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Abstract— This paper is concerned with the process of
current commutation and overvoltage protection in matrix
converters. The mechanisms involved in the commutation
process and clamp circuit are described and simulation
waveforms are presented. A four-step semi-soft commutation
strategy is described that this technique relies on knowledge of
the output current direction and the ability to control the
direction of current within the switches. Also a clamp circuit is
demonstrated by simulation as an overvoltage protection for
matrix converter. Simulation results are presented using a
simulation model of the three-phase direct matrix converter in
MATLAB/Simulink.

Index Terms—Direct matrix converter, switch commutation,
overvoltage protection, clamp circuit, numerical simulation.

1. INTRODUCTION

UE to the recent attention to the renewable energy

systems, various distributed generation (DG) systems,
micro-grid structures and converter topologies are proposed
in the literatures [1]-[3]. Although some of the renewable
resources such as solar and wind, have been used for many
years, there is still a serious concern on their integration into
the conventional distribution networks. This has emerged the
concept of micro-grids and the energy transfer between the
micro-grid and the utility network. Matrix converters can be
used as bidirectional link between the ac micro-grid and the
main grid to control the energy transfer and power flow
effectively. The study of the matrix converter has been going
on for the last 35 years. It is hoped that the AC-AC matrix
converter topology will replace the traditional AC-DC-AC
converters since common converters are bulky and costly.
Matrix converters (MCs) are a group of AC-AC converters
that connect directly a three-phase source to a three-phase
load and are able to convert energy of the ac-source to
variable output voltages with unrestricted frequency without
using the bulky energy storage elements, which generally has
limited lifetime. Recently, MCs have received extensive
research attention in the wvariable voltage and variable
frequency AC drive applications because of their distinctive
advantages such as high quality sinusoidal input and output
waveforms, adjustable input power factor, lack of bulky
energy storage components and capability of regeneration
[4]-[7]. The major disadvantage of MCs is limited voltage
transfer ratio (0.86).

There are some operational limitations in all matrix
converter topologies. Because of the inductive characteristics
of the load, if the path of the load current is cut for any
reason, over voltage will occur in the output side thus the
load current path must always be closed. Also to avoid input
current spikes, the input source phases should never be short
circuited, so that every output phases must be connected to an
input phase at any instant.

On the other hand achieving the simultaneous
commutation of controlled bidirectional switches used in
direct matrix converter is very difficult without generating
overcurrent or overvoltage spikes that are destructive for the
power semiconductors. This fact used to be a limitation for
practical implementation of the MCs and negatively affected
the interest in this AC-AC converter. Fortunately, this major
problem can be solved with the development of various
multi-step commutation strategies that allow safe operation
of the switches.

The remainder of paper is organized as follows. First, the
basic switch commutation explanation will be given, and
some general commutation for direct matrix converter will be
mentioned. Four-step semisoft commutation strategy is
analysed, and a general approach for clamp circuit design as
overvoltage protection is proposed. Next, the simulation
results are presented, and the functions are validated by
simulation using MATLAB Simulink. Finally, conclusions
are drawn in the last section.

II. SWiTCH COMMUTATIONS

As there are no natural freewheeling paths in MCs, reliable
current commutation between switches is more difficult to
achieve than in conventional voltage source inverters.
Common method in voltage source inverters is the dead-time
method. The load current freewheels through the anti-parallel
diodes during the dead-time period. In matrix converters,
however, using dead-time commutation causes an open
circuit in the load side that will result in large voltage spikes
across the switches and could destroy the MC unless snubber
or clamping circuits are used to provide a path for the load
current during the dead-time period. In this method, the
energy in the protection circuits is lost during every
commutation. Fig. 1 shows the schematic of three-phase to
three-phase direct matrix converter with input filter and three
phase RL load. For safe switching, it is necessary that no two



Fig. 1. A three-phase to three-phase AC-AC matrix converter

bi-directional switches of the MC connected to an output
phase be turned on at the same time, because this might result
in a line-to-line short circuit and could destroy the converter
switches. In addition, the bi-directional switches connected to
each output phase should not all be turned off at any instant,
as creates an open circuit in the converter that results in the
absence of a freewheeling path for the inductive load current,
a large voltage spike that could destroy the switches. To
prevent the commutation failure caused due to the practical
limitation of the bidirectional switch, a special commutation
strategy can be chosen for that purpose such as one, two or
four-step commutations.

Information about the actual current direction in the
involved output phase is necessary in four-step commutation
strategy. Also, the two-step commutation method depends on
the relative input voltages magnitude [12] and the one-step
commutation depends on the knowledge of both the direction
of load current and the relative input voltages [10].

III. FOUR STEP COMMUTATION METHOD

When the commutation of an output phase between any
two input phases is required, it is not possible switching off a
bidirectional-switch and switching on another bidirectional-
switch simultaneously due to the different propagation time
delay of the gating signals and different turn-on and turn-off
times of the IGBTs.

