
CSE 493/593 Fall 2011   Solution 6 

1. Explain how each item below can achieve low power.  Describe how a designer can use these techniques in low power design.   

(a) DFS   (b) DVS
Ans:

    DFS – dynamic voltage scaling. Many systems have time varying performance requirements. For example, a video decoder requires more computation for rapidly moving scenes than for static scenes. A workstation requires more performance when running SPICE than when running Solitaire. Such systems can same large amounts of energy by reducing the clock frequency to the minimum sufficient to complete the task on schedule, then reducing the voltage to the necessary to operate at that frequency. This is called dynamic voltage scaling.

DVS – Dynamic frequency scaling. This is another popular technique to achieve low active power by varying the frequency. In one system, different path will need different frequency. Some path runs at higher frequency than other paths and the faster path is called critical path. So we can reduce the working frequency of non-critical paths to reduce the power consumption and keep the frequency of critical path to keep the performance.

2. What is adaptive body biasing (ABB) technique? Describe how a designer can use these techniques in low power design.   

Ans:

Adjusting the substrate bias at run time is called adaptive body-biasing (ABB).

Usage: Reducing the VT increases the subthreshold leakage current (exponentially). But, reducing VT decreases gate delay (increases performance. Therefore, determine the critical path(s) at design time and use low VT devices on the transistors on those paths for speed.  Use a high VT on the other logic for leakage control.

3. Why does Power and ground distribution become an important issue as IC technology scales? How to solve this?
Ans:
The power and ground distribution is important because of the resistance in power and ground distribution networks. The resistance results in voltage drop (IR drop) and voltage variations. The changed value of the power supply reduces noise margins and performance. As the process scales, the supply voltage becomes lower and the variation is more obvious. So it becomes an important issue.

This is can be solved by reducing the maximum distance between supply pins and the circuit connections through a distribution network, such as “Network with multiple supply pins”.
4. Implement the function 
[image: image5.emf], which gives the sum of two inputs with a carry bit.

(a) NMOS pass transistor logic;

(b) DCVSL
Ans:
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5. Do the following two circuits implement the same logic function? If yes, what is the logic function? If no, give Boolean expressions for both circuits. Will these two circuits’ output resistances always be the equal to each other?
Ans:

Yes. The two circuits implement the same logic function, given by
 [image: image3.emf]
Yes, their output resistances will always remain the same, since the different paths between the power rails and the output put do not differ between the two circuits.
6. Setup time constraint: For the circuit shown below, assume a unit delay through the register and logic blocks (i.e. tR = tL = 1). Assume that the registers, which are positive‐edge triggered, have a setup time of tS=1. The delay through the multiplexor tM equals 2tR.

a. Determine minimum clock period disregarding clock skew.

b. Determine the maximum positive clock skew the circuit can tolerate before failing.

[image: image4.emf]c. Determine the maximum negative clock skew the circuit can tolerate before failing.
Ans:

a. Determine minimum clock period disregarding clock skew:

Setup time constraint equation without considering clock skew: T ≥ tc‐q + tlogic + tsu. In this problem, tc‐q, the register delay is given to be tR = 1. Hence, tc‐q = 1. The combinational logic delay tlogic should be computed as the maximum delay for the data to propagate from the output of the first register to the input of the second register. The logic in the above diagram has 2 different paths that ultimately connect to a MUX. The delays of each of these paths is 3*tL = 3 and 5*tL = 5. The MUX inputs are ALL valid only after 5 time units. The MUX takes an additional tM = 2*tR = 2 time units to produce an output. Thus, the delay until the output of the MUX is 5 + 2 = 7 time units. This will also be the delay tlogic. Thus, tlogic = 7. The register setup time tsu is given to be 1 time unit. Hence tsu = 1.Now substituting these values in the setup time constraint equation, we have: T ≥ (1 + 7 + 1 = 9). Thus the minimum clock

period disregarding clock skew should be 9 time units.
b. Determine the maximum positive clock skew the circuit can tolerate before failing. 

Positive clock skew means the clock edge at the second register is delayed compared to the first register. We need to compute how much delay can be tolerated before the circuit malfunctions. Let’s say the first data is launched from the first register at time t=0. At time t=9, the data has arrived and been setup at the input of the second register. At t=9, a clock edge should arrive at the second register, but does not due to positive clock skew. However, the clock edge arrives at register 1, launching the second set of data. We now need to compute how much time the second register has to process the first data before its inputs become overwritten with the second data that’s been already launched at the first register. In this case, the earliest time for the second data to reach the MUX outputs would be through the logic path with 3 logic blocks. The delay through this path from the first register to the MUX output would be tc‐q + 3 + tM =

1+3+2 = 6 time units. Thus at time t = 9 + 6 = 15, the the first data set at the input of the second register could be overwritten. Hence, allowing for the setup and hold time, the latest the clock edge may arrive at the second register would be time t=15‐tsu‐thold = 15‐1 = 14. (Here we assume hold time is zero). Thus, the maximum tolerable positive skew would be 14‐9 = 5 time units.
c. Determine the maximum negative clock skew the circuit can tolerate before failing.

Negative clock skew means the clock edge at the second register arrives earlier than the next clock edge at the first register, effectively reducing the clock period available. We need to compute the amount by which the second clock edge may arrive early before the circuit fails. If data is launched at time t=0 at the first register, the latest time at which the data would be setup at the second register input would be at time t=9. If the clock edge at the second register arrives any earlier than time t=9, it could possibly read in wrong data at its inputs. Since the clock edge is set to arrive at t=9 at the second register and it cannot tolerate an edge any earlier than that, the negative clock skew tolerable would be zero.
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