










1. Transistor voltage spike in the flyback converter (30 points)

The flyback converter illustrated below is a conventional hard-switched PWM

converter. The transformer is modeled as illustrated: the model contains an ideal 1:1
transformer, a magnetizing inductance LM, and a leakage inductance Ll. The MOSFET

contains an output capacitance Cds that can be modeled as a conventional linear capacitance

having constant value Cds. The converter operates in the continuous conduction mode with

small ripples in the magnetizing current and output voltage. You may also assume that V and

IM are related to Vg, R, and D by the usual ideal CCM PWM converter equations, which

neglect losses, ringing, and other nonidealities.
When the transistor turns off, the leakage inductance Ll causes a voltage spike to be

observed across Q1. The voltage vds(t) then exhibits overshoot and ringing.
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(a) Sketch the waveforms of vds(t) and il(t), including the ringing that occurs when the

transistor turns off. Label salient features.

(b) Sketch the state plane trajectory for the ringing interval.

(c) Derive an expression for the peak MOSFET voltage vds,pk. Express vds,pk as a

function of Vg, R, R0, and D, where R0 is the characteristic impedance of the tank
circuit formed by Ll and Cds.

(continued on next page)



This converter is constructed with the following element values and specifications:

150 V ≤ Vg ≤ 200 V
Ll = 10 µH

Cds = 500 pF

Load power: 10 W ≤ P ≤ 100 W

The controller adjusts D to regulate the output voltage to V = 120 V.

The converter always operates in the continuous conduction mode with small ripple

in v and iM.

(d) Over what range with the numerical value of vds,pk vary?


















