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MUY WYWV LOYVOG, XAPAKTNPLOTIKA AELTOUPYLOG, CUYKPLTLKN

a&loAoynon. Odrynon SLaKoTTwY

Metatpomneig ouyvotntag SIKTUOU

o AvopBwoelg: EAeyxdueveg avopOwTikEG OLaTAEELG LOVOPAOLKEG/TPLATIKES.
AvAAuon, epaployES

o PuBuiotég evallaoodpevng tdong: Movodaoikoi-tpidacikol, avdAuon, epaployEg

Metatpomneig ouvexoug Tdong: Baoikd kukAwpata (utoBLBacpov,

avOPwong, HELKTOG), avaAuon, oxedioon, epapUoYES.

MNaApoTpododotikd DC: Flyback, Forward, nuiyédupag Kat TAr)poug

vedupag, d16pOwon cuvteleotr| Loyvog, EAeyyog tpododoaciag

(avdAvon HikpoU orjuatog, evotdBela, PWM cuvdptnon petadopdg),

didtpa

Avtiotpodeis Loyvog: Movodaolkol-TpLdaotkol, NULYEPUPOG-TIAT}POUG

yédupag, dSlapdpdwon PWM
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Mé&pog 2°: Oorynon Kvntrpwv

e HAEKTPOUNYQVLIKT) LETATPOTIN EVEPYELAG, TO NAEKTPLKO
KLV TI]PLO CUCTN A, TIEPLOYEG AELTOUPYLAG, OUVOLLLKN
ouumeplpopa

* MéBodol 0dnynong DC kivntripwv: MovteAlomoinon DC
KNI pwy, HEBodOL EAEYYOU OTPOPWV E CUCTIHATA
NAEKTPOVIKWYV LOYVOG, EAEYYOG

e MgBodol 0drynong AC kivntrpwv: Movtelomoinon AC
Kvntripwy, nEBodol eAEyyou oTpodwyv, EAEYYOG
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HAekTpIikd Kiv. ZuoTnua — Air Conditioning
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Figure 21: Variable-frequency drive efficiency at full and partial load
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Figure 12: Estimated share of global motor electricity demand by application {2003)

Maotor applications
Pumps
19%

Mech. movement
30%
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Sources: De Almeida et al. 2008h; A+B International, 2009,
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Mepidio Epapuoywyv (2020)

ELECTRIC MOTOR MARKET
Others
Automobile - traction motor

Household appliances

Industrial machinery

Medical equipment
HVAC

“— Automobile - non traction motor

Automobile - traction motor - Automobile - non traction motor HVAC [ Medical equipment ndustnal machinery

Household appliances Others

The Automobile - traction motor segment is projected to be the most lucrative segment during the analysis period.



MéyeOocg (2020)

ELECTRIC MOTOR MARKET

2020 - 2032

5 kW 10 kW
to 10 kW to 75 kW

The Above 75 kW segment held the highest revenue share in 2020.

29

Above 75
kW
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Figure 13: Estimated overall efficiency and electricity use for all types of electric motor systems

Losses
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Jource: A+B International, 2009,



AC vs DC motors

Global Electric Motor Market Share, By Motor Type, 2023

N AC Motor
W DC Motor
I Hemmetic Motor

www forfunebusinessinsights.com

31



AC vs DC Drives

U.S. variable frequency drive (VFD) market size, by product type,
2016 - 2027 (USD Billion)

2006 2017 2018 209 2020 2021 2022 2023 2024 2025 2026

B AC Drives OC Drives B Servo Drives
..':':-I}l.ii:l&. v.'m-.-.gl.u::lwe-m'ﬁea:ch.mn
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* To 70% TNG NAEKTPIKAG EVEPYEIOC UETATPETTETAI OE UNXAVIKNA
MEOW HAekTpIKWV KivnThpwy.

e O ammaIitiioeig yia yeTaBaAAduevn TaxuTnTa AugavovTal Kal
€101 Ta H.K.Z. peTaBaAAOueEVNC TaxUTNTAC £X0OUV £CENIXOEI O€
MO TTAYKOOUIa Blopnxavia

KEY TREND for this

il market will be the
CAGR 2 APAC to emerge TECHNOLOGICAL

47 as the ADVANCES IN
o FASTEST GROWING ELECTRIC DEVICES
Accelerating geography

INCREMENTAL

GROWTH AC DRIVES accounted for the

$ 511 b TOP 2 _~» AC drives HIGHEST MARKET SHARE of

PRODUCT close fo

SEOMENE = DC diives 9 5%
READ THE REPORT: : : :
1 0,000+ reports covering niche topics
INDUSTRIALS

