ELEC 2200-001 Digital Logic Circuits 
Fall 2015
Assigned 11/6/15, due 11/16/15
Homework 5 Solution
Problem 1: Use a Karnaugh map to show all prime implicants (PI) of the Boolean function:



F(A, B, C, D) = Σ m(2, 3, 6, 7, 12, 13, 15) + Σ d(8, 11)

Find the minimized sum of products (SOP) form.

Answer: The Karnaugh map below shows four PIs. Except for the one shown with broken line all three are essential. The minimized SOP is,





[image: image1.wmf]C

AB

CD

C

A

D

C

B

A

F

+

+

=

)

,

,

,

(




	
	
	
	Φ

	
	
	
	

	

	
	
	

	1
	1
	
	



Problem 2: Sketch a two-level AND-OR-NOT gate-level circuit for the minimized SOP found in Problem 1.
Answer: Gate-level AND-OR-NOT circuit is shown below:


Problem 3: Transform the circuit of Problem 2 into an equivalent circuit containing only inverters (NOT) and two-input AND or OR gates.

Answer: The transformed circuit is shown below:


Problem 4: Transform the circuit of Problem 3 into another equivalent circuit containing only inverters and two-input NAND gates. If this circuit is implemented using just NAND2 and inverter cells from the standard cell library discussed in the class (Lecture 6, slide 14) what will be the total area of the circuit?
Answer: The transformed circuit is shown below:


The circuit requires 6 NAND2 and 4 inverter cells. Total area = 6×3 +4×2 = 26 units.
Problem 5: If you use three types of cells, inverter, NAND2 and NAND3, from the library then what will be the minimum area of the circuit? Sketch the circuit. 

Answer: The circuit can be implemented with 2 NAND3, 2 NAND2 and two inverters as shown below. Total area = 2×4 + 2×3 + 2×2 = 18 units.

Problem 6: Can area be further reduced if other cells from the library were used? Give an improved design, if possible.
Answer: The circuit can be implemented with one AOI22, one OAI21, one NAND2 and one inverter as shown below. Total area = 5 + 4 + 3 + 2 = 14 units.


A





D





C





1





1





1	1	1          Φ





B





A





C








D








B





F





A





C








D








B





F





A





C








D








B





F





NAND3





NAND3





A





C








D








B





F





AOI22





OAI21





A





C








D








B





F








_1381870942.unknown

