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IGBT tranzistory
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» Pouzivaji se jako vykonové spinaci prvky do frekvenci 50 -
100 kHz.

e Maji vyhody tranzistort MOSFET z hlediska vstupu a
vyhody BJT z hlediska vystupu.

* Maji delsi spinaci ¢asy nez MOSFET.



Vnitini struktura IGBT (PT & N-Channel)
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Figure 1. Equivalent Circuit for the IGBT & a Cross Section of the IGBT Structure (PT & N-Channel)



Aplikace IGBT ve spinanych zdrojich s
velkym vykonem

Spinané zdroje:
e zdroje pro PC,
e svareci invertory,
o zdroje plazmatu atd.
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Porovnani velikosti ubytku napéti na IGBT a
POWER MOSFET v sepnutém stavu
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E 10 = two IGBTs of different switching characteristics
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2 5 Conductivity modulation causes a dramatic
r improvement in the on-state voltage drop. To take
Q the avalanche capability of the HEXFET into
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JUNCTION TEMPERATURE (°C)
Rated Voltage IGBT 100 300 600 1200
HEXFET® 100 250 300 1000
Typical Voltage Drop IGBT 1.5 2.1 24 3.1
@ 1 7A/mm-. 100°C HEXFET® 2.0 11.2 267 100

Table 1: Dependence of Voltage Drop From Voltage Rating



Spinaci vlastnosti IGBT tranzistoru
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Figure 4. Switching waveforms of a commercially
available IGBT with heavy lifetime killing. It takes
approximately 0.5ms for the voltage to drop the last
o0V. The energy plot shows that the losses at turn-on
are twice as high as those at turn-off. Switching circuit
as in Figure 16.



Porovnani strmosti IGBT a MOSFET
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Figure 5. Current dependence of the transconductance
of an IGBT compared to that of a HEXFET and to the
gain of a bipolar of approximately the same die size.
The IGBT, like te power MOSFET, is not "gain limited."



Rychlée a skokové “tvrde spinani*“ MOSFET
nebo IGBT spinace

Turn-on Procedure for Hard-switching

The Miller plateau
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Stages 2 and 3 dominate the switching Iusses Df MOSFET and dnver.
DRV's source capability as V5 is around Vg 1y, iS important.
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Skokové “tvrdé” vypinani

Turn-off Procedure for Hard-switchin

The Miller plateau
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The miller plateau is caused by C -, I
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Stages 2 and 3 dominate the switching losses of MOSFET and driver.
DRV’s sink capability as V¢ is around Vg 4 1S important.
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Buzeni MOSFET nebo IGBT pres
oddélovaci transformator
Single DRV Input
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DRV I“L“ S ——— E

L L _H‘I; MW ‘IZ % ] Co to reset the driver
i A L transformer and R, to
5 I | ‘|: E ~ damp the L4Z resonance.

+ Anac coupling capacitor (C-) 15 needed to reset the driver transformer flux.
+  The amplitude of V5. is dependent on duty &
- With (-V- ) to turmn off at steady state, but the sink capability is limited at start-up . &

+  Meeda fasttime constant (L, /R . ™ o) to avoid flux walking due to the fast transient.

+  Watch out the ringing between - and drive transformer at skip mode or UVLO, a diode is
needed to damp the ringing.



Obnovitel stejnosmérné slozky za
oddélovacim transformatorem

Single DRV Input with DC Restore
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+ V--;amplitude is independent on duty ratio at steady state. f}

« Limited sink capability. &



Zrychleni vypnuti spinaCe PNP tranzistorem

Single DRV Input with PNP Turn-Off
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* A pnp transistor + diode help to improve the switching off.



Pridani proudového budiCe za generator pulzu

Deadtime generator | High-side Dnwver
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« Add the totem-pole drivers if output capability of AND gate is limited.

+ Is the design finished?
-?» No, not yet. Pay attention to the ringing among C.,, C, and driver
transformer when skip or UVLO. A diode and resistor to damp the ringing. &



Dual Polarity Symmetrlcal DRV Inputs

Driver .-
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DRV, and DRV g are opposite-polanty and symmetnical = no ac coupling capacitor.
This Is suitable for push-pull type circuit, e.g. LLC-HE, but NOT for asymmetrical type, & .g.

AHB or active clamp. &

Fay attention to the flux of driver transformer at linedoad transient.

The strong tum off capability is still needed. &

@

Fay attention to the delay caused by the leakage inductance. =» minimize the leakage
inductance and use dual output windings instead of single output winding.

Extra losses caused by voltage drop on R, . &



Budice pro IGBT a MOSFET spinace.

e Integrovane budice schopné budit efektivné vstup
IGBT/MOSFET tranzistoru.

e Musi byt schopné dodat velky proud v pulzu na nabiti kapacity
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HIGH AND LOW SIDE DRIVER

e spina stiidave horni a dolni MOSFET/IGBT

IR2153(S)
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Functional Block Diagram for IR2153(S)
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IXDD414PI1 / 414Y1 / 414CIl / 414SI
14 Amp Low-Side Ultrafast MOSFET Driver
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Metoda zrychleni vypnuti
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Fig (13) Turn-off enhancement methods.
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Fig. (14). Technique to boost current output and provide -ve bias to achieve faster turn off for high power MOSFET and IGBT Modules



Budice s oddélovacimi transformatory
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Fig. (15) Transformer coupled Gate Drive arrangement for "H" Bridge in a Phase Shift PWM Confroller at fixed Switching frequency.




vykonu.

Spinaneé zdroje

Moderni a efektivni feseni.
Moznost pouzit transformace na vysoké frekvence.
Vysoké frekvence spinani -> malé rozmeéry transformatoru ->
malé filtracni kapacity.
Pouziva se pulzné sirkova modulace se zpétnou vazbou pro

regulaci a stabilizaci vystupniho napéti nebo proudu pripadné
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Fig. 1. Basic switched mode power supply block diagram.
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