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QUESTION ONE (25 marks)
(a) (i) Explain what is meant by the “Early Effect” in BJTs and show how it may be
modeled in BJT circuits. (5 marks)
(i) A BJT has an Early voltage of 100 V and a forward current gain i of 100. The
BIJT operates in the active region withig = 80 pA. Calculate the
transconductance g, and output resistance r, of the BJT. (5 marks)

(b) In what mode is the BJT in Fig.Q.1b operating? Justify your answer. (5 marks)
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(c) Explain the operation of the circuit in Fig.Q.1c. (5 marks)
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(d) Calculate the current / in the circuit shown in Fig.Q.1d. (5 marks)
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QUESTION TWO (25 marks)
(@) Draw a CMOS logic circuit which implements the logic function Y= AB +CD.

How many transistors are needed to implement the function? (9 marks)

(b) A MOSFET with k;, EL,_ =0.5mA/VZand V; =2.5V is connected as shown in

Fig.Q2b. In what region is the transistor operating when:
(i) R=2.0kQ,and

(i) R=0.5kQ?
Justify your answer in each case. (10 marks)
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(c) AnNMOS with k;, 3.0mA/V2and ¥, =0.5 V is connected as shown in Fig.Qlc.

f =
Obtain the value of input voltage Vi, when it crosses from the triode region of

operation to the saturation region. (6 marks)
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QUESTION THREE (25 marks)

(@) Design a Widlar current source as shown in Fig.Q3a to give an output current /, of 20

RA. You are to use resistors of values not greater than 10 kQ2. For the transistors

assume that Vg = 0.7 V at 1 mA and neglect the effect of finite .
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(d) Determine the output current at ¥, =5 V for the MOS current mirror given in Fig.Q.3b.
You are given that .= 4 mA and the transistors used have
Va=Vn=1YV,
=0, 4 =002V, and

k;,(z) = 200 pA/VZ, k;,(z) = 300 pA/V?
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QUESTION FOUR (25 marks)

A basic differential amplifier circuit is shown in Fig.Q4. Assume that the transistor are
matched with =100 and that the Early Effect is negligible inQ1 and Q2, except in Q3
where V, =100 V. For small signal inputs, calculate:

(a) the single-ended gain to a differential input. (7 marks)
(b) the differential gain to a differential input (2 marks)
(c) the differential input resistance ' (4 marks)
(d) the common-mode gain to a single-ended output. (5 marks)
(¢) the common-mode gain to a differential output. (2 marks)
(f)  the Common-Mode Rejection Ratio. (5 marks)
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QUESTION FIVE (25 marks)

For the circuit shown in Fig.Q.5,
#nCox =2 BAIVE, p1,C,. =18 pA/VZ, (WIL), =(W/L), =3, and [V;,| =|V,p| =1V

Find the current Ip and voltage V.. (25 marks)
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