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ABSTRACT

This paper deals with the problem of snubberless commutation in matrix converters. A novel
method employs current detection within intelligent gate drive circuits for each bidirectional
cell which communicate with the gate drives of other cells. The problems with other methods at
low currents are overcome. Experimental results verifying the method are presented.

1. INTRODUCTION produce the desired output voltage and
frequency. Matrix converters offer many

The matrix converter offers an “all silicon” advantages over traditional topologies such as
solution for AC-AC conversion, removing thethe ability to regenerate energy back to the
need for reactive energy storage componentgility, sinusoidal input and output currents
used in conventional rectifier-inverter basedand controllable input current displacement
systems [1]. A 3 phase to 3 phase matrifactor [2]. The size of the converter can also
converter consists of nine bi-directionalbe reduced since there are no large reactive
switches that are used to connect the inpwomponents for energy storage. There are
however some important practical issues to
be considered with the matrix converter.
Since there are no freewheel paths, it is
difficult to reliably commutate current from
one switch to another [3]. This paper will
review existing approaches to this problem
[ and present a new method which removes
I many of the difficulties with existing
methods.

2. CURRENT COMMUTATION

. When considering commutation strategies for
Induction matrix converters two general rules must be
Machine adhered to [1]. The incoming and outgoing
switches should not be switched on together
at any point in time since this will result in an
input line to line short circuit leading to
SWitch over currents. Also these switches
phases directly to the output phases of thshould not both be off at the same time since
converter(figure 1). The switching of thesethere is then no path for the inductive load
bi-directional switches is then modulated to
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Figure 1. 3 phase to 3 phase matrix convert



current and large overvoltages would destroy Commutation
the switches. SA cell A

These two considerations cause a conflict @ l_
since semiconductor switches cannot be

switched instantaneously. Various methods
have been proposed to avoid this difficulty : §

. SB
and to ensure successful commutation. I

The first method is termed “overlap” current ——@— ——

commutation where the incoming switch ig
fired before the outgoing switch is turned off. Commutation gy RLLOAD
This causes a momentary short circuif cell B
between two of the phases of the supply:
Extra supply inductance must be included to
stop the current rising to destructive levels
during the short circuit. This method is rarelyconducting. When a commutation is required
used since the inductors used are large ambe non-conducting device in cell A (SA2) is
expensive [4]. switched off. The direction of the current |
must be known so that the non-conducting
Another method is “dead time current
commutation” in which the outgoing switch
is turned off before the incoming switch is SAl
fired. This produces a “dead time” in which SA?
there is no path for the load current to take.
Snubber networks must then be used to SB1
provide a path for the current[5,6]. This SB2
method is poor since energy is lost during
every “dead time” period and the snubber
networks occupy a large volume compared to
the semiconductor devices. The bi-
directional nature of the switches also
complicates the snubber design.

Figure 2. 2 phase to single phase matrix
converter

Figure 3. Timing diagram for 4 step
commutation strategy

The third method is the most reliable to date
and was first proposed in [3] and later named

. . a=SAl
the “semi-soft commutation method”[5]. It b= SA2
relies on the use of a bi-directional switch cell ¢ =SB1
where the direction of the current can be d=SB2

. 1=0N
controlled. Figure 2 shows an elementary two 0 = OFF

phase to single phase matrix converter
comprising two such cells. Each cell is
composed of two IGBTs and two diodes in
anti parallel. In steady state operation SA1l
and SA2 are gated SO as .to acpommodate both Figure 4. State diagram for 4 step
current dlrectlons. A Flmlng dla}grgm for he commutation strategy
commutation process is shown in figure 3 and . o

is as follows, assuming the load current is iflevice can be determined. The device in cell

the direction shown and initially cell A is B that will carry the current after
commutation (SB1) is then switched on. This




allows both cells to be on without shortquality. This method would also be

circuiting the input phases and provides ansuitable if the target output current was to
path for the load current. A short time lateibe within the threshold level. A state

SALl is turned off and SB2 is turned on. Thidiagram of the 2 step commutation strategy
completes the commutation processcan is shown in figure 6.

Problems occur however at low current levels

when the direction of the current is notFor a commutation strategy to be fully

certain and incorrect decisions as to which

switches to fire can occur causing shoot

through conditions. There are ways of
making this method more reliable but they
too involve the addition of snubber networks
A state diagram for the commutation proces
is shown in figure 4.

