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ABSTRACT 

The paper describes methods of simulation conduction and switching losses of power semiconductors in MATLAB/Simulink. The 

comparison of simulation results for Infineon's semiconductor with PLECS Standalone simulation is presented. The results show that 

the simple ideal switching model of the IGBT in Simulink gives similar results to the PLECS simulation with the Infineon PLECS 
library. 
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1. INTRODUCTION 

The design of a power converter is a complex task, 

which includes circuit theory, thermal management, 

electromagnetic compatibility, etc. Time-consuming 

analytical analysis by different subject experts was used in 

the past to overcome these complex challenges. Nowadays, 

the use of computer simulation in the design of electronic 

systems is a standard [1]-[3]. It is necessary to determine 

the functionality and efficiency of the converter during its 

development. Power losses in the converter are caused 

mainly by conduction and switching losses of 

semiconductors. Also, the real-time hardware-in-the-loop 

(HIL) simulators [4] or FPGA-based real-time simulation 

[5] can be used for rapid control prototyping or thermal 

behaviour simulation of semiconductor converters.  

In the field of power electronics, many programs are 

available for the simulation of power converters. The 

standard in this sector is the OrCAD/PSpice program from 

Cadence, but it is not suitable for converters with advanced 

control algorithms. For the design of a converter with 

modern control, it is preferable to use programs such as 

MATLAB/Simulink, Plecs, PSpice, etc. In tandem with 

simulation, these programs also allow the application of 

advanced control methods [6] and thermal simulations [7]. 

Circuit-level simulators (e.g. PSpice) are useful for the 

prediction of the detailed switching transients in the power 

converter. This is useful for applications that require the 

simulation of slew rates, voltage edges, and high-dynamic 

transients such as electromagnetic compatibility analysis, 

switching losses analysis, Monte Carlo analysis, etc. This 

is thanks to the high complexity of used models. 

Unfortunately, this increased complexity of models causes 

slow simulation speed. The simulation speed is usually in 

the order of several milliseconds for one second of a 

simulation time. [8]. However, the precise simulation in 

PSpice can provide the dynamic performance of the 

semiconductor components only up to the specification in 

the datasheet. The information about the performance for 

conditions beyond the one specified in the datasheet (e.g. 

for a gate resistor selection) can be obtained only by 

measurements on an evaluation kit. 

 

On the other hand, top-down concept simulators such as 

PLECS or MATLAB/Simulink are extremely useful for 

control design, device selection, predicting system losses, 

predicting device junction temperature, and thermal system 

design [8]-[10]. The simulation in this software can include 

magnetic, thermal and mechanical aspects of systems 

which include the power semiconductor converter, such as 

electrical drives, battery charging stations, electric 

vehicles, HVDC transmissions, etc. They usually include 

simplified models of semiconductor devices based on 

datasheet values. However, this simplified approach can 

still simulate the low-frequency characteristics of the 

converter such as output voltage ripple, power losses, 

converter transfer function, etc. Although this information 

is not sufficient for high-dynamic analysis of the converter, 

it is more than enough to evaluate the performance of the 

control structure including modern control approaches 

based on fuzzy logic, predictive control or artificial 

intelligence.  

The paper is focused on the comparison of two 

simulators with a top-down approach, PLECS and 

MATLAB/Simulink, for the prediction of total power 

losses of an integrated power module (IPM). The power 

module is intended to be used in a home appliance products. 

The IPM in MATLAB/Simulink is simulated by ideal 

switches from Simcspace library. The IPM in PLECS is 

simulated by using the PLECS library component created 

by Infineon. 

2. POWER SEMICONDUCTOR MODULES 

To simplify design and cooling, the power converters 

use power semiconductor modules, Fig. 1. 

 

Fig. 1  Low power module (left) and medium power module 
(right) [11][12] 

In addition to semiconductor elements such as 

MOSFETs or IGBTs, the power module may also include 

driver circuits, or overtemperature and overcurrent 

protection. This increases the reliability of the power 

converter and allows high power densities to be achieved. 
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Integrating the power and driver components of the 

converter into a single module greatly simplifies the design 

of the most common power semiconductor converter 

topologies. On the other hand, it complicates the 

measurement of the converter. Fig. 2 shows a module 

where, for example, collector currents cannot be measured. 

To determine the conduction and switching losses of the 

converter, it is thus advisable to use simulation and verify 

the total losses only by thermal measurements. 

 

 

Fig. 2  Typical structure of power semiconductor module with 
integrated driver [12] 

Power component losses are categorised into 

conduction and switching losses. The conduction losses 

depend on the RMS value of the current flowing through 

the component, and the switching losses depend on the 

magnitude of the current, voltage and switching frequency. 

