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OMICS Group International through its Open Ac
cess |nitiative iIs committed to make genuine an
d reliable contributions to the scientific commu
nity. OMICS Group hosts over 400 leading—edg
e peer reviewed Open Access Journals and org
anize over 300 International Conferences annua
lly all over the world. OMICS Publishing Group |
ournals have over 3 million readers and the fam
e and success of the same can be attributed to
the strong editorial board which contains over
30000 eminent personalities that ensure a rapid
, quality and quick review process.




About Omics Group conferences

« OMICS Group signed an agreement with more than 10
00 International Societies to make healthcare informati
on Open Access. OMICS Group Conferences make the
perfect platform for global networking as it brings toge
ther renowned speakers and scientists across the glob
e to a most exciting and memorable scientific event fill
ed with much enlightening interactive sessions, world
class exhibitions and poster presentations

« Omics group has organised 500 conferences, worksho
psS and national symposium across the major cities incl
uding SanfFrancisco,Omaha,Orlado,Rayleigh,SantaClar
a,Chicago,Philadelphia,Unitedkingdom,Baltimore,SanA
ntanio,Dubai,Hyderabad,Bangaluru and Mumbai.
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| abel-free Bio/Environmental Sensors - introduction1

yrprarmrararnrn

.’ Sensors using -’ Sensors without usingjllabgels
S A

’ Label /Tag (QD, Dye, Radioactives) KAvoid label-induced alteration of analyte molecular structure

= Continuous measurement possible (real-time monitoring)
. Analyte Molecule -> Able to observe kinetic progress of binding interactions
of biomolecules
= Avoid multi-step preparation for labeling
@ Cost-effectiveness
@ Time saving - real time monitoring
@ Avoid contamination
@ Reproducibility (irrespective of user’s hand skill)
= Remote sensing (e.g. using optical fibers carrying signals)

for inaccessible (hazardous) sensing site

= Robustness to outer disturbance (e.g. to external EM wave)

Pumping Emission = Relatively compact size

* Point-of-Care-Test (POCT) and portability

= Can be integrated into a small sized single chip for
multiplexed bioassay

=  Detection limit restricted

Light Detector \- Non-specific bonding induced noise /

k source /
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Evanescent Field Sensing - itroduction2

Optical Properties
Change

J

4 Cladding overlayer, ng

q Waveguide Core, n.

Substrate, ng

= Characteristic penetration depth

e A /sinzzﬁm .
27 n

at 632.8nm, d~200 nm




Surface Plasmon Resonance (SPR) - introductions

| .‘ Concept

- Collective oscillation of electrons at a metal-dielectric interface at a characteristic frequency =

Dielectric

= Surface Plasmon Polariton (SPP) mode: longitudinal mode of EM field coupled with surface

=  TM polarization can provide longitudinal EM field for SPP generation and forced oscillation of \ m m m [

+++ - - +++ - = X
N N b

surface electrons

. Enhancement of wave-vector via higher refractive index light line b
- Prism method, diffraction method or waveguide method “/m 1
. - w Em€d T I petal sphe
= Ph h kb == —/—— £
ase matching condition > P e teq r | V
—ry/k? K“
=  SPR E-field distribution in the surface normal direction > [, (r) ( ) \/ 5P - l I [ 1

“{lwu s KA, Van Duyne RP, 2007,
\ Rev. Phys. Chem. 58:267-97 j
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’ Simple Concept Diagram

Working Principle of the Sensing Device

\

i

Input Light
with Circular Polarization

SPP Sensed medium

TE polarization - No SPR excitation
TM polarization - SPR excitation
@ Intensity Change
@ Phase Change - Polarization Change

\

Output Light
With Polarization Change
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Experimental Apparatus and Techniques (1)

'll'-‘ Sensing Device Building Block: polymer-cladimultimode fiberh

Hard Polymer Cladding

NA=0.37,
JFTLH, Polymicro Technologies

Bimetallic SPR Coating

4 )

» Al coating for avoiding chemical

E ross-
Metal Vapor Deposition (Thermal Evaporator) S ;((?tciaé:rt]egrgﬁlc;ss instability of Ag

* High enough sensitivity by SPR

Silica Core Al
a + Avoid too much SPR attenuation
Ag + Enhanced birefringence
— + Various penetration depth of
| . \
1 4 o | \
1 g
| 1
1 1

evanescent field
- wide operating Rl range

2.cm IE’JaICket Core - Various SPR angle
0 ym.er - wide operating Rl range
Cladding \_ Y,

L ™
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Experimental Apparatus and Techniques (2)

Wemn ..

