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Core business : MI[JTES

Harsh environment and RF-ID, Tag gg?;ene frecinisys

Sensors wireless and battery less

Pipeline, Alaska Turbines

Temperatures < -50°C, Temperatures > 500°C,
Humidity, Condensation, Rotation speed (3000 rpm),
remoteness Magnetic fields
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Core business : MOTES
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RF applications in industry
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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

]
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Target for RE industry

Sources
315kHz,
405kHz,1,215G
Hz,1.5GHz
GPS

20GHz-100GHz
GSO

4GHz-25GHz
Military andd
civil Radar

Electronic Communications Committee (ECC)
within the European Conference of Postal and
Telecommunications Administrations (CEPT)

METAgenierie 2017
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RFID/wireless
applications

medical implant
9kHz 15kHz,

13MHz, 6MHz,

26MHz, 40MHz

Passive and
active sensors
433MHz

identification
2.45GHz,
5.7GHz, 24GHz,
59.3GHz

€
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: C e : MOTE
Technologies division in RF industry genierie

5017 frecnisys
— DVB-H
O, CDMAS800, GSM900
L GSM1800,CDMA1900, UMTS
< Wifi, WiMAX, etc.
D
o
o

TV IF—
Cordless & cellular IF
Keyless entry, resonators

| L

]
10 MHz 100 MHz 1GHz 10 GHz

RF360-TDK-EPCOS
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Elastic waves Devices in RF industry

MOTES
genierie

BAW :

Bulk acoustic waves : [~— L

FBAR N
I/I':\"l [ 1’-|

SMR i i

Composants acoustiques utilisés pour le filtrage, S. Bal@ndras, W. Steichen

Electrode

HBAR

QF : 10"
(world record)

5017 frecin|sys

SAW:Surface Acoustic
Waves

Transducteurs

bidirectionnels

Absorbeur [ Signal d'entrée Absorbeur

Trajets
multiple

Substrat piézo-électrique /

/

Filtres a ondes de surface, P. Defranould, P. Wright

Technology frec|n|sys
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Piezo material in RFy industry

MIO'TES

genierie
5017 frecin|sys
Material Application | Coupling | Thermal Remarks
factor (max)| sensitivity
LiNbO; SAW, BAW, 45% -90 ppm/K | Ferroelectric & pyroelectric, high
AcoustoOptics industrial reliability, T, >1200°C
LiTa0, SAW, BAW 22 % -36 ppm/K | Id., 525<T , <700°C
KnbO; SAW, 55 % < 1ppm/K | Huge coupling, no provider of f
AcoustoOptics wafers, T, ~430°C
LiB,O;, SAW 3.5% -300ppb/K’ | Water Solubility = dry process
Langasite SAW, BAW 0.4 % -70 ppb/K?* | High operating temp. £1000°C)
Quartz S.AW,‘ BAW, 025% | 40 ppb/K? | The most used piezoelectric material,
vibrating -60 ppb/K* | the less coupled, very high industrial
structures reliability
AN FBAR 1.5% -20 ppm/K | Mainly used m FBAR industry
Zn0O FBAR, Lamb 9% -50 ppm/K | Alternative to AIN, more coupled but
smaller mode velocity
PZT Transducers 0% 1> 50 ppm/K| The king-material for acoustic imagin,

Attention : temperature compensation in filter but sensors sensitivity

METAgenierie 2017
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SAW devices - Architectures genierie
2017

Resonators:
* sensor

e Source

e Filter

frecnisys

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

Resonators size : from 1mm?2 to 50 mm”2

Delay line, Tag :

?b * Sensor

e User ID

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

Delay line size tipically less than 1mm width and 4mm long

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

e
o

METAgenierie 2017
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SAW devices : Bandgaps, parameters genierie
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1 =

0,9 \

0,8
0,7
0,6
0,5
0,4
0,31
0,2
0,1

0

o =

SUBSTRAT PIEZO

0 1 2 3 4 5 6 7 8 9 10
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)