GLOBAL ELECTRIC DRIVES MARKET Read them at: \
2019-2023 www.technavio.com =
Ytechnavio

D
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* AVOUEVETOI ONUAVTIKA aU¢non TG ayopag, KUpiwg Adyw
nAekTpokivnong kai HVAC

(Z)r ELECTRIC MOTOR MARKET

$258.17
Electric Motor $1550 Billion TREN DS DRlVERS
Market to Billi('Jn Rapid-Paced Urbanization Increasing Adoption from Industrial
grow at $145.15 Increasing Focus on Developing & AL;tomonve Sfector '”Cfgasi.ﬂg Demand
7.52% Billion Vehicles Less Dependent on Fossil Fuels or Motors for HVAC Applications
CAGR during M BY APPLICATION
2025-2032 U 24 ! i Industrial Machinery | Motor Vehicles

HVAC Equipment | Electrical Appliances | Others

INDUSTRY DEVELOPMENT

Schottel, a leading German propulsion manufacturer, secured

a contract for supplying main propulsion units to Vancouver-based
company Western Pacific Maritime (WPM). The British Columbia
Ministry of Transport and Infrastructure will obtain propulsion
units from WPM that consist of Schottel's
TwinPropellers STP 150 L of 360kW each.

BY POWER OUTPUT

Fractional Horsepower (Up to THP)
Integral Horsepower (Above 1HP

BY MOTOR TYPE
AC Motor: 58.11%
DC Motor | Hermetic Motor

ASIA PACIFIC BY VOLTAGE
& Upto 1Kv | 1kV - 6.6Kv
$55.09 $59.15 Above 6.6kV
Billion Billion
| o0 BY END-USER

industrial | Commercial
Residential | Agriculture
Transportation

4
X A k ‘.
North America | Latin America
Europe | Middle East & Africa “
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Avakonttikoc DC-DC peratponéag

kg

9V — V(1)

(a)
v(?)

RS

Rl s S B e S Average

t

Wi
'ﬂ

(b)
T/3

T T
avg(v,) =V, :%J‘Vx(t)dt = %J'9dt + %det =3V.
0 0
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EAEYY0VTOS TO OLOKOTTTN NTOPOVUE VO AVTIUETOTIGOVUE
TUYOV petoforés g V, kon va pvOpicovps tnv £€0do.

Switch Control

Low-Pass Filter
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Electric propulsion system for electric vehicular technology: A review

Renewable and Sustainable Energy Reviews Volume 29 2014 924 - 940
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Architecture and configuration of different vehicles (a) ICE vehicle; (b) battery electric vehicle;

Electric propulsion system for electric vehicular technology: A review

Renewable and Sustainable Energy Reviews Volume 29 2014 924 - 940
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Wind
energy

E@apuoyeEg

Gearbox Generator

O

O

Power
converter Transformer

>

Gnrid

Mechanical energy

Electrical energy

Conversion of wind energy into electrical energy in a wind turbine with full power

converter.

Power electronics evolution in wind turbines—A market-based analysis

Renewable and Sustainable Energy Reviews Volume 15, Issue 9 2011 4982 - 4993
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Gearbox Generator ) Grid
Filter

Transformer
[
Cam o F

[ Power control

i
] GRID ]
| OPERATOR |

? \ ’

I
Logic and safety function P Grid synchronization and monitorin, ]
]

- - - - -

Fig.2 Levels of control in a wind turbine with full-scale, back-to-back power converter

with a DC/DC stage

Power electronics evolution in wind turbines—A market-based analysis

Renewable and Sustainable Energy Reviews Volume 15, Issue 9 2011 4982 - 4993
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3-Phase Inverter

3 Phase
Transformer Utility

Fig.2 PV system with three-phase centralized inverter.

A review of power electronics interfaces for distributed energy systems towards achieving low-cost modular design

Renewable and Sustainable Energy Reviews Volume 13, Issue 9 2009 2323 - 2335
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Fig. 3 PV system with high-frequency transformer based isolation.

