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The Photonic Detection technical group is part of the
Photonics and Opto-Electronics Division of the Optical
Society. This group focuses on the detection of photons as
received from images, data links, and experimental
spectroscopic studies to mention a few. Within its scope,
the PD technical group is involved in the design,
fabrication, and testing of single and arrayed detectors.

This group focuses on materials, architectures, and
readout circuitry needed to transduce photons into
electrical signals and further processing. This group’s
interests include: (1) the integration of lens, cold shields,
and readout electronics into cameras, (2) research into
higher efficiency, lower noise, and/or wavelength
tunability, (3) techniques to mitigate noise and clutter
sources that degrade detector performance, and (4)
camera design, components, and circuitry.

About Us



LinkedIn Group
www.linkedin.com/groups/8297763/

Find us online OSA Homepage
www.osa.org/PD

https://www.linkedin.com/groups/8297763/
https://www.linkedin.com/groups/8297763/
http://www.osa.org/PD


▪ Special Sessions at OSA conferences such as CLEO and OFC.
▪ Webinars
▪ Interactions with local sections and student chapters.
▪ Interactive community for bringing together researchers across inter-

disciplinary fields for tackling advances in photonic detection
technologies.

▪ Example: Panel discussion on Silicon Photonics for LiDAR and Other
Applications at OFC 2019

Technical Group Activities
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The Institute of Applied Physics “Nello Carrara” (IFAC) 
is part of the National Research Council (CNR), which 
is the main public organisation pursuing research and 
innovation in Italy. IFAC is the larger institute of the 
CNR Florence Research Area located at the "Polo 
Scientifico” of Sesto Fiorentino.

IFAC carries out research activities, experimental 
development and technological transfer in many areas 
of Applied Physics and ICT, as:
• SPACE, AEROSPACE and EARTH OBSERVATION
• HEALTH, NANOMEDICINE and SAFETY
• ENVIRONMENT and FOOD QUALITY 

MONITORING
• CULTURAL HERITAGE

What we do at CNR-IFAC

http://cbs.ifac.cnr.it/
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Chemical & Biochemical Optical Sensor group which I belong is one of the larger research group of CNR-IFAC. The group 
activity is mainly envisaging the design and development of optical sensors for the detection of chemical and biochemical 
parameters, with special focus on biophotonic diagnostics for both invasive/minimally invasive applications and Point Of Care 
Testing (POCT) devices.

What we do in CBOS group

http://cbs.ifac.cnr.it/
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Key strength of the group is the high multidisciplinarity which includes scientists coming from different subjects 
(Physics, Engineer, Chemistry and Pharmaceutical Chemistry and Technology) which permits to face all the 
different issues encompassing the biophotonic diagnostics.



General expertise to: 
Optical Fiber Sensors

Optical Biosensors

Label-free Sensing & Biomolecule Detection

Neurodegenerative Disease

Specialties: 
1) Optical fiber sensors based on gratings (FBGs and LPGs); 
2) Optical fiber sensors for the measurement of pH and bile; 
3) LPGs as fiber coupler to whispering gallery mode (WGM) resonators; 
4) SPR-based optical fiber devices; 
5) Graphene-based sensors and modulators; 
6) Lossy Mode Resonance (LMR) sensors; 
7) In-fiber nanostructures;
8) Small biomolecule optical detection (cancer biomarkers, Alzheimer’s disease biomarkers). 

What I do in CBOS group
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LECTURE FOCUS (FIRST PART)

• Fundamentals on fiber optics

• Fiber optics-based systems & sensors

• Classification of fiber optic sensors

Fundamentals on fiber optics

http://cbs.ifac.cnr.it/
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Fundamentals on fiber optics

Fiber optic structure and light propagation



Materials for fibers

● Silica glass fibers

● B/Ge-doped glass fibers

● Halide glass fibers

● Active glass fibers (rare-earth doped)

● Plastic fibers

● Bioresorbable fibers NEW!!!

http://cbs.ifac.cnr.it/
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Fundamentals on fiber optics



Typical fiber-optic operation modes

Sensing 
element

Light Parameters

• Power/Intensity
– Unit: 

 Watts
 dbm: 10log(P*1000)

– Attenuation/loss
 db: 10log(P1/P0) 

• Wavelength (spectral distribution)

• Polarization

• Phase (Optical path)

http://cbs.ifac.cnr.it/
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Fiber optics-based systems



Fundamentals

Fiber optic sensor: a sensor that measures a physical/chemical/biological
parameter based on the signal modulation in terms of intensity, wavelength, phase,
or polarization of light traveling through an optical fiber.