METAgenierie 2017



SAW devices :Bandgaps : technology

MIOTES

Top and bottom g en | e rle freC n SyS

Thin Layer deposition

AlN/sapphire

Courtesy of IJL Nancy

Zn0/Si

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

electrodes - 20 -1 7

High acoustic

quality quartz

SMART-CU Frese e

- 5i, Si0,

) L iCT,a\.c'\}f,BLiNbOs,
SOl - POI

_nangsence (GOlA/g0Id bonding

1) ion implantation

IR,

Cleaning and prepapration

LiNbO3

Surface compression

2) Wafer Bonding

3) Splitting

4) Polishing
Strengthing the prebonding
| |

| — 1
= ]
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SAW applications: main waves

MOTES
genierie

5017 frecin|sys
» Rayleigh waves: filters and Rayleigh
resonators
« Transversal waves : IF 0 T -
band TV and satellites Ty MY a W ¥ 3
(love, lamb) \ e STy TN
« Leaky wave high coupling cassssstlllTISaesss
for wide band but high \|/ ITTITT vl B, TTT T
losses / RnswsessENSmanmmED
%2 a b
Lamb
\ A= e -
u i Love o Ol
L = - 7
- i _ .~ CouCHE g
; < f (vitesse V) -~ -
a é*;y’ h s Sp

SUBSTRAT
(vitesse V' )

Royer Dieulesaint
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Saw application: architecture in RF industry genierie
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» Classic filters : sources balancing

sp1(dB) 20 Phase ()
Ondulations de phase

-10 dans la bande 10
Wide devices - 20 g 0
But wide ~30 -10
application a0 ~20

-50 l“ -30

-60 —-40

=70 T ' ' T | I I 4 | I F I LI L -50

- 80 - 60

Source TEMEX
—-90 I -70
64,99 66,99 68,99 70 70,99 72,99 74,99

Fréquence (MHz)

METAgenierie 2017 F.



MOTES
Saw application: architecture in RF industr =
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2017
» fanshaped filter: wide band. High losses

Sy (dB) 0

-10

-20

-30

M
AU AN QZWW

|[I}

20 60 100 140 180 220 260

Fréquence centrale : 140 MHz Fréquence (MHz)

Bande passante a— 1,5 dB : 74 MHz (52,8 %)
Premier lobe secondaire a gauche : — 45 dB
Ondulation de phase dans la bande : + 2,5°
Pertes d’insertion : 18 dB

Boitier CMS 7 x 5 mm?

Substrat : LiINbO5 128"
Source TEMEX

METAgenierie 2017



Saw application: architecture in RF industry

M[I'TES
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2017

» Les filtres DART (distributed Acoustic Reflection Transducer): Improve

insertion losses. Used with fanshapped.

S,1(dB) 0
A4 308 38 A4 308 -10
e i i i :
E [s] ; i [s] : —20
L] Ay =y
2 [t ——! Nt 2
2] e ] ——leali——l 2] -30 I‘i\_‘
0 | B P —
| }L | | ;'L | ﬂ .\
- 50 —-
[s] ] — —
> 60
I (—I— I I I I —I—) I
[ —1 e 1 ] [ —1 |l
| o | | ~80
W ! A ! 90 110 130 150 170 190
| | | | <
Fréquence centrale : 140 MHz Fréquence (MHz)
Bande de transition (-3 a-32 dB) : 1,6 MHz (1,1 %)
Bande passante : 15,8 MHz (11,3 %)
Premier lobe secondaire a gauche : - 45 dB
Ondulation de phase dans la bande : + 3°
Pertes d'insertion : 7 dB
arw 2
Source TEMEX Boitier CMS 13,3 x 6,5 mm

Substrat : LINbO; YZ

METAgenierie 2017



Saw application: architecture in RF industry
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« Electrical coupling, ladder sample: sharp edge band, high power resist, poor
remote rejections, low insertion losses, bulky devices

$y1 (dB) 0 ——— 05 2%
—————— =l
[1: JA 04 &%
T
-10 ] : 03 &
Entrée o———h——H:" —— I ——————————— I —— |[|}—— ---o Sortie / ;:. 0,2 A
—1 [ |
] L] L] -20 o - 0.1
] 1 T 1 — -} I
— i S 0
p— p— p— p— 1 s
- - - - - 30 ’ :;' -0,1
Résonateurs SAW '
1-port, 1-pbdle \\\ v /"‘""_ -0,2
— 40 \ / -0,3
\\ [ e
=50 -0,6
900 940 980 1020 1060 1100
Fréquence (MHz)
ImY),
Source TEMEX . TTTT ImYssrie
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Saw application: architecture in RF industry
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« Acoustic coupling: low insertion losses (cascade), high remote rejection

