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What makes me, me? @{*:g:;:g?;ms

Takeaway: We are who we are AND what we’re around.
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DNA: Graphene Environment & Surroundings Emergent Functionality
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Plasmons ° MOS I: Filtering ll: Sensing

Postulates
1. Graphene’s "DNA” provides functionality traditionally unavailable.
2. Graphene changes when in contact with the real world.
3. These changes are a means of capitalizing on graphene’s DNA.
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Are we one step closer to being able to
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The Washinaton Post

Why the graphene light bulb could switch on
a new era of innovation
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Graphene Origami

Graphene bs 2 thin materal with tremendoss potertal. Measuring
ocly an ators-thick, # is hasder than Samond, a better clectrical

condactor than copper, and 200 tines as stirong a3 steel

Graphene Could Usher in Flexible, Ultra-Slim Gadgets

Graphene s 50 strong that a sheet of it stovtched across a cofee-cup
By NCK SLTON

shocld be able to wapport the weight of a truck bearng dows on 3
You've probably petxil prat. Soese resenschers call it & “wooder material” that coubd
sever heard of be used in everythiag from batteries and buomenaces to corputers
snaphene, &

carbon-based

a2d condocrn.

Now researchers have discovered ansther one of graphene's feats
material, but it

1t's an flexible as paper. Not caly can graphene be crumpled and
v might be stuffed then perfectly fattened, bet # can abo be foled e crigami,
. =t yomar pocket Ehc Ntw ﬂork e"me’ acconding 10 8 report peblished Wednesday in Natare
or wrapped Using  style of arigarei that irvolwes cuts and folds calied kirigam:
around your wrist
.

the rescarchers fabioned & sheet of graphene isto & Say speing
= the net-too

Acconding 10 Nature, ressarchers may one day use kirigami % oraft
distant fature.

sraphene shoets izto microscopic weighing scales or nets snall
. - - ’ encugh ¥o wrap arcusd living cells
According to the NICHOLAS ST. FLEUR
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DNA: Graphene Tunability
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Myth: Graphene Absorbs 2.3% () N
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Leonard, Spataru, Goldflam, Peters, Beechem. Sci. Reports.(7) 45873. 2017
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PREMISE: Leverage materials surrounding graphene to cultivate
functionality unavailable with traditional approaches.

Readout Noise Only . |
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How to increase light-matter interaction? @ Nationa
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Objective: Create a tunable IR Filter

/ Problem: 5% Not Enough\ / Tool: Graphene Plasmons \
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Method & Approach
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Multiphysics Materials \
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Tunabilty via.... Phonons?

Absorption

Absorption
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Tunable absorption >10% over micron ranges
2. Dielectric defines spectral response
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Phonons determine spectral band of response.
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Takeaway: Plasmons drive absorption. Dielectric defines plasmon.

Goldflam, Fei, Ruiz, Howell, Davids, Peters, Beechem. Optics Express (25) 12400. 2017



Phonons & Optical Properties

Plasmon Dispersion
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The Phonon Vista..... @ Notoned
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Real-World Demonstration
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Objective: Create a tunable IR Filter
\
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Designing for Utility
1. Scalable (continuous/unpatterned) graphene
2. Protected Graphene

3. No contact to graphene in active area
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1. Simultaneous dual-band tuning

2. Shifts in excess of 1 ym
Dependent upon grating, dielectric, and dielectric thickness
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Why does it work? () e,
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Operational Mechanism

1. Tuning occurs when plasmon is excited
2. Plasmon dispersion defined by surrounding dielectric

3. Spectral selectivity based on dielectric
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DNA: Graphene Environment & Surroundings Emergent Functionality
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Plasmons MOS I: Filtering IllI: Sensing

Postu Iates r Tunable IR Properties
1. Graphene’s "DNA” provides functionality traditionally unavailable.

2. Graphene changes when in contact with the real world-— Piasmons
3. These changes are a means of capitalizing on graphene’s DNA.
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PREMISE: Leverage materials surrounding graphene to cultivate
functionality unavailable with traditional approaches.
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How do photodetectors work? () i

How they work.... Pro
Phoign induced * Full frame exposure
« Large optical area
« Signal integration

Con

« Charge transfer
« Christmas light problem
 Expansion to other materials

here you see them...
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High Point Scientific

Where you see them... How they work.... Pro

* Speed
e\ ) .. wa * "Smart” pixels
l f‘g‘-’-‘ Sl y Fiter «+  Numerous read-out channels
e =1 4 Con

Select .
Bis o Small optical area

« Sequential exposure
 Expansion to other materials
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Objective: Photodetector with advantages of both CCD and CMOS
ﬁremise: TransparentAmpIifa / Tool: Graphene Charge Sensor \

How do | get the best of both worlds? () i
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Accumulation vs. Depletion National
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How well does it work? PO
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DNA: Graphene Environment & Surroundings Emergent Functionality

B \ %5 - -
- .“/
. - '.‘/
2 - ot 0 . »
o . s s .

- . i | - TV 1

L t__%g ~
| WA 3

Plasmons MOS I: Filtering IllI: Sensing

POStu Iates |->Readout with integration
1. Graphene’s "DNA” provides functionality traditionally unavailable.

2. Graphene changes when in contact with the real world-— Photogating
3. These changes are a means of capitalizing on graphene’s DNA.
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Look us Up ()

@ Sandia National Laboratories

Thomas Beechem sandia.gov/careers
Google Scholar: http://goo.gl/96jGN Staff, Post-Doc, Fellowships, Internships
tebeech@sandia.gov and Collaborations

505-284-3503
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4 Exfoliated "\ / Copper Based CVD




