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Structure health monitoringStructure health monitoring

technique to monitor and assesstechnique to monitor and assess
health of structures beforehealth of structures before
catastrophic damage occurscatastrophic damage occurs



Structure health monitoringStructure health monitoring

・・objectivesobjectives
   buildings, vehicles, machines

・・physical quantitiesphysical quantities
   vibration,acceleration and
   displacement

・・methodsmethods
    electrical, optical

technique to monitor and accesstechnique to monitor and access
health of structures beforehealth of structures before
catastrophic damage occurscatastrophic damage occurs



Optical sensingOptical sensing

•• non electrical operationnon electrical operation

•• immunity from electromagnetic interferencesimmunity from electromagnetic interferences

•• small size and broad bandwidthsmall size and broad bandwidth



Fiber Bragg grating sensorsFiber Bragg grating sensors

•• sensitive both to strain and temperaturesensitive both to strain and temperature

•• need additional equipments to measureneed additional equipments to measure
vibration and accelerationvibration and acceleration

•• expensive (also due to expensive masks)expensive (also due to expensive masks)

A. D. Kersey, M. A. Davis, H. J. Heather et al, J. Lightwave tech. 15, 1442-1462 (1997).
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Coupling light to waveguideCoupling light to waveguide

・・core diameter : ~10 core diameter : ~10 µµm m 
　　(for single mode waveguides)(for single mode waveguides)

・・accuracy of alignments < 1 accuracy of alignments < 1 µµmm

・・use of precise 3-dimensional stagesuse of precise 3-dimensional stages



Coupling light to waveguideCoupling light to waveguide

・・core diameter : ~10 core diameter : ~10 µµm m 
　　(for single mode waveguides)(for single mode waveguides)

・・accuracy of alignments < 1 accuracy of alignments < 1 µµmm

・・use of precise 3-dimensional stagesuse of precise 3-dimensional stages

needs cost and time!needs cost and time!

waveguide-waveguide coupling:waveguide-waveguide coupling:
active or passive alignmentsactive or passive alignments



Waveguide wiring by use of femtosecond lasersWaveguide wiring by use of femtosecond lasers

glass (n=1.5)

1.4 NA microscope
objective lens

femtosecond laser pulses coming from
a long cavity Ti:Sapphire laser
10 nJ, 55 fs, 25 MHz, 800 nm*

*C B. Schaffer, A. *C B. Schaffer, A. BrodeurBrodeur, J F. Garcia, and E. Mazur, Opt. , J F. Garcia, and E. Mazur, Opt. LettLett. 26, 93-95 (2001).. 26, 93-95 (2001).

a long cavity Ti:Sapphire laser



Waveguide wiring by use of femtosecond lasersWaveguide wiring by use of femtosecond lasers

waveguide

glass (n=1.5)

index
matching
oil (n=1.5)

1.4 NA microscope
objective lens

offset
0~170 µm

translation

femtosecond laser pulses coming from
a long cavity Ti:Sapphire laser
10 nJ, 55 fs, 25 MHz, 800 nm*

*C B. Schaffer, A. *C B. Schaffer, A. BrodeurBrodeur, J F. Garcia, and E. Mazur, Opt. , J F. Garcia, and E. Mazur, Opt. LettLett. 26, 93-95 (2001).. 26, 93-95 (2001).

・・focal depth compensation byfocal depth compensation by
        use of an index matching oiluse of an index matching oil



Waveguide wiring by use of femtosecond lasersWaveguide wiring by use of femtosecond lasers

waveguide

glass (n=1.5)

index
matching
oil (n=1.5)

1.4 NA microscope
objective lens

offset
0~170 µm

translation

femtosecond laser pulses coming from
a long cavity Ti:Sapphire laser
10 nJ, 55 fs, 25 MHz, 800 nm*

・・focal depth compensation byfocal depth compensation by
        use of an index matching oiluse of an index matching oil

・・polishing and assembling priorpolishing and assembling prior
　　to waveguides writingto waveguides writing

・・no post treatmentno post treatment

・・reduction of accuracy of glassreduction of accuracy of glass
　　assembling processassembling process

*C B. Schaffer, A. *C B. Schaffer, A. BrodeurBrodeur, J F. Garcia, and E. Mazur, Opt. , J F. Garcia, and E. Mazur, Opt. LettLett. 26, 93-95 (2001).. 26, 93-95 (2001).



Microscope picture of wired waveguidesMicroscope picture of wired waveguides

20 µm
Gap of glass 
pieces ~3 µm

sodalime sodalime glassglass



Microscope picture of wired waveguidesMicroscope picture of wired waveguides

““opticallyoptically”” wired wired
connection loss below 2.0 dB at 632.8 nmconnection loss below 2.0 dB at 632.8 nm

separation loss and lateral offset loss?separation loss and lateral offset loss?



Separation lossSeparation loss
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anharmonic anharmonic relation between the offset and the lossrelation between the offset and the loss
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Lateral offset lossLateral offset loss



refractive index profile near filed profile

the discrepancy is due to a non-Gaussian distributionthe discrepancy is due to a non-Gaussian distribution
of refractive index profile of the waveguidesof refractive index profile of the waveguides

*R R.*R R. Gattass  Gattass and I. Maxwell and E. Mazur, SPIE and I. Maxwell and E. Mazur, SPIE West West in San Jose, California on 25 January 2003in San Jose, California on 25 January 2003

Lateral offset lossLateral offset loss
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Sensor fabricationSensor fabrication

substrate: sodalime glass
(cut from slide glass)



suspended beam: borosilicate glass
(cut from cover slip glass)

Sensor fabricationSensor fabrication

20 mm x 2 mm x 0.1 mm



glasses to write waveguides:
sodalime glass

Sensor fabricationSensor fabrication



center glass: movable

Sensor fabricationSensor fabrication

Gap: 100 µm



Writing waveguides

Sensor fabricationSensor fabrication

Femtosecond
laser



Optical fibers 

Sensor fabricationSensor fabrication

UV cure + UV light



Sensor fabricationSensor fabrication

sensor dimension:sensor dimension:
25 mm x 25 mm x 3 mm25 mm x 25 mm x 3 mm
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Vibration measurementsVibration measurements

LD
1.55 µm

PD

PC Speaker:
20 ~ 1000 Hz

Sensor
♪
♪

6.0 g weight
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FFT spectrum of output signalFFT spectrum of output signal

100 Hz



Harmonics

10 ms

400 Hz300 Hz

200 Hz

100 Hz

The harmonics come from anharmonic
relation between the loss and the offset.

FFT spectrum of output signalFFT spectrum of output signal
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Acceleration measurementsAcceleration measurements

LD
1.55 µm

PD

PC

Sensor

6.0 g weight

Linear stage
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Temperature dependence on modulation amplitudeTemperature dependence on modulation amplitude
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sub micron sensitivity for  lateral offsetssub micron sensitivity for  lateral offsets

the ultimate passive alignmentsthe ultimate passive alignments



ConclusionsConclusions

The waveguides wiringThe waveguides wiring

The Novel vibration sensorsThe Novel vibration sensors

immune to electromagnetic fieldsimmune to electromagnetic fields

high sensitivity and negligible temperature dependencehigh sensitivity and negligible temperature dependence

affordable fabrication costs compared to FBG sensorsaffordable fabrication costs compared to FBG sensors

easy samples preparationeasy samples preparation

sub micron sensitivity for  lateral offsetssub micron sensitivity for  lateral offsets

the ultimate passive alignmentsthe ultimate passive alignments

ObaraObara@@obaraobara..elecelec..keiokeio.ac..ac.jpjp


