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Introduction 
 

Current tendencies in the field of power semiconductor 
devices are characterized by increasing efficiency 
(reducing losses) and power density (decreasing volume). 
This results in contradictory tendencies because increase of 
power density is achieved by increasing the switching 
frequency, which results in increase of commutation 
losses. Main influence on amount of commutation losses 
has character of commutation process, whereby nowadays 
soft – switching techniques are being enforced (ZVS – 
Zero – Voltage Switching, ZCS – Zero – Current 
Switching). Losses generated during soft – switching 
processes are several fold lower than during hard switching 
mode, in which component part is being switched when 
instant values of current and voltage are nonzero. It have to 
be said that almost today, the hard-switching is still the 
most used commutation process due to its simplicity and 
ability to be used in every topology without any additional 
circuit.  
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Fig. 1. BOOST type of PFC circuit 

Significant part of total losses using hard-switching 
commutation mode of power semiconductor system is in 
most of practical applications of power electronics caused 
by diode’s turn – off process. The goal of every power 
semiconductor system design is approach to the highest 
efficiency with respect to maximum output power. 
However different practical applications require utilization 
of different circuit topology, in which projection and 
selection of proper components are performing the most 
important challenge at gaining of optimal power. Almost 
all the Switched – Mode Power Supplies (SMPS) are 
nowadays being developed in cooperation with a power 

factor control input stage (Fig.1) in order to meet the 
international regulatory standards for harmonic content. 
The negative feedbacks of such technical improvement are 
additional switching losses that are generated during 
commutation process of mentioned boost diode and power 
transistor. Therefore this system needs perfect specification 
of suitable components for given application (boost diode, 
MOSFET or IGBT transistor) that is by reason of 
optimization of output power and also financial costs [1].         

In next chapters, analysis of diode reverse recovery 
effect, and its negative feedback minimization in various 
performance levels is described. 
 
Reverse recovery of diode 

 
The negative feedbacks of reverse recovery effect lie in 

switching losses rising of power transistor. Commutation 
process between diode and transistor of PFC circuit shown 
on Fig. 1 has following waveforms (Fig. 2). Generation of 
transistor’s turn – on losses is in this case caused by time – 
duration of diode’s reverse recovery. 
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Fig. 2. Commutation process between transistor and diode 

 
From figure is clear to say, that effect of reverse 

recovery has negative influence on turn – on process of 
power transistor in form of higher switching losses that are 
generated during interval:  
 
 ton= tR + trr ; where trr = tA + tB,  (1) 
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where for the power loss calculation is valid next equation:  

onon W
T

P 1
= ,  

            ( ) ( )∫ ⋅⋅= dttutiW PPon ,      

here T – time-period of computed action; iP – time 
function of device’s current; uP – time function of device’s 
voltage. 

Most of data that are available from oscilloscope for 
calculation are in discrete form, so then it is necessary to 
use equations in discrete version (3), instead of (2) [2] 
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here TZ1 – sequence of sample at the begin of process 
(turn–on/off, stabilized conductivity/non-conductivity of 
device); TZ2 – is sequence of sample at the end of process 
(turn–on/off, stabilize conductivity/non-conductivity of 
device); IP[n] – i-sample of current through device; UP[n] 
–  i-sample of device’s voltage; ΔT – sampling time. 

Thereby it is possible to calculate the element of energy 
which is being absorbed by transistor during time - interval 
ton= tR + trr. Consequently there is need to use an 
equation to determine the value of total losses 

                            onon W
T

P 1
= .                      (4) 

From mentioned above results that selection of suitable 
diode could perfectly eliminate almost all of the turn - on 
losses without usage of soft – commutation.  

 
Experimental results 

 
However the limiting factor of diode selection further 

remains parameters of power circuit (voltage, current) as 
well as switching frequency. For that purpose we’ve made 
a set of experimental measurements, which are closely 
described in [21]. These measurements have been made as 
set of parametric measurements with variations of voltage, 
current and frequency. Every measurement has been done 

C of device temperature. It deals SBD diodes based 
on SiC substrate (SDT06S60) HyperFast (STTH506), 
Turbo2Fast (STTH5R06) and FastRecovery (BYT12) 
silicon based diodes. 

Fig. 3 shows graphic interpretation of energy that is 
absorbed by transistor during its transistor turn - on process 
in dependence on switching frequency. It can be seen that 
most of this energy is generated at very low value of 
switching frequency especially in the case of HyperFast 
diode structure. With the use of various diode structures 
almost similar amount of absorbed energy has been 
produced with increase of switching frequency. Excessive 
abnormality occurs only in the case of BYT12. 

