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Figure 1 shows a common-emitter amplifier which is to be manufactured using
transistors with a nominal p value of 100.

a) Determine the quiescent output voltage and the collector bias current when = 100,
taking into account the base current of the transistor. Explain why the bias conditions of
this circuit are relatively insensitive to 3 variations. (6]

b) Draw a small-signal equivalent circuit of the amplifier, and hence show that the voltage
gain may be written as:
- OCRC
Ie + RE

where o 1s the common-base current gain of the transistor, and r. is its emitter
resistance. Evaluate this expression, and also determine the small-signal input and
output resistances of the amplifier. You may neglect the transistor’s small-signal output
resistance. [10]

¢) By what ratio would the mid-band voltage gain of the amplifier be increased if the
emitter resistor Rg were bypassed using a capacitor? (4]
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2. The circuit shown in Figure 2a is to be used as a zero-crossing detector i.e. a circuit
with a digital output that changes state whenever the input voltage passes through zero.
The three transistors are matched and have § = 100.

a) Explain briefly the operation of the circuit. [4]
b) Choose the value of Ry such that, when Vv is zero, 95 % of the collector current of Q2
flows in Rg. Assuming this value of Rp, choose Rc to give an output voltage of 2.5 V

when Viy=0. (6]

¢) Using the macromodel shown in Figure 2b, or otherwise, show that the small-signal
voltage gain of the overall circuit is given by:

1
Av = T Sml (Rp /1he3) - gm3Rc

where g, and 1. are the usual BJT parameters, and the subscripts 1 and 3 refer to Q1
and Q3 respectively. Hence determine the range of input voltages for which the output
lies between 4.5 Vand 0.5 V. [10]
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Figure 3 shows a single stage CMOS amplifier in which a p-channel MOSFET provides
the active load for an n-channel MOSFET. The active load is biased using an externally
applied voltage Vg.

a) Choose the value of Vg to give a quiescent drain current of 0.4 mA. Also determine the

quiescent output voltage of the circuit, and verify that both MOSFETs are saturated
under quiescent conditions.

b) Draw a small-signal equivalent circuit of the amplifier, and hence determine its small-
signal voltage gain. Also calculate the small-signal input resistance of the circuit. You
may assume the input capacitor is effectively short-circuit at signal frequencies.

¢) Determine the approximate range of output voltages over which both transistors will

remain saturated. Show how, by adding one resistor to the circuit, the quiescent output
voltage could be moved to the middle of this range.
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4. a) Figure 4a shows a BJT configured as a so-called VBE multiplier, a two-terminal device
that can provide a roughly constant terminal voltage over a wide range of currents.

Rl +R2

Show that: V= [
1

V
jVBE +IBR2 and I=IE +——R§E—
1

where Vgg, Ig and Ig are respectively the base-emitter voltage, base current and emitter
current of the transistor. Which of the terms in the first equation needs to dominate in
order for the voltage V to be only weakly dependent on the current 1? [8]

b) Figure 4b shows a push-pull output stage in which a VBE multiplier is used to set the
quiescent current of the output transistors.

Neglecting the base current of Q2, choose the value of R; to give an emitter bias current
of 2.5 mA in Q1. You will need to use the relation Vgg = V1ln(Ic/Is) where Vr is the
thermal voltage. Assume a saturation current of Is = 10™* A and a current gain of p =
200 for Q1, and use V1 =25 mV.

Assuming your calculated value of Rj, choose the value of R, such that the voltage
across the VBE multiplier produces a collector bias current of 2 mA in the output
transistors. Assume Is = 10" A for Q2 and Q3. (8]

c¢) If Q2 and Q3 have B = 50, calculate the voltage across the VBE multiplier and the
emitter current of Q3 when Q2 is delivering 100 mA of output current into a load. [4]
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For each of the four circuits in Figure 5 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.
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Figure 5

The four parts carry equal marks.
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