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Abstrucl - This paper presents work or thc modeling,
simulation and cxperimcrtal test rig of siogle phrse mstrix
converter topology as a single phase boost rectilicr
operation. The propose of this circuit is able to gererate the
output voltr8e groater thrn the irpul This circuii employed
eight Insulsted Gste Bipolar Trsnsistor switch$ connected
in cominon e itter conliguratioo in order to perform
bidircctionrl opcration. Thc puhe width modulation (PWM)
technique was used to synthesiz. the output of the snitching
control slgorithm by through crlculating thc s$itch duty
ratio. The commutation strrtegy has been implemcntod with
reduction in spikes, therc was a commotr phcnomcnoo that
hsppens in mrtrix converter topologies. A simulrtion model
b design using MATLAB/Simulink atrd thc results of
simulations rnd experimentrl test rig are presented to
evaluate the behavior rnd feasibility of the proposed

topology.
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I. INTRoDUCTION

Lots of theoretical studies have been investigated on
Matrix Converter (MC) but it still has a limited practical
application in power electronics. The advantage of matrix
converter is the structure was very simple but has
powerful controllability. In 1976 Cyugyi is the first who
was proposed the topology. It shows the matrix converter
offers possible an "all silicon" solution for AC-AC
conversion and eliminates the need for reactive energy
storage components that us€d in conventional converter
system []. Then io 1980 it was followed by Alesina and
Venturini that has representing the circuit as a matrix of
bi-directional power switches that was the modem power
conversion topology [2].

In industrial community and academic, there is
considerable interest in matrix converter (MC)
technology. Therefore the possibility of greater power
density is due to the absence of a DC link in direct AC
conversion. lt was the major benefits that required for the
matrix converter [3]. Besides that, MC is able to operate
in four quadrants of the operation. The operation is

straightforward, by controlling the switching devices
approprialely, both output voltage and input curent are

sinusoidal with only harmonics around or above switching

frequency. Furthermore, MC also has the advantage like
no large energl storage components are required but it
still can design for a large capacity and compact conv€rter
system. Besides that, the power factor is high input that
comes from the clean input power characteristics. It also
has possibility to increase the power density by operate
the system at higher temperatures.

In this work the Single Phase Matrix Converter
(SPMC) topology has been used to control the rectifier by
suitable switching schemes. The first person who was

realized the SPMC topology is Zuckerberger in 1997. The
main power for switching device in this work is using
IGBTS [4]. The objective of this paper is to present a

switching algorithm for control boost rectifier using
SPMC.

II. BOOST TOPOLOGY

In electronics power supplies, to get the output voltage
is high compared to a typical ac input voltage level, so

boost converters are widely used to the system. Using
boost converter the equation outPut will get v-, > vi" [8].

Figure I is the simplest basic topologi of boost which
requires only a single switching device to be controlled.
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FiBure l: Moin Circuit DiaSram of Boost Convenry

II I. SINGI-E PHAsE MATRIX CONVERI-ER

The SPMC are required 4 bidirectional switches and
each switch was capable to conduct cunent in both
directions and also blocking forward and reverse voltage.
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Figure 2b: Bidirectional
Switch Module (comnon
emitts configuation)
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Figurc 2a: Bidirectional Switch
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ln this paper an algorithm is developed tiat enables a

SPMC to perform the fimctions of boost operation of
controlled rectifier. The input in the circuit simulation is

supply with AC synthesizing in the form of DC output
using technique of pulse width modulation (PWM) [5].
Then computer simulation wils design using
MATLAB/Simulink including the switching algorithm to
illustrate its basic behavior and to operate as a conkolled
rectifier [6] .

Therefore, the simulation results are presented to prove
that the proposed technique is feasible. For modeling
circuit a capacitive and resistive load is used to reducing
the complexities of the circuit. Figure 2 consists of a

matrix of input and output lines by designing four
bidirectional switches to connect the single-phase input to
the single-phase output at the intersections. Furthermore
the design is including by common emitter anti parallel
insulated gate bipolar transistor (IGBT). IGBT has been

used because of its function that is high slyitching
capabilities and high current carrying capacities desirable
for high power applications.

