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For each of the circuits in Figure 1 below, determine the operating mode(s) of the
transistor(s), and calculate the value of the current I or voltage V. State clearly any
assumptions made in your calculations.

(a) [6 marks] (b) [5 marks]

+10V +4V
K =02 mA/V’
10kQ 10kQ —-|Ij Vo
§y—0 V
+20 mV 5
= _l K =0.1 mA/V’
V=1V
1 mA ‘

(c) [5 marks]

(d) [4 marks]

+4V

41

K =0.1 mA/V’
V=2V
10 kQ

i S L

Figure I
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2. Figure 2 shows a band-pass filter comprising a common-emitter amplifier with a
resonant load. You may assume in parts (a), (b) and (c) that the reactive components
are ideal.

(a) Choose the value of Rg to give a collector bias current of 1 mA, stating clearly any
assumptions you make. Also determine the quiescent output voltage of the circuit. [4]

(b) Draw a small-signal equivalent circuit of the filter, assuming the input capacitor to
be a short-circuit. Hence show that the small-signal voltage gain A, is given by:

Ay =-gn(ZLc /1)

where g, and 1, are the transconductance and output resistance of the transistor, and
Zyic is the impedance of the resonant load. What is the numerical value of A, at
resonance? [8]

(c) Assuming the bias conditions in part (a), choose the values of L and C to give a
centre frequency of 1 MHz and a Q of 100. [4]

(d) A filter is constructed with the component values derived by you in i)arts (a) and (c).
When tested it is found to have a Q of only 60. Estimate the equivalent series

resistance of the inductor, assuming this is responsible for the lower Q. [4]

Note: the Q of a parallel RLC network is 2nfoRC where fo is the centre frequency.

9V

e

¢—— Qutput

oput Vem 120V

Figure 2
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(a)

(b)

(c)

Figure 3 shows a single-stage CMOS amplifier in which both MOSFETs contribute
to the small-signal gain.

Explain the role of the resistor Rg, and show that the quiescent output voltage Vour
is given by:

Vour = Vpp + Vi2 + V(K /Ky)
1+ 1¢(K1/K2)

where the symbols K and V, denote the usual MOSFET parameters, and the
subscripts 1 and 2 refer to Q1 and Q2 respectively.

Hence determine the value of Vour, and the quiescent drain current in each
MOSFET.

Draw a small-signal equivalent circuit of the amplifier, including Rg, and calculate
the small-signal voltage gain at frequencies for which the input capacitor is
effectively short-circuit. Also determine the small-signal input resistance.

If a sinusoidal input signal is applied to the amplifier, over what range of input

signal amplitudes will both transistors remain active? You may assume that the
input capacitor has negligible impedance at the signal frequency.

VDD=+5 \Y

| K, =400 pA/V’

2
_&.II Vo=-1V
V=100V
R¢
—{ "1+

Input o—{ l—" ¢—o Qutput

K, =100 pA/V’

Tl V, =1V

V,, =100V

4

=

Figure 3
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4. (a)

(b)

(c)

(d)

Discuss briefly the relative merits of Class A, Class AB and Class B output stages.

Figure 4 shows an idealised Class AB output stage in which the output transistors
are biased using two voltage sources, each of magnitude Vp.

Show that, if the transistors are matched and base currents are neglected, the
collector currents Iy and Ip satisfy the following relations:

IN-Ip=I and Iylp=Ig?
where I, is the current into the load, and I =1Ig exp(Vg / V).

What is the significance of the quantity 1q?

On the same axes, sketch the variations of Iy and Ip with load current for load
currents in the range -10Ig < I <+10Iq. Also calculate the relative magnitudes of Iy
and Ip for the cases I =Ig and I = 101,

Give one example of how the bias sources of Figure 4 can be implemented in a
practical circuit. Your answer should include a circuit diagram of your chosen
configuration.

+Vee

T

Vout i,

Load

b

-Vee

Figure 4
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5. The circuit in Figure 5 is to be used to generate a positive-going, square pulse each
time the push-button S1 is pressed. Both transistors have 3 = 200.

(a) What will be the voltages at the base and collector terminals of Q1 and Q2 when the
switch has been open for a long time? Explain your reasoning. [6]

(b) Assuming starting conditions as in (a), derive an expression for the time variation of
the base voltage of Q2 when the switch is pressed and held. Sketch this function,
and show on the same axes the corresponding time variation of Voyr. Your sketch

should start just before the switch is pressed, and continue until just after the end of
the output pulse.

What is the duration of the output pulse? [10]
(c) What is the purpose of the resistor Ri? How would the behaviour of the circuit

differ if this resistor were omitted? [4]

_ _ VCC =+5 V_ _

1 1 kQ| 100 k&2 1 kQ

q S1 Vour
p—0
100 kQ

Ql “—f—— @

6.2 uF

Rr

100 kQ

Figure 5
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