Port 1

/—A—\

I

I

frecin|sys

5,1 (dB) 0 r;l\

-40
_50 n h

M[MW | ”W' V‘v”'/\

-70
243,6 245,6 2476 249,6 251,6 253,6

Fréquence (MHz)
Fréquence centrale : 248,6 MHz
Bande passante a- 0,5 dB : 0,32 MHz (0,129 %}
Premier lobe secondaire a gauche : — 38 dB
Variation de temps de groupe dans une bande de 200 kHz : 500 ns
Pertes d'insertion : 4,7 dB
Boitier CMS 13,3 x 6,5 mm?2
Substrat : quartz

Narrow band LCRF

I

Il

}

S (dB) 0

-10

-20

-30

-40

-50

- 60

-70

-80 AN

v

415

440

465

490

515

Fréquence (MHz)

Fréquence centrale : 462,5 MHz

Bande passante a — 1 dB : 10 MHz (2,1 %)
Source TEMEX Pertes d'insertion : 1,3 dB

Boitier CMS 3 x 3 mm?
Substrat : LiTaO3

Wide band DMS

METAgenierie 2017



S licati hi in RF ind i
dw a 1cation: architecture in mndustr ieri
W app y gg?;erle frecnlsys

« Transversal coupling, TCRF: low insertion losses (cascade), high remote

rejections, very narrow band

1| [

1] [

1] [

1| [
| [
1] [
1] [
hY

METAgenierie 2017



MIOTES
lication: archi re in RF industr ieri
Saw application: architecture dustry genierie © ¢ e

2017
* Elimination of transversal modes. out of TCRF, transversal modes are
spurious :

* Apodization e Cross networks

Bus de référence

Bus chayl

Patent US 7,939,987 B1

METAgenierie 2017



2017

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

- Thermal compensation : CTF__ =-80ppm/K

~" ~—

LiTaO, ~

Substrat de silicium

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

SOl - POI

METAgenierie 2017
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SAW applications : remote interrogation genierie
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Interrogation signal

W )

1 |J]
G AvAvh N SAW sensor

Sensor response

Antenna

Interrogator

METAgenierie 2017



SAW applications: temperature sensor on MUOTES
quartz @433MHz 2 el frecinsys

\\\\\\\\me 2017
v i
o,

Device Size 3x3mm?

5 r A L k

Resonateur n™1
0 - 5 40 -
N7 Variation de fréquence résonateur R (bleu) et résonateur T (rouge)
a 20
2 4l N 434.8
c —
g o 2 4346
B T = 4344 R ——
e e e —
=T 8 Z
£ 2% ¢ £ 434.2
g g 8 434
= a 2
T S T 2§ 4338
H [S44] devil —— 80 © - e —
2 Arg(Sy,) devi] — % 334
g —-20 |Sy4| devi2 g 429 9
£ ArgiS,,) devi2 _ag . 4332 ; : , |
[Sy4| deva -50 0 50 100 150 200
ArgiSy,) devii
) r(Sqy) dev: _1a0 température (°C)

432 4325 433 4335 434 4345 435 4355 438
Frequency (MHz)
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SAW applications: sensor temperature on MUOTES

quartz @433MHz g(e)?i?erie frecn[sys

-
[=1]
]
T
1

-

s

[a=]
T

-

]

(==}
T

-
=
=

s

temperature (deg. C)

(=2
L=
T

~+

L
=
T
1

Antenna of the
reader inside the | | : | i

tank 0 5000 10000 15000 20000 25000 30000
temps (u.a.)

=]
(==}
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o MOTES
SAW applications : HT sensor on LGS@433MHz genierie

2017 frecinisys
Langasite — LGS wafers _SA W_resonator
courtesy of FOMOS) built using NIL @ DTI

Apodized ransducer Size :
200pm width and 300um long

oaz . . . .08
& ——
. [
o '_Il"l { o.08
fl { 0.04
.. oo || _
@ : w
5 (| opz g
g oo | || =&
8 1) . &
004 b I| [
{1l 0.0z
]
f
oozl /, k\ { -o.0s
o == —————— | _p.06
— — :rzcacjnm:y -:h::f:- — e 100 200 00 <0 S00 L=uls] TO0
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SAW  applications :  pressure  and MOTES

temperature sensor on quartz@433MHz ~9eniere

2017 frecin|sys

Resonator R Resonator P

Circular

Resonator T

membrane

Resonator T Rezsonator R Resonator P

b
P
|
|
+

ISLL{dR) (MH2)
|l
—
==

—
o mr————

——=T

(a) SAW pressure and temperature s
sensor 0— 10 bars (8x4mm?) g

.

