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Question 1  [15 marks]

(a) ForaBJT two-transistor current source, the transistor parameters are:

Vpe(on) =0.7V, =120, and V4y= 100 V. The bias voltage is Vi=5Vand V =-5V.

(i) Design the circuit such that I, = 0.50mA when Vg, =0.7 V. [4 marks]

(ii)) What is the change in I, as Vg, varies between 0.7 V and 7 V? [4 marks]

(b) Refer to Figure 1. All the transistors are identical. The transistor parameters are: § = 200,

Vi =0, Vgg(on)= 0.7 V. Calculate Vcgy. [7 marks]

Figure 1

Hint: The current source equation is Ipgr = I (] + [2/,8(] +ﬁ3)])
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Question 2 [15 marks]

(a) Describe how class-A, class-B, and class-AB output stages are different?

[3 marks]

(b) A class-A emitter follower biased with a constant-current source is shown in Figure 2.
Study Figure 2 carefully. The transistor parameters are: f = 200, Vgr = 0.7 V, and
Vcee(sat) = 0.2V. Neglecting base currents:

+—o0Up
llQ w%RL 1 kQ
0 '—|in =

Figure 2

(1)  Find the value of Ij. [3 marks]

(ii)) Determine the value of R that will produce the maximum possible output signal

swing. [4 marks]

(iii) Calculate the power conversion efficiency (#). [5 marks]
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Question 3 [25 marks]

Figure 3 shows a differential amplifier circuit with active loads and current source. The active
load transistors are matched with parameters K, = 0.1 mA/V>, Vyp = -2 V and 4, = 0.02 V',
Transistors M1 and M, are driven into saturation with Vpg(sat) = 1.12 V. Transistors Ms, Mg and
M are identical. All the NMOS transistors have the same K,, = 0.2 mA/V 2, Vein=2V,and A, =
0.015 V™.
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Vi =-10V

Figure 3

(1)  Determine I, Iy, and Ip; when v; =v, = 0. [8 marks]

(i) Determine the one-sided differential mode voltage gain for this differential

amplifier if Ry, = 100 kQ. [10 marks]

(iii) It is required that the CMRR of this circuit to be 55dB. Find the common mode voltage

gain. [3 marks]

(iv) Suggest ways to improve the CMRR for the circuit in Figure 3. [4 marks]
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Question 4 [20 marks]

A simple bipolar op-amp is designed as shown in Figure 4. Note that biasing for amplifiers in the
circuit is provided by two-transistor current mirrors. Study the figure carefully. Neglect base
currents. Assume parameters for all transistors are: Vgg(on) = 0.7 V, =100, and V4 = oo.

vt=10V
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Figure 4
(i) Referring to Figure 4 find I, I, I¢c2, vo2, and vo3. [10 marks]

(i) With small-signal analysis values for Ags, rz3, Ri2, and A, can be found using the

following formula: v

Ay, = [sz = &n (RCHRiZ)

v, 2
rzz3 = ﬁrﬂ4
R, =175+ (1 + ,B)r;;4
1
A = R4
=32 )

Calculate A4, A3, and the total overall small-signal voltage gain, A.

[10 marks]
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Question 5 [25 marks]

(@) The summing amplifier as in Figure 5a can be used as a digital-to-analog converter

(DAC). The analogue output is calculated by using the equation:

Suppose we want to convert a 4-bit binary signal (asazajap) to its equivalent weight in
decimal. Design the circuit such that when switch S; only is closed (i.e. resistor Rj3 is
connected to -5 V supply), then a3 = 1, thus an input azaza;ay = 1000 will give vo = 8V.
Similarly, when all switches (i.e. Sy, S;, Sz, and S3) are closed, the binary signal asa,a;ay
combination gives vg = 15V. Referring to the Table 1, verify your design by showing that
asaajay combinations provide the same output as shown.

[12 marks]

Table 1
azaxaay 1000 | 0100 | 0010 | 0001 | 0110
vo [Volts] 8 4 2 1 6

oVe=-5V Ry = 48KkQ

—O Vg

Figure 5a
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(b) With feedback resistor of 20 kQ, sketch the following circuits using inverting op-amp

(¢

configuration:
(i) Aninverting amplifier with a closed-loop gain of -10. [2 marks]
(i) A voltage follower. [4 marks]

Find the voltage gain, Ay, for the op-amp in Figure 5b. Assume the op-amp is ideal.

[7 marks]

R2
200 kQ

—=O01Ug

Figure Sb

-END OF QUESTION PAPER-
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