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Gold Rush — how to make your own metamaterial of Exeter

Controlling the electric fields in a material (permittivity, e) Centre for Metamaterial

Research and Innovation

UK
META
MATERIALS

VOLUME 76, NUMBER 25 PHYSICAL REVIEW LETTERS Plasma Simulation b}. Artificial Dielectrics
and Parallel-Plate Media® NETWORK
Extremely Low Frequency Plasmons in Metallic Mesostructures WALTER ROTMANT, wEwEER, mE
J.B. Pendry va |k
The Blackett Laboratory, fmperial College London SWT 2BZ, United Kingdom *8 {
|
A.J. Holden and W. J. Stewart el | 1 |
GEC-Marconi Marerials Technology Lid.,, Caswell, Towcester, Northampronshire NN12 8EQ, United Kingdom 0| ii z'
i 4 1
L. Youngs e | ¢ e
Defence Research Agency Holton Heath, Poole, Dorser BHI6 6JU, United Kingdom = }

(Received 22 December 1995) (a)

The plasmon is a well established collective excitation of metals in the visible and near UV, but at
much lower frequencies dissipation destroys all trace of the plasmon and typical Drude behavior sets in.
We propose a mechanism for depression of the plasma frequency into the far infrared or even GHz band:
Periodic structures built of very thin wires dilute the average concentration of electrons and considerably
enhance the effective electron mass through self-inductance. Computations replicate the key features
and confirm our analytic theory. The new structure has novel properties not observed before in the
GHz band, including some possible impact on superconducting properties.  [S0031-9007(96)00491-7]

IRE Transactions on Antenna gation

(Volume: 10, Issue: 1, Janu

Al



AMBITION

University
of Exeter

Centre for Metamaterial
". Research and Innovation

To design new materials with the parameters we need for
devices.

i.e. control the interaction of energy and information with
materials

Not just light, but heat, sound, vibration, microwave, THz, ...
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We are warping
space!

There is a
region of
space, where
rays cannot
reach
(invisible)!
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Through engineered
structuring,
metamaterials
enable

control of the refractive index
and hence control the path that
light takes



But REFRACTIVE
INDEX alone is
not enough...

Reflections are caused by a
change in IMPEDANCE, Z

Refractive index is the product of
permittivity e (how it responds to
electric field) and its permeability

m (equivalent for magnetic
fields).

Impedance is the ratio of mand e

METAMATERIALS allow us to
engineer these parameters at the
point of design and fabrication

Constitutive

relations
D=ce-E+1¢-H

B=pp-H+ (- E
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D. Schurig, et al. Metamaterial Electromagnetic Cloak at Microwave Frequencies. Science 314 (2006)
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| Photonics | Magnetics | RF - Microwave - mm-
wave.|4THZ | Structural - Vibration - Mechanical |
| Acoustics | Thermal |



University Metamaterials at Exeter oS08 www.
Of Exeter : metamaterials.

Novel solutions for today's technological problems; new
Centre for Metamaterial science for tomorrow's challenges.

Research and Innovation

Acoustic, Fluidic and Elastic Electromagnetic Metamaterials Magnetic Materials
Metamaterials
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Management of signals and digital Engineering and characterisation of
data: From processing, modulation, improved materials to harvest,

Quantum and 2D Materials Theory, Modelling and Design and transmission to absorption and store, transmit, and save energy.
storage.
Health Security & Defence
I
CMRI includes | 74
'
* PhD Programme
e MetaHUB (Iead) From antibiotic therapy and Materials for acoustic, biological,
targeted drug delivery fo cancer chemical, and electromagnetic
[ ]
M eta4D (pa rtner) applications to protect goods and

detection and novel microscopy

« UK Metamaterials Network (joint lead) e people.



UK METAMATERIALS N M

Driving leadership in metamaterials for prosperity, na
resilience

PROF ALASTAIR HIBBINS | DR CLAIRE DANC
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University of Exeter University of Birmingha
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Engineering and
Physical Sciences
Research Council

CONTACT Us:

e Info@metamaterials.network | W www.metamaterials.network | Linkedin: Metamaterials Net
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Making the UK a Science and Innovation Leader in Metamaterials

» To provide leadershipto  » To bring together » To enable the full utilisation
drive the national metamaterials stakeholders  of the UK’s metamaterials
metamaterials agenda from all domains and research and exploitation

sectors capabilities

Working 2l caTAPULT rove:

with ...

High Value Manufacturing

Innovate Business
ic Members |

Members | 145+ Other Members
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Aviation

LEAD INSTITUTIONS

£1 miLLION
M University gz FLEXIBLE UK
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> $10. 7 META
MATERIALS
BILLION NETWORK
global market
value by 2030 for
metamaterials.
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Govemnment
Office for Science
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MET.
MATERIALS

Advanced materials with engineered structures
that give them advantageous properties beyond
those of their constituent materials.

