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Matrix Converter Bi-directional Switch Power Loss
and Cooling Condition Estimation for Integrated
Drives

Alvis Sokolovs Riga Technical University, llya Galkin Riga Technical University

Abstract. In this paper power loss estimation of bi-directional
switch of matrix converter is done by means of calculation and
experiments. For safe operation of power devices an efficient
cooling system of specific device must be designed. This work is
part of a greater project of integrated matrix converter AC
drives and the cooling problem here is viewed in context of this
task. It is necessary to develop a compact power board and
cooling system to extract excessive heat from power devices.
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|I. INTRODUCTION

Matrix converters have been considered as an atieento
conventional PWM converters for frequency contmol AC
drives. Classical matrix converter (MC) consistsnafe bi-
directional switches that are arranged in such w tvat any
input phase can be connected to any output phage X5.
This topology was proposed by Gjugyi and Pelly [dore
research was done by Venturini [2], [3]. With teclugical

Since there are no bi-directional switches avadlabh the
market, but these devices can be produced for musiaer.
However development of such devices is expensiwk ian
most cases bi-directional switch is composed ofcrdie
elements.
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Fig. 2. Diode bridge bi-directional switch configtion.

In Fig. 2 a simple bi-directional switch configuoat with
diode bridge is presented. It implements only owéching

progress semiconductors become smaller with greaigsyice and a diode bridge configuration. The ctdiecf the

performance. This allows integration for power ogrner
inside an electrical machine. Higher integratiorvele of
electrical drives can be considered in applicatitrere motor

IGBT is connected to the anodes of the bridge,thacemitter
is connected to the cathodes. Only one active hinigc
element makes this a very attractive solution frpaint of

and inverter separate installation is obstructitehas been yjew of costs and complexity of gate drive circuitiowever

proposed to integrate MC in AC machine since MCsdoet
contain bulk reactive components [4].
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Fig. 1. Classical 3x3 Matrix Converter topology.

Il. POWERLOSSES OBI-DIRECTIONAL SWITCH

The key feature of a bi-directional switch is itpability of
conducting current and blocking voltage in bothediions.

there are two considerable disadvantages relattstaircuit.
It is impossible to control the direction of therrant flow and
there are relatively high conduction losses due sbdes
connection of three semiconductor devices in eactilaction
path.
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Fig. 3. Common emitter bi-directional switch.

More common bi-directional switch arrangement is
common emitter IGBT connection (Fig. 3.). It implemts two
series connected IGBTs and two parallel diodes ¢msure
higher reverse voltage blocking capability of IGBTEhis
configuration has lower conduction losses due t& laf one
diode in the conduction path compared to diode gearid
configuration. Second, it is possible to indepetigecontrol
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current direction that allows safe commutation mductive
load current and reduce commutation losses [5]. Rore
efficient space usage IGBTs with built in anti piedadiodes
can be used.

As in any commutated converter power losses in M
consist of conduction losses and commutation
Conduction losses are proportional to forward \getarop of
across the semiconductor device and the currentirftp
through the device. The forward voltage drop iseteent on
the current flowing through the device and its jior
temperature. These relationships require an iterati
calculation since the device losses and the
temperatures are interdependent [5]. Conductioseer
switch are calculated as the sum of conduction i0d&BT
and in corresponding diode. That is why conductasses in
MC are slightly higher compared to conventional tagé
source inverters.

Commutation losses in IGBT occur due to finite shiihg
time during which device changes its state. Comtimuta
losses are proportional to commutation frequencywhich
device operates. And these losses are junction eehpe
dependent that makes iterative loop between losses
junction temperature more complex.

It is assumed that commutation time of IGBT compaie
conduction time is negligible. In this case losgne output
phase of MC can be calculated as conduction lossesch

phase (1).
3

n=1

POWER LOSSES INATRIX CONVERTER

Pioss phcon = ((VCESn len - dy) + (an : Ifn : dn)) ~

~ I - (Vegs +V5),, (1)

where \tgs— IGBT collector-emitter saturation voltage, |
— IGBT collector current, ¥— diode forward voltage,; -
average diode forward current, € duty cycle for the n-the
period of PWM.

