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            75  points


Please write down your name:       ANSWER   KEY           
Please write your student ID: ______________________________________

Instructions/Please read carefully!

This is a close book exam. No books or notes are allowed. You may use a standard calculator.

All work is to be done on the attached sheets and under no circumstance are booklets or loose sheets to be used. Write your name at the top of every sheet.

Read the question carefully. If something appears ambiguous, write down your assumption. The points have been assigned according to the formula that  1 point = 1 exam minute, so please pace yourself accordingly.

Your Name_______________________________________________________

Question 1 :Boolean Logic Theory (10 points)
(5 points) 
a)
Produce the Shannon expansion of   F  with respect to variables  A and C.




F(A,B,C,D)  =  A B  + (C (B  +  D (A  + (B(D  + A C.
(5 points) 
b)
Using  DUALITY convert the following sum-of-products expression into its                         product-of-sums equivalent .





F(A,B,C,D)  =  A(D(C  + B A D  + (A C D  + (B C D.

___________________________________________________________________________

ANSWER:
a)  F(A,B,C,D) =  (A(C [F(0,B,0,D)] + (A C [F(0,B,1,D)] +  A(C [F(1,B,0,D)] 

                         +  A C [F(1,B,1,D)].

     F(A,B,C,D) =  (A(C [(B  +  D  + (B(D  ] + (A C [ D  + (B(D  ]+  A(C [B  + (B   + (B(D ] 
                         +  A C [1].

     F(A,B,C,D) =  (A(C [(B  +  D] + (A C [(B + D ]+  A(C [1 ]  +  A C [1].

b)  FDual =  (A +(D +(C)( B + A + D)((A + C + D)((B + C + D).

     FDual =  (AB + A + AD + (DB + (DA + (CB + (CA+(CD)((A(B +(AC+(AD+ C(B+ C + CD + D(B + DC + D).
Simplifying terms within each parenthesis (applying xy + x = x), we obtain

FDual = (A + (DB +(CB + (CD)((A(B + C  + D).

Expanding

FDual = AC + AD +(DBC +(CBD +(C D(A(B +(C D = AC + AD +(DBC +(C D
Taking the dual of FDual to obtain F in POS form, the result is
F = (FDual)Dual = (A + C)(A+D)((D + B + C)((C + D).
Your Name_______________________________________________________
Question 2 : Application of Boolean Theory (10 points)
(5 points)         a)  Give the circuit of a 20-input NAND gate using only the fewest number of  2-input NAND gates and the fewest number of 4-input NAND gates. No other gates-types are available.

(5 points)
b)  Using the Shannon expansion, show that the function




f(A,B,C,D,E,F) =  (m (35,39).
                       is independent of the variable  D.




Hint:  variable A is the most-significant-bit and variable F is the least-significant-bit. Example:

 
(ABC D EF)          (ABCDEF)                                

 

(0 0 0 1 0 1) = 5,   (0 1 1 1 1 1) = 31.

___________________________________________________________________________
ANSWER 

 STEP1: Decompose the 20 inputs into  5 groups of  4 inputs. Produce a three-level NAND circuit using 4-input and 2-input NAND gates inserting an inverter in each connecting wire (excluding the input wires but including the output wire).

                                                                                              
[image: image1.emf] 
STEP 2.- Cancel two inverters on the same wire and replace the remaining inverters with a 2-input NAND gate.


[image: image2.emf]
b)
f(A,B,C,D,E,F) = f(A,B,C,0,E,F) (D + f(A,B,C,1,E,F)  D.

f(A,B,C,D,E,F) = A(B(C  D E  F  +  A(B(C(D E  F.

f(A,B,C,D,E,F) = (0 + A(B(C E  F)(D + (A(B(C E  F + 0) D 

                         = A(B(C E  F ((D + D) = A(B(C(E  F. which is independent of  D.
Note that the difference between the two decimal identifiers (ID’s) of the minterms 39 and 35 is 4, which is the power of 2 corresponding to the variable D, namely 39 = (100111) and 35 = (100011) which can be factored resulting in the term (100-11) which is independent of D.
Your Name_______________________________________________________

Question 3 : VHDL  (15 points) .

a) (5 marks) List the four (4) different types of Concurrent Signal Assignment statements that were described in class. Give examples of each. Explain what the word concurrent refers to in this context.
                                                                   Question 3 continues on next page ---(
Your Name_______________________________________________________

Question 3 : VHDL  (15 points) (Continued…)
b) (10 marks) Using one or more selected signal assignment statements, write a complete VHDL description of a circuit that multiplies a two-bit unsigned integer by a 2-bit unsigned integer.  Use std_logic and std_logic_vector signal types.
Your Name_______________________________________________________
Question 4 : CMOS Circuit Technology Design (15 points)
Consider the following Boolean function of  four variables



F(A,B,C,D)  =  (A B  +  A(B   + C(D + (C D  + AC.

