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1.

For each of the four circuits in Figure 1 below, determine the operating modes of the

transistor(s), and calculate the value of the current I or voltage V. State clearly any
assumptions made in your calculations.

+12V +6V
(a) —2zV, (b)
10 kO 10 kO
K =0.25mA/V’
vl —'l , V=1V
3V 5V °V
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Y
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(c) +10V,_ @ +3V
5kQ ﬁz kQ
¢I oV
220 kO K =02mA/V
- V=2V

- L - =

Figure I

The four parts carry, respectively, 6, 5, 4 and 5 marks.
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2. Figure 2a shows a common-emitter amplifier in which the transistor has a 3 value of
100 and an Early voltage of 120 V.

a) Determine the quiescent output voltage and the collector bias current, 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 valid in the mid-band region, and determine the
small-signal macromodel parameters i.e. input resistance, output resistance and voltage
gain.

c) Two amplifiers similar to that in Figure 2a are cascaded and inserted between a signal
source and a load, as shown in Figure 2b. Determine the overall voltage gain vy /vs for
this arrangement at frequencies for which all capacitors are effectively short-circuit.

_ +10V

10 kQ
300 kQ
Output

Input o——¢

100 kQ
3kQ T
- R
Figure 2a
Amplifier 1 Amplifier 2
10k
vt &) 5kQ TVL

L g —l_ ®

Figure 2b
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3.

Figure 3 shows an NMOS amplifier employing two enhancement mode MOSFETs.

a) Explain the role of the 10 MQ resistor, and show that the quiescent output voltage may

be expressed as:
Vpp = Viz + Vi K1 /Ky

Vour =
out 1+ K, /K,

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

Evaluate Vout and determine the quiescent drain current in each MOSFET.

b) Draw a small-signal equivalent circuit of the amplifier, and determine the small-signal
voltage gain at frequencies for which the input capacitor is effectively short-circuit.
Neglect the 10 MQ resistor and the small-signal output resistances of the MOSFETs.

¢) If a sinusoidal input signal is applied to the amplifier, over what range of input
amplitudes will both transistors remain active? Assume that the input capacitor has
negligible impedance at the signal frequency.

Vop=+12V
_ 2
__l o K=30mav

~ V,=2V

10 MO | o Output

K, =270 pA/V
Input o—] l—<———{ =Q1 V; oV

=

Figure 3
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Figure 4 shows a variable-gain differential amplifier in which the gain can be adjusted
by means of a control voltage V. All three transistors are matched and have § = 100.

a) Assuming all transistors are active, calculate the quiescent tail current I and the output
voltage Vour when V¢ = 0 and there is zero differential input voltage. Your calculation
should include base currents.

b) Draw a small-signal macromodel for the amplifier, expressing any bias-dependent
parameters in terms of the tail current. You may neglect the small-signal output
resistances of the transistors.

c) Calculate the maximum and minimum values of the differential voltage gain as V¢ is
varied over the range -5 V to + 5V. Also determine the input common-mode voltage
range for the two extreme values of V.

_ fi2V

° Vour

-12V

Figure 4
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5. a) Show that, if a small-signal voltage source with output resistance Rg is connected to a
load via a suitably biased emitter follower, the output resistance R, of the
source/follower combination is:

_ RS T The
1+
where 3 and 1y, are the usual small-signal BJT parameters. [6]

b) The circuit in Figure 5 is to be used to derive a stable +5 V supply voltage from an
unregulated supply of +15 V. The Zener diode has a small-signal resistance of 5 Q
when operated in its reverse breakdown region.

By evaluating the output resistance of the supply, calculate the change in output voltage
when the load current I increases from 50 mA to 55 mA. (5]

If the unregulated +15 V supply has a ripple of 100 mV pk-pk amplitude, what is the
amplitude of the corresponding ripple on the output voltage when the supply is driving

a 100 Q resistive load? [5]
Over what range of load currents can the supply be expected to maintain a stable output
voltage? [4]
+15V
5kQ
B =50
I
5.7V o——>
Zener |
IV LOAD
. o |
o T o

Figure 5
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