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EEEB273 — Test 2

Question1  [40 marks]

Figure 1 shows a MOSFET differential amplifier with active load circuit biased with constant
current source Ip. It is given that ¥"'=10 V, ¥ =-10 V, and Ip= 0.23 mA.

Also, the NMOS transistor parameters are: Vzy=1V, k’, =100 nA/V* and 4, =0.015 V"', and the
PMOS transistor parameters are: Vzp = -1 V, k’, = 80 pA/V* and 2, = 0.01 V™. Given that the
transistors’ aspect ratios (W/L);..=5 and (W/L);3.6= 10.

(a) State the function of each transistor M to Mg in the Figure 1. [6 marks]

(b) Determine the maximum common-mode voltage input, v.,(max), that can be applied such
that the transistors are still biased in saturation region. [8 marks]

(c) Draw the ac equivalent circuit for the differential-mode input (vi = +v4/2 and v, = —v,/2).

Indicate the resultant ac currents in all transistors. [6 marks]
(d) Determine the output resistance Ro in the Figure 1. [8 marks]
(e) Calculate the differential-mode voltage gain (4,) of the diff-amp. [8 marks]
(f) Comment how the output resistance of the diff-amp can be changed. [4 marks]

Answers for Question 1
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Figure 1

Page 2



EEEB273 — Test 2

Answer for Question 1 (Cont.)
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Answer for Question 1 (Cont.)
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Answers:
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Question2  [30 marks]
The circuit in Figure 2 shows a Darlington pair emitter-follower configuration. Assume £ = 120
for all NPN transistors and £ = 90 for all PNP transistors. Let V47 =60 V for @7, V411 =120V for

011, and V4 = oo for all other transistors.

Given that R;= 200 Q, R4s=5 kQ, Ic7 = ICll =0.25 mA, and Ics =1 mA.

(a) Calculate the value of R; of the circuit in the Figure 2. [10 marks]
(b) Find the value of R, of the circuit in the Figure 2. [20 marks]
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Answer for Question 2
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Answer for Question 2 (Cont.)
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Question3  [30 marks]

Figure 3 shows a simplified class-AB output stage with BJTs. The circuit parameters are Vee =5
Volts and R, = 1 kQ. The saturation current is Is = 2 x 1075 A.

(a) When vy =0, calculate the value for Vg that gives ic, = icp =1 mA. [6 marks]
(b) Find the power dissipated in transistors Q,, and Q, when v; = 0. [3 marks]
(c) Determine iz, icn, icp, and vy if vo=-3.5V. [12 marks]

(d) Based on answers in part (c), calculate the power dissipated in Q,, Q,, and R;.

[9 marks]
Answer for Question 3
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Answer for Question 3 (Cont.)
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BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
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