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QUESTION ONE (25 marks)

Consider the BJT amplifier shown in Figure-Q1.
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Under no input signal, calculate the collector voltage of @, and @, and also emitter and

base voltage of 3. You may assume that the gains of the transistors are high. (6 marks)

@

(ii)
(iii)

(iv)

Draw the common mode half circuits and derive an expression for the common mode
gain for a single ended output, assuming that the impedance offered by the current
source is R,,. (5 marks)
Calculate the common mode gain in (i) above. (5 marks)
What is the common mode gain if the output is taken differentially? Calculate this
value if R, and R, are having a tolerance of +1%. (5 marks)
Find an expression for the common mode input impedance and calculate its value.

(4 marks)

. . ' ~ Rg F
(i) Output impedance of the current source = 7, [1 + e — By, ] , in terms of

usual notation.

(i) ~Assume that the § = 100, V, = 80V and 7, = oo, unless otherwise stated.
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QUESTION TWO (25 marks)

In the NMOS amplifier shown in Figure-Q2, the devices @, and @, are matched.
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(@) Calculate the value of the differential input voltage V; — V,, which will result
Ipz; = 0.6mA. (4 marks)
(b) A differential input signal v, is applied to the amplifier. Draw the differential half circuits

Vp2

for mid band signals and calculate the differential gains %"j . and :—: proving any

formula you use. (8 marks)
(¢) Calculate the maximum input common mode voltage range if the voltage drop across the
current source is Vs = 3V. (6 marks)

(d) (i) Find the value of input offset voltage of the amplifier using the data given below.

Tolerance of R; and R, = +2%
Tolerance of %ratio = +4%
Tolerance of V, = +0.2% (4 marks)

(ii) Estimate the output dc voltage V, when the inputs V; = V, = 0 if the tolerances

given in d(i) are applicable. (3 marks)
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UESTION THREE (25 marks,

(a) A cascode NMOS amplifier is shown in Figure-Q3, in which the transistors Q; and Q, are

matched.
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Assume the following data of the devices given with usual notation.

gm=1357% ¥=02 1,=25k Cu=18fF Coa=4fF Cgp=5fF

(a) Show that the output impedance R, is given by, R, = 751 + 792 + 701702(gmz + Gmp2)-

(6 marks)
(b) Derive an expression for the mid-band gain z—‘: and calculate its value.

(7 marks)
(c) Finding the Miller’s components or otherwise, calculate the upper cutoff frequency fj.

(9 marks)
(d) - Calculate the unity gain frequency fr of the amplifier.

(3 marks)

RL +7o2

Note: Youmayuse, Ry =
’ i+ Tozg.{nz
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QUESTION FOUR (25 marks )

(a) Consider the IC amplifier shown in Figure-Q4(a), with the following data.

Ky =572 K, =372 Ky =222 V,| = 1.5V
V] = 70V Loy = 0.8mA

(i) Calculate the value of R and the bias current of Q5.
(4 marks)

(ii) Derive an expression for the voltage gain % and calculate its value.
i

,,,,, : S , o (5 marks)
: (iii) Estimate the maximum peak to peak value of the output signal at v,, which can be
obtained without any distortion.

(4 marks)
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(b) In Figure-Q4(b), the devices Q; and (@, are enhancement and depletion type respectively.
You may assume the data given below.

W, = 80um L, =5um W, = S5um L, =25um Vig =1V
Vip = =2V uCox = 15042 V.| =50V  x=0.2

ve

(i) Calculate the drain current of Q4 at no signal.

(4 marks)
(ii) Draw the small signal equivalent circuit considering the body effect and the output

resistance. Hence derive an expression for the voltage gain (%3) and calculate its
i

value.
(8 marks)
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UESTION FIVE (25 marks

(a)
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(b)

A circuit of a dc voltage regulator using a NPN Darlington pass transistor is shown
in Figure-Q5(a).
(i) Calculate the output voltage. ' (3 marks)
(ii) Estimate the minimum value of V;;, that can be used with the regulator.
(6 marks)

(iii) If the load current is 14, calculate the power dissipation in the pass transistor for the

case in (ii) above. (4 marks)
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Figure - Q5(b)

The Figure-Q5(b) is a simplified circuit showing an IC regulator connected with a load
resistance of R, associated with a load capacitance of Cp. The output capacitor of the
regulator is shown as C,, with its series equivalent resistance R.. You may assume the

following data.

C, = 10uF Re =2Q Cp = 0.5uF Ry, = 330

Tds(@) = 650 Cost) = ZOOPF

(i) Find the ratio of % , for an output voltage V, = 3.3V. (3 marks)
2

(ii) If the resistances R, and R, are much larger than the Ry, R¢ and r4,g) , investigate
the stability of the circuit, clearly showing the steps followed. The unity gain

crossover frequency of the loop gain is 14kHz. (9 marks)
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1. SOME USEFUL MOSFET EQUATIONS
ip =u,C ,,x—:f [(vcs — VU )vps — %vﬁs] in triode region
. 1 w 2. . .
ip = sunCox7 (vgs — v,)* in saturation region
ip= % u,C ,,x% (vgs — )*(1 + Avpg) in saturation region with Channel Modulation effect

VA=

YT

2. Unless otherwise stated Vggony = 0.6V and V; = 0.025V.



