Problem 2. [20 pts. total] Ezploring the Closed Loop Transfer Function.

In class we talked about the closed-loop transfer function of a second-order loop. It
was given by the formulas

F(s) = O(s) _  Kils+a)  (4nCfy)s+4n2f?
YT66) T Pt KstaK,  # 4 @nlf)s+ 4r? f2

in terms of the damping coefficient ¢ and the undamped natural frequency f,. Substituting
s = j2n f into the above gives the CTFT of the closed-loop transfer function.

(a) Plot the closed loop transfer function on a log-log scale for various values of ¢ and fn-
If you wish, you can use a frequency variable normalized by £, as done on the HW
solution to simplify the plots. Given this plot comment on the sampling frequency that
would seem to be needed for a discrete-time simulation.

(b) Once the continuous-time integrators in the block diagram are replaced by the trape-
zoidal approximation, the simulation code that remains implements a discrete-time
system. Write down the block diagram for the discrete-time system and give the equa-
tions that describe it.

(c) Linearizing the discrete-time system by replacing the sine nonlinearity in the phase
detector with the identity, find the equivalent LTI discrete-time system that represents
the linearized PLL. Plot the DTFT of the resulting closed-loop transfer function and
compare with the continuous-time result.

(d) Use Matlab to make plots and compare.
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Exploring the Closed Loop Transfer Function. Problem 2.

ECE 440. Take Home Exam. Spring 2022.

File = THE_P2.m

Contents
= Part (a) ]

» Discrete Time Transfer Function ...
Part (a).

clear all;
close all;

%Be safe

zeta = [0.707, 1.0, 2.0, 5.0]; %Values of damping factor to test
N = length(zeta);
f = logspace(-2,2,200); %$Values for the normalized frequency
$variable
F = zeros(N,length(f));
FdB = zeros(N,length(f));
A = zeros(N,length(f));
for i = 1:N
% den = (1 - £ .7 2) + j*2*zeta(1i)*f;
num = 1 + Jj*2*zeta(i)*f;
den = num - (f .” 2);
FdB(i,:) = 20*loglO(abs(num ./ den));
F(i,:) = abs(num ./ den);
A(i,:) = angle(num ./ den);
end
figure(1)

semilogx(f,FdB, 'LineWidth',2)

title('Perfect Loop Filter -- Closed Loop Response')
xlabel('Frequency Normalized to Natural Frequency')

ylabel( 'Magnitude in dB')
%axis([le-2 1le2 -90 10]);
grid

set(gca, 'Fontsize',b14)

figure(2)

semilogx(f,F, 'Linewidth',2)

title( 'Perfect Loop Filter -- Closed Loop Response')
xlabel( 'Frequency Normalized to Natural Frequency')

ylabel( 'Magnitude')
$axis([le-2 le2 -90 10]);
grid

set(gca, 'Fontsize',h14)

figure(3)

plot(f,F, 'LineWidth',2)



title( 'Perfect Loop Filter -- Closed Loop Response')
xlabel( 'Frequency Normalized to Natural Frequency')
ylabel( 'Magnitude')

%axis([le-2 1le2 -90 10]);

grid

set(gca, 'Fontsize',b14)

figure(4)
semilogx(f,A, 'Linewidth',2)
title( 'Perfect Loop Filter -- Closed Loop Response')

xlabel( 'Frequency Normalized to Natural Frequency')
ylabel( 'Phase Angle')

%axis([le-2 le2 -90 10]);

grid

set(gca, 'Fontsize',614)
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Discrete Time Transfer Function ...

lambda = linspace(-0.5,0.5,200);
z = exp(j*2*pi*lambda);



lambdan
Tztilde

0.05;
(L + 2z .° (1)) ./ (1 =2z .~ (-1));

zeta = .707;

Num (2*zeta + pi*lambdan*Tztilde) .* (pi*lambdan*Tztilde);
Den = 1 + Num;

Ftilde = Num ./ Den;
L = lambda/lambdan;

snum = 1 + j*2*zeta*L;
sden = snum - (L ." 2);

F = snum ./ sden;
figure(5)

plot(lambda,abs(Ftilde), 'Linewidth',2, 'Color','r")
grid

xlabel('Frequency relative to Sampling Rate')
ylabel( 'Magnitude')

set(gca, 'Fontsize',b14)

hold

plot(lambda,abs(F), 'Linewidth',2, 'Color','b")
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