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Cottode = X wmese 1he conductivity modulation refers to the enhancement
of the conductivity of the drift region due to the
presence of additional mobile carrier charge called
plasma and containing holes and electrons in
equilibrium. The additional charge is the result of {i) hole
il injection from the p+ anode, which acts as an emitter for
an internal pnp transistor and as the anode for the
- internal PIN diode, and (ii} electron injection from the

- accumulation layer into the drift region, which acts as

Anwte the cathode of the internal PIN diode. The conductivity
modulation could result in an increase in the conductivity of the drift region by one to two order of
magnitude. [20%]

(b)

(i)

The devices are connected in parallel.
Since the MOSFET has a lower
voltage rating, the breakdown (which
is ~ the rated voltage + a 10% margin)
will be dictated by the MOSFET. The
MOSFET device will be first to enter
the avalanche regime. In other words
the power device, combining the two
devices will be limited by the breakdown of the MOSFET (see picture). In terms of the leakage,
given that the two devices have the same surface area, the IGBT leakage will be significantly larger
than the MOSFET leakage. This is because the leakage is amplified by the bipolar action of the pnp
transistor that exists in the IGBT. Therefore the device will have mostly the leakage of the IGBT
and the avalanche breakdown of the MOSFET  [20%]
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(i)

The MOSFET output characteristics start from
. OV while the IGBT output characteristics start
mwse ssoic from ~0.7V when the anode junction is forward-
biased. The current densities in the IGBT are
much higher due to conductivity modulation.
The power device will have an on-state current
equivalent to the sum of the MOSFET and IGBT
currents. Initially, up to 0.7 V only the MOSFET
will conduct, while above the 0.7 V, most of the
current will flow through the IGBT [ 20%]
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(iiiy During the reverse conducting mode, only the MOSFET will conduct through its intrinsic PIN
diode (also known as the anti-parallel diode}. The internal PIN diode in the MOSFET is formed
between the p well ( as the anode of the PIN diode}, the n- drift region (as the intrinsic region of the
PIN diode) and the n+ drain (as the cathode of the PIN diode). No reverse conduction can occur in
through the IGBT, as the open-base PNP transistor will block the current during the reverse mode
operation. Note that there is no anti-parailel diode present in the IGBT [209%)]

The structure of a combined IGBT/MOSFET integrated in
the same chip will look as if n+ anode shorts are introduced
(see picture).

The structure is called a Reverse Conducting IGBT .From
an area {and cost) point of view this structure offers a better
solution compared {o a device formed of discrete
components. However, one has to pay attention to the
snap-back issue present in the on-siate output

Arote characteristics. In the on-state, the electron current will flow

initially through the MOS channel, the n- drift region and eto

the n+ shorts and only when the p+/n well anode junction becomes forward biased, the current will
eventually flow through the IGBT structure {(and conductivity modulation could be established as a
result). This leads to a snap-back voltage which could result in instabilities during switching.
[20%]
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