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4.1. Switch applications L fast -lﬁdrum

Single-, two-, and four-quadrant switches. Synchronous rectifiers

4.2. A brief survey of power semiconductor devices
Power diodes, MOSFETs, BJTs, IGBTs, and thyristors

4.3. Switchingloss Ty Aﬁbm ?_.ﬂa.

Transistor switching with clamped inductive load. Diode
recovered charge. Stray capacitances and inductances, and
ringing. Efficiency vs. switching frequency.

4.4. Summary of key points
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Some basic switch applications
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Quadrants of SPST switch operation

Switch &
on state
current
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A single-quadrant
switch example:

ON-state: i > ()
OFF-state;: v >0
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Quadrants of SPST switch operation

ON-state: i > 0
OFF-state:v > 0
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SPST (single-pole single-throw) switches

Buck rt : .
SPST switch, with v nNens
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All power semiconductor
devices function as SPST
switches.
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SPST (single-pole single-throw) switches
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Realization of SPDT switch using two SPST switches

e A nontrivial step: two SPST switches are not exactl
SPDT switch

o It is possible for both SPST switches to be sim

uivalent to one
ON or OFF @
» Behavior of converter is then significantly modified
—discontinuous conduction modes (chapter 5)

e Conducting state of SPST switch may depend on applied voltage or

current —for example: diode .
P Au.-.._- M b“. s £ 3
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Realization of SPDT switch using two SPST switches
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« A nontrivial step: two SPST switches are not exactly equivalent to one
SPDT switch mt.o.
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Behavior of converter is then significantly modified : -~
—discontinuous yction modes 5) d10de is tnﬁ. .rh.wb av’

 Conducting state of SPST switch may depend on applied voltage or © *USG
current —for example: diode H.r...u. 0O

....,ﬁﬁhl_.fr fa\nb...n_ ___-_.__..P-R@:
TRLquired & @ﬁb*ﬁiﬂ ml\—.h-.ﬁl._\ pw
..__.._q..—uf Bbat\ off

oﬁ\m.

Fundamentals of Power Electronics 3 | Chapter 4: Switch realization




4.1.1. Single-quadrant switches

H _‘ Active switch: Switch state is controlled exclusively
ol by a third terminal (control terminal).
; / Passive switch: Switch state is controlled by the

o

applied current and/or voltage at terminals 1 and 2.

SCR: A special case — turn-on transition is active,
while turn-off transition is passive.

Single-quadrant switch: on-state i(r) and off-state (1)
are unipolar.
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4.1.1. Single-quadrant switches
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The diode

on
+ Yi
off v
¥ =
0
Symbol instantaneous i-v characteristic
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A passive switch
Single-quadrant switch:

can conduct positive on-
state current

can block negative off-
state voltage

provided that the intended
on-state and off-state
operating points lie on the
diode i-v characteristic,
then switch can be
realized using a diode
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The Bipolar Junction Transistor (BJT) and the
Insulated Gate Bipolar Transistor (IGBT)

BJT : ;
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IGBT _

ml_ .

0 instantaneous i-v characteristic
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An active switch, controlled
by terminal C

Single-quadrant switch:

can conduct positive on-
state current

can block positive off-state
voltage

provided that the intended
on-state and off-state
operating points lie on the
transistor i-v characteristic,
then switch can be realized
using a BJT or IGBT
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The Bipolar Junction Transistor (BJT) and the

Insulated Gate Bipolar Transistor (IGBT) )
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The Metal-Oxide Semiconductor Field Effect
Transistor (MOSFET)
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An active switch, controlled by
terminal C

Normally operated as single-
quadrant switch:

can conduct posilive on-slate
current (can also conduct
negative current in some
circumstances)

can block positive off-state
voltage

provided that the intended on-
state and off-state operating
points lie on the MOSFET i-v
characteristic, then switch can
be realized using a MOSFET
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Transistor (MOSFET)
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