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Announcements

• Homework #3 due today

• Midterm exam handed out on Thursday



Assumed 
waveforms

Diode recovered charge Qr,

reverse recovery time tr

These waveforms assume 
that the diode voltage 
changes at the end of the 
reverse recovery transient 

• a “snappy” diode

• Voltage of soft-recovery 
diodes changes sooner

• Leads to a pessimistic 
estimate of  induced 
switching loss

Average input current

 ig  =  Ig = (area under curve)/Ts

= (DTsIL + trIL + Qr)/Ts

= DIL + trIL /Ts + Qr /Ts



Solution of model

Output:

V = DVg

Efficiency:    = Pout / Pin

Pout = VIL Pin = Vg (DIL + trIL /Ts + Qr /Ts)

Combine and simplify:

 = 1 / [1 + fs (tr /D + Qr R /D2Vg )]

Boost Converter Example

• Model same effects as in previous buck converter example:

• Ideal MOSFET, p–n diode with reverse recovery

• Neglect semiconductor device capacitances, MOSFET switching times, 
etc.

• Neglect conduction losses

• Neglect ripple in inductor current and capacitor voltage



Boost 
converter

Transistor and diode 
waveforms have same 
shapes as in buck example, 
but depend on different 
quantities

Construct model

The two independent current sources consume power 

V (trIL /Ts + Qr /Ts)
equal to the switching loss induced by diode reverse recovery

The result is:



Summary

• The averaged modeling approach can be extended to 
include effects of switching loss

• Transistor and diode waveforms are constructed, 
including the switching transitions. The effects of the 
switching transitions on the inductor, capacitor, and 
input current waveforms can then be determined

• Inductor volt‐second balance and capacitor charge 
balance are applied

• Converter input current is averaged

• Equivalent circuit corresponding to the the averaged 
equations is constructed

















Flyback Converter Example
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Equivalent Circuit Model
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Large Step Conversion Ratio

Boost Converter
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Flyback Semiconductor Waveforms

t

t

V
cell

L
m

1:n

C
out

S
1

V
bat

+

_

I
b1

I
c1

S
2

+

_

Vg

V



Flyback Switch Implementation
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Flyback Semiconductor Waveforms
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Flyback Reverse Recovery
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Flyback Reverse Recovery
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