A further method as described in [7] can also 4=SAL b=SAZ 1< 0

be used. In this method only the correct ¢=SB1 d=SB2 0=off
device in the conducting cell is gated. This _ )

simplifies the commutation to a 2 step Figure 6. State diagram for 2 step
process since only the correct device in the commutation strategy
incoming cell is switched on and the outgoing .. . . o

device is switched off. Current reversal igrellable n pr‘r’.‘Ct'Cal. appllcgtlons accurate
catered for by gating both devices in thecurre.nt direction .|nformat|on must be
conducting cell when the current level fallsObta'ned' If there is any uncertainty, errors

below a threshold level. The non-conductinggay occur. The following section describes a

I >0 | <0

device is then turned off when the current ha ommgtation strgtegy and current direqtion
risen sufficiently in the opposite direction. A etection . technique t.hat_ gnable; reliable
timing diagram for the current reversal incommutation at any point " t'me. W't.hOUt the
commutation cell A is shown in figure 5. The!S€ of snubbgrs or clamping circuits across
problem with this method is that athe commutation cells.

commutation between cells cannot occur

during a current reversal. Since the direction
3. IMPROVED COMMUTATION

METHOD

L Threshold level

This method is similar in concept but only
the conducting device is gated at any one
time. Correct operation relies on an
intelligent gate driver circuit for each cell
SA1 , which determines current direction and is also
co-ordinated with the gate drivers of the other
cells. A block diagram of the gate driver can
be seen in figure 7.

SA2

Figure 5. current reversal using threshold
detection

of current is unknown, the correct outgoing
device cannot be determined. The threshold
level may also be relatively large in large
converters, which may the output waveform



Signal from Signal from Signal to Assuming that the correct device is gated, the

previous gate microcontroller next gate direction of current in the cell can be
driver circuit driver circut deduced. This detection circuit and associated
: : control logic are integrated into the gate drive
Receiver | | Transmitter | | for each cell. To make the current direction
unit unit . . . .
T T information reliable only one of the devices
in a cell is gated at any one time. This means
Decision unit that the current is either zero or flows in the
T T i l designated direction.
Current Gate
detection drive
‘unit ‘ unit 3.2 Commutation method
—
— This is explained with regards to figure 2 and
is illustrated in figure 9, assuming that
Bidirectional initially cell A is conducting and the load
switch cell current is in the direction shown. Under these
_ 9 — conditions SA1 will be gated and conducting.
|1 N The current direction information from the

Figure 7. Gate driver block diagram SAL

3.1 Current direction detection SB1

Figure 9. 2 step commutation
This method uses the voltages across each of

the devices in the commutation cell tocell A gate drive is passed to the gate drive
determine the direction of current flow. Thefor cell B. When the modulation strategy
voltages \{ and \& (Figure 8) are measured. demands commutation to cell B, SB1 is gated
Assuming currentlis in the direction shown, on the basis of the current direction

S1 will be conducting and S2 will be reversednformation passed from cell A and SAL is
subsequently turned off. After a short interval

(typically 5 ps) the current direction

S1 information is taken from the detection circuit
in cell B rather than cell A. The commutation

is now complete. This mechanism ensures a
I < Va continuous path for the load current with no

possibility of input short circuits. To provide
for both load current directions in between
commutations, the active cell drive circuit
automatically transfers the drive between the
devices within the cell if the detection circuit
determines that the current has fallen to zero.
Figure 8. Bi-directional switch cell. This control of the direction of current within
the bidirectional switch ensures that the
biased. This results inAbeing around 1.2V current direction is known. A special case
(depending on devices used) angd being arises when the converter is switched on for
around -0.7V. When current is in thethe first time since the current direction

opposite direction the reverse situation existdnformation is not established. The first cell




in the commutation sequence gates either one

of the two devices. If this is the correctThis problem is solved by having a small
device, current flows and the circuit continuesiead time where no device is gated when the
working as described above. If no current is

detected the drive is transferred to the correct I 4+250ns»
device automatically. A state diagram of the 0
2 step commutation strategy is shown in
figure 10.
SAl
SA?2
Current Direction %

Figure 12. Current reversal including
propagation delay compensation

current reaches zero. This is shown in figure

a=SAl b=SA21=on 12. The reverse device is not gated until the

c=SB1 d=SB2 0= off new information is received by the other gate

_ _ drivers. This delay is small and only depends
Figure 10. State diagram for 2 step on the propagation delay inherent in the
commutation strategy communications lines (typically 250ns) and

does not unduly distort the current

3.3 Potential Hazard waveforms.
N «250ns>

A potential difficulty occurs if the load
current changes direction when a 0
commutation between cells is required.

