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Google Server Farm, adjacent to Power Plant




Electricity use (billion kWh/year)
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Data Center Electricity Usage
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In 2010, data centers accounted for
~1.3% of all electricity use worldwide,
~2% of all electricity use in the U.S.
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Google’s new data center in Hamina, Finland, has an energy-efficient cooling system that uses seawater from a nearby bay



Vision for 2020: Swarms of Electronics:
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Power Usage Rising Faster Than Past
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High Performance ITRS Roadmap




What Is the energy cost of
reading out your flash
memory?




Read the current going through a resistor, in the presence of noise:

(Di)* =2qi3 Df........ ShotNoise

R
RequiredvoltageV =IR > >2kT/q ~50mVolts

T
J2qiDf | 2q Df

| > 293 Df

Signal- to- NoiseRatio=

2kT
q

RequiredpowenV > 2q Df 3 = 4KT 3 Df

With a safety margin:
EnergyConsumed 40KT perbit processed



Units:

~40KT/bit of information

0.16 atteJoules/bit of information
0.16 nanewWatts/Gbit/second

This is about 19times less energy
than we are using today!



What will be the energy cost, per bit processed?

1. Logic energy cost ~&I per bit processed
2. Storage energy cost ~&I per bit processed

3. Communications currently >100,000kT per bit processed



There are many type of memory possible:
Flash

SRAM

Dram

Magnetic Spin

NanoElectrcChemical Cells
NanoElectrcMechanical NEMS
Memristor

Chalcogenide glass (phase change)
Carbon Nanotubes
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Similarly there are many ways to do logic.
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But there are not many ways to communicate:

1. Microwaves (electrical)
2. Optical
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