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Figure la shows a doubly-terminated passive LC-ladder lowpass filter. Give two
advantages of the LC-ladder approach for implementing continuous-time filters.
State two reasons why passive LC ladders are generally unsuitable for implementing
fully-integrated filters. By constructing a signal flow graph of the ladder topology
shown in Figure la, outline how this filter can be transformed into a topology
suitable for integration, and sketch a block diagram of the resulting filter
architecture. What is the advantage of transforming an LC ladder filter in this way
rather than selecting an alternative architecture such as a cascade of biquads?

11 marks

Why is it preferable to avoid the use of floating capacitors in high frequency
integrated circuit applications? Show how a transform of a section of the ladder
filter topology shown in Figure Ib can eliminate the requirement for the floating
capacitor C2, and construct a signal flow graph of this transformed section.

8 marks

Briefly describe the ‘master-slave’ approach for the continuous tuning of integrated

filters. 6 marks
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Sketch and label the small-signal hybrid-n model of a bipolar junction 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

Figure 2 shows a bipolar transistor Q1 which is used to amplify an input current,
where components R and C represent the output impedance of the current source.
Derive an expression for the total equivalent input-referred mean square noise

2

current igq”. Sketch the frequency response of ieqz, and calculate the midband

noise figure given that Rg=300kQ, rb=90Q, gm=0.002 S, 3 =100. 13 marks

The input signal is in the range 1 kHz — 70 kHz. Calculate the maximum knee
frequency fi, and maximum source capacitance Cs to ensure that the total equivalent
input noise current is minimised over this frequency range. 2 marks
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Briefly discuss the major difference between ‘lumped’ and ‘distributed” RF circuit
design. Outline why impedance matching networks are used in RF design,
particularly when signals are routed on and off chip. 6 marks

At an operating frequency of 915 MHz, the input impedance (Zin) of a particular
integrated circuit amplifier is as shown in Figure 3. By using a Smith Chart, design a
passive matching network to maximise the power transfer into the amplifier from a
source resistance of 50  at this operating frequency. 13 marks

The small-signal bandwidth of a common-emitter gain stage is limited by the ‘Miller
multiplication” of the base-collector junction capacitance Cu. Describe two different
methods for neutralising the effects of Cp, one which is suitable for discrete circuit
implementation and one which is suitable for integrated circuit implementation.

6 marks
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Figure 4 shows a block diagram of a direct conversion paging receiver for detecting
two-level frequency-shift keyed (FSK) modulated signals. Briefly explain the
operation of this receiver, outlining the function of each of the blocks shown.

13 marks

The next generation of paging receivers is likely to use four-level FSK modulation.
Outline the difference between two-level and four-level FSK, and sketch one possible
block-diagram architecture for a four-level FSK paging receiver. 9 marks

The mixers in the receiver of Figure 4 are implemented as bipolar double-balanced
mixers (Gilbert mixers). In a switching mixer, the local oscillator (LO) input is
driven by a square wave rather than a sinusoidal input. Give two advantages and one
disadvantage of a switching mixer compared to a mixer with a sinusoidal local

oscillator signal. 3 marks
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A terrestrial TV receiver is required to receive signals at carrier frequencies between
60 MHz and 900 MHz which must be converted down to an IF of 45 MHz. Two
alternative architectures have been suggested to implement the receiver:

@) single conversion

(ii) double conversion

With the aid of a block diagram, discuss the advantages and disadvantages
associated with each of these approaches. Outline the specifications of critical
components within each architecture in terms of frequency range, tuneability etc.,
and discuss the suitability of each of these possible architectures for implementing a
fully-integrated front-end TV receiver. 17 marks

A receiver with no front-end Low Noise Amplifier (LNA) is measured to have a
sensitivity of -120.8 dBm. The input of the receiver is power-matched and the
equivalent noise bandwidth of the receiver is 20 kHz. The required signal-to-noise
ratio (SNR) at the intermediate frequency (IF) stage detector is 3 dB. Calculate the
noise figure of this receiver with no LNA.

You wish to reduce the noise figure of this receiver by connecting a LNA at the
front-end. Two different LNAs are available, with the following noise figure (NF)
and power gain (G) values: (i) NF =3 dB, G= 15 dB, (ii) NF = 2.2 dB, G=9.5 dB.
Which LNA should you choose? Show clearly the reasons for your choice. 8 marks
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What is meant by the term oscillator ‘phase noise’, and how is phase noise formally
defined? Give one reason in each case why oscillator phase noise is a problem for
wireless communications (i) at the transmitter (ii) at the receiver. Given that phase

noise generally has a 1/0” characteristic, write down an expression for calculating
the phase noise Py at a frequency offset 8w, , given that the phase noise P, at

frequency offset o, is already known. 7 marks

A sinusoidal oscillator whose instantaneous frequency is modulated can be
represented as v(r) =V, Sin(e(t) +¢(t)), where a?igt)

0
dt

=, is the unmodulated

carrier signal frequency an = Ao(?) represents the instantaneous fluctuation in

frequency. For the simple case when Aw(t) = A, sin Smt, show that the resulting

phase variation becomes translated to frequency sidebands, and derive an expression
for the relative sideband to carrier power. 7 marks

Using the results above, derive an expression for the total mean square residual FM
of the carrier signal due to phase noise sidebands between ®; and ®@,. Hence

calculate the rms residual modulation of an oscillator due to phase noise sidebands
between 500 Hz and 2 kHz offset, given that the measured phase noise at 1 kHz
offset is — 75 dBc. 11 marks

7 [END]
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