IV. CoNTRoLLED BOOST RECTIFIER USINC SPMC

A boost rectifier in this work was provided a higher
output in dc than a given input in ac supply. Beside that an
inductor is placed at the input and the function is lo create
a supplementary voltage source in series with the supply.
Then from a summation ofthe two sources, it can make a
high voltage that can happen because of the stored energr
in the inductor was multiply the voltage through rapid
discharging through switching control.

The operation of rectifier converter has been involved
by the switching sequences of bidirectional switches.
Figure 3 shown that it was controlled to allow only
unidirectional current flow though the load, while the
same time it has capable of blocking voltage. lt is consist
during positive and negative cycle as shown in Figure 4

t71.

The input frequency of power supply in this work is

set at 50 Hz al the fundamental liequency. In this work by
using the four switching state, it can manipulated to
control AC-DC converter.

Figure 4c: Ncgative Cycle With Figue 4d: Negative Cycle Wirh
Current Wave Shaping (State 3) Cunent Wave Shaping (Stde 4)

The operation of boost rectifior regulator using SPMC
is divided into two switching condition, there are either in
positive or negative cycle. The switching condition has

been derived from the PWM switching as shown at Figure
6 and 7. The direction of current during positive cycle is
followed by the 'on' and 'of? of the PwM switching.
During state l, PWM is state at switch S3a and the
functions to control for inductor charging and discharging
for positive cycle. The current that flow at the switch S3a

would now flow througb the load meanwhile the inductor
current falls until the switch S3a is tum 'on' again for the
next cycle. Otherwise the enerry that has been stored in
inductor, L is transferred to the load. Therefore for the
positive cycle operation Sla and S4a were tum 'on'.

Otherwise during negative cycle, s\ itch S4b was
provided a control using PWM. During PWM in 'on'
condition, so the current will flow through the S2b and
when PWM in off condition, then the current will flow
fiom S3b through the load and S2b. Table I and 2 are

showing the 'on' and 'off state of switching operation.
To generate the PWM signal for controlling switches at
S3a and S4b, switching ftequency 5 kHz has been used.

Table l: Switching States for Boost Recti{ier Operation

Mode ON PWlu

Positivt cycl€ S Ia and S4a

Negrtivr rycle S3b and S2b s4b

Table 2: Swilching Slates tin Boost Recrificr Using SPMC

Swit(hcs

slr slb 52a s2b SJ{ s3b Sde s.rb

s
T

T
I

I ON OFI; otjr: OFF oN oIt: OFF oFtr

2 ON OFF ot'F OITF OFI,- otjt: ON OFF

3 OFF OFT; OFF ()N OFF- OFI: OFF ON

-l oFr OFF 0FF ON oFt' ON oFF ofl:

Figure 4b: Positive Cycle With
Cuftent Wave Shaping (Stde 2)
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Figure 3: Boost Recdfier Using SPMC Topology

Figure 4a: Positive Cycle With
Cunent wlve Shaping (State l)
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V. PUtsE wIDTtI MoDULATIoN TECHNIQUE

The most common method to contol the switching
converters is PWM. The basic concept of PWM is by
comparing the carrier signal (triangle wave) with the
reference signal that is a straight line as shoun. It will
obtain the output waveform in a digital signal that
represent by logic "1" for HIGH state (T*) and "0" for
LOW state (T.r), while a stream of PWM train is
produced to control the switches as shown in Figure 5 [9].

P$]Il

I.igure 5: PWM Pattcm

The switching frequency,r of PWM was set at 5 kHz.
The output of PWM is separated by two parts. The first
part is during the operating from 0 to n degrees of sine
wave that was called a positive cycle. Otherwise during
the operating from n to 2zr degrees was called a negative
cycle. Figure 6 was shown the separation of PWM
waveform generation for positive and negative cycles,
while Figure 7 was shown the overall switching sequence
of SPMC.

