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Question 1 [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 IREF � (1+4/�) IO. Label the currents which 

you use in your equations correctly. (Hints: You may start with IE3 and IE4 

relationship given in the circuit. Note that IB3 � IB4. Assume �2 >> 1).   

[4 marks] 

 

(ii) For the circuit in Figure 1a (ii), simplify the circuit and draw the simplified circuit. 

Using the simplified circuit, derive the ratio of Vx / Ix. Assume that r�4 << rO2. 

[4 marks] 
 

 

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’n = 80 µµµµA/V2 

and VTN = 0.5 V. Design the current source so that IO = 50µA when IREF =150µA and VD2 

at -1.2V.          [8 marks] 

            

Figure 1b 
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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 Kn1 = Kn2 = 150 µA/V2, Kn3 = Kn4 = 100 µA/V2, and VTN = 0.3 V for all 

transistors.  

Figure 2 

 

(a) Calculate R1 and RD for the diff-amp circuit such that VDS1 = VDS2 = 3 V and ID1 = ID2 = 60 

µA when v1 = v2 = -1.5 V.       [8 marks] 

 

(b) Input v1 and v2 are changed from v1 = v2 = -1.5 V to v1 = v2 = +1.05 V. Calculate change in 

VDS4 (i.e. �VDS4).        [4 marks] 

 
(c) Given that λλλλ1 = λλλλ2 = 0 and λλλλ3 = λλλλ4 = 0.01 V-1. Calculate the change in IQ (i.e. �IQ) 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 

V and V- = -5 V. 

 

 
 

Figure 3a 
 
 

(i) The dc currents in the BJT differential amplifier must be balanced such that IB5 = IO. 

Explain why this is important in a BJT circuit.     [2 marks] 

 

(ii) Determine the relationship between IO and IQ such that the amplifier dc currents are 

balanced. Calculate the value of IO given that IQ = 0.2 mA and ββββ =100.  

[5 marks] 

 

 

v1 v2 
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(b) The circuit in Figure 3b shows a simple multistage BJT op-amp, consisting of four 

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

 

 
Figure 3b 

 

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

belonging to each stage.       [4 marks] 

 

(ii) Assuming that for all transistors: ro = 500 k�, gm = 5 mA/V, r� = 3 k�, R3 = 250 �, 

and R4 =10 k�. For Q7, the Early voltage VA is assumed to be infinite.  Calculate 

the small signal input impedance at the collector of Q7, i.e. RL7 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 IREF = 50 �A. The circuit is 

connected to supply voltages of V+ = +5 V and V- = -5 V. It is given that the transistor parameters 

are k’n = 40 µµµµA/V2, k’p = 20 µµµµA/V2, λλλλn = 0.005 V-1, λλλλp = 0.01 V-1, and |VT| = 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, 8, 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, M1 and M2, such that the differential-

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

 

 

Figure 4 
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Question 5 [16 marks] 

 

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

 

 
Figure 5 

 

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

VBEN(on) = VEBP(on) = 0.6 V. You may use appropriate diagrams to help your explanation. 

           [4 marks] 

(b) What is the class of the output stage (which consists of transistors Q14 and Q20) used in the 

Figure 5?         [2 marks] 

 
(c) Describe how quiescent bias current for the output transistors Q14 and Q20 in Figure 5 is 

established.         [2 marks] 

 
(d) 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] 

 

(e) For the output stage in the Figure 5, assume that reverse saturation currents IS18 = IS19 = 

10-14 A. Using �n = 200, we can assume that IC � IE for Q18 and Q19. Given that IBias = 0.18 

mA. By initially assuming that VBE19 = 0.6 V, calculate VBB 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 = vI1 + vI2 
 

when  R1 = R2 = RF = 100 k�.      [7 marks] 

 

 
Figure 6b 

 

 

(c) Figure 6c shows a design for an instrumentation amplifier using op-amps. In the design, 

R1POT is a 100 k� potentiometer (or a variable resistor) used to provide variable 

resistance so that differential voltage gain (Av) of the instrumentation amplifier can be 

adjustable. With analysis, it can be shown that 
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Figure 6c 

 

(i) What is the name of an amplifier represented by op-amp A3 in the Figure 6c? 

          [1 mark] 

 

(ii) With R3 = R4 = 100 k�, design an instrumentation amplifier using the circuit as 

shown in the Figure 6c to realize a differential voltage gain (Av) adjustable from 10 

to 100. (Hints: Av is smallest when R1POT is at maximum value, and vice versa. You 

are required to determine the value of R1 and R2 in the circuit).  [7 marks] 

 

(iii) With vI1 = 1.00 V, vI2 = 1.15 V, R4 = 2 R3, R1POT is set at 40 k�, and using the values 

of R1 and R2 found in step (ii) above, calculate Av and vO. 

          [3 marks] 

 

 

 

-END OF QUESTION PAPER- 


