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Question1  [16 marks]

(a) Referring to the circuits in Figure 1a, the transistors in the circuit are identical.

(i) For the circuit in Figure 1a (i), show that Iggr = (14+4/f) 1. Label the currents which
you use in your equations correctly. (Hints: You may start with Igz and Ig4
relationship given in the circuit. Note that Ip3 # Ip4. Assume ﬂ2 >>1).

[4 marks]

(i1) For the circuit in Figure 1a (ii), simplify the circuit and draw the simplified circuit.
Using the simplified circuit, derive the ratio of V,/I,. Assume that rp4 << ro;.

[4 marks]
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Figure 1a (i) BJT Cascode Current Source, and (ii) The Small Signal Equivalent Circuit.
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(b) The MOSFET current source circuit in Figure 1b has transistor parameters k’, = 80 pA/V?

and Vzy= 0.5 V. Design the current source so that Ip = S0uA when Iggr =150pA and Vp,
at -1.2V. [8 marks]
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Question 2 [16 marks]

Consider the circuit shown in Figure 2. The bias voltages are +3 V and -3 V. The transistor

parameters are K,; = K, = 150 pA/VZ, K.; = K., = 100 pA/VZ, and Vv = 0.3 V for all

transistors.

()

(b)

(©)

Figure 2

Calculate R; and R, for the diff-amp circuit such that Vpg; = Vps2 =3 V and Ip; = Ip; = 60
HA whenv;=v,=-1.5V. [8 marks]

Input v; and v; are changed from v; = v, =-1.5 V to v; = v, = +1.05 V. Calculate change in

VD54 (1e AVD54). [4 marks]

Given that 41 = A = 0 and A3 = Ay = 0.01 V', Calculate the change in Iy (i.e. Alp) using

result from part (b). [4 marks]
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Question 3 [16 marks]

(a) The differential amplifier shown in Figure 3a has a three-transistor current mirror
connected as an active load. The circuit is connected to power supply voltages of V* = +5

Vand V' =-5V.

Gain
stage

Vi V2

V-

Figure 3a

(i) The dc currents in the BJT differential amplifier must be balanced such that Ips = I.

Explain why this is important in a BJT circuit. [2 marks]
(i) Determine the relationship between Ip and I such that the amplifier dc currents are

balanced. Calculate the value of Iy given that Iy = 0.2 mA and £=100.
[5 marks]
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The circuit in Figure 3b shows a simple multistage BJT op-amp, consisting of four

different stages. It is given that for all transistors, £=100.

®

(i)

Figure 3b

Name the four stages in the circuit, and indicate which transistors and resistors

belonging to each stage. [4 marks]

Assuming that for all transistors: r, = 500 kQ, g,,= 5 mA/V, r,= 3 kQ, R;= 250 Q,
and R4 =10 kQ. For Q7, the Early voltage V, is assumed to be infinite. Calculate
the small signal input impedance at the collector of @7, i.e. Ry7 as indicated in the

Figure 3b. [5 marks]
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Question 4 [16 marks]

The folded cascode CMOS op-amp in Figure 4 is biased such that Irgr = 50 pA. The circuit is
connected to supply voltages of V¥ = +5 V and V' = -5 V. It is given that the transistor parameters
are k’y = 40 pA/VZ, &’ = 20 pA/V?, Ay = 0.005 V', 4,=0.01 V', and IV4l = 1 V. The transistor
aspect ratios are (W/L) 1,2,5,6 = 10, (W/L) 3,4,11,12,13 = 5, and (W/L) 7,3, 9, 10 = 20.

(a) Determine the dc currents in each transistor in the circuit. [3 marks]

(b) Determine the differential-mode voltage gain of the op-amp. [8 marks]

(c) Redesign the folded cascode differential amplifier, M; and M, such that the differential-

mode voltage gain of the op-amp is twice of that calculated in part (b). [5 marks]
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Page 7 of 10



EEEB273, Semester 1 2011/2012

Question 5 [16 marks]

Figure 5 shows the output stage for 741 op-amp. Study the Figure 5 carefully.
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Figure 5

Describe the operation of an approximate (i.e. non-ideal) class-B output stage. Assume

Veen(on) = Vggp(on) = 0.6 V. You may use appropriate diagrams to help your explanation.
[4 marks]

What is the class of the output stage (which consists of transistors Q14 and Q) used in the

Figure 5? [2 marks]

Describe how quiescent bias current for the output transistors Q14 and Q» in Figure 5 is

established. [2 marks]

What is the advantage of the output stage given in the Figure 5 compared to an

approximate (i.e. non-ideal) class-B output stage? [2 marks]

For the output stage in the Figure S, assume that reverse saturation currents Igis = Ig19 =
10'* A. Using 8, = 200, we can assume that I¢ = I for Q;s and Qp9. Given that I, = 0.18
mA. By initially assuming that Vpgi9 = 0.6 V, calculate Vg shown in the circuit.

[6 marks]
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Question 6 [20 marks]

(a) List two (2) ideal op-amp characteristics. [2 marks]

(b) For a summing amplifier using op-amps shown in Figure 6b, use appropriate ideal op-

amp characteristics and superposition theorem to show that

Vo=Vn +vn

when R;=R;=Rr=100KkQ. [7 marks]
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Figure 6b

(c) Figure 6¢ shows a design for an instrumentation amplifier using op-amps. In the design,
Ripor is a 100 kQ potentiometer (or a variable resistor) used to provide variable
resistance so that differential voltage gain (A,) of the instrumentation amplifier can be

adjustable. With analysis, it can be shown that

2R,

= 4+ —
R3 Rl + RIPOT (VIZ V”)
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(i) What is the name of an amplifier represented by op-amp A3 in the Figure 6c¢?

[1 mark]

(i) With R3 = R4 = 100 kQ, design an instrumentation amplifier using the circuit as
shown in the Figure 6c to realize a differential voltage gain (A,) adjustable from 10
to 100. (Hints: A, is smallest when Rqpor 1s at maximum value, and vice versa. You

are required to determine the value of R; and R, in the circuit). [7 marks]

(1)) Withvy =1.00 V,v; =115V, Ry =2 R3, Rypor is set at 40 kQ, and using the values
of R; and R; found in step (ii) above, calculate A, and vy.

[3 marks]

-END OF QUESTION PAPER-
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