
EE270: Homework 4, 2021 Fall

Give your solution in English.

Due: 23:59, Nov. 22, 2021

Read FPE Chapter 8

Problem 1

The element values in the buck converter of Fig. 1 are:

Vg = 100V D = 0.6

R = 5Ω Rg = 1Ω

L = 470µH C = 120µF

Figure 1: Nonideal buck converter

(a) Determine an analytical expression for the control-to-output transfer function Gvd(s)
of this converter.

(b) Find analytical expressions for the salient features of Gvd(s).

(c) Construct magnitude and phase asymptotes for Gvd. Label the numerical values of all
slopes and other important features.
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Problem 2

The boost converter of Fig. 2 operates in the continuous conduction mode, with the following
quiescent values:V g = 100V, V = 250V. It is desired to control the converter input current
waveform, and hence it is necessary to determine the small-signal transfer function

Gid(s) =
îg(s)

d̂(s)

∣∣∣
v̂g(s)=0

Figure 2: Boost converter

(a) Derive an analytical expression for Gid(s). Express all poles and zeroes in normalized
standard form, and give analytical expressions for the corner frequencies, Q-factor, and
dc gain.

(b) On semi-log axes, construct the Bode plot for the magnitude and phase of Gid(s).

Read FPE Chapter 9

Problem 3

In the boost converter system of Fig. 3, all elements are ideal. The compensator has gain
Gc(s) = 250/s.

(a) Construct the Bode plot of the loop gain T (s) magnitude and phase. Label values of
all corner frequencies and Q-factors, as appropriate.

(b) Determine the crossover frequency and phase margin.

(c) Construct the Bode diagram of the magnitude of 1/(1 + T ), using the algebra-on-the-
graph method. Label values of all corner frequencies and Q-factors, as appropriate.
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Figure 3: Boost converter system

(d) Construct the Bode diagram of the magnitude of the closed-loop line-to-output transfer
function. Label values of all corner frequencies and Q-factors, as appropriate.

Note: In this problem, you must

* plot the bode plot by hand using asymptote method.

* plot the bode plot in Matlab and verify the accuracy of asymptote method.

Problem 4

Design of a buck regulator to meet closed-loop output impedance specifications. The buck
converter with control system illustrated in Fig. 4 is to be designed to meet the following
specifications. The closed-loop output impedance should be less than 0.2 Ω over the entire
frequency range 0 to 20 kHz. To ensure that the transient response is well-behaved, the
poles of the closed-loop transfer functions, in the vicinity of the crossover frequency, should
have Q-factors no greater than unity. The quiescent load current ILOAD can vary from 5 A
to 50 A, and the above specifications must be met for every value of ILOAD in this range. For
simplicity, you may assume that the input voltage vg does not vary. The loop gain crossover
frequency fc may be chosen to be no greater than fs/10, or 10 kHz. You may also assume
that all elements are ideal. The pulse-width modulator circuit obeys Eq. (1).

D =
Vc
VM
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d̂(t) =
v̂c(t)

VM
(1)

Figure 4: Boost regulator system

(a) What is the intended dc output voltage V ? Over what range does the effective load
resistance RLOAD vary?

(b) Construct the magnitude asymptotes of the open-loop output impedance Zout(s). Over
what range of frequencies is the output impedance specification not met? Hence,
deduce how large the minimum loop gain T (s) must be in magnitude, such that the
closed-loop output impedance meets the specification. Choose a suitable crossover
frequency fc.

(c) Design a compensator network Gc(s) such that all specifications are met. Additionally,
the dc loop gain T (s) should be at least 20 dB. Specify the following:

(i) Your choice for the transfer function Gc(s)

(ii) The worst-case closed-loop Q

(iii) Bode plots of the loop gain T (s) and the closed-loop output impedance, for load
currents of 5 A and 50 A. What effect does variation of RLOAD have on the
closed-loop behavior of your design?

(d) Design a circuit using resistors, capacitors, and an op amp to realize your compensator
transfer function Gc(s).

You may use Matlab to facilitate your compensator design.
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