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Power Electronics
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- Devices

- Converter
AC-DC Converter (Rectifier)
AC-AC Converter (AC voltage Controller)
DC-DC Converter (DC Chopper)
DC-AC Converter (Inverter)
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Residernrial

Transporiarior:

Refrigeration
Space heating
Aldr conditioning
Cooking
Lighting

Power supplies for consumer
products

Computers

Electric trains. trams. vehicles
Battery chargers

Subwayvs

Conveyor systems

Rapid transit systems

Cormmercial

LFIity Sy sferas

Heating. ventilating.
airconditioning

Refirigeration

ILighting

Computers & office equipiment
Uninterruptible power supplies

Elevators

High-veltage DC-DC transmission
Static VAR compensation

Renewable energy sources (wind.
PV . fuel cells)

Boiler feed systemmns

Energy storage

Tridiestrial

Aerospace

Pumps

Compressors

Blowers and fans

Machine tools

Arc and induction furnaces
Lighting

Welding

Process plants

Space vehicle power systems
Satellite power systemms
Agarcraft power systemms

Agdrcraft controls

T elecormmunicarlriorns

Battery chargers

Power supplies
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1. AC - DC (uncontrolled) AC-DC Conver'fer'
2. AC - DC (controlled) AC-AC Conver.l.er,
3. DC - DC (non 1solated) DC‘DC Conver"l'er'
T Do - e Geelated) DC-AC Converter
5. DC — AC
6. Hard switched & soft switeched
7. Resonant
8. AC-AC
AC/DC AC/IOC
Input | 5| Converter ——> Output
from to
Utility Load
Single-stage conversion
AC/DC
fr Converter | . Converter | AC/DC
rom —— _l_ C > Output
Utlity ! — to Llczad
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Control circuits

Il

Control circuits

Two-stage conversion
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1.

Uncontrollable Switches (Diodes)
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Ex. Bipolar Diodes, Schottky Barrier Diodes
Controllable Switches
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Ex. SCRs, Triac
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Ex. 6GTOs, BJTs, Power MOSFETs & IGBTs

Power Semiconductor Devices & Drivers
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Bipolar (P-N) diode

General Purpose or Line Frequency
diode

Fast and Ultra-fast diode
Schottky (barrier)diode
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AuauIAMINUAUAD (Recoverydiodes)
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laToauuuuAuaA5 (Fast Recdvery Diodes)
9
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diodes) 7
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Slow recovery
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Reverse recovery time

[.=1,+1,

Peak reverse current
di
L=t —
RR a dt
1 1 1
QRR EEIRRICI—I_E[RRtb :EIRRIW
2
I, E—QRR
trr
20
A —
rrta dl

dt
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Reverse Softness Factor
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* The reverse recovery time of a diode
is t.. = 3us (tb=2 us, 1a=1 us)

and the rate of fallvof-the diode
current is di/dt= 30 A/us. Determine
(a) the storage charge Qpg, and (b)
the peak reverse current Ip,.
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» Solution t..= 3 usand di/dt =30 A/us
(a) 1di 2 ]
O = 4" 1T RSF
1 (3x107%)2
QM,-EX3OMS s =45 uC
(b)

ZQRR dt 2x45x107°x30x10°
Lpp = =304
1+ RSF 1+2



Switches

» Thyristor- SCR
- BJT

* MOSFET

- 6TO >

- IGBT
- MCT
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SCR (Silicon Controlled
Rectifier)

1. Phase control

2. Inverter grade G+t ®
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SCR
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Gate (G)
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SCR
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) On-state

Off-to-on
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Reverse Aonsed
Reverse + : ‘ Off-
breakdown blacking \< state
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Reverse Forward
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Forward
blocking blocking
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SCR
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BJT(Bipolar Junction
Transistor
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BJT (a) Symbol. (b) v-7 characteristic. (c¢) idealized characteristic
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Darlington configurations (a) Darlington. (b) Triple Darlington



BJT ua: Darling'ron
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N-Channel MOSFET (a) Symbol, () v-7
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MOSFET with parasitic
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blocking and fast recovery diodes



MOSFET
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GTO
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GTO (a) with snubber circuits (b) turn-off transient



6TO (Gate Turn-Off
Thyristor)
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IGBT (Insulated Gate
Bipolar Transistor)
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MCT (MOS Controlled
Thyristor)
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(ﬂ\ohan 1995)

Til 2002 IGBT 2i@1NIZUENNAIWII 2000 A LAZLIIAWANA 3.5 KV
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(Semi kron 2004)
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