Department of Electrical and Computer Engineering

COEN 6501                                                                               Dec. 9, 2016 

Answer all Questions.                                All Questions carry equal marks
Exam Duration 3 hours
No books or  papers are allowed.                         Lecturer: Asim J. Al-Khalili
===============================================================
Question  1
                      a. List programming techniques used in FPGAs and describe briefly two of these techniques. 

b. A 2-bit by 2-bit multiplier of unsigned numbers A = a1 a0  and B = b1 b0 is to be implemented in  FPGA using Look Up Tables. Give the Tables contents and methods of accessing of the contents.

Determine total area and access time.  Assume the following:

Each memory cell has a delay of 0.5D and area of 2A

Each 2 to 1 MUX has a delay of D and area of A.
Question 2
Design the fastest circuit to implement the following function: 
F = (N-1)2         N is a 3-bit unsigned number
Evaluate your design in terms of speed and area. All gates have equal delays of 2ns and area Agate.
Question 3
Two unsigned binary numbers are arriving serially on lines A and B as shown in Fig.1.

 It is required to add the numbers and produce the Sum (A plus B) at the output line. Design the sequential circuit starting with a state diagram.
                              Fig. 1  of Question 3
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Question 4
 a. Determine maximum speed of operation at typical conditions for the circuit shown in Fig. 2 below, taking into consideration the fan-out loading only. Timing parameters for all components are listed in Table 1.

b. The circuit is implemented on a die which is packaged in a ceramic DIP with a thermal resis​tance of 30oC/W. Calculate the drop in maximum speed of operation if the die dissipates a power of 2Watts at an ambient temperature of 40oC. 
Table 1 of Question 4
	Component
	Tp (ns)
	Input 
Loading (UL)
	K1

ns/UL
	K2 

ns/fo

	Inverter
	0.15
	1
	0.05
	0.1

	NAND/NOR(2input)
	0.25
	1.5
	0.1
	0.15

	NAND (3 input)
	0.5
	2
	0.15
	0.2

	Flip Flop, ↑, (CK to Q) 

Tsu=1 ns, th = 0.5ns 
	1.5
	2.5
	0.2
	0.25
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Fig. 2 of Question 4
Question 5
The System shown in the Fig. 3 and Table 2, below is running at 200 MHz.     a)Determine arrival time at point A.

b) Determine the set-up and the hold slack at Do andD1.
c) What is the maximum frequency that this system can run?
 SHAPE  \* MERGEFORMAT 


Fig. 3  and  Table 2
	Component
	Tp                       (ns)
	Input 
Loading (UL)
	K1           (ns/UL)
	K2

(ns/fo)

	XOR
	0.3
	2
	0.2
	0.2

	AND
	0.2
	1.5
	0.15
	0.1

	D-Flip Flop tsu = 0.5ns, 
 th = 0.2 ns 
	0.7
	3
	0.10
	0.3


Question 6
For the Multiplexer circuit shown below,
a) Write a structural VHDL code for the entity MUX .
b) Write VHDL code, Test Bench for testing the circuit
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