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Outline

ÅCENIMAT|I3N and UNINOVA-CEMOP

Åe-skin devices 
Å Piezoresistive pressure sensors (health, robotics)
Å Piezoresistive using Temperature Shrinking Polymer Molds
Å Piezoresistive temperature/pressure sensing
Å Flexible Piezo/Tribodevices

ÅFiber based devices
Å Energy harvesting devices
Å TFT for smart textiles

ÅDigital mFluidics
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Lisbon

FCT-NOVA campus, ~15min southLisbon, Portugal

Tagus river

UNINOVA
CENIMAT
|I3N

Whereare we?

72 ha
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CENIMAT|I3N andUNINOVA-CEMOP
CENIMAT
Å Centerfor materialsresearch, directly linkedto the MaterialsScienceDepartment

@FCT-NOVA
Å Evaluatedas Excellentby panel of international experts in Materials Science and 

Engineering since 1996.
Å Since 2006 integrates the Associated Laboratory i3N - Institute for Nanostructures, 

Nanomodellingand Nanofabrication
Å 3 research groups:

Å Materials for Electronics, Optoelectronics and Nanotechnologies (MEON)
Å Soft and biofunctionalmaterials group (SBMG) 
Å Structural Materials (SM)

UNINOVA
Å Private non-profit research institute acting in the fields of robotics, electronics, 

micro/nanoelectronics, optoelectronics, telecommunications, artificial intelligence, 
environment and vacuum/production technologies.

Å Organized in centers of excellence (>150 scientists and technologists)
Å Centre of Excellence in Microelectronics, Optoelectronics and Processes 

(CEMOP)
Å Centre of Technology and Systems (CTS)

Prof. Elvira Fortunato
Ex-Director of CENIMAT|i3N

Since 30th March 2022: Minister for Science, 
Technology and Higher Education

Prof. Rodrigo Martins
Director of UNINOVA-CEMOP
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Micro and Nanoelectronics Processing: 
Physical and chemical processing, nanoscale 
and masklesspatterning

MEON-i3N|CENIMAT Research lines

Energy Materials:  Solar cells on paper; 
Thin film nanostructured silicon; 
Perovskites; BIPV; Thermoelectric devices; 
Supercapacitors; Photonics; Batteries

Paper Electronics: Tunning paper properties 
towards different applications

Chromogenic materials: Electrochromic 
displays; Thermochromic materials; pH 
sensors; Printed displays on paper

Sensors/Biosensors/Microfluidics:e-skin 
sensors; DNA sensors; Glucose sensors; 
PDMS based sensors, paper and digital 
Microfluidics, Electroactive bacteria 
detection, SERS
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Chemical synthesis

Laser Cutting and Engraving

PaperLab

Clean Room

CO2 laser

DLW

ALD SputteringPECVD Evaporator

NIL 
(SCIL)

CO2 and fiber laser

Further info @ https://www.cenimat.fct.unl.pt/lab-facilities

Screen printerInkjet printer

Microwavereactors WaxprintersFlexoPrinter
Spinner High-T furnace 8



Lithographicprocesses for sub-micronscaledevices

Direct laser writer (DLW) Nanoimprint lithography (NIL) Electron-beam lithography (EBL)

600 nm 50 nmLinewidth 10 nm
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Electrical and electrochemical

XRD

UV-Vis-NIR

CV, IV, pulsed IV analyzers

Cryogenic probe station

Microscopy

Hall-effect

FTIR

Spectral Response

Spectroscopic ellipsometer

STEM (2021)

Potentiostats

ConfocalAFMTabletop SEMCold-FE SEM

Spectroscopy

Micro-Raman
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Further info @ https://www.cenimat.fct.unl.pt/lab-facilities

XPS

SEM-FIB-EBL
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E-skin devices key features:

Å self-healing

Å Stretchability

Å low thickness and conformability

Å Flexibility

Å self-powered

Å biodegradability and recyclability

Å biocompatibility

e-skin devices

Sensors 20, 4407, (2020) 

