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Question 1 [15 marks] 

 

(a) For a BJT Cascode current source (using npn transistors) with R1 = 9.3 kΩ, the 

transistor parameters are VBE(on)  = 0.7 V, β = 120, and VA = 100 V. The bias voltages are 

V+ = 5 V and V- = -5 V.  

 

(i) Draw the circuit for the BJT Cascode current source specified above. Label the 

circuit clearly.        [2 marks] 

 

(ii) Show that the relationship between IO and IREF can be given by the following 

equation.         [5 marks] 

 

 

 

 

Hints: You may start by using equation IE4 = IE3 / (1+2/β) derived for a BJT two-

transistor current source. 

 

(b) A MOSFET two-transistor (using NMOS) current source is using a resistor to 

establish its IREF. The output current (IO) is 1 mA and the circuit parameters are V+ = 15 V 

and V- = -15 V. Assume all transistors are identical. The transistor parameters are VDS(sat) 

= 0.8 V, VTN = 1.5 V, k'n = 50 µA/V2 and λ = 0.  

 

(i) Let the second transistor, M2, be the output transistor. Draw and label the circuit and 

its components clearly. Hints: You need to determine the value of R1 in order to 

draw and label the circuit correctly.     [2 marks] 

 

(ii) Calculate the aspect ratios for all transistors.    [2 marks] 

 
(iii) Find the change on the output current due to changes on the output voltage from 2 

to 10 Volt.         [2 marks] 

 
(iv) Discuss how the reference portion of the circuit can be designed with MOSFETs.

          [2 marks] 
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≅ REF
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Question 2 [20 marks] 

 

(a) Consider the differential amplifier in Figure 2a where one-sided output is taken at VD2. It 

is given that RD = 18 kΩ, Kn = 125 µA/V2, λ = 0, Acm = 0.2, and CMRR of the differential 

amplifier is 55 dB. 

 

(i) Find IQ.          [6 marks] 

 

(ii) Instead of increasing the value of RD, suggest how the circuit can be modified to get 

a bigger CMRR.         [3 marks] 

 
 

 
 

Figure 2a 
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(b)  The differential amplifier shown in Figure 2b 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. 

 

(i) Derive the relationship between IO and IQ such that the amplifier dc currents are 

balanced. State your assumptions.      [9 marks] 

 

(ii) Calculate the value of IO given that IQ = 0.2 mA and β =120.    [2 marks] 

 

 

 
 

Figure 2b 
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Question 3 [25 marks] 

(a) A simple bipolar op-amp is designed as shown in Figure 3a. 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: VBE(on) = 0.7 V, β = 120, 

and VA = ∞. 

 
Figure 3a 

 

(i) Referring to Figure 3a, find I1, IQ, IC2, vO2, and vO3.   [5 marks] 

 

(ii) With small-signal analysis values for Ad1, rπ3, Ri2, and A2 can be found using the 

following formula: 

 

 

 

 

 

 

Calculate Ad1, A2, and the total overall small-signal voltage gain, Ad. 

           [10 marks] 
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(b) Consider the MC14573 op-amp in Figure 3b. Assume transistors parameters of VTN = 0.5 

V, VTP = -0.5 V, Kn = 125 µA/V2, Kp = 100 µA/V2, VSG5 = 1.5 V, λn = 0.01V-1, λp = 0.02 V-1 

and the circuit parameters of V+ = 10 V, V- = -10 V. 

 

(i) Find the dc bias currents IQ.      [3 marks] 

 

(ii) Determine the overall voltage gain of the op-amp.   [7 marks] 

 
 

 

 
 

Figure 3b 
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Question 4 [15 marks] 

 

Study the output stage circuit shown in Figure 4 carefully. Let RL = 1 kΩ, VBB = 1.40 V and the 

reverse saturation current for the transistors, IS = 2 x 10-15 A. Assume β >> 1. 

 

(a) Explain the “cross-over distortion” phenomenon in class-B output stage.   

           [3 marks] 

 

(b) What is the advantage of the output stage shown in Figure 4 compared to the class-A and 

class-B output stages?        [2 marks] 

 
(c) Referring to Figure 4, for the case of the output voltage vO = -3.5 V, determine iL, iCp, and iCn.

           [6 marks] 

 
(d) Referring to Figure 4, for the case of the output voltage vO = -3.5 V, calculate the power 

dissipated in transistor Qn and Qp.       [4 marks] 

 

 
 

Figure 4 
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Question 5 [25 marks] 

 

(a) List two (2) ideal operational amplifier characteristics.    [2 marks] 

 

(b) State three (3) applications of an ideal operational amplifier.   [3 marks] 

 
(c) For an amplifier circuit using op-amps shown in Figure 5a, use appropriate ideal op-amp 

characteristics and superposition theorem to show that 

  vO = vI1 + vI2 
 

when  R1 = R2 = RF = 100 kΩ.      [7 marks] 
 

 
Figure 5a 

 

 

(d) Find the voltage gain, Av, for the op-amp circuit in Figure 5b. Assume the op-amp is 

ideal.           [5 marks] 

 
Figure 5b 
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(e) For a generalized summing op-amp as shown in Figure 5c the total output voltage (vO) is 

the sum of the individual terms, or 

 

 

 

 where 

 

 

 

 Design a summing op-amp similar to Figure 5c to produce the output 

 

 

  

 The smallest resistor value allowable in the design is 15 kΩ. 

          [8 marks] 

 

 
 

 
Figure 5c 

 

 

-END OF QUESTION PAPER- 
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APPENDIX 

 

BASIC FORMULA 
 

BJT      MOSFET 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CQ

A
o

T

CQ
m

CQ

T

m

CBE

BEC

Vv
SC

Vv
SC

I
Vr

V
I

g

I
Vr

rg

iii
iii

eIi
eIi

TEB

TBE

=

=

=

=

+
=

+=
==

=

=

β
β

β
βα

βα

π

π

signal Small;

1

pnp;

npn;
/

/

DQ
o

DQm

p
p

TPSGpD

TPSGSD

n
n

TNGSnD

TNGSDS

I
r

IKg

L
Wk

K

VvKi
Vvv

L
WkK

VvKi
Vvv

λ
1

2

signal Small;

2

][

(sat)
MOSFETP;

2

][

(sat)
MOSFETN;

?

'

2

'

2

≅

=

⋅=

+=

+=
−

⋅=

−=

−=
−


