Multiscale Structures Integrated on Chips (MuSIC)

One of the five Grand Challenges outlined in the BESAC “Grand Challenges” Report
underscores the continued quest for remarkable properties of matter that emerge from
complex correlations of the atomic or electronic constituents. In the Nanofabrication
Research Laboratory (NRL), we are addressing this Grand Challenge as well as the underlying
idea of orchestrating the behavior of billions of electrons and atoms to create new
phenomena by designing and exploring a diverse family of Multiscale Structures Integrated
on Chips (MuSIC) that enable multiple scenarios of energy transduction and separations
mediated by optical and mechanical phenomena. By building on the continuously advancing
NRL capabilities and the expertise of the NRL staff, we create MuSIC architectures that
bridge macro and nano worlds and enable experimental access to phenomena that span
strikingly distant spatial scales, from single digit nano to tens of millimeters. By pushing the
boundaries of wafer scale technologies, developing innovative technological strategies, and
integrating silicon based materials with newly emerging nanomaterials, we have
demonstrated both science driven and user inspired MuSIC systems that combine unique
photonic, plasmonic, nanomechanical and mass transfer properties. While demonstrated
properties of MuSIC systems emerge at the level of interacting atoms and electrons, their
spatial manifestation extends by more than 6 orders of magnitude making the chip level
platform ideally suited for experimental explorations that enable a wide variety of optical,
mechanical, electronic, and chemical experimentation. The MuSIC Signature Strength has
already enabled discovery of new functionalities with important practical implications and
will continue to focus on the progressively more complex systems with the ultimate goal of
orchestrating the behavior of billions of electrons and atoms to create new phenomena
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MusSIC architectures enable
multiple scenarios of energy
transduction and separations
mediated by optical and
mechanical phenomena that
involve spatial scales
spanning more than 6 orders
of magnitude, i.e. from single
digit nano to tens of
millimeters (10° to 102 m)

Extensive expertise in
lithographic, direct-write and
bottom-up patterning of
materials with controlled
stress

Integration of conventional
silicon based materials and
wafer scale processes with
newly emerging nanophases
and innovative technological
strategies
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Engineer,
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Research Laboratory
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Philip D. Rack
Group Member,
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Research Laboratory

Professor
Materials Science
and Engineering
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High profile publications

Nano Letters, ACS Nano
(4 papers)
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Ed., Nanoscale, Lab on
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>110 peer reviewed
publications; 2 U.S.
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environments for
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Scott T. Retterer
Research Staff,
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Nanofabrication
Research Laboratory

Electronic and lonic
Functionality on the
Nanoscale

Design and i - ~100 peer reviewed

manufacture of ; _- : ; publications;
nanometer scale | h-index 13

electronic, optical, . ' Google Scholar
and plasmonic - i} profile:
devices. S :

High profile publications

Science, Nano Letters,
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Jason D. Fowlkes
Staff Scientist,
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Support operations
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Research Associate
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platform MEMS
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Cleanroom Engineer,
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Pat Collier
Research staff,
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Research Laboratory
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54 peer reviewed
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Google Scholar
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assembly of
nanomaterials,
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nanoscience

Fellow of the AAAS

Fellow of the IEEE

College of Fellows of
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>150 peer reviewed
publications; 33 U.S.
Patents; h-index 44

Google Scholar
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