A review of power electronics interfaces for distributed energy systems towards achieving low-cost modular design

Renewable and Sustainable Energy Reviews Volume 13, Issue 9 2009 2323 - 2335
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A review of power electronics interfaces for distributed energy systems towards achieving low-cost modular design

Renewable and Sustainable Energy Reviews Volume 13, Issue 9 2009 2323 - 2335




(a) 3-Phase Inverter
Fuel Cell

3 Phase
Stack ‘§} ‘5} {'} Transformer Utility
! -m
S—— YT ¢

(b) DC-DC Converter DC-Lin 3-Phase Inverter

] [ -
Fuel Cell : High J; x:
Stack : Frequency :

Utility

Transformer

Fuel cell system with (a) single inverter and (b) inverter and isolated DC-DC converter.
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A review of power electronics interfaces for distributed energy systems towards achieving low-cost modular design
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Renewable and Sustainable Energy Reviews Volume 13, Issue 9 2009 2323 - 2335



Energy storage
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Power-electronics in storage systems.

Modern power-electronics installations in the Polish electrical power network

Renewable and Sustainable Energy Reviews Volume 15, Issue 1 2011 236 - 251
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Area of application: 1 — wind generators, 2 — energy storage, 3 — power supply
systems from low-voltage sources, 4 — network couplers, 5 — devices for
improvement of energy quality, 6 — devices for control of energy delivery.

Modern power-electronics installations in the Polish electrical power network

Renewable and Sustainable Energy Reviews Volume 15, Issue 1 2011 236 - 251
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AlokonTikn Aettovpyio MetatponEémy

o To BaoikO XapakTnPIOTIKO TWV PJETATPOMEWV.

o O0nyel O YUN-YPAUUIKEC KATACGTACEIC = N.X. N XPNON
OTPEPOUEVWY OlavUONaTwV KadioTatal NPoBANUATIKN

o Ocwpnon 10avikou SIaKOMTN YIa KATavonon Twv
LETATPOMNEWV

Kieaiotog Swuxonmg:  v(f) =0 +
i(t)
Avowktog Swekonmne: (7)) =0
V(1)
Y& ka0s nepinToOoN: p(t) = v(t) i(t) =0 0O
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EmAloyn Alokomtiko Xtotyeiov

Baoikol napapeTpol:

«Ta enineda TAoNC KAl peupaToc, nou kadopilouv
TN duvaToTNTA XEIPIOHOU IGXUOC.

[TTwon Taong o€ AsIToupyia TNG OCUCKEUNC.
«Xpovoc petapaonc (evaAaync) ano B€on ON os
OFF. Mepiopilel Tn ouxvoTnTa Evaiiayng

(switching frequency).
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~__ EAeyxoOpeva a1ro pevpa:
thyristor, GTO, BJT

EAeyxopeva atmroé taon:

| power MOSFET,IGBT, MCT, IGCT

— MaApég pevparog: thyristor, GTO
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~— power MOSFET, IGBT, MCT, IGCT
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Figure 1-8 (a) Rectifier diode; (b) i-v characteristic; (c) idealized i-v characteristic;
(d) reverse recovery time 7, ; (¢) Schottky diode.
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* Atodot Schottky: Xpnoiuomolovvton € KUKADUOTO UE
UIKpN TAoT £E000V, LWKPT) TTOCT] TACNS, OVVATOTITA
OLKOTITIKNC Ae1Tovpyiag o€ peydrec cuyvotntes (0gv
EYOLV YPOVO OTOKOTAGTUCNG).

Atooot Tayelog amokaTaoTOOoNS: XPMNGILOTOLOVVTOL GE
KUKAOUOTO DYNANG GLYVOTNTOC KOl Yol TO AOYO aUTO
TPETMEL VO, EYOLV UIKPO 177 (LEPTKA US).

e Al0001 XuyvoTNTOS AIKTV0V: XPNGILUOTOI0VVTUL GE
KUKAOUOTO cuyvotnTog otktvov (50 Hz) kot yio tov Adyo
QVTO EMLTPEMETAL VO, EYOVV GYETIKA UEYBAAO 177
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Hopaostypoto epmopika o10.0£o1p@v 0100MV

Ovopootiki) tdon  Ovopootiko pevpo  VF(Tomikn) trr(max)

Fast recovery rectifiers

1N3913 400V 30A 1.1V 400ns

SD453N25S20PC 2500V 400A 2.2V 201s
Ultra-fast recovery rectifiers

MURS15 150V 8A 0.975V 35ns

MUR1560 600V 15A 1.2V 6ns

RHRU100120 1200V 100A 2.6V 60ns

Schottky rectifiers

MBR6030L 30V 60A 0.48V

444CNQO45 45V 440A 0.69V

30CPQ150 150V 30A 1.19V
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Figure 1-9 Thyristor devices: (a) silicon-controlled rectifier (SCR); (b) SCR idealized i-v
characteristic; (¢) gate turnoff (GTO) thyristor; (d) triac; (¢) MOS-controlled thyristor (MCT)
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SCR (@UpiGTO p) Silicon-Controlled Rectifier
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Gate Turn-off Thyristor (GTO)
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Mosfet
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¢ D D D On
o —
- VGs3
— o
Gate —— e jg VDS vGs2
G + VGsi
ves=0 Off
VGs ¢——n—
VDS VDS
—18
Figure 1-10 (a) MOSFET (N-channel) with body diode; (b)) MOSFET characteristics;

