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Abstract- An array of m*n bidirectional power switches is
directly connected to the m-phase source and n-phase load is
referred as a matrix converter. The forced commuted
cycloconverters is described as a Matrix Converter (MC):
various researchers are carried out form last few vears. The
increasing research work in matrix converter (MC) draws the
attention towards the characteristics, topologies and advantages
of matrix converter. The previous work explored the idea about
development of matrix converter topology: semiconductor
devices and the matrix converter application are presented.
This paper is discussed about different topologies such as
indirect matrix converter, direct matrix converter, Z-source
mafrix converter with reduced number of switches. The
drawback of conventional matrix converter such as onlv buck
or boost capability can be solve in Z- source matrix converter.

Ke}-’\&'ords—.‘ld'arrix' Converter (MC), Z-Source mairiv

converter (ZMC), AC-AC Converter,.

I. INTRODUCTION

The matrix converter received the more attention towards
in recent year; because of their extensive characteristics and
feature. The first time review of the MC technology was
developing in the 2002 by Wheeler et al”. In that first review
singe stage matrix converter idea is explored and solves the
commutation related problem in matrix converter [1]. The
most useful features of power electronic converter are as
following:

1) Sumple as well as brief power circuit;

2) Production of load voltage with mstantaneous amplitude
and frequency;

3) Smusoidal input as well as output currents;

4) Unity power factor operation for any load;

5) Reproduction capability.

The tremendous interest in the matrix converter topologies

1s because of the above stated feature and characteristics are

easily achievable i the MC. The very inferesting

characteristics of matrix converter such as sinusoidal mput

output waveform controllable power factor, four quadrant

operation and avoidance of large storage element [1]-[4].

The Previous researches have carried out in control

methods, theoretical analysis, and implementation issues

related to the MC [1]-[7]. These researches gives the better

alternative  scheme than conventional back-to-back
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converters because of in proposed research [11] use the
reverse blocking insulated gate bipolar transistors (RB-
IGBTS).
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Fig 1: Three-phase Voltage Source matrix Converter

Fig. 1 [12] shows the configuration of a three-phase
voltage source matrix converter (VS-MC). The voltage
source matrix converter consist the mine bidirectional IGBT
switches which are controlled by an appropriate modulation
index. The VS-MC can produce a desired ac output voltage
as well achieved the unity power factor as well as
controllable input current waveform [1]. The VS-MC i1s
fed by an ac voltage- source through the capacitive filter
and comnected fo the load. The operating principle of VSI
(Voltage Source Inverter) is same as the Voltage Source
Matrix converter (VS-MC). For the production of active
voltage at the load always connect the one of input voltages
to each selectively output terminal and for production of a
zero voltage always connect the output terminals to the one
of input source terminals. The VS-MC features inherent buck
operation with the maxumnum voltage ratio of 0.866 [1].
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Fig. 2: Cument Source Mamix Converter

The C5-MC iz supplied by a cwrent source through
mductive Slter, and the load has to BLC. The oufput voltage
of current souwrce mamix converter i= always greater than
mmput voltage and the C5-MC cannot have open-cirowit fo the
inpui side amd shorf-circuit to the oufput side. The buck-
hoost mamiy converter is made up of the combination of both
VEMC (Voltage source mamiz comverter) and CS5-BIC
(Current source Mammix coowverter). Therefore bock-boost
maimix converters inclode 18 ac bidirecional switches and
operated in two stages which increase in high cost, complex
control swategy, low efficiency as well as low reliability. The
short circwit and open circwit at owiput and mpot side of
current SoUrce matrix comverter is aveided by using proper
comumistion method and safe switching. The latest
development in the Z-source mamiz cooverer gives the
inherent buck-boost capability [8]. However, the frequency is
not changed in their Z-source AC/AC comverters [9], [10].
This paper is explored the meviews on Z-source mamix
converters (Z5-3Csz) along with different topologies of
AT COnVeriar.

