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Label-free Bio/Environmental Sensors - Introduction1

� Avoid label-induced alteration of analyte molecular structure

� Continuous measurement possible (real-time monitoring)

���� Able to observe kinetic progress of binding interactions 

of biomolecules

� Avoid multi-step preparation for labeling①①①① Cost-effectiveness②②②② Time saving ���� real time monitoring

Label/Tag (QD, Dye, Radioactives)Label/Tag (QD, Dye, Radioactives)Label/Tag (QD, Dye, Radioactives)Label/Tag (QD, Dye, Radioactives)

Analyte MoleculeAnalyte MoleculeAnalyte MoleculeAnalyte Molecule

③③③③ Avoid contamination④④④④ 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)

� 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

� Non-specific bonding induced noise
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TIR based Evanescent FieldTIR based Evanescent Field

Evanescent Field Sensing - Introduction2
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Surface Plasmon Resonance (SPR) - Introduction3

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

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

plasmon

� TM polarization can provide longitudinal EM field for SPP generation and forced oscillation of 

surface electrons

� Enhancement of wave-vector via higher refractive index light line 

���� Prism method, diffraction method or waveguide method

� Phase matching condition  ����

ApplicationsApplications

� SPR E-field distribution in the surface normal direction ����
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Working Principle of the Sensing Device

Metal

Waveguide

SPP Sensed medium

Output Light Input Light 
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Output Light 
With Polarization Change

Input Light 
with Circular Polarization

TE polarization ���� No SPR excitation

TM polarization ���� SPR excitation

①①①① Intensity Change

②②②② Phase Change ���� Polarization Change
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Experimental Apparatus and Techniques (1)

Hard Polymer Cladding

500µm 200µm
Jacket

230µm

Core

NA=0.37, NA=0.37, NA=0.37, NA=0.37, 
JFTLH, Polymicro TechnologiesJFTLH, Polymicro TechnologiesJFTLH, Polymicro TechnologiesJFTLH, Polymicro Technologies

2 cm

Metal Vapor Deposition (Thermal Evaporator)

Silica Core

Polymer 
Cladding

Jacket

Al

Ag

Core

Bimetallic SPR CoatingBimetallic SPR Coating

Expected Cross-
section Profile
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• Al coating for avoiding chemical 

instability of Ag

• High enough sensitivity by SPR

• Avoid too much SPR attenuation

• Enhanced birefringence

• Various penetration depth of 

evanescent field

���� wide operating RI range

• Various SPR angle

���� wide operating RI range
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Experimental Apparatus and Techniques (2)

� Non-golden coating to avoid too much attenuation of signal ���� operating RI 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 CellFiber Device Installed at the Ring Shaped Flow Cell

• Polydimethylsiloxane (PDMS) used for the flow cell

• An inlet and an outlet ports extracted for the analyte

solution input and output, respectively

• Ring shaped fiber ensuring many reflections 

���� enhanced sensitivity

• Wide distribution of incident angle to the multimode fiber

���� wide operating RI range
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Experimental Apparatus and Techniques (3)
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Experimental Apparatus and Techniques (4)
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Mathematical Description (1)

Circular polarizationCircular polarizationCircular polarizationCircular polarization
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Mathematical Description (2)

The two ports of the PBS output (sThe two ports of the PBS output (sThe two ports of the PBS output (sThe two ports of the PBS output (s----port and pport and pport and pport and p----port)port)port)port)

The balanced detector outputThe balanced detector outputThe balanced detector outputThe balanced detector output
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The balanced detector outputThe balanced detector outputThe balanced detector outputThe balanced detector output
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Glycerol Refractive IndexGlycerol Refractive Index

Results and Discussion (1)
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No metal coated fiber deviceNo metal coated fiber device

Results and Discussion (2)

� No metal coated fiber device
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� No metal coated fiber device

� Highly nonlinear over the entire 

range of glycerol concentration 

used
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Results and Discussion (3)

Glycerol MeasurementGlycerol Measurement

� Measurement of optical power 

only at the fiber output

� Highly nonlinear behavior at near 
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zero

� Restricted operating range of 

concentration (RI)
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Fiber devices with SPR birefringenceFiber devices with SPR birefringence

Results and Discussion (4)

� 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 
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� Sensitivity at concentration C near 

zero

� Minimum detectable C

� Minimum resolvable refractive index

as experimentally achievable

� Enlarged RI operating range: 0.05

(c)(c)(c)(c)

