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Introduction

3 partsof my work

- Piezoresistive3D force sensors

- Piezoelectric ZnOnano-rods

- Piezoelectric thinfilms (for 3D forcesensor)



Piezoresistive3D force sensors

Applications

-LƴǘŜƎǊŀǘƛƻƴ ƛƴ ŀ ǎǳǊƎŜǊȅ ǊƻōƻǘΩǎ ƭŀǇŀǊƻǎŎƻǇŜ

- Integration in a vehicle tyre



Piezoresistive3D force sensors- Integration in a laparoscopic tool

3D force sensor chip
Specific requirements:
Å Reduced size  (down to 1x1mm2) 

to enable integration
Å Sensitivity:  1-20N for gripping force,

10-1000mN for tactile sensing
Å Robustness (vs. sensitivity)
Å Biocompatible coating can withstand

sterilization

Operation: 
Å Deforming c-Si membrane 
Å 4 embedded piezorezistors
Å 4 Voltage dividers or Wheatstone-

bridges
Å Calculation of vectorialcomponents:



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Accomplishedtasks
Å Fabrication

Å Testing

1mm

Reference

resistors

Active 

piezoresistors

Metal on 

glass
Metal on Si



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Å Measurements

Effect of elastic coating Baresensor Coveredsensor



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Metal gripperand biocompatiblecoating(NusilMED-6215)



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Temperaturetests

Temperatureprofile

Offsetsignals

Climatechamber



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Responsetime

Baresensor

Coveredsensor



Piezoresistive3D force sensors- Integration in a laparoscopic tool

80 ς120Hgmm
106 ς160mBar

Biomechanicaltests



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Completedtest device



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Biomechanicaltests



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Biomechanicaltests



Piezoresistive3D force sensorsςReducingchip size

Means:

Å Replacementof glasssubstrate
Å Applicationof newcontacs
Å Design newread-out electronics

(Supported by the ÚNKP-17-3-I-OE-779/ 47 New National Excellence Program of the Ministry Of Human Capacities)



Piezoresistive3D force sensors- Reducingchip size

Underbump metallization

(Supported by the ÚNKP-17-3-I-OE-779/47 New National Excellence Program of the Ministry Of Human Capacities)

Design and layouts

Top and bottom parts



Piezoresistive3D force sensors- Reducingchip size

Wafer bonding

Aspects:

Å Importance of cleannessof the
surface

Å Strongbondat low temperature
Å Hardstructuredgeometry
Å Oxidizedsurfaceor nativeoxide?

SOI wafer

Si(100)

(Supported by the ÚNKP-17-3-I-OE-779/47 New National Excellence Program of the Ministry Of Human Capacities)



Piezoresistive3D force sensors- Integration in a laparoscopic tool

Publications in this topic

Å 5 Papers(min. 4. pages)

Å 5 oral presentations(in English)

Å 3 posters



Piezoresistive 3D force sensors - Integration in a vehicle tyre

Accomplishedtaskspreliminary design and tests
Å Implantation of 3D force sensor in a special rubber

Å Integration of test tool  in a vehicle tyre



Piezoresistive 3D force sensors - Integration in a vehicle tyre

Å Functionaltest: static loading



Piezoresistive 3D force sensors - Integration in a vehicle tyre

Å Resultsof staticmeasurement

Fx

Fy

Fz



Piezoresistive 3D force sensors - Integration in a vehicle tyre

Å Multiple regression: demonstration of proportional relationship between
tyre deformationandactingforceson the wheel

Calculateddata
Measureddata



Piezoresistive 3D force sensors - Integration in a vehicle tyre

New design
Å Newwirelessread-out electronic
Å Definition of the sensor position based on the results of the static

measurement



Piezoresistive 3D force sensors - Integration in a vehicle tyre

Latest results
Å Preliminarytestsat the KFKICampus

Out-of-balancevoltageproportional to radialforcecomponent(Fx)

