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1(a) From first principles, derive an expression for both propagation constant and intrinsic

(b)

(©)

(d)

impedance, in terms of the loss tangent of a homogeneous isotropic medium. Clearly
define all the variables used.
(8]

Using the expressions derived in 1(a), show that within a good conductor the
attenuation constant is equal to the phase constant and also that the surface resistance is
equal to the surface reactance.

[7]

A printed circuit board (PCB) has 17 [um] thick copper layers, having a bulk DC
conductivity of 5.8 x 107 [S/m]. With a surface current density of 0.5 [A/m], calculate
the following parameters for a frequency 900 [MHz]:

(i) Skin depth

(i) Wavelength

(iii) Surface conduction current density
(iv) Surface power dissipation.

[5]

For the PCB and frequency in 1(c), calculate the isolation offered by a single copper
layer.

[5]

A 500 [MHz] small-signal amplifier has an output impedance of 20 —j 15 [Q]. Using
the Smith charts provided, design suitable impedance matching networks to transform
this impedance to 50 [Q]:

(i) using a quarter-wavelength transformer

[5]
(i) using a short-circuit stub
[10]
(iii) using a discrete inductor and capacitor
(5]

(iv) make general comments about the loaded-Q factor of the matching networks in (i),
(ii) and (iii) and how this relates to the resulting bandwidth of the networks.

(5]
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3(a)

(b)

4(a)

(b)

(d)

With the use of simple illustrations for the attenuation against frequency curves,
describe the differences between Butterworth, Chebyshev and Elliptical-function filters.
Also, comment on the group delay characteristics for these filters.

[5]

Given prototype low-pass filter attenuation curves and tables for the corresponding
normalised element values (see Filter Curves and Tables provided), design an L-C
lumped-element band-pass filter that meets the following specifications:

Centre Frequency, fo 500 [MHz]
3 dB Bandwidth, B 50 [MHz]
Attenuation Bandwidth 100 [MHz]
Pass-Band Ripple (Peak-to-Peak) 0.1 [dB]
Stop-Band Attenuation 45 [dB]
Input Impedance, Ry 100 [Q]
Output Impedance, Rour 50 [€2].

[20]

With the aid of a diagram, describe the S-parameter representation of a linear two-port
circuit, stating the precise definitions of all parameters and the main power
specifications.

(8]

State which RF components best describe the following S-parameter matrices and
calculate any relevant power specifications:

‘ 0 e—j720
S|= .
(1) [ ] (e_J720 0 j

-730
(i) [s] 0  0.07¢/ ]

e—j60 0

~ 30 — /80
(iih) [s]= O.le_ 20 0.3e— o |
9.7¢/ 0.15¢"/

[5]

Derive an algebraic expression for the overall Sy, of a linear two-port network that is
terminated at its output port with a one-port network represented by Si;..

[7]

Referring to the result in 4(c), state the condition for stability for the overall one-port
network, for any value of generator source impedance. If the two-port network in
4(b)(ii) is terminated with a load impedance having S, = 0.5, determine if the overall
one-port network is stable. '
[]
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5(a) For a transistor, define the transition frequency, f7, unity gain cross-over frequency, fs,

(b)

©

(d)

and maximum frequency of oscillation, fax. Explain why a high-power FET amplifier
is difficult to design at microwave frequencies when using only a single transistor stage.

(5]

A FET has a small-signal equivalent circuit model with corresponding elements having
the following values:

Zmo = 15 [ms]
Cys = 81 [{F]
Ry =535 [Q]
R,=1.13[Q]
Ri=124 [Q]
R, =53[Q].
All variables have their usual meaning

Calculate the extrinsic transconductance, transition frequency and maximum frequency
of oscillation. Comment on the suitability of this transistor for use in an amplifier for
applications in vehicular radars operating at 76.5 [GHz].

[7]

Draw the circuit diagram of a simple class-A amplifier and describe clearly the function
of each component. Describe the performance characteristics of a class-A RF power
amplifier and state its applications.

(5]
Consider a 4 x 75 um FET with the following specifications:

Veapp=12 [V]

V,=-15[V]

Vi=0.5[V]

Lis = 60 [mA]

Small-Signal Power Gain = 4 [dB].
All variables have their usual meaning

Calculate the following for delivering the maximum linear output power:

(i) Optimal bias voltages

(ii) Optimal load impedance

(iii) Values of maximum linear output power and peak output power
(iv) DC power and power dissipated per unit gate width

(v) Drain efficiency and Power-added efficiency.

(8]
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6(a) With the aid of a diagfam and simple S-parameter analysis, explain how a lossless

(b)

(c)

(d)

single-stage reflection-topology works.
[10]

Explain how an ideal reflection-type attenuator can be implemented and extend the
analysis given in 6(a) for this application.
(5]

Explain how an ideal reflection-type phase shifter can be implemented and extend the
analysis given in 6(a) for this application.

(5]
Describe the inherent drawbacks of the applications given in 6(b) and 6(c) at microwave

frequencies when non-ideal components are used. How can a useful vector modulator
be implemented with non-ideal components.
[5]
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g(‘% 5(2) The transition (or cut-off) frequency, fT, of a transistor is defined as the

frequency at which the short circuit current gain, hyj, falls to unity. f is also

known as the gain-bandwidth product and it is the key figure-of-merit for digital
applications.

The unity gain cross-over frequency, fs, of a transistor is defined as the
frequency at which the insertion power gain (i.e. ratio of power delivered to the
load after the transistor has been inserted to the power delivered to the load
before the transistor was inserted), [S21 [*2,, falls to unity. fs > fr and it can be

read directly off the frequency response measurements from a network analyser.

The maximum frequency of oscillation, fmax, of a transistor is defined as the
frequency at which the maximum (i.e. when both the input & output ports are
conjugate matched for maximum power transfer) unilateral (i.e. S;,=0)
transducer power gain (i.e. ratio of power delivered to the load to the power
available from the source), Grymay, falls to unity. fra, > fs and it is the key
figure-of-merit for analogue applications.

Now, it can be shown that:

£ - _B8mo
T 25 Cgs

Single-transistor high power amplifiers have a large value of Cgs and, therefore,
a low value of fr. As a result, it becomes harder to design the amplifier at higher
microwave frequencies because the power gain decreases with increasing
frequency at 6 dB/octave.

[20]

S'(Q ‘ 5(b) Extrinsic transconductance is given by the following:

gmo

m~—=——=14[ms]
1+ gmoRs

fr= 279 _795GHz

| 22Cgs
fmax = Jr ﬂ— =78.6 GHz
2 VRg+Ri+Rs

Theoretically, it is just possible to design an amplifier to have some power gain
at 76.5 GHz. However, in practice, once the losses in the input and output
impedance matching networks are taken into consideration the overall gain of
the complete circuit will be negative.

[30]
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