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Abstract – The conventional tools for the system level 

simulation of the switch-mode power converters (for example, 
MATLAB/SIMILINK) allow simulating the behavior of a power 
converter jointly operating with the control system in a closed 
automatic regulation system. This simulation tools either 
represent semiconductor devices as ideal switches or implement 
the simplest models based on volt-ampere characteristics of 
standard types of semiconductor devices for conducting loss 
estimation. This fact makes direct calculation of dynamic power 
losses in the semiconductor devices impossible. The 
MATLAB/SIMILINK subsystem that calculates the average 
power dissipated in the power switch during turn-on and turn-off 
transition is proposed in this paper. The represented approach 
used in the subsystem estimates by the means of 
MATLAB/SIMILINK the values of turn-on and turn-off energies 
at power switch commutation instances on the base of switching 
current and voltage measurements and the values of 
commutation energies given in datasheet on power switch. The 
simulation results of step-down converter with IGBT and 
proposed subsystem in MATLAB/SIMULINK were compared 
with the calculation results obtained in Semisel. 
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I. INTRODUCTION 

In recent years, powerful instruments for computer 
simulation of the power electronic systems have been 
developed. They allow solving a large number of various 
tasks, including: 1) – simulation of the mixed analog-digital 
devices at schematic level; 2) – simulation of the behavior of a 
power electronics circuit at system level [1]. 

Detailed analysis of electromagnetic processes in switch-
mode power converters can be conducted when simulating the 
mixed analog-digital devices with the use of detailed models 
of components. When simulating the behavior of a power 
converter jointly operating with the control system in a closed 
automatic regulation system, for the purpose of adjusting 
control system parameters, it is allowable to use the simplified 
models of components [2]. However the process of selecting 
the topology, components and operating parameters (voltage, 
current and switching frequency) of power converter is highly 
affected by the anticipated converter losses. 

The analysis of the main electromagnetic processes in the 
system with power converters requires solving the system of 
differential equations, which describe the operation of the 
power electronic converter, using an appropriate time step 
through numeral methods [3], [4] and [5]. In this case it is 
sufficiently to represent semiconductor devices of power 

converter as ideal switches. An ideal switch changes from its 
on-state to its off-state instantaneously. In the on-state of an 
ideal switch its resistance and voltage drop on it are 
negligible; in the off-state switch resistance is significantly 
higher than the resistance of other components. Very 
important criterion for the implementation of such model is 
the ratio between the switching and conducting time intervals 
of a real switch. If the length of switching interval is 
considerably smaller than the length of interval during which 
the switch conducts current, and switching losses are 
negligible, it is acceptable to use the model of an ideal switch. 

The conventional tool for the system level simulation of 
power converters is the software environment MATLAB that 
includes SIMULINK package with the library of 
SimPowerSystems blocks. Power semiconductors are either 
represented as ideal switches or apply the simplest models 
based on volt-ampere characteristics of standard types of 
semiconductor devices – diodes, metal-oxide-semiconductor 
field effect transistors (MOSFET), insulated-gate bipolar 
transistors (IGBT), thyristors (SCR), gate turn-off thyristors 
(GTO) – to take into account conduction losses. Switching of 
the semiconductors in such models is supposed instant, i.e. it 
is impossible to estimate the switching losses. 

For the simulation of power converter systems at more 
detailed level PSpice A/D, which is a part of the software 
package OrCAD, is generally accepted [6]. The advantage of 
PSpice is higher extent of power semiconductor model 
specification that makes it possible to receive adequate current 
and voltage waveforms in power switches during switching 
processes, taking into account the influence of parasitic 
parameters of components, etc.  

Complete PSpice model of MOSFET, for example, can 
include more than 50 various physical parameters [6]. In the 
simplified versions of models the number of the used 
parameters does not exceed 15 that significantly reduces the 
accuracy of simulation results. A number of model parameters 
can be specified comparing the simulation and experimental 
results [6], [7], [8] and [9]. 

