EECE579 – Advanced Topics in VLSI Design

Assignment #2
(Due Wednesday, March 4, 2009 at the beginning of class)

1) 
Power grid problem
Consider the following circuit in Figure 1 with VDD=1.0V.
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Figure 1.

A power bus in a 90nm technology has a length of 400µm and a width of 1µm. The supply and ground are connected with a bond wire inductance of L=2nH. There are 32 inverters of size 6X evenly spaced along the power line. The resistivity of the copper metal line is 40mΩ/square. The load capacitance is CL=12fF.
Estimate the worst-case IR and Ldi/dt drop on the final inverter, inv32, when the outputs of all inverters are low and only half of them switch high (i.e., every other inverter). Assume that the rise time of the input signal is 100ps. You can ignore wire capacitive effects for this problem.
Does the supply voltage at the far-end inverter satisfy the typical noise budget of the design? If so, suggest methods to resolve the problem.
2) Gate Power vs. Chip Power

a) Use hand calculations to estimate the total power of the gate shown below for a 90nm CMOS technology (L=0.1um for convenience) with VDD=1.0V. It is comprised of the switching, leakage and crowbar currents. For the calculations, assume that the gate is driving another identical gate (but do not include the fanout gate in your power calculations). Assume a switching period of 500ps over which the gate switches high and low. First compute the output capacitance using the parameters Cg=2fF/um and Cj=1fF/um. Then, compute the dynamic and static power for the interval of interest. Use the information from Lecture 6, Slide 18, and assume 100nA/um for leakage. You can assume that the peak crowbar current, which is the current that flows when both devices are on, can be estimated with the input and output at VDD/2.  For further details on the crowbar calculations, read Sections 5.8-5.9 of textbook, and note Eqn. (5.11).

b) Next, assume that you have a chip with 10M gates of the same type as shown below. Assume the same parameters above and that the activity factor of the chip is (=0.05. Assume that, of the idle gates, half of them have a low output and the other half have a high output. Calculate the total chip power, on average.
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3) Subthreshold Current in HSPICE

  Using a 90nm CMOS model (either TSMC or BPM), plot IDS vs. VGS on a log-linear scale (shown below only for illustrative purposes only) for the following cases:

i. For two different values of VT using substrate bias. Explain the behavior.

ii. Show the effect of DIBL on a separate plot. Explain the behavior.

iii. Does the 90nm model show any sign of GIDL? Why or why not?

iv. Why do we have leakage current in the region when VGS < 0?
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4) Paper Reviews
Write a 1-page summary of the two papers available on the EECE579 website:

1) J. Kao, S. Narendar, A. Chandrakasan, “Subthreshold leakage modeling and reduction techniques” Int. Conf. on Computer-Aided Design, Nov. 2002,  pp. 141-148.
2)  S. Bobba, T. Thorp, K. Aingaran, D. Liu, “IC power distribution challenges”,
 International Conference on Computer Aided Design, Nov. 2001, pp. 643 - 650.
  Spend roughly 2 hours on it and then write the summary
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