Commutation losses per switch in MC are calculaed
product of commutation frequency and total switgh@mergy
loss:

)

The total power loss of MC is sum of commutatiossks
and conduction losses:

Progscom = 3" feom ~ Ecomror

P, (3)

pestor = 3° (P!os's“pii con T Ploss com)

losse

junctic

=2

Power losses [W]

i i
0g 09 1 11 1.2
Commutation frequancy [Hz]

07 15
x10°

Fig. 4. Power losses of Matrix Converter where Pttatal power loss, Pcom
— comutation power loss, Pct — transistor condaoctioss, Pcd — diode
conduction loss.

In total converter power loss calculation it iswased that
commutation losses occur at every current pathgdnaim [5]
a method of reducing the converter losses is pexhok is
achieved by reduction of number of the switch stdtanges
that produce switching losses.

IV. THERMAL CONSIDERATIONS

Loss calculations are essential for determinatiboooling
conditions of the converter. Too much excessive dea to
losses will destroy transistor junction, but ovémensioned
cooling system does not allow compact design ofveder.
This is why a tradeoff between good cooling and pach
designh must be found.

To determine cooling conditions of MC maximum
allowable case temperature must be calculated. &mhpe
difference between case and junction is calculagg@roduct
of total power loss in the transistBy.sx and junction-case
thermal resistanc@y c:

AT

(4)

Because junction-ambient thermal resistance is athm
higher value than junction-case it is neglecte@her

Maximal junction temperature is determined by prtipe
silicon crystal. For power devices this temperatuse
determined to be form 12€ to 150°C.

For safe operation 128C is used in this calculation.
Maximum case temperature is calculated as:

= Piosstot Rrii_;l'r.:-

- AT.

Jeo

(%)

whereT; max — maximal case temperatui mx — maximum

Tc max — jl'} max

The total power loss of each component of one bjunction temperature.

directional switch of MC as a function of frequerisyshown
in Fig. 4. These graphs are calculated in MATLABr fo
particular case of 0.3kW converter using STGB10N4dIBO
IGBT transistors with integrated ultra-fast-recoveanti-
parallel diode.
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Fig. 5. Thermal limitations according to collecturrent and commutation

frequency. el

Graph in Fig. 5 illustrates maximal case tempegatul 1o
dependency on transistor collector current at dfie
commutation frequencies. The higher commutatioguescy Sy

>>

the higher commutation losses of the transistoncbdower  _;5
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V.SIMULATION

]

3oouq 2

To estimate approximate power losses of IGBT a kitimn o T s T
in PSpice was done. Because there is no STGB10ONDB60}
model available atST homepage, a transistor model with
higher current ratio is used (STGB7NC60HD). Howeve
despite the fact that the real device has bulililira fast diode,
the model does not have this element. To run simulavith
conditions as close to real life as possible, dradhst diode
with similar parameter is chosen. 5, EENdiER TEE iR iE REE

Simulation conditions: input DC voltage — 200V, leotor NS e TR e Tem | G
current — 1A, load inductance 4mH, commutation diesty HE o vty ek 5 » Teent)
13kH, duty cycle — 0.5. c)

The simulation results @4 |Ic and their product, 3 iono
representing the instantaneous power loses) aemed in
Fig. 6. The averaging of this product over the shiitg period

gives the total power losses of 1.41W.

200U -

186U -

VI. EXPERIMENTS

To verify simulation results, experiments with antoon
emitter bi-directional switch in chopper mode wetene.
Measured instantaneous switch collector-emittetagel — \be
and collector current I are presented in Fig.7. o

b_0ns 4.2ns 4_Lms h_éns 4._8ns

The obtained data produce the average power loskes = augl WD)+ UCD15)+ ezt
about 3,14W. This is 2.2 times more than what Sitiomh d)
results have shown. Case temperature was alsoredpfftig. Fig. 6. PSpice simulation of one bi-directional tslvia) turn-on; b) turn-off;
8.a.). Transistor that commutates load currentHigisser case C©)two comm_ute_ltion cycles; d) averaged total poleses (collector-emitter
temperature (Fig. 8.a. left) than transistor whendy diode voltage = solid fine, collector current - dashed)|
conducts (Fig. 8.a. right). However in MC the coctibn is
determined by output current polarity hence in esiok wave
period each switch conducts in both directions aodver

losses are distributed equally in both devices.
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Fig. 7. Experimentally measured switch voltage Xtomd current (bottom).
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Fig. 8. Temperature of a) bi-directional switch htA at commutation
frequency 13 kHz; b) back side of PCB.