Most of developers of semiconductor devices provide 
PSpice models of the IGBT, MOSFET and other devices well 
after their release [10]. In the latest versions of 
MATLAB/SIMULINK there appeared a new toolbox 
SimElectronics, which imports SPICE net lists containing 
semiconductor devices, sources, and passive SPICE 
components. However, directly connecting SimElectronics 
blocks to SimPowerSystems block is not allowed. 
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Apart from PSpice and similar simulation modeling 
software products static models from leading manufactures of 
power semiconductor devices (Mitsubishi, Infineon, 
Semikron) allow loss and temperature calculation of power 
electronic devices – Melcosim, Iposim and Semisel software 
products respectively. 

They, unlike SIMULINK, are not based on the solution of 
systems of the differential equations. Limited (though quite 
extensive) set of standard power circuit topologies with 
standard control algorithms of power switches is available to 
the analysis in this programs. 

II.  POWER LOSS CALCULATION ALGORITHM 

The selection of semiconductor device in definite 
application is influenced by a ratio of static (conducting) and 
dynamic (switching) losses in the power switch at attainable 
for given technology of device switching frequency. 

Conducting losses can be calculated using linear 
approximation of power switch static volt-ampere 
characteristic that corresponds to the switch on-state 
equivalent circuit represented by series connection of the 
voltage source with the known value of threshold voltage V(TO) 
and the resistor with the known value of differential resistance 
rT. Thereto average IAV and effective IRMS currents of the power 
switch for the chosen type of power converter should be 
defined. The average power of static losses Pst is: 

  
TRMSTOAVst rIVIP  2

)( .  (1) 

Dynamic losses are defined on the basis of dependence 
between the energy dissipation during commutation (turn-on 
energy Eon and turn-off energy Eoff) for the concrete type of 
device and parameters of switching process – switched 
currents and voltages.  

Dependencies of the switching energy dissipations on the 
switched currents and voltages are given in data sheet on the 
device of the chosen type. For example, for IGBT of the 
power module SK60GAR123 from Semikron with rated 
current ICnom = 50 A, rated voltage VCCnom = 600 V and 
blocking voltage VCES = 1200 V – Eon = 9.9·10-3 J, 
Eoff = 5.3·10-3 J. 

Switching energy dissipations can be approximated as 
linear functions of the collector current, which means for a 
first approach that these energies are proportional to the 
current [11]:  
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where: 
VCC, IC – actual switched voltage and current values; 
VCCnom, ICnom – reference values of the switching loss 
measurement taken from the datasheet; 
KV – exponent for the voltage dependency on the switching 
losses. 

In standard cases the actual and rated switched voltages 
coincide (VCC = VCCnom = 600 V for the IGBT with the 
blocking voltage of 1200 V). Standard value of the exponent 
KV for 1200 V IGBT produced by Semikron is 1.4, for 1700 V 
IGBT – KV = 1.35 [12]. 

For a semiconductor device that switches at frequency fsw 
the average power of switching losses can be defined from the 
switching energy dissipations calculated according to (2) as 
the following: 

 swoffonsw fEEP  )( . (3) 

Expression (3) is correct provided constancy of switched 
currents and voltages; otherwise it is necessary to integrate 
energy losses within the period. The total losses in a 
semiconductor switch are obtained as a sum of static losses Pst 
from (1) and dynamic losses Psw from (3). 

The represented method is used in Semisel for the 
calculation of energy losses and junction temperature [13]. 
The parameters of power devices, which determine the 
corresponding power losses, are available in a database of the 
program and are automatically defined by the choosing of the 
device type. It is supposed that the converter has ideal power 
filters and, therefore, switched IGBT currents in turn-on and 
turn-off intervals are equal. 

As Semisel is not the imitating program, the user is 
deprived of opportunity to observe currents and voltage 
waveforms in the scheme, to consider real parameters of 
power filters, to use nonstandard control algorithms and 
converter topologies. 

Calculation of dynamic losses in the semiconductor devices, 
used for the general assessment of characteristics of analyzed 
converting system, can be realized by means of 
MATLAB/SIMULINK. 