Xder. ofllr (.djiEbL)

Figure 7: wavefofm of Swirching Pattem for Controlled Rertifier l.lsing
SPMC

Vl. CoMMUTATIoNPRoBLEM

By using PWM switching in this converter, it will
constmct the voltage spikes as shown in Figure 8, that was
a result of change in current if using the inductive loads

[0]. This is because the first cunent spikes will be
generated during short circuit path and secondly voltage
spikes will be induced as a result of change in current
direction across the inductance. Both of these situations
will destroy the switches in use due to stress. So a
systematic switching sequence is thus required that allows
for the enerry flowing in the IGBT's to removed within
the system.

Figure t: Switch Transrtion and Commutation

Besides that, for this pupose a free-wheeling diode
was used in the conventional controlled rectifier.
Otherwise in SPMC this is does not exist, hence switching
sequence are required that could provide a path for current
to remoYed during switch tum off.
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Figure 6i The Separation OfPWM Wavefom Generation For Positive
And Negalive Cycles
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VII. SIMULATIoN MoDEL

The model and simulation circuit is design by MLS.
By using MLS, it can veri$ proposed of control concept.
Figure 9 are shown the subsystem that was small structure
that has been split fiom implementation of the large model
as shown in Figure 12.

To varied modulation index for boost rectifier, the
straight line which acts as a reference signal has been used
to compare with the carrier signal to get the output signal
of PWM shown in Figure 10. This can be done by using
the "Relational Operatof'block. By using the phase

detector function a signal of positive and negative can be
created. Therefore to obtain the desired output signal, the
signal of phase detector should be synchronous with
PWM by using'OR' block fiom gate logic as shown in
Figure I I .

(i) (iD

Figure 9: (i) Bidirectiona! Switch and (ii) SPMC Model in MI-s

Figure 12: Mdn Model ofcontrol Rectifier

Vlll. ExPERTMENTAL VERrrrcATroN

The experimental test rig was design by follow from
the circuit of simulation by MATLAB/Simulink. ln this
session phase detector circuit has been design to mmbine
with the microconholler PIC l6F84A. lt is function to
generate the pulse width modulation (PWM) switching
signal and the phase detector signal to connect to the
switching for positive and negative cycle. ln this project,
frequency -50 Hz is used for the phase detector switching
signal meanwhile 5 kHz and I kHz is used for the
switching frequency. The result simulation using
MATLAB/Simulink and the experimental test rig was
compared by using the same specification values of
component are tabulated in Table 3.
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Figur. lJ: Flowcharl For Switciing Algorithm In SPMC

Tahle 3: Parrmeter ofSPMC
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Figure t0: (a) PWM GerErator Modole Compared Phasc Del€ctor by
Using 'OR' Gare Blook (b) Phas€ Delector Module
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IX. RESULTS AND DISCUSSIoN

The results simulation for this work has been shown in
Figure 14 to 19. For figure 14 to 18, the results has
divided by (a) and (b), which (a) was the result during
switching frequency is 5kHz and O) was the result during
switching frequency is I kHz. The results output volage
during switching frequency,.S at I kHz is higher than
using F at 5 kHz Besides that all the result of boost
rectifier has sho\a,n that the output voltage is greater than
the input voltage which is l2V (ac) at 50 Hz &equency.

Meanwhile the output voltage is repres€nted in dc
which is only creating a straight line; while the input
voltage is create a sinusoidal waveform. Figure 20 and 2l
shown the result from experimental test rig. Figur€ 19 has
shown that the output voltage was increased
proportionally with the increasing of the modulation
index. Therefore the output voltage during f at 5 kHz is
smoother rising but the result during f at I kHz has
created a linear graph.
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X. CoNCLUSToN

In this paper it has briefly illustate that the
rectifier using SPMC topolory can operate successfully as

a boost converter. Simulation results shows that an

algorithm can be generate the output voltage higher than
the input voltage. The value of the output voltage is
created follow the value of modulation index. This is

because the modulation index has been generated by
switching frequency. Besides that, the experimental result
also shows that the output is higher than the input. This
project has been success because the objective was
achieved. The results show that by increasing the
modulation index, it can generate the increasing of output
voltage. This paper shows that the SPMC was effectively
used for the design of controlled boost rectifier
application. In additional the SPMC also can be used for
the controlled switching inverter application. Ln th€ other
hand, for advancement the switching SPMC could be
design less than eight main switches for future research. It
might be able to reduce a cost of a switch.
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