Source  (c) idealized MOSFET characteristics.
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Safe Operation Area

* Hmeployn aodpoarovg Aettoupyiag (SOA) piag
OUGCKEUNG OELYVEL TA OPLA XELPLOUOU TAONG/PEVUATOG

Fy
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crman Max power

Current limit (Pemax)

Second
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YIS max

>

vps
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Ip - Drain Current (A)

Drain
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Source
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1 < T . Y
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h Y
N N N\
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N o~ e
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— - H
= 74225 DCH
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001 LI TR AT
0.01 0.1 1 10 100

Vps - Drain-to-Source Voltage (V)
*Vgg > minimum Vgg at which Rpgiop) is specified
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Figure17. Resistive Load Figure18. Clamped Inductive  Figure19. Capacitive Load
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PD - 98918A

Infernational
IR Rectifier picitaLaupiomosrer  |RFB4212PbF

Features Key Parameters

» Key parameters optimized for Class-D audio Vs 100 v
amplifier applications Rosion 1YP- @ 10V 755 mo

» Low Rpsop for improved efficiency Q, typ. 15 nG

» Low Q and Qs for better THD and improved Qaw Iyp a3 nG
efficiency Ry 1YP- ) 1)

» Low CQipp for better THD and lower EMI T, max 175 e

« 175%C operating junction temperature for
ruggedness
» Can deliver up to 150W per channel into 42 load in

— P
hali-bridge topology L @
A N
\J 111

\ L
.

1

€]

TO-220AB

Description
This Digital Audio MOSFET is specifically designed for Class-D audio amplifier applications. This MOSFET utilizes
the latest processing techniques to achieve low on-resistance per silicon area. Furthermore, Gate charge, body-diode
reverse recovery and internal Gate resistance are optimized to improve key Class-D audio amplifier performance
factors such as efficiency, THD and EMI. Additional features of this MOSFET are 175°C operating junciion
temperature and repetitive avalanche capability. These features combine to make this MOSFET a highly efficient,
robust and reliable device for ClassD audio amplifier applications.

‘Absolute Maxirmum Ratings

Parameter Max. Units
Vos Drain-to-Source Voltage 100 W
Vas Gate-to-Source Voltage +20
lg & Te=26°C Continuous Drain Current, Vg, & 10V 18 .
Iz @ Tp=100°C Confinuous Drain Current, Vs @ 10V 13
| e Pulsed Drain Current @ 57
P @T. =25°C Power Dissipation @ 60 W
Pp @T = 100°C Power Dissipation @ 30
Linear Derating Factor 0.4 WG
T, Operating Junction and -85 to+ 175 °C
Ters Storage Temperature Bange
Soldering Temperature, for 10 seconds a00
(1.6mm from case)
Mounting torgue, 6-32 or M3 screw 10Itrin {(1.1N-rn)
Thermal Resistance
Parameter Typ. Max. Units
= Junction-to-Case @ —_— 25
Race Case-io-Sink, Flat, Greased Surface 0.50 — “CwW
Faye Junction-to-Ambient @ —_— 62

Rlndme @ Herwosaks B aem oee e 3
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

International
IGR Fectifier

Parameter Min. | Typ. | Max. | Units Conditions
BV pas Drain-to-Source Breakdown Vaoltage 100 _ _ W ".l',_:,_; =0V, I = 250pA
ABV e AT, Breakdown Voltage Temp. Coefficient — | 0.09 | — | VG |Reference to 25°C, Ig = TmA
Rpsion Static Drain-to-Source On-Resistance _— 38 T25 | mE Ve =10V.Ig=13A 0
Vs Gate Threshold Volage 3.0 _ 3.0 Vo Vs = Vs, Ip = 250pa
AV ggmlAT, Gate Threshold Voltage Coefiicient _— -13 — | mVmG
lg=s Drain-to-Source Leakage Gurrent | — 20 PA |V = 100V, V. =0V
— | — | 230 Wpe = 100V, Vg =0V, T, =1253%C
lass Gate-to-Source Forward Leakage | — 200 né ".I'_E,: = 20V
Gate-to-Source Reverse Leakage —_ — | -200 Wiz = -20W