Fig.2 shows connection of two phases of the input source
to the first output phase to illustrate the commutation
problem. If any bidirectional switches S// or S/2 are turned
on before the other switch is turned off then a short circuit
path is established and current spikes generated this way are
destructive for the switches. Similarly, if any of the switches
is turned off before the other switch is turned on, then an
open circuit occurs in the output side and freewheeling path
for the inductive load current is necessary, otherwise voltage
spikes in the inductive load, will destroy the converter
switches. In steady state, when the output phase is connected
to an input phase both of the IGBTs in the active bi-
directional switch have to be turned on to allow both
directions of current flow. Due to the time required to turn on
or off an IGBT, to avoid open circuit and short circuit and
consequently avoiding over voltage and over current spikes, a
number of commutation approaches have been proposed.

Fig. 2. A typical two-phase to single-phase converter circuit illustrating
commutation between two bi-directional switches

(d)

turned-on but not carrying
the load current

turned-on and carrying the
load current

(e)
Fig. 3. The four-step semisoft current commutation (a) A steady state of the
converter, where the load current is carried by switch S7/ (b) Step-1, turning
off the idle switch S//y (c) Step-2, turning on the incoming switch S72; (d)
Step-3, turning off the conducting switch S/, (e) Step-four, turning on
switch §72y so that reverse current direction is possible, another steady state
of the converter, where the load current is carried by S72

These methods depend on the knowledge of a reliable
load current direction or the relative input phase voltages
magnitude. The commutation method that is presented is
based on load current measurements and a circuit is needed to
detect the direction of current flow within the bidirectional
switches. This strategy does not rely on the matrix converter
modulation algorithm [11]. The following explanation
assumes that the load current is in the direction shown in Fig.
2 and at first the bidirectional switch S71/ is closed. When a
commutation to S22 is required, the current direction is
needed to determine which IGBT in the active bidirectional
switch is not carrying the load current. This device is then
turned off. In this case S7/x is turned off. The device that will
conduct the current in the incoming switch is then gated
(8123 in this example) and the load current transfers to it
when the outgoing device (S714) is turned off. The remaining
device in the incoming switch (S/2x) is turned on so that a
reverse direction is provided for the load current as shown in
Fig.3. This process is illustrated as a timing diagram in Fig.4,
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Fig. 5. Logic state diagram for one output phase, four-step commutation
strategy

the delay between each switching event is determined by the
device characteristics. Fig.3 shows the general state diagram
of the commutation strategy under the assumption that
initially S77 is on and S/72 is off.

IV. OVERVOLTAGE PROTECTION

The matrix converter topology needs to be protected
against overvoltage and overcurrent situations. Due to the
lack of an energy storage element, this topology is more
sensitive to disturbances and input source changes which may
cause hardware failures. Any issue in switching commutation
process would cause short circuit of the input source or
disconnection of the load current. Possible overvoltage on the
input side caused by the converter power-up and also turning
off the matrix converter during an overcurrent event on the
load side, are the other reasons of overvoltage. A clamp
circuit protects the power converter switches from
destruction when a fault occurs.

A typical clamp circuit for protection of a matrix
converter is shown in Fig.6. The circuit consists of two
rectifier bridges using six fast-recovery diodes at the input
and output of the converter. The capacitor C. takes the
commutation energy and the resistor R. can discharge the
capacitor. The total energy stored in a three-phase inductance
carrying sinusoidal balanced currents is calculated as:
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Fig. 6. A traditional clamp circuit for three-phase to three-phase direct matrix
converter

TABLE I
POWER CIRCUIT PARAMETERS
Parameter value
Input source voltage (amplitude) 320V
Source frequency 50 Hz
Switching frequency 10 kHz
Simulation sampling period 2us
input displacement angle 0
Input filter capacitance 8 uF
Input filter inductance 2 mH
Input filter damping resistance 60 Q
Load inductance 10 mH
Load resistance 50 Q
Clamp capacitance 3uF
Clamp resistance 100KQ

where Q; is the total energy stored in the three load
inductances to transfer to the clamp in the case that the
matrix converter feeds a passive load, and i, i, and i. are the
rms currents of three-phase load.

V. SIMULATION RESULTS

To test the commutation technique and clamp circuit, a
three-phase to three-phase direct matrix converter with an RL
load has been simulated using MATLAB Simulink. Table I
illustrates the parameters of the power circuit. The converter
is controlled with space vector modulation using double-
sided switching pattern and one zero vector [6]. Fig. 7 shows
the output voltage and current of the first phase of the output
load, source voltage and current, input current before filtering
and also voltage of the clamp circuit for the instant of the
converter shutdown. The converter is shut down after 40 ms
and as it can be seen before that the voltage across clamp
capacitor equals the peak voltage of the input line to line
voltage. The total energy stored in the load discharges in the
clamp capacitor after shutting down the converter [14]. Fig.
6 shows the commutation of current between
bidirectional switches.

two

VI. CONCLUSIONS

The paper reviews four-step current commutation strategy
used in direct matrix converters to avoid overvoltage and
overcurrent stresses on bidirectional switches. Also designing
a traditional clamp circuit for a matrix converter has
illustrated which feeds an RL load and is validated by
MATLAB simulations. It can be concluded that the design
expressions are useful to achieve safe operation of the matrix
converter against over voltage spikes.
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