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PZT tthk-flIm technology Ferroperm™ Piezoceramics

Higher integration

Lower cost Smaller size

, Less material
Lower weight

Less processing

1 mim 100 pm A0 pm 1pum 100 nm 1 nm

Mano-
Tech.

Inteorated functionality
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' De pos iti o n Ferroperm™ Piezoceramics

Screen printing

Pad printing

gal\aggsgitt Sensing Systems. Proprietary. M EGGi I I



' PZT thick film compatibility Ferroperm™ Piezoceramics

SUBSTRATES

Silicon/MEMS

Ceramics

Stainless steel
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' Evolution in screen printing of thick film Ferroperm™ Piezoceramics

r Substrate r Sintering temperature

» Ceramics incl. Alumina, pzt and r 1100-1250°C

others
r Steel, silicon, LTCC » 850°C
r Polymer r 150°C
r Textile r 100°C
r Compostes y
» Laminates y
r Paper y "
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' Ferroperm™ Piezoceramics

Devices & Systems

r Integrated sensors (MEMS accelerometers)

r Energy harvesting devices (battery-less, wireless integrated
sensors systems)

» Medical (high-frequency, ultra resolution imaging)

» SHM (Structural Health Monitoring) in aeronautics, off-shore oil
platforms, wind turbines

» Implantable sensors (lead-free, biocompatible materials)
v ICT integrated devices
» Microsystems (e.g. microfluidic, micro-pumps, micro-valves)
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' LTCC membrane with integrated PZT thick film "emorerm ™ Fiezeceramics

r The membrane structure has been fabricated using
laser patterned LTCC foils and laminated in standard
conditions together with sacrificial layers

r The PZT thick film as well as the electrodes have been
deposited by means of screen printing and sintered in
the post firing process at 850 °C

Top electrode (S um thick) Y I I | .

PZT film (70 um thick) [ | i
In cooperation with
PWR - TML

Bottom electrode/diffusion barrier
410 mm LTCC membrane (120 um thick)
General structure and the dimensions of the membrane actuator Photograph of the membrane cavity (top) and
based on the LTCC and PZT thick films the packaged device (bottom)
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' Integration with silicon MEMS technology Ferroperm™ Plezoceramics

r Screen printing for making patterned thick film on a substrate
r Silicon micromachining for making complex structures in silicon
» Photolithography for making patterned electrodes

(a) (b)
e ef et

AN Ial

“PZT thick film can be considered as being a part of the MEMS technology portfolio”
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' MEMS accelerometer Ferroperm™ Piezoceramics
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' Ferroperm™ Piezoceramics
Energy harvesting devices

¥ PZT thick film based structure has been
manufactured

¥ The 40 um thick film has been deposited on
150 um thick silicon substrate with dimensions
equal to 25x3 mm?2

battem electrode (P) active layer (PZT, 40 um thick)  top electrode (Silver)
I
|
=
s ! substrate (Si, 160 um or 350 wum thick)

Structure of the thick film based silicon
actuator/bender

Energy harvesting device mounted on the shaker

In cooperation with DTU Nanotech

MEGGITT
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' Energy harveste s Ferroperm™ Piezoceramics

¥ Realized with silicon micromachining technology (DTU) and PZT
thick films deposited by screen-printing technique (MSS)

¥ Single clamped cantilevers with a silicon proof mass at the free end
¥ Planar dimension 10x10 mm?
¥ Different cantilever shapes, and mass-beam length ratios (MBR)

Rectangular Trapezoidal Inverted
trapezoidal

Proof mass

PZT thick
film &  MBR30%
Top ~~ MBR 50%
electrode '

Bottom .
electrode - ~~ MBR70%
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' Ferroperm™ Piezoceramics

Wireless sensor prototype
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' Ferroperm™ Piezoceramics

Wireless sensor prototype

LOAD

Electrical

energy )
Energy Microcontroller

—> managementand —> module
storage module

o Acceleration
Kinetic energy sensor

Wireless ))

communication
module

¥ Harvesters convert kinetic energy in electrical
energy

¥ Electrical energy is stored and conditioned
» When electrical energy is sufficient the load is
powered

¥ Microcontroller repeats acceleration
measurement and data transmission at fixed
time intervals

MEGGITT
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' Ferroperm™ Piezoceramics

Results

¥ Power harvesters realized with silicon micromachining
technology and screen-printed PZT thick films
» Open-circuit voltage up to 3V @ 0.5 g peak
» Maximum power range 12 uyW + 16 uyW @ 0.5 g peak

¥ Self-power wireless sensor prototype
» Excitation frequency tuned with the harvester
resonance frequency
v fixed wake up interval
» 3D acceleration measurement
r Radio frequency data transmission

MEGGITT
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Ferroperm™ Piezoceramics

Structural Health Monitoring (SHM) AISHA Il
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Ferroperm™ Piezoceramics

' High Frequency Acoustic Transducers

Electrodes

» The porous structure of the film makes
it a perfect candidate for medical
imaging due to the following:

» Low acoustic impedance
» Low dielectric constant
» High frequency (more than 20 MHz)

PZT thick film

Porous
substrate

Typical structure of a thick film based
HF acoustic transducer

In cooperation with IPPT
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U |thera py Ferroperm™ Piezoceramics

THERAPY

" 106J F
1.? 1.5 mm A
' 26.0 mm 7'&

hes < ' W .

