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B Week 12 - Metasurfaces

Course Timeline

* Introduction < EM Optics < Material * Light * Localized -+ Propagating « Plasmonic
- Ray Optics Response Scattering Surface Surface - Applications
« Wave « Optical « Mie Theory  Plasmons Plasmons
Optics Constants
Mm
*Gratings «Stratified Media *Photonic *Metamaterials +Metasurfaces <Applications of <Lab Tour
*Transfer Matrix Crystals Metamaterials -No Exercise
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Last Week: Metamatenals

1. Electromagnetic Properties and Refractive Index

2. Negative Refraction Makes a Perfect Lens

2000
1500
1000
500
0

Z(nm)

=500 §

—1000

-1500

—2009060" —1000

0 1000 2000
X (nm)

[4]

d

(%)

VAV VY AVAYVAYAV. Ve y
£(w)
X l
z
Z-axis
Object Metallic Image
Plane Slab Plane

(%]

Stavros Athanasiou



=PrL

B Week 12 - Metasurfaces

A note

Last week, we tried something like

print(

5 — _1 - 0-5’6.7 ll/ — _1 - 0'1@.' show_field_in_space(nl

Imaginary part of epsilon * mu:

Did not find a physical kz.

And there seemed to be a problem

Traceback (most recent call last)
Inf11],
. — 0 print( "Imaginary part of epsilon % mu:\t", np.imag( ilon2 * mu2 ) )
with the code. >

show_field_in_space(nl=nl, eps lon2, mu2=mu2, theta_inc=theta_inc,

14 wavelength=wavelength, only_incident=True)

L In[10], 4
42 z = np.linspace( zmin, z_interf, 100, endpoint=False)

In fact, there is not! U e R

= » 2=Z, the a_inc, ps2=eps2, mu2=mu2,
wvl=wavelength, only_incident=only_incident)
# upper plane

x = np.linspace( xmin, xmax, 200 )

Why? This choice does not Heter

42 # compute Fresnel coefficients
) rTE, tTE = fresnel_TE(epsl=epsl, mul=1.0, eps2=eps2, mu2=mu2, wvl theta=theta)

45 if not upper_plane:

satisfy the physical constraints o o e

kzl = k@ * np.cos(theta) * nl

rTE = (mu2 * kz1 - mul * kz2) / (mu2 * kzl + mul *

we imposed. (see last week presentation) et g g g O

unsupported operand type(s) float' and 'NoneT)

Output is truncated. View as L ent t editor. Adjust cell output

F
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1. A Damped Oscillator in an External Field
wb,Yb wd’vd

2. Studying Phase Shifts with Simple Oscillators

3. Mechanical Analogue of Fano Resonance g
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A Simple Metasurface / 1

Consider the following metasurface.

» Each unit cell contains a series of

structures, called meta-atoms.

= Under the dipolar approximation, we can
treat them as simple classical

oscillators, with amplitude and phase

oxox

OG OD O

Unit cell which repeats itself.
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A Simple Metasurface / 2

Following the generalized Snell law
1 do(x)
dor '’

sinf, — sinf; =
n1ko

we can realize anomalous

reflection/refraction.

In our simple model of oscillators, each
oscillator needs to oscillate at different
phase and collectively generate a

phase shift.

B

y-polarized incidence from
collimated quantum
cascade laser (A,=8um)

ordinary
anomalous reflection
reflection \\
' gradient of
6,) ; phase shift
y__silicon |, d®_,
i dx
anomalous
refraction ordinary
refraction

Nanfang Yu et al. Science 334, 333 (2011)
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Fano Resonance / 1

We can model the interference of a dark mode to a bright mode through a

coupled oscillator model.

Reflectance

13 15

Ene1rg1y [eV]

Electromagnetic Problem.

wb,Yb wd’vd

f

Coupled Oscillator Model
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We can model the interference of a dark mode to a bright mode through a

coupled oscillator model.
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Gallinet and Martin, Phys Rev B, 83, 235427 (2011)
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=PFL  Fano Resonance / 2

We can model the interference of a dark mode to a bright mode through a

coupled oscillator model.
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Gallinet and Martin, Phys Rev B, 83, 235427 (2011)
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Fano Resonance / 2

We can model the interference of a dark mode to a bright mode through a

coupled oscillator model.
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