Skin: detection of pressure, touch, vibration, tickle, heat, 
cold, pain.
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E-skin devices applications:

Å health monitoring 

Å functional prosthesis

Å robotics

Å Human-machine interfaces

Å Power harvesting
E-skin
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e-skin devices

Sensors 20, 4407, (2020) 
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E-skin devices transducer mechanisms:

Å Capacitance 
V Simple design and analysis;
U Limited miniaturization; Prone to hysteresis and high 

response times; More complex readout electronic.

Å Piezoelectricity
V Self-powered; Fast response time; High sensitivity
U Unable to detect static pressure; Prone to noise from 
ǾƛōǊŀǘƛƻƴǎ ƻǊ ƘƛƎƘ ŦǊŜǉǳŜƴŎȅ ǎǘƛƳǳƭƛΤ 5ǊƛŦǘ ƛƴ ǎŜƴǎƻǊΩǎ 
response over time; Temperature interference.

Å Piezoresistivity
V Simple structure; Simple readout mechanism
U Power supply required; Requires micro-structuration 

for performance improvement; 

Å Triboelectricity
V Simple design and analysis;
U Unable to detect static pressure; Output affected by 

frequency of stimulus.
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e-skin devices

Sensors 20, 4407, (2020) 
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ÅDevelop of multifunctional e-skin sensors 
- Pressure Sensing
- Temperature Sensing
- Energy Harvesting (self-power)

Å Implementation of a Novel Micro-structuring Strategy for Pressure Sensors 
- Low cost and high tailoring
- Study of several parameters that affect the micro-structuring outcome

ÅProof-of-concept ςTuning the E-skin Sensors for Different Applications
- pressure wave detection at the wrist
- General health monitoring
- Functional prosthesis and robotics

ÅDevelopment Multifunctional Sensors
- Temperature and Pressure out of the same functional material/device

ÅDevelopment of Energy Harvesters
- Novel micro-structured composites

e-skin devices: main goals@ cenimat
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Photolitography

Pillars

J. Park; et al. BioNanoScience2014, 4
C. Pang; et al. Nature Materials 2012, 11

J. Park; et al. ACS Nano 2014, 8, 5

Pyramides

Domes Fibres

Sylk Sandpaper

Leafs Insect wings

X. Wang; et al. Adv. Mater. 2014, 26, 1336

Q.-J. Sun et al. ACS Appl. Mater 2018, 10, 4086

M.-L. Seol; et al. Small 2014, 10, 3887

M.-L. Seol; et al. Small 2014, 10, 3887

Natural molds Our work
(laser engraved molds)

Adv. Electron. Mater. 4 (9), 1870041, (2018)

Acrylic
h-PDMS
Shrinking polymer

Piezoresistivee-skin pressuresensors
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CO2 Laser engravingtechnique

Å Shape, size, spacing, and line thickness of
figuresbeingengraved

Å Material (substrate)beingengraved
Å Distancebetweenlaserbeamandsubstrate
Å Laserpower
Å Laserspeed
Å Lasermode(vectorial/rast)

Parameters that impact the micro-structuring:

10 % 100 %

Laser Power

10 %

100 %
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Piezoresistivee-skin pressuresensors
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500 µm500 µm

Engraved Patterns:

Spacing = 150 µm to 300 µm

Spacing

Acrylic Molds PDMS Membrane (aligned pyramids) PDMS Membrane (misaligned pyramids)

Piezoresistivee-skin pressuresensors

Adv. Electron. Mater. 4 (9), 1870041, (2018)
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Acrylic

PDMS

PMMA

Carbon coating

Silver ink

Acrylic

PDMS

PMMA

Carbon coating

Silver ink

(a) (b) (c)

(d) (e) (f)

(g)

