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Metamaterials
In RF industry

http://www.frecnsys.com/


METAgenierie 201706/07/2017 2

Pipeline, Alaska
Temperatures < -50°C,
Humidity, Condensation,
remoteness

Turbines
Temperatures > 500°C,
Rotation speed (3000 rpm),
Magnetic fields

Core business :
Harsh environment  and RF-ID, Tag

Sensors wireless and battery less
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Core business :
Filters et sources (signal processing et metrology)

Spatial Telecom

Defense
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RF applications in industry

ISM Band is missing at 434MHz in US
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RF applications in industry

Filters
100GHz - 3THz 
radioastronomy.

20GHz - 100GHz 
satellite for ground 

exploration, 
radiolocation, 

miliitary target.

100MHz-10GHz
Military  and tactic 
Communication.

800MHz-2GHz
GSM,WIFI, 

bluetooth, LoRa

Sources
315kHz, 

405kHz,1,215G
Hz,1.5GHz

GPS

20GHz-100GHz
GSO

4GHz-25GHz
Military andd 
civil Radar

RFID/wireless 
applications

medical implant 
9kHz 15kHz, 

13MHz, 6MHz, 
26MHz, 40MHz

Passive  and 
active sensors

433MHz

identification
 2.45GHz, 

5.7GHz, 24GHz, 
59.3GHz

Target for RF industry
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Technologies division in RF industry

RF360-TDK-EPCOS
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Elastic waves Devices in RF industry

BAW : 
Bulk acoustic waves :
FBAR

SMR

SAW:Surface Acoustic 
Waves

HBAR
Filtres à ondes de surface, P. Defranould, P. Wright

Composants acoustiques utilisés pour le filtrage, S. Ballandras, W. Steichen

QF : 1014

(world record)

Technology frec|n|sys
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Piezo material in RFy industry

Attention : temperature compensation in filter but sensors sensitivity
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SAW devices - Architectures

Resonators:
● sensor
● Source
● Filter

Delay line, Tag :
● sensor
● User ID

Patent :« SAW-Tag » temperature sensor able to 
operate up to 1000°C with identification capability
(EC Patent application #11 50476)

Patent :Dispositif de capteur à ondes élastiques 
de surface à réponse électrique stable
(EP #15198414)

Usally made by metallic deposition, mirrors can be process by etching  

Resonators size : from 1mm² to 50 mm^2

Delay line size tipically less than 1mm width and 4mm long
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SAW devices : Bandgaps, parameters

APPLICATIONS : mirror cavity ou confinement 
ALTERNATIVES : Phase celerity  to confine wave  (Vfr>Vg) (LOVE waves, bus effects)

Parameters for SAW
Layer thickness (spectral position, reflexion, devices length)
Metal ratio (spectral position, reflexion, devices length)
Wave celerity (spectral position)
Electromechanical coupling (band width)
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SAW devices :Bandgaps : technology

Thin Layer deposition
SMART-CUT

Gold/gold bonding
1) ion implantation

Courtesy of IJL Nancy

AlN/sapphire 

Zn0/Si

http://www.helmholtz-berlin.de/forschung/enma/si-pv

SOI - POI
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SAW applications: main waves
● Rayleigh waves: filters and 

resonators
● Transversal waves : IF 

band TV and satellites 
(love, lamb) 

● Leaky wave high coupling 
for wide band but high 
losses

Royer Dieulesaint

Rayleigh

Lamb

Love
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Saw application: architecture in RF industry

● Classic filters : sources balancing

Wide devices
But wide 
application

Source TEMEX
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Saw application: architecture in RF industry

● fanshaped filter: wide band. High losses 

Source TEMEX
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Saw application: architecture in RF industry

● Les filtres DART (distributed Acoustic Reflection Transducer): Improve 
insertion losses. Used with fanshapped.

