporation were used. Board

Table 1 shows the comparison of the performance
DSP applications in Altera FPGAs with DSP processor
as well as competitive FPGA offerings. In additidhe
detailed performance data for Cyclone Il and SpaBta
FPGAs is presented in [14]. Altera’s low-cost Cywdl
FPGAs offer up to 2 times higher performance and a
average of 1.5 times higher performance than thiexXi
Spartan-3 family.

Driver

NPC-qZSI E

Qutput
Filter

Fig. 2. The structure of the system

TABLE 1
ADVANTAGES OFALTERA DSP BERFORMANCE The principle of building the control signals thgbu
Comparison Category Altera Performance F_PGA using a special modulation technique is shawn
Advantage Fig. 3.
Altera FPGAs vs. 10x DSP processing
DSP processors power per dollar
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One modulating sinusoidal wave and four triangular
carriers Carrier 1— Carrier 4 are compared in order to
obtain required states of the switches T1, T2, T and
switches T3, T4, T7, T8 have the complementaryestat

respectively (Fig. 1). :
Carrier 1 is used also to generate the shoot-through m
states being compared with a constant that inclides :

desired value of the shoot-through duty cycle. @tieg i
in this way, uniformly distributed shoot-throughatss ® g ' —
with constant width during all the output voltageripd

The abovementioned modulation technique has been =

developed in order to provide the necessary quafityhe

output voltage with gain capabilty [2]. . - -

Fig. 4. The control signals applied to the gatesvafches
without the shoot-through state (a) and scaling (b)

4 Experimental results lgm..:‘:: e R =
. . . . ac soo || on (o ||_zomiz el More b
The results of the experimental investigations loé t (@)
control system have proved suggested work of tHeA=P i
based control system to be applicable for the NBSl g T
The signals applied to the gates of the power coerve -

=]

switches (MOSFETs were used) in the case withoait th
shoot-through state are shown in Fig. 4. - : T
The signals applied to the gates of the power cveve | UL : M I
switches in the case when the shoot-through state w
used are shown in Fig. 5. The shoot-through states W
distributed during whole low-level time of gate tages. e B
In both of the figures only the gate signals of the | - | [ | e
switches T1, T2, T5, T6 have been presented bedhase )
above switches have the complementary state with
T3, T4, T7, T8 respectively.
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Fig. 5. The control signals applied to the gatethef
switches with the shoot-through state (a) and 3gdh)



The amplitude of signals formed by control systenfb]
and applied to the gates of power switches is 1Thé
modulation frequency of the control system is 2 kH
is also evident that the load per each MOSFETfferéint
and the most loaded switch is T5. The frequencyhef
output voltage formed by 3L-NPC gZSl is 50 Hz. [6]

As can be seen the control system forms necessary
shape of voltage for each gate. Four control sgfaalthe
gates of MOSFETs T1, T2, T5, T6 have different duty
cycles and shifting. Therefore such required sigcain’t
be obtained using microcontroller's PWM, but it bav [7]
been done using FPGA.

5 Conclusion

In this study the implemented control system basethe
FPGA Cyclonell EP2C5T144C8 using a special
modulation technique for a three-level neutral poin[8]
clamped quasi-Z-source inverter has been descabed

the obtained control signals for power switchesehlaeen
presented. The results of the experimental invastigs

with as well as without shoot-through states hanoegd

the suggested work of the FPGA-based control system
be applicable for 3L-NPC qZSI. (]
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