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Question 1
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1. ' :
For the nMOS inverter of Figure 1(a), calculate the following (clearly state and verify transistor
operation modes in each case):
a) the inverter output ‘low’ voltage, VoL (5 marks)
b) the inverter output ‘high’ voltage, Vou ‘ (2 marks)
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Figure 1(a)

¢)- The Voltage Transfer Characteristic of the Inverter above is shown in Figure 1(b), deduce Vi, Vi
and hence calculate NMv. and NMs. (3 marks)
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Figure 1(b)

d) Determine the Dynamic Power Dissipation for the Inverter when operated at a frequency F =1MHz
with Load Capacitance CL = 1pF. (2 marks)

e) Briefly describe the operation of both a depletion and enhancement mode device and draw ID/VGS
characteristics for both devices. (3 marks)

f)  The early nmos Inverter used a fixed resistive load for the pull up device. Discuss the problem
with using this approach and the subsequent problems associated with the two most common

methods used to create this resistance. (3 marks)

g) Define the terms fan-in and fan-out. (2 marks)




Question 2

2.
a) State how the CMOS inverter offers improvements over nMOS-only technology. (2 marks)

b) Calculate the CMOS inverter switching voltage (Vy,,) for the following CMOS inverter transistor
parameters: Vipg = 1V, Vippo=-1V, Wyo/Lpa=2, Wi/Lo=4, =2, Vdd=5V
~ Clearly state (and verify) transistor operation modes. (5 marks)

¢) Calculate the CMOS inverter current at the inverter switching point.
Kpa=pCox = 20pA/V? (2 marks)

d) State the Miller effect and hence use it to convert the circuit in Figure 2(a) to its Miller equivalent.
(2 marks)
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e) State practical considerations that should be implemented when dealing with CMOS IC’s.
(2 marks)

f) Sketch and label a 2D structure of the CMOS P-Well device. (4 marks)

g) State the two advanced technologies used for CMOS fabrication and the benefits of each
technology over standard P & N Well technologies. (3 marks)

Question 3 ‘

3.
a) Design a CMOS combinational logic circuit to implement the following function:

F=(A+B).(C+D)E (4 marks)
Do not attempt any minimisation.

b) Draw the equivalent circuit diagram and coloured mask stick diagram for the CMOS circuit
described by the Boolean equation

F =AB+C (4 marks)

Do not attempt any minimisation.
c) Comment on four aspects of MOS technology scaling. (2 marks)
d) Design a Three State (H,L,Z) CMOS buffer. (2 marks)

e) Illustrate the advantage that can be gained by implementing a CMOS logic circuit using NAND
gates rather than NOR gates. (2 marks)



f) Sketch and explain the basic operation of a conventional BiICMOS inverter circuit. (3 marks)

g) Discuss effects that can trigger Latchup and possible prevention and suppression techniques.

(3 marks)
Question 4
4.
a) Figure 4(a) illustrates a 4-to-1 multiplexer symbol.
Design a transmission gate circuit to implement
this multiplexer function. Label all signals.
Figure 4a (5 marks)
b) Convert the static circuit shown in Figure 4(b) to its dynamic equivalent and state the
advantages of dynamic logic design. (3 marks)
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¢) State a solution to the problem of charge leakage in dynamic circuits and modify the circuit
designed in (b) to reflect this. (1 marks)
d) Explain the problem of cascading dynamic gates and how domino logic deals with this issue.
(3 marks)
€) Discuss SRAM and DRAM. (2 marks)

) Design the ROM of Figure 4(c) to implement the truth table shown in F igure 4(d). (3 marks)
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g) Discuss Latch vs Flip Flop with the aid of a timing diagram. (3 marks)




