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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 MOSFET and the
value of the voltage V.

+5V

i e
Figure 1.1 [6]

b) Assuming the transistors in Figure 1.2 are matched, and ignoring base currents, derive
a relationship between the currents Iy, I; and the resistor R. Hence determine the value

of R that will give I, = 10 pA when I; = 1 mA.

+5V

I J,Ig

R

S+
Figure 1.2 [8]
¢) A grounded common emitter amplifier is constructed using a BJT with an Early

voltage of 120 V. The load resistance at the collector is 20 kQ, and the transistor is
biased at a collector current of 0.25 mA. What is the small-signal voltage gain of the

circuit? [6]

Question 1 continues on the next page...
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Question 1 continued

d) State the operating modes of the MOSFETs in Figure 1.3 and determine the value of
the voltage V.

+3V

_I [ K=05maV"
| o V=1V

_| K=1mA/V
V=1V

—1,

Figure 1.3 [6]

e) Derive a large-signal relationship between the differential input voltage (Vini — Vinz)
and the output voltage Vour for the amplifier in Figure 1.4, assuming the transistors
are matched and both are active. Draw a dimensioned sketch showing this relationship
for differential input voltages in the range -100 mV to + 100 mV.

+Vee

Vini ©

Figure 1.4 [10]

f) The characteristic equation for a Hartley oscillator is of the form:
(1+B)L,L,Cs* +(L, +L; )Cryes® +Lis+1, =0

where L;, L, and C are the reactive components, 3 and ry. are the usual transistor
small-signal parameters, and s is the complex frequency. Derive an expression for the
frequency of stable oscillation. (4]
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2.

a) Determine the collector bias current and quiescent output voltage for the amplifier in
Figure 2.1, stating clearly any assumptions you make. Your calculation should take
into account the base current of the transistor. [8]

b) Draw a small-signal equivalent circuit of the amplifier, and hence determine the
small-signal macromodel parameters i.e. input resistance, output resistance and
voltage gain. You may neglect the transistor’s small-signal output resistance. [12]

c) Two amplifiers similar to that shown in Figure 2.1 are cascaded and inserted between
a signal source and a load, as shown in Figure 2.2. Determine the overall voltage gain
vi/vs for this arrangement at frequencies for which all the coupling capacitors are
effectively short-circuit. [10]

+15V

680 kQ
Output
Input o——
1 B =200
100 kQ [
1 kQ
) -
Figure 2.1
Amplifier | Amplifier 2
20 kQ
vst 10 kQ Tv.,
L 2 ;;- . 2
Figure 2.2
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3. Figure 3 shows a single-stage amplifier in which a depletion MOSFT provides the active
load for an enhancement MOSFET.

a) Assuming both MOSFETs are active, and that the current in the bias network is small,
show that the quiescent output voltage may be expressed as:

Hence determine the value of Rg, that will give a quiescent output voltage of +5 V.
Verify that both MOSFETs are active under these conditions, and also evaluate the

quiescent drain current.

b) Draw a small-signal equivalent circuit of the amplifier, including all components, and
hence calculate its mid-band small-signal voltage gain. You should assume the value

of Rg; you calculated in part a).

Also determine the mid-band small-signal input resistance of the circuit, and hence
choose a value for the input capacitor C such that the lower cut-off frequency of the
mid-band is at 20 Hz.

¢) Describe the body effect, and explain its implications for a circuit of the kind shown in
Figure 3 when implemented in integrated form using NMOS technology.

+10V
Q2 K, = 100 pA/vV
— Vo=-1V
o Qutput
R(_i] p
C g I
Input o— }—4 I: K, = 400 pA/V’
1 | Vyg= 1V
Ql tl
Ra» Var =80V
1 MQ
) L
Figure 3
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4. a)

Briefly discuss the relative merits of class A, class B and class AB output stages.

b) It is proposed that the class AB configuration shown in Figure 4 be used as the output

stage of an operational amplifier. The transistors Q1-Q4 are matched, with saturation
currents of 5 x 10™'* A and P values of 200.

Explain why all four transistors necessarily have the same collector bias current when
Vin = 0 and the amplifier is connected to a resistive load as shown. Calculate the
value of this current, stating any simplifying assumptions made in your calculation.

What is the absolute maximum load current that the output stage can deliver at an
output voltage of +10V?

Making use of the large signal BJT equation, Ic = Isexp(Vse/V1), calculate values for
the base voltage of Q3 and the input voltage Vin when the output stage is delivering
+10 V into a 500 € load. In this calculation you should assume that Q4 has negligible
emitter current.

By evaluating the base-emitter voltage of Q2 under same load conditions, show that
the above assumption about Q4 is justified.

+15V
10 k2
Q3
Ql
, -13¥ Vout
Vin o—» o
+I5V
Load
Q2
Q4
10 kQ
i ) -15V
Figure 4
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