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Abstract - This work presents development of besic

rectilier operation using Single Phase Matrix Converter
(SPMC) topology. An outline of the basic principle of
rcctifier operation is defined; Insuleted Gate Bipolar
Transistor OGBTs) are used as r power switch and
Pulse Width Modulation (PWM) technique is used to
synthesize the output waveform. The proposed design
cnablcd the uscr to do variation of output voltagc of 5
kHz and l0 kHz switching frcquency using lllodulation
index. MATLAB/Simulink (MLS) modcl is developed to
study the basic behavior of SPMC. Safc commutation
strrteg/ ls developed to evold voltege splke due to
inductive load. A basic load represented by R load is

used for this investigation. Xilinx FPGA is used as a

hcart of the control electronics cmploylng the use of
digitel technique.

Keytord - Single Phase Matrix Converter (SPMC),
Insuletcd Gste Btpolri Tre[slctor (IGBT)' Pulse Width
Modulation (PWM)' Metlab/Simulink (MLS), Xilinx
Fietd Programmabte Gatc Array (Xilinx FPGA).

I. INTRODUCTION

Dcvclopment of adrmced power m{cutductor
dcviccs, increased usage of power switching circuits atrd

otho power elcctronic apptic*ims are beooming a ouillron
plae wiftin modem oommercial ard indus*rial environment
particularly in applications for AC-DC conversions [l]. This
thesis is a research about how power electronics can be

implementing on ernbedded system progrcm. Previous
published works on SPMC operating as an AC-DC
converter includes; controlled rectifier [2], boost rectifier

[3], dual converter [4], regenerative operation [2] and active
power filter function [5].

This paper presents a single phase marrix converter
topologr operation as rectifier. lnsulated Gate Bipolar
Transistor (IGBT) is used as a power switch and Pulse

Width Modulation (PWM) technique is used to synthesize

the ouput waveform. The proposed design enabled to do

variation of output voltage and change the modulation index
and switching frequency externally. Safe commutation
stratery is developed to avoid voltage spike due to inductive
load. A basic load represented by R load is uscd for this
investigation. Xilinx FPGA is used as a heart of the contnol

electronics employing the use of digital technique.

Computer simulation model will be developed using
MATLAB/SIMULINK (MLS) to study the basic behavior
of SPMC.

fi. CLASSICAL RTCNPIER

Classical rectifler normally uses bridge-diode without
affording any control function and is unidirectional in
nature. Bidirectional operation is also possible with the
inclusion of anti-parallel switch in H-bridge topolory but is
not fully controllable [].The circuit required to do this may

be nothing more than a single diode, or it may be

considerably more complex. Classical rectifier has intrinsic
limitation since they are using bi-directional uncontrollable
switches. The most important disadvantages of classical
rectifiem are: low order current harmonics generation on the

AC line, lagging displacement factor establishment to the

utility grid that in its turn consume an important amount of
reactive power, unidircctional power transmission and largc

DC link filter [6]. Basic circuit of rectifier is shown in
hgure l.

Vs

Figure l: BasicCirqril Recifier

III. SINGLE:PITASE MATruX CO}TVERTER

The Single-phase matrix converter (SPMC) was first
realized by Zuckerberger in 1997 [1,7,9] with other works

on AC-AC, DC-DC and some works on AC-DC conversion

[7,13]. This SPMC requires 4 bi-directional switches, each

capable of conducting curent in both directionq blocking
forward and reverse current [4,12]. In the abrnce of
bidirectional swirch module, the common emitter anti-
parallel insulated gale transistor (IGBT), with diode pair is
used. The IGBT were used because of its high switching
capabilities and high current carrying capacities desirable
for high-power applications [8].

The basic component of a SPMC can be described in
Figure 2. This could be used to develop the overall concept
in the implementation of the SPMC. The input source of a

SPMC circuit can be either a DC or Single Phase AC [4.
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oommutation s\ryitch is betwen S3b and S4a Meannhile
for negfivc cycle lhc control slrid (PWM) cr6 ffin off
resultod tlrc in&Hor start to discbsrgB trc comn*ation
switcn is bctwcn S4a md S3b- R€sistor is used as flE lmd
atfreoUprt