A D

g

.’ Bimetalic coating of Ag and

= Non-golden coating to avoid too much attenuation of signal -> operating Rl range widened
= High enough sensitivity and signal-to-noise ratio
= The coated Ag-Al thickness: 7nm-30nm, 30nm-10nm, 20nm-5nm, 36nm-4nm

Fiber Device Installed at the Ring Shaped Flow Cell

Talk at Optics-14 |

* Polydimethylsiloxane (PDMS) used for the flow cell

+ An inlet and an outlet ports extracted for the analyte

* Ring shaped fiber ensuring many reflections

* Wide distribution of incident angle to the multimode fiber

~

solution input and output, respectively

- enhanced sensitivity

- wide operating Rl range

J




Experimental Apparatus and Techniques (3)

Schematic of Experimental Setup

Inlet

Fiber

M4 Coupler

He-Ne Laser

\

* ‘ ":_..‘-'_

Bi-metal coated fiber
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Collimator _ & 7

Outlet

BD Detector
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Experimental Apparatus and Techniques (4)

qlrr\ S rf\ FA A A

./ Experimental Setup (photo)

»»»»»»

~

All components and devices
for light source, sensing, detection
in this system cost
~ 10,000 USD at most

Price of a Biacore 3000
~ 350,000 USD
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Mathematical Description (1)
Birefringence Detection Principle

— Circular polarization

Ef, T2 I
= (R(—ﬁ) | R(S ))
£V 0 o2 4

out

I' =00¢. — d¢, is the phase retardation of light through the SPR fiber device

& the the angle between the o-axis of the SPR fiber device and a laboratory horizontal axis

¥

H .
E)L/Q._Our —COsS2y  sin2y ngtf
=1
V : V
E; 120w sin2y cos2y | |E;,

v is the angle between the A /2 optic axis and a laboratory horizontal axis.

N /
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Mathematical Description (2)

Birefringence Detection Principle

The two ports of the PBS output (s—port and p—port)

I, = Lous [1 + sin'sin(2¢ — 44))] I, =

2
\
The balanced detector output

I =1,—1, = I, sinl'sin(2§ —41))

¥

Rotatable ’21 enabling of max (—) and min(—) to be obtained

D S=max(/_)—min(/_) =2[,usinl’
\ /
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Results and Discussion (1)

\T . (faldalfaldaldalda

Glycerol Refractive Index

1.47 - »
B
T 144- "
— i /./.
/.

Qa4 "
= o
g
s 138 =
3 -
¥

1.35- /_-"

0 20 40 60 80 | 1(|)0
Glycerol Concentration [%]

Glycerol Concentration based on Weight: C

Glycerol Index n = 0.0012 X C[%)]

—
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Results and Discussion (2)

'.’f-‘lfl‘lfl‘lfllfl'lfn

No metal coated fiber device

240
35 210
i o A > No metal coated fiber device
= 180 J ; b\ | » Highly nonlinear over the entire
53 - . range of glycerol concentration
= 1501 = B used

Glycerol concentration(%)

—
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Results and Discussion (3)

' . _f-‘fi1fliflifl'lf-

Glycerol Measurement

. 30 F‘\\
E | . “ > Measurement of optical power
= \\ only at the fiber output
E 33- L I T % 1 2 > Highly nonlinear behavior at near
§ |l /TE‘“ J o zero
2 I H > Restricted operating range of
g 32 \ b/ = 36nm/4nm concentration (RI)

000 005 010 015  0.20
Glycerol Concentration (%)

—

Talk at Optics-14 15




Results and Discussion (4)

'.’f-‘lfl‘lfl‘lfllfl'lfn
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Fiber devices with SPR birefringence
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>

As Ag composition increases, i.e.,
(a)->(d), less nonlinear behavior
appears
Two different sensitivity slopes
appear at around 1% and 0.05%
for (c) and (d)
Sensitivity at concentration C near
zero _
68/6C =15.2mV /% (c)
65/6C =32.4mV /% (d)
Minimum detectable C