I SA1
0 SA2
Current Direction %
SAl SB2 M
SA2 . . )
Figure 13. Commutation during current
Current Direction % % reversal.

Figure 11. Current reversal including current

direction propagation delay Figure 13 shows a timing diagram for

commutation during current reversal. It can

Figure 11 shows a timing diagram for thebe seen that since the outgoing device is
current reversal process. The hatched area @ieady switched off a one step commutation
the current direction line indicates theis achieved. If the incoming cell is activated
propagation delay in sending the data to thduring the hatched period the incorrect device
next gate drive cell. It can be seen that if avill be gated. However IL = 0 and no other
commutation between cells is required befor@evices are gated so no hazard conditions are
the correct data has reached the next gagsoduced. The incoming commutation cell
driver, switch SB1 will be turned on causingquickly determines that no current is flowing
a shoot through condition.



and gates the opposite device. A revised statperates without the need for any type of
to cover this situation is shown in figure 14. voltage clamping devices or snubber
networks across the commutation cells. A
third commutation cell was then added.

Figure 16 shows the voltage and current
waveforms for an output of 100Hz. This

figure also demonstrates that small currents
can be easily controlled using this method
and that the dead time during zero crossing is
not significant.

2=SAL b=SA21=0n 5. CONCLUSIONS
¢=SB1 d=SB2 0= off

This paper has presented a novel approach to
Figure 14. State diagram of commutation dealing with the problem of snubberless

stratayy including propagation dely commutation in matrix converters employing
bi-directional switch cells. The method
4 RESULTS employs current detection within intelligent

gate drive circuits for each cell which

An experimental two phase to single hasgommunicate with the gate .d.rives .Of other
P P dge p ells. The problems often arising with other

converter (Figure 2) has been developed @

evaluate the proposed method Thénethods at low currents are overcome. The

commutation cells were constructed withtGChnlque can is easily extended to maitrix

16A. 1200V IGBTs and diodes and theconverters with any number of input and
converter was supplied from two phases of utput phaszs. due todthe modular. nature ”Of
three phase supply. A passive R-L load wa e gate drive and commutation ce

--------------------- Nn i 1L Bl SRR P --L:L;p:u-v---rj-h----- ---rl\:‘-\-
i -1 I (2A/div)

|
" V. (200V/di
*IIJ* fL“i H\ﬂ I SR EH R R A M tlv X I | | u L( IV)

Figure 15. Output voltage and current waveforms for a 2 phase to single phase matrix
converter

used. Current direction has been reliablarrangement. Extension of the method to
detected with currents down to 100 Figure higher powers should be straightforward and
15 shows results for a supply voltage of 415\the increased forward voltage drop of larger
and a load current of 8A peak. The circuitdevices would make the detection of the



current direction more reliable. This is in[4]
contrast to other methods of current detection
employing current transducers  where
resolution is lost as the current rating
increases. Additionally, at each commutation
either the incoming or outgoing device will [5]
switch under reverse bias conditions. This
yields the so-called semi-soft (semi-natural)

Beasant R R, Beatie W C and Refsum
A, “An Approach to the Realisation of
a High Power Venturini Converter”,
IEEE, April 1990, pp.291-297.

Wheeler, P.W.;  Grant, D.A.
“Optimised Input Filter Design and
Low-Loss Switching Techniques for a

IL (A)

0 0.005 0.01 0.015

0.02 0.025 0.03

Time (s)
50 F E
S
o 0
>
-50 b A L A . . =
0 0.005 0.01 0.015 0.02 0.025 0.03
Time (s)

Figure 16. Voltage and current waveforms for 3 phase to 1 phase matrix converter

commutation[5] and typically reduces total
device switching losses to 50% of other
methods.
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