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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:

to=tr T t,.; where trr =t, + t, (1
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where for the power loss calculation is valid next equation:

on — ? on> (2)

Won = IiP(t)'uP(t)'dt’

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]

Tz,
Won = 21pln]-Up[n]-AT, 3)
n=Ty|

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; AT — 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
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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
aset 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
with 25C of device temperature. It deals SBD diodes based
on SiC substrate (SDT06S60) HyperFast (STTHS506),
Turbo2Fast (STTHS5R06) and FastRecovery (BYTI12)
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

Irav) | Vrem | Irmayp) | V Fmaxy | termay
Al | [VI [A] [Vl [ns]
SDT06S60 6 600 n.a 1,7 n.a
STTHS506 5 600 3,6 1,95 12

IF(AV) VRRM I RM(typ) V F(max) trr(max)
Al | [VI [A] [Vl [ns]
STTHS5R06 5 600 5,0 1,8 40
BYTI2 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 =500pH)

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 38 5,5 7,16
STTHS506 0,96 32 3.8 5,6 8,36
STTH5R06 0,56 2,1 39 5.4 9,25
BYTI12 32 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
examined diodes almost at critical 150C 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 t, and Igy when
temperature is raising what will result in higher turn-off
losses. Dynamic parameters at 150°C of SBD SiC diode
are surprisingly better (., = 17ns) than during measurement
at 25°C (t; = 20ns). This fact confirms statement that



diodes based on SiC technology have better dynamic
abilities at higher temperatures (thermal resistibility up to
600°C).
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Fig. 4. Turn-off process of SiC diode SDT06S60 (Chip
temperature 25°C — left150°C — right)
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Fig. 5. Turn-off process of Si diode STTH5R06 (Chip
temperature 25°C — left;150°C — right)
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Fig. 6. Turn-off process of Si diode STTH506 (Chip temperature
25°C — left; 150°C — right)
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Fig. 7. Turn-off process of Si diode BYT12 (Chip temperature
25°C — left; 150°C — right)
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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.
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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.
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P. Spanik, R. Sul, M. Frivaldsky, P. Drgoiia, J. Kandra¢. 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
also at higher (150C) temperatures. This measurements show key differences in dynamic characteristic between each diodes and
therefore proper selection of diode and optimization of power supply should be done. It is concerned SiC SBD diode structures versus
Si UltraFast and HyperFast diodes rated for 600V. Ill. 9, bibl. 22 (in English; summaries in English, Russian and Lithuanian).

II. Inannk, P. Ilyn, M. ®dpuBanacku, II. Jlprona, 0. Kanapau. HccnenoBanue 3¢(peKTUBHOCTH JUHAMUYECKHUX
XapaKTePUCTHK CHJIOBBIX MOJIYNPOBOIHMKOBBIX IHOI0B // DIeKTPOHUKA U 3jeKkTpoTexHuka. — Kaynac: Texnonorus, 2010. — Ne
3(99). - C. 3-6.

Obcyxnmaercss ucrnonb3oBanue auonoB SiC SBD B komBeprepax DC-DC. OmmcwiBaercs oOpaTHBI 3(QQEKT BOCCTaHOBIECHHS
CTPYKTYPBI PAa3IMYHBIX IHOJIOB M €r0o dIMMHUHAIMSA. [IpoBeeHsl SKCIIepUMeHTaNbHbIe H3MepeHus. [laHHble ObUTH TpeoOpa3oBaHEI B
HETIpephIBHYIO (hOopMy JUTs rpaUuecKoil HHTEPIIPETauy B 3aBUCHMOCTH I YaCTOTHI NEePEKITIOYEHHsI, HallPSHKEHNST U TOKa Harpy3KH.
OmnncheIBaeTcsl MCHONIB30BaHUE HOBBIX MaTepHaioB criIoBbIX SBD nmuonos Ha texHomormn SiC, Korja M3MepeHHs NPOBOAWINCH IPU
6ouee BeIcoKHX (150 °C) Temmneparypax. DTo U3MEPEHHs ITOKa3bIBAlOT OCHOBHEIE Pa3JIMUMs B AMHAMHIECKHX XapaKTEePUCTHK AUOJIOB H,
CJIEI0BATENIbHO, KaK MPAaBHIIHOTO BRIOpATh JM0/1a M ONTUMHU3UPOBATH ero nuranue. 1. 9, 0ubi. 22 (Ha aHIIIMICKOM S3BIKE; pedepaTsl
Ha aHTTIMHCKOM, PyCCKOM M JTUTOBCKOM 53.).

P. Spanik, R. Sul, M. Frivaldsky, P. Drgoiia, J. Kandra¢. Galingy puslaidininkiniy diody dinaminiy charakteristiky efektyvumo
tyrimas // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 3(99). — P. 3—-6.

Aptariama, kaip SiC SBD diodai gali buti naudojami DC-DC keitikliuose. ApraSomas atvirkstinis jvairiy diody struktiiros
atsikfirimo reiSkinys ir jo pasalinimo budai. Atlikti eksperimentiniai matavimai, o gautiems duomenims suteikta nepertraukiama forma,
kad juos biity galima interpretuoti grafiskai, atsizvelgiant i komutavimo dazni, maitinimo jtampa ir apkrovos sroveg. Aprasomas naujy
medziagy naudojimas galingiems SBD diodams gaminti taikant SiC technologija. Matavimai taip pat atlikti esant aukstesnéms (150 C)
temperatiiroms. Sie matavimai rodo esminius diody dinaminiy charakteristiky skirtumus ir kaip reikty tinkamai parinkti dioda ir
optimizuoti jo maitinimo $altini. Il. 9, bibl. 22 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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