Oes Forward Transconductance 11 _ _ S Wpg=30V, Ip=13A
Q. Total Gate Gharge — 13 23

oo Pre-Wth Gate-to-Source Charge —_ 3.3 _ Wps =80V

Dgso Post-Vih Gate-to-Source Charge —_ 1.4 _ nG |Vzs =10V

Doy Gate-to-DOrain Charge _— 6.8 _— Ip =134

Lo T Gate Charge Cwverdrive —_ 34 _ See Fig. 8 and 19
o Switch Charge (Qg.o + Qga) —_— B3 _—
Rzing Internal Gale Resistance _— 2.2 _— Q
Taon Tum-Cn Delay Time —_ Fii _ Voo =30V, Vg =10V
1. Rize Time —_— 28 _— Ip =134
| taam Tum-2ff Delay Time _— 14 _— ns |Agz=2.5&
1 Fall Time —_— 38 e
L Input Capacitance —_— 330 _ Vo =0V
Cges Cutput Capacitance _— G4 _ pF |Vps =30V
Grss Reverse Transfer Gapacitance _— 33 _ f=1.0MHz, See Fig.3
oz Effective Cutput Gapacitance _— 350 | — Wag =0V, Vg = 0V 1o B0V
Ly Imternal Orain Inductance _— 4.5 _ Between lead,

nH |Gmm (0.25in.)
Ls Internal Source Inductance _— 7.3 _— from package
and center of die contact
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Fig 4. Normalized On-Resistance vs. Temperature
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Fig 8. Maximum Safe Operating Area
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/74
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Fig 9. Maximum Drain Current va. Case Temperature
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Fig 18b. Switching Time Waveforms
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Qgs1 Ogs2 Cgd Qgodr
Qp Total Gate Charge (nC)

Fig19b Gate Charge Waveform
ig 6. Typical Gate Charge vs.Gate-to-Source Voltage
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[Hopadeiypota epumopikd owobéciumwv MOSFET

Ovopaotikn tdon  Ovopootiko peopa  Rdson Qg(typical)

IRFZA48

IRF510

IRF540
APT105M25BN
IRF740
MTMI15N40E
APTS5025BN
APT1001RBNR

60V
100V
100V
100V
400V
400V
S00v
1000V

S0A
5.6A

28A
T5A
10A
15A
23A
11A

0.018Q
0.54Q
0.077Q
0.025Q
0.55Q
03Q
0.25Q
1.0Q

110nC
8.3 nC
72 nC
171 nC
63 nC
8.3nC
110 nC
83nC

150 nC
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KukAwpata 0drjynong muAng

[la TN SlaodpdAilon ypriyopng evaAAayrig evOog SLaKOTITN, TA
KUKAWMOTO 001yNONG TTUANG (gate-drive circuits) TipEmMeL va
urtopovv va poptiCouv-ekpoptifouv ypriyopa tn YwpnTikOTnTA
TIUANG-TINY™NG (TTUANG-ekpong oto IGBT) kaBwg kat tn ywpntikdTnTa
Miller (Cgp)

AUTO onpaivel 0TL O TTpETEL Vo EXEL YNAT) oUvBeTn avtioToon yla
VoL UTTOPEL val SIVEL LKOVOTIOINTIKO peVQ (Ttnyn] Tdong)

Xprion eTUTIAEOV PLKPNG AVTioTAONG OE GELPA yLa attoduyn]
TAPOOLTIKWY TaAavtwoewy (yia to IGBT = amo datasheet)

Tutikeg TIpEG: OV (off) 12-15V (on)

Aev ipenel va Eemepdoel Ta 20V (breakdown voltage) 0
VOLTAGE ... |+s« PRODUCES

AT GATE CURRENT

\ IN DRAIN
+) — ‘/
ey

o = Ig

VOLTAGE
SOURCE

Q
(b) Power MOSFET
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IGBT

E

JOnwg 10 MOSFET amattel pikpn
160 oTNV TOAN Yo peTdfoo.

JOnw¢ 10 BIT &yet ukpn ntdon
TAoNC o€ Katdotoomn aywync (~2-3 'V,
v téoeg 1000 V)

Collector Current (A)

Ve =10V

9V

8V

A%
6V

0

A_JIV | I i 3 | 1 k 1 l T

2 4 6 g 10
Collector—emitter voltage

IMeyaAn IkavoTnTa ATTOKOTING avAoTpoPpns Tdong ottwe Ta GTO

IXpovol petapaong ~1us
Tdoeig péxpr 3300 V
JPevpata péxpr 1200 A.