Out-of-balancevoltageproportional to perpendicularforcecomponent(Fz)



Piezoresistive 3D force sensors - Integration in a vehicle tyre

Latest results
Å Thetest tyre wasmountedon the{½¢!YLΩǎNissanLeaf
Å Firstraw dataareunderexamination
Å Longoperationlife isdemonstrated



Piezoresistive 3D force sensors - Integration in a vehicle tyre

Publications in this topic

Oralpresentation(in English):

Å J. Radó, G. Battistig, S. Kuliniy, R. Végvári, I. Bársony, Monitoring the tyre
deformation on a vehicle on the run, EUROSENSORS2016, Budapest,
Hungary



Piezoelectric ZnOnano-rodsςfor high-resoultionfingerprint sensing

Accomplishedtasks
Å Simulation

Å Growing of the rods(hydrothermalgrowing: Zinc-nitrate hexahydrateand 
hexamethylentetramin)



Piezoelectric ZnOnano-rodsςfor high-resoultionfingerprint sensing

Å Bending and measurement in Atomic Force Microscope

ᵄ +



Piezoelectric ZnOnano-rodsςfor high-resoultionfingerprint sensing

Å Design and fabricationa 25x10 nano-array



Piezoelectric ZnOnano-rodsςfor high-resoultionfingerprint sensing

Å Design and fabricationa 25x10 nano-array



Piezoelectric ZnOnano-rodsςfor high-resoultionfingerprint sensing

Å Assemblinga newmeasurementsetup



Piezoelectric ZnOnano-rodsςfor high-resoultionfingerprint sensing

Å Measurements



Piezoelectric ZnO nano-rods

Å Measurement of the entire array at the same time

(Supported by the ÚNKP-17-3-I-OE-779/47 New National Excellence Program of the Ministry Of Human Capacities)



Piezoelectric ZnOnano-rodsςfor high-resoultionfingerprint sensing



Piezoelectric ZnO nano-rods

Å Pushingthe wholearray(250nano-rods) with an M-letter

(Supported by the ÚNKP-17-3-I-OE-779/ 47 New National Excellence Program of the Ministry Of Human Capacities)



Piezoelectric ZnO nano-rods

Publications in this topic

Papers
Å Bouvet-MarchandA, GraillotA, VolkJ, DaukseviciusR, Sturm C, GrundmannM, SaoutieffE, Viana

A, Christian B, LebedevV, RadoJ, Lukacs I E, N Q Khanh, Grosso D, LoubatC, Design of UV-
crosslinked polymeric thin layers for encapsulation of piezoelectric ZnOnanowires for pressure-
based fingerprint sensors, JOURNAL OF MATERIALS CHEMISTRY C in press: p. in press. (2018)

Å SeifikarMasoud, ChristianBjörnP,VolkJános,RadóJános, LukácsIstvánE,DaukseviciusRolanas,
Gaidys Rimvydas, Lebedev Vadim, Viana Antoine, O'Reilly Eoin P, Direct observation of
spontaneouspolarization induced electron chargetransfer in stressedZnOnanorods, NANO
ENERGY43: pp. 376-382. (2018)

Oralpresentation:
Å JánosVolk,IstvánE. Lukács, NguyenQuocKhánh, JánosRadó, RóbertErdélyi: Bottom contacted

piezoelectricnanowirearrays,NGPT2016, Rome, Italy
Å J. Volk, J. Radó, I. E. Lukács, N. Q. Khánh, R. Erdélyi, G. Battistig, C. Sturm,M. Grundmann, A.

Graillot, C. Loubat: Integratedpiezoelectricnanowire arraysfor high resolution tactile mapping,
EUROSENSORS2016, Budapest,Hungary



Piezoelectric AlNthin film for 3D forcesensor

Main goals
Å Operationin the audiblefrequencyrange
Å Multielectrodestructure
Å Implantablestructurein the middleear (tiny size)

Developmentchain

Design

Simulation Fabrication