CONTEXT FUTURE THINKING

Meatomaterniols present opporty % Matomaternols ore increasngly
conmdared ¢ nt for future n

Reference: iuk-business-connect

I1ST&4TH

1st globally for research impact
and quality by FCR 2018 - 2021.
4th globally for overall research
output in 2018-2022.

te ologles such o
of metamateriol t

Source: Dimensions FCR: Field Citation Rati

TECHNOLOGY

M aterials are mode up of ity optics
Vo tub-structiuret known gt matenals, ¢

3D Nanoscale Metamaterials
Provea saemes __for_ a Sustainable Future

Research Counci,

Fresh funding for Exeter research hub
creating new medical sensors and
healthier soft drinks

Researchers in Eseter have today (Saturday 24 May) been
selected 10 host a state-of- the-art facility Seveloping new
materials designed at MiCroscopic scale

HENRY

NG €77

PEPSICO
‘PROJECT [dstl] catAPULT 2 L EONARDD
Partners High Volue Manufacturing

v UP,
PDRA yrs | S IOP Institute of Physics

NEW FUNDENG
FOR EXETER
RESLARCH HUB

academics |

B UNIVERSITY OF ARDIF ) i
BUNIVESITY OF (U:N.SERS,TE : > Commercialising metamaterials

lé?il):/%%ietly University of ERiccon : A physics community perspective
; ot o g St Andrews  (A'RDY®D K[NG'S
et nan sbmsdy stvacy Contes fociys University of College
DU, e T - Research and SOUthClmpton LONDON

Innovation



Transport Energy& Aerospace
Net-zero & Defence
Deployment
Radar-
stealthy
Wind Enhanced
Turbines Antennas
Development
Solar Sensing/
Panel Targeting
Design
Space-
based
Solar Power
Terahertz
Passive Sources
Thermal
& Noise
Management
Research Signature
Reduction &
Management
Critical
Mineral
Replacement
Cryogenics  space Nuclear
Reactors &
Propulsion
Systems
Efficient
Displays/
Signs Lightweight,
Ultra-stiff
components

Future
Telecoms

Noise
Reduction

Wireless
Power
Transfer

Performance/

Protective
Wearables &
Equipment

Electro-
magnetic
Shielding

Point of Care
Diagnostics

Reconfigurable
intelligent
surfaces

Smart
Implants,
Prosthetics,
and Tissue

Engir ng
High Power i lngaals

Efficient
Radio-
frequency

5G/6G

Extreme
Bandwidth
Antenna

Health-
sensing
Wearables

Construction
Materials

Quantum
Communications

Antimicrobial
Surfaces

Drug
Delivery

Healthcare Photonics
& Sensing

Filters

Ultra-thin
Lenses

Anti-

counterfeiting

Augmented
Reality

Single
Molecule
Chemical

Sensing

Miniaturised
Cameros

Quantum
Computing

Optical
Computing

OPPORTUNIINE -0
ECTORS L

GENCE Wilia

META-
MATERIALS

Advanced matrials with ongineered structures

those of their constituent matorials.

CONTEXT FUTURE THINKING

HNOLOGIES

Nanotechnology 2D Materials

Semiconductors

Future

Engineering

Biology Telecoms

Metamaterials

Future Computing

Energy & Net Photonics

Zero



https://assets.publishing.service.gov.uk/media/67b8a6954ad141d9083533ef/Summary_Report_Metamaterials.pdf
https://assets.publishing.service.gov.uk/media/67b8a6954ad141d9083533ef/Summary_Report_Metamaterials.pdf
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ELECTROMAGNETIC METASURFACES: ..
ACHIEVE BETTER (ANTENNAS FOR DEFENCE)

ARL

* Highly magnetically permeable composite material that exhibit anisotropic
magnetic properties.

UNCLASSIFED The Nation’'s PremierLaboratory for Land Forces

SAME PERFORMANCE BUT CONFORMAL

Benchmark non-metamaterial Metamaterial antennas
antenna

MORE BA
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WHAT NEXT WITH DUAL A e

ELECTROMAGNETIC MET.

Image courtesy and copyright of Southampton University
Production-Ready Double-Sided Fabrication of Dual-Band Infrared Metaoptics

(For further information: https://pubs.acs.org/doi/10.1021/acsnano.5¢11908 )
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https://pubs.acs.org/doi/10.1021/acsnano.5c11908

Metamaterials for food applications @@} Universsity () pepsico

John Bows (PepsiCo R&D) and Cameron Gallagher (University of Of Exeter

Exei’er) Centre for Metamaterial
Research and Innovation

/ Objective. Design and validate frequency-selective metasurface for microwave heating of food

Food. Drinks. Smiles.

