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Organic/Hybrid Photonics @ CNR-ISMN

O Flexible organic light-emitting devices

O Organic photovoltaics

Flexible transparent
heterojunction OPV

O Multifunctional organic transistors
O 2D materials: functionalization

O Organic bioelectronics

O Bioderived polymer for sensing

O Integrated systems for point-of-need

Integrated organic system for cell

stimulation and recording White top-emitting OLED

on conformable metal substrate
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Organic optoelectronics in analytical monitoring

Standard methods for diagnostics and
monitoring

Organic Optoelectronics

_ _ O Nanometer-thick films
O Bulky with dedicated power sources

v QO Low cost
- EXpensive 0 Conformable and light-weight devices
0 Dedicated labs

A T O Integrability
Q Very limited applicability when PON
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Optical sensing modes

Fluorescence

Environmental monitoring, clinical diagnostics, DNA sequencing
Sensitive and selective

Quantitative

Labeling needed

Multiple interferences

Multiple bulky components (e.g. Optical filters)

Bulky, expensive and high-power consuming optical components
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Surface Plasmon Resonance (SPR)

Environmental and food monitoring, clinical diagnostics

Label free

Quantitative

Sensitive and selective

Bulky, expensive and high-power consuming optical components
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Safety and competitiveness in the food chain
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Multiplex phOtonic sensor for pLasmonic-based Online
detection of contaminants in milK
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Integrated SPR sensor based on organic light-emitting transistor

O Sensor size aslowas 0.1 cm?
O Inherent signal amplification
U Optics-less architecture

Nanoplasmonicgrating

———ooC e
Encapsulation cap —/ l

Cathode
Drain

Q Light detector
Q Sharing the OLET electrode

.

Nanostructured grating (NPG)

Grid of polymeric pillars

in a gold matrix - ;
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< 20°

Light Light
detector source

B. Bottazzi, et al, J. Biomed. Opt. 2014, 19, 017006.

U Planar light emitter

A Electrical switcher

U Tunable light stripe




Integrated SPR sensor based on organic light-emitting transistor
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Integrated SPR sensor based on organic light-emitting transistor
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A miniaturized and multiplex SPR biosensor
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A miniaturized and multiplex SPR biosensor

SENSORGRAMS with spiked sampkes
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DATA ANALYSIS

1) Baseline subtraction
2) Data normalization

3) Principal Component Analysis

4) Algorithm to define data regions of maximum stability, maximum

slope, and elbow points
5) Data referencing

6) Channel-specific correction

BENCHMARKING with golden SPR standard
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Sensor prototyping

Optoplasmonic
module
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photonic system for Adaptable mulLtiple-analyse Monitoring of fOod quality
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Modular portable optical biosensor

o Instrument including:
* sensor module
« communication electronics
HARDWARE * microfluidic module

o Reagent cartridge taking up the sample and
providing all necessary reagents

o Sensor module with a matrix specific
biofunctionalization according to the analytes

SOFTWARE

Research o App providing access to data analysis and management
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|
SPR- and fluorescence-based detection in a single device

O Enlarge the dynamic range of detectable concentrations of a specific analyte
O Provide a built-in control for techniques which are sensitive to different interferences

Q Perform in a single sensor detection of multiple analytes from different classes 2
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On-chip all-organic fluorescence sensor O i Genova
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On-chip all-organic fluorescence sensor

Fluorophore

ZAN

Cytop
OPD
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The OPD photocurrent arises only/mainly
from the fluorophore emission
f N

o Good spectral overlap
o High in-plane DBR uniformity
o OLED as Lambertian light

source + DBR angular response
\ Y,

Benvenuti, E. et al. J. Mater. Chem. C, 2024,12, 4243-4252
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OPD photocurrent [nA]

On-chip all-organic fluorescence sensor
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Conclusions

Design of innovative bimodal integrated sensors for fluorescence and SPR based on organic

optoelectronics as PON or screening methods

Monolithic integration of light source and detector for SPR detection
On-chip all-organic fluorescence sensor comprising optical component
Multiple analyte detection (low- and high-molecular weight)

Prone to DNA detection (fluorescent nucleic acid stain conc. =5 mM)

LOD of 104 RIU: only 1 order of magnitude lower than the reference benchtop SPR instrument
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