Of course, losses also depend on power component 

parameters such as saturation voltage, channel resistance in 

the open state, switching times and temperature. The 

IKCM15H60GA power module, Fig. 2, will be used for 

modelling and simulation. The internal structure consists of 

IGBTs with antiparallel diodes. The module was chosen for 

application in home appliances such as washing machines 

or dishwashers. Its parameters are shown in Table 1.  

Table 1  IKCM15H60GA parameters [11] 

Symbol Description Value 

VDC 
Maximum DC link 

supply voltage 
450 V 

IC Output current 15 A 

Ptot 
Power dissipation per 

IGBT 
25,2W 

fPWM Switching frequency 20 kHz 

VIN Logic input voltage 5 V 

 

Majority and minority charge carriers participate in the 

conductivity of bipolar components. For this reason, their 

output characteristic has a threshold voltage. After passing 

this voltage, the characteristic is approximated by a straight 

line whose slope is the on-state resistance. The output 

characteristics of an IGBT transistor are described by the 

equation of a straight line [13]: 

𝑢𝐶𝐸 = 𝑈𝐶𝐸0 + 𝑟𝑇𝑖𝐶 (1) 

𝑼𝑪𝑬𝟎 = threshold voltage (collector voltage at zero current), 

𝒓𝑻 = on-state resistance, 

𝒊𝑪  = collector current. 

The conduction losses of an IGBT 𝑃𝑉𝑇  can be defined 

based on the average (AV) and effective (RMS) value of 

the collector current [13]: 

𝑃𝑉𝑇 = 𝑈𝐶𝐸0𝐼𝐴𝑉 + 𝑟𝑇𝐼𝑅𝑀𝑆
2  (2) 

The static characteristic of the diode is represented by 

the equation of a straight line [13]: 

𝑢𝐷 = 𝑈𝐷0 + 𝑟𝐷𝑖𝐷 (3) 

𝑼𝑫𝟎 = threshold voltage (voltage in the forward direction 

at zero anode current), 

𝒓𝑫 = differential resistance in the on-state, 

𝑼𝑫𝟎 = diode current. 

The conduction losses of a diode can be defined based 

on the average (AV) and effective (RMS) value of the 

anode current: 

𝑃𝑉𝐷 = 𝑈𝐷0𝐼𝐴𝑉 + 𝑟𝐷𝐼𝑅𝑀𝑆
2  (4) 

The switching losses of an IGBT transistor are 

composed of turn-on and turn-off losses. When ignoring the 

diode reverse recovery, the turn-on losses of the IGBT 

transistor can be determined based on the datasheet value 

of the transistor turn-on time ton [13]: 

𝑃𝑜𝑛 = 𝑓𝑠

𝑈𝐼𝐶

2
(𝑡𝑟𝑖 + 𝑡𝑓𝑣) = 𝑓𝑠

𝑈𝐼𝐶

2
𝑡𝑜𝑛 (5) 

Similarly, the turn-off loss of an IGBT transistor can be 

determined based on the datasheet value of the transistor's 

turn-off time toff [13]: 

𝑃𝑜𝑓𝑓 = 𝑓𝑠

𝑈𝐼𝐶

2
(𝑡𝑟𝑣 + 𝑡𝑓𝑖) = 𝑓𝑠

𝑈𝐼𝐶

2
𝑡𝑜𝑓𝑓 (6) 

The switching losses of a diode are formed by the 

switching losses caused by the reverse recovery charge Qrr 

of the diode when it is turned off [13]: 

𝑃𝑜𝑓𝑓𝐷 = 𝑓𝑠

1

4
𝑄𝑟𝑟𝑈𝐷  

(7) 

 

3. PERMANENT MAGNET SYNCHRONOUS 

MOTOR 

The power semiconductor module was simulated in a 

converter for a small permanent magnet synchronous motor 

(PMSM) to provide realistic working conditions. The speed 

was controlled by vector control, the schematic is shown in 

Fig. 3. 

Basic parameters of the PMSM drive are shown in 

Table 2. The PMSM drive is supplied form a single-phase 

grid. The motor speed is measured by a sensor. Mechanical 
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load parameters are based on the general washing machine 

drum. The current in the steady state was set by the friction 

coefficient.  

