ELEC 5970-001/6970-001 Special Topics in Electrical Engineering
Low-Power Design of Electronic Circuits 
Fall 2005
Homework 1 Solution
Assigned 9/01/05, due 9/15/05

Dynamic Power

Problem 1: Determine the activity factor α, the average probability of transitions per clock per gate output, for a four NAND gate exclusive-OR circuit. Assume that all gates have zero delay and all primary input vectors are equally likely.

Solution:


[image: image1]
Problem 2: An (n+1) input AND function is implemented by cascading n two-input AND gates. Show that α, the average activity factor per gate, reduces in proportion to 1/n as the depth n of the circuit increases.
Solution:


[image: image2]
Problem 3: A 32 bit off-chip bus operating at 1.5V and 1GHz clock rate is driving a capacitance of 2.5pF/bit. Each bit is estimated to have a toggling probability of 0.25 at each clock cycle. What is the power dissipation in operating the bus?
Solution:


Total capacitance,
C
=    32 × 2.5
=   80pF


Power dissipation,
P
=    0.5 α CV2f






=    0.5 × 0.25 × (80×10-12) × 1.52 × 109 W






=    22.5mW

Problem 4: The chip size of a CPU is 15mm×25mm with clock frequency of 300MHz operating at 3.3V. The length of the clock routing is estimated to be twice the circumference of the chip. Assume that the clock signal is routed on a metal layer with width of 1.2μm and the parasitic capacitance of the metal layer is 1fF/μm2. What is the power dissipation of the clock signal?

Solution:

Total capacitance,
C
=  4(15+25)×103 × 1.2 × 1fF
=  192pF


For clock signal,
α
=   2


Power dissipation,
P
=   0.5 αCV2f






=   0.5 × 2 × (192×10-12) × 3.32 × (300×106)  W





=   627mW
Logic simulation:


A	00110111010000110


B	00001011011101100


C	11111100101111011	6 transitions


D	11001011111111101	6 transitions


E	11110111110010111	6 transitions


F	00111100001101010	8 transitions


Total transitions		=	26


Average transitions	=	26 / (4×16)	=	13/32





Euler tour of input states
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 α  =	[2p2(1-p2) + 2p3(1-p3) + 2p4(1-p4) + . . . + 2pn+1(1-pn+1)]/n





     =	2p2(1+p+p2+ . . . +pn-1)/n  –  2p4(1+p2+p4+ . . . +p2n-2)/n





     	2p2		1 – pn		2p4		1 – p2n


     =	──      .	────      – 	──      .	────		(1)


	 n	 	1 – p 		 	  n	 	1 – p2





For large n,


 	2p2	          p


α  ≈	──  ( 1 +  ──── )    → O(1/n), for all p, except p = 0 or 1


	 n	       1 – p2	


For p → 0 or 1, Eq (1) gives α → 0
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