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Why fund nanolaser development?

Attojoule optoelectronics —

why and how

David Miller IEEE Photonics Summer Topicals, 2013

1.E+13 Both

Internet traffic

1.E+12

General purpose computing
hardware

B growing ~ 60 % per year

1.E+11 - Telecommunications (B/s) %
__.%—f"‘ ~ X 100 in 10 years
1E+10 - R Voice - Massive challenge for hardware

Phone :
scaling of

Gen. (B/s)
1.E+09 +  Purpose Energ
Computing Energy per bit has to reduce
1E+08 -  (MIPS) nergy scaling not
environmentally sustainable
1 E+07 ,’ Internet (B/s) Information technology
/ already (2006) consumed
/ -~ 159% .
1E+06 | 1.5% of US electricity

Communication density inside
systems

1986 1993 2000 2007

M. Hilbert and P. Lopez, “The World's Technological Capacity to
Store, Communicate, and Compute Information,”

already at limits for electrical
Science 332, 60 (2011
: ) MIPS — million instructions per second app roaches

~ 3 - 6 instructions = 1 floating point operation (FLOP)




Towards smaller and smaller lasers
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Why work on nanolasers?
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How we used to study semiconductor lasers
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How we used to study semiconductor lasers
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What we do differently with nanolasers
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How to evaluate correlations

Similarities and difference with atomic, molecular, optical (AMO) approaches
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Why work on nanolasers?
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B=0.01

Photon number
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Photon number

Single-quantum-dot active region
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Photon number

Few-quantum-dot active region

Question: Can we increase single-photon production rate?
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Single-photon source with few-emitter active region?
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Concerns and next refinements

Present model
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Nanocavity # Constitutive equation
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Hamiltonian
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LED — Laser — Thresholdless laser
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Types of light
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Second-order
correlation function
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Theoretical model
Example of Nanolaser
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