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1. There are five questions in this paper. Answer any FOUR questions.
Each question carries 25 marks.

2. If you think not enough data has been given in any question you may
assume any reasonable values.

3. Some useful formulas are given in the last page.
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QUESTION ONE (25 marks)

Consider the NMOS differential amplifier shown in Figure-Q1. The devices Q4 and Q, are

matched.

+10v +10v

V]

(a) Calculate the drain current of each device at no input signal and hence calculate the drain

voltages of @4 and Q,. (7 marks)
(b) If Vi =V, = 5V is maintained as the dc bias voltage, find the drain voltage of Q.
(3 marks)
(¢) Draw the common mode half circuits and derive an expression for the common mode gain
with respect to a single output. (4 marks)
(d) Calculate the common mode gain in (c) in dB. (6 marks)

(¢) What is the common mode gain over the output denoted by v,? Find its value in dB if R;

and R, are having a tolerance of +2%. : (5 marks)

Note: You may assume that,
(i) the output impedance of the current source = [r, + Rs + gm7,R;], and

ii) ¥V, = 50V, in terms of usual notation.
f .
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QUESTION TWO (25 marks)

Consider the BJT cascode amplifier shown in Figure-Q2.

(2)

(&)

+10V +10V

Vs

Assuming that the transistors are identical and of high gain type, find the collector currents
and collector voltage of each transistor.

(6 marks)
You may use the parameters of the devices @,and @5, which are given below with usual
notation.

B =100 Cp = 16pF C, = 4pF o= >

. . . . .V .
(i) Derive an expression for the mid-band gain f and calculate its value.
S

(7 marks)
(i) Calculate the upper cut off frequency fy using the Miller’s components. :
(9 marks)
(iii) Find the unity gain crossover frequency fr of the amplifier.
' (3 marks)
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QUESTION FOUR (25 marks )

(a) In the IC amplifier shown in Figure-Q4(a), the transistors are of high gain and matched.
Assuming that the V, = 100V, 8 = 100 for all transistors, find

(i) the collector current of @, at no signal.

(2 marks)
(i) an expression for the voltage gain % and calculate its value.
in
(7 marks)
(iii) the input impedance R;, and the output impedance R,.
(4 marks)
+10V
é
K‘ +10v
Q1 | Q3 |
Q2
] Vo Q_‘ [% E———
) Vin a2 Sra e 1 vo
l—) 80k vin ‘{
Rin g( - Q1 e
1
10V
Figure-Q4 Figure-Q4(b)

(b) Consider the MOS amplifier shown in Figure-Q4(b). The devices Q; and @, are of
enhancement type and depletion type respectively. You may assume the following data.

Wl = 150ﬂm Ll = 51£m WZ = 10‘“m Lz = 40{11?’& Vl‘E =2V
Vip = =3V uCox = 10043 [V, =80V  X=02

(i)  Find the bias current in Q4 at no signal.

(4 marks)
(ii) Draw the small signal equivalent circuit including the body effect and the output
resistance of the devices. Hence derive the voltage gain c—") and find its value. The
i
input biasing scheme is omitted for simplicity.

(8 marks)
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QUESTION FIVE (25 marks)

A circuit of a linear voltage regulator is shown in Figure-Q5.

@

(b)

(©

(d)

(e)

+15V ——4

ov

Calculate the minimum and maximum output voltage.

(4 marks)
Find the guaranteed maximum output current specification if the maximum allowable
power dissipation of @5 is 25W.

(4 marks)
Calculate the values of Ry and R, and then select resistors from E12 range using the
following data. You may assume usual notation.
Boz = 25 Ioy (minimum) = 6mA
I;(minimum) = 8mA I, (max) = 24

(6 marks)
Design an active current limit circuit for this regulator, which will limit the output current
to 2A. Draw your circuit showing the component values.

(5 marks)
Calculate the expected maximum and minimum efficiency of the regulator circuit in
Figure-Q5, at a load current of 24.

(6 marks)



FEFE421 ANALOGUE DESIGN Il ‘ : Page 7 of 7

1. SOME USEFUL MOSFET EQUATIONS
ip= u,.c,,,% [(vas - V) vps — -zl;v,z,s] in triode region
if’ = %uncox%(vas — v,)? in saturation region
ip= éunc ,,x% (vgs — v)*(1 + Avpg) in saturation region with Channel Modulation effect

VA =

ST

2. Unless otherwise stated Vggox) = 0.6V and Vy = 0.025V.



