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(a) Various sensors are available which produce an output variation in response to
some change in input, including the measurement of (i) temperature, (ii) strain,
(iif) light, (iv) position. Describe (with the aid of diagrams where appropriate) a
possible sensor for the measurements (i)-(iv) above, outlining in each case the
basic operation of the sensor, and how it should be configured to perform the

required measurement.

(b) A resistive temperature detector (RTD) is used as one arm of a Wheatstone
Bridge. The RTD has a resistance of 280 Q at 25 °C and a temperature
coefficient (assumed to be linear) of 0.5 Q/°C. The other three arms of the bridge
contain dummy resistors of value 280 Q, with a bridge supply voltage of 10 V.
Calculate the expected bridge output voltage at 77 °C. In practice the output
voltage magnitude at 77 °C is measured to be 0.2 V. If this error is assumed to be
due to the temperature variation of the dummy resistors, calculate the first order
temperature coefficient of the dummy resistors (you may assume that the dummy
resistors are at the same temperature as the RTD, and the nominal dummy resistor
value of 280 Q was measured at 25 °C). Tt is later discovered that the dummy
resistors have a temperature sensitivity of 2.5x10™ (quoted relative to the nominal
280 Q). The remaining error is attributed to the second order temperature
sensitivity of the RTD, hence calculate the second order temperature coefficient

of the RTD.
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(a) A digital sampling oscilloscope (DSO) samples the analogue input waveform
at a maximum rate of 500 M/s, and saves these samples in memory for subsequent
processing and display. Outline why sampling a signal at the Nyquist rate is
likely to lead to a distorted output on the DSO screen, if the resulting samples are
directly displayed. — Describe how the technique of interpolation is used to
overcome this distortion, and calculate the approximate maximum input signal
frequency which can be displayed without significant distortion if the DSO uses

(i) no interpolation, (ii) linear interpolation, (iii) sine interpolation.

(b) Explain how the process of sampling may distort the spectrum of the sampled
signal, and calculate the attenuation of a 500 kHz signal which is sampled at 3

MHz. Outline how a reconstruction filter may be used to eliminate this distortion.

(c) The DSO described above is used to perform an ensemble average to recover a
periodic signal which is obscured by white noise. The periodic signal has an rms
amplitude of 220 uV and frequency 5 MHz, while the rms amplitude of the noise
is 7 mV. The DSO sampling frequency is set to the maximum value. If the
analog-to-digital converter (ADC) within the DSO has a resolution of 10 bits,
calculate the number of sampling periods required to give a final signal-to-noise
ratio of 25 dB. If the ADC adjusts its gain such that the samples always exploit
~ the full dynamic range, calculate the minimum total memory required to perform

the ensemble average, and the time taken to perform this average.
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(a) An integrated circuit (IC) digital-to-analogue converter (DAC) is implemented
using weighted current sources as shown in Figure 3a. Outline the purpose of the
lower devices and explain why it is necessary to use asymmetrical switching
signals B/BN. The matching of the DAC current sources is required to be better
than +/- 0.5 LSB. Calculate the required matching accuracy of the DAC MSB
current source if this architecture is extended to implement (i) an 8-bit DAC, (i) a
12-bit DAC.

(b) The dynamic performance of a weighted current-source DAC can be improved
by using thermometer decoding. Briefly describe the principle of operation of a
thermometer-decoded current-source DAC, and give one disadvantage of this

method.

(c) An analogue input signal is to be digitised using the system shown in Figure
3b. The maximum input signal frequency is 35 kHz, and the analogue-to-digital
converter (ADC) sampling frequency is 100 kHz. The sample-and-hold circuitry
is used to maintain a constant input signal to the ADC while the conversion takes
place. The ADC is an 8-bit converter which is adjusted to ensure that the
maximum input signal fills all levels of the converter. Calculate:

(@) the maximum acquisition time of the sample-and-hold circuit, if the

sampling error is to be less than 0.5 LSB,
(i)  the maximum ADC conversion time
(i)  the minimum order of the antialiasing filter, if aliasing errors are to be less

than 0.5 LSB.
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(a) Figure 4 shows a circuit used to perform frequency-to-voltage conversion.
Outline the operation of this circuit, and choose a suitable value for the sawtooth
waveform slope given that the minimum input signal frequency is 200 Hz. You
may assume that the maximum output signal from the sawtooth waveform

generator is 10 V.

