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Introduction

3 parts of my work

- Piezoresistive8D force sensors

- PiezoelectriZnOnano-rods

- Piezoelectric thirfilms (for 3D force senso)



PiezoresistivasD force sensors

Applications
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- Integration In a vehicle tyre



Piezoresistiva8D force sensorsintegration in a laparoscopic tool

3D force sensor chip Operation
Specific requirements: A Deforming €Si membrane
A Reduced size (downto 1x1@m A 4 embeddediezorezistors

to enable integration A 4 Voltage dividers or Wheatstone
A Sensitivity: 120N for gripping force, bridges

10-1000mN for tactile sensing A Calculation ofrectorialcomponents:
A Robustness (vs. sensitivity) ————
A Biocompatible coating can withstand e

sterilization T Mor o)
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Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Previous work
A Fabrication

Metal on Metal r Si
glass

A Testing




Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Previouswork
A Measurements

Effect of elastic coating Baresensor Coveredsensor
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Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Previouswork ¢ metal gripperand biocompatiblecoating(NusilMED-6215)




Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Previouswork ¢ temperature tests
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Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Previouswork ¢ responsetime
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Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Previouswork ¢ biomechanicakests
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Piezoresistive3D force sensorsintegration in a laparoscopic tool

Previouswork ¢ completedtest device




Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Previouswork ¢ biomechanicakests




Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Previouswork ¢ biomechanicakests
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Piezoresistive3D force sensorg Reducingchip size

(Supportedby the UNKPL7-3--OE779/47 New National Excellence Program of the Ministry Of Hun@apacitie$

Means

A Replacemenbf glasssubstrate
A Applicationof new contacs
A Desigmew read-out electronics

UBM
Under wafer

Balls




Piezoresistive8D force sensorsReducingchip size

(Supportedby the UNKPL7-3--OE779/47 New National Excellence Program of the Ministry Of Hun@apacitie$

Underbump metallization Design andayouts
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Piezoresistiva8D force sensorsReducingchip size
(Supportedby the UNKPL7-3--OE779/47 New National Excellence Program of the Ministry Of Hun@apacitie$

Wafer bonding
Aspects

A Importance of cleannessof the
surface

A Strongbondat low temperature

A Hardstructuredgeometry

A Oxidizedsurfaceor native oxide?

SOlwafer

Device Layer

Buried Oxide Layer

I Handle Layer

Si(100)



Piezoresistiva8D force sensorsintegration in a laparoscopic tool

Publications in this topic

A 5 Paperg(min. 4. page9
A 5 oral presentations(in English)

A 3posters



Piezoresistive 3D force sensorsitegration in a vehicle tyre

Previouswork
A Implantation of 3D force sensor in a special rubber

A Integration of test tool in a vehicle tyre /




Piezoresistive 3D force sensorsitegration in a vehicle tyre

Previouswork
A Measurements; normal road conditions

A Measurements; the wheel is blocked
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Piezoresistive 3D force sensorsitegration in a vehicle tyre

Previouswork

A Functionalest: staticloading




Piezoresistive 3D force sensorsitegration in a vehicle tyre

Previouswork

A Resultof staticmeasurement
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Piezoresistive 3D force sensorsitegration in a vehicle tyre

Previouswork

A Multiple regression demonstration of proportional relationship between
tyre deformationandactingforceson the wheel

Fz

[
(]
=
—=
[}
—_
(]
=
[ -
—_
—_

[
(]
=
—=
[}
—_
(]
=
[ -
—_
—_

Fy

Fx
n [ 1 dn [ 1 dn [ 22!

[
(]
=
—=
[}
—_
(]
=
[ -
—_
—_

— .
—

\‘?

—_
[
[ N
=
—=
= —
—_
(]
=
[
[
—_

Mumnber of sample



Piezoresistive 3D force sensorsitegration in a vehicle tyre

Currentwork

A Newwirelessread-out electronic
A Definition of the sensor position based on the results of the static
measurement




Piezoresistive 3D force sensorsitegration in a vehicle tyre

Future work
A Preliminarytestsat the KFKI Campus
A FurthertestsinD & ! NJ

Publications in this topic
Oral presentation(in English):

A J Radg G. Battistig S Kuliniy R Végvarj |. Barsony Monitoring the tyre
deformation on a vehicle on the run, EUROSENSORS816 Budapest,

Hungary



PiezoelectriZnOnano-rods ¢ for high-resoultionfingerprint sensing

Previouswork
A Simulation
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PiezoelectriZnOnano-rods ¢ for high-resoultionfingerprint sensing

Previouswork
A Bending and measuneentin Atomic Force Microscope
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PiezoelectriZnOnano-rodsc for high-resoultionfingerprint sensing

Previouswork
A Design andabricationa 25x10 nano-array




PiezoelectriZnOnano-rods ¢ for high-resoultionfingerprint sensing

Previouswork
A Design andabricationa 25x1hano-array
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PiezoelectriZnOnano-rods ¢ for high-resoultionfingerprint sensing

Previouswork
A Assembling new measurementsetup
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PiezoelectriZnOnano-rods ¢ for high-resoultionfingerprint sensing

Previouswork
A Results
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Piezoelectric ZnO nanmds

(Supportedby the UNKPL7-3--OE779/47 New National Excellence Program of the Ministry Of Hun@apacitie$

Previouswork

A Measurement of the entire array in the same time
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PiezoelectriZnOnano-rods ¢ for high-resoultionfingerprint sensing
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Piezoelectric ZnO nanmds
(Supportedby the UNKPL7-3-I-OE779 47 New National Excellence Program of the Ministry Of Hun@apacitie}

Currentwork
A Pushinghe whole array(250nano-rods) with an M-letter
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Piezoelectric ZnO nanmds

Publications in this topic

Papers

A BouvetMarchandA, GraillotA, VolkJ,Daukseviciu®, Sturm GzrundmannM, SaoutieffE, Viana
A, Christian B,ebedew, RadoJ Lukacs | E, NIKhanh Grosso D,.oubatC,Design of UV
crosslinked polymeric thin layers for encapsulation of piezoelec#imOnanowires for pressure
based fingerprintsensors JOURNAL OF MATERIALS CHEMISTRY C in press: p.dal@gss. (

A SeifikarMasoud ChristianBjorn P, Volk Janos RaddJanos LukacdstvanE, DaukseviciuRolanas
Gaidys Rimvydas Lebedev Vadim Viana Antoine, O'Reilly Eoin P, Direct observation of
spontaneouspolarization induced electron chargetransfer in stressedZnO nanorods NANO
ENERG¥3: pp. 376-382 (2018

Oralpresentation

A Janosvolk, IstvanE LukacsNguyenQuocKhanh JanosRadg RébertErdélyi Bottom contacted
piezoelectricnanowire arrays,NGPT2016 Rome Italy

A 1 Volk,J Radg I. E LukacsN. Q. Khanh R Erdélyj G. Battistig C. Sturm, M. Grundmann A.
Graillot C Loubat Integrated piezoelectricnanowire arraysfor high resolution tactile mapping,
EUROSENSORHS6, BudapestHungary




PiezoelectridAIN thin film for 3D force sensor

Previouswork
A Test deposition with different parameters
A Qualification of complete thin films
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PiezoelectridAIN thin film for 3Dforce sensor

Previouswork




