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1. This question is compulsory. You should attempt all six parts. State clearly any
assumptions made in your calculations.

a) For the circuit in Figure 1.1, determine the operating mode of the transistor and
calculate its collector current.

12V
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10 kO
+5V B =100
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Figure 1.1 (5]

b) State the operating modes of both MOSFETs in Figure 1.2, and determine the value of

the voltage V.
#3.3Y
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Figure 1.2 [5]

¢) Draw the circuit for a simple BJT current mirror. Also draw the corresponding small-
signal equivalent circuit (SSEC) and show that, if the transistors are matched, it can be
reduced to the following approximate form:

i
—>

Ihe I ¢
2+j 1+2/B

Question 1 continues on the next page...

Analogue Electronics | Page 1 of 5



d) Figure 1.3 shows a differential amplifier based on a pair of matched BJTs. Starting
from the large signal transistor equations, derive the large signal input-output
relationship for the amplifier when both transistors are active. Hence draw a
dimensioned sketch showing the variation of Vour with Vv covering the input
voltage range — 0.5 V<V <+0.5V.

H2V

10 kQ
V()UT
% I mA

Figure 1.3 [10]

V[N o}

e) The voltage V, applied to the circuit in Figure 1.4 changes suddenly from +5 Vto 0 V
at time t = 0, after having been held at +5 V for a long time. Calculate duration T of
the resulting output pulse, and sketch the time-variations of Vg and V¢ over the time
interval -T <t < 2T.

47 kQ

Figure 1.4 [8]

f) State and explain conditions that must be satisfied by the loop gain of a transistor
circuit in order for the circuit to generate sinusoidal oscillations of stable amplitude. [4]
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2. Figure 2.1 shows a common-emitter amplifier, connected between an AC-coupled signal
source and a capacitive load. The circuit is to be manufactured using a transistor with a

nominal f value of 100.

a)

b)

Determine the quiescent output voltage and collector bias current for the case § = 100,
stating clearly any assumptions you make. What range of collector bias currents might
be expected in practice if the transistor f value is guaranteed only to lie in the range
50 to 150?

Draw a small-signal equivalent circuit for the amplifier, replacing the RC network in
the emitter by an equivalent impedance Zg, and show that the small-signal voltage
gain may be written as:

R
Ay =—=C

_I'e-l—ZE

where Rc is the load resistance in the collector. You may neglect the small-signal
output resistance of the transistors. Hence evaluate Ay both in the mid-band, where Cg
is effectively short-circuit, and at low frequency where Cg is effectively open-circuit.

Choose the value to Cg so that the 3-dB point at the low-frequency end of the mid-
band occurs at 1 kHz. Also determine the cut-off frequency associated with the load
capacitor, and hence sketch a Bode plot showing the variation of the in-circuit gain

vi/vs with frequency over the frequency range 1 Hz to 1 MHz. You should ignore the
effect of the AC-coupling capacitor at the input.
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Figure 2.1
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3. Figure 3.1 shows a single-stage amplifier in which a depletion MOSFET provides the
active load for an enhancement MOSFET.

a) Determine the quiescent values of the drain current and the output voltage, and verify
that both transistors are in the active region of operation. What is the minimum supply
voltage for which both transistors will remain active in the absence of an input signal?  [9]

b) Draw a small-signal equivalent circuit of the amplifier, and hence determine its mid-
band small-signal voltage gain. Your calculation should take into account the 1 MQ

resistor. Also determine the small-signal input resistance of the circuit. [15]

c) Describe the body effect, and explain its implications for a circuit of the kind shown in

Figure 3.1 when implemented using NMOS technology. [6]
£10%
Q2 K, = 200 pA/V’
I Vp=-1V
V= 80V
o Output
1 MQ
C } K, = 800 pA/V
Input o—{ |— II: Vy=2V
Ql ‘
Vi =80V
<
Figure 3.1
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4. a)

b)

Derive an expression for the small-signal output resistance of an emitter follower
(common-collector amplifier), in terms of the resistance Rs of the input source, the
transistor’s current gain and the transistor’s emitter resistance. '

Using your answer to part a), or otherwise, show that the small-signal output
resistance of the so-called Darlington pair in Figure 4.1 is given by:

Rg
(1+B)?

2t +
where r. is the emitter resistance of the right-hand transistor, and both transistors have
the same B value.

The circuit in Figure 4.2 is to be used to supply a stable voltage to a variable load.

What is the nominal output voltage, V, and by approximately how much will this vary
when the load current changes from 500 mA to 550 mA?

410V

12 kQ
In

3 = 100

Out 22 kQ

Figure 4.1 Figure 4.2
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