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Technical Group at a Glance

e Focus

e This group’s interests are related to optical technologies for the targeted detection of
biological compounds for medical diagnostics, healthcare, environmental and food safety

applications.
e Over 2,000 members within OSA.
* Mission
 Promotion of the developments in the field to the society through webinars, social media,
publications, technical and outreach events...
e Create a platform to enhance the community network.

* Interested in presenting your research? Have ideas for TG events? Contact:
filizyesilkoy@gmail.com

* Find us here
e Website: www.osa.org/OpticalBiosensorsTG
e LinkedIn: https://www.linkedin.com/groups/8260947/

e Social Media: #OSABiosensorsTG
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Motivation
Global SPR Market
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https://www.futuremarketinsights.com/reports/surface-plasmon-resonance-spr-systems-market

Motivation
Importance to Human Health

J Environmental pollutants detection
(1 Blood analytes detection
(Biomarkers identification/detection
1 Drug discovery

JFood inspection



Key Points to be Covered

> Motivation

> SPR Sensing:
» Physics of Plasmonic Sensing
» Resolution improvement with Optics/Physics
» Penetration depth enhancement
»Self referencing
» Reading Methodologies-System

> Extended versus Localized SPR



Plasmonic Field Enhancement is a Key Factor
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Factors Influencing Field Enhancement
_] I'm

> Interference: e

» Optical Antenna Effect: R ——




Plasmonics Allow the Nanoscale Enhancement

Limitations of Standard Optics

Spot diameter is limited by the
lens to few hundreds of nm

Field Intensity is Enhanced nearly 10 Million Times
Near the Tip of a Silver Nanorod on Metal Film




Surface Waves and Sensing

The simplest example:
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Two Main Types of Plasmonic Waves

Extended SPW

Incident \
light Incidence
medium

Coupling medium: gc
Prism, gratings....
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Thin metal film Em
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Environment
(analyte)

O Field penetrates few hundred nm and
more in the analyte!

[ Field enhancement at the interface ~x10-20

O Sensitivity ~1000-50000nm/RIU

Localized SPW

Incident
photons

O Field penetrates few nm in the analyte. Highly
localized!

O Field enhancement at the interface is ~*x20-100

O Sensitivity ~100-500nm/RIU



Extended Plasmonic Waves
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Plasmonics is the Science and Technology
Dealing with Surface Plasmon Waves

SPW- (Surface Plasmon Wave) : Is a charge density wave occurring
at the interface between a metal and a dielectric.

TM polarization only! Dielectric &5




Momentum of Propagating SP

Plasmon propagation K vector:

Dielectric ga

Applying the continuity relations of the tangential field's components (E,;, H):

D

oo > 2.




Two Important Parameters

Penetration Depths Propagation Length
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Silver as an Example
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Exciting SPR- Prism Coupling

Introducing the Drude model for the metal permittivity gives the dispersion

relation of the SP: _

Dispersion relation of SP

Analyte &q

Resonance for na,

Resonance for na,

Analyte &, _



Prism Coupling-General Setup
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Angular and Spectral Modes for Sensing

Sensing in the KR configuration

800 900 1000

00,
Angular Sensitivity: ~100-200 deg/RIU

Spectral sensitivity: ~1000-30000nm/RIU

dnp na
di n,

mr)gmr



Sensitivity and Detection Limit (Resolution)

FoM = 20
FWHM

Physics / Optics / Materials

System



Existing Methods for Sensitivity
Enhancement of SPR Sensors
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Phase SPR (Polarimetric, Ellipsometric)

/
Amplitude "~ Phase

Much sharper
7he amplitude dip!
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http://dx.doi.org/10.1109/JSTQE.2016.2575543

EM Field Enhancement at the Resonance
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Evanescent Field Sensing

Evanescent field

Analyte

Confinement region

Assuming a particle is added to the analyte, it

creates a variation in the dielectric function:

The wave vector will change by: and the field
from: to



Evanescent Field Sensing

Wave equation before the perturbation: VXVXEi — kingi

The wave equation after the particle is added: vafo — k% (8 + 68) E f

Multiplying by and integrating over the entire volume and subtracting yields:

(k7 —k?)[ E.cE/dr =k [ E] 5¢E dr
Vv

Vint

Up to the first order in

The shift in the wave vector is equal to the
overlap integral normalized by the mode energy

integral. —mPp-Sensing in the evanescence
region!




