2. The MOS transistors M1 and M2 are identical.
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a) Find and prove the operation mode of M2. (6 marks) I
b) Calculate the current I, (4 marks) Ml
¢) Find Vin if M1 is in ohmic. (7 marks)
d) Estimate the ON resistance ron of M1 (ron =dVps /dlp). (5 marks) —
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3.

a)

Given the following circuit diagram.
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Draw the ac equivalent circuit for the whole circuit. Assume C1, C2 and Cs are large, and
1o of NMOS model is infinity. (7 marks)

b) Find the total input resistance Rin (Rin = Vin / lin). (3 marks)
¢) Find the total cutput resistance Rout (Rout = Vout / Iout). (3 marks)
d) Find the ac voltage gain of the amplifier (Av = Vout / Vin). The expression is required to be
independent of Vin. (6 marks)
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12. Given the following circuit diagram.

Vee = 12V
Rbl Re
10 kQ 1k
_{ ‘__—Vout
vin |} cz
ci —>
Is

Rb2
20 kQ :: Tce

B =50
Vce (sat) =02V
VBE = 0.7 v

a) Show that the base current Ig is 0.127 mA. (Hint : Use Thevenin’s Theorem) (13 marks)
b) Show that the Q-point is in the saturation region. (8 marks)
c) Show that the forced B is 29.7 (18 marks)
d) Suggest a method to move the Q-point to the active region. (4 marks)
e) Give two advantages of this circuit connection. (4 marks)
f) Briefly explain the function of C1, C2 & Ce. (5 marks)
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13. Given the following circuit diagram. The input (base) and output (coliector) characteristics of the BJT

are given.
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(a) Base characteristics (b) Collector characteristics
a) Plot the dc load line in the output characteristics. Show clearly your calculations. (4 marks)

b) Show that the base current Ig is 0.2 mA. (3 marks)

¢) Calculate Rb. (3 marks)

d) Show the location of the Q-point in the output characteristics. (2 marks)

e) Find Ic and Vg at the Q-point. (4 marks)

f) Sketch the base current Iy , the collector current Ic and the output voltage Vout. Show clearly the dc
level, the maximum and the minimum values in your sketch. (15 marks)

g) Calculate the ac voltage gain (Av = A Vout / AVin). (3 marks)

h) Calculate the ac current gain (Ai = Alc / Alg). (3 marks)
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12. The BIT in the circuit has the output characteristic carves as shown,

(@) Sketch the load line Vee =IeRe + Ve, (6)

{b) Locate the Q-point on the loadtine and find the operating modes of the BJT (i) if Vi= 0.8V, and
(i) if the circuit is to give maximum symmetric Ve output, (14)

(¢) Show that the voltage gain A, (= AVo /AVE) of the cirenit is -90, (n

Given that for the BIT, Vg = 0.7V, 8= 120, 1, = 1 k2, 10 = w0,
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13. (2 ) Show that AB + AB = AB using Boolean algebra. (7)
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L1, In the cireuit, (a) show that I ~ 25 pa, (19)
(b) Explain briefly why the cireuit can have stable Ic. (7)
For the BJT, given Vg= 0.7V and p = 100.

16. Two T-FFs are vsed to construct a synchronous counter es shown below. Ty , T, and Qg , Q, are
‘ 2iA _ the inputs and outputs of the T-FFs. Complete the state table for the counter, find the logic functions
ten o for T, and T, , and hence draw the circuit of the counter, (20)
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) : 15. A logic circuit has 3 inputs ABC and 1 cutput D. D is 0 , i
(b) Express decimel number 8.25 in binary form. (6) ogle clreur pu and 1 output D. D is 0 when ABC are 000, 010 and 100 and is |

for other inputs. Design the logic circuit using 2-input NAND gates only. (18)
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14, Write the truth table for the following JKFF and sketch the waveform of Q. Q is 0 initially. (12) 7 o o ) >
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