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

Keywords: power losses, power semiconductor switches, matrix
converter, integrated AC Drives

. 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 mustaler.
However development of such devices is expensivk 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 owécking

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

performance. This allows integration for power ogrner
inside an electrical machine. Higher integratiotvele of
electrical drives can be considered in applicatitrere motor
and inverter separate installation is obstructivehas been
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.

IGBT is connected to the anodes of the bridge,thacemitter
is connected to the cathodes. Only one active himigc
element makes this a very attractive solution frpaint of
view of costs and complexity of gate drive circuitowever
there are two considerable disadvantages relatddstaircuit.
It is impossible to control the direction of ther@nt flow and
there are relatively high conduction losses due sbdes
connection of three semiconductor devices in eacllaction
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 émsure
higher reverse voltage blocking capability of IGBTEhis
configuration has lower conduction losses due ¢f laf one
diode in the conduction path compared to diode gerid
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 iseteient 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]. Conductioseler
switch are calculated as the sum of conduction il0d&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 losene 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 (VCES + Vf), (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)

psstor = 3° (P!os's“pii con T Pross com)
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Fig. 4. Power losses of Matrix Converter where Pttdtal power loss, Pcom
— comutation power loss, Pct — transistor conduoctioss, Pcd — diode
conduction loss.

In total converter power loss calculation it iswamed that
commutation losses occur at every current pathgdalm [5]
a method of reducing the converter losses is pexhok is
achieved by reduction of number of the switch stdtenges
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 ofvedsr.
This is why a tradeoff between good cooling and gach
design must be found.

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

AT;

(4)

Because junction-ambient thermal resistance is athm
higher value than junction-case it is neglectea 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:

= Piosstor Rtk_;l'c-

—AT.

Jea

®)

whereT; m — maximal case temperatuig my — 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 STGB10N4IBO
IGBT transistors with integrated ultra-fast-recoveanti-
parallel diode.
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Fig. 5. Thermal limitations according to collecturrent and commutation

frequency. i

Graph in Fig. 5 illustrates maximal case tempegatur 1ssu-
dependency on transistor collector current at dfie ;
commutation frequencies. The higher commutatioguescy g

>>

the higher commutation losses of the transistoncédower ;]
the maximum case temperature is allowable. I - e T - Gy e

Time

V.SIMULATION

-

3peu- 2

To estimate approximate power losses of IGBT a kitimn
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. s iR e R e

Simulation conditions: input DC voltage — 200V, leotor Al g L e PR T
current — 1A, load inductance 4mH, commutation ety B 1
13kH, duty cycle — 0.5. 9)

The simulation results @4 Ic and their product, i i 5T
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.

288U+

188U

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. oul e o T e
The obtained data produce the average power loskes = UgC WD) WOTS) WZTD)
about 3,14W. This is 2.2 times more than what satomh d)
results have shown. Case temperature was alsoredpftig. Fig. 6. PSpice simulation of one bi-directional tshia) turn-on; b) turn-off;
8.a.). Transistor that commutates load currenthigiser case c) two comm_ute_ltion cycles; d) averaged total polmeses (collector-emitter
temperature (Fig. 8.a. left) than transistor whendy diode V°age —solid line, collector current — dashee)|
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 Xtoud current (bottom).
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b)

Fig. 8. Temperature of a) bi-directional switch ltA 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 gtigation
and will be used in research of thermal designntdgrated
matrix converter AC drive.
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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
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