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Future plan

(DHigh speed control optical comb
(cutoff frequency>200kHz
(@Using for photoacoustic imaging

In this seminar

(DHow to detect ultrasound signal using
optical fiber
@How to compare sensitivity and response
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Principle

The gain and dc offset of the feedback
voltage are adjusted to maintain a
phase difference of 90° between the
two arms. If the light intensity in each
arm 1s [, any small strain 4L induced
by the ultrasonic waves results in a
phase change 4¢ in the sensing arm
and a change 1n the light output of the
interferometer A4/
AL
AI:2I()sinAcp:47rI() 7
A: Laser wavelength
AL 1s much smaller than £
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Design of fiber sensor

_ . FIBER
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Polyethylene disk This geometry allows the
The diameter of the disk needs i sensor diameter to be as small

to be 25mm or larger as Smm
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Design of fiber sensor(Practical)
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' The ruler below 1s graduated in 1.5mm
"The Sensor diametor 1s 13mm
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Experimental setup and result
i Sensitivity of the fiber-optic sensors
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Summary

® This paper presents several designs of high-
sensitivity, compact fiber-optic ultrasound sensors
that may be used for medical imaging applications

® The sensors are simpler and less expensive to make
than piezoelectric sensors, and are not susceptible
to electromagnetic interference
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Experimental setup
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Experimental results

plitudo pressure and phase
amplitude pressure and phase shift Normalized frequency response
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Optoacoustic experimental setup
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Experimental results
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Figure 4 (a) Optoacoustic signal received by channel 30 of PZT array expressed in pressure units. (b) Signal detected by
an extrinsic fiber optic sensor at the same time but on the opposite side of the phantom. (¢) and (d) magnification of the

noise that correspond to the marked areas in the Figures (a) and (b) respectively.

In the former case the electronic
bandwidth is limited to 2.5 MHz, however
in the last case it is limited by the digital
oscilloscope low pass filter to 20 MHz.

a similar pulse shape and time of flight as detected
with two different sensors can be observed
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Experimental results
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(a)
(a) Diagram showing location of the embedded object in
the PVCP phantom. (b) Optoacoustic image obtained
from LOIS utilizing an array of 64 PVDF transducers.
(¢) Optoacoustic image reconstructed from fiber optic
sensor signals.
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Summary

® They present a non-metallic interferometric silica optical
fiber ultrasonic wideband sensor for optoacoustic imag-
ing applications. The ultrasonic sensitivity of this
sensor has been characterized over the frequency range
from 1 to 10 MHz. The feasibility of our fiber optic based
sensor for wideband ultrasonic detection is
demonstrated.
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Principle(pi-phase-shifted FBG)
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Experimental setup

Square-wave Pulses with :

a duration of 67ns and Electric
81940A, Agilent Technologies voltage of 100V-400V puiser
Linewidth: 8.1x10%pm PZT transducer
Tuning resolution:1pm (Olympus)

Tunable CW 50/50
laser couple
—— 4.5mm
o - 1111
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Reflection spectrum of the grating
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Temporal and spectral responses

175kPa acoustic pulse
calibrated by needle hydrophone (Model HPM1/1,Precision Acoustics Ltd. )
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Summary

® They demonstrated a compact fiber-optic sensor for
highly sensitive wideband ultrasound measurements,
suitable for optoacoustic signal detection

® In This system, an effective sensor length of 270 ym,
pressure sensitivity of 440 Pa, and effective bandwidth
of 10 MHz were achieved