Peculiarities of fiber optic sensors:
• Compact size and lightness;
• Remote access;
• Multiplexing and multi-functionality;
• Resistance to harsh environments;
• Immunity to electro-magnetic and radio-frequency interferences;
• Light management.

http://cbs.ifac.cnr.it/

FRANCESCO CHIAVAIOLI, PH.D.
FIBER OPTIC SENSING & BIOSENSING

OSA MEETINGS
PHOTONIC DETECTION TECHNICAL GROUP

FEBRUARY 24, 2021

Fiber optic sensors



CLASSIFICATION IN TERMS OF TYPE OF SENSING
A physical sensor is a device that measures a physical quantity and converts it into a signal 
which can be read by an observer or by an instrument.
•Temperature
•Preassure
•Deformation or strain
•Humidity

A chemical sensor is a device that transforms chemical information into an analytically useful 
signal which can be read by an observer or by an instrument.
•Chemical composition
•Presence of a particular element or ion
•Concentration of the investigated element or ion
•Chemical activity

A biosensor is an integrated receptor–transducer device that is able to provide selective 
quantitative or semi-quantitative analytical information about the investigated analyte using a 
biological recognition element deposited on a substrate.
•Antibody/antigen interactions
•Enzymatic interactions
•Nucleid acid interactions
•Epigenetic modifications
•Cells and Tissue

Classification of fiber optic sensors
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RESONANCE-BASED DEVICES

Courtesy of: C. Caucheteur, T. Guo et al., Nat. Comm. 2016, vol. 7, Article number: 13371

APPROACHES
• Surface plasmon resonance (SPR) and localized SPR
• Interferometric configurations
• Fiber optic gratings (FBGs and LPGs)
• Surface wave resonances (Bloch wave, lossy and 

leaky modes)

Classification of fiber optic sensors
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LECTURE FOCUS (SECOND PART)

• A metrological assessment of resonance-based fiber optic sensors with the 
aim of providing an objective evaluation of the sensing performance

• Concepts can also be applied to any resonance-based sensor, thus providing 
the basis for an easier and direct performance comparison of a great number 
of devices published in the literature up to now

Parameters for an objective assessment of 
sensor performance
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Parameters for an objective assessment of 
sensor performance

http://cbs.ifac.cnr.it/
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Parameters for an objective assessment of 
sensor performance
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Bulk or volume RI sensing
All the surrounding medium is involved in the 
sensing -> optical refractometer

Surface RI sensing
Only the bio-layer is involved in the sensing -> 
optical biosensor

F. Baldini et al., Anal. Bioanal. Chem. 2012, vol. 402 (1), p. 109-116.
F. Chiavaioli et al., Biosensors 2017, vol. 7 (2), p. 23.

Parameters for an objective assessment of 
sensor performance
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PARAMETERS FOR BULK OR VOLUME SENSING

• Response curve and Sensitivity:

Parameters for an objective assessment of 
sensor performance

𝝏𝝏𝝏𝝏
𝝏𝝏𝒏𝒏𝒔𝒔𝒔𝒔𝒔𝒔
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• Resolution: the smallest variation of the 
investigated measurand that a sensing 
device is able to resolve; in other words, 
the lowest change in the investigated 
measurand that produces a measurable 
signal change.

𝑅𝑅 =
3𝜎𝜎
𝑆𝑆



PARAMETERS FOR SURFACE SENSING

• Sensorgram and Calibration curve:

Association constant Dissociation constant

Parameters for an objective assessment of 
sensor performance
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PARAMETERS FOR SURFACE SENSING

• Limit of detection (LOD):

1. First appraoch 

2. Second approach 

3. Third approach 

Loock, H.P.; Wentzell, P.D. Sens. Actuators B Chem. 2012, 173, 157–163.
William, E. et al. Anal. Chem. 1980, 52, 2242–2249.
F. Chiavaioli et al., ACS Anal. Chem. 2015, vol. 87, p. 12024−12031.
F. Chiavaioli et al., ACS Sensors 2018, vol. 3 (5), p. 936–943.
White, I.M.; Fan, X. Opt. Express 2008, 16, 1020–1028.
Hu, J. et al., J. Opt. Soc. Am. B Opt. Phys. 2009, 26, 1032–1041.

