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Space travel using radiation pressure
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Quantum fluctuations — forces and torques
from nothing

Can we manipulate the quantum fluctuations of
vacuum to drive nanomachines? nature
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Hot electron plasmonics

Can hot electrons be used to
make novel devices?
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e Active control of light trapping
for a smart solar window

Murray, Ma, and Munday ACS Photonics (in press 2017)
DOI: 10.1021/acsphotonics.6b00518

 Tunable radiation pressure for
space propulsion

Ma, Murray, and Munday Advanced Optical Materials
(accepted 2017)

e Hot carrier detectors and
energy converters

Gong and Munday, Nano Lett. 15, 147-152 (2015)
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e Active control of light trapping
for a smart solar window
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About 40% of total U.S. energy consumption is in @
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residential and commercial buildings 3y

Energy use in U.S. commercial buildings by major

end uses, 2012
trillion British thermal units
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Source: U.S. Energy Information Administration, 2072 Commercial Buildings Energy
Consumption Survey: Energy Usage Summary, Table 5 (March 2016)
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Switchable solar windows R
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Electrochromic windows

Pros:
* Control external lighting
 Some control of heating
Cons:

Polarized liquid crystal windows  Semi-transparent solar cells
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Polymer dispersed liquid crystals

Incident light Incident light

* Mix of birefringent % % % § % §
liquid crystals and |
polymer _ :
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— Scatter Off state On state

— -~ |

* With bias: ordinary
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By incorporating an absorber, we can electrically modulate the light trapping.
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Switchable light trapping for solar smart windows &
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: Solar Cell
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Murray, Ma, and Munday ACS Photonics (in press) DOI: 10.1021/acsphotonics.6b00518
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Murray, Ma, and Munday ACS Photonics (in press) DOI: 10.1021/acsphotonics.6b00518
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Measured and modeled absorption
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Transmission characteristics show excellent @
operation as a smart window PRl
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Murray, Ma, and Munday ACS Photonics (in press) DOI: 10.1021/acsphotonics.6b00518
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Scattering for non-normal incidence improves power @
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generation, while keeglng normal incidence transmission “ai=
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Murray, Ma, and Munday ACS Photonics (in press) DOI: 10.1021/acsphotonics.6b00518
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0 Degrees

Murray, Ma, and Munday ACS Photonics (in press) DOI: 10.1021/acsphotonics.6b00518
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 Tunable radiation pressure for
space propulsion

Ma, Murray, and Munday Advanced Optical Materials
(accepted 2017)
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Radiation pressure &
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* Each photon carries momentum  Ppion =7

e Generates a force when it’s reflected or absorbed

4/ Initial state
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Incident power
F = (2R n A)P/C qu perfect reflecting
P P N mirror:
/ | 1 mW = 6.7 pN

Reflectivity Absorptivity
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D. Ma, J.L. Garrett, and J.N. Munday, Appl. Phys. Lett. 091107, 4 (2015).
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Application of radiation pressure: Solar sailing &8

Basic “wind” sail Solar sail (wind = photons)

Velocity
of Wind

Velocity
of Boat

Photons from the sun
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Benefits and limitations of current solar sails ™
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* Benefits
— No fuel/propellant

— Small constant force (acceleration) can lead to
large velocities

* Limitations

— Currently attitude control still requires propellant
or mechanical motion

Solution: Steering and attitude control
via switchable reflectivity
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The idea: Radiation pressure for steering

Front View
Reflective, R
o y Forward
S Propulsion
. ﬁ
Y

Side View

Device TI;rce
3533

Photon flux

December 2016 Jeremy N. Munday — University of Maryland

QERSIT,

Oé S\

8 56

.
RyLb

20



Determination of direct transmission

s a function of voltage
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Angular distribution measurement R
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Large switchability of momentum transfer throughout @
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Weighted average momentum switchability: Ap = 0.5 p,
Ma, Murray, and Munday Adv. Optical Mat. (accepted 2017)
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Thinner devices consume less power and require less ,@
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Next step: flexible devices
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e Hot carrier detectors and
energy converters

Gong and Munday, Nano Lett. 15, 147-152 (2015)
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Surface plasmons for light confinement &8
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Propagating Plasmon Localized Plasmon
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Benefits of plasmonics: high field intensities Can we take advantage of
Problems: Strong optical loss the strong optical loss?
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Step 3: Carrier collection Incident light
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Step 2: Hot carrier
transport

Step 1: Absorption and
hot carrier generation
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Simulation of a planar TCO hot carrier device )8
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Absorption predominantly in Au layer Experiments
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Gong and Munday, Nano Lett. 15, 147-152 (2015)
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Power generation: Photoresponse under @
monochromatic light illumination and bias s
Calculations Experiments
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Outreach and broader impacts of research @

from the Munday Lab
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Sonia zhan g
(now at MIT)

* Brian Murray
(now at UMD)
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Undergraduates

Carlos Biaou
(now UC Berkley)
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Highlights from the Munday lab
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