III. DYNAMIC CHARACTERISTICS OF POWER SWITCH 

Switching waveforms of the IGBT in a circuit under a 
clamped inductive load at the first approach are shown in 
Fig.1(a) [14], where Vin – switch voltage, Io – switch current. 
Switching process has finite duration: turn-on – ton, switching 
off – toff. Time diagram of the instantaneous loss power is 
shown in Fig.1(b). Power dissipation during turn-on (pon) and 
turn-off (poff) of a switch is defined by the finite speed of 
switching process and nonzero values of current/voltage in the 
switching intervals. The corresponding values of switching 
energy at certain values of the switched voltage Vin and current 
Io – Eon and Eoff – are reference values from the semiconductor 
device datasheet [15]. Static losses in switch are represented 
by conducting losses – pcon. 

Models of power switches and calculation algorithm of 
MATLAB system assume instant switching of a power switch. 
Current and voltage waveforms at such switching process are 
shown in Fig.2. On the axis of abscissas the numbers of 
calculation steps are marked. 

At existing model of power switch only static losses can be 
calculated. Dynamic losses cannot be considered due to the 
absence of commutation process in power switch – switching 
happens instantly after receiving of the control signal Vcntr. 
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Fig.1. Switching waveforms and loss power of power switch. 

However, as turn-on energy Eon and turn-off energy Eoff are 
semiconductor device parameters given in the datasheet of 
semiconductor device, they can be associated with the 
corresponding moments of switching. In this case turn-
on/turn-off energy dissipation is represented by δ impulse with 
singular amplitude at the switching point (Fig.2(c)).  

 
Fig.2. Switching process of power switch in MATLAB/SIMULINK. 

For the calculation of switching energy dissipation 
according to (3) it is necessary to know current and voltage 
values at the switching point (more precisely, at turn-on – 
voltage value before the switching point, and current value – 
after it, and at turn-off – current value before the switching 
point, and voltage value – after it). According to the 
calculation algorithm of MATLAB, at the time of appearance 
of control signal Vcntr (step ni) switch voltage corresponds to 
the demanded value, however current yet did not change the 
value. Switching current can be received on a step (ni + 1). 
Similarly, at switch turn-off (step nj) the switching current 
corresponds to the demanded value, and switching voltage can 
be received on a step (nj + 1). The process of data acquisition 
is shown in Fig.2 by arrows. The calculated value of energy 
cannot be received earlier than on (ni + 1) and (nj + 1) steps 
(Fig.2(d)). Time interval between the moment of commutation 
and the moment of obtaining the value of switching 
current/voltage can be increased in the case of existence of 
transients at the time of switching, for example, caused by 
computing instability of the system. 

IV. SIMULINK SUBSYSTEM FOR SWITCHING LOSS 

CALCULATION 

According to the offered algorithm of dynamic losses 
calculation, the measuring subsystem has to be connected to 
the SIMULINK model of a power switch S so that to provide 
the supervision of power switch control signal, the 
measurement of switch voltage and current. The scheme of 
connection is given in Fig.3. 

 
Fig.3. Connection of the measurement subsystem to the power switch. 

The block diagram of the measuring subsystem is given in 
Fig.4. The subsystem includes three channels. The channel of 
current and voltage measurement corresponds to Fig.3. The 
channels of turn-on and turn-off energy loss computation 
operate in accordance with the algorithm given above and 
illustrated with Fig.2. For the detection of the power switch 
turn-on/turn-off moments Hit Crossing blocks, rising and 
falling edges respectively, and for obtaining value of a 
variable to the right of a switching point – Memory block are 
used. 

Calculations are carried out according to expressions (2). 
For time matching of pulse signals of Ion(+0) and Uon(-0), Ioff(-0) 
and Uoff(+0) Memory2 and Memory3 blocks are installed. The 
measurement subsystem forms output pulse signals with the 
value of turn-on/turn-off energy losses one calculation step 
before the switching point.  