12

> Vog
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Ouota yapaktnprotikd ereyyov ue MOSFET
* Evavon pe Vo>V,
* XPéon pe Vge<Vigm
* IItowon tdonc oe Aettovpyia pkpotepn and MOSFET
(06 10 Vegsar))-
* AN peyoAvTepOl ¥poOvol evariaync! (apyn cPéon)

o Tlopaoetypota spmopika owwdéopmwv IGBT

Ovopaotiki tdon ~ Ovop. péeo pedpe Ve(tom.)  ti(Tomko)

Single-chip devices
HGTG32N60E2 000V 32A 24V 0.62us
HGTG30N120D2 1200V 30A 3.2V 0.58us

multiple-chip power modules_
CM400HA-12E 600V 400A 2TV 0315

CM300HA-24E 1200V 300A 2.7V 03ps

n A ~



\

Absolute Maximum Ratings
| Parameter Max, Units
s ~ g Vees Collector-lo-Emitter Breakdown Voltage 800 V
Zz | ellchott lc@Te=25C | Continuous Collector Current 1
Ol lo @ To=100°C | Continuous Collector Current 2% A
A | e Vee(on) typ. = 225V | | |oy Pulsed Collector Current @ 204
[, E)-] " @Vee=15V. lo=26A | |y Clamped Inductive Load Current @ 204
0 < n-channel Ve Gateo-Emiter Voltage £20 V
E 2 Eany Reverse Voltage Avalanche Energy @ 186 mJ
= Po@Te=25°C | Maximum Power Dissipation 200 W
W 5 Pp @ To=100°C| Maximum Power Dissipation 78
% N T Operafing Junction and B3 10+ 160
N 5 \ Tats Storage Temperature Range 0
E [ — Soldering Temperafure, for 10 seconds 300 (0.063 in, (1.6mm from case )
SR
Thermal Resistance
Parameter Typ. Max, | Units
R Junction-to-Case — 064
Rics Case-lo-Sink, Flat, Greased Surface 0.24 — "W
Raua Junction-to-Ambien, typical socket mount - 40
W Weight 6(021) — 0 (02)

92
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2VYKpLoN

Device- Ratings
types (kV)
MOSFET
Table 2.2 Companson of Power Semiconductor Devices (SI) 0 I _05
Drevice Year made Hated K ated Kated Kated Forarand .
type avallable voltage current frequency power voltage IGBT (SI) 0.5-6.5
.].I?&!ﬁﬂ 1957 kv 15 kA 200 Hz 100s MW 1.5 25V GTO (Si) 4.0-9.0
Triac 1958 kv 100 A 200 Hz 100s kW 1.5-2V Thyristor
GTO 1962 45KV 1 kA 2 ke 10s MW 14V ) 50-11.0
BJT 1960 12KV &0 A 10 kHz 1 MW 1.5 3V (S')
{ Drarling tom)
MOSFET 14976 00 W 200A | MHz 100 kW 14V MOSFET 1.0=2.0
IGBT 1983 12KV 400 A M kHz 100s kW 14V (SiC) ) )
SIT 1.2V Wb A 100 kHz 10s kW 10-20V
SITH LSkV 300 A 10 kHz s kW 24V BJT (SiC) 1.0-5.0
MOT 1985 1LV Tk H-100 kHz 10s MW -2V IGBT (S' C) 3.0-10.0
I 0—10.
GTO (SiC) | 10.0-25.0
Thyristor
4 10.0-40.0
(SiC)
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As power rating
increases, frequency
) decreases
10-
GTO
Uy » MCT
- L
E sITH ¢
5 107 -
z it ®
B - » _
IGRT As frequency
102 4 INCTeases, power
decreases
1 - ./1/
1o MOSFET
10" | | | | | | | |

o ol 102 13 ik NE 106 107 108

Frequency (Hz)

AuVOTOTNTEG NULOYWYLKWY SLAKOTITWY NAEKTPOVIKWYV LoYVOG
OUVOPTIOEL TNG LOYVOG KOl SLAKOTITIKT)G CUXVOTNTOG.
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KukAwpata Snubber

e BonOnTik& KUKAWHOTA YLO TIPOCTAGIO TWV SLOKOTITWY KATA TN
OLOKOTITLKN AELTOUpYia

e 2TOXOL TOUG:
o Melwon TwV SLAKOTITIKWY ATIWAELWYV TNG CUOKEUTG

o 'EAgYXOG TwV dv/dt 1) di/dt TG CUOKEUT|G

(b)

[TaOntikd KokAopoto snubber : (a) of€ong ko (b) Evavong.
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AWKOTTTIKN Agrtovpylio ympls snubbers

Vv £
A

Ky Vs /
[
I o

P \
TORLE I\ /)

- Turnoff Turn-on [

(b

X

)
I A

T t| 1
T k]
0

|

Fo = (c)

~ =

| .
> PQ — EIL Lie('fs + 'f)f
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Transistor pe snubber

v, 0

n(}) B
dip,

0 I, Iy

Ve

Polt)

0 =1,
(c1) (©)

!