(d)(d)(d)(d)
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The Sensing System Characteristics (1)

Good Sensitivity and Wide Operating RangeGood Sensitivity and Wide Operating Range
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The Sensing System Characteristics (2)

Comparison with the other group resultsComparison with the other group results

MinimumMinimumMinimumMinimum Detectable RI Detectable RI Detectable RI Detectable RI (experimental)(experimental)(experimental)(experimental) Minimum Minimum Minimum Minimum DetectableDetectableDetectableDetectable RI RI RI RI (estimated)(estimated)(estimated)(estimated) Ref.Ref.Ref.Ref. RemarkRemarkRemarkRemark1.21.21.21.2××××10101010----4444 5.55.55.55.5××××10101010----8888 9.69.69.69.6 1111 MachMachMachMach----ZhenderZhenderZhenderZhender Type SPR Sensor (2004)Type SPR Sensor (2004)Type SPR Sensor (2004)Type SPR Sensor (2004)2222××××10101010----5555 NotNotNotNot mentionedmentionedmentionedmentioned 1.21.21.21.2 2222 Single ModeSingle ModeSingle ModeSingle Mode Fiber SPR Sensor (1999)Fiber SPR Sensor (1999)Fiber SPR Sensor (1999)Fiber SPR Sensor (1999)4444××××10101010----6666 NotNotNotNot mentionedmentionedmentionedmentioned 8.58.58.58.5 3333 SingleSingleSingleSingle Mode Mode Mode Mode Polarization Maintaining Polarization Maintaining Polarization Maintaining Polarization Maintaining SPR Sensor SPR Sensor SPR Sensor SPR Sensor (2003)(2003)(2003)(2003)
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4444××××10101010 NotNotNotNot mentionedmentionedmentionedmentioned 8.58.58.58.5 3333 (2003)(2003)(2003)(2003)5555××××10101010----5555 NotNotNotNot mentionedmentionedmentionedmentioned 27272727 4444 DDDD----type Fibertype Fibertype Fibertype Fiber Sensor (2007)Sensor (2007)Sensor (2007)Sensor (2007)5555××××10101010----4444 NotNotNotNot mentionedmentionedmentionedmentioned 49494949 5555 SingleSingleSingleSingle Mode SPR Sensor (1997)Mode SPR Sensor (1997)Mode SPR Sensor (1997)Mode SPR Sensor (1997)1111××××10101010----3333 1.51.51.51.5××××10101010----6666 4.24.24.24.2 6666 SPR HeterodyneSPR HeterodyneSPR HeterodyneSPR Heterodyne Interferometer Sensor (2011)Interferometer Sensor (2011)Interferometer Sensor (2011)Interferometer Sensor (2011)4444××××10101010----5555 NotNotNotNot mentionedmentionedmentionedmentioned 46464646 7777 MiniaturizedMiniaturizedMiniaturizedMiniaturized SPR fiber Sensor (1998)SPR fiber Sensor (1998)SPR fiber Sensor (1998)SPR fiber Sensor (1998)5555××××10101010----7777 NotNotNotNot mentionedmentionedmentionedmentioned 2.62.62.62.6 8888 SPR Phase detection Sensor (1996)SPR Phase detection Sensor (1996)SPR Phase detection Sensor (1996)SPR Phase detection Sensor (1996)
5.85.85.85.8××××10101010----6666 ToToToTo be estimatedbe estimatedbe estimatedbe estimated 50505050

OurOurOurOur
GroupGroupGroupGroup

SPRSPRSPRSPR birefringence Fiber Sensor (2013)birefringence Fiber Sensor (2013)birefringence Fiber Sensor (2013)birefringence Fiber Sensor (2013)

Talk at Optics-14



The Sensing System Characteristics (3)