Rationale. Solid state fixed-frequency microwave ovens launched 2019, unlocking potential for
multi-frequency microwave ovens and innovative food microwave active packaging opportunities

First microwave ovens to use solid Exeter designed and prototyped frequency-selective metasurfaces

state microwave energy generation R R —— Sass
instead of magnetrons vg%vg?gvgg 63'3

CSh @é@é%

-&%vei%w&%&%v

ERARERAREE

7 resonant frequency
metasurface

<& ||

S.. |2
l 11' 0.4

—

Miele Dialog 0.9 GHz  IBEX 2.45 GHz ' ,

Upper. Thermal images of model food after microwave heating
at 2.45 GHz in QinetiQ test oven
Lower. Metasurface cells placed on top of model food increased
the heating rate of the model food underneath.

Computer-led design
of metasurface

—Hex, agon
0.2 —— Square
Triangle

QinetiQ designed and built a 0.9 - 6.0 GHz 0 z . . : o
solid state test microwave oven Freq uency, GHz

The views expressed in this slide are those of the authors and do not necessarily reflect the

hitps://www.exeter.ac.uk/research/metamaterials/expertise/casestudies/cs-microwave-food/ position or policy of PepsiCo, Inc. John Bows is an employee of PepsiCo, Inc.
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https://www.eurekalert.org/multimedia/1073050 by Zhongtao Tian et al.
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ADVANCED CAMERA SENSOR TECHNOL(
METASURFACES

metahelios

Smartphone image sensor technology

Metasurface based camera chip colour filters are
set to revolutionise the industry by enhancing visual
clarity and by significantly simplifying
manufacturing supply chains.

Metahelios’ technology captures colours in photos
with far superior colour definition

Superior sensitivity | Superior colour sharpness | Bayer filte
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TRANSFORMING HOW MACHINE WA rareeiace

MATERIALS METASURFACE Al PROCESSING MATERIAL COMPOSITION

W PET
HDPE

...........

— Cellulose
LT ¢ —H S Cotton
: W 0 Metal

W Glass

Tgteed b4 o JIENY e J =
g ee : g 4 3 5 [ Other

¢ NS

|| l‘

Prospectral oM | .' .

Multimodal imaging for the next
generation of computer vision
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METAMATERIALS FOR HEALTH, WELLB MaTELs

“Metamaterials have vast potential to revolutionise sports and
active lifestyle products, unlocking new performance and

making them more inclusive to suit a diverse range of users.”
THE ROLE OF
ENGINEERING

Laura O’Shea, Senior Researcher, Pentland Brands Ltd IN SPORT.
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Under strain the elastomer initially
narrows, then gets thicker!

* The first synthetic molecular auxetic:
* Impact resistance

* Delamination resistance

* The materials are patented liquid crystal
elastomers

A ':.n 'q.i -.‘-VQ;" - :._‘. 4. ' ,'. \'..
: ance on glass

* High optically clarity — suitable for glass

* Scalable and easily manufactured.

+Auxeflex
protection
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INNOVATORS IN SOUND

ACOUSTIC METAMATERIALS

Absorber

KEF R3 Meta review
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KEF Metamaterial
Absorption Technology
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Commercialising Metamaterials

Translating UK academic research excellence into products,

Resilient communications

P N companies and industrial capability
DEFENCE & SECURITY —)
Conformal antennas
Stealth & sensing —=

- ‘/

AEROSPACE & SPACE /
Embedded antennas Y \

| , _—
Lightweight structures | /aff:f | B 4
Satellite systems - S //

ENERGY & SUSTAINABILITY
Thermal management
Energy harvesting
Net zero solutions

ADVANCED MANUFACTURING
Additive manufacturing
Multifunctional materials
Metamaterial composites

CONTROLLING WAVES AND INFORMATION
THROUGH ENGINEERED STRUCTURE e

COMMUNICATIONS
5G/6G networks

Intelligent surfaces (RIS)
Connectivity everywhere

IMAGING & SENSING
Compact cameras
Spectral imaging
Machine vision

HEALTHCARE
Diagnostics

Biosensing & wearables
Medical devices

ACOUSTICS
@ Noise & vibration control

Acoustic cloaking
High-performance sound

DESIGN W] PROTOTYPE '\ A SCALE-UP N\ @ _ MANUFACTURE DEPLOY
Materials by A/ Demonstrate & = l Validate & ) h Scale, quality & - Products, systems
design & Yﬁ de-risk E!_ attract investment /. supply chains »7 & real-world impact
simulation = S/ —
UK RESEARCH :@: INNOVATION PRIVATE HE NEW PRODUCTS 000 HIGH VALUE JOBS GLOBAL IMPACT
V* EXCELLENCE “\™  LEADERSHIP INVESTMENT ﬂ & COMPANIES & GROWTH & LEADERSHIP

«  DOE#O
M
Join the UK

Metamaterials

Network
metamaterials.network

Work with the
Centre of
Metamaterials
Research &

Innovation
metamaterials.center

University
of Exeter

Centre for Metamaterial
Research and Innovation
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