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Problem 1: A 32 bit bus operates at 1.5V and 2GHz clock rate. Each bit wire driven by a CMOS buffer has a capacitance of 1pF. Each wire has a toggling probability of 0.8 at each clock cycle. What is the total dynamic power dissipation of the bus drivers? Will the inversion encoding scheme reduce the power consumption?
Solution:


Total capacitance,
C
=    32 × 1
=   32pF


Power dissipation,
P
=    0.5 α CV2f






=    0.5 × 0.8 × (32×10-12) × 1.52 × 2 ×109 W






=    57.6 mW

Inversion encoding will reduce power consumption because it will bring down the activity on a wire from 0.8 to 0.2.

Problem 2: The chip size of a CPU is 1cm×1cm with clock frequency of 1GHz operating at 1V. 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 1μm and the parasitic capacitance of the metal layer is 1fF/μm2. What is the power dissipation of the clock signal?

Solution:

Total capacitance,
C
=     (8×104 μm) × 1μm × 1fF/μm2
=  80pF


For clock signal,
α
=      2


Power dissipation,
P
=   0.5 αCV2f






=   0.5 × 2 × (80×10-12) × 12 × 109 W





=   80.0 mW

Problem 3: State and prove a theorem specifying the condition for eliminating short-circuit power consumption in a CMOS gate.

Solution: Theorem – A CMOS gate consumes no short-circuit power when VDD ≤ Vtn + |Vtp|, i.e., supply voltage is lower than the sum of the threshold voltage magnitudes for the n and p channel MOSFETs.

Proof: The short-circuit conduction requires that a pull-up path through pMOS devices and a pull-down path through nMOS devices should be simultaneously on. If the common gate voltage for both devices is Vin, where 0 ≤ Vin ≤ VDD, then a necessary condition for short-circuit conduction is:




Vtn
≤
Vin
≤
VDD – |Vtp|

In order to make this condition impossible, we must ensure that the upper bound on Vin does not exceed the lower bound. Thus,





VDD – |Vtp|
≤
Vtn
Therefore,



VDD
≤
Vtn + |Vtp|


■

Problem 4: We represent a resistive interconnect of length S as a series of n sections each consisting of resistance rS/n and capacitance cS/n. Show that:

a. The delay time constant of the distributed interconnect is one half of that for a short interconnect having a lumped resistance rS and a lumped capacitance cS.

b. Delay of the distributed interconnect is a quadratic function of its length.

Solution:
a. The distributed n-section representation of the interconnect is shown below.


[image: image1]
From Elmore delay formula, the time constant (i.e., delay from source to node n, without the constant 0.69) of the distributed interconnect is:



Τ
= R1C1 + (R1+R2)C2 + . . . + (R1+R2+ . . . +Rn)Cn



= (rc + 2rc + 3rc + . . . + nrc)(S/n)2



= rc[n(n+1)/2](S/n)2 = rcS2(n+1)/(2n)  → (rS)(cS)/2 as n → ∞


This is half of the time constant for a short interconnect with lumped 
resistance rS and capacitance cS.

b. The above Elmore formula for large n can be written as:



T
=       (rS)(cS)/2
=      rcS2/2


showing that the delay will increase as a quadratic function of the length S of the 
interconnect.
Problem 5: The following data is available for a foundry that manufactures VLSI chips:
	Type of chips
	Profit per chip
	Chips/wafer
	Test time/chip

	Memory
	$0.50
	100
	30s

	Processor
	$1.00
	75
	10s


The foundry processes 1000 wafers per day and has 400 hours of tester time available each day. Determine the number of each type of chips that should be manufactured. What is the largest number of memory chips the foundry can make if the profit per memory chip increased to $0.75, leaving the profit per processor chip unchanged?
Solution:
Suppose we process X1 memory and X2 processor chips each day. Then 100 wafers per day capacity requires:





X1/100 + X2/75
≤
1000
or



3X1 + 4X2
≤
300,000

(1)

Test time availability of 400 hours per day requires:





30X1 + 10X2

≤
400×3600

or



3X1 + X2
≤
144,000

(2)

also




X1
≥
0


(3)







X2
≥
0


(4)

We maximize profit:





Maximize (0.5X1 + X2)



(5)

The following graph shows the solution. The profit is maximized at $75,000 per day when 75,000 processor chips and no memory chips are manufactured.


[image: image2]
When we change the profit of memory chip to $0.75, the objective function changes to





Maximize (0.75X1 + X2)



(6)


or


Maximize (3X1 + 4X2)/4



(7)

The slope of the profit function is now the same as the constraint line given by equation (1). This is shown in the following chart.


[image: image3]
The largest number of memory chips is X1 = 30,667 with X2 = 52,000 processor chips. The combined profit is $75,000.
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