IO MCTOPOLOGY ANDDEVELOPMENTE

A. Basic Wairix Comverter Topalogies

Matrix converter is defined as Forced commutated ac-ac
converter topologies which cam provide instanmnecos
amplimde and fequency mansformation of mmli-phase
woliage-ourrent systems without nse of energy storage. [34].
MCs can produce the simmsoidal input owments and ouwfput
woltages with |higher elecmcal oupur Sequencies.
Mowadays, the direct or conventonzl maTix converter is
referred as 3 three phases to three phases Half-Brdge WC
topology (Fig. 1) [12]. The direct or coowventional Mamix
comvertar is operated n one semiconducior siages by nsing
an array of mine conmitolled bidirectional switches, The
second topology is Indirect Mamix Converter is shown in
Fig. 3[13] but it can operated on two-stage (ndirect) power
Conversion, one is unipolar ourent source mpul stage with
six bidirectional switches and other tao level voltage source
converter output stage. The resesrcher WVentunni and Alesina
in 1980 develop the acmal high frequency CMC topologzy

[12]. The power cicwit of the CMC with bidirectional
switches is described as a Mamx Converter. To prowve the
concept of Matrim Converter im practical System various
applicaton research project is condocted such as AC mofor
drive supplied by CM5s. Meft apd Schawder in 1983 [15] has
carried out the experiment successfolly on vector conmol of
inducton machine nsing CWC.
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Fig 3: Indirect Matriz Converter

In 1986 Ziogaz recommend an indirect MC topology.
which 1= similar to the Vollage Source Back-to-Back
Conoverter (V-BEC) without 3 dc link capacitor [16]. The
indirect Me-topology cannot provide the sinusoidal input
current and it named as Fundamental Frequency Front- End
Cooverter by Gopfrich and Febersh in 2003 [17]. This
drawback is overcome in the implementation of 3 separate
impur stage for each inpur phase propesed in 1988 by Mino et
al im [18].

The three phase to ingle phase MC topology is explored
by Jomes and Bose in 1984, In 1997, Zuckerberger exhibit
the operating principle of 3 single-phase o single-phase MC
[19]. The major step is taken in the 200§ by reducing the
oumber of switches for further development of MC topalogy
it s known as Sparse Bamx Cooverers as shown im Fig
4[14]. The researcher Kolar et al" camied ount the
experimeantal resulis oo 8 Very Sparse Mamx Converter [14]
(Fiz_ 5). The same concept was propesed m 2002 by Eolar et
alfor about the Sparse Mamix Converters which is known as
Ultra Sparse Mammix Converter as shown in [34] (Fig ).
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Fig.5: UlizaSparse Mamx Converter

B. Z Source Mamrix Comverter Topologies

The both Voltage-source Mamix converter and the Camment-
spurce Mamix converter have the following common

problems.

1} The Z-source maiTix COOVENRET is canmot act as a
Buck-Boost cooverter bart it acis as a either buck
comvertar of boost operation. That means, the back
and boost comvertar has limited output and itis a
smaller or greater then the cufput range.

2} Their main cirouits cannot be interchangeable becanse
it canmot be act as an I-source as V-source comvarier
or vice versa. That is in other word neither the V-
SOUTCe COOVEIter main cirowit can be wsed for the I-
SOUICe Comverier and wice versa.

3} They have vulnerable to EMI noise in ferms of
raliahilicy.

The abowve problems of conventions]l Voltags-source and
Current- source CoDwerter is overcome by an impedance-
source {(or impedance-fad) power cooverter (known as Z-
source converter). The contmol methed of mmpedance power
converter is implementng dc-te-ac, ac-te-dc, ac-fo-ac, and
de-to-de power conversion has been recently explored in Ge
and Peng [11]. The Fiz. 7 and Fig. § shows the Z-source
maimix comverter (Z5-MCx), which consist three parts such as
source-side MC, Z-source network, and lead-side MC. The
Z-zpurce ioverters has two ope can be & wvoltage-fed and
current-fad types. The Voltage fed Z-source matrix convertar
iz shoam inm Fig. 6, while mm Current-fed Z-source mamiz
converter in fizg 7. The main feature of the Z5-MCs is to

satisfy for both bock and boost operation That is, they can
step down or step up the source woliage. The simplified
curreni-fed Z5-MC is display in Fig 9@ in that Sgure the
source-side MC m Fig 7 is replaced by & thres-phase ac
switch Sy. The operation of simplified voltage-fed Z5-MC is
sams s the wadidonsl V5-MMC in Fig 1 when the three-
phase switch 5:1s kept on,
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Fig. &: Volmge Fed Z-souwrce Converter
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Fiz 7. Current Fad Z-source imvertar