(d)
To KUKAwpa snubber
TTPOCPEPEI EVAAANAKTIKO
OPOMO VIO TO pEUUA
(popTiou oTN OB£oN.

KaBwcg n 1aon oTo
OIOKOTITN augavel, n Dg
TTOAWVETAI 0pO& Kal 0
TTUKVWTAG @opTieTal.

« ETeIdn 10 pevpa péel JEOw TNG OIGOOU KAl TOU TTUKVWTI), MTTOPEI va
apXio€l VO PEIWVETAI OTO OIAKOTITN, OKOMN KI av n D, mapauével

AvAOTPOPA TTOAWMEVN.

* O puBpudc peTaBoAAC TNS TAONC TOu BIAKOTITN TTEPIOPICETAI OTTO TOV
TTUKVWTI], O OTTOI0G €KQOPTICETAI OTNV AVTIOTAOT (KUPIWC) KAl OTO

OIOKOTITN OTAV O AUTOG AYEL.

® H diodog D, moAwveTal opBd& OTav O TTUKVWTNG PTACEI aTNV TACN TNG

mnyng Ve



UNIVERSITY OF

% WESTERN MACEDONIA

Transistor pe snubber

bin,

[).\ S

2.€ KABe oTiyun, ig(t) +ig(t) =1,

(a)

Ta pevpata TPavZioTOP/TTUKVWTA

G Karta 1n oBEon:
Ve
‘0
IL(I—;) for 0 =1 <1
: f
. io(t) = '
0 1, 1 t ¢ 0 1= Iy
(b)
It
,- v IL—igh=" 0=r<y
o Ff—
Po(t)
i =91 tr=1<t,
0 1= 1,

Taon TTUKVWTA:

!
( 2
1 It It
_/L_df:_b 0=t=1t
C tr 2Cty :
0

{

1 I Ity

V(1) = § C I dt + veltp) = E“ — 1)+ =1=1,
Iy

V, =1
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Transistor pe snubber

¢ = Ye Po®)

@ (©)

H 1oxUg TTou atroppopd ,, _
0 SIaKATITNG eival Twpa: = 2

0

Av 1O peUpha ToU DIAKOTITN PTACEI

OTO UNOEV TIPIV O TTUKVWTAG
QOPTIOTEI TTANPWG, N TAON TOU
TTUKVWTNA YiVETQL:

— IL{.’:{)E _ ‘(er C = ‘!Lr
T 2c, 2 2V

OTtrou V; n emBuunTtA 100N
TTUKVWTH, OTAV TO PEUNA iy YiVEl
MNOEV.

ETIAEYW TTOANEC POpPEC

TOV TTUKVWTI) €101 WOTE N
Tdon TOoU BIOKOTITN VA C =
QTAVEI OTNV TEAIKN TIUR TNV

2V

idla OTIYUA TTOU TO PEUA
uNnoeviletal, dnAadn:

I

0

4 142 12 42¢
| ] [ f t
— [ voigdi =1 (L—)!L(l - —) ar =121
T ZCff ff 24C
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Aloyelplon Bepuodnrac

o OLamwAEeLEG TOU SLAKOTITN (0yWYNG + OLOKOTITIKEG),
HETATPETOVTOL O€ BeppdTnTa

e Hamaywyr tng Beppdtnrag eival amapaitntn yia tn dtatripnon
NG eoWTEPLKNG Beppokpaaciog (] emadrig) Tov dlakdmn o€
emtimeda KATW TWV oplwv

o [evikd, n oladopd Bepuokpaaciag 2 onUeiwy elvat cuvdptnon TG
Oepuikng Loyvog kal BeppuLkng avtioTaong, ou opileTal we:

L - where R, = thermal resistance, °C/W (also listed as K/W on some datasheets)

Ry p T, — T, = temperature difference, °C T
P = thermal power, W
* Av dev umtapyel Ynktpa, n Beppokpaocia 10, 2 Ry

enadng 7, divetol amo tn Beppikn LoxL Kot ™
Oepuikn avtiotaon enadng-rieptBAAAovVTOG
Rga TIOU Oivetou ota datasheet.

