ELEC 5270/ELEC 6270 Low-Power Design of Electronic Circuits
Final Exam, May 4, 2011





Total 25 points
Broun 102, 4:00-6:30PM
Instructions: Please read all problems before writing your answers. Attempt all six (6) problems. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the test as shown above, write your name and the total number of pages, and staple them before submitting. Thank you.
Problem 1:








5 points

Using the Elmore delay formula, show that the delay of a long interconnect of length s with distributed resistance r ohms per unit length and capacitance c farads per unit length is half of the delay of a lumped resistance of rs ohms feeding a lumped capacitive load of cs farads. 

Problem 2:








5 points

Briefly answer the following questions about the operation of a static RAM:

(a) What are the voltages bit and bit-bar lines are raised to during the precharge phase of operation?

(b) Why does the power consumed in reading a memory cell increase as the number of memory cells in the SRAM increase? 
(c) What effect does pulsing of word-line during read operation has on precharge power?

(d) How does the sense amplifier save power consumption in SRAM?

(e) The sleep and power-down modes save static power consumption during the periods when a SRAM block is not required to perform the read/write functions. What is the difference between these two modes.
Problem 3:








5 points

(a) The dynamic power of a CMOS processor is expressed as C.VDD2.f/2 watts, where C is switched capacitance in farads per cycle, VDD volts is supply voltage and f is frequency in Hz. The frequency f in Hz is expressed as,

f  = 109(VDD – Vth)/VDD, where Vth volts is the threshold voltage of transistors. Write an expression for the dynamic energy per clock cycle.

(b) If G.VDD2  is the static power, where G mho is the total leakage conductance of the circuit, then write an expressions for the static energy per clock cycle.
(c) For C = 20 nF, G = 20 mho and Vth = 0.3 volt, determine the supply voltage and clock frequency that will minimize the total per cycle energy consumption.
(d) If the rated voltage is 1 volt, tabulate the clock frequencies, dynamic, static and total energies per cycle, and dynamic, static and total power, for the rated voltage and the minimum energy operations. Also, list the energy and power savings.
Problem 4:








5 points

(a) In a CMOS technology all pMOS and nMOS transistors are designed to have identical “off” resistance of 1MΩ. In comparison, their “on” resistances are negligible. For a supply voltage of 1 volt, find the leakage current of a two-input NOR gate as a function of its input logic states.

(b) What is the leakage current of an inverter in this technology?

(c) Construct a 2-to-1 multiplexer using three two-input NOR gates and one inverter. Tabulate all input vectors and their leakage currents. Identify a minimum leakage vector (MiLV) and a maximum leakage vector (MaLV) and specify their corresponding leakage currents.

Problem 5:








5 points
(a) A single-core processor works at voltage V and clock frequency f, which is the maximum speed permissible by the critical path delay. This clock frequency is given by, f = K(V – Vth)/V, where K is a constant and Vth is the threshold voltage. To reduce the dynamic power consumption, a multi-core chip is designed. There are N cores, each identical to the original single-core but working with a frequency f/N and voltage V’. The voltage V’ is the minimum voltage that will allow operation at frequency f/N. Neglecting any hardware overhead of parallelizing, show that,





    N.V.Vth




V’ = 
——————






 (N – 1)V + Vth
(b) Neglecting static (leakage) power and assuming that each core contains the same switched capacitance per cycle as the original single-core, show that the ratio of dynamic power consumed in the single-core to that by the N-core system is,
P(single-core processor)

  1       V
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    P(N-core system)


  N      Vth
N
(c) Show that the power reduction ratio for the N-core system is bounded by (V/Vth)2. Find the power ratios for N = 10, 100 and 1000, when the single-core voltage is 1.2 volts and the threshold voltage is 0.4 volt.
Problem 6 (Bonus Question):





1 point
The clock network of a processor chip can consume about 40% of total power. Suggest ways of reducing the clock power.
Or, argue whether it is more efficient to walk or to run?
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