[image: image1.png]) Draw the small signal equivalent circuit in a form suitable for low-frequency

analysis. (4 marks)
b) Calculate the equivalent resistance facing each of the extemal capacitors (C1
~ C5) using the short-circuit time constant method. (10 marks)
©) Calculate the lower 3B cut-off frequency for this amplifier. (2 marks)

For the high-frequency analysis, use the following capacitor values:
Cy1 = Cya= 1PF, Cry = Crz = 15pF.

d) Redraw the small signal equivalent circuit in a form suitable for high-frequency
analysis. (4 marks)

&) This circuit demonstrates the Miller effect. Briefly describe the Miller effect and
apply the Miller transformation to the capacitor Cy; (5 marks)

f) Calculate the equivalent resistance facing each of the hybrid- and p
capacitors using the open-circut ime constant method (8 marks)

9) Calculate the upper 3dB frequency of the amplifier (2 marks)





[image: image2.png]Question 3 - BJT Amplifier (Frequency Analysis) (35 marks)
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Figure 3
Consider the CE-CB two-stage amplfier in Figure 3. In order to determine the
frequency response of this amplifier, we will use the short-circuit and open-circuit
time constant methods to calculate the low and high frequency breakpoints.

Use the following component values:

Rs = 2000, Ry = 22k0, Ry = 47kQ, Ry = 15k0, Rey = 9KQ, Rz = 22k0,
Ra2= 47k, Rez = 15k0, Re2= 9kQ, Re = 10kQ

Cy= 14F, C; = 104F, Cs = 1pF, Cy = 204F, Cs = 20F.
Q1 and Q2 have the following parameters:

B1 =100, Gt = 71.4MQ", g = 1.4kQ.
B2= 150, Gra = 107.1MQ™, fyz = 1.4kQ.

For this question, you may assume that 7, = 0 O, r, — =, and that the Early effect
may be neglected.
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Draw the AC equivalent circuit of the amplifier suitable for mid-band analysis.
(4 marks)

Calculate the mid-band voltage gain 4, =2 of the amplffer. You may assume
thatr, = 0.7, = o0 and the Early voltage V = o (8 marks)

Estimate the mid-band input impedance (Ra) of the circuit (5 marks)





[image: image4.png]Question 2 - BJT Amplifier (DC biasing and Gain) (25 marks)

Consider the BJT circuit shown in Figure 2. Assume that the two transistors Q1 and
Q2 are matched, with forward current gain = 100 at room temperature and a base-
emitter drop Vas = 0.7V.

Rs=10kQ Rer = Rez =100 kQ Re=Re=1kQ

Vec=6V

Figure 2

a) Neglecting base currents where appropriate, find the transistor's quiescent
collector currents /os and Icz, and the DC output voltage at the operating point.

(4 marks)

b) Hence, estimate the hybrid-T parameters gn and r, for each transistor.
(4 marks)
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Figure ic shows an inverting op-amp with a T-feedback network. In designing
practical op-amp circuits, DC imperfections must be taken into consideration
The op-amp being used is an LM30TA.
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Figure 1c

Look up the data sheet for the LM301A and find the typical values for the.
input bias current (ls). input offset current (o) and input offset voltage
(Vo). (2 marks)

Calculate the output offset voltage, Ves, due to the effects of the input
offset voltage, V. (5 marks)

Calculate the worst-case output offset voltage, Ves, due to the combined
effects of the input bias and input offset currents (going into the inverting

‘and non-inverting terminals of the op-amp). (5 marks)

iv) Calculate the overall worst case output offset voltage. (3 marks)





[image: image6.png]b) Design an active filter circuit (ie. using an op-amp) that will produce the

‘magnitude and phase Bode plots given in Figure 1b. (10 marks)
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[image: image7.png]Question 1 - Operational Ampli

ers (40 marks)

a)  Figure 1a shows a common operational-amplifier circuit configuration. It has an
inpUt Vo and an output Veu, both referenced to ground. Assume that the
‘operational amplifer is ideal

Ve (2
Ta®

i) Detemine the transfer function H(s) ofthis circut. (5 marks)

i) Given that Ry = 5k0, R, = 10kQ and C; = C; = 0.1, sketch Bode
diagrams for the magnitude and phase responses. (8 marks)

fii)  What does this circuit do? (2 marks)





