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Power Electronics Components

» General Switch Symbol

» Single Quadrant Switches
» Double Quadrant Switches
» Four Quadrant Converter

» Real components
Diodes
MOSFET
BJT
IGBT
Thyristors




Generic Switch Symbol
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|dealized switch symbol

When on, current can flow only in the direction of the arrow
Instantaneous switching from one state to the other

Zero voltage drop in on-state

Infinite voltage and current handling capabilities
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Example — Buck converter
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Single Quadrant Switches
- Diode

» On and off states controlled by the power circuit
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Single Quadrant Switches

- BJT, IGBT, MOSFET
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Current Bidirectional Two Quadrant
BJT, MOSFET + AntiParallel Diode
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Inverter for two quadrat switches
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Voltage source inverter
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Voltage Bidirectional Two Quadrant
BJT, MOSFET + Series Diode

(a) | (b) 14

C [ Y e .
off off
(diode (transistor

blocks voltage) blocks voltage)

10



DC-3ph Buck-Boost Inverter
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Four Quadrant Switches
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Matrix Converter
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Synchronous Rectifier

14

i4
fon

4 13 off‘. |

1 on
1 (reverse conducti

| on
| (reverse conduction)

Vv

C I E off
v — g

>

1 on




46,

40

':r o o iLIE}
+ v, — +
o
+ ‘s / B C== RV
16 o == 23
I
l4 +VA _ L iL(z)
5 'J_
1
CI _| 'v é
C L T
O 4ip
: ; ) L
iy A i, (1)
— L > BT0
Physical el
MOSFET B
Ideal 1
. Vs A diode g S
| Gate * |
—or, 1., driver TIB

15



Nonideal diodes
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Metal On Silicon
Field Effect Transistor
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Metal On Silicon
Field Effect Transistor
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voltage current
IRFZ48 60V S0A 0.018 Q 110 nC
IRF510 100V 56A 0.54 Q 8.3 nC
IRF540 100V 28A 0.077 Q 72 nC
APT10M25BNR 100V 15A 0.025 Q 171 nC
IRF740 400V 10A 0.55 Q 63 nC
MTMI15N40E 400V I5A 038 110 nC
APT5025BN 500V 23 A 025 Q 83nC
APT1001RBNR 1000V 11A 1.0Q 150 nC
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Bipolar Junction Transistor
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BJT

Timing Properties
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Darlington-Connected
BJT
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Insulated Gate Bipolar Transistor

IGBT
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Insulated Gate Bipolar Transistor
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Single-chip devices

HGTPI12N60A4 600V 23A 20V 70 ns

HGTG32N60E2 600V 32A 24V 0.62 ps

HGTG30N120D2 1200V 30A 32V 0.58 ps
Multiple-chip modules

CM400HA-12E 600V 400 A 27V 0.3 pus

CM300HA-24E 1200V 300A 27V 0.3 ps

CMB800HA-34H 1700V 800 A 33V 0.6 us
High voltage modules

CM 800HB-50H 2500V 800 A 3.15V 1.0 ps

CM 600HB-90H 4500V 900 A 33V 1.2 ps
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Thyristors
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» Silicon Controlled Rectifier
» Gate Turn Off Thyristor
» MOSFET Controlled Thyristor
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Thyristors

R

M 1 (¢ 4
‘ { L
_@D ve Vak

I.G—P -

(a)

25



Silicon Controlled Rectifier
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Gate Turn Off Thyristor
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MOSFET Controlled Thyristor
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Summary of Device Capabilities

Device Power Capability

Switching Speed

BIT/MD
MOSFET
GTO
IGBT
MCT

Medinm
Low
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Medium

Medium

Medium
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Thyristors

GTOs, IGCTs, ETOs
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Zadanie domowe

» Zaproponowac rozwigzania dla uktadow
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