 
Table 1.  Types of investigated diode’s 

  
IF(AV) 
[A] 

VRRM 
[V] 

I RM(typ) 
[A] 

V F(max) 
[V] 

trr(max) 
[ns] 

SDT06S60 6 600 n.a 1,7 n.a 
STTH506 5 600 3,6 1,95 12 

  
IF(AV) 
[A] 

VRRM 
[V] 

I RM(typ) 
[A] 

V F(max) 
[V] 

trr(max) 
[ns] 

STTH5R06 5 600 5,0 1,8 40 
BYT12 12 1000 9,0 1,9 155 
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Fig. 3. Dependence of absorbed energy during transistor’s turn - 
on process against switching frequency (fsw = var., U = 300V, I 
= 5A, L = 500μH) 

The measurement’s result proves considerable 
dependence of turn-on losses on switching frequency. 
Statement that with increase of switching frequency will 
increase the generation of switching losses is generally 
valid [5]. But measurement shows that by influence of 
different diode’s structure the situation should be critical at 
low frequencies too. 

 
Table 2. Turn-on loses vs. frequency 

300V / 4A   P [W]   

Frequency [kHz] 20 50 75 100 150 

SDT06S60 1,44 2,6 3,8 5,5 7,16 
STTH506 0,96 3,2 3,8 5,6 8,36 
STTH5R06 0,56 2,1 3,9 5,4 9,25 

BYT12 3,2 8,5 13,8 17,9 28,48 

 
From mentioned above is clear, that in practical 

application where switching frequency will be lower than 
50kHz, the usage of SBD diode is totally undesirable. 
More preferable is to use cheaper variant namely one of 
HyperFast diodes (STTH5R06, BYT12). 

Selecting most extreme power loading (600V, 6A), we 
have made new comparison of dynamic characteristic of 

C to see how SiC 
can perfectly withstand extreme conditions almost at high 
frequencies (100kHz), in which Si diodes are becoming 
unsuitable. 

Fig. 4–7 show waveforms of diode voltages and 
currents during turn-off process. Each figure shows 
measurement at 25°C and 150°C.   

As we can, see diodes based on Si structure are 
showing significant increase of trr and IRM when 
temperature is raising what will result in higher turn-off 
losses. Dynamic parameters at 150°C of SBD SiC diode 
are surprisingly better (trr = 17ns) than during measurement 
at 25°C (trr = 20ns). This fact confirms statement that 

(2) 
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diodes based on SiC technology have better dynamic 
abilities at higher temperatures (thermal resistibility up to 
600°C). 
 

 
 
 
 
 
 
 
 
 
 

Fig. 4. Turn-off process of SiC diode SDT06S60 (Chip 
temperature 25°C – left 150°C – right) 
 
 
 
 
 
 
 
 
Fig. 5. Turn-off process of Si diode STTH5R06 (Chip 
temperature 25°C – left ;150°C – right) 
 
 
 
 
 
 
 
 
Fig. 6. Turn-off process of Si diode STTH506 (Chip temperature 
25°C – left; 150°C – right) 

 
 
 

 
 
 
 
 
 
Fig. 7. Turn-off process of Si diode BYT12 (Chip temperature 
25°C – left; 150°C – right) 
 

 
 
 
 
 
 
 
 
 
 

 
 
Fig. 8. Power losses for selected diodes at 25°C 

 
Detailed evaluation of measurements oriented for 

number interpretation is shown on next graphs. The 

dependency of power losses on switching frequency up to 
250 kHz is shown on these graphs. It is clear to say that 
usage of SBD SiC diodes is advantageous in application 
with extreme conditions where energy efficiency is 
necessary. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Power losses for selected diodes at 150°C 

Conclusions 

The parametrical measurements have demonstrated 
massive influence of various diode structures on generation 
of power loss during turn - off process. From first 
measurements that have been done at 25°C [21], results 
show that diodes based on SiC technology are not the best 
solution for every application, almost when they are price 
non-competitive to standard diodes, whereby there exists 
Si based diodes which shows very good dynamic abilities 
and therefore low power loss generation.    

New measurements made at 150°C are showing huge 
differences in behaviour between each types. Surprisingly, 
SBD SiC are showing even better performance as during 
measurement with 25°C. This is caused due to innovative 
technology in manufacture of power semiconductor diodes.  
Therefore we can simply say that this structures are very 
perspective in applications, where extreme condition 
withstanding will be necessary.  

From above discussion and experiments which have 
been made is clear to say that one technology is not suited 
for all applications even through the name diode sounds 
very simple. For the best performance, one has to choose 
the right diode. 

Acknowledgement 

The authors wish to thank for the support to the R&D 
operational program Centrum of excellence of power 
electronics systems and materials for their components, 
No.OPVaV-2008/2.1/01-SORO, ITMS26220120003 
funded by European Community, also for financial support 
to Slovak Research and Development Agency APVV 
project No. VMSP-P-0085-09, LPP-0366-09 and APVV-
0535-07. 

 
References 
 
1. Bodos Power Systems. System Design Motion and 

Conversion. – December 2007. 
2. Feňo I. The Soft-Switching Tester and Application // 

EPE2003, 10th European Conference on Power Electronics 
and Applications. – 2 to 4 September 2003, Toulouse, France. 



