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Question1  [30 marks]

A differential amplifier is shown in Figure 1. The circuit parameters are given as V' = 10 V, V =
~10 V, and lo = 1.5 mA. The NMOS transistor parameters are Vo = 0.4 V, k%, = 100 gANV?, 4, =
0.025 V', (W/L)12 = 5 and (W/L)g = 20. The PMOS transistor parameters are Vp = —0.4 V, k’, =
40 pAIV?, 2, =0.04 V' and (W/L)3 4 = 10.
I.  Determine the range of the output voltage, v,, for the differential amplifier.
[15 marks]
ii.  Define common mode rejection ratio, CMRR. How can the circuit in Figure 1 be

redesigned to improve its CMRR? Explain what will happen to the range of the output

voltage calculated in part i) if the circuit is redesigned. [5 marks]
iii.  Find the output resistance, R,, of the differential amplifier. [10 marks]
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o

=
_|_
o
Y
L
[\

|_<

M,

A

1T
sl
T
|||—‘V\:/GW—<

|10
o el

]

Vi=-10V

Figure 1



EEEB273 — Test 2

Answer for Question 1 (continue)
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Question 2 [30 marks]

(@) The circuit in Figure 2 has a pair of npn bipolar transistors as input devices and three-pnp-
bipolar- transistor circuit connected as an active load. The differential amplifier circuit is biased
with a constant current source lo = 0.2 mA that has and output resistance Rocs = 50 MQ. The
transistor parameters are: £ =100, Va1 = Va2 = 100 V, Va3 = Vas =60 V, and Vas = .

i.  Calculate the open-circuit differential-mode voltage gain Ag. [12 marks]
ii.  Determine R such that the differential-mode voltage gain is reduced to 80% of its open-

circuit value. [8 marks]

Answer for Question 2(a)
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Figure 2
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(b) Refer to Figure 3. It is given that 1o = Irs = Irs = 0.4 mA, and Ir; = 2 mA. Neglect base currents
and assume Vgg(on) = 0.7 V for all transistors except Qg and Qg in the Widlar circuit. From
small-signal analysis, Ri; = 1.3M Q. Calculate the overall gain of the circuit, Aq = vo/vy. State
any assumptions. Assume £ = 100 and Va = oo. It is given that the gain of the Darlington Pair can

T

be calculated using: I
A, = (ﬁJ(Rs | Ri3) [10 marks]
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Answer for Question 2(b)
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Question 3 [40 marks]

(d) Compare and contrast the output stage classes (namely class-A, class-B, and class-AB). You
might consider the keywords: percent (%) of time the output transistors are conducting; the

power conversion efficiency; quiescent bias current; power dissipation. [15 marks]

Answer for Question 3(a)
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(b) Consider the emitter follower of the class-A output stage shown in Figure 4. The circuit
parameters are: V' = 7.5V, V' = -7.5 V, and R_ = 2 kQ. Assume all transistors are matched

with Vge(on) = 0.7 V and Vce(sat) = 0.5 V. Neglect base currents in your calculations.

i) Find the value of R; that gives the maximum possible output range. [10 marks]
ii) Sketch the output current waveform (ici1) for one complete input cycle. [5 marks]
iii) Calculate the power conversion efficiency,n, for this output stage. [10 marks]

Answer for Question 3(b)
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Figure 4



