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CTR: Center for intelligent sensors and industrial R&D

© CTR Carinthian Tech Research AG
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> CTR SAW System - Tags
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> System Specifications - Sensors & Tags

Range -55°C to +400°C -67°F to +752°F \
N ' \‘\
Accuracy &=2°C +3.6°F
Resolution 0.1°C 0.18°F
9 dBi antenna up to 2m up to 6.6ft
18 dBi antenna up to 4.5m up to 14.8ft

r
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> CTR SAW System - Readers
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> System Specifications — Readers

Standard Reader (FSCW) :

— Reading-time: 300msec

— 4 channel reader

- 2,45 GHz 80 MHz bandwidth ISM Band
— LAN Interface

- EN 300440, FFC Part 15, JP

Fast Reader (FMCW):

— Frequency sweep: 100pusec

— 1 channel reader

- 2,45 GHz 80 MHz bandwidth ISM Band
— LAN Interface

— EN 300440

Handheld-Reader (S-FSCW):

— Reading-time: 100msec

— 1 channel reader

- 2,45 GHz 80 MHz bandwidth ISM Band
- Bluetooth

— Battery life > 10.000 read outs
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> System Specifications — Software

Visualizer:

- Online visualization of signhals
— Quality validation in applications
— Easy detection of interferences in bandwidth

— Helpful tool during system setup

Panel:

- — Display of ID und temperature

BONn 3891 29 2.6 Dlsestt
- R B =S 50y of signal quality

- &l ~]| @

— Different antenna configurations
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> SAW Applications -= Automotive
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Identification of Pressure Sensor

> Size
» Integration into the sensor
> SAW tag less than 5 mm in length
» Signal chain
> Insulation resistance of 1014 Q @ 20 °C
» cable & connector have to remain unchanged .
» Stability against temperature &5 7 HE
> 2000 h @ 300 °C (572°F), 10 h @ 400 °C (752°F) }/ ¥ j
» Shock =
» 2000 - 3000 g
» Integration
» Integration into AVL-pressure monitoring system

Ch A lifi Pressure Sensor 4 mm
arsge ey o S e R
ensor 1 Sensor Cable . ? vy
Evaluation u; \ :K— — Sensor 3 !
Unit >~ ~4 Rl
4 high 9
measured high d8/dx
pressure RF- high p
Interrogation
Unit Measurement Scheme
{1

Sensor-I1D
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Identification in Varnishing Lines
» high reading range on metal surfaces

> high temperature cyclic requirements
> up to 250°C (482°F)

.
n

RT -> 225 °C (437°F) -> RT

SOLUTIONS
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> SAW Applications - Food
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ID, pressure and temperature measurement of baking plates
» 1 sensor 3 functions (ID/T/P)

> Up to 176 baking plate pairs per oven
» Real time measurement for machine control
» Temperature up to 250°C ( 482°F)

» Pressure up to 6 bar
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> SAW Applications - Oil
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Identification of drill pipes

» Automatic identification of drill pipes
> Identification of drill pipes on the rig
» Identification of drill pipes during transport (handheld reader)
» Harsh environment:
> +250 °C (482°F)
» 1300 bar (20.000psi)
» Abrasive liquids

B AV
ST ATAY

‘ . Down hole tracking, Accurate Management

www.hmenergylic.com
Kathleen Hanafan

President
khanafan@hmenergyllc.com
214-755-1892
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> SAW Applications -
Steel
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Identification of slag vessel
» Automatic identification of slag vessel
» Harsh environment:
» Temperature > +200 °C
» Heavy duty casing to protect tag
> Identification on the rail gate

~ reader anlenra

= antcenna beam

[ Scheme of the RFID system configuraion J _-..
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BRLEEELE SR

RFID and sensing in slide gate plates
» automatic identification of slide gate plates
» temperature monitoring during casting process
» harsh environment
» sensor temperatures up to +400°C
» dust, rude handling
» impact loads

SAW transponder
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StahigieBplanne

ID & temperature control of drying process in refractory
products
» Prevention of remaining humidity
» Harsh environment
» high temperature
> metallic surrounding
» Online monitoring of drying
» Tracking of hot, moving equipment

stesd shell

lranspander anenna roader anlenne reader unil compuler
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Temperature monitoring of continuous cast molds

>
>

Sensor integration in the copper mold

Wireless interrogation of sensors via antennas in the
mold casing

Extension to multiple sensor readout of 4 sensors per
antenna

Patent application filed
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> SAW Applications -
Energy
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Temperature monitoring of power transmission lines
» Preventing exceeding of the rated temperature
» Overloading with no exceeding of the rated temperature
» Measuring stations are fully remote configurable
» Measuring range up to 15 m
» Temperature accuracy: 0,5 K Q soia: Panels
» Temperature resolution: 0,01 K
» Temperature range: -40 °C to +150 °C (-40°F to +302°F) i
>

Measuring Interval 60 sec for computing the free span
temperature of the OHTL

> OEM electronics and sensor from CTR AG

Source: LDIC GmbH
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Temperature monitoring of rotating machine elements
» Prevent damage on machine parts
» Condition monitoring
» Rotor speed 15000 rpm
» Measuring range up to 0,5 m
» Temperature accuracy: 1 K
» Temperature resolution: 0,2 K
» Temperature range: -20 °C to +250 °C (-4°F to +482°F)
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> CTR SAW R&D - Pressure
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Beam based pressure sensor

>

Y V V

Pressure Sensor: <6 bar

200°C operating temperature
combined temperature sensor
combined RFID for individual sensor
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High precision in the setup
and a statically defined
geometry allow the
correlation of simulation
and measurement

© CTR Carinthian Tech Research AG
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Linear pressure signal until chip fracture

