
ELEC-E8421  Tehoelektroniikan komponentit 

Harjoitus 6. 
 
1. SEMiX223GB12Vs moduulin IGBT:n häviöteho on oheisen kuvan mukainen 20 

ms jaksolla toistuva 10 ms jono häviötehopulsseja (25 identtistä pulssia tasavälein). 
Määrää kiihdytettyä superpositiomenetelmää käyttäen lämpötilaero IGBT:n 
liitoksen ja kotelon välillä pulssijonon viimeisen pulssin lopussa. Tarvittava 
käyrästö ja sen sarjakehitelmä on seuraavalla sivulla. 
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2. Kiekkotyyppisen diodin kontaktipinnan halkaisija on 17 mm, sen häviöteho on 205 

W ja sitä jäähdyttävän kaksipuolisen jäähdytyselementin lämpövastuksen tulisi olla 
alle 0,26 K/W. 
a) Valitse diodille jäähdytyselementti oheisten datalehtien avulla 
b) Kuinka suuren ilmavirtauksen jäähdytyselementti vaatii? 
c) Mikä on painehäviö jäähdytyselementissä? 
d) Laske, mitkä arvot saat elementin lämpövastukselle luonnollisella 

ilmankierrolla kun käytät tilavuuteen ja pinta.-alaan perustuvia kaavoja 8.18 ja 
8.16. Vertaa saamiasi arvoja datalehden arvoihin. (Huom! kaikkia mittoja ei 
ole näkyvissä datalehden mittapiirustuksessa, käytä viivotinta puuttuvien 
mittojen selville saamiseen!) 

e) Määrää kuvaa 8.11 käyttäen tarvittavan ilmavirtauksen suuruus. Vertaa 
saamaasi arvoa kohdan b) arvoon. Mistä ero mahtaa johtua? 

 
 

Juha
Text Box
SEMiX223GB12Vs module IGBT losses are as  shown in below picture, 20 ms continuous cycle with 10 ms of 25 identical pulses, lasting 300 us and between time of 100 us. Using accelerated superposition principle, determine the IGBT junction to case temperature at the end last pulse. Required figures and series is on the next page.

Juha
Text Box
Disk type diode contact area diameter is 17 mm and losses are 205 W. The cooling case which is 2 sided should have a thermal resistance less than 0.26 K/W.

Juha
Text Box
a) choose a cooling element using following datasheets
b) What is the minimum airflow required
c) what is the pressure difference between start and end of the cooling element
d) Calculate, which values you get for the thermal resistance when using volume and surface are based natural cooling experimental equations of 8.18 and 8.16 in the book, Compare values to the datasheets
(Note! All necessary measures are not visible in the datasheet, but you may use ruler to determine remaining metrics!)
e)  using figure 8.11 define necessary airflow, compary to value in b). What causes the difference?
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SEMiX® 3s

GB

SEMiX223GB12Vs

Features
• Homogeneous Si
• VCE(sat) with positive temperature 

coefficient
• High short circuit capability
• UL recognised file no. E63532
Typical Applications*
• AC inverter drives
• UPS
• Electronic Welding
Remarks
• Case temperature limited to TC=125°C 

max.
• Product reliability results are valid for 

Tj=150°C
• Dynamic values apply to the
    following combination of resistors:
    RGon,main = 2,9 
    RGoff,main = 2,9 
    RG,X = 2,2 
    RE,X = 0,5 

Absolute Maximum Ratings 
Symbol Conditions Values Unit
IGBT
VCES Tj = 25 °C 1200 V
IC Tj = 175 °C Tc = 25 °C 323 A

Tc = 80 °C 246 A
ICnom 225 A
ICRM ICRM = 3xICnom 675 A
VGES -20 ... 20 V

tpsc
VCC = 720 V
VGE ≤ 15 V
VCES ≤ 1200 V

Tj = 125 °C 10 µs

Tj -40 ... 175 °C
Inverse diode
IF Tj = 175 °C Tc = 25 °C 263 A

Tc = 80 °C 197 A
IFnom 225 A
IFRM IFRM = 3xIFnom 675 A
IFSM tp = 10 ms, sin 180°, Tj = 25 °C 1161 A
Tj -40 ... 175 °C
Module
It(RMS) Tterminal = 80 °C 600 A
Tstg -40 ... 125 °C
Visol AC sinus 50Hz, t = 1 min 4000 V