]
W

(R

Page 19 F
© Meggitt Sensing Systems. Proprietary. l



Ferroperm™ Piezoceramics

' High frequency imaging transducer
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Ferroperm™ Piezoceramics

Focused ultrasOwed timerdygrinddbnanédew icoilagendiy into rmatiiplé dagerskiparing intervening tissue
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Ferroperm™ Piezoceramics

EM& FACIAL REJUVENATION

Y Non-Surgical Face-Lift :
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Ferroperm™ Piezoceramics

I Thick films properties, PZT and KNN

TF21 TF21 TF6131 TF6131
standard Pre-treated | on alumina on silicon

Material PZT-based | PZT-based | KNN-based | KNN-based
Dielectric | 520 (free 750-800 | 250-350 330 — 340

Constant standing) (free standing) (semi-clamped) (semi-clamped)
tano, % 0.8 0.7-1.0 1.5-2.0
ds3, PC/N 200* 200* 130 — 140 120 - 130

*Apparent value, measured for the free standing PZT material of the same composition and with the same
level of porosity.
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' KNN - Thick films microstructure rerroperm ™ Plezoceramics

TF6130 film on silicon substrate TF6131 film on alumina substrate

o

EHT = 2.00 kv Signal A= 3E2 Width = 12.01 pm Date :28 Mar 2011
|—| WD = 34 mm Mag= 25.00K X Tilt Angle = 0.0° Time 113:53:21 WD = 4.2mm Mag= 25.00K X Tilt Angle = 0.0° Time 14:21:42

1 pm EHT = 2.00 kv Signal A = SE2 Width = 12.01 ym Date :28 Mar 2011
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' Lead-free tthk f||m devices Ferroperm™ Piezoceramics

Lead-free thick films based MEMS devices

Back

KNN-based thick films printed on silicon (#1) and

<:| alumina (#2) substrates.
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4 erroperm™ Piezoceramics

4 Low temperature processing

*Trade mark
*Patent pending

Registrerede / Rogisternd 28/03/2011

No 009299348
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' Ferroperm™ Piezoceramics
Paste

Paste is based on Meggitt A/S powder

The piezoelectric charge coefficient (d;; ~ 30 pC/N) is measured by Berlincourt method

Screen printing have been successfully
carried out on several fabrics/textiles
including poly-cotton, filters and
polyurethane coated fabrics

Fabricated piezoelectric paste
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Ferroperm™ Piezoceramics

Demonstrators

Thick film on plastic

Filter Cleaner testin

Thick film on Polycotton
Thick film on Filter

MEGGITT

Filter Cleaner testing_full area_l.wmv



Materials Piezoelectric charge

coefficient,
ds; (pC/N)

PZ26 (bulk component) 290

TF2100 InSensor® (thick film) 200

Lead free thick film 150

Flexible thick film (PZT on 40

textile)

PVDF (thin film)? -8

Copolymer P(VDF-TrFE)? -33

1 Kawai, H., Jpn. J. Appl. Phys, 8, 975-976, (1969)
2 Kenji, O., Hiroji, O., Keiko, K., J. Appl. Phys. 81, 2760, (1996)
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Conclusions

r Thick film properties are well established
and reproducible.

» The technology can be applied to different
substrates incl. silicon and textile and used
for MEMS

r Printing technology offers integration
opportunities

r Printing technology can be used for large
area light weight active devices

» Printing technology can be fast and
efficiently scaled up

r The next generation of devices can also
Include energy harvesting device and be
self sustainable and maintenance free
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Ferroperm™ Piezoceramics

MEGGITT



' ACknowledgements Ferroperm™ Piezoceramics
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' N ew faci I ity Ferroperm™ Piezoceramics

Office area for R&D and InSensor: 135 m?

» Area with process ventilation for labs and
production: 300 m?

* Dust free area with humidity and temperature
control: 120 m2

* New equipment for tape casting

» Lead free lab with separate ventilation to
avoid cross contamination 30 m?
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Ferroperm™ Piezoceramics

y New facility (engineers lab)

R&D group
» Seven full time engineers (Msc. and PhD)
* One technical assistant

» Fully equipped testing room including
environmental testing chamber
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Ferroperm™ Piezoceramics

4 New facility (lead free lab)
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