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Atoms are the 
building blocks of 
Materials



Meta-atoms are 
the building 
blocks of 
Metamaterials

This is the metamaterial

These are the meta-atoms

(and are normally smaller than 
the wavelength – just like atoms)



‘Perfect’ and 
ultra-thin 
lenses



Invisibility 
cloaks



New forms of 
ultra-fast and 
efficient 
computing



Exeter 
Cathedral

Plasmonic 
Meta-atoms



Gold Rush – how to make your own metamaterial 
Controlling the electric fields in a material (permittivity, e)

IRE Transactions on Antennas and Propagation 
( Volume: 10 , Issue: 1 , January 1962 )



AMBITION

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, …



Light always travels in a … 
straight line



Light always travels in a … 
straight line



Q: What is the 
quickest way to 
get from A to B?

A

B

Light follows the path that takes the least amount 
of time i.e. Not necessarily a straight line!

Pierre de 
Fermat
1607-1665



Cold

Hot

“The path followed by a light ray between two 
points is the one that takes the least amount of 
time”



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

We are warping 
space!
There is a 
region of 
space, where 
rays cannot 
reach 
(invisible)!

Through engineered 
structuring, 
metamaterials 
enable



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 m and e

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

Constitutive 
relations



D. Schurig, et al. Metamaterial Electromagnetic Cloak at Microwave Frequencies. Science 314 (2006)

Bare Object:

Cloak + Object:

Object 
Visible!

Object 
Cloaked!



Metamaterials

Controlling Waves and 
Information through Engineered 

Structure.
| Photonics | Magnetics | RF  Microwave  mm-

wave | | THz | Structural  Vibration  Mechanical |                    
| Acoustics | Thermal | 



Metamaterials at Exeter

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

CMRI includes

• PhD Programme
• MetaHUB (lead)
• Meta4D (partner)
• UK Metamaterials Network (joint lead)

www.
metamaterials.
center



CONTACT US: 

e Info@metamaterials.network | W www.metamaterials.network | LinkedIn: Metamaterials Network

UK METAMATERIALS NETWORK

PROF ALASTAIR HIBBINS | DR CLAIRE DANCER | DR HELEN RANCE 

University of Exeter
Joint-lead UKMMN

University of Birmingham
Joint-lead UKMMN

University of Exeter
Science and Strategy 

Manager UKMMN

Driving leadership in metamaterials for prosperity, national security and 
resilience

mailto:Info@metamaterials.network
http://www.metamaterials.network/


Health

AviationSpace

ωi. = dH
dE=iωB

➢ To provide leadership to 
drive the national 
metamaterials agenda

➢ To bring together 
metamaterials stakeholders 
from all domains and 
sectors

➢ To enable the full utilisation 
of the UK’s metamaterials 
research and exploitation 
capabilities

875+ Academic Members |
160+ Industry Members |145+ Other Members

Working 
with ...

LEAD INSTITUTIONS
£1 MILLION

FLEXIBLE 
FUND

Making the UK a Science and Innovation Leader in Metamaterials



News and reports available at www.metamaterials.network and the LinkedIn pages of the Network, MetaHUB and CMRI



OPPORTUNITY 
SECTORS & 

CONVERGENCE WITH 
FRONTIER 

TECHNOLOGIES

Government Office for Science Rapid Technology 
Assessment for Metamaterials (2025)

https://assets.publishing.service.gov.uk/media/67b8a6954ad141d9083533ef/Summary_Report_Metamaterials.pdf
https://assets.publishing.service.gov.uk/media/67b8a6954ad141d9083533ef/Summary_Report_Metamaterials.pdf


ELECTROMAGNETIC METASURFACES:
ACHIEVE BETTER (ANTENNAS FOR DEFENCE)

SAME PERFORMANCE BUT CONFORMAL

MORE BANDWIDTH & THINNER



WHAT NEXT WITH DUAL-USE 
ELECTROMAGNETIC METASURFACES?

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.5c11908 )

Zhou Y, International Journal of Microwave and Wireless 

Technologies. 2023;15(10):1758-1767. 

doi:10.1017/S1759078723000466

https://www.electronicsforu.com/news/smart-surface-

boosts-6g-reliability

https://pubs.acs.org/doi/10.1021/acsnano.5c11908




METASURFACE WAVEGUIDE AR DISPLAY SYSTEM

https://www.eurekalert.org/multimedia/1073050 by Zhongtao Tian et al.

Optical functionality that would 
traditionally require bulky lenses and 
prisms is instead performed by 
precisely engineered metasurfaces



ADVANCED CAMERA SENSOR TECHNOLOGIES USING 
METASURFACES

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 filtering pixel technology



Multimodal imaging for the next 
generation of computer vision

TRANSFORMING HOW MACHINES SEE



“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.”

Laura O’Shea, Senior Researcher, Pentland Brands Ltd

METAMATERIALS FOR HEALTH, WELLBEING & INCLUSION



• The first synthetic molecular auxetic:

• Impact resistance

• Delamination resistance

• The materials are patented liquid crystal 
elastomers 

• High optically clarity – suitable for glass

• Scalable and easily manufactured.

Under strain the elastomer initially 
narrows, then gets thicker!

Impact resistance on glass

PU film +Auxeflex 
protection



ACOUSTIC METAMATERIALS



ACOUSTIC METAMATERIALS FOR 

NOISE REDUCTION



Join the UK 
Metamaterials 

Network
metamaterials.network

Work with the 
Centre of 

Metamaterials 
Research & 
Innovation

metamaterials.center
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