» HOeppokpaoia meptfdArovtog (ambient) eival autr) Tou aepa o€
entadr] e To TEPIPAN A TOU OLOKOTITN
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Aloyelplon Bepuodnrac

* [ToAAEG Popeg 1 BepuLkn) LOYUG 0TO SLOAKOTITN Elval
UN-ETITPETITN

Junction

* Anouteitou Ynktpa (heat sink) ou Ba petwver ) T,
ylo 6edopevn BepuLkn LoxU, LELWVOVTAG TN CUVOALKN
Oepuikn avtiotoon peta&L enadrg-meptBAAAOVTOG PG

- Case

o Me pia ymktpa, n Ogppuikny Loy peeL amd v emtadn
oto mepiPAnua (avtiotaon Ry ) aro to nepifAnpa
otV YNKTpa (Rg s) Ka amo tnv Yrktpa 0to
meptBaArov (Rgsp)-

ﬁ% % e HOepuokpaoia emadns Ba eivat:
= N Tp= PRy + Te=P(Ry e+ Ry cs+ Rosa) + Ty

e Tadatasheet divouv tnv Ry ;¢ Kal TNV Ry <5 VIO Agia emi@aveia

Heat sink

_ Ambient

* HRycp AapdveTtot amd Tov KATAOKEVAOTN TNG WNKTPAG.
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Aloyelplon Bepuodnrac

* € TIEPITITWOELG OLAKOTITIKIG AELTOUPYLNG, X PN OLUOTIOLE(TAL LGOSUVAO

RC povtelo, ou avarmoplotd LeTOBOAEG OepuoKkpaoLWY LE TO XpOVO.
I Ry T Ry I Ry Iy
U A S

P(‘D —C — G

|1
[T
o

o T,:emadn, T,: mepiBAnua, T,: Ynktpa, T,: mepariov

p(r)
Rﬂn T

AUTO 06nyel o€ ekOeTIKEG
uetoBoAEg Beppuokpaaiag yia

Brpotikr} aAAayr] TG Loxvog
£L0060U
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Aloyelplon Bepuodnrac

* H petaBoatikr) Oeppukn avtiotaon enadrig-meptBApatog Zg

xpnotpomoLleital yio va kaBopioel Tn petaoAr) otn Beppokpacia
entadng AOyw oTLypLaiwy aAdaywv otnv anoppodopevn Loyv.

10
O 1
= %’ —
= -
Q t ; ————
Z 0.20 ==
g I =T
5 0.1 =010 R e R RICOW) | (o)
e
= 0.05 mE A1 1T 1T 0am own
E ——0.02 =L l'|‘; E 2 $ 3 0337 [0.001375
£ o001 =2 e ci Viri 0337 _[0.018713
T Notes: 3
SINGLE PULSE 1. Duty Factor D = t1/t2 H
(THERMAL RESPONSE) 2. Peak Tj = Pdm x Zthjc + T |
0.001 LI [ Cd [ I
1E-006 1E-005 0.0001 0.001 0.01 0.1
IRF4104 MOSFET t,, Rectangular Pulse Duration (sec)

* HpetaPoin g T, oto dtdotnua 0-t; Aoyw €vOG TTAAOV TIAATOUG

P, Stdpkelagt, divetawamd > AT = Ly Zy o
e T tn péylotn Bepuokpaocio emadrg TpooOETOUVE TN
GEP}J.OKPCXO'((X T[EplBAT“J.(XTOQ 2 7:/ max PdmZH,JC + 72
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Aloyelplon Bepuodnrac

e Hoxig ou amoppodd eva MOSFET €xel TETpayWVLIKT) KUUATOMOPOT
ue Py =100WV, t,=200yus, t,=2000s.

* o) Bpeite Tn peylotn Oeppokpaciakr) dtadopd peTa&l emadn-
TEPLPANHATOG Y pnoLoTIOLWVTOG TN HETaatikr] Ogppikny avtiotoon. H
Oepuokpaoia meptBArjuatog eivat otabepr) 80°C.

* B)HBepukn avtiotaon Ry ivoun 2,5°C/W. Zuykpivete T0
ATIOTEAECHA TOV () UE EVaV UTIOAOYLOUO TIov BacileTal ot pEon LoyU
mou artoppoda to MOSFET kat tnv Ry ¢

plr)
Pr.l'm
0

0 4 ) t
(a)

TJ. miax
?:;{ f)

(b)
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