
EE270: Homework 6, 2021 Fall

Give your solution in English.

Due: 23:59, Jan. 5, 2022

Read FPE Chapter 15

Problem 1

Averaged switch modeling of a flyback converter. The converter of Fig. 1 operates in the
discontinuous conduction mode. The two-winding inductor has a 1 : n turns ratio and
negligible leakage inductance, and can be modeled as an ideal transformer in parallel with
primary-side magnetizing inductance Lp.

Figure 1: Flyback converter

(a) Sketch the transistor and diode voltage and current waveforms, and derive expressions
for their average values.

(b) Sketch an averaged model for the converter that includes a loss-free resistor network,
and give an expression for Re(d).

(c) Solve your model to determine the voltage ratio V/Vg in the discontinuous conduction
mode.
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(d) Over what range of load current I is your answer of part (c) valid? Express the DCM
boundary in the form I < Icirt(D,Re, Vg, n).

(e) Derive an expression for the small-signal control-to-output transfer function Gvd(s).
You may neglect inductor dynamics.

Read FPE Chapter 18

Problem 2

A nonideal buck converter operates in the continuous conduction mode, with the values
Vg = 10 V, f2 = 100 kHz, L = 4µH, C = 75µF, and R = 0.25Ω. The desired full-load output
is 5V at 20A. The power stage contains the following loss elements: MOSFET on-resistance
Ron = 0.1Ω, Schottky diode forward voltage drop VD = 0.5V, inductor winding resistance
RL = 0.03Ω.

(a) Steady-state analysis: determine the converter steady-state duty cycle D, the inductor
current ripple slopes m1 and m2, and the dimensionless parameter K = 2L/RTs.

(b) Determine the small-signal equations for this converter, for duty-cycle control. A
current-programmed controller is now implemented for this converter. An artificial
ramp is used, having a fixed slope Ma = 0.5M2, where M2 is the steady-state slope m2

obtained with an output of 5V at 20A.

(c) Over what range of D is the current-programmed controller stable? Is it stable at
rated output?
Note that the nonidealities affect the stability boundary.

(d) Determine the control-to-output transfer function Gvc(s), using the simple approxima-
tion 〈iL(t)〉Ts ≈ ic(t). Give analytical expressions for the corner frequency and dc gain.
Sketch the Bode plot of Gvc(s).

Problem 3

A current-programmed boost converter is employed in a low-harmonic rectifier system, in
which the input voltage is a rectified sinusoid: vg(t) = VM |sin(ωt)|. The dc output voltage is
v(t) = V > VM . The capacitance C is large, such that the output voltage contains negligible
ac variations. It is desired to control the converter such that the input current ig(t) is propor-
tional to vg(t) : ig(t) = vg(t)/Re, where Re is a constant, called the “emulated resistance”.
The averaged boost converter model of Fig. 2 suggests that this can be accomplished by
simply letting ic(t) be proportional to vg(t), according to ic(t) = vg(t)/Re. You may make
the simplifying assumption that the converter always operates in the continuous conduction
mode.
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Figure 2: Averaged models of CPM boost

(a) Solve the model of Fig. 2, subject to the assumptions listed above, to determine the
power 〈p(t)〉Ts . Find the average value of 〈p(t)〉Ts , averaged over one cycle of the ac
input vg(t).

(b) An artificial ramp is necessary to stabilize the current-programmed controller at some
operating points. What is the minimum value of ma that ensures stability at all
operating points along the input rectified sinusoid? Express your result as a function
of V and L. Show your work.

(c) The artificial ramp and inductor current ripple cause the average input current to differ
from ic(t). Derive an algebraic expression for 〈ig(t)〉Ts , as a function of ic(t) and other
quantities such as ma, vg(t), V , L, and Ts. For this part, you may assume that the
inductor dynamics are negligible. Show your work.

(d) Substitute vg(t) = VM |sin(ωt)| and ic(t) = vg(t)/Re, into your result of part (c), to
determine an expression for ig(t). How does ig(t) differ from a rectified sinusoid?

Problem 4: Simulation

As expected, you already have a preliminary grasp of how to simulate circuit model using
LTspice if you have carefully read the required chapters mentioned in Problem 4 of homework
5. Now, we have a more interesting simulation task that can help you understand CPM
intuitively and improve your simulation skills: reproduce the simulation example in FPE
(3rd Edition) 18.5.3. The results you should illustrate includes:

(a) Plot all figures in FPE (3rd Edition) 18.5.3 (Fig. 18.33- Fig. 18.35)

(b) Attach your netlist (.net) and plot setting (.plt) files which are generated by the con-
verter circuit model of Fig. 18.32, and I just need to click “Run” after opening your
netlist file to get the results in part (a). The detailed steps are shown in Fig. 3.

Note: Saving the plot setting file after adding traces so that your results can be plotted
simultaneously when I run the .net file. The steps are shown in Fig. 4.
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your results in part (a) are 

illustrated here.

Figure 3: The steps to test your simulation model

①

②
③

Figure 4: The steps to save plot setting file
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