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BASIC FORMULA FOR TRANSISTOR
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This is extra page for answers. Please indicate question number clearly.
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QUESTION 1 [30 marks]

The circuit in Figure 1 has a pair of NPN transistors as input devices and three PNP transistors
connected as an active load. The differential amplifier circuit is biased with a constant current
source lo = 0.24 mA that has output resistance Rocs = 50 MQ.

The transistor parameters are: f =200, Va1 = Va2 =100 V, Vaz = Vas =60 V, and Vas = .

(@) The DC currents in the differential amplifier are balanced, that is I; = I, = I3 = l4. Show that
Ig
Ih =
B(1+p)
(b) Determine R such that the differential-mode voltage gain (Aq) of the differential amplifier
with active load in the Figure 1 is reduced to 80% of its open-circuit differential-mode

and calculate the value of Io. [10 marks]

voltage gain value. [15 marks]
(c) Design a better active load circuit that can replace the active load in the Figure 1. Discuss
why your design is better than the circuit in Figure 1. [5 marks]

Answers for Question 1

Figure 1
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Answers for Question 1 (Continued)
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QUESTION 2 [30 marks]

Figure 2 shows a MOSFET differential amplifier circuit with active load biased with constant
current source lg. It is given that V' =5V, V'=-5V, and lo= 0.3 mA.

The N-MOSFET parameters are: Vn = 0.8 V, k’, = 200 pA/V? and A, = 0.01 V', while the P-
MOSFET parameters are: Vrp=-0.7 V, k’, = 80 pA/V? and 4, = 0.015 V™.

(a) State the function of each transistor M; to Mg in the Figure 2. [6 marks]

(b) Calculate the voltages Vgsi, Vsgs and Vp;. [12 marks]

(c) Calculate the differential gain (Aq) of the circuit if given: (W/L)1, =10, (W/L)3-6= 30.
[12 marks]

Answers for Question 2
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Answers for Question 2 (Continued)
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QUESTION 3 [20 marks]

Consider a multistage amplifier shown in Figure 3. Study the Figure 3 carefully. The output stage
in the circuit is a Darlington pair emitter-follower configuration.

Assume £ =120 for all NPN transistors and B = 90 for all PNP transistors. Let Va7 = 60 V for Q,
Va11 =120 V for Qi1, and Va = oo for all other transistors. Values for resistors are R, = R3 = 0.2 kQ
and Ry =5 kQ.

Qg

Figure 3

Giventhat Ic7 = lc11 = lo =0.3mA and Ics = 1.2 mA:

(@) Determine the effective resistance connected between collector of Q7 and signal ground (i.e.
determine R.7 shown in the Figure 3). [13 marks]

(b) Determine output resistance (R,) of the output stage. [7 marks]

Answers for Question 3
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Answers for Question 3
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QUESTION 4 [20 marks]
(@) Sketch the Class-B output stage circuit employing NPN and PNP BJTs of Q. and Q.
Explain the operation of the Class-B circuit. [5 marks]

(b) A Class-A output stage with BJTs is shown in Figure 4. Itis giventhat V'=5V,V =-5V,
and R_ =100 Q. Assume all the transistors are matched with Is= 9x10™ A, V¢e(sat) = 0.3V,
and Va = o. Neglect the base currents.

(1)  Calculate the maximum possible output voltage range of the circuit.

[2 marks]
(i) Determine the minimum required biasing current I for Class A operation.

[3 marks]
(ilf) The output voltage range is now limited to -4V < vo < +4V. Calculate the required

range of the input voltage v;. [10 marks]
Answers for Question 4
v
Vg

Figure 4
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Answers for Question 4 (Continued)
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