6 
 

3. Spanik P., Dobrucky B., Frivaldsky M., Drgona P. 
Experimental  analysis of commutation process of power 
semiconductor transistor‘s structures // Acta Technica. 
CSAV. – 2007. – Vol. 52. – P. 399–413. 

4. Frivaldsky M., Drgoňa P., Spanik P. Measurement of 
switching losses of semiconductor structures for various 
commutation process // 16th Int. Conference on Electrical 
Drives and Power Electronics. – Slovakia. – September 24 – 
26, 2007. 

5. Chlebiš P. Polovodičové meniče s měkkým spínáním. – 
Ostrava. – 2004. 

6. Marian K. Kazimierczuk, D. Czarkovski. Resonant power 
converters // A Wiley – Interscience Publication. 

7. Kováč D., Kováčová I.  Simulation Models of Power IGBT 
and its Verifying by Measurement // Proceeding of 
International Conference MICROCAD´99. – Miskolc, 
Hungary. – 1999. – P. 67–70. 

8. Chimento F., Dobrucký B. DC – DC Converter for 
Renewable Energies Application with Maximum Power Point 
Tracking Operation // Activity Report of Maria Curie 
ECON2. – May 2006. 

9. Berning D. W., Hefner A. R. jr. IGBT Model Validation for 
Soft - Switching Applications // IEEE Transactions on 
Industry Application. – 2001. – Vol. 37, No. 2. – P. 650–660. 

10. Szychta E. Multirezonansowe przeksztaltniki ZVS napiecia 
stalego na napiece stale // Oficyna Wydawnicza Uniwersytetu 
Zielonogorskégo. – 2006.  

11. Dudrík J. Výkonové vyskofrekvenčné meniče s mäkkým 
spínaním. – Elfa s.r.o. – 2007. 

12. Locatelli M. L., Gamal S. H., Chante J. P. Semiconductor 
Material for High Temperature Power Devices // EPE 
Journal. –1994. – No. 1. – P. 43–46. 

13. Grecki M., Napieralski A. Static induction Transistor – A 
New High Speed Power Device // Proc. PEMC´94. – 
Warsaw. – Sept. 1994. – Vol. 2. – P. 836–841. 

14. Januszewsky S. Power Semiconductors Devices- State of Art 
& Recent Trends // Proc. PEMC’94. – Warsaw. – Sept. 1994. 
– Vol. 2. – P. 861–866. 

15. Heumann K. Trends in Semiconductor Devices and Impact 
on Power Electronics // Proc. PEMC’94. – Warsaw. – Sept. 
1994. – Vol. 2. – P. 1288–1299. 

16. Benda V. Power Semiconductors and Integrated Structures. – 
ČVUT Editor. – Prague (CZ). – 1994. 

17. Neudeck P. G. SiC Technology. – NASA Lewis Research 
Center, Cleveland USA, 1998. 

18. Tolbert L. M., Ozpineci B., Islam S. K., Peng F. Z. Impact 
of SiC Power Electronic Devices for Hybrid Electric Vehicles 
// SAE 2002 Transactions, Journal of Passenger Cars: 
Electronic and Electrical Systems. – 2003. – P. 765–771. 

19. Stephani D. The Industrial Utilization of SiC Power Devices 
- Aspects and Prospects / Lecture given at the Workshop on 
Future Electron Devices (FED). – Yokohama (JP). – March 
2003. 

20. Stephani D. Today’s and tomorrow’s industrial utilization of 
silicon carbide semiconductor power devices // Revue de 
l'Électricité et de l'Électronique. – Feb 2004. – P. 23–24. 

21. Domes D., Hofmann W., Lutz J. A First Loss Evaluation 
using a vertical SiC-JFET and a Conventional Si-IGBT in the 
Bidirectional Matrix Converter Switch Topology // EPE’05 
Conf. – Dresden (DE). – Sept. 2005 (CD-ROM). 

22. Frivaldsky M., Sul R. Elimination of Transistor’s Switching 
Losses by Diode Reverse Recovery in Dedicated Application 
// Proceedings International Conference IEEE IECON’08. – 
Orlando, Florida (USA). – Nov. 2008. – P. 737–742. 

 
Received 2009 12 09 

 
P. Špánik, R. Šul, M. Frívaldský, P. Drgoňa, J. Kandráč. Performance Investigation of Dynamic Characteristics of Power 
Semiconductor Diodes // Electronics and Electrical Engineering. – Kaunas: Technologija, 2010. – No. 3(99). – P. 3–6. 

Utilization of SiC SBD diodes in DC-DC converter applications is discussed. First reverse recovery effect of various diodes’ 
structures and its elimination is being described. Experimental measurements have been done and consequently data were converted into 
continuous form for graphic interpretation in dependence on switching frequency, supply voltage and load current. Accordingly, the 
utilization of new progressive materials of power SBD diodes on SiC technology is being described, whereby measurements were done 
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