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1. (a) Advanced bipolar technology has led to the development of a new generation of
high-speed ‘current-mode’ analogue building blocks: the current-feedback op-amp and
the current conveyor. With the aid of a suitable current-feedback amplifier macro-
model, show how constant-bandwidth amplification is obtained in EITHER of these

designs.
[13 marks]

(b) The circuit shown in Figure 1(a) is network symbol of a second-generation current
conveyor. Describe the terminal relationships of the current conveyor, and explain why

the device is so versatile. [4 marks]

(c) An implementation of the current-conveyor is shown in Fi igure 1(b). Explain how
the circuit works and why it can achieve a slew-rate higher than that of a classical

voltage operational amplifier. Explain why transistors Q5 — Q8 help to significantly

reduce offset voltage between node Y and X.’ [8 marks]
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Figure 1(a)
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Figure 1(b)
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2. (a) The circuit shown in Figure 2 is a precision diode. Explain the operation of the
circuit and sketch the corresponding waveforms at nodes Vx and Vo assuming an input
sinusoidal signal. Derive an expression for the diode transfer function, and estimate the
maximum input- frequency, which would not result in a serious degradation in the

quality of output signal. The slew-rate of the op-amp is 10 volts/us.
[16 marks]

(b) A peak detector is required, capable of acquiring an input rectangular pulse of 2.5 V
maximum amplitude and 900 ns minimum width. The output feeds a 10 bit ADC, which
has a total conversion time of 350 ps. Sketch a suitable circuit to meet the above
requirements and select suitable components to meet the specification. Assume the op-

amp has a maximum output current limit of 10 mA. [5 marks]

(c) Finally, sketch a suitable circuit which achieves current-mode rectification without

the use of a diode-based rectifier of the type shown in Figure 2. [4 marks]
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Figure 2
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3.

(a) The circuit in Figure 3(a) is a bootstrapped transconductance amplifier. Derive an
expression for the output resistance of the amplifier and show that the minimum output
resistance Rout(min) is 250 kQ given that R3 = 10 kO and the resistors have a

tolerance of + 1%. State any assumptions and matching conditions. [10 marks]

(b) High output resistance without the need for without resistor matching can be
achieved with the circuit of Figure 3(b). Explain the operation of the circuit and show
how two of such circuits can realise a high CMRR differential amplifier, which also

does not require precise resistor matching. [5 marks]

(¢) In mixed-mode ASIC design, analogue design is constantly being optimised for
digital CMOS technology and Figure3(c) shows an example referred to as a switched-

current integrator. Derive an expression for the time constant of the integrator. Assume

non-overlapping clocks and that all the switches are ideal. [10 marks]

Figure 3 (a)
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(a) State the bipolar translinear principle (TLP) for a loop of p-n junctions. List five
conditions which must be satisfied by the circuit in order for this principle to be
valid. [5 marks]

(b) Figure 4 shows two translinear circuits. For the circuit of Figure 4a, Tjand 1,

are input currents while I, and I, are constant bias currents. Derive an expression

for the output current I stating any assumptions that you make, and hence
P out g p y

outline the function of this circuit. What is the minimum value which should be

selected for 1 ? Write down an expression for t::e output current when I; = ’——dfi;n’

and I3 =“Iin dt', given that I, = Asin ot. [10 marks]

For the circuit of Figure 4b, show that the output current :
Iot =11 =1 =

where I3 and I, are input currents. Hence state the function of this circuit if

I3 =Ip[cosot| and Iy =14 fsin ot]. [10 marks]
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Figure 4a
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5.

NOANSI)

The transfer function for a second order filter has been decomposed into the

following state equations:

Xl ==-WyX7 + VU]
. D4
X2 = ®gX] ——Q—-Xz + WU

Yy=X2
where y is the output, x| and x; are state variables, and ujand u; are inputs.

(a) Show that these state equations can be used to implement either a lowpass or a
bandpass transfer function, and explain the role of the two inputs ujand u;.
[7 marks]

(b) By the use of suitable exponential variable transforms, show that the linear state

equations above can be transformed into non-linear log-domain design equations.
[8 marks]

(c) From these design equations, sketch a transistor level implementation of the final
cumene ) 6 3
log-domain filter, and choose d.c. bmsAvalues to give ©, =2n(10x10") rad s™.

You may assume that all capacitors to be used are of value 10 pF. [10 marks]
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(a) State the relationship which must be satisfied by two N-port networks, if these
two networks are to be considered adjoint networks. By using this relationship,
derive the adjoint network for (i) a resistor, (ii) a nullor, (iii) a unity gain voltage
amplifier. Hence derive the current-mode equivalent of the Sallen-Key lowpass filter
shown in Figure 6a. [13 marks]

(b) Figure 6b shows a transistor-level implementation of a unity gain current
amplifier. Derive expressions for (i) the input offset voltage when Ij= 0, (ii) the
small-signal input resistance for this circuit. Describe with the aid of a diagram how
this circuit may be modified to simultaneously reduce the input offset voltage and

small-signal input resistance. [12 marks]

out

Vin r
’

Figure 6b
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