FigurE 2 Single Phdc il,Itix Cmrur Ciqif

neuulcatty, SPilIC cm do d tte fun t5pes of power
conversiur; I)C to AC" AC to DC, DC to DC udACloAC-
Howcver thiq wrt will mly focrs m AC to DC SiDglE
Phase ltlaeix Cmverts- The SPMC coosi$ of iryut aed
ouqtr IiE rrith forn{futircctiml switclrcs c in fignc 2
comocting tk singlcphffi furyutb&€ sfuElc ile uilptrt
at the intensectiqr tt0l- The ssiffiing ofthcse bktiroc*irnal
switches is then modulaed using suitable PWM modulation
to produce the desired output voltage and frequency. In this
work a direct AC to DC converter was presented to op€rate

as a direu straight tine wrvermwith simuhforspcwted
using MATLABlSimuIiok I U

SiEb Pfrffi Ccmltr has b€ca pcsced SP[rc
opcrdcs wifi four bidircoftml switchcs in retf,ificr cirwil
Thc cmratioo pmblm mur whcn in&dirt lmd is
used and bocam tlrc ctrracgfiisties of IGBTs [5,151. Tbe
safe cmmrMim sfrdegf was irplersted to avoid
vologe spfte is also dcscribed [41.

ry. PROPOSEDRECTIFIEROPENEUON

The proposed rectifier operation using single phase

matrix eonverter arc shown in figure 5 for positive cyele
with commutation strategies and figure 6 for negative cycle
with commutation strategies. Insulated Gate Bipolar
Transistor (IGBTs) is used as a power switch and Pulse

Width Modulation (PWM) is used to synthesize

the output waveform. The PWM sigrral waveform is shown
in figure 3. The modulation or carrier signal is the output of
muhiplyirg the modulatim indq (MI) wi& per rmit ML
Thc trimgdr wavcfam 'W' S4c is usc r a crricr signd
with swidrirv rcqurcy- Thc proposed dedp coablsdthe
user to do variairm of uxprt vohage lrsing mo&lldion
index witt 5 kHz and lO kHz switddog frrcqrcncy- Safe

commutatiur stmlqgr is dcveloped to avoid vo@c spike
ducto idrctive load

tn oonpmism lte SPMC r€guitEs 4 bidirdimal
switches as illustrated in Figurc it for its reuifia opermioo-
It requires tlr usc of bidircctimal poku swiEt€s caPablc

of blocking voltagc aod cmductiag qlncnt in bo6 direttim
[5,l4l.Thc IGBTs rroc uscd rtrc to ils h*b swilctiog
capobilitics atrd hi& flrrtnt Grryiry cryocitics desfuSb
amongst researc{re s for high-power applicaions [3].

The Foposed rectifier operdion is presented

schematically in Figure 4 based od switching strategies in
Table I. Only three switches are use for rectifier operation.
For this worlg only positive cycle and negative cycle are

usd to implement SPMC as a controlled rectifier. For
positive cycle, Sla was set as control switch (PWM); the

Figue 3: PWMSigd trIavefrm

\m

Figurc 4: Proposed Single Phase Matsix Conv€ttcr Topology

Figure 5: Positive Cycles with Commdation Stralegies
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v. MODELfi.{GA}.{D Sh{ULATIO}.{

Prryosed opqdim is dwclopd ad implemertod
using MATLABlSimulink Soft'rarc (l&S). MLS softwarc
rms used as simotcion tools to s*dy e6 llfuior of
rectificr opcruion- Fa fuipittg md dcvelqnng pow
elctruic circnits widpu srn$b comprdcr simthion ae
extremcly taborious, crror+rutcr timc oonsming md
erryeu*ve- This simuldim bols is to en$uE the cxpeaed
r€stlts is accurde md achiwed- The simulmion has becn
setry b obscrve lhc ctaracHistic of tbc u&t* rtarefqm
hore pmviding fte rcquiled rcstt oou$ut

t

& !