References used for comparisonReferences used for comparisonReferencesReferencesReferencesReferences[[[[1111] S. Y. Wu, H. P. Ho,  W. C. Law, C. L. Lin, S. K. Kong. Highly sensitive differential phase] S. Y. Wu, H. P. Ho,  W. C. Law, C. L. Lin, S. K. Kong. Highly sensitive differential phase] S. Y. Wu, H. P. Ho,  W. C. Law, C. L. Lin, S. K. Kong. Highly sensitive differential phase] S. Y. Wu, H. P. Ho,  W. C. Law, C. L. Lin, S. K. Kong. Highly sensitive differential phase----sensitive surface sensitive surface sensitive surface sensitive surface plasmon resonance biosensor based on the  Machplasmon resonance biosensor based on the  Machplasmon resonance biosensor based on the  Machplasmon resonance biosensor based on the  Mach----Zehnder configuration. Optics Letters, Zehnder configuration. Optics Letters, Zehnder configuration. Optics Letters, Zehnder configuration. Optics Letters, 29292929, , , , 2378237823782378----2380 2380 2380 2380 ((((2004200420042004).).).).[[[[2222] ] ] ] RRRR. . . . SlaviSlaviSlaviSlavík, J. Homola, J. Čtyroký. Single mode optical fiber surface plasmon resonance sensor. Sensors and k, J. Homola, J. Čtyroký. Single mode optical fiber surface plasmon resonance sensor. Sensors and k, J. Homola, J. Čtyroký. Single mode optical fiber surface plasmon resonance sensor. Sensors and k, J. Homola, J. Čtyroký. Single mode optical fiber surface plasmon resonance sensor. Sensors and Actuators B: Chemical, Actuators B: Chemical, Actuators B: Chemical, Actuators B: Chemical, 54545454, , , , 74747474----79 79 79 79 ((((1999199919991999).).).).[[[[3333] M. Piliarik, J. Homola, Z. Manikova, J. Čtyroký. Surface plasmon resonance based on a single mode polarization ] M. Piliarik, J. Homola, Z. Manikova, J. Čtyroký. Surface plasmon resonance based on a single mode polarization ] M. Piliarik, J. Homola, Z. Manikova, J. Čtyroký. Surface plasmon resonance based on a single mode polarization ] M. Piliarik, J. Homola, Z. Manikova, J. Čtyroký. Surface plasmon resonance based on a single mode polarization maintaining optical fiber. Sensors and Actuators B: Chemical, maintaining optical fiber. Sensors and Actuators B: Chemical, maintaining optical fiber. Sensors and Actuators B: Chemical, maintaining optical fiber. Sensors and Actuators B: Chemical, 90909090, , , , 236236236236----242 242 242 242 ((((2003200320032003).).).).
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[[[[4444] M. H. Chiu, C. H. Shih, M. H. Chi. Optimum sensitivity of single mode D] M. H. Chiu, C. H. Shih, M. H. Chi. Optimum sensitivity of single mode D] M. H. Chiu, C. H. Shih, M. H. Chi. Optimum sensitivity of single mode D] M. H. Chiu, C. H. Shih, M. H. Chi. Optimum sensitivity of single mode D----type optical fiber sensor in the intensity type optical fiber sensor in the intensity type optical fiber sensor in the intensity type optical fiber sensor in the intensity measurement. Sensors and Actuators B: Chemical, measurement. Sensors and Actuators B: Chemical, measurement. Sensors and Actuators B: Chemical, measurement. Sensors and Actuators B: Chemical, 123123123123, , , , 1120112011201120----1124 1124 1124 1124 ((((2007200720072007).).).).[[[[5555] A. J. C. Tubb, F. P. Payne, R. B. Millington, C. R. Lowe. Single] A. J. C. Tubb, F. P. Payne, R. B. Millington, C. R. Lowe. Single] A. J. C. Tubb, F. P. Payne, R. B. Millington, C. R. Lowe. Single] A. J. C. Tubb, F. P. Payne, R. B. Millington, C. R. Lowe. Single----mode optical fibre surface plasmon wave mode optical fibre surface plasmon wave mode optical fibre surface plasmon wave mode optical fibre surface plasmon wave chemical sensor. Sensors and Actuators B: Chemical, chemical sensor. Sensors and Actuators B: Chemical, chemical sensor. Sensors and Actuators B: Chemical, chemical sensor. Sensors and Actuators B: Chemical, 41414141, , , , 71717171----79 79 79 79 ((((1997199719971997).).).).[[[[6666] J. Y. Lee, S. K. Tsai. Measurement of refractive index variation of liquids by surface plasmon resonance and ] J. Y. Lee, S. K. Tsai. Measurement of refractive index variation of liquids by surface plasmon resonance and ] J. Y. Lee, S. K. Tsai. Measurement of refractive index variation of liquids by surface plasmon resonance and ] J. Y. Lee, S. K. Tsai. Measurement of refractive index variation of liquids by surface plasmon resonance and wavelengthwavelengthwavelengthwavelength----modulated heterodyne interferometry. Optics Communications, modulated heterodyne interferometry. Optics Communications, modulated heterodyne interferometry. Optics Communications, modulated heterodyne interferometry. Optics Communications, 284284284284, , , , 925925925925----929 929 929 929 ((((2011201120112011).).).).[[[[7777] ] ] ] RRRR. . . . SlaviSlaviSlaviSlavík, J. Homola, J. Čtyroký. Miniaturization of fiber optic surface plasmon resonance sensor. Sensors and k, J. Homola, J. Čtyroký. Miniaturization of fiber optic surface plasmon resonance sensor. Sensors and k, J. Homola, J. Čtyroký. Miniaturization of fiber optic surface plasmon resonance sensor. Sensors and k, J. Homola, J. Čtyroký. Miniaturization of fiber optic surface plasmon resonance sensor. Sensors and Actuators B: Chemical, Actuators B: Chemical, Actuators B: Chemical, Actuators B: Chemical, 51515151, , , , 311311311311----315 315 315 315 ((((1998199819981998).).).).[[[[8888] S. G. Nelson, K. S. Johnston, S. S. Yee. High sensitivity surface plasmon resonance sensor based on phase ] S. G. Nelson, K. S. Johnston, S. S. Yee. High sensitivity surface plasmon resonance sensor based on phase ] S. G. Nelson, K. S. Johnston, S. S. Yee. High sensitivity surface plasmon resonance sensor based on phase ] S. G. Nelson, K. S. Johnston, S. S. Yee. High sensitivity surface plasmon resonance sensor based on phase detection. Sensors and Actuators B: Chemical, detection. Sensors and Actuators B: Chemical, detection. Sensors and Actuators B: Chemical, detection. Sensors and Actuators B: Chemical, 35353535, , , , 187187187187----191 191 191 191 ((((1996199619961996).).).).
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The Sensing System Characteristics (4)

