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 Feedback (control) motifs in circuit design
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 Synthesis
 Steady-state analysis can be intuitive, but need theory for dynamics (transients), noise
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Nanophotonic integration: on the roadmap?Y. Vlasov, CLEO Plenary (2012)
 switching/routing, combinational logic, cache management, error correction…?

Page 4
						
						

Spontaneous switching in attojoule “bistability”
 Cs
 J. Kerckhoff, M. A. Armen and HM, Opt. Express 19, 24468 (2011)
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Ultra-low power nanophotonic circuit theory
 PLINC exploits cavity-enhanced nonlinearity and circuit-scale
 optical coherence to implement attojoule photonic logic
 PLINC is a natural scheme for near-future integrated
 nanophotonics, testable today using single-atom cavity QED
 PLINC circuit theory = coherent-feedback quantum control
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 1. Develop QHDL, a subset of industry-standard VHDL for the specification of PLINC circuits
 2. Develop software for compiling QHDL into rigorous quantum optical models
 3. Use QHDL toolbox + high-performance numerical simulation for analysis and design of functional circuits
 4. Validate key coherent feedback concepts in single-atom cavity QED experiments
 HM, Appl. Phys. Lett. 98, 193109 & 99, 153103 (2011)
 PLINC: Photonic Logic via Interferometry with Nonlinear Components
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Hierarchical Design
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 Quantum models for attojoule photonic switchingHM, Appl. Phys. Lett. 99, 153103 (2011)
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Quantum noise in large-scale coherent circuitsC. Santori et al. (HP Labs + Stanford), Phys. Rev. Appl. 1, 054005 (2014)
 4-bit ripple counter
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 Limit-cycle oscillators, synchronization and Ising-XYRyan Hamerly and HM, Phys. Rev. Appl. 4, 024016 (2015)
 Role of entanglement? Y. Yamamoto et al., PRA 92, 043821
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Embedded photonic signal-processing• MHz-GHz natural bandwidths
 • Coherent ) very low dissipation (power in ¼ power out)
 • Homogeneous platforms: nano/micro-photonic circuits; fiber sensor networks?
 J. Vuckovic et al., 2011 New J. Phys. 13 055025 B. Park et al., 2011 IEEE Sensors J. 11 2643
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Quantum error correction “circuits”
 http://openbookproject.net/electricCircuits/Digital/DIGI_15.htmlphysicsworld.com (UCSB)
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Coherent-feedback autonomous quantum memoryJ. Kerckhoff, H. Nurdin, D. Pavlichin and HM, PRL 105, 040502 (2010)
 J. Kerckhoff, D. S. Pavlichin, H. Chalabi and HM, New J. Phys.13, 055022 (2011)
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 Coherent-feedback network “wiring diagram”J. Kerckhoff, H. Nurdin, D. Pavlichin and HM, Phys. Rev. Lett. 105, 040502 (2010)
 J. Gough and M. R. James, IEEE Trans. Automat. Contr. 54, 2530 (2009)L. Bouten, R. van Handel and A. Silberfarb, Journal of Functional Analysis 254, 3123 (2008)
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Autonomous quantum circuit design automationJ. Kerckhoff, D. S. Pavlichin, H. Chalabi and HM, New J. Phys.13, 055022 (2011)
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Classical computation Fully-quantum computation
 ?
 Computational power of semi-quantum architectures?
 Decoherence-dependent complexity of classically simulating quantum models?
 Dimensional reduction of open quantum networksN. Tezak, R. Hamerly, D. Pavlichin, G. Tabak; N. Amini (CNRS); M. Maggione (Johns Hopkins)
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• MIT curriculum ca. 2010
 • How will it look in 2030?
 Abstraction is fundamental to modern engineering
 Anant Agarwal and Jeffrey Lang, course materials for 6.002 Circuits and Electronics, Spring 2007. MIT OpenCourseWare(http://ocw.mit.edu/), Massachusetts Institute of Technology. Downloaded on 3/17/09.
 There is no simplequantum amplifier
 abstraction!
 Typical qubits andquantum circuits
 Quantum/classicalprobability
 Quantum andnanoscale device
 physics
 Vast majority of work in “quantum
 engineering” today
 ?
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Kinetic (as opposed to equilibrium) hysteresisJ. Kerckhoff, M. A. Armen and HM, Opt. Express 19, 24468 (2011)
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Phase switching in single-atom cavity QED
 Cs
 • single-atom cavity QED w/ strong driving• spontaneous dressed-state polarization• random binary phase-shift keying• switching dissipates » 0.23 aJ per edge
 J. Kerckhoff, M. A. Armen, D. S. Pavlichin and HM, Opt. Express 19, 6478 (2011)
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