Characteristics 
Symbol Conditions min. typ. max. Unit
IGBT
VCE(sat) IC = 225 A

VGE = 15 V
chiplevel

Tj = 25 °C 1.85 2.3 V
Tj = 150 °C 2.3 2.55 V

VCE0 Tj = 25 °C 0.94 1.04 V
Tj = 150 °C 0.88 0.98 V

rCE VGE = 15 V Tj = 25 °C 4.0 5.6 m
Tj = 150 °C 6.1 7.0 m

VGE(th) VGE=VCE, IC = 9 mA 5.5 6 6.5 V
ICES VGE = 0 V

VCE = 1200 V
Tj = 25 °C 0.1 0.3 mA
Tj = 150 °C mA

Cies VCE = 25 V
VGE = 0 V

f = 1 MHz 13.5 nF
Coes f = 1 MHz 1.33 nF
Cres f = 1 MHz 1.33 nF
QG VGE = - 8 V...+ 15 V 2460 nC
RGint Tj = 25 °C 3.33 

td(on) VCC = 600 V
IC = 225 A
VGE = ±15 V
RG on = 3.8 
RG off = 3.8 
di/dton = 3200 A/µs
di/dtoff = 2000 A/µs
du/dtoff = 6600 V/
µs

Tj = 150 °C 470 ns
tr Tj = 150 °C 72 ns
Eon Tj = 150 °C 19.9 mJ
td(off) Tj = 150 °C 665 ns
tf Tj = 150 °C 109 ns

Eoff Tj = 150 °C 27.2 mJ

Rth(j-c) per IGBT 0.14 K/W
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Characteristics 
Symbol Conditions min. typ. max. Unit
Inverse diode
VF = VEC IF = 225 A

VGE = 0 V
chip

Tj = 25 °C 2.2 2.49 V
Tj = 150 °C 2.1 2.4 V

VF0 Tj = 25 °C 1.1 1.3 1.5 V
Tj = 150 °C 0.7 0.9 1.1 V

rF Tj = 25 °C 3.6 3.9 4.4 m
Tj = 150 °C 4.7 5.4 5.9 m

IRRM IF = 225 A
di/dtoff = 3400 A/µs
VGE = -15 V
VCC = 600 V

Tj = 150 °C 210 A
Qrr Tj = 150 °C 39.4 µC
Err Tj = 150 °C 16.4 mJ
Rth(j-c) per diode 0.23 K/W
Module
LCE 20 nH
RCC'+EE' res., terminal-chip TC = 25 °C 0.7 m

TC = 125 °C 1 m

Rth(c-s) per module 0.04 K/W
Ms to heat sink (M5) 3 5 Nm
Mt to terminals (M6) 2.5 5 Nm

Nm
w 300 g
Temperatur Sensor
R100 Tc=100°C (R25=5 k) 493 ± 5% 

B100/125 R(T)=R100exp[B100/125(1/T-1/T100)]; T[K]; 3550 
±2% K
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Fig. 1: Typ. output characteristic, inclusive RCC'+ EE' Fig. 2: Rated current vs. temperature IC = f (TC)

Fig. 3: Typ. turn-on /-off energy = f (IC) Fig. 4: Typ. turn-on /-off energy = f (RG)

Fig. 5: Typ. transfer characteristic Fig. 6: Typ. gate charge characteristic
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Fig. 7: Typ. switching times vs. IC Fig. 8: Typ. switching times vs. gate resistor RG

Fig. 9: Typ. transient thermal impedance Fig. 10: Typ. CAL diode forward charact., incl. RCC'+EE'

Fig. 11: Typ. CAL diode peak reverse recovery current Fig. 12: Typ. CAL diode recovery charge
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This is an electrostatic discharge sensitive device (ESDS), international standard IEC 60747-1, Chapter IX

* The specifications of our components may not be considered as an assurance of component characteristics. Components have to be tested 
for the respective application. Adjustments may be necessary. The use of SEMIKRON products in life support appliances and systems is 
subject to prior specification and written approval by SEMIKRON. We therefore strongly recommend prior consultation of our staff.

SEMiX 3s

spring configuration
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