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1. (a) For the amplifier in Figure 1a, choose values of Rg and R¢ to give a collector bias
current of 0.5 mA and a quiescent output voltage of 5 V. State clearly any assumptions
you make. (6]

(b) Draw a small-signal equivalent circuit for the amplifier in Figure 1a, and determine
the small-signal macromodel parameters (input resistance, output resistance and
voltage gain) assuming the resistor values are as you calculated above. [8]

(c) An amplifier similar to that in Figure 1a, with the resistor values you calculated above,
is inserted between a signal source and a load as shown in Figure 1b. Determine the
overall voltage gain vi/vs for this arrangement in the mid-band, and draw a
dimensioned sketch showing the variation of |vi/vs| with frequency over the range 10

Hz to 10 kHz. (6]
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(®)

(c)

Figure 2 shows an NMOS amplifier employing two enhancement mode MOSFETs.

Neglecting any current in the bias resistors, and assuming both MOSFETs are
saturated, show that the output voltage Voyr may be expressed as:

K
Vour = Vop = V2 — Ei'(VGl_ 1)
2

where Vg, is the gate voltage of Q1. [6]

By considering the constraint imposed on Voyr and Vg, by the bias network, calculate
the quiescent output voltage and the quiescent drain current in each MOSFET. Also
confirm that both MOSFETs are indeed saturated under quiescent conditions. What is
the minimum supply voltage at which the amplifier could be operated? [8]

Using the equation in part (a), or otherwise, determine the voltage gain of the
amplifier at signal frequencies for which the input capacitor is effectively short-circuit.

(6]
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3. This question relates to the Widlar current sink shown in Figure 3.

(2) Assuming the two transistors are matched, and ignoring base currents, show that the
currents Irer and I are related as follows:

~-IR
I=1 ex E
REF p( Vr J

where V't is the thermal voltage. [6]

(b) Assuming that the base of Q2 is effectively held at signal ground by the diode-
connected transistor Q1, draw a small-signal equivalent circuit (SSEC) of the right-
hand side of the current sink.

By applying a test source to the output of your SSEC, or otherwise, show that the
small-signal output resistance of the circuit is:

RO =ro[1+ng'E ] + R'E
where R’g is the parallel combination of Rg and 1y, and the small-signal parameters

&m, I've and 1, all refer to Q2. [10]

(c) What advantages does the Widlar circuit offer over a simple current mirror? Use the
results in parts (a) and (b) to illustrate your answer. [4]
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Figure 3
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4. (a)

(b)

(©)

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

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 3 x 107* A and B values of 200.

Explain why all four transistors necessarily have the same collector bias current when
Vin =0, and calculate the value of this current. State any simplifying assumptions you
make.

Making use of the large-signal equation Ic = Isexp(Vag/Vry), calculate values for the
base voltage of Q3 and the input voltage Vin when the class AB output stage is
delivering +10 V into a 100 Q load. In this calculation you should assume that Qdis
carrying negligible load current. By also calculating the base voltage of Q4, show that
the above assumption is justified.
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5. Figure 5 shows the circuit of a classic astable multivibrator, modified only by the
addition of an ENABLE input to allow oscillations to be started and stopped. The
ENABLE input is assumed to be either high (5 V) or low (0 V).

(2) Explain qualitatively the operation of the circuit when the enable input is high. It may
help you to include in your answer a sketch showing the time variations of the base
and collector voltages of the two transistors. [8]

(b) Assuming R >> 1 kQ, show that the period T of the free-running oscillations is given
approximately by:

T =11 m[zvcc ~ VBE = VeEsat )

Voe — Vg

where Vpg and Vg have their usual meanings, and © = RC. Hence choose
reasonable values for R and C to give an oscillation frequency of 10 kHz, assuming
the transistors have § = 100, [8]

(c) If the ENABLE input makes a low-to-high transition after being low for a long time,
roughly how long after ENABLE goes high will the first transition in the outputs

occur? [4]
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