Frequency (MHz)

{c} 511 modulus variation for the SAW pressure and temperature sensor
when overpressure varies from 0 to 5 bars

=

(b) Cross section of the micro-machined
circular membrane

METAgenierie 2017



SAW applications :
biological sensor @433MHz

Chemiccal

and MITES

T RHISERS frecnisys

2017

Exemple d’onde love pour la détection de CO utilisant les corolles de cobalt

Operating principle :
« 2 delay lines

» reference

* functiunnalized

Celerity varaition
Phase variation
* Attenuation

Lab on chip

Adsorption paticule on surface

Absorbing Layer Proot Body
Phase Shift
Variable Frequency W W; ; E =
£;2;:_";?; | | Attenuation

Ehase Ishift (ILIA} .

y=-0,32x

1 1 L 1 1 1 1
1000 2000 3000 4000 s000  BODO0 7000 ©000
Time (sec)

METAgenierie 2017



SAW applications : temperature Ssensors on MUTES

LiNbO3@2.45GHz gg?i?e”e frecinisys

antenna

Total size:0.9cmx1.7cm

Capteur SAW
Source de fréquence Commutateur -
variable ou fixe

Filtre RF

Antenne
ADC Q

-80n

Tag response (dB)
|
~]
L4

-85

_1000 500 1000 1500 2000 2500 3000 3500 4000
Time delay (ns)

Patent : « SAW-Tag » temperature sensor able to operate up to 1000°C with identification
capability

(EC Patent application #11 50476)

METAgenierie 2017



SAW applications : temperature sensors on MOTES

LiNbO3@2.45GHz gg?i?e”e frecinlsys

Reader antenna

-

Si-wafer

METAgenierie 2017 €



RFID applications division: products

Applications

Technology

Frequencies

Production
process
management
(traceability)

Passive RFID
or battery
assisted

125kHz
13.56MHz

» Containers Containing
identification identifications
« Cold (management :
traceability palettes...)
* Military or
civil logistic
Active RFID RFID passif or
battery assisted
2,45GHz 125kHz,
13,26MHz,
2.45GHz

METAgenierie 2017

MIO'TES

genierie

2017

Identification et

traceability
(clothes,
drugs...)

Passive RFID

13,56MHz

frecin|sys

Identifications :
trees,

Construction
equipment...

Passive RFID
or battery
assisted

125kHz,
13,26MHz,
2.45GHz



RFID applications division: vehicules

Applications

Technology

Frequencies

Electronic Toll

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

2,45GHz,
5,8GHz

Urban toll Fleet
vehicule tax positionning

RFID actif or Active RFID
Passive RFID

2,45GHz, 2.45GHz

5,8GHz

METAgenierie 2017
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genierie
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Parking
management

Passive RFID
or battery
assisted

13,56MHz,
2,45GHz

frecin|sys

Access control
(entry or exit)

Passive RFID
or battery
assisted or
active RFID

125kHz,
13,26MHz,
2.45GHz



. L MOTES
RFID applications division: persons genierie |

2017

Frequencies 13.56MHz 13,56MHz 13,26MHz 2,45GHz 125kHz,
13,26MHz,
2.45GHz

METAgenierie 2017




.. C .. : MOTES
RFID applications division: animals genierie [ X

5017 frecin|sys

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

METAgenierie 2017 pf'
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Conclusions and perspectives genierie

2017 frecnisys

Customer

Thermal =

Sarvice Stogde Building /
Provider !:4 Commercial Building
m \l Automation

- 3

=¥ campus Distributed f
Wind
Co-Generation __‘_.{r
Building £l .
Gateway g—-\ b‘x:---* S I\
4 ( Electric _, r Ammauon =
' Mehinte Industﬁal ‘ )
Sub-llltlr!ld
Processes

.ﬂk—-— o@ / Industrial

Appliances

4

oo Electrical Interface Home
Domain
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