VII. CONCLUSIONS

idealized of simulation model. The obtained experital data
provides quite good practical base for further stigation
and will be used in research of thermal designntdgrated
matrix converter AC drive.

REFERENCES
[1] Gjugyi L. and Pelly B., "Static Power Frequency Bers". New York,
Wiley, 1976
[2] Venturini M., "A New Sinewave In Sinewave Out, Cersion
Technique Which Eliminates Reactive Elements". 8edings

Powercon 7, 1980, pp.E3-1-E3-15.

[3] Alesina A. and Venturini M., "Intrinsic Amplitudeimits and Optimum
Design of 9-switches Direct PWM AC to AC ConvertePfoceedings
of PESC Conference Record, 1980, pp.242-252.

[4] P.W. Wheeler, J. C. Clare, L. Empringham, K. JadBey, S. Pickering,
D. Lampard, M. Apap, A Fully Integrated 30kW MotBrive Using
Matrix Converter Technology, $6IEEE Power Electronics Specialists
Conference, 2005, pp. 2390-2395.

[5] P.W. Wheeler and D. A. Grant, Reducing the Senduotor Losses in
a Matrix Converter, IEE Colloquium on Variable SgeBrives and
Motion Control, 1992, pp. 1-5.

Alvis Sokolovs received Bachelor's Degree in Electrical engingean Riga
Technical University in 2004. In 2006 received
Masters Degree in Electrical engineering at Riga
Technical University. Currently he is doing PhD
studies at department of Power and Electrical
Engineering. Main research fields concern power
electronics for electrical drives, active gate driv
circuits for power IGBTs, electromagnetic
compatibility and integrated electrical drives. He
is author of following publications:
“Simulation Methods for 3x3 Matrix Converter”,
A. Sokolovs, I. Galkins, O. Krievs, J. Laugis, in
IEEE proceedings of EPE-PEMC
200ehttp://www.portoroz.si/EN/
“Possible construction of bus bars for matrix coterg8, A. Sokolovs, I.
Galkin, in proceedings of EPQU 2007;
,800 V DC-DC power supply for gate driver of a commtwo transistor leg
of VSI", A. Sokolovs, I. Galkin, Doctoral school afnergy- and geo-
technology 2009, Estonia.

Currently Alvis works as a researcher at Instifnténdustrial Electronics
and Electrical Engineering in Riga Technical Unsit.

llya Galkin received his Bachelor's (1994), Master's (1996 &octor's
(2001) Degrees in the field of electrical
engineering at Riga Technical University,
Faculty of Power and Electrical Engineering,
Department of Power Electronics and Electrical
Technologies. The main research field includes
design and applications of matrix converters. In
particular it regards integrated designs with the
matrix converters, smart control of their
semiconductor  switches,  thermal  and
conductor's design. Another research field
includes smart power supplies for various
applications, for example, for LED lighting and
uninterruptible power supplies.

The working experience of llya Galkin includes
6 year of practical engineering job at research madufacturing enterprise
“Lasma” (Latvia) in the field of elaboration and védopment industrial
automatics, as well as 14 years of research andatdoal job at Riga
Technical University. At the given time he is pisser at the Department of
Power Electronics and Electrical Technologies o JRHEF-IEELI. llya Galkin

is the author of various publications.

llya Galkin is IEEE member since 2006 in societidsPower Electronics,

Power loss and case temperature estimation of @ne Rdustrial Electronics, Automatic control and Ediima.

directional switch of matrix converter is done. Rowsses in
the switch were calculated, simulated and experiatign
measured. The simulation results do not
experiments. This error can occur due to impreoisamd

agree with
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