Source TEMEX
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Saw application: architecture in RF industry

● Electrical coupling, ladder sample: sharp edge band, high power resist, poor 
remote rejections, low insertion losses, bulky devices

Source TEMEX
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Saw application: architecture in RF industry

● Acoustic coupling: low insertion losses (cascade), high remote rejection

Source TEMEX

Narrow band LCRF Wide band DMS
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Saw application: architecture in RF industry

● Transversal coupling, TCRF: low insertion losses (cascade), high remote 
rejections, very narrow band



METAgenierie 2017

Saw application: architecture in RF industry

● Elimination of transversal modes. out of TCRF, transversal modes are 
spurious :
● Apodization ● Cross networks

Patent
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SAW applications : S – C band resonators

patent FEMTO-ST :  Abdelkrim Khelif, Application Murata, SOITEC  US8138856 (B2), 2012-03-20,  

● Overcome SAW technological limitation : wave guide from 2 to 6GHz 
● For leaky wave with hidh coupling coefficient

● Thermal compensation : CTF
SiO2

=-80ppm/K

SOI - POI
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SAW applications : remote interrogation

Interrogator
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SAW applications: temperature sensor on 
quartz @433MHz

R1

R2

Device Size 3x3mm2
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SAW applications: sensor temperature on 
quartz @433MHz
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SAW applications : HT sensor on LGS@433MHz

Apodized ransducer Size :
200µm width and 300µm long
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SAW applications : pressure and 
temperature sensor on quartz@433MHz
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SAW applications : Chemiccal and 
biological sensor @433MHz

Operating principle :
● 2 delay lines

● reference
● functiunnalized

● Adsorption paticule on surface
● Celerity varaition
● Phase variation
● Attenuation

Lab on chip

Exemple d’onde love pour la détection de CO utilisant les corolles de cobalt
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SAW applications : temperature sensors on 
LiNbO3@2.45GHz

Patent : « SAW-Tag » temperature sensor able to operate up to 1000°C with identification 
capability
(EC Patent application #11 50476)

SAW-TAG

antenna Total size:0.9cmx1.7cm
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SAW applications : temperature sensors on 
LiNbO3@2.45GHz
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RFID applications division: products

Applications Production 
process 
management 
(traceability)

● Containers 
identification

● Cold 
traceability

● Military or 
civil logistic

Containing 
identifications 
(management : 
palettes...)

Identification et 
traceability 
(clothes, 
drugs...)

Identifications : 
trees, 
Construction 
equipment...

Technology Passive RFID 
or  battery 
assisted

Active RFID RFID passif or  
battery assisted

Passive RFID Passive RFID 
or battery 
assisted

Frequencies 125kHz 
13.56MHz

2,45GHz 125kHz, 
13,26MHz, 
2.45GHz

13,56MHz 125kHz, 
13,26MHz, 
2.45GHz
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RFID applications division:  vehicules

Applications Électronic Toll Urban toll 
vehicule tax

Fleet 
positionning

Parking 
management

Access control 
(entry or exit)

Technology Active RFID (en 
france) Passive 
RFID (au 
canada par 
exemple)

RFID actif or 
Passive RFID

Active RFID Passive RFID 
or battery 
assisted

Passive RFID 
or battery 
assisted or 
active RFID

Frequencies 2,45GHz, 
5,8GHz

2,45GHz, 
5,8GHz

2.45GHz 13,56MHz, 
2,45GHz

125kHz, 
13,26MHz, 
2.45GHz
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RFID applications division:  persons

Applications ID card Electronic 
purse (money)

Transport ticket Risky area 
positionning 
(resue or fire 
men, 
montain,...)

Access control, 
schedule 
management

Technology Passive RFID Active RFID Passive RFID Active RFID, 
progress in 
passive

Passive RFID

Frequencies 13.56MHz 13,56MHz 13,26MHz 2,45GHz 125kHz, 
13,26MHz, 
2.45GHz
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RFID applications division:  animals

Applications Pets 
identification

Farm animals 
identification

Competition or 
pleasure 
animals 
identification 

Laboratory 
animals 
management

Technology Passive RFID Passive RFID Passive RFID Passive RFID

Frequencies 134,2kHz 125kHz, 
134,2MHz

134,2kHz 125kHz, 
134,2kHz
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Conclusions and perspectives
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