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Optical Phase Shift Caused by Ultrasonic Field
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Assuming that the water : lﬁ’
)

under an acoustic field is
an optical phase object,
the optical phase shiftis k. :Optical wave number

written as T — on 7 :Refractive index
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Subtraction Shadowgraph Method

Using the geometrical optics approximation
and considering the conservation of energy
of propagatimg hght wave,

following equations are obtained, -1, B LPae " a
1.S,~ IS / k,\ v @P
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Tor the phase shilt generated by
ultrasound ficld ¢
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Phase Contrast Method

Conversion of optical phase shift to optical intensity
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The shape of the optical wavefront on exit from the acoustic field is wntten as

tlx, v) = Aexplj8, Jexplyglx. v]) A EOptesapida _ )
:Optical phase before entering acoustic field

On the assumption that ¢#lx. 3] << 2x #(x, ) :Optical phess shift caused

o, v} dexpl jé, Hl +jy‘>[x,_r)] by the acoustic field
The only central component is advanced by 7/2 relative to all other components by
the phase plate. The optical intensity resulting from interference can be written as

I (e p) =l i+ e ) = "1+ 26(x )]
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Phase Contrast Method

A phase plate is a glass plate with a small
column (200 pm in diameter) etched into

its surface.
The light which goes through this column

is advanced by /2.

. Calumner
deprassion

In this study, the location of the column is set to the position
comresponding to the DT componant of the spectrum on the focal plane
of the lens.
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Experiment

. Sehlizren Lens

CCTY Camiera
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TFumelion gen,

<Procedure=
1. Measure the depth of field and set the holographic diffuser at the magmg plane,
2. Sct the transducer on the position that is / [em] from the imaging plane.
3. Acquire and average 50 imapes with and without ultrasound
while moving the holographic diffuser slightly np and down,
and the images are classified as I, and I respectively.

4. Caleulate each 2= and reconstruct the ultrasound ficld using a CT algorithm.

F F

3. Change the optical propagarion length and repeat the procedure 2 — 4.

6.

=Schlicren Tens>
+ Aperture: 28 [em]
+ Foeal length: 130 [em]

=Transducer>
+ Aperture and focal length: 70 [mm]
+ Center frequency: 1.14 [MHz]

=Ohers=
= Optical wavelength: 532 |om|

=<Holographic diffuser=
+ Transmittance: Aboved) [%4]
Diffuse angle: 5 [degree]

* Aperture: 12.7 [em] + Shurter speed: 1[ms]

Reconstructed pressures on axis using

short and long optical propagation length are compared.
=28 [em

- PRF{Laser); | |kHz|
il

— Reconstruction
— Hydhuphene

Tressure value

3 Py

Marmalined Fressue [-]
Menndized Pressure |-

= A T AR R M
Axinl Dirsetion [mn]
=5 [em) ’R;:construmcd pressure agreed well in the vicinity of focal point,

but not very well for (he side lobes,

Al Drectom [1ezn]

=24 [em] b Reconstricted pressure agreed well for the side lobes.
Tt reconstruetion scems to have failed in the vieinity of foeal pomr

I we combine two experimental data with optimal prepagation lengths.
good agresment should be sean. by

Holographic Diffuser
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<Transducer>
Experiment + Spherical PZT - Aperture and foeal length: 75 [mm]
- Center frequency: 1.14 [MHz]
<QOptical>
i + Optical wavelength: 532 [nm]

Function
generator

+ PRF{Laser): 1 [kHz]

Transduces + Shutter speed: 1[ms]

—=] + Phase shift aperture: 200 [pum]
— + Focal length of Schlieren lens: 1.5 [m]
X i 0]
Laser . CCD camera
7z Convexlens / Phase plate Resulis
Pulzsed laser L | Water =
Sehlisren lens Reconstructed ultrasonic field (0.83 MHz)
B0y i &0
<CT Reconstruction> 5 ks i
1. 15 images with and without ultrasonic are averaged respectively = <:I|
2. Calculate o=t -1 )2, e E =
3. Calculate projected ultrasound pressure using following equation | 2 ;i-”
P e 104 5 s
Gy o [én | | 5 I i
~ko—|pd | Z==132x1070) & ]
# ‘ap_lm = 132107 | % L
4. Rotate transducer 2° - il
- - N 0
5. Reiterate from 1 to 4 until total rotation reaches 180°
6. Reconstruct ultrasound pressure field using CT reconstruction algorithm o Gl 4 = 9 e -
Lateral [rm] Acial [rem)
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_ Results
US Propagation =
Amp. Out : 1.3V Armp. Cut 0 881V
US Pressure : 0.1[MPa pp US Pressure : 6.3[Mpa ppl
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HITU
2
3 HITU
exp -aL
o L
3
1
2
10~20pu m
3 32
m 1000 kg/m?
[g/cm?] [m/g] [dB/cm  MHZ] [W/m K] [Jg K]
1.00 1480 0.0022 0.6 4.18
0.95 1450 0.63 0.23-0.27 2.3
3
4
1 1 0.1mm
5
6

37




HITU

38



7.2

Philips [9]

* %

* %

39




HITU
3|
2
3
1 Tissue-mimicking phantom Philips Medical Systems 1536m 0.417

2 exvivo tissue: porcine muscle tissue
3 interface reflector materia

air

acrylic

rubber

7. [9]

TABIE 1. Acoustic properties for tisspe-mimucking phantom ex vive tissue, and interface matenals.

Speed of Soumd Aftenuation Density
Material {m/sec) {dB/em MHE) {glen’)
Phantom® 1536 0.417 -

Muscle tissuel 1547 1.09 L.03

Air 330 - 0.00129
Acrylictd 2870 11 1.17
Bone™1¥) 3476 6.9 0.400
Rubber(l 1440 0.5-0.7 1.52

* Philips Healthcare.
? Booe is included here for comparison with acrylic.

3
MRI
4 MRI  PhilipsAchieva1.5T
1.25mm
5 : Philips
6
1 10cm 15cm 7cm 50u m
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1 cadaver
2 gel-filled skull ATS Laboratories

3 full head phantom head mold containing a skull filled with gel that mimics the brain and the
skin 2 gel-filled skull

Q. (3]

Tasee L. Acoustical and thermal properties of the brain (Ref. 27) and skin (Ref. 27), of the tissue-mimicking hydrogel (Ref. 28), and of a milk powder based
phantom (Ref. 26). N/A: not available. Brain and skin tissