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»  Write your name, student number and course on all sheets you hand in.

» Talking is not allowed. If you do it, your exam will be canceled. Switch off your cellular
telephone.

« If you give up, write “I Desist” on the exam sheet and hand it in.

* The exam has 6 questions and the maximum score for each is written in brackets.

«  Write legible. Justify all your answers!

»  Good luck!

Question 1 (4)
The circuit below is a voltage controlled oscillator.
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a) How does the circuit work?
b) Sketch the signal in important points
c) Design the circuit for 1 kHz for a certain Vin.

Question 2 (4)
The figure below shows an analog multiplier and divider
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a) How many 'quadrants' does the circuit have?
b) give the relation between Vx, Vy, Vz and Vo.

Question 3 (4)

A phase-locked loop (PLL), supplied with 5 volt and 0, has the following parameters:
Phase-detector/phase comparator (PD): Ks=1V

Filter: Low-pass filter (LPF) with C=1nF, R=1kQ

Voltage-controlled oscillator (VCO): K, = 2 kHz/V, f, = 100 kHz for Vi = 0.

K. is defined as the product of Ky and K.

a) Derive an expression for the closed-loop transfer function of the phase,

Consider the PLL without the LPF filter

b) What is the response time to a sudden step change in frequency at the input?

c) Now insert a frequency divider (1:N) between the output of the VCO and the second
input of the phase detector. Assuming a 1 MHz signal at the first input of the PLL, what
signal will be the output of the VCO when lock is established?

Question 4 (2)
To an ideal phase detector with Ky = 1 V/rad two signals are connected at the inputs:
Vi(t) = A cos(wi 1)
Vo(t) = B sin(w. t)
with t time, A and B amplitudes of the signals and w; and w, frequencies changing in
time:
wi=w+ at
Wo=w - at
with a and w constants. What is the signal at the output of this phase detector?



Question 5 (3)
Explain how an edge-triggered JK flip flop (type Il PD) works when used as a phase
detector. What is the sensitivity of this PD?

Question 6 (3)

Logarithmic amplifiers, like all amplifiers, suffer from many non-ideal effects. An
example is the polarization current (entering into the input terminals Vp and Vn of the
amplifier element). Explain two ways of eliminating this non ideality.
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Pergunta 1 (4)
O circuito abaixo € um VCO.
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a) Expligue o funcionamento do circuito?
b) Facac esboc¢os dos sinais em pontos relevantes
c) Dé valores para os parametros para obter 1 kHz.

Pergunta 2 (4)
A figura abaixa mostra um multiplicador/divisor analégico
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a) Quantos 'quadrantes' este circuito implementa?
b) Dé a relacdo entre Vx, Vy, Vz e Vo.

Pergunta 3 (4)

Uma phase-locked loop (PLL), tem os seguintes parametros:
Phase-detector/phase comparator (PD): Ksy=1V

Filtro: Low-pass filter (LPF) com C=1nF, R=1kQ

Voltage-controlled oscillator (VCO): K, = 2 kHz/V, f, = 100 kHz for Vi = 0.
K. is defined as the product of Ky and K.

a) Calcule uma expressao para a fungao de transferéncia de fase em malha fechada,

Considere a PLL sem filtro.

b) Que é o tempo caracteristico para um degrau da frequéncia na entrada?

c) Agora insere divisor de frequéncia (1:N) entre a saida do VCO e a entrada do
detector da fase. Assumindo uma sinal de 1 MHz a entrada da PLL, que sera o sinal a
saida do VCO quando a PLL encontra-se sincronizada?

Pergunta 4 (2)
A um detector da fase ideal, com um K; = 1 V/rad dois sinais sao ligados:
Vi(t) = A cos(wi 1)
Vo(t) = B sin(ws 1)
onde t represente tempo, A e B amplitudes dos sinais e wi e w, frequéncias variadas
em tempo de seguinta forma:
wi=w+ at
Wo=Ww - at
com a e w constantes. Que seréa o sinal da saida do detector da fase?

Pergunta 5 (3)



Explique o funcionamento de um edge-triggered JK flip flop (type Il PD) funciona
guando usado como detector da fase. Qual a sensibilidade desse PD?

Pergunta 6 (3)

Amplificadores logaritmicos, tal como todos os amplificadores, sofram dos efeitos ndo
ideais. Um exemplo é a corrente da polarizagédo (correntes de entrada do amplificador
nos terminais Vp e Vn). Dé duas maneiras para eliminar este efeito ndo desejado.



