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Power Converters

1. DC/DC
2. DC/AC
3. AC/DC
4. AC/AC



DC-DC Converters

NonNon--Isolated DCIsolated DC--DC Converter: singleDC Converter: single--switch, dualswitch, dual--switch, switch, 
and fourand four--switchswitch
◎Single-switch: Buck, boost, buck-boost, Cuk, Zeta, and SEPIC;
◎Dual-switch:    Dual-switch buck-boost;
◎Four-switch:    Full-bridge converter.

Isolated DCIsolated DC--DC Converter: SingleDC Converter: Single--Switch, DualSwitch, Dual--Switch, Switch, 
and Fourand Four--SwitchSwitch
◎Single-switch: Forward, Flyback;
◎Dual-switch:   Forward, Flyback;
◎Four-switch:   Full-bridge converter.



Q
Vin

RLd

Vo

+

_

Linear DC Converter

Vin = 100 V

Vo = 50 V

Io = 10 A

η = VoIo / VinIo = Vo / Vin

= 50 / 100 = 50%

PQ = VQ IQ = 50 10 =500 (W)

Specifications:

Too Low
Efficiency!!!

VQ = 100−50 =50 (V)



Switching-Mode DC Converter

Vin = 100 V

Vo = 50 V

Io = 10 A

Specifications:

High
Efficiency!!!
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Q on: PQ(on) = Vces Io ≅ 0

Q off: PQ(off) = Vin Iceo ≅ 0

η ≅ 100%
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filter the high-
frequency contentfreewheel diode
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Operation Principle of Buck Converter: CCM
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Operation Principle of Buck Converter: DCM
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Voltage Conversion Ratio
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Buck Converter with Bi-Direction Switches



iQ2

0

maxLfi
t

t

t

t

iQ1

iD2

Q1 Q1
Q1

iLf iLfmax

Ts 2Ts 3Ts

Q2

Buck Converter with Bi-Direction Switches

Q1 OFF;
Q2 ON.

Q1
Vin

Lf

Cf

RLd

Vo

+

_Q2

D1

D2



0

maxLfi
t

t

t

t

iQ1

iD2

Q1 Q1
Q1

iLf iLfmax

Ts 2Ts 3Ts

iQ2

Q2

Buck Converter with Bi-Direction Switches

Q1 ON
(D1 Conduct);
Q2 OFF.
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Buck Converter with Bi-Direction Switches

Q1 ON;
Q2 OFF.
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Buck Converter with Bi-Direction Switches
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Buck Converter with Bi-Direction Switches
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Voltage Conversion Ratio of Boost Converter
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D is the duty cycle of Q1
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Why Buck-Boost Converter?
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Simplification of Buck-Boost Converter (1)
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Simplification of Buck-Boost Converter (2)
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How to get Cuk?
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Derivation of Zeta
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Derivation of SEPIC
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Comparison of the Six Converters

Buck

Boost

Buck-
Boost

Cuk

Zeta

Sepic

Converter

1
o

in

V D
V D

=
−

1
o

in

V D
V D

=
−

1
o

in

V D
V D

=
−

1
o

in

V D
V D

=
−

1
1

o

in

V
V D

=
−

o

in

V D
V

=

Voltage 
Conversion 

Ratio

Output 
Voltage 
Polarity

Input 
Current 
Ripple

Output 
Current 
Ripple

+

+

+

+

_

_

Large Small

Configu-
ration

Simple

Simple

Simple

Complex

Complex

Complex

Large Large

Large

Large

Small

Small

Small

Small

Small

Large

Lb

Q

D RLd

Vo

+

_
Vin Cf

Lf

Cf

RLd

Vo

_

+

Lb

Q
Vin

Cb

D

Lf

Cb
Lb

Q
Vin

RLd

Vo

+

_
Cf

D2

Q1

Vin

Lc

Cf

D

Lf

Cf

RLd

Vo

+

_

_ +Vo

vD

+

_

Topology



Thanks for your attention !

Questions? / Answer!