Figure 7: SPMC subcyslcrn modsl in MLS

Figure 7 sbo* thr s$q.scn cdahs in SPMC bbck
furchdes fqn bilirffi switrfies as in Figurc t. The
block diagre of PtrlM/Cmnuaion gilerdfr was $rosn
itr Figure 9- hdodllrtim iulpx (Mt) is multiplitd with pcr
rmit moduldiotr fudex using dot trodrct to go&rcc th
rsferencc signal th€n eG oqfl dgFd is oompsed with
Triangrde wave 'W' $rye to proere PWM orxil*-
Commtafrn b uscd b ttrn OI$ S3b and S{a c pu
ommutaion stratcgics. Simuldirt prmc*Er usod as

furn iE TS[e L Sla iscomoed b PWM ad sin trtr
Cii dnring positive c}rcle PWM d trn OfF &ring
ncgdivc c!&. S3b ad S4a rc comcctcd to lhc comtant
sigml stritfi omttxnusly 0l.l *f,iog posfivc ad ncgilive
cyclc- Otks sxilches arc nr* usod- Table II sboss thc
suitcting stuqies of lte converE-
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Figure l0 shows Top Model of Single Phase Matrix
Converter model as rectifier using MATLAB/ Simulink.
Eight IGBTs with series diodes were used as power
switches for this SPMC circuit. In rectifier operation, Sla
was set as a confiol switch (PWM) while S3b and Ma were

set to be ON continuously.

VL XILTNX FPGA

In this work, as shown in figure I l, the FPGA was designed

using four major components; Extemal Cloclq 'W' shape

carier signal, 8-bit up/down countert Comparator and

Modulation index. The PWM signal was generated by
comparing the 'W' shape triangular wave signal with the
DC reference signal which can be controlled to generate the
required Pulse Width Modulation sigtal. Up/Down cormter
CB8CLED used in this work is clocked at 2.551 Hz to
produce 5 kHz carrier sigrral. Toggle Flip-Flop is used to
count and change the counting direction ofup/down counter.

The counter start to counting from 0 to 255 will count back

to 0 as programmed in the detector.
The detector (DET) module is dweloped using VHDL

program. The detector will detect the clock signal. This
process will produce 'M' shape carrier signal. Inverter,
INV8 was used to change 'M' shape to 'W' shape as shown

in figure ll. This triangular 'W' shape then will be

compared with the modulation index by using 8'bit identity
comparator (COMPMS) and will produce PWM pattem.
The AND gate are used in the switch selector to ensure that

PWM generator with "W" shape triangular waveform
carrier signal was used with 5 kHz switching frequency.
The output of PWM has only positive cycle. 20V AC
voltage source was used as input zupply of the SPMC.
SPMC was connected to the R load with low pass filter (LC
filter) at the output.

Cfftire

po6t i

D3

Lffi
E A(Iut
Cila '5tilllflI

Figure l0: Top Model of Single Phase Matrix Converter as Rectifier in MLS

D7

the PWM pulse follows the switching sratery sequence as

in Table II. Figure 12 shows the overall block diagram of
FPGA PWM generation algorithm for rectifier

The fnst counlef, is used m a switch. This switc,h

module will act as a controller or switch selector. This

switch selector is developed using VHDL program. The

block is used to select which switch should be ON and OFF

at certain cycle. The carrier 'M' shape waveform is shown
in figurE 13. An external main clock was used as a clocking
signal for the FPGA countfr. For this work, 5 KtIz carrier
signal was used. The 8 bit up/down counter, CB8CLED is

clocked at 2.551 MHz to produce carrier signal. The
determination of the clock frequency can be derived from
equation (6. l) to (6.3) based on figure l3:

l
'M fcarfict.

(6.1)

.... (6.2\Tsq
Tcarrier
Steptotol
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To study ttc drmisic of rffier opcrflixL a

cryE sitrrutatidr s*tr8 MATI-ABlStuffi b
e.dqod- Reshs &E *a&trr fu ewry rEdnl#b itrdEK

var*x frrorn 0.1 to l-0 fu sdoctod ffiehiq @r€s{V 5
kllz zOV AC uply is psdL Vollage orsd nd qrrtd
ouENil w€re takrn d lhc t@d hlsc gummr, fte Sla wr
strdegircd to bc sd r PIYM reshod thc Sla sill fiillow
tre PWM sigpd u,tcre eiog 6E pdftirc qqls Sla will
tum ON and will tum OFF during negative cycle. During
this time S4a and S3b also set to be ON with the constant
signal. Figure 14 and 15 are the results ofthe output voltage
rEten dfrclmd fudftrcraModulAi<n hrlcx-

