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Students MUST count the number of pages in this examination question paper before beginning
to write, and report any discrepancy immediately to a proctor. This question paper has 6 pages.

This examination question paper MAY  be taken from the examination room.

Information and Instructions:

Attempt all questions.

Show all analysis.

The exam marks total 77.

Unless otherwise specified, use only the simplified transistor model for the
BJT, i.e., take =0, ro=o0 , and r,=co.
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Useful Formulas

r :ﬁ, r =(ﬂ+l)re’ a=i, g, :I_C, V; =25mV @ 20°C
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Sensitivity: Sxy:ﬂl
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Question 1 (Total 13 Marks)

Answer the following questions.

2marks (a) A transistor is biased at 2mA, and has an early voltage of 100V.
What are the values of re, r,, ro, and gn?

4 marks  (b) For the class A amplifier shown in figure 1, assuming that you cannot
ignore the 0.7V Vg drop in the transistor, and also assuming that the
input cannot go above the rails, what the is maximum symmetric volt-
age swing possible in this circuit? Therefore what should the load re-
sistor be chosen as to provide this swing? What is the efficiency in this
case?

Vee =5V

V¢ = -5V
Figure 1

2 marks  (c) A power transistor in a case has a heat sink attached. The junction to
case, case to heat sink and heat sink to air thermal resistances are
0.7°C/W, 0.2°C/W, and 6°C/W respectively. If the ambient tempera-
ture is 25°C, the transistor junction temperature is 150°C, and the
power dissipated in the transistor is 50W, what is the value of 6?

2 marks  (d) If three amplifier stages are connected in series (Al --- A2 --- A3),
with the voltage gains, Ay; = 10dB, A, = 2dB, Az = 7dB, what will
the overall gain of the series configuration be?

3marks (e) The collector current as a function of base emitter voltage is given by
VBE

I = ISeW find the sensitivity of the collector current to the base-

emitter voltage. Under normal operating conditions what is its nu-
merical value?
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Question 2 (Total 22 Marks)

When analyzing the amplifier circuit in Figure 2, use appropriate models, to find general-
ized expressions (i.e. without component values unless specifically asked for).

3 marks (a) Draw the small-signal equivalent circuit.

3 marks (b) Find the mid-band gain A..

3 marks (c) Find the mid-band Rj,.

2 marks  (d) Find the mid band R (include ro; and ryy).
4 marks () Find the low frequency poles (o, ’s).

4 marks  (f) Find the high frequency poles (on’s) for the circuit. You may ignore
Cr.

3 marks (g) Assume that V¢ = 5V, Ici= ImA, Icz = 2mA, Veesat = 0.5V, Rz =1
kQ and B = 100, determine Ry, Ry, R4, and Rs so that g, is 10 times
the base current of Qi, and Irs is 10 times the base current of Q.
Choose Rg, so that the output swing is maximized.

VCC
VCC
R3 Vcc
R R C
RS Cin :,_} % 1 C R4 6 ‘_i out
| 1T I
AN : Ql ! Q ‘ﬁ' RIoad
—y
A Rin MRZ = IR5+’ ? out
ak R, =R, L -
I L -

Figure 2
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Question 3 (Total 16 Marks)

In this question, all transistors are assumed to be matched. Perform the following analysis
on the op amp circuit of Figure 3. Assume that r,=oo for all transistors.

10 marks  (a) Draw the small signal model and use it to find:
(i) The differential mode input impedance Rpwm
(if) The differential mode gain Apwm.
(ili) The common mode gain Acwm.
(iv) The common mode input impedance Rcwm.
(v) The common mode rejection ratio.

4 marks (b) Assume that V. = 15V, and Vge = -15V

() Use a current mirror and input bias resistor Rgiss to replace the current
source lge (and its impedance Rgg) such that Icy = Ic2 = 500 pA.

(if) Also use a current mirror and input bias resistor Rgiass t0 replace cur-
rent source Is (and its impedance Rs) with an appropriate current such
that the quiescent value for vy is OV.

(iii) Find the minimum and maximum input common-mode voltage
Viem,Min @Nd Vicm max, 85SUMING |Vesar| = 0.5V.

2 marks (c) Find the slew rate of the opamp using the circuit shown in Figure 3 (b)
with a load capacitance C._ of 1 nF.

AMA
wy
pu)

(8]

= ! T'Vout
| T

(b)
Figure 3
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Question 4 (Total 17 Marks)

8 marks Vout (8)

(@) Derive the transfer function () of the circuit shown in Figure 4.

C
s
AN

R

R, 2

Vin e—AW—¢—] V..
> C
_EIE_R3 %(1-K)R

Figure 4

9 marks (b) Consider the following circuit:

z R
v R(S) = SZ +5+1 vAvA'Av vAvAvAv
in
‘ 2 \'
S 2
S(s)= AMA

Figure 5

Where the voltage transfer functions for each of the boxes is vi/vj, =
R(s) and va/vin = S(S) respectively. Sketch each of these two transfer
functions, and then sketch in a reasonable amount of detail the overall
magnitude response Voui/Vin OF the circuit.
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Question 5 (Total 9 Marks)

6 marks  (a) For the oscillator shown in Figure 5, apply Barkhausen criteria to find the oscillating
frequency showing necessary derivation.

KR
AMA

=~{e
+
X

R ==

Figure 5
3marks  (b) The opamps used above are powered off £15V supplies. How big would you expect
the oscillator output to get? Note assume that the zener diodes break down at 5V.
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