The Benefits of our Sensing SystemThe Benefits of our Sensing System

� Straightforward to Fabricate the Fiber Device (polymer-cladding)

� Ag-Al Combination for SPR Coating – No Need to Use Expensive Gold

� Relatively Simple Detection System

� No Need of angular adjustment for SPR excitation� No Need of angular adjustment for SPR excitation

� No Need to Realize an Interferometer by Beam Recombination 

���� Easy Alignment (in-line polarization interferometer)

� Robustness to External Disturbance due to the Use of a Single Beam of Light  

compared to Dual Beam Interferometer scheme

� Relatively Compact Size compared to Prism based Optical Sensing System
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Relevant Publication

21Talk at Optics-14



The Group Recent ResultsThe Group Recent Results

Additional Results Obtained Recently (1)

NiNiNiNi
AlAlAlAl
AgAgAgAg

AntibodyAntibodyAntibodyAntibodyFibrinogenFibrinogenFibrinogenFibrinogen

Histidine tagged PeptideHistidine tagged PeptideHistidine tagged PeptideHistidine tagged Peptide

His.tag.His.tag.His.tag.His.tag.
Peptide (HP)Peptide (HP)Peptide (HP)Peptide (HP)

Blocking SolutionBlocking SolutionBlocking SolutionBlocking Solution
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Fiber Core Fiber Core Fiber Core

Fiber CoreFiber Core

Immobilization Immobilization Immobilization Immobilization 
of Antibodyof Antibodyof Antibodyof Antibody

Fibrinogen Fibrinogen Fibrinogen Fibrinogen 
CaptureCaptureCaptureCapture

Fiber Core

Reusable SurfaceReusable SurfaceReusable SurfaceReusable Surface

Fiber Core

Blocking Solution Blocking Solution Blocking Solution Blocking Solution 
CoatingCoatingCoatingCoating

Immidazole Immidazole Immidazole Immidazole 
Rinsing Rinsing Rinsing Rinsing 

+ + + + 
Acid RinsingAcid RinsingAcid RinsingAcid Rinsing
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Additional Results Obtained Recently (2)

The Group Recent ResultsThe Group Recent Results
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Conclusion

SummarySummary

24Talk at Optics-14



Contributors



End

Thanks for your attention

Questions?
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Appendix- New Polarization Interferometer Detection (2)



Appendix - New Polarization Interferometer Detection (3)



Appendix - New Polarization Interferometer Detection (4)



Appendix - New Polarization Interferometer Detection (5)
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