Figurc 14 dro*s thc Feak DC uryn Voltagp b I 24t vpeak
using MI<L5 a 5 tllz sr*itcti4 aod &urt t5
show tte Vod pc* b l-916V at MI={-7 d 5 k}Iz
ssidiry StSGJL ThE nr$lt futrs &c oqn s'
@F yar*rs dEn thc diftratm&laim trder( bsrils
controlloil

figurc 16 d 17 fuirs &c oQot onut rfur
commutation strategy implemented.
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The result shows during the positive cycle, the current
*ill drgc tb fur rod dgiEg thc rcgliw cl6lc, lhc
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Figrrc rt: Fc* @r VoIt=E tu v* pk-'X'i;Fl0llh,
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Figuc 18 ard 19 shows lto rcsrft of fre Peak DC
output Voltage and peak output current MI={.5 at l0 kHz
switching frequorcy. The result shows the peak output
volt4ge is 1.297Y and the peak output current is 0.052A.

ortrrr frEft qr. G f bdlrin hr
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Irrff-rE

Figure 22: Peak OuQut YoltageforYinpeak-.2.0Y,frl kI-Iz and

l0 k[Ia versus MI

TSb trt hcerrge Vd Lutesod with th ctryE of MI

FiBE€ ZI stow ihc greh of pE* o@il vo@c vcrss
ssatf,ire topcy using MH,S adMI{-? tu boaL 5

kHz and 10 kHz switching frequency. The percentage

increase of peak output voltage is about 650lo when MI
changes &om 0:5 to 0.7 for both 5 kHz and l0 kHz
swikhing frequency.
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Figure 23: Peak OuQr$ Voltage versus Switching frequenry ar

MI{.5 and MI:0.7, using Vin peak =20V

B. Result ofXiliu FPGA

Fignrc 2,f $ors ttrc Xiliffi FFGA simdain ugu
rr*rg Xilftrx Fddin Softque. The sim*ai<xt
prydn€ter is sfonila to MIIIIJ\B/ Simulinlc 5 kIIz
s*idingfrryoc5 isused d fumo&*rrim idffi is sct
to O-5" clotft (CLK) is sct lo H) ud wift txud clock
neWcrry 2-55l itdllz Tabk IV $ow rb fd..r ud fdd
1-'5 kl{2zrd l0ktlzswit tirytquurq-

T*lc IV: Th r&ct d 6oct tu 5 kllz rd lO tlh J#f,ttoe
rugry

-BE 3E 3-ius
.r.l.rrJ.r r,l.rrrlr*rlr,lrro&lnln
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The MATLAB simulation result has been presented for
rectifier operation using SPMC topology. Voltage output
and Current Output can be controlled by adjusting
modulation index (MI). The result for Output Voltage and

Output current for Modulation index 0.5 and 0.7 using 5

kHz and l0 kHz switching frequency were presented. The

output voltage and output current are linear correlation to
the modulation index. The operation of using single phase

mafrix converter as rectifier with varialion of ouQut voltage
and output current is achieved by changing the modulation
index. A computer simulation model was successfully
developed using MATLAB/ Simulink to study the behavior
of the converter and veriff using Xilinx FPGA Foundation
Software.

S3b iltd S4a ismtirumls
ONduringborhnqmiwmd

positivc cTcle

i. Rectifier op€ration is successfully developed using
Single Phase Matrix Converter.

ii. Modeling and simulation of SPMC using MATLABI
SIMULINK (MLS) is successfully developed to study
the basic behavior of SPMC.

iii. Pulse Width Modulation (PWM) is successtully
implemented to synthesize the ou@ut ofthe converter.

iv. Xilinx FPGA is successtully implemented as digital
confiol electronic for the SPMC .

Figure 24: Xilinx FPGA Simulation Output fclock = 2.551 [,tr12 fs= 5 kHa tclock =392ns

VIII. COT.ICLUSTON Authors Contribution to Knowledge:

8

f, fu ,ffi
5 klk 2,551MHz 392m
f0 kllz 5-rmMlu l!16 as

therltS

Fositive cycle
Sla follow

PWMoeratim

Negative cycle"
StatrrnOfF
nosigml fiout

IXSTM

-

ryl Zoi!!/djLv rryl

amysuzaima mohd shafiee
Pencil



x. RECoMIIGNDATIoN Fon Furuns
WoRK

This project can bc improved further as per below
recommendation:
i. Rectifier operation can be controlled using PIC, Xilinx

Spartan, Altera FPGA and other simulation tools.
ii. Further investigations may include passive filter design

for current source harmonics mitigation. Active filter
can be used to modifr compensation characteristic for
the dynamic change ofnon-linear load
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