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The Theme Story

(Figures from Internet)

Devices (1)

Systems (1)
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•哲学三问
−Who are you?
−Where are you from?
−Where are you going?

Study Purpose of Lecture #6

To answer those questions
throughout your life

(Figures from Internet)

• In this lecture, we ask
−What are power 
electronics?

−How do we step-up and 
step-down a dc voltage?

−How do we model power 
converters?

(3/30)
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• Introduction 

• Switched mode power supply

• Buck converter
- Small ripple approximation

- Volt-second balance 

- Charge balance

- Estimating more accurate ripple

• Boost converter

• Closed loop control and negative feedback

Lecture Outline

(4/30)
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Power Electronics

(Figures from Internet)

• Power electronics is the application of 
solid-state electronics to the control and 
conversion of electric power.

• Semiconductor functions as switch 

• High frequency  

• Compact size 

• High efficiency 

• Reliable 

(5/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Ubiquitous Power Electronics

• Power electronics is the enabling and transformative technology 
• Evolving towards more reliable, compact, efficient, low cost…

(6/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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DC vs AC

(Figures from Internet)

(7/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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AC/DC Converter

(Figures from Internet)

Rectification: 
Converting Alternating 
Current to Direct Current
(AC→DC)

(8/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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DC/AC Converter

(Figures from Internet)

Inverter:
Converting Direct Current 
to Alternating Current.
(DC→AC)

(9/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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DC/DC Converter

(Figures from Internet)

(10/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Power Conversion FOMs

(11/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Linear Power Supply

Efficiency：𝑃𝑜𝑢𝑡/𝑃𝑖𝑛 = 50%

Apple Computer 1

(12/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Switched Mode Power Supply 

Output voltage vs(t)

Apple 140W PD3.1 charger

(13/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Buck Converter

Addition of L–C low-pass filter, for removal of switching harmonics

(14/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control

Realization using MOSFET and diode
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Small-ripple approximation

(15/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control



Buck Converter-Mode 1

The devices are assumed to be ideal.

Switch in position 1
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Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control



Buck Converter-Mode 2

The devices are assumed to be ideal.
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Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control

Switch in position 2
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Inductor Voltage and Current

Mode1:

Mode2:

(18/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Steady State

Inductor current waveform during converter turn-on transient

(19/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Volt-second balance

inductor volt-second balance.

(20/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Charge balance

Similarly for capacitors,

Mode1:

Mode2:

(21/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control



More accurate voltage ripple
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Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control



Boost converter

Realization using MOSFET and diode

Boost converter(with ideal switch): 
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Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control



Boost Converter-Mode1

The devices are assumed to be ideal.

Switch in position 1
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Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control



Boost Converter-Mode2

The devices are assumed to be ideal.

Switch in position 2
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Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Switching mode analysis-Boost

(26/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Steady-state analysis

(27/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Inductor Current Ripple

(28/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Capacitor Voltage Ripple

(29/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control
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Closed loop control and negative feedback

(30/30)

Progress: Introduction >> SMPS >> Buck Converter >> VoltSec&Charge Balance >> Boost Converter >> Closed loop Control


