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(a) Figures 1(a) and 1(b) show two popular biasing schemes typically used in analogue
integrated systems. Briefly outline the main feature of each of these circuits.
[3]

For the bandgap voltage reference circuit of Figure 1(a), show that 6V, /6T = 0 (where T
is temperature) if (R¥/Rs)in [ 1/, ] =29 for V, = 1.283 V. Assume the temperature
coefficient of Vge to be -2.5mV/°C, the collector current of transistor Q3 is 100pA and the
device saturation current is /s = 1.2 x10"%A. Boltzmannn’s constant k = 1.38 x1 02uK
and the electron charge is g = 1.6 x1 1 R B

(6]

(b) Calculate the fractional temperature coefficient in ppm/°C for the current generator of
Figure 1(b) at room temperature, given that R is a polysilicon resistor with a temperature
coefficient of 1500 ppm/°C.

(3]

(c) Show that the circuit of Figure 1(b) can be developed into a current source with output
current directly proportional to absolute temperature and virtually independent of supply
voltage. It is likely that on power-up the output current will fall into a zero current state.
Sketch a suitable start-up circuit that ensures that this condition will not occur and explain
the operation of the circuit.

(8]

Figure 1(a)
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2. Figure 2 shows the basic design of two analogue sampled-data precision integrators. Figure
2(a) is a switched-capacitor integrator and Figure 2(b) a switched-current integrator.

(a) Derive an expression for the transfer function of both integrators. Assume that the
integrators are driven by non-overlapping clocks and that the switches are ideal.

(10]

(b) (i) Sketch the basic design of a 3“_order Chebyshev low pass switched-capacitor
ladder filter.

(ii) Explain the function of all components in the circuit. The filter is to have a cut-off

frequency of 5kHz. Assume a clocking frequency of 100 kHz. The values of
integration capacitive for the capacitor based sections are 5.06pF, inductive and
the section is 3.49pF. All other switched capacitors are 1pF.

(iii) From the circuit, estimate normalised passive component values for the original
double-terminated LC prototype of the filter. All values should be normalised to 1
rad/s. You may assume that the clocking frequency is so high that the integrators
can be assumed lossless.

(10]

in C1
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[

Figure 2(a)
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3. (a) In mixed-mode ASIC design, the process technology is chosen to optimise digital
performance specifications. Give one example of the constraints this places upon
analogue circuit design performance.

(2]

(b) A fundamental limitation imposed on the Dynamic Range (DR) of any high performance
A/D converter will ultimately be switch noise. Prove that the fundamental limit is given by,

Vref

B
JUOKTRY,)

where V. is the reference voltage, k is the Boltzmann's constant, T is absolute
temperature, R is switch resistance and f; is the clock frequency of the switch. You may
assume that the system settles in 10t (where 1 is the time constant), over one period of
the clock frequency.

(6]

(c) A very high resolution analogue-to-digital converter is the oversampling converter
sometimes referred to as the sigma-delta modulator. Sketch a typical architecture for
such a converter and explain its principles of operation, in particular the feedback noise

shaping mechanism.
[12]
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4. (a) Under what operating conditions does the MOSFET of Figure 4(a) realise a linear floating
resistor between terminals A and B? Show that under these conditions the equivalent
resistance Ryg can be approximated by

L
- AR . N—
A8 T KW (Vs - V)

stating any assumptions. All symbols have their usual meaning.

(3]

(b) Discuss three sources of non-linearity in the single MOSFET resistor realisation of Figure
4(a) and suggest one suitable circuit design to help eliminate one or more of these non-
linear terms showing the necessary circuit analysis to confirm your design.

[5]

(c) For the current mirror of Figure 4(b), derive the expression for minimum output voltage
while still maintaining saturated devices. Derive this voltage in terms of device threshold
voltage V7 clearly stating any assumptions you make.

[4]

(d) Sketch a regulated cascode current-source and explain why the output resistance of the
current source is higher than a standard cascode mirror.
[6]

]?) T—[T_SQ — o —j g
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Figure 4(b)
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5. Figure 5 shows a partially-designed two-stage CMOS op-amp required to give a voltage gain
of approximately 80 dB, a slew-rate of 5 V/us and a gain-bandwidth product of 3 MHz.

(a) Given that the technology is a fixed 5 pm double metal CMOS process, design the
channel widths of transistors Q1, Q2 and Q6 for the op-amp to meet the above
performance specifications. Aspect ratios of all other devices are shown on the circuit.
Assume all bulk effects are negligible. Device model parameters are given below.

[15]

(b) Give a reason why the introduction of a single integrated resistor in series with the
compensation capacitor should significantly improve the amplifier's phase margin.

CMOS TRANSISTOR MODEL PARAMETERS

[5]

MODEL PARAMETERS Kp (UAV®) — A(V7) Vro (V)
PMOS 20 0.03 0.8
NMOS 30 0.02 1.0
= - 45V
1 10/5 10/5
Q, Q,
==
s e
Vin+ O_{ [: Q, QZ }7'0 Vin' _l I —
: L, 20uA)
QE
Q, j | | | | fq?
5/5 = 5/5 5/5 =
5V

Figure 5
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6. (a) Give two advantages of current-mode analogue signal processing compared to traditional

(b)

(c)

voltage-mode processing.
[2]

With the aid of a suitable macromodel, explain the theoretical concept of current
feedback and how it results in constant bandwidth amplification. Using a current-
feedback op-amp, design a closed-loop non-inverting gain stage with a bandwidth of 10
MHz for a fixed voltage gain of 100. Assume an internal compensation capacitance of
4pF and that the open-loop transresistance gain of the amplifier is very much larger than
the amplifier feedback resistor.

[13]

The circuit shown in Figure 6 is a single bit cell of a current-mode algorithmic analogue to
digital converter. Briefly describe the operation of the cell and give reasons why this
converter is particularly suitable for mixed analogue and digital VLSI.

(9]
BIT CELLX
Tl
i M4 I ,_M5 MG
| | : — |
e Digital
L, . i
COMP1 @
5| i T
Analog S [ P ML ‘ ]
ln_ ‘ | l B Analog
M, | 1
L D U N Ml _________________________________ T 2 ...... B coanllmpscse oot oo P s
@ Reference
_“—_7 input
|
My, I
Figure 6
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