Parameters for an objective assessment of 
sensor performance
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PARAMETERS FOR SURFACE SENSING

• Limit of detection (LOD):

F. Chiavaioli et al., Biosensors 2017, vol. 7 (2), p. 23.

Parameters for an objective assessment of 
sensor performance
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PARAMETERS FOR SURFACE SENSING

• Specificity or Selectivity: 
the sensor’s ability to be sensitive to a specific 
or a selective measurand, instead of all the 
other interfering measurands, also called 
cross-sensitivity.

F. Chiavaioli et al., ACS Sensors 2018, vol. 3, p. 936-943.

Parameters for an objective assessment of 
sensor performance
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PARAMETERS FOR SURFACE SENSING

• Reusability or Regeneration:
The regeneration step is needed for obtaining 
the specific biolayer available for a new 
interaction in consecutive assay cycles 

MacCraith, B.; et al. Sens. Actuators B Chem. 1995, 29, 51–57.
F. Chiavaioli et al., ACS Sensors 2018, vol. 3, p. 936-943.

Parameters for an objective assessment of 
sensor performance
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LECTURE FOCUS (THIRD PART)

• Overview of the state-of-the-art literature on fiber optic sensors

• From physical sensing to biosensing passing by chemical sensing

State-of-the-art literature on fiber-optic 
sensors
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Courtesy of: P. Vaiano et al., Laser & Photonics Rev. 2016, vol. 10, p. 922-961.

Most interesting fiber optic sensing devices 
from the literature
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HYDROGEL FIBERS for 
STRAIN SENSING

• Highly stretchable
• Main features: fiber diameter 

of 750/1100 μm, Young’s 
modulus of ≈80 kPa, large 
elongation up to 730% and a 
high failure stress of 230 kPa

Most interesting fiber optic sensing devices 
from the literature: physical sensing

Courtesy of: J. Guo et al., Adv. Mater. 2016, vol. 28, p. 10244-10249.
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SPR-based TILTED FBGs for 
SENSING in AIR

• Acustic wave detection by 
pressure changes 

• Main features: highly tilting 
angle of 37°, sensing around 
1.0 RIU, 10-8 RIU resolution

• Gas sensing application

Courtesy of: C. Caucheteur, T. Guo et al., Nat. Commun. 2016, vol. 7, 13371.

Most interesting fiber optic sensing devices 
from the literature: physical sensing
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Y. Liu et al., J. Lightwave Technol. 2019, vol. 37 (13), p. 3373-3380.
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Most interesting fiber optic sensing devices 
from the literature: physical sensing

PHOTOTHERMAL ANEMOMETER BASED ON CARBON NT-COATED TFBG-ASSISTED SPR 
SENSOR

• Real-time wind speed measurement by carbon nanotubes as high-efficiency photothermal 
conversion element 

• Sensing principle: all-in-fiber hot wire anemometer (HWA) where TFBG acts as high-resolution 
temperature sensor and SPR serves to improve light-matter interaction



FIBER OPTIC SENSING 
IN STRUCTURAL 

HEALTH MONITORING
• Mostly based on fiber 

Bragg grating
• Main applications: 

humidity sensing, 
detection of crack or 
leakage

Courtesy of: K. Bremer et al., Proc. Technol. 2016, vol. 26, p. 524-529.

Most interesting fiber optic sensing devices 
from the literature: physical sensing
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WGM RESONATORS COUPLED BY LONG PERIOD FIBER GRATINGS
• Novel method to couple light into whispering gallery mode (WGM) resonators
• Main features: differently-shaped WGM resonators, high coupling efficiency 

(60%), wavelength selective addressing, quasi-distributed sensing approach

D. Farnesi, F. Chiavaioli et al., Opt. Lett. 2014, vol. 39 (22), p. 6525-6528.
D. Farnesi, F. Chiavaioli et al., Opt. Express 2015, vol. 23 (16), p. 21175-21180.

Most interesting fiber optic sensing devices 
from the literature: physical sensing
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FIBER TAPERS WITH GOLD-REINFORCED SILVER NANOPRISMS
• Hybrid plasmonic-photonic system based on gold-reinforced silver nanoprisms
• Main features: localised SPR, 40 nm diameter and 9 nm thickness, high particle 

density of 210 particle/μm2, bulk sensitivity of 900 nm/RIU, designed for biosensing

Courtesy of: T. Wieduwilt et al., APL Photonics 2016, vol. 1, 066102.