Correlation Between EM Intensity and
Sensitivity Enhancement

A. Shalabney and I.
Abdulhalim, Sensors and
Actuators A:physical, 159

(2010) 24-32
Field Strength Interaction volume

Sensors geometry, nano- Evanescence region,

structures, localization, band lateral propagation
gaps, material parameters length, porosity




Correlation Between EM Intensity and
Sensitivity Enhancement

Case of adding nano-overlayer with high
ncdent | reseced refractive index on top of the metal layer!

light /% light

19,
(=]

""‘"-h.
2nd Si
interface

=
(=]
L

Field
distribution

w
o
L

dielectric
layer

N
(=]
1

—Overlap integral

ﬂ—
)
g
@
c
g
A
T
g
i
b
[

2nd metal

interface ) —_— SenS|t|V|ty

[y
o
1

Distance from the prism-metal interface (nm)

Sensitivity (deg/RIU)

d,, =43(nm), d, =10.5(nm)
n, =133, n, =1.732051

800 1000 1200
Wavelength (nm)




1sT case: Adding top nano-dielectric Layer

incident reflected

light _ light
l"

'is'

metal
film—>

Nano-layer
CUCHICIY Of thickness
d is added

Amit Lahav, Mark Auslender and |I. Abdulhalim, Sensitivity
enhancement of guided wave surface plasmon resonance
sensors, Opt.Lett. 33, 2539-2541 (2008).

GWSPR vs. NGWSPR

SP mode

cutoff

Waveguide  SP mode
mode



1sT case: Adding top nano-dielectric Layer

incident
light

il

N
o

interface

W
o

N
o

2nd metal
interface

Electric Field Intensity |E_‘ 2

[
o

NGWSPR

reflected

Field
distribution

Nano
dielectric

analyte
y 1 layer

100

150

200 250

Distance from the prism-metal interface (nm)

Sensitivity (deg./RI1U)

TM reflectivity

SPR ne=1 .325,____‘

SPR nc=1.335\

——Si GWSPR for nc=1.325
——Si GWSPR for nc=1.335
——SPR for nc=1.325
——SPR for nc=1.335
——Zr02 GWSPR nc=1.325
——Zr02 GWSPR nc=1.335

Zro2
nc=1.325

Zro2
nc=1.335

Si
nc=1.325
-

Si
nc=1.335

/

50

60 70

Angle of incidence (deg)




Improving the FoM with top Nanofilm

Dielectric
Metal layer

layer l

Spectrometer

Optical
fiber

0
/

Focusing 6,
objective ’ Analyte
layer

— \ SF11
P-polarized beam —— glass

Collimated beam —» Index
Collimation objective —» ' sF11  Matching

White light i cal fiber 0
source

- O 500 1000 1500 2000 2500

Wavelength (nm)




Improving the S-FoM with top Nanofilm
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It Enables Detecting Bacteria with NIR
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2"d Case: Porosity Effect - nSTFs
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Sensitivity Increases with Porosity
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Field Enhancement with Porosity
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System Simplification and Improved
Laptop PreCiSion

Water analyte
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Karabchevsky et.al., 2009, 2010, 2011



System Miniaturization
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http://www.photonicsys.com/

The Field Penetration Depth Importance

Bacteria / Cells
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Ultra-high Penetration Depth Self
Referenced GW-SPR Sensor

Top SiO2 (390nm)

Au (42nm)

Buried SiO2 (420nm )
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Experimental Confirmation

13

Sivan Issacs et.al., Long range
surface plasmon resonance with
ultrahigh penetration depth for self-
referenced sensing and ultralow
detection limit using diverging beam
approach,  Appl.Phys.Lett. 106,
193701-4 (2015).
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Self Referenced SPR with Grating Coupling
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Self Referenced SPR Thin Dielectric Grating
Coupling on Thin Metal Film

Grating Spaces Filled with Water at Normal Incidence
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M. Abutoama et.al., Optics Express 23, 28667-82 (2015) and IEEE J. Selected Topics in Quantum Electronics, 23, 4600309 (2017).



Summary and Future Trends

> SPR biosensors have a large growing market
» Field of interest are environmental sensing and health

> SPR Physics/optics allows for many different modes
with variety of improvements in the performance. All
originates from the EM field distribution/enhancement

» SPR systems can be miniaturized made portable and
cheap.

» For the future specific sensing should be developed
more through binding layers development
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