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Question 1 [16 marks]

(a) A basic two-transistor BJT current source consists of two npn-type BJT transistors and
a resistor, Rj, to establish its reference current, Izzr. The reference current is established

when the circuit is connected to positive and negative power source, V*and V .

(i) Let the second transistor, (,, be the output transistor. Draw and label the circuit
and its components clearly.

[3 marks]

(i1) Assume the transistors are matched and the transistors parameters are ff = 88, Iy =
4.5x10"° A, and Is; = 3x10"° A. If Tggr = 210 pA, calculate Vpgi, Vpes, and the bias
current, Io.

[5 marks]

(b) A cascode N-MOSFET current source circuit is described by the following: The output
current is 1 mA; The circuit parameters are V" = 15 V and V =-15 V; All transistors are
identical; The transistor parameters are Vpg(sat) = 0.8 V, Viy= 1.5V, k', = 120 pA/V 2 and
A=0.

(i) Find the aspect ratio for all transistors of the cascode current source.

[4 marks]

(ii) What is the required resistance value, R, to establish the reference current?

[2 marks]

(iii) How much will the output current change if the output voltage changes by § V?

[2 marks]
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Question 2 [16 marks]

Consider the circuit shown in Figure 2, where a MOSFET differential amplifier (consists of M,
and M) is biased by a cascode current source (consists of M3, M4, M5, and Mg). The bias
voltages are +3 V and -3 V. The transistor parameters are K,; = K, = 150 pA/Vz, K;3=Kyu=
K, 5= K,s=100 uA/vV 2, and Vyy= 0.3 V for all transistors.

Figure 2

(a) Calculate R; and Rp in the circuit such that Vpg1= Vpsa =3 V, Vpss= Vpss, and Ip; = Ipy =
60 l.lA when vi=v,=-0.5V. Hints: Vg=Vs+ Vgs, Vp= Vs + Vps.
[8 marks]
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(b) One-sided output (Vy) taken at Vp, can be derived using small-signal equivalent circuit to

produce

° 2 Y 1+2¢ R "

V — ngDV ngD

If 2 = 0.01 V"' for M3, My, Ms, and M:
(i) Determine the output resistance (R,) of the MOSFET cascode current source.

[2 marks]
(i) Calculate the differential-mode voltage gain (A,), common-mode voltage gain

(Acm), and CMRR for the differential amplifier using result from part (a).
[6 marks]
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Question 3 [16 marks]

(a) The differential amplifier in Figure 3a has 4 identical PMOS transistors as an active load.
The circuit is connected to power supply voltages of V' = +3 Vand V = -3 V. The current
source is Ip = 200 pA and its output resistance, Rocs = . The NMOS transistors parameters
are Voy = 04 V, k%, = 100 pA/VZ, (W/L), = 10, and A, = 0.02 V', The PMOS transistors
parameters are Vrp=-0.4 'V, k’, = 50 pA/v 2, (W/L), =12, and 4,= 0.03 V. Determine the

output voltage, v, if the differential input voltage applied is v4= (20 sin @¢) pV.
[8 marks]
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Figure 3a
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(b) The circuit in Figure 3b shows a simple multistage BJT op-amp.

v-

Figure 3b

(i) Name the circuits indicated by the boxes.

[2 marks]

(i) Assuming that for all transistors: r, = 500 kQ, g,,= 5 mA/V, and r, = 3 kQ, and R,

= 10 kQ. Calculate the small signal impedances R; and Ry as indicated in the
Figure 3b.

[6 marks]
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Question 4 [16 marks]

(a) Consider input stage and bias circuit of the 741 operational amplifier in Figure 4a, with V* =
+15V, V =-15 V, Veee= Vpr7=0.6 V, f =200 and Iy = 10 pA. The reverse saturation current
Is= 10" A for each transistor and the current flow through resistance Rs is 1mA. Ignore the

base currents and assume the dc currents in the input stage are exactly balanced.

(i) Determine the resistance Rsand Rjy.

[4 marks]
(i) Find the current I¢y and 1.
[2 marks]
(iii) Determine the dc voltage at the collector of Qs (i.e. Vs).
[2 marks]
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(b) Consider the MC14573 op-amp in Figure 4b. Assume transistors parameters of Von = 0.5V,
Vip=-0.5V, K, = 125 pA/V?, K, = 100 pA/V?, Vs = 1.5V, 1,=0.01 V"', 4, = 0.02 V"' and the
circuit parameters of V' =+10 Vand V =-10 V.
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Figure 4b
(i) Find the dc bias currents I.
[3 marks]
(ii) Determine the overall voltage gain of the op-amp.
[5 marks]
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Question 5 [16 marks]

(a) Differentiate among class-A, class-B, class-AB, and class-C output stage amplifiers.

[6 marks]

(b) Study Figure 5 carefully. The transistor parameters are: f = 180, Vgg(on) = 0.7 V, and
Vce(sat) = 0.4 V. Design the output stage amplifier for maximum output swing and then
calculate its power conversion efficiency, #.

[10 marks]

.Il_r+ =ll] ||II_.-

i

: oty
iy l
) ) i
l 0 %H, = £ kil
il =

s s

Vv -10¥

Figure 5
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Question 6 [20 marks]

(a) Using feedback resistor of 18 kQ, draw the following circuits using inverting op-amp
configuration:
(i)  Aninverting amplifier with a closed-loop gain of -10.
[4 marks]

(i) A voltage follower.
[4 marks]

(b) Consider the non-inverting op-amplifier shown in Figure 6a. Assume the op-amp is ideal.
Determine the resistor values of Ry and R, to produce a closed-loop gain of 15, with the
minimum resistance in the circuit is to be 20 kKQ.

[4 marks]

Figure 6a
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(c) For a generalized summing op-amp as shown in Figure 6b the total output voltage is the

sum of the individual terms, or

R, R, R, \( R,

Vo =——V——V, +| 1+— | —v +&v

0~ R, 11 ] 12 R, ) 3 R, 14
where RN = R1HR2

R, = RAHRBHRC

Design a summing op-amp similar to Figure 6b to produce the output
vy ==5v, —10v,, +5v,; +2v,,

The smallest resistor value allowable in the design is 15 kQ.

[8 marks]
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Figure 6b

-END OF QUESTION PAPER-
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APPENDIX

BASIC FORMULA FOR TRANSISTORS

BJT
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