Most interesting fiber optic sensing devices 
from the literature: physical sensing
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INTERNALLY-TILTED LONG PERIOD FIBER GRATINGS
• Optical refractometer with improved sensitivity
• Main features: point-by-point inscription technique with rotation stage, red-shift 

of the resonance bands, exponential behaviour curvature VS RI sensitivity

F. Chiavaioli et al., Appl. Phys. Lett. 2013, vol. 102, 23110929.
F. Chiavaioli et al., Opt. Lett. 2016, vol. 41 (7), p. 1443-1446.

Most interesting fiber optic sensing devices 
from the literature: physical sensing
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NANOMATERIAL-MODIFIED 
FIBER SENSORS FOR 

GASES, VAPORS AND IONS

Most interesting fiber optic sensing devices 
from the literature: chemical sensing
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Courtesy of: D. Pawar and S. N. Kale, 
Microchimica Acta 2019, vol. 186, p. 253.



FIBER OPTICS FOR BATTERY/CELL 
MONITORING

• Monitoring the dynamic chemical and thermal 
state of a cell during operation

• Tracking of chemical events such as solid 
electrolyte interphase formation and structural 
evolution by assessing temperature and pressure 
changes

• Main features: Li-ion cells

Most interesting fiber optic sensing devices 
from the literature: chemical sensing

Courtesy of: J. Huang et al., Nature Energy 2020, vol. 5, p. 674-683
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FIBER OPTICS FOR 
BATTERY/CELL 
MONITORING

• Continuous monitoring of 
electrochemical activity of 
supercapacitors, such as 
the electrode potential and 
the state of charge of the 
energy storage devices

• SPR-assisted tilted fiber 
Bragg grating

Most interesting fiber optic sensing devices 
from the literature: chemical sensing

Courtesy of: J. Lao et al., Light Sci. Appl. 2018, vol. 7, 34
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NANOPOROUS-COATED 
LONG PERIOD FIBER 

GRATING FOR AMMONIA 
DETECTION

• Layer-by-layer deposition of a 
mesoporous thin film 
(PDDA/SiO2 nanoparticles) 
and a functional material 

• Main features: transition mode, 
functional material desorption 
from mesoporous coating, 
response time less than 100 s, 
limit of detection of 140 ppb Courtesy of: S. Korposh et al., Mater. Chem. Phys. 2012, vol. 133, p. 784-792.

Most interesting fiber optic sensing devices 
from the literature: chemical sensing
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REFLECTION-MODE FIBER OPTIC SENSOR FOR CO2 DETECTION
• Organically-modified silica film based on thymol blue and 

tetramethylammonium hydroxide
• Main features: colorimetric change of pH indicator, reflectivity, CO2 range from 

0 to 6%, response time of 19 s, CO2 measurements from breath sample

Courtesy of: L. Liu et al., Sens. Biosens. Res. 2019, vol. 22, 100254.

Most interesting fiber optic sensing devices 
from the literature: chemical sensing
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SPECIAL FIBER-BASED 
CATHETER FOR 

CYTOKINE DETECTION
• Gold NP-coated fiber 

embedded into an hole 
drilled intrathecal catheter

• Main features: cytokine 
interleukin-6 (IL-6) 
detection, fluorescence 
measurement, LOD of 1 
pg mL-1, specificity in live 
BV2 cells

Courtesy of: G. Liu et al., ACS Sensors 2017, vol. 2, p. 218-226.

Most interesting fiber optic sensing devices 
from the literature: biosensing
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LPFG WITH MIP-NANOPARTICLES FOR ANTIBIOTICS DETECTION
• Molecularly imprinted polymer nanoparticles to reduce the non-specific binding
• Main features: transition mode, vancomycin detection, label-free, 10 nM lowest 

concentration, specificity

Courtesy of: S. Korposh et al., Analyst 2014, vol. 139, p. 2229-2236.

Most interesting fiber optic sensing devices 
from the literature: biosensing
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M. Janik et al., Sci. Rep. 2018, vol. 8, p. 17176.

