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1. The circuit shown in Figure 1 is a typical architecture for a current-feedback op-
amp.
a) Very briefly explain the operation of the circuit and comment upon why the slew
rate of such an op-amp architecture can potentially be greater than /000 V7 u s.

With the aid of a macro-model, explain the theoretical concept of current-feedback
and how it results in constant bandwidth amplification.

(13 marks)

b) Explain why the gain-bandwidth product of the amplifier remains almost

constant for high values of voltage gain. What is the function of diodes D, - D, in
the circuit ?

(8 marks)

¢) Finally, connect the op-amp as a closed-loop non-inverting voltage amplifier and

design the amplifier to have a voltage gain of /0 at a fixed bandwidth of
approximately /0 MHz.

(4 marks)
Q10 IE Q11 Vee(+10V)
®
To (100uA) | Qo —Kle
Io (100uA)
»—KQ:; 6¢>
DI
X | s +—=K16
X
(H) o2 QL | (-) Z L/Q14 1015 Vo
NS N . N NQ
D4 p— 4
D2 A4 4pF Kais
T v | L O
'] - To (100uA)
Q5 Q7
To (100uA) E
6 8
° F/l 'Q ~Vee (-10V)

Figure 1

Page 2 of 7



2. The circuit of Figure 2 is a precision switched-current integrator.
a) Derive an expression for the time constant of the integrator. Assume the
integrator is driven by non-overlapping clocks and that the switches are ideal.

(10 marks)

b) Give two sources of current transmission error in the switched current memory
cell, and suggest suitable circuit techniques which will reduce these errors.

(2 marks)

c) The current-conveyor is an alternative building block to the operational amplifier
for current-mode applications. Sketch a typical circuit for the current-conveyor
based upon the use of the power supply leads of the operational amplifier. Connect
the current-conveyor as a current-follower and explain why the architecture of
amplifier has a very high bandwidth potential,

(10 marks)

d) Finally, draw circuits for a current-mode integrator and differentiator using the

current-conveyor.
3 marks
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3.a) The circuit of Figure 3(a) is an instrumentation amplifier. Analyse the circuit to show
that the differential voltage gain AVD = N(2M + 1) given that RI=R3=R7=R,
R2=R4=NR and R5=R6=MR. Find the worst case common-mode rejection ratio
(CMRR) of the circuit when resistors with + /% tolerance are used.

(15 marks)

b) Finally, briefly explain the operation of the circuit in Figure 3(b), and discuss advantages
and disadvantages compared with traditional approaches that realise the same function.

(10 marks)
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4. a) Derive the bipolar translinear principle with reference to a loop containing 2m base
emitter junctions. State all the assumptions that you make, and list the conditions which
must be satisfied in order for this principle to be valid.

(4 marks)
b) In addition, write down the MOS translinear principle for a loop of Vs junctions.
Give three disadvantages of the MOS translinear principle compared to the bipolar
version.

(3 marks)

c) Figure 4a shows a circuit containing a six transistor translinear loop.

) o . ) 1.1
1) Prove that this circuit implements a product/division function 7, = =X
M
ii))  What is the condition that the current source /, should comply with for the
circuit to operate properly?
i)  Show with the aid of a diagram how this circuit can be modified to implement

. 31,11 . ..
the function /,,, = — =% with /, and I,, two additional currents.
M*N
(8 marks)
d) Figure 4b shows a circuit comprised of one translinear loop; 7,and /, are input

currents whereas 7, and /, are constant bias currents. Derive an expression for the output
current [, stating any assumptions that you make. What is the function of the circuit?

What is the minimum value that should be selected for 7, so that the circuit operates
properly? Write down an expression for the output current:

: » d]in
1) when [, = 7 and I, :Ul"" dtl and
. dl, 3
i) when [, = 2 and /| —Ulmdt’.
In both cases 7, (t)= Asin(wt).
(10 marks)
]l
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Figure 4(a) Figure 4(b)
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5. a) Figure 5 shows the general block diagram of a current-mode integrator where f ( ) and
g( ) represent non-linear functions. Derive an expression for the required relationship
between f ( ) and g( ) when the circuit of Figure 5 operates as an input-output linear
integrator, stating any assumptions that you make. Provided that the function g( ) in
Figure 5 is defined by I, =gWV,)=p ¥, —-Vy)" (with B being a constant of

appropriate dimensions), derive an expression for the function f ( ) to implement an
input-output linear integrator.

(6 marks)

Im ic VC Iout

o—>——1 f(l,) T g(V.)
C
L

Figure 5
b) You are required to implement an oscillator with the following transfer function:
2
T'(s)= —ZEO—T This transfer function can be decomposed into the following set of
s'+o,

state-space equations:
X, =—0 X +0,X,

X, =20 ,% +® %, +o U

y=Xx

U is an input which is tuned to initially start an oscillation, y is the output, whereas
x,,x, denote the state variables (a dot above a variable denotes time-differentiation).
Using the exponential mappings x; = I,exp(V, /V;)(j =12), U = I exp(V, /Vy) show

that thé above linear state-equations can be transformed into non-linear log-domain
design equations.

(8 marks)

¢) From these design equations and exploiting the known properties of the E+ and E- cells,
sketch a transistor level implementation of the desired log-domain oscillator. Assuming
that all capacitors are equal to /0pF determine d.c. bias values to produce an oscillation

frequency equal to @ ,= 27 (20x10%)rad/s (V, =26mV").
(11 marks)
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6. a) State the relationship which must be satisfied by two N-port networks, if these
two networks are to be considered adjoint networks. Exploiting this relation
derive the adjoint network of : (i) a resistor, (ii) a nullor and (iii) an open-loop
‘ideal’ voltage amplifier.

(6 marks)

b) You are required to implement the closed-loop /-/ converter shown in Figure 6a
by means of one of the four ‘ideal” amplifiers.

i)  State the four ‘ideal amplifiers’, their open-loop gain function and their
ideal input and output impedances.

ii) Provided that the source and load impedances in Figure 6a are
unknown, which of the four ‘ideal amplifiers’ you would choose in order
to implement the block A? Justify your reasoning.

i)  Assuming that each of the ‘ideal amplifiers’ has ideal input and output
impedance levels but finite open-loop gain and bandwidth, derive an
expression for the frequency-dependent closed-loop gain of the
configuration you have selected.

iv) Comment on both the advantage and the disadvantage of the
configuration you have selected.

(8 marks)

c) Figure 6b shows the architecture of a simple current-follower where the
symbols CM represent current mirrors with an arrow marking the input side.

1) Derive expressions for the d.c. input offset voltage and the small-signal
input resistance at node X.

i1) Explain with the aid of a diagram how the circuit of Figure 6b can be
modified to reduce the d.c. offset using additional diodes; comment on
both the advantages and the disadvantages of this technique.

1i1) Explain with the aid of a diagram how the circuit of Figure 6b can be
modified to reduce the d.c. offset without increasing the input resistance.

(11 marks)
to ©
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Figure 6(a) Figure 6(b)
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