(5 points)
a)
Give the circuit of a 2-input XOR gate using ONLY TG-gates.
(5 points)
b)
Simplify the given function F using XOR wherever possible.

(5 points)
c)
Draw the circuit producing F using the fewest number of   2-input XOR                   gates and the fewest number of TG-gates. 
 ASSUME THAT TRUE AND COMPLEMENTED VARIABLES ARE AVAILABLE AS INPUTS.    

a)
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Continue Question 4 (b) on next page -----------(
Your Name_______________________________________________________
Question 4 : CMOS Circuit Technology Design (15 points)
b)  F(A,B,C,D) = A ( B + C ( D + AC

c)  Let  Z = A ( B  and  W = C ( D.  Then  F = Z + W + AC

The Shannon expansion with respect to A gives

F = (A[Z + W] + A[Z + W + C]

Let  Q = Z + W. 

The Shannon expansion of  Q with respect to  Z gives

Q = (Z [ W] + Z[1]

The circuit producing  F in terms of  XOR an TGs is the following
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Your Name_______________________________________________________
Question 5 : Combinational Circuit Design(15 point)

The objective of this question is to design a ringtail code fault detector by cascading identical logic blocks. The ring code is shown on the table below

	Decimal
	Ringtail

	
	A4 A3 A2 A1 A0

	0
	0   0   0    0    0

	1
	0   0   0    0    1

	2
	0   0   0    1    1

	3
	0   0   1    1    1

	4
	0   1   1    1    1

	5
	1   1   1    1    1

	6
	1   1   1    1    0

	7
	1   1   1    0    0

	8
	1   1   0    0    0

	9
	1   0   0    0    0


Design a circuit composed of  5  identical blocks. Each block, i, may receive: 

1) up to two consecutive code inputs, (Ai Ai-1) and 

2) two input signals  yi-1 1 , yi-1 2 from the previous block, i-1. 

Each cell produces two signals, yi 1 , yi 2  , for  i = 1,2,3,4,5. 

A particular value of the outputs of the last cell,  y5 1 , y5 2 ,should indicate that an error message has been received. The following schematic represents the circuit to be designed

 SHAPE  \* MERGEFORMAT 



Marking scheme:  (10 points) Correct minimal two-level logic block circuit.

                              (5 points) Complete cascade of  the 5  logic blocks.  

Your Name_______________________________________________________

Question 5 : Combinational Circuit Design(15 point) (continues)

A correct ringtail message has the property of having no bit-change or only one bit-change.

An illegal or incorrect ringtail message has two or more bit changes. Example: 10001 is incorrect and has two bit-changes. 10101 is also incorrect presenting four bit-changes. Thus, the purpose of the cascaded cells is to count the number of changes from right to left. Each cell can be in one of three different states, namely:

State S1: no bit-change has been detected

State S2: one bit-change has been detected

State S3: two bit-change has been detected.

When S3 has been reached by any of the cells, then this condition can be transmitted through the remaining cells, because the message, so far analyzed, is already incorrect.

The truth table of the output of a typical cell,  i, is shown bellow
	
	       Ai-1 Ai 
yi-1 1  yi-1 2  
	 00 
	01
	10
	11

	State S1
	0       0
	00
	01
	01
	00

	State S2
	0       1
	01
	10
	10
	01

	State S3
	1       0
	10
	10
	10
	10

	Not used
	1       1
	xx
	xx
	xx
	xx


                                                                                               yi 1  yi 2                         

The corresponding equations are

                            yi 1 = yi-11 +  yi-1 2  (Ai  ( Ai-1 )

                            yi 2 =  yi-1 2 ( Ai  ( Ai-1                                   
The first cell should have inputs  y0 1  y0 2   = 00  and   A-1  =  A0  which forces y1 1  y1 2  
to be equal to 00 independently of the value of  A0 .

Your Name_______________________________________________________

Question 6 : Sequential Circuits (10 points) 
Convert an SR-latch into a JK-latch.
(5 points)  a)   Show the corresponding state tables and the excitation equations of the SR-latch

(5 points)  b)  
Draw the complete circuit using only NAND gates where needed.

The following schematic may be helpful.
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                                                                      S  =  (Q J  ;   R  =  Q K
b)


[image: image7.emf]K

J

S

R

Q

!Q

Q

!Q

JK-LATCH

RS-LATCH
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