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Printed Label Barcode |

6200‘

¥ Indirect access to data

¥ Binary coding

¥ Optical reading by laser scanner
¥ Reading range: a few cm

— | Directand Visual
| access to data

Electromagnetic tag
(Radio Frequency Identification RFId)

== ch|p \\\2 Electronic tag (Magnetic & Smart Cards)
2% )\\" ¥ Data reading by electrical contact
or magnetic induction
¥ Battery-less devices
¥ Binary coding

antenna

http://www.smartcardsupply.com

Electromagentic access to data

@ Pervasive
Electromagnetics La.b Gaetano MarroccoP RFID Technology for Passive Sensing 11

Universith di Roma Tor Vergata

University of Roma

) )#5*12$;65%(<!"#$%&' () &*U
e

Tag
energy
clock % | ‘; Micro
S chi
Reader data =/ Py
, 3 —ITh
¥ PASSIVE devices: Tags do not DR
N antenna

contain a battery; the power is
supplied by the reader."
-1Back-scattered dat dulati
¥ BACKSCATTERING: Tags refiect the ack-scatiered data modulation
reader's signal right back, modulating - Complex impedance matching
the query signal to transmit data. " Z Z*
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Modulation
Control
F
Load| Clock .
Generator Row |t Memory
C‘:i' Ve Dacode Array
connections Rectifier [
O~ -
Vss 1 !
| Counter %%'35'&'3
Cchip
Rchip

Hitachi p-chip RFID Technology Compatible with
B . Gamma Sterilization
A New RF'D WIth Embedded Antenna ‘l—chip Tests with MDS Nordion reveal p-chip can withstand at least 500 kGy gamma ray exposure

P
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mmmm |nternational RFID
s European RFID
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XXXXY | ocal RFID
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Fixed reader

Embedded module

Smartphone dongles
Bluetooth module
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Labeling :

Sensing :
give a OstateO to anobject

give an ID to an object
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The electrical features  of a passive RFID
transponder placed on a target are
closely dependent on the physical
properties  of the tagged object itself.

Zin (I ' ”’l’l) = ngln (Vl’lr ”I"I ' ”07l'l0)

G.A. Deschamps, 1962

—

Q———————_—
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Reader
4 W WV W~
in
A AN J\ M Yy Z
- = g
" ID ID ID
GR R"/R) P PR' T I:)chin
'(ZChip)
1. Turn-on power: GT ("T 1-/T)
to The minimum input power
Pin [ ' ] through the reader s antenna, ! (t)
forcing the tag to respond
"#$%8&"()
2. Backscattered power “$+&,-$)
P " (RSSI - received signal strength indication) WH$%HE'()*+,
R T[ ] IL#9%0()*+,
11.01()*+,
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Definition and  Shaping of
Pi;o(! d,” R,T,#R,T,environmen)t Data Inversion (Calibration) Curves

Prg 1 (! ,d,"rT,#r T ,€NViIrONMen

P p(Ps 7.Rr) " !

Reader-tag

measurement position

-IMultidimensional
-IContinue
-IDiscrete
-ITables

Unknown /
m
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Technology
¥ Shape Memory Alloys
¥Carbon Nanotubes
¥Hygroscopic Polymer
¥Textile & Elastic Substrates
¥inertial Switches
Environment & Things Wearable systems
¥IHumidity ¥IMotion
¥ Temperature ¥ Breath
¥ Ammonia ¥Neuropathologies
¥Deformations ¥Stress
¥Cracks ¥IEdema
¥Stenosis
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Sensing
Temperature
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A Shape memory alloy is an alloy that @emembers O its original forged shape:
after being deformed, it returns to that shape, if it is put in a hot environment"

€ A
T I
MARTENSITIC | \\ |
PHASE! | | \
| [
| \ [
| [
| N ]
AUSTENITIC N
0 ___|___________ix
PHASE! i i 1 =
L I | |
Ml Ag, Ms Ag T
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I Regular Conductor
I Shape Memory Alloy

—>

chip-1 T:1=>T:
So

Antenna which senses the change of
the object (or of the environment) chip-2

through the variation of its shape 3(T)

S(T3)

S,: parameter-independent Shape

S. Caizzone, C. Occhiuzzi, G. Marrocco,

(remperature Sensing by Multi-Chip RFID ) S(T): parameter-dependent Shape
Antenna Integrating Shape-Memory Alloys 0,

IEEE Trans. Antennas. Propagat 2011
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’

Short c. Open .c.