=

5 x 107%% (9.3pM/L)

Minimum resolvable refractive index

5.8x 10~ SRIU

as experimentally achievable

Enlarged Rl operating range: 0.05
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The Sensing System Characteristics (1)

| . Good Sensitivity and Wide Operating Range

» Ring-shaped fiber device ensuring about 18 reflections > enhanced sensitivity
» Ag-Al (36nm-4nm) coating > high enough sensitivity, non-golden coating to avoid
too much attenuation (wide Rl operating range)
> Asymmetrical coating profile > various metal depth and various SPR angles
~ Wide RI operating range
» Multimode fiber of 200 xm core > wide incident andle > Wide Rl operating range
> Newly developed Detection System for birefringence measurement

- Wide Rl operating range

———
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The Sensing System Characteristics (2)

. Comparison with the other group results

AT

Minimum

Minimum Detectable Rl Operaing

(experimental) D(Ztset(i:r:]aat::: d|):“ range (x 1073) Lz FIECEr
1.2x10™ 5.5x1078 9.6 1 Mach-Zhender Type SPR Sensor (2004)
2x1075 Not mentioned 1.2 2 Single Mode Fiber SPR Sensor (1999)
4x10-8 Not mentioned 8.5 3 Single Mode Polarizat!on Mgaintaining SPR Sensor
(2003)
5x1075 Not mentioned 27 4 D—type Fiber Sensor (2007)
5x10™4 Not mentioned 49 5 Single Mode SPR Sensor (1997)
1x1073 1.5x1076 4.2 6 SPR Heterodyne Interferometer Sensor (2011)
4x1075 Not mentioned 46 7 Miniaturized SPR fiber Sensor (1998)
5x1077 Not mentioned 2.6 8 SPR Phase detection Sensor (1996)
5.8x1076 To be estimated 50 G(I')(;JJD SPR birefringence Fiber Sensor (2013)

—
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The Sensing System Characteristics (3)

References used for comparison
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The Sensing System Characteristics (4)

AT

v Straightforward to Fabricate the Fiber Device (polymer-cladding)
v" Ag-Al Combination for SPR Coating — No Need to Use Expensive Gold
v Relatively Simple Detection System
v" No Need of angular adjustment for SPR excitation
v" No Need to Realize an Interferometer by Beam Recombination
-> Easy Alignment (in-line polarization interferometer)
v" Robustness to External Disturbance due to the Use of a Single Beam of Light

compared to Dual Beam Interferometer scheme

| v Relatively Compact Size compared to Prism based Optical Sensing System
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Relevant Publication
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Bimetal coated optical fiber sensors

based on surface plasmon resonance

induced change in birefringence and
intensity

Tan Tai Nguyen,! Eun-Cheol Lee,!2 and Heongkyu Ju!-23-*

| Department of Bionano technology, Gachon University, South Eorea
Epepmmemof_khnopmsfcs. Gachon University, South Korea
*Newroscience Institute, Gil Hospital, Incheon, South Eoren

* batula\gachon.ac. i

Abstract:  We present a surface plasmon resonance (SPE) based mul-
timode fiber sensor with non-golden bimetallic coating. Our detection
scheme used, which 1s capable of measuning the combined effects of
5PR-induced birefringence and intensity changes, supported the munimum
resolvable refractive index (RI) of 5.8 x 10-%RIU with the operating RI
range of 0.05 to be expenimentally obtained at a single wavelength (632 8
nm) without non-spectroscopic techmques. The asymmetric profile of the
thickness of the bimetal coating on the fiber core together with the inherent
range of mcidence angle for multimode propagation also contributed to
the wide operating range. The SPR fiber device with the detection scheme
demonstrated will be likely to be developed as a real-time label-free and
highly sensitive diagnostic device of a wide operating range for biomedical
and biochemical applications in a portable format.

