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Answers
{a}, The cross-section structures of the' MOSFET (left pictp_rg) and IGBT (right picture) are shown
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The top paris of the MOSFET and IGBTs are very similar featuring an n+ Source/Cathode and a MOS
channe! formed at the surface of the p-well and controlled via the gate terminal placed on top of an
insulated gate region. The MOS channel connects the n+ Source/Cathode to the top of the n- drift
region. At the bottom part of the drift region the IGBT has a P+ hole injector. This injector becomes the
emitter of a pnp transistor and the anode of the internal PIN diode leading to conductivity modulation.
‘The conductivity modulation could result in an increase in the conductivity of the drift region by one to
two order of magnitude. As a result the on-state performance of the IGBT is in general better than that
of the MOSFET. However this is at the expense of higher switching losses in the IGBT, as the plasma
needs to be formed during the turn-on and removed during the tum-off

(b). The saturation in the MOSFET refers to current saturation and is due to the pinch-off of the MOS
channel at high drain voltages. The saturation in a bipolar transistors refers to voltage saturation as
the minimum voltage drop between the emitter and collector when the base current is increased, In
the bipolar saturation both the emitter-base and collector base junctions are forward biased.

There are three important regions in the on-state:

* Active region. In this case the base-emitter junction is forward-biased while the base-collector
junction is reverse-biased.

« Thaquasi-saturation is the condition where the stored charge (plasma) moves into the collector
region reducing significantly the depletion region and eventually removing it completely. In this
regime, the base-collector junction becomes forward-biased.
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_»__ Deep saturation or hard occurs when additional charge is built in the collector region leading -
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