#) NiTinol Switch

T<Ta T>Ta
I ID.1 I ID.1+1D.2

ID1

When T>Ta the sensor reacts changing
permanently its state.
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¥ On-chip integrated temperature To
measurement Antenng
¥ Reduced power sensitivity w.r.t. lm« L vss:l
conventional microchips ez wox vast|m)
EM4325
=] =0 _Most P3 cs[E]
¥ Pnce I 1 Em miso Pz sok X

¥ Battery-less and Battery-assisted
mode (extended read-range)

¥ Temperature Range:
-40;C - +85iC
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Antenna

Probe
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. o/
Thermistor /
PT100 /
(Ref) ¥
SENSOR
TAG '
————— 60cm ——————->
Metallic Boiler
with water (1.5 1) o
Pin=0,25W
¥ The thermistor is directly attached over the boiler
¥ Sensor tag includes a Forex insulator
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Temperature experiment May 15

Range : [ 20, 94];C 100 T ] ! T
FSO: [0, 64]iC ——Rising L Average
Resolution RFID: 0.36iC — Falling 1 deviation¢;18’C

o 80r|——Faling2 [~ o A

= Ideal curve ; ;

a) , !
Linear response L 60

g

>
Stable response IS

o 40

£
Calibration is 0
required because of ©20
the presence of the
insulator 0 P i ; ;

0 20 40 60 80 10
— _ Temperature PT100[°C]
T=0.7T;,0.2
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Temperature experiment May 15
100 : : 100 , : : : :
: : ] : —Puls
o e St ] 0 g — RFID I
re} : i) = Thermistor Pt100
2 —Pulse Q ' i '
& — RFID I 2 60 :
I ~— Thermistor Pt100 [ i
=] R A b E 2 40 '
5 : g T,y =402s
£ =03 g ; ; 5
° =998 il § 20 \ R S
Trise =188s . T ——
. —
i |
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Pervasive Time [min]
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Deformations
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————— B$(C)%5()7!3*#$7
Hypothesis : inextensible wires
100 < (rigid structure) "
¥ the external forces act only at
501 (, N N i the joints, "
|
~ 7 ¥ rotation of the folding
— elements "
E o} i
= < —>€ > €— —> ¥ translation (horizontal and
h/2 h h/2 vertical) of the moving nodes
501 | of the structure”
-100- 1
5Ah = 3l sin(a) +4r,[1 — cos(a)]
-150 r r r r r L
-150 -100 -50 0 50 100 150
Wl Pervasive [mm]
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=0
T
=y
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v

Ah/2 h Ah/2

2 #,*38#33*41,+/$) 0+%& 1)y)35#1, *1, 6#++,*1, & 23(&-3",&$2) 41+2B5B8
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%$8(;#8<, .
Strain
/ \
Zin G

C. Occhiuzzi, C. Paggi, G. Marrocco, Bassive Strain-Sensor based on Meander-line Antennas O,IEEE Trans.
Antennas and Propagat. 2011
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T-match section is printed over a 15x25x0.96 mm |
FR4 substrate ]

Parameter Value
[mm]

emphasize small

0 deformations
I, 7
a 4
h 36
re 0.5
I 36 £
" E
_O
, %6 165 17 175 18 185 19
@ Pervasive ' b[mm]
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Prototype subjected to controlled
0-3 Newton axial tractive force
for a period of 80s 0.55

Elastic regime

Plastic regime

0.49

0 & 20 40 60 80 100
€[%]

Strain
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Ah[mm]
0 18 36 54 7.2 9 108 12.6 14.4 16.2 18
5 —_
- - - Simulation s i

4 ____ Measurement
(filtered data)

3

L

s {\
g

Elastic Regime

=0.7%
h=250 m @870MHz
h=85 m @2450MHz

0
0 5 10 15 20 25 30 35 40 45 50
E1%]
o =T% $=20%
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