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loss fundamentals
*MPP HPC design environment
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*low-n polymer 3D matrix materials



Concept of Metamaterials
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In a conventional material, the n a metamaterial, €., |1 are derived from
permittivity &, & permeability p are “meta-units”
derived from the (bigger than atoms, << )
constituent atoms

Absolute local control of cand u

~ refractive index: n = jpss
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RF/Microwave Metamaterials
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“}@ RF/uWave Designs - IR/Optical
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Material [ * Maximum ¢_and p. are OOM smaller than for RF frequencies

Challenges | s Metals become lossy at IR and optical frequencies

[« Linewidths require advanced lithography
* Most advanced lithography techniques have short depth of focus —
Fabrication _ can only form planar patterns
Challenges | o post processing assembly not possible at these size scales —
Full resonator must be fabricated in place
. Out of-plane features are limited in aspect ratio by typical

etch/deposition methods @ o
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IR and Optical Metamaterials
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Stacked Planar Out-of-Plane Current
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* Out-of-plane resonators
* Planar lithography

* Arbitrary patterns : Deposit
* Cavity geometry independent Membrane
from resonator pattern

* Scalable
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Projection at 45°
Preserves Pattern

Shape
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Real Membranes result in Linewidth Clipping

Real Membranes result in Linewidth Clipping

Vanishing Thickness Finite Thickness
Membrane Membrane
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Self-Aligned MPL

Metamaterials Science & Technology

Starting
~_ Substrate D i
Advantages Sl eposit
\ "~ Membrane
» Self-Aligned Directional - 7> (S ) A

Eva poration

* Non-planar resonators
* Planar lithography

* Arbitrary patterns

* Scalable
 Layer-by-layer - 3-D

Pattern
~~._ Membrane

. Dissolve Out
; 5 Cavity

Directional | (, )
Eva poration f‘ TIII'.\‘KL;?::\?-_._ ' ’f/;;/;/ I|I
B

S

) %j"’f K\ ( @) A;’f/f“' '
e & N Directional
Evaporation

Directional
Evaporation

LABORATORY DIRECTED RESEARCH & DEVELOPWENT
- LavuiawntS



SAMPL — Patterned Membranes
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Curved SRRs via MPL

Increasing Bowl Radius
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Advantages

* Self-Aligned

* Non-planar resonators
* Planar lithography

* Arbitrary patterns

* Single Evaporation Step
* Scalable
 Layer-by-layer - 3-D

Caveats

* resonator cavity and
pattern are tightly coupled
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Fabrication of Out-of-Plane
MM Resonators

Single Evaporation
Self-Aligned
Membrane

\ Projection
Lithography

Un-Normalized Normal Incidence
FTIR Transmission Data
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Impact of Out-Of-Plane Resonators

1. Resonance shift due to projection of pattern out of plane
2. Resonance broadening. @ Sandia
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Calculating Induced Magnetism
For A Planar Current Stripe
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_omputation Cell for Single Stripe Geometry

Metamaterials Science & Technology

L=1pum
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Simplified Current Model: Simplified Current Model:
Assume E-field induces a constant current with Assume E-field induces a constant current with only
onlyn X-component. an x-component — curvature of metal also creates z-
he) component.
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Arc Length Dilation
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Strength of MagneticDipole

_ Effect of Adding Curvature: Single Stripe
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Computation Cell for
Split Wire Pair Geometry
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Top-Down
Schematic of
SWP Membrane
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Effect of Adding Curvature: SWP
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Tunable Non-Zero m, and m,
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Simplified Current Model
Biot-Savart vs FDTD
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1. MPL offers a fabrication route to 3-D IR/Optical
Metamaterials.

2. Vision - Hand crafted unit cells with fully 3-D
current flow — leveraging symmetry, geometry and
material.

3. Expand modeling and simulation capabilities to
develop intuition for design space using MPL.

Sandia
National
Laboratories

LABORATORY DIRECTED RESEARCH & DEVELOPMENT



Metamaterials Science & Technology

Backup
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Clipping on 1
Top and bottom <«—
Of membrane ! !

Ideal Finite Fin_ite
Membrane Thin Thick
Membrane Membrane

For evaporation at 459, projected linewidth is decreased
by the thickness of the membrane.
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Induced Magnetic Response
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Magnetic Field Magnetization Vector

By u) = A

IRI®

— 1 - =
#ofz(dl’xR) MEZZT:JX]E

“Lever Arm”

R Sandia
LABORATORY DIRECTED RESEARCH & DEVELOPMENT National .
Laboratories




Bulk Material Property

Both the material parameter p and the
far-field scattering behavior depend on the
magnetization vector of the meta — “atoms”.
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