µ−CAVITY IN-FIBER MACH-
ZEHNDER INTERFEROMETER 

FOR E. COLI BACTERIA 
DETECTION

• Surface functionalization by 
silanization (APTES) and 
deposition of amine groups 
(glutaraldehyde)

• Main features: 50 µm diameter, 
15 µm/RIU bulk sensitivity, 100 
colony forming units (CFU)/mL as 
lowest E. Coli bacteria 
concentration

Most interesting fiber optic sensing devices 
from the literature: biosensing
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F. Esposito et al., Biosens. Bioelectron. 2021, vol. 172, p. 112747.

GRAPHENE-OXIDE COATED LPG IN DOUBLE-CLAD FIBER FOR CRP DETECTION
• GO deposited by dip-coating technique and able to directly provide carboxyl (-COOH) functional 

groups
• Mode transition in an all-silica structure by chemical etching of the outer fiber cladding
• Main features: CRP detection in serum, large working range of clinical relevance (1 ng mL-1 –

100 µg mL-1), LOD of 0.15 ng mL-1
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F. Chiavaioli et al., ACS Anal. Chem. 2015, vol. 87, p. 12024−12031.
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SOL-GEL-BASED SiO2-TiO2 COATED LPFG FOR IGG DETECTION
• Sol−gel-based titania−silica thin film deposited by dip-coating technique
• Main features: transition mode, label-free IGG detection, label-free, 159 nm coating thickness, 

7075 nm/RIU bulk sensitivity, LOD of 53 pM (8 ng mL-1) in human serum



LOSSY MODE RESONANCE-BASED D-SHAPED FIBER FOR IGG DETECTION
• Novel physical phenomenon different from SPR
• Main features: D-shaped fiber, DC sputtered SnO2 coating, label-free IGG 

detection, >10 µm/RIU bulk sensitivity, LOD of 1 fM (150 fg mL-1) in serum

F. Chiavaioli et al., ACS Sensors 2018, vol. 3 (5), p. 936–943.

Lossless core waveguide
 ε3=ε3’

T

λ
INPUT :

White light
spectrum

T

λ
OUTPUT :

Lossy Mode Resonance
spectrum

Lossy coating
 ε2=ε2’ + jε2’’External medium (air)
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External medium (air)
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90º

90º

SPR 
conditions
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Several resonances Yes Usually no

http://cbs.ifac.cnr.it/

FRANCESCO CHIAVAIOLI, PH.D.
FIBER OPTIC SENSING & BIOSENSING

OSA MEETINGS
PHOTONIC DETECTION TECHNICAL GROUP

FEBRUARY 24, 2021

Most interesting fiber optic sensing devices 
from the literature: biosensing



LMR-BASED D-SHAPED FIBER FOR D-DIMER DETECTION
• D-dimer is a useful diagnostic biomarker for deep vein thrombosis or pulmonary embolism, 

collectively referred to as venous thromboembolism (VTE).
• Main features: LOD of 100 ng mL-1 (5-fold below the clinical cut-off value), high specificity (>90%) 

compared with mass-spectrometry-based proteomics.
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Running 
buffer 
(PBS) 

P. Zubiate et al., Biosens. Bioelectron. X 2019, vol. 2, 100026

Real matrix (Serum) 



LECTURE FOCUS (LAST PART)

• «Food for Thoughts» in fiber optic sensing
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“Food for Thoughts”



F. Chiavaioli et al., Nanophotonics 2017, vol. 6 (4), p. 663-679.
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Courtesy of: R. Beravat et al., Sci.Adv. 2016, vol. 2, e1601421.

“Food for Thoughts”
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Courtesy of: B. Špačková et al., ACS Photonics 2018, vol. 5, p. 1019-1025.

“Food for Thoughts”

𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚 =
3𝜎𝜎
𝑆𝑆Γ � 𝜅𝜅
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Courtesy of: M. Consales et al., ACS Nano 2012, vol. 6, no. 4, p. 3163–3170; A. Ricciardi et al., Analyst 2015, vol. 140, p. 8068–8079.

“Food for Thoughts”

http://cbs.ifac.cnr.it/

FRANCESCO CHIAVAIOLI, PH.D.
FIBER OPTIC SENSING & BIOSENSING

OSA MEETINGS
PHOTONIC DETECTION TECHNICAL GROUP

FEBRUARY 24, 2021

Courtesy of: J. Kwak et al., J. Biomed. Opt. 2019, vol. 24, no. 3, p. 037001.
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