(b) The output voltage from this f-to-v converter is to be subsequently digitised.
If a 10-bit analogue-to-digital converter (ADC) is available, calculate the
minimum change in period which can be detected. Hence comment on the
frequency resolution of the system at an input frequency of (i) 200 kHz, (ii) 500
Hz.

(c) Interference signals may be coupled into a circuit and corrupt the signal of
interest. Describe how this problem is reduced by using balanced signals or by
shielding. Show with the aid of a diagram how both of these techniques may be

combined for very low level signal measurements.

.———\
VinT »| Monostable

Vout
Sawtooth Sample- | You
Reset | generator and-hold

TClock
Figure 4
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(a) Figure 5 shows a circuit designed to measure temperature. Derive an
expression showing how the output voltage varies with temperature, and hence

choose suitable values for R1 and R2 to give an output voltage sensitivity of 0.1

dv.
V/°C, given that V, = 0.68 V at T = 27 °C, and —(ﬁ?e— = 2.1 mV/°C. The

output voltage at 0 °C should be 0 V.

(b) In practice the reference current I.¢ may vary by up to 10 %. Calculate the
p ref Y Y up

resulting maximum error voltage at 0 °C due to this current uncertainty, and
determine the tuning range of R2 required to null this offset voltage. What will be
the variation in output sensitivity as R2 is tuned over this range? Show how the
circuit could be modified to allow the output voltage at 0 °C to be nulled by a

single resistor without altering the gain of the circuit.

+ A%

out

Figure 5

(c) Show mathematically that the amplitude and phase of a sinusoidal signal
buried in noise can be recovered by cross-correlating it with a signal of an
appropriate frequency, and give a block diagram suggesting how this may be
implemented in practice. If the frequency of the required signal is not known,
suggest how this technique could be modified to allow the signal frequency to be

determined.
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(a) Figure 6a shows the block diagram of a phase-locked loop (PLL), which is
implemented using a commercial IC (the 4046A PLL plus VCO) with an external
loop filter. Derive an expression for the (small-signal) closed loop transfer
function of this PLL, given that a simple first order lowpass filter is used. Given
that the type 1 phase detector is to be used, and with reference to the 4046A data
sheet extracts (Figures 6b, 6¢), calculate appropriate values for the following
4nfy
Vee

components (you may assume Vcc=5 V, VCO gain Ky = rad st V7,

v
phase detector gain Kp = 2CC vy rH:
T

(i) VCO resistor and capacitor values to give a lock rage 2f; = 350 kHz and

frequency offset 250 kHz.

(i) Filter component values to give a natural (loop) frequency on =100 kHz

With these component values, what is the resulting damping factor C of the loop?
-Comment briefly on the capture range and frequency stability of the resulting

PLL, and calculate an approximate value for the voltage ripple at the VCO input

when the input signal frequency is 250 kHz.

(b) Figure 6d shows a PLL with a dual modulus frequency divider used to .
implement a ‘fractional-N’ frequency synthesiser.  The frequency divider is

switched between its two different values by the control signal (CTL), such that

the divide ratio = 8 when CTL is low, and divide ratio = 9 when CTL is high.

Given that the reference signal frequency is 1 MHz, calculate the resulting

average VCO output frequency if the periodic CTL signal is low for 20 cycles of
the VCO output and high for 3 cycles of the VCO output. Sketch a rough

diagram of the frequency spectrum of the VCO output signal.
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