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Fig. 1. Circuit diagram of dc-to-dc synchronous
buck converter.
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MOSFET nonlinear C,, (Vs \
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Approximate dependence of incremental C,, on v, :
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— same energy loss as linear capacitor having valug
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Switching loss caused by
semiconductor output capacitances

Buck converter example
_ﬁ.&
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Energy lost during MOSFET turn-on transition
(assuming linear capacitances):

We=3(C
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+C) V,
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Example: semiconductor output capacitances
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Some other sources of this type of switching loss
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Sch igde
* Essentially no stored charge ‘H.ﬂ._.lﬁf o
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Avh..‘ * A significant loss when windings are not tightly E__-_an_ f

= Interconnection and packa
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¢ Transistors

« A significant loss in high current applications
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Fig. 6. FETs destroyed by the capacitor-dump test. Planar is on the left; Trench is on the right.
Note the dual damage sites on the trench part.



MOSFET: conclusions
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e A am_c:d‘ carrier device: fast switching speed &.0 9 .1-. 3*

s ncies: tens and hundreds of kHz (oo .K,.-..._ Z
e On-resistance increases rapidly with rated blocking voltage
L

Easy to drive | Nps= 000 ) —Nu# Ny [~
3‘3 e The device of choice for blocking voltages less than 500V
%™ 1000V devices are available, but are useful only at low power _mcm_mm &
(100W)

e Part number is sel d on the basis of on- e rather than

current rating
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Summary of chapter 4

1. How an SPST ideal switch can be realized using semiconductor devices
depends on the polarity of the voltage which the devices must block in the

off-state, and on the polarity of the current which the devices must conduct
in the on-state.

2. Single-quadrant SPST switches can be realized using a single transistor or
a single diode, depending on the relative polarities of the off-state voltage
and on-state current.

3. Two-quadrant SPST switches can be realized using a transistor and diode,
connected in series (bidirectional-voltage) or in anti-parallel (bidirectional-
current), Several four-quadrant schemes are also listed here.

4. A "synchronous rectifier” is a MOSFET connected to conduct reverse
current, with gate drive control as necessary. This device can be used
where a diode would otherwise be required. If a MOSFET with sufficiently
low R, is used, reduced conduction loss is obtained.
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Summary of chapter 4

5. Majority carrier devices, including the MOSFET and Schottky diode, exhibit
very fast switching times, controlled essentially by the charging of the
device capacitances. However, the forward voltage drops of these devices
increases quickly with increasing breakdown voltage.

6. Minority carrier devices, including the BJT, IGBT, and thyristor family, can
exhibit high breakdown voltages with relatively low forward voltage drop.
However, the switching times of these devices are longer, and are
controlled by the times needed to insert or remove stored minority charge.

7. Energy is lost during switching transitions, due to a variety of mechanisms.
The resulting average power loss, or switching loss, is equal to this energy
loss multiplied by the switching frequency. Switching loss imposes an
upper limit on the switching frequencies of practical converters.
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Summary of chapter 4

8. The diode and inductor present a “clamped inductive load” to the transistor.
When a transistor drives such a load, it experiences high instantaneous
power loss during the switching transitions. An example where this leads to

significant switching loss is the IGBT and the “current tail” observed during
its turn-off transition.

9. Other significant sources of switching loss include diode stored charge and
energy stored in certain parasitic capacitances and inductances. Parasitic
ringing also indicates the presence of switching loss.
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