1 cm

PDMS

PMMA

Carboncoating

Silver ink

1 mm

Piezoresistivee-skin pressuresensors

100 µm 100 µm
100 µm

100 µm Adv. Electron. Mater. 4 (9), 1870041, (2018)
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Spacing

200 mm

200 mm200 mm

200 mm

PDMS

PMMA

Carboncoating

Silver ink

200 mm

hard-PDMS Molds

Engraved Patterns:

Spacing = 150 µm to 200 µm

- To producean e-skinto target robotics/functionalprosthesis

applications

- Constantsensitivitybetween< 10 kPaand 100 kPa

- Semi-spheresare lesscompressible: canwithstandhigherpressuresbefore

saturating

Piezoresistivee-skin pressuresensors

Sensors 19 899, (2019)

21



0 50 100
-100

-80

-60

-40

-20

0

S = - 5.8 ³ 10
-3

S = - 5.8 ³ 10
-3

S = - 6.4 ³ 10
-3

With PMMA

Spacing = 200 mm

Spacing = 150 mm

Spacing = 200 mm

Spacing = 150 mm
D

R
/R

0
 (

%
)

Pressure (kPa)

Without PMMA

S = - 2.3 ³ 10
-3

Constant sensitivity: 1.2 kPa to 100 kPa
S= -6.4x10-3 kPa-1 Stable performance over 27 500th

Sensitivity

Pressuredetection for robticsandprosthesis
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Sensors 19 899, (2019)
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Piezoresistivee-skin pressuresensors

ENGRAVEDPATTERN:

Spacing

200 µm

Before shrinking:

- It shrinkswith temperature(160°C)
- If shrunkenafter engraving,the cavities

get smaller: possibilityto achievesmaller
structures

- ShrunkenSPFcanwithstandtemperature
duringAgNWsspraycoating

Goals: Thinner and high conformable sensor layers; high microstructure features 
resolution; high sensitivity al low-pressure regimes and fast recovery times.

Å Shrinking polymer films (SPF)

Å Ag NWs as conductive layer 

After Shrinking

Before Shrinking

Adv. Mater. Interfaces 8 (21), 2100877, (2021)
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Piezoresistivee-skin pressuresensors

Before shrinking:

Crosses Size

100 µm 50 µm 25 µm 20 µm 15 µm 10 µm
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Adv. Mater. Interfaces 8 (21), 2100877, (2021)
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Piezoresistivee-skin pressuresensors

Homogeneous coverage of Ag NWs (except tip)

Pressure sensing 
mechanism

Pressure

Adv. Mater. Interfaces 8 (21), 2100877, (2021)
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Piezoresistivee-skin pressuresensors
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Adv. Mater. Interfaces 8 (21), 2100877, (2021)

ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ ҍмΦпkPaҍмbelow 10kPa, a 1.4ms recovery time
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Piezoresistivee-skin pressuresensors
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Adv. Mater. Interfaces 8 (21), 2100877, (2021)
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Energy harvesters using ZnONRs and ZnSnO3 NWs

HybridZnSnO3 NWs@ microstructuredPDMS nanogenerators
ZnSnO3

LN-type

ACS AppliedNanoMat1(8), 3986 (2018)
Nanomaterials, 9(7), 1002 (2019)

ZnSnO3 nanowires

One step hydrothermal process @ 200 °C 
established @ CENIMAT

ACS Appl. Mater. Interfaces 12, 18421-18430 (2020)

d33 (ZnO) = 9 Ñ2 pm/V

d33 (ZnSnO3) = 23 Ñ4 pm/V
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Energy harvesters using ZnOand ZnSnO3 NWs
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ACS Appl. Mater. Interfaces 12, 18421-18430 (2020)
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EnergyharvestersusingZnOandZnSnO3 NWs

Frequency ForceCycles
Stable performance

Peak-to-peak 
voltage: 120 V

ACS Appl. Mater. Interfaces 12, 18421-18430 (2020)
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