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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.

3V

. D=

Figure 1.1 [6]

b) For the circuit in Figure 1.2, determine the operating modes of both transistors and the
value of the current L.

+10V

10kQ 10 kQ

-1V +2V

04 mA
Figure 1.2 [6]

c) A grounded common emitter amplifier is constructed using a BJT with an Early
voltage of 90 V. If the load resistance in the collector circuit is 10 kQ, and the

transistor is biased at a collector current of 0.5 mA, what is the small-signal voltage
gain of the circuit? [6]

Question 1 continues on the next page...
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d) Figure 1.3 shows an enhancement mode MOSFET connected as a 2-terminal
component. Sketch the I-V characteristic of this device for V > 0, marking on your
graph any boundaries between different operating modes.

il
4]/

Figure 1.3 [6]

e) The voltage Viy in Figure 1.4 changes to +5V at time t = 0, after having been held at
zero for a long time. Calculate the time T taken for the output voltage Voyr to fall to
5% of its initial value, and sketch the time variation of Vour from just before t = 0 to

time t =2T.

+10V

VOUT
8.6kQ
Vi B =100 Twnf
) i
Figure 1.4 [10]

f)  The characteristic equation for a Colpitts oscillator is of the form:

52

SEE s o3 00 +5(C; +C, )+ (gm +—1—] =0

R R

where L, C; and C, are the reactive components, R represents the circuit losses, and

gm is the usual transistor parameter. By assuming an appropriate form for the complex
frequency, s, derive an expression for the oscillation frequency. Also determine the
minimum transconductance required for oscillation to oceur. [6]
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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.

b) Draw a small-signal equivalent circuit for the amplifier, assuming the bypass
capacitor is effectively short-circuit, and hence determine the small-signal
macromode] parameters (input resistance, output resistance and voltage gain) in the
mid-band.

¢) Two amplifiers similar to that 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. C

L 12V

3.9k
Output

B =200
Va=100V

47 kQ
24 kO
) =
Figure 2.1
Amplifier 1 Amplifier 2
10 kQ
VST(\II_‘) 5kQ IVL
| : A ’
Figure 2.2
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3. Figure 3.1 shows an NMOS amplifier employing two enhancement mode MOSFETs.

a) Neglecting the current in the resistor Ry, and assuming both transistors are active,
show that the output voltage Vour may be expressed as:

K
Vour = Vpp = Vi2 - “K—i' (Vo1 -Va)

where K and V; denote the usual MOSFET parameters, Vg denotes gate voltage, and
subscripts 1 and 2 refer to Q1 and Q2 respectively. [10]

b) Determine the range of output voltages over which both transistors will remain in the
active region, and choose the value of Ry so that the quiescent output voltage lies
exactly at the middle of this range. [12]

¢) Using the equation in part a), or otherwise, calculate the voltage gain of the amplifier

in the mid-band where the input capacitor is effectively short-circuit. Would you
expect this amplifier to show linear behaviour for large signals? Explain your answer. [8]

Vo, =+5V

] g3 K, =20 pA/V*

V,=1V

R > Oulput

mput"_“__“' | K, =320 pA/V?

— il

i =

Figure 3.1
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4. a)

b)
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Sketch the circuit diagram for a Class B push-pull output stage. What are the main
drawbacks of this configuration as a voltage follower?

Figure 4.1 shows one possible configuration for a Class AB output stage. In this
circuit, Q2 and Q4 are matched, as are Q1 and Q3. All transistors have B = 50.

Explain the role of Q1 and Q3. Also, by considering just the upper half of the circuit
and neglecting base currents, show that, when Vout = 0, the currents I; and I, are

related as follows:
I, exp(I,R/ V)= NI,

where N = Is»/Ig; is the ratio of the saturation currents of Q2 and Q1, and V=25 mV.
If Is; = 0.25 pA and Is; = 5 pA, what value of R will give a quiescent current of 10

mA in the output transistors?

Calculate the base-emitter voltage of Q2 when the output stage is delivering 100 mA
into the load. In this calculation you should assume that Q4 is carrying negligible
current. Also calculate the base-emitter voltages of QI, Q3 and Q4 under these
conditions, and hence verify that the assumption you made about Q4 is justified.

+15V
L=3mA | JI
Q2
Q1
R
Vout
R Load
Q3
Vin o & s Q4
15V
Figure 4.1
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