For producing the acive voltage and zero voltage to the load,
which is nothing but a3 bock mode. The voltage boost is
required the shoot-through state is mmserted in the PRI
pulses of MC. To aveid the short circuit at input side, the
three phase switch is tuwmed off during the shoot through
siate. The voltage is boosted with some distortion of orginal
indented outpui voltage waveform by shooting-through the
MC during the zero-voltage switching states. The lomger
shoot-thromgh interval is obtain the gyester the ouiput
voltage. Also, it has minimuwm oomber of switching count
compared with curent fed Z-source inverter. The simpliSed
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curent- fed Z5-MC in fig. 10, in which the spurce-side MC MCs The feature of guasi Z-source MC have infinite
iz replaced by a three phasa saitch woltzge zain and minimurm oumber of source neraork.
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Fig. §: Simplified Voltage Fed Z- Source Inverter
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ol The possibilites of the implementston the bidirectional
R I switch with IGBT: are presemted im Fig. 1Z[34]. The
L configuration in Fig. 12{a) inchide only ome active switch.

[?.
F

3 - : Howewer, it caonoi be msed m MCs with most safe
00— comrputation methods. I Sgurel? (b-F) confizuration have

minirmmn mumber of conducting component in supply to load
current path than fSrst configuration. That's why if can be
nsed for two stage MC wpology. The common-emitter amd

Fig. O Simplified Current Fed Z- Source Inverter

common-collector configuration and their combinaton are the
— — more popular in MO switches. [1]. The both commmon-ermither
\ and common collector have a single active switch and a singls
.\ -‘-L:'| Lol B diode conducting per output phase The only difference is the
" \ R P mumber of requited isolated emifier potentials. A common-
\ \ collector switch- based DMC requires six isolated gate control
SO 50 units whils the common-emifter-based DMC requires nins
& I]T' . isolated gate conirol umits. That's why always common-
i '\?. '\1\ \,& \ collector switch-based DMC is prefarred.
i - sy The separated series combinations of dicds and switch in
{o fig. 12 {d—«) are not mostly nsed than previous two and they
Jtﬁ Jb T have similarities with the switches required in he current
o T e Wl I/ source converter (C5C). However, differences arize with the
' Iy momber of isolated gate dovers: with the DM, the
4 il B ¢ configuration in Fiz 15(d) requires eighteen izolated gate
Tl drivers and the confipuration in Fig. 15(e) requires only six,
i | ":I""j" | as in the common-collector configuration
) L | The similarity berween the MCs and the CSCs is
- | providing the benefit due w the BRBIGBT: Fiz 15(f)

. o ) [18].The coocepi a single FBIGBT conducting per owiput
Fiz 100 Simplified Current-fad Z Sowrce Mamix  ppoce The result of full DMC system with 18RBIGET are
Converter explored and voltags is lower than 400 WV, eg. in [19], [20].
The voltagefed and cumentfed gquasi-Z-source matrix In addition, there seem to be differences which depend on the
of the quasi Zsource MC is similar to the simplified Z5-
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Fig. 11: Bidirectional switch confipurations in practice: (3)
switch and Diode Bridge, (b) commmon- emitter, (C) conumon-
collector, (d) dieds and switch in series, () diode and switch
in series and (f) anti parallel RBIGET confi guration.

EB. Imteprated Power Module

The common emitter biditectional power switchas cell is
passible to design using discrete components, but it is also
possible to design a complete matrix converer with six pack
IGET module. This technology can be used to develop a full
mMAmx converter power ciromt n & smgle package This has
bean done by Eupec using devices connected in the common
collector configuration as shown i Fig. 12 [21] and is now
available commercially.

IV Conclusion

I AC drnve application Mamix Converter ic widely usead
8: compare to the other cooventional Mamix Conwerter,
Matrix converter circuits offer varous advantages such as 1.
Suppression of power harmonics: Fealizes less than 7%
THD of input current and more than 98% inpui powesr Scior
withont any specific measures taken. 2. Longer operating
life: The main circwit does not contain the sophisticated parts
such as capacitor, that's making increase the operating life of
main converter and sl mcresse the maintenance times.

3. Elimination of derating. With the elimination of
Cument consticion on amy specific device, the reduced
operztion during low-Tequency operaton is unnecessary. 4.
Power regeneration: Unique bi-dirsctional switches provide
the continmwous regeneration Hizh-efficiency: Dme to the
connaction of bidirectional switches to the power supply and
load, it allows hisher efficient operatdon a3 compsare to the
comventions] comverier. However the wvamous researches
explored the various application of Mamix converter from
last thres past year decades. The reason for the same Hll now
is the low input to ouwiput voltage transfer ratio of 86%. Buta
major fuhure task of research is seen to use recenily proposed
Z spurce converter topology to improve the voltage tramsfer
Tatie of matrix comverter.
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