






2. a)  

i) XOR gate performs phase detection. Output is 5V or 0V effectively pulse width modulated 

proportional to phase difference. 

RC filter low passes to convert the XOR output to be an analog voltage proportional to phase 

difference and provides damping 

VCO is the voltage controlled oscillator to be phase locked to the input. 

X is the input of the reference signal (digital bit stream in this case) 

Y is the voltage portional to the phase difference 

Z is the frequency output (the clock) 

ii) 

VCO

A B
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 𝑉1 = 𝐾𝑝(𝜃0 − θref) 

2𝜋𝑓𝑜 =
𝑑𝜃𝑜

𝑑𝑡
= 𝑗𝜔𝜃𝑜 = 𝐾𝑜𝑉2 

𝑉2

𝑉1
=

1

1 + 𝑗𝜔𝐶𝑅
 

𝑗𝜔𝜃𝑜 =
𝑉1𝐾𝑜

1 + 𝑗𝜔𝐶𝑅
=

𝐾𝑝(𝜃0 − θref)𝐾𝑜

1 + 𝑗𝜔𝐶𝑅
 

𝑗𝜔𝜃𝑜 − 𝜔2𝐶𝑅𝜃𝑜 − 𝐾𝑜𝐾𝑃𝜃𝑜 = −𝐾𝑜𝐾𝑝𝜃𝑖 

Since 𝜃𝑜 ≡ 𝑒𝑗(𝜔𝑡+𝜃) , 𝜔2𝜃𝑜 = 𝜃�̈�, 𝑗𝜔𝜃𝑜 = 𝜃�̇� 

𝜃�̇� − 𝜃�̈�𝐶𝑅 − 𝐾𝑜𝐾𝑃𝜃𝑜 = −𝐾𝑜𝐾𝑝𝜃𝑖 

𝜃𝑜 ̈ 𝐶𝑅

𝐾𝑜𝐾𝑝
−

𝜃𝑜

𝐾𝑜𝐾𝑝

̇
+ 𝜃𝑜 = 𝜃𝑖 

Standard form from mech data book (p 8 and 9) 

 

So 𝜔𝑛
2 =

𝐾𝑜𝐾𝑝

𝐶𝑅
, 𝜁 = −

𝜔𝑛

2𝐾𝑜𝐾𝑝
 



𝜃𝑜 ̈

𝜔𝑛
2   

+
2𝜁

𝜔𝑛
𝜃�̇� + 𝜃𝑜 = 𝜃𝑖 

For 10% overshoot 𝜁 = 0.6 

𝐾𝑜 = 2𝑀𝐻𝑧/𝑉= 4𝜋 × 106rad/s/V 

𝐾𝑝 = 5𝑉 for ±180 deg. = ±1.59 V/rad 

0.6 =
𝜔𝑛

4𝜋 × 106 ∗ 1.59 ∗ 2 
 

𝜔𝑛 = 2.4 × 107 𝑟𝑎𝑑/𝑠 

𝜔𝑛
2 =

𝐾𝑜𝐾𝑝

𝐶𝑅
 

So 𝐶𝑅 = 34ns 

(b)(i) 

 

Assume that fringing fields extend either side of track by d 

𝐶 =
(𝑤 + 2𝑑 )𝜖0𝜖𝑟

𝑑
 

𝑍0 = √
𝐿

𝐶
, 𝑣 =

1

√𝐿𝐶
, 𝑐𝑜 =

1

√𝜇𝑜𝜖0
 

In dielectric 

𝑣 =
1

√𝜖𝑜𝜖𝑟𝜇0

=
𝑐0

√𝜖𝑟
 

𝑍0 =
1

𝑣𝐶
=

√𝜖𝑟

𝑐0

𝑑

(𝑤 + 2𝑑 )𝜖0𝜖𝑟
 

So for 50 ohms we get  

𝑤 =
𝑑

𝑍0𝜖0√𝜖𝑟𝑐0
− 2𝑑 

W=1.4mm 

(ii) For circular polarisation need to have a 90° phase shift. A Wilkinson splitter produces a split with 

zero phase difference. 

𝑣 = 𝜆𝑓 

At 3GHz. 𝜆 = 5𝑐𝑚 in the dielectric. 

So for 90 deg need 5/4 = 1.25cm difference 
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Examiners Comments: 

Q1:  

VNA part of the question was answered poorly in general with very few able to draw the basic block 

diagram. Smith charts were generally done well, although some drawing was rather inaccurate. A 

common mistake was forgetting to denormalise to calculate component values. In (b) and (c) there 

are several solutions, so circuit diagrams are important to show the component arrangements.. 

Q2: 

Generally well answered. In the PLL the most common errors were in finding the phase gain constant 

of the XOR gate and also converting the VCO constant to radians. Characteristic impedance was well 

done, but the wilkison splitter in the final part caused confusion.  

Q3:  

VCVS – some mistook the number of poles for number of op-amps in both (a) and (b). In the colpitts 

question, few realised that the transistor capacitance would increase the resonant capacitance and 

lower the frequency.  

Q4:  

Almost all could draw the amplifier, although many missed the required decoupling capacitors to 

prevent the interstage inductor messing up the biasing. Descriptions of the functions of the 

components lacked awareness that most have 2 function (e.g. R1 and R2 set input impedance as well 

as base bias). Most common mistakes were working out the coupling losses and compensating the 

amplifier gains, after that most could pick sensible resistor values. In the final part only a few realised 

that the Rin and Rout needed to be considered in the bandwidth calculation. 
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