
Page 3 of 4

ELEC 5270-001/6270-001 Low-Power Design of Electronic Circuits 
Spring 2011

Classwork 4 Problems
Assigned 4/15/11, due 4/15/11

Answer the following questions, selecting just one answer per question.
--------------------------------------------------------------------------------------------

1. The inversion encoding for a reduced-power n-bit bus works as follows:
· Bits are always inverted
· Only half the bits are inverted
· Only true (logic 1) bits are inverted
· Only false (logic 0) bits are inverted
·  All bits are inverted only if the number of transitions exceeds n/2
--------------------------------------------------------------------------------------------

2. A 2 microfarad capacitor is charged to a voltage 1 volt through a 500 kilo ohm series resistor. What is the energy dissipated in the resistor?  
· 1 watt
· 1 calorie
· 1 micro joule
· 0.5 micro joule
· 1 microwatt 
--------------------------------------------------------------------------------------------

3. A digital circuit dissipates 1 nanojoule of energy per cycle. If the clock rate is 1GHz, what is the power consumption of the circuit?
·  1 joule
·  1 nanowatt
·  1 joule
·  1 watt
(   0.5 watt
--------------------------------------------------------------------------------------------

4. A battery is connected to a circuit for maximum power transfer. What is the efficiency of power transfer?
· Very low
· 50%
· 75%
· 90%

· 100%
--------------------------------------------------------------------------------------------

5.  How do glitches affect the power consumption of a digital circuit?
· Increase static power
· Increase dynamic and short-circuit power
· Only increase short-circuit power
· Have no influence on power consumption
· Radiate energy
---------------------------------------------------------------------------------------------

6. Short-circuit power can be reduced to zero if,
· Gates are fast
· Supply voltage is below the sum of magnitudes of P and N threshold voltages
· Clock frequency is sufficiently low
· Circuit is kept cool
· Signal rise and fall times are small
--------------------------------------------------------------------------------------------

7. Path balancing and glitch filtering are methods for,
· Speeding up the circuit
· Reducing noise
· Improving reliability
· Saving static or leakage power
· Saving dynamic power
--------------------------------------------------------------------------------------------

8. Higher threshold transistors are slower. So they are used in gates on non-critical paths to,
· Reduce dynamic power
· Balance delay
· Reduce leakage
· Reduce device area
· Improve chip yield
--------------------------------------------------------------------------------------------
9. Find the maximum value of x under the constraints: x ≥ 0, 5x ≤ 75, 6x ≤ 30, x≤ 10
· 0

· 15

· 5

· 10
· 35
--------------------------------------------------------------------------------------------
10. What is the dynamic power consumption of a 1 million gate VLSI chip for which VDD = 1 volt, average gate capacitance = 1pF, average activity factor = 10%, clock frequency = 2GHz?
· 1W
· 5W
· 10W
· 50W
· 100W
--------------------------------------------------------------------------------------------

11. A system-on-chip (SoC) contains three blocks, each with its independent test resources. Test time and power consumption of each block is given below:
	
	ALU
	IM (instruction memory)
	DM (data memory)

	Test time (μs)
	100
	200
	300

	Test power (W)
	10
	3
	5


Which test sessions will minimize the test time while keeping power under 15W?
·  {1,2,3}
·  {1,2} {3}
·  {1,3} {2}
·  {2,3} {1}
·  {1} {2} {3}
--------------------------------------------------------------------------------------------

12. Which is the most effective method for reducing the power consumption of a CMOS logic circuit?
· Reduce frequency
· Increase transistor threshold voltages 
· Reduce transistor threshold voltages

· Reduce supply voltage
· Use body bias
--------------------------------------------------------------------------------------------
13. Too high a peak power consumption can cause:
· Logic errors due to power supply noise

· Too much heating
· Excessive battery drain

· Increased delay
· Increased dynamic power consumption
--------------------------------------------------------------------------------------------

14. Increased average power consumption reduces battery lifetime. It also results in:
· Circuit speed up
· Radiation loss
· Smoke alarm to go off
· Excessive heating and increased leakage and delay
· Serious burns
--------------------------------------------------------------------------------------------
15. Main reason for transmitting power at high voltage is:
· Reduced resistive loss
· Wireless transmission of power 
· Reduced radiation loss
· Increased current
· None of the above
--------------------------------------------------------------------------------------------
16. Sleep mode is a power saving mode, which
· Requires refreshing of memory state upon wakeup

· Preserves memory states

· Uses no power

· Turns power supply completely off
· Is useful for combinational logic
--------------------------------------------------------------------------------------------
17. A low power memory cell operates at a low supply voltage. The voltage level is restored for the memory output data for use by the external circuitry by:
· Increasing the supply voltage of memory during read or write operation
· Lowering the supply voltage of the external circuitry 
· Transformers
· Sense amplifier
· None of the above
--------------------------------------------------------------------------------------------
18. In CMOS technology as the feature size shrinks, reduced capacitance and lower threshold voltage makes the devices switch faster. What happens to leakage? 
· Leakage reduces
· Leakage remains unchanged
· Leakage increases
· Leakage depends on clock frequency
· Not yet known
--------------------------------------------------------------------------------------------

19. A processor consumes 100W in the peak performance mode when the supply voltage is 1 volt and the clock frequency is 2.5GHz. In the low power mode, the supply voltage is dropped to 0.5 volt and the clock frequency is reduced to 1GHz. What is the power consumption in the low power mode? Assume that leakage for the technology of the processor is negligible.
· 50W
· 20W
· 10W
· 5W

· 1W
--------------------------------------------------------------------------------------------

20. A Lithium-ion battery has a rated capacity of 1.2AHr at 4 volts output. It powers a digital circuit operating at VDD = 1 volt through a DC-to-DC converter (assume 100% efficiency). The circuit takes 1.2A average current. What is the battery lifetime?
· 1 hour
· 2 hours
· 3 hours
· 4 hours
· 5 hours
--------------------------------------------------------------------------------------------