To simplify data input for SK60GAR123 IGBT it is 
possible to use the m-file with the following contents: 

 

Eon_base=9.9e-3 
Ion_base=50 
Uon_base=600 
Eoff_base=5.3e-3 
Ioff_base=50 
Uoff_base=600 
Kv=1.4 
 

For conversion from the pulse signals corresponding to loss 
energy, to more traditional representation – the power of 
losses, value of energy is integrated in time (discrete values 
are summarized) and the result is averaged during 
measurement. One of the possible versions of the subsystem 
for conversion from discrete values of loss energy to the 
average loss power is given in Fig.5. 
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Fig.4. Simulink measurement subsystem for turn-on/turn-off loss energy calculation. Block Eon_Eoff. 
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Fig.5. Simulink subsystem for conversion from loss energy to loss power. Block Pon_Poff. 
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Fig.6. Simulink model of step-down converter test circuit. 

 

The measurement subsystem for turn-on/turn-off energy 
loss calculation is presented by the Eon_Eoff block.  

Current and energy waveforms in Simulink model of step-
down converter (see Fig.6) are shown in Fig.7 and 8 for low 
and high ripple current mode respectively. In both cases only 
the inductance values Lr are different. The abscissa is the time 
of process and ordinates are conventional units of current and 
energy. As it can be seen from the analysis of Fig.7 and 8, the 
proposed strategy allows computation of the turn-on and turn-
off energies as pulses at commutation moment. This approach 
takes into account differences between switch-on and switch-
off currents. 
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Fig.7. Current and energy waveforms in Simulink model of step-down 
converter with current ripple factor Ki = 0.05: inductance current iLr (a), switch 
current iIGBT (b), pulses of turn-on energy Eon (c) and of turn-off energy Eoff 
(d). 

Sum and Memory blocks carry out summation with 
accumulation of discrete values of energy losses. At the output 
of the subsystem average value of power losses during 
measurement is formed.  

The test circuit of the converter, which 
MATLAB/SIMULINK model is shown in Fig.6, has been 
made in order to validate the proposed techniques of dynamic 
loss calculation in power semiconductor devices. As the basic 
converter the step-down converter with the IGBT 
SK60GAR123 module is chosen. The subsystem for the 
calculation of average power of dynamic losses is presented 
by means of Pon_Poff block.  
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Fig.8. Current and energy waveforms in Simulink model of step-down 
converter with current ripple factor Ki = 0.2: inductance current iLr (a), switch 
current iIGBT (b), pulses of turn-on energy Eon (c) and turn-off energy Eoff  (d). 
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The comparison of calculations of average power losses in 
MATLAB/SIMULINK and Semisel was carried out for three 
operating modes of the scheme, differing by the voltage on 
IGBT and the load current. The obtained data are tabulated. 

 

TABLE I 

LOSS POWER OF IGBT SK60GAR123 IN STEP-DOWN CONVERTER 

CALCULATED IN MATLAB/SIMULINK AND SEMISEL 

IGBT 
voltage, 

V 

Load 
current, 

 А 

Loss power, W 

Semisel MATLAB 

600 25 35 38 
300 25 13 14,4 
300 50 30 29 

 
 
The analysis of the obtained data allows drawing a 

conclusion on coincidence of simulation results in 
MATLAB/SIMULINK system with those theoretically 
expected. The discrepancy of the loss power received in 
MATLAB and Semisel is from the admissible range of 3-9%. 

 

V. CONCLUSIONS 

The suggested approach to the estimation of dynamic losses 
in power switches combines the possibilities of such programs 
as Semisel to calculate power losses using reference values 
from datasheet on semiconductor device with the functionality 
of MATLAB/SIMULINK. This approach allows estimating 
dynamic losses in power switches of switch-mode power 
converter of whichever topology, which operates in a closed 
automatic regulation system with unconventional control 
algorithm. The acceptable accuracy of dynamic loss 
calculation (<10%) is achieved only under hard switching, 
since power dissipation energy values given in datasheet are 
specified only for this mode. Semiconductor power losses, 
calculated in SIMULINK subsystem, have no influence on 
electromagnetic processes in the whole system. This restricts 
the functionality of the proposed subsystem especially in 
power converters with low efficiency. 
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