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(a) Sketch and label the small-signal equivalent circuit of an n-channel MOS
transistor, including all major sources of noise within the device. Clearly name and
label the noise sources and give expressions by which their mean square values may
be calculated. By referring all noise sources to the input of the device, derive
expressions for the equivalent input mean square noise voltage (vn2) and noise
current (in2). 10 marks

(b) Figure I shows a MOSFET MI used to amplify an input signal from a pn

junction photodiode D1, where R is an input current load resistor. When the
photodiode is illuminated, an input current I;; = 10 pA is generated by the diode.

By using the small-signal equivalent noise model developed in part (a), derive an

expression for the total equivalent input-referred mean square noise current ieq2

generated when the photodiode is illuminated. You may assume that the output
impedance of the photodiode can be neglected, and the MOSFET gate leakage
current is negligible. From this expression for ieq2 derive an expression for the

noise figure NF of this circuit (you may assume that the input noise source is the
noise generated by the diode). Hence calculate the minimum drain current of M1
necessary to ensure that the midband NF < 4 dB, given that k=138 x 102 J/K, T
=290K, q=1.6x10" C.

15 marks
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(a) The input impedance (Zin) of a particular integrated circuit (IC) can be modelled
as shown in Figure 2, where R=9 Q and L = 3 nH. This IC is to be connected to
an antenna with an impedance of 50 Q. By using a Smith Chart, design a passive
matching network to maximise the power transfer from the antenna into the IC at an
operating frequency o =12.5x10° rad/s:

@A) if the antenna should be a.c. coupled to the IC

(i)  if the antenna should be d.c. coupled to the IC.

22 marks

(b) In practice, the antenna is found to be equivalent to a 50 Q resistor in series with
a 3 nH inductance. How should the matching network designed in (i) be modified to
ensure correct matching?

3 marks
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(a) Figure 3 shows the basic topology of a superheterodyne television receiver.
Briefly describe the function of each of the shaded blocks.
9 marks

(b) In the single conversion architecture of Figure 3, outline the tuning requirements
of the pre-filter and local oscillator (LO) if the input signal carrier frequency is in the
range 50 - 890 MHz and the intermediate frequency (IF) is 40 MHz. Show with the
aid of a diagram how this architecture could be modified to relax the tuning
requirements of the image filter and LO.

8 marks

(c) A television designed for receiving PAL signals has 625 horizontal and 833
vertical lines and a refresh rate of 25 Hz. Calculate the maximum signal bandwidth
required to transmit luminance information. Explain how chrominance information
is also transmitted within the same bandwidth.

8 marks

audio audio
detect amp
s video video
8F detect amp

beam
deflect

Figure 3
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(a) Explain why direct conversion is an attractive architecture for the implementation
of a fully-integrated wireless receiver. Give two advantages and two disadvantages
of direct conversion when compared to a superheterodyne approach.

6 marks

(b) An alternative architecture for increasing integration levels is an image reject
architecture such as the Hartley receiver shown in Figure 4a. Show by calculation

that this receiver architecture will correctly receive the wanted channel and reject the
image channel if ¢1=¢2=90°. Show also that distortion will arise if there is a

phase error ¢2 =90(1+¢)°, and discuss briefly the nature of this distortion.
12 marks

(¢) Figure 4b shows the front-end of a wireless receiver. Define receiver sensitivity
and give an expression by which the sensitivity of the receiver can be calculated.
Hence calculate the low noise amplifier (LNA) noise figure (NF) required to achieve
a sensitivity of -145 dB, given that the input stage is designed for maximum power
transfer, the equivalent noise bandwidth NBW) is 28 kHz, k=1.38 x 102 J/K, T
=300 K.

8 marks
mixer phase shifter
N
lowpass
filter IF
D_ output
local
oscillator +¢1 | phase shifter
Figure 4a
mixer
Detector
Gain=10dB

NF =9 dB SNR(min)=10 dB

Figure 4b
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(a) What is meant by the term ‘phase noise’ of an oscillator, and why is it important
to implement low phase noise oscillators in a wireless transceiver architecture.
4 marks

(b) A recent technique for understanding the phase noise response of an oscillator is
based on the use of ‘Impulse Sensitivity Functions’ (ISF). What is meant by the ISF
of an oscillator? Show that by considering the ISF of an oscillator, the excess phase

can be calculated as:
1 |co ! o t
ot) = —| 2 J i(t)dt+ D cn ji(‘t) cos(nw,1)dt
max 2 —® n=l _gx
explaining the meaning of each of the terms in the above equation.
15 marks

(c) Figure 5 shows the ISFs for two different oscillators. Explain giving your
reasons which oscillator you would expect to exhibit the lowest phase noise, given
that the actual noise sources in the two oscillators are identical.
6 marks
T, (wt)

N

/\ t,
J Oscillator A

[N
\/ \/

v Oscillator B

A4

Figure 5
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(a) Figure 6a shows the small-signal hybrid-n model of a bipolar junction transistor
(BJT). Explain why the Miller approximation applied to this model proves
inadequate at frequencies approaching the fr of the device, when the device is
configured as a simple common-emitter (CE) amplifier stage. Sketch an alternative
‘RF hybrid-n’ model which does not suffer this limitation. What are the major
differences in the transfer functions predicted by the Miller and RF models when
applied to a simple CE amplifier?

9 marks

(b) A BJT is configured as a common-collector (CC) stage as shown in Figure 6b,
to implement a voltage buffer between a load (not shown) and an inductive source
impedance. By using a simple hybrid-n model which neglects {\mf, rb and Cpu,
derive an expression for the output impedance of the device. Hence explain why
this CC stage should be used with caution.

10 marks

(c) A CE amplifier stage with high gain has a limited bandwidth due to the Miller
multiplication of Cu. Briefly outline a method suitable for neutralising the effect of
Cu (i) for discrete designs, (ii) in an integrated circuit, illustrating your answer with

a diagram in each case.
6 marks
b rb Cu c
| | .
P |
VnI\ m_—_ Cn rce
T gmvVn
[ J
oc
Figure 6a
1
: o-—fYLYS \—l: Q
-

?
Figure 6b
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