 

Fig. 3  PMSM control block diagram 

Table 2  PMSM Field Oriented Control Parameters 

Symbol Description Value 

VDC DC voltage 325 V 

PN nominal motor power 850 W 

Vab_rms 
motor monimal line 

voltage 
93 V 

MN nominal motor torque 2,1 Nm 

2p number of pairs of poles 4 

Ld 
inductance of the motor 

in the d-axis 
15,5 mH 

Lq 
inductance of the motor 

in the q-axis 
21,5 mH 

fs switching frequency 14 kHz 

4. SIMULATION IN MATLAB/SIMULINK 

Fig. 4 shows the program scheme for 

MATLAB/Simulink. It consists of a permanent magnet 

synchronous motor vector control block (PMSM Field-

Oriented Control) whose output is a vector of gate pulses 

(G) led to a voltage source inverter block (VSI1). The 

inverter output is connected to a motor whose speed is 

measured by an encoder. The voltage inverter subsystem is 

shown in Fig. 5. It consists of three legs formed by upper 

and lower IGBT transistors with an antiparallel diode. 

During steady-state operation of the motor, the waveforms 

of all upper and lower components are identical, thus the 

losses are measured on only one upper (HS) and one lower 

(LS) transistor. 

 

Fig. 4  Program control scheme of a PMSM in 
MATLAB/Simulink 

The look-up table method was chosen to determine the 

transistor and diode losses. Parameters from the integrated 

power module datasheet were entered into it. 

 

Fig. 5  Schematic of the inverter (one of three legs) 

For the switching losses of the IGBT transistors, based 

on (5) and (6), two-dimensional lookup tables were selected 

whose inputs were the collector voltage and collector 

current of the transistors. The conduction losses were 

determined based on (2) from a one-dimensional table 

whose input was the collector current of the IGBT 

transistors. For diodes, the turn-off losses were simulated 

based on (7) and conduction losses based on (4). 

5. SIMULATION IN PLECS 

The simulation in MATLAB/Simulink was compared 

to the simulation in PLECS. Both programs are similar in 

the model complexity and simulation approach. The 

simulation model of the inverter with its control is shown 

in Fig. 6. The main part of the model is the Infineon IPM 

model. The switching and conduction losses are calculated 

for one high-side and one low-side transistor with its 

antiparallel diode. The calculation is based on 2-D look-up 

tables with model shown in Fig. 7.  

 

 

 

Fig. 6  Simulation scheme of the inverter in PLECS 
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Fig. 7  Simulation scheme of the high-side switch conduction 

and switching losses calculation in PLECS 

6. RESULTS OF THE SIMULATION 

The simulation of the motor powered by the 

IKCM15H60GA integrated module was performed for 

different motor rotational speeds in the range of 450 to 650 

rpm. The simulation was run with the variable step size and 

relative tolerance set to 1e-6. The results of the 

MATLAB/Simulink simulation were compared with the 

PLECS Standalone simulation for the same simulated 

system configuration. 

Fig. 8 shows the simulated motor start-up at 500 rpm 

and the sensed motor currents used to estimate the steady-

state motor speed losses of the IKCM15H60GA integrated 

power module. 

 

Fig. 8  Speed and current waveform of a PMSM driven by the 

IKCM15H60GA module for a reference speed of 500 rpm, phase 
rms voltage 93 V, output power Pmech = 62 W 

A comparison of the total power losses of the integrated 

module shown in Fig. 9 shows that the two programs 

predict approximately the same total losses. The motor was 

not under load during the simulation, so the total losses of 

the module depend only minimally on the rpm. The rpm are 

chosen within the range of typical speed for washing cycle. 

The gear ratio between PMSM drive and washing drum was 

set to 10. The simulation allows the estimation of switching 

and conduction losses separately for the upper and lower 

transistors as well as for their antiparallel diodes (a total of 

8 values of losses).  

 

Fig. 9  Comparison of total module losses simulated in 

MATLAB/Simulink and Plecs Standalone for different motor 

speed  

The comparison of conduction and switching losses is 

shown in Fig. 10. There is no significant difference in total 

power losses for various motor speed. The motor speed of 

535 rpm was chosen as a reference for detailed losses 

analysis. Each leg of the inverter consists of the upper 

transistor (T_HS) with its antiparallel diode (D_HS) and 

the lower transistors (T_LS) with its antiparallel diode 

(D_LS). The conduction and switching losses for each 

component of one leg are shown in Fig. 10.  

 

 

Fig. 10  Comparison of switching and conduction losses for 
motor speed of 535 rpm 

7. CONCLUSIONS 

The paper deals with the possibilities of simulation of 

the total power losses of an integrated power module when 

powering a permanent magnet synchronous motor in the 

MATLAB/Simulink environment. This simulation 

environment is often chosen for the simulation of control 

structures of electric drives. Including the calculation of the 

losses of the power part of the inverter makes it possible to 

predict the efficiency of the system. This can be beneficial 

e.g. in the development of white goods, where the energy 

class classification of an appliance can be predicted based 

on such a simulation. The simulation results still need to be 

verified by measurement or simulation in a program that 

uses PSpice models of transistors and diodes. This may be 
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more accurate because the simulation includes the entire 

model and not just data from the datasheet. 
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