© 2014 Optical Society of America

OCIS codes: (240.6680) Sorface plasmons; (280.4788) Optical sensing and sensors:
(060.2370) Fiber optics sensors.
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Additional Results Obtained Recently (1)

The Group Recent Results

I — — - N|

- A | --- Histidine tagged Peptide

_“" Ag --- Fibrinogen Y---» Antibody

—--->  Blocking Solution
His.tag.
Peptide (HP)I I I I

[N - [N - [V -

Immobilization Blocking Solution F
: . ibrinogen
of Antibody Coating Capture

Immidazole
Rinsing
Reusable Surface +
Acid Rinsing
Fiber Core <:| Fiber Core <:I Fiber Core
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Additional Results Obtained Recently (2)

The Group Recent Results

; : Acetic acid
380 1 opsr ]
\ H|s peptide \§ ERERICE \
560 -
Z 540 . . —
= “ees} | Fibrinogen: low (X2000) | =& | Fibrinogen: low (X2000) |
T . -
S 520+ / \ - . -
) = LW :
‘ Blocking Solution ‘ - .
500 - "7 ‘ Blocking Solution
[ Fibrinogen: mid (X200) | -
480 ‘ Fibrinogen: high (x10) ‘ ‘ Fibrinogen: mid (X200) ‘ ‘ EibdhagensHigh (x10)
T T T T T T T |
0 200 400 600 800
Time [s]

PBST: Phosphate Buffered Saline with Tween 20, pH 7.4

His-peptide: Histidine-tagged Peptide N-HHHHHHGGHWRGWYVS-C 1ug/ml
Blocking Solution: Block ACE (AbD Serotec)4g/L

IgG: Anti-fibrinogen IgG rabbit (324552 EMD millipore) 1.875 ng/ml

Acetic acid: 1IM/L,pH 2.4,

Immidazole: 20 mM/L

Fibrinogen from AD patient blood plasma
low (X 2000) > dilution by 2000: 34.4 pug/ml
mid (X 200) > dilution by 200: 344 pg/ml
high (X 10) - dilution by 10: 6.9 mg/ml
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Conclusion

'CEI

[ ]

= SPR Birefringence assisted Optical Sensor Demonstration

= Ag-Al Bimetallic Coated Multimode Fiber for SPR Excitation

= Newly Developed Detection System for Birefringence

= Wide RI Operating Range of 0.05 demonstrated

= The Minimum Resolvable Index Resolution of 5.8 x 10~> RIU

= The Minimum Detectable Concentration of Glycerol of 9.3 pico
Mole/Liter

= Applicable for Chemical and Biological Sensing

)
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Thanks for your attention

Questions?




Appendix— New Polarization Interferometer Detection (1)

>< New Pc[or?Za'H\on In+ehﬁc\'ome+er EﬁUén’f‘eCi B/‘ HJLI

PRS Pl
P -Pal.

e OO Sf* : :

M CP- Somple Afs
plote plake
PD2
Cp. Circular Po|ar\l.2q‘h\0ﬂ
0,e : unknown eigen ~optic  axeg for Bir:-,tr?naem

{o : Orc{fnq-r) ax1g

e : extm-ordinary axis

PBS : Po | c\r}Z:na Bemm SP H‘H‘Ei’

PD : pho-{ch‘(DOle

using  Jones  Veetor repregen-totton
Start  with

o CH’Culary ?01&:*;2%0[ (gh"t

at Hhe  sample  hpub
Jlut -ks2) i
Ex = EE { J where 4 R-C-P.
i | ~F il
where K, ig e  Vacuuw  WaveVector

__.A

let we

N

Q0 —~axls Qﬁcl

Sample

et

™

I

j\ Ra+o.+ecl Sample +  be

™

+

C avetal

assutne _é g +he angle betueeh

horizental  axis

fotathon Mot X

Re (&) = [ iy *5’%*]

570)‘& KOS‘)P_

the  Somple b{ran‘raenos' ot M(n,,ne)
ket

_ {e ° J
-JKa1,0
o e

~ ke (e +Na) /s r e—.)koQCneana)/J_ o
" o e_}.KoQ(De—no)/_\ )

e—J KeR(Me the) /. é‘_ /s o
,V B efrf;

@’Pfe_sen‘f'eol

N

f;/,
Rs(-2) M Re (‘5\) _ \
cos § <ing jl eﬂm o 1 csf  ~sig

ugin'% (Og)éﬁ‘ S eir/lJ g(nJé cosd |

phace focto dismisced )

—




Appendix— New Polarization Interferometer Detection (2)
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Appendix — New Polarization Interferometer Detection (3)
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Appendix — New Polarization Interferometer Detection (4)
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Appendix — New Polarization Interferometer Detection (5)
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