Test setup in environmental chamber
Pressure and temperature testing

Challenges:

» temperature drift
» sensitivity variation of sensors
» cost
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Membrane based pressure sensor

Microprocessed thin membranes

Thickness <50um, diameter 3mm
Temperature compensated with SAW-Design
Objective: accuracy < 1 mbar
Achievements: accuracy < 2 mbar

YV V V VY

Challenges:
> Production of thin membrane, Yield
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> CTR SAW R&D - Strain
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Top side with SAW sensor glued and
bonded to SMA adapter

PT100 temperature sensor

Bottom side with standard strain
gauge
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90° alignment of the sensor to measure the lateral strain

e S
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phase difference of peak 6 vs. strain
transponder alignment 0°
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Phase difference vs. strain standardized to geometrical distance
peak 2 to peak 1 peak 3 to peak 2
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peak 4 to peak 3 peak 5 to peak 4
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> CTR SAW R&D -
High Temperature
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High Temperature SAW Sensors

Objective:

Development of a wireless interrogateable SAW sensor
for a working temperature of 600°C (1112°F), 800°C (1472°F) short term.

Challenges:

» Find and test a substrate crystal capable to withstand 650°C (1202°F).

» Develop a metal thin film with long-term stability based on Platinum.

» Find and/or develop a metal or ceramic housing for this temperature regime.

» Test available high-temperature (ceramic) adhesives w.r.t. stress absorption and
adhesion strength on Kovar after annealing.

» Development of different test setups for the annealing of test devices with or without
housing.

© CTR Carinthian Tech Research AG <41> PWST Workshop, La Jolla, 2012
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In-situ measurment setup with mounted chip (Langasite)
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@ 850°C (1562°F)

S
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o

De-wetting - typical failure of metallisation layer

Tram 0. 5THUK

Tamman Temperature
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Pt multi-layer annealing @ 850°C (1562°F)

SEA S

2h @ 850°C 12h @ 850°C 53h @ 850°
1.2um, 600MHz 1.2um, 600 MHz 1.2um, 600MHz
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Test Results

> Metal layer system developed:

» Platinum based layer system is stable up to 800°C (1472°F)
(main failure mechanism: dewetting)

> Iridium based layer system is stable up to 1000°C (1832°F)
(main failure mechanism: oxidation)

» Examined substrate crystals performed as follows:

» Langasite is stable up to 800°C (1472°F) but can be only used in the
433MHz band.

» (Stochiometric) Lithium niobate can be used in the 2.4 GHz band, but is
only stable up to 500°C (932°F).

> First Tests of Aluminum Nitride thin film layers on Sapphire substrate show
good stability up to 1100°C (2012°F) and the potential to be used in the
2.4 GHz band. To be continued as a research topic.
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Test Results

» Housing and interconnection development:

» Ceramic housings show considerable degradation of contact pads and an

aggressive atmosphere inside the housing destroying the device at a lower
temperature (600°C)

» Metal housings with small ceramic feedthroughs are hardly available and

lack a reliable coating process for the necessary Platinum bonding process
on the contact pin.
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Wireless Surface Acoustic
Wave Sensor Symposium

Scope

The SAW Sensor jum is the platform for re-
search and industry to discuss the latest trends in the surface
acoustic wave sensor technology. The symposium is held
biennially and will take place for the second time in 2012.

Wireless SAW sensors have a wide field of application!
RFID for harsh envi tem-
perature sensors, pressure and force sensors and many
more. The wit SAW sensor aum wants to build
be possible and what has been done already. Therefore, the
program covers the latest research from the academia and
ication-related talks from industrial end users.

With the of our first i Iam
looking forward to the next event with old and new attend-
ees, novelty pi jons and fruitful !

Alfred Binder

Symposium Location
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W Leh enpabemron € b enmthan el Bty oof B vt vn el e, Hbstinr b Towrie el
Canathon an vwll e ittt ared ol ™he n s - gtk
Murting posnt for mxcursions o Tiely (Verviow. Triestea) snd Soveris (Lt

Registration Fee

The L to the
rufrashrmants during coffee broasko. lerch snd rotworklng denaer

€300, Early bied regeetration oo o bekore June 15, 2012
€ IT0-  Tegiwtrmbion on o bofore Auguse S 012
€00, Lute 7/ On-site regiatration

Wl 1o 11 snesbirem rmgpbatrmdborns forvem (00
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howewn wrved windt the wetynite
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Call for Abstracts

FITCRpective BUthon
For lectures (10 min ol
75 min relating o
the symmponeim toplon. Authors wil find alt
e an the
L L -y g b G AL
subntted whntiscta will be avaluated and
scoepted muthors will be notified

b e ot

Tha
[y ———

Abatiacts afoukl retate 1o one of the
1rllemririey wadsjmet memme:

af
wirelan senaing, challenges. nesds

COTE
Wireluws seraors for process control
bty
Frocunt devlopenonts for SAW sermorn
Progran romeniten
Lamarstunred M Ehsentl, BMTEX, Pratinmy
Alfrmet Wirwtos, €T AC, Vitkaety

Information

Symposium Chairman:
Alfred Binder

CTR Carinthian

Tech Ressarch

Online registration:

Weare looking forward to welcome you in Carinthia.  [RUSPECURSE WS RS TS S G

Program

Thursday, September 20™, 2012

Friday, September 21=, 2012

IC-based or SAW based
‘wireless sensor nodes?
Leonhard M. Reindl,
Albert-Ludwigs-University of
Freiburg, Germany
Canh'-d“—n‘.
and ID

Alfred Binder, CTR AG, Austria
SAW sensors for medical

Ticati
Peter Schilumpf, Unisensor AG,
Switzerland
Coffee break
Session I
(Call for abstracts)
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