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COMPARISON BETWEEN THERMAL SIMULATION  
RESULTS GENERATED BY PLECS SOFTWARE 

AND LABORATORY MEASUREMENTS 
 
 

 This article deals with the subject of simulation of power losses and thermal process-
es occurring in semiconductors, as illustrated by an example of a DC/DC buck converter. 
The simulations were performed in PLECS software. The results obtained from the pro-
gram were compared with measurement results of a laboratory converter model. 
The physical model is based on the same components as assumed in the simulation. 
Similarly, the parameters of the transistor control signal were the same. During operation 
of the converter, the temperature changes were analyzed using a K-type thermocouple. 
Based on the obtained results of the temperature measurement in the steady state of the 
converter operation, the correctness of the simulation  carried out in the PLECS program 
was verified and confirmed. 
 
KEYWORDS: Thermal simulation, PLECS, buck converter, thermal time constant, 
IGBT, Diode, power losses. 
 

1. INTRODUCTION 
 
 Power losses in semiconductor elements and related thermal phenomena are 
an important element of the design process of electronic and power electronic 
devices. Semiconductor manufacturers provide increasingly accurate datasheets 
of manufactured elements, comprising accurate equivalent thermal circuit dia-
grams. On the other hand, there is software available on the market that allows 
for  efficient use of information provided by  manufacturers and for determining 
the temperature values of individual components. One of such programs is 
PLECS, dedicated for power electronics devices, being a product of the Swiss 
company Plexim. Its distinguishing feature is the ability to combine electric, 
mechanical, thermal and magnetic elements in the simulation process, which 
allows, for example, for observing entire drive systems, including temperature 
changes, in which power semiconductor junctions work under given load and 
ambient conditions.  
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In general, power losses in semiconductor switching components can be divided 
into conduction losses and switching losses [3]. In the case of an IGBT transis-
tor,  conductive losses depend on  voltage drop on the conductive collector-
emitter junction and on  collector current: 
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where:  
T – transistor switching period,  
t1 – transistor conducting time,  
iC(t) – instantaneous value of collector current,  
vCE(t) – instantaneous value of collector-emitter voltage. 

On the other hand,  switching losses are provided by manufacturers as energy 
losses characteristics during turn-on and turn-off, dependent on the switched-off 
transistor collector-emitter VCE, collector current of turned-on transistor IC, junc-
tion temperature TJ and switching times, that are influenced indirectly by the 
value of gate resistance RG: 

 ( ) ( ( , , , ) ( , , , ))sw T sw on CE C j G off CE C j GP f E V I T R E V I T R     (2) 

where: fsw – transistor switching frequency, EON – energy loss during turn-on, 
EOFF – energy loss during turn-off. 
Switching loss characteristics, provided by manufacturers for transistors with an 
integrated anti-parallel diode, also take into account losses from  transistor tail 
current and reverse current of the anti-parallel diode. Therefore, no switching 
losses are calculated separately for the anti-parallel diode. The conduction losses 
for the diode are determined by the following formula:  
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where: iF(t) – instantaneous value of diode forward current, vF(t) – instantaneous 
value of diode forward voltage. 
Total power losses can be defined as: 

 ( ) ( ) ( )tot cond T sw T cond DP P P P     (4) 

Depending on  power dissipated on semiconductor junctions, it is possible to 
determine the temperature at which the junctions operate, at known ambient 
temperature and a certain thermal resistance between the semiconductor junction 
and the ambient – Rthj-a. An example of a thermal model and equivalent chain of 
thermal resistances and capacities is shown in Figure 1. 
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where: IOUT – average load current, DC(T), DC(D) – transistor/diode duty cycle, 
TCV, TCr – temperature coefficients of the on-state characteristic, Iref, Vref, Tref – 
reference values (datasheet), Ki – exponents for the current-dependency of 
switching losses (T:1, D:0.6), Kv – exponents of voltage-dependency of switch-
ing losses (T:1.35, D:0.6), TCEsw – Temperature coefficients of the switching 
losses (0.003), TCErr – temperature coefficients of the diode switching losses 
(0.006). 
The table below shows a comparison of calculated power losses with simulation. 
Temperatures are calculated referring to formula 6. Junction to case thermal 
resistances of IGBT and anti-parallel diode are: Rthj-c(T) = 0.43 K/W, 
Rthj-c(D) = 0.78 K/W. 
 
Table 1. Comparison of results obtained from simulation and formulas. 
 

 Power losses Temperature 
 Transistor Diode 

Total 
IGBT Diode Heatsink 

 Conduction Switching Conduction Tj(T) Tj(D) Ts 
Simulation 1.77 W 0.92 W 1.52 W 4.21 W 42.9 oC 42.5 oC 40.6 oC 
Formulas 1.69 W 0.89 W 2.31 W 4.89 W 44.2 oC 44.9 oC 43.1 oC 

 
As shown in Table 1, there are slight discrepancies between the results of simu-
lations and calculations. These differences may be a result of different methods 
of using data from datasheets, inaccuracies in the selection of factors for the 
calculation method, as well as from the fact that not all parameters in the 
datasheet are well described for small currents. Generally, the convergence of 
results can be considered acceptable. 
 

4. LABORATORY MODEL MEASUREMENTS 
 
 The final stage is to examine the laboratory model. The power circuit is based 
on the mentioned NGTB25N120FL3WG transistors, connected in a configura-
tion such as shown in the schematic in Figure 1. All circuit parameters are the 
same as in the case of PLECS simulations (chapter 2). 
The transistor Q1 is driven with an isolated gate driver based on the STGAP2S 
[7] IC. Control pulses are generated using a digital waveform generator. A dif-
ferential probe was used to measure  collector-emitter voltage, while the current 
probe was used to measure the load current. The temperature of the heat sink 
was also measured by a K-type thermocouple contacting the heat sink, addition-
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 th th s th thR m c R C        (11) 

where:  
τth – thermal time constant,  
m – mass of the substance,  
cs – specific heat of the substance. 

Assuming a simplification that the thermal capacity of the heat sink significantly 
exceeds the thermal capacity of the other elements (as well as thermal resistanc-
es), based on the heat sink's time constant with the known thermal capacity, its 
thermal resistance was calculated. 
The thermal time constant of the heat sink under is determined graphically at the 
level τth = 457 s. Specific heat of A6060 aluminum alloy is: cs = 898 J/(kg.K). 
The mass of the heat sink with assembly screws is: m = 78 g.  
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The calculated thermal resistance significantly exceeds the value assumed in 
simulations (3.7 K/W). Table 2 shows the comparison of simulation results in 
PLECS with real measurements, taking into account indicatively determined 
sink-ambient thermal resistances. 
 
Table 2. Temperature comparison between PLECS simulation and laboratory model 
after independent Rths-a correction. 
 

Ro =44.28 Ω, Lo = 1.6mH,  
CD = 3.1mF Io Avg 

[A] 

Corrected 
Rths-a 

[K/W] 

Heat sink temperature [oC] 

Conditions PLECS simulation Measurements 
fs = 10kHz, DC(T) = 0.5,  

Vac Amp=300 V 
3.12 6.52 52.5 58.3 

fs = 5kHz, DC(T) = 0.5,  
Vac Amp=300 V 

3.25 6.44 50.4 52.9 

fs = 20kHz, DC(T) = 0.5,  
Vac Amp=300 V 

3.26 6.47 58.1 69.4 

fs = 10kHz, DC(T) = 0.1,  
Vac Amp=300 V 0.63 7.90 28.4 35.3 

fs = 10kHz, DC(T) = 0.9,  
Vac Amp=300 V 5.65 5.75 77.5 77.4 

fs = 10kHz, DC(T) = 0.5,  
Vac Amp=250 V 

2.57 6.60 44.4 49.9 

fs = 10kHz, DC(T) = 0.5,  
Vac Amp=350 V 

3.92 6.62 61.6 67.7 

 
6. CONCLUSIONS 

 
 As shown in Table 2, there are some discrepancies between the measure-
ments of the real system and the simulations in the PLECS program, neverthe-
less the correlation is quite good. 
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The simulation results are in most cases slightly understated, which is most like-
ly the effect of inaccurately determining the characteristics of losses during 
switching and conduction for small currents in the datasheets, they were approx-
imated in this interval (Figure 3, 4). An excellent confirmation is the measure-
ment at fs = 10 kHz, DC(T) = 0.9, Vac Amp = 300 V, in which the discrepancy be-
tween the PLECS simulation and the measurement, taking into account the cor-
rect thermal resistance of Rths-a, is only 0.1oC. Then, the average output current 
was at the level of 5.65 A, which was the highest achieved value. To confirm 
this verdict – the greatest differences occurred at fs = 10 kHz, DC(T) = 0.1, 
Vac Amp = 300 V, when the average output current was at the level of only 0.63 A. 
Better accuracy of measurements can be obtained by conducting tests in a ther-
mal chamber to eliminate the instability of external conditions such as tempera-
ture and air flow. Nevertheless, the simulation results in PLECS presented in this 
article and measurements of the actual model confirm good convergence be-
tween results and provide valuable proof of the usability of PLECS simulations. 
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