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Word Association

Phonon
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Google Says…
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Waves are Waves are Waves

Phonon Dispersion: Ma and Garofalini. PRB. (73) 174109. 2006.

SiO2 Ind. of Refraction

SiO2 Phonon Dispersion

Restrahlen Band
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Phonon’s Optical Vista
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Phonons for Infrared Tuning
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Premise: 



PZT: Direct Phonon Tuning

Thermal Conductivity: Ihlefeld et al. Nanoletters (15) 1791. 2015
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Modulating Phonons in PZT
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PZT’s Optical Response, Phonons?
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• Optical properties in IR determined by phonon 
energies & their scattering.

O
p

ti
c
a
l 
R

e
s
p

o
n

s
e
 

U
n

d
e
r 

F
ie

ld

8



Exciting Plasmons in PZT
Unpatterned Device Patterned (Plasmonic) Device

Beechem et al. Under Review. 2018. 9



Tunability: Consequence
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Beechem et al. Under Review. 2018. 10



Tunability: Cause
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Where do the standing waves come from?

Constant Period Constant Finger Width
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Depends on optical 
properties of PZT

Au
PZT

Pt

Gap-Plasmon Fabry Perot: Park et al. Scientific Reports (5) 15174. 2015. 11



Take Home Message
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• IR-active phonons change with domain reconfiguration

• Phonon changes alter optical properties

• Changes amplified in plasmonic systems.  Phonons for tuning.
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What makes me, me?

EnvironmentGenetic, Intrinsic

Takeaway: AND
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Graphene DNA & the Hype Train
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DNA:Origin of Properties
Periodicity

Bandstructure

Properties
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DNA: Graphene Tunability

Tunable Resistance

Graphene Transistor

Leonard, Spataru, Goldflam, Peters, Beechem. Sci. Reports. (7) 45873. 2017 

Tunable Interband

Tunable Intraband



Env:Graphene & Peer Pressure

Pop et al. MRS Bull. (37) 1273. 2012
Dean et al. Nature Nano. (5) 722, 2010
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How to increase light-matter interaction?

Problem: 5% Not Enough Tool: Graphene Plasmons

f=0.1eV f=0.75eV

Field Confinement + Tunability

Existence Proof: Home Pregnancy Tests…err...Lateral Flow Assays

Illustration: nanohybrids.net Image: nanocomsix.com

Goal: 
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Method & Approach

Multiphysics Materials Electromagnetic Modeling

Assess Dielectric Influence

SiO2 HfO2 MgO
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Tunabilty via Graphene and…?

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

Takeaway: 
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“Surrounding” Absorption
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Goldflam, Fei, Ruiz, Howell, Davids, Peters, Beechem. Optics Express (25) 12400. 2017 

Takeaway: PHONON
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Real-World Demonstration

Goldflam, Ruiz, Wendt, Howell, Beechem. Under Review.
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s • Scalable (continuous/unpatterned) graphene

• Protected graphene

• No contact to graphene in active area
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Gate Tunable Reflectance

1012.5 8

Wavelength (μm)

1012.5 6.25
Wavelength (μm)

Goldflam, Ruiz, Wendt, Howell, Beechem. Under Review. 23



Why does it work?

max

min

0.4 eV 0.8 eV

1050 cm-1 (9.5 μm) 1050 cm-1 (9.5 μm)

1260 cm-1 (7.9 μm) 1260 cm-1 (7.9 μm)

0.4 eV 0.8 eV

EZ

0

1012.5
Wavelength (μm)

f=0.75eV

Plasmon Dispersion

Goldflam, Ruiz, Wendt, Howell, Beechem. Under Review.
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• Tuning occurs when plasmon is excited

• Plasmon dispersion defined by surrounding 
dielectric

• Spectral selectivity based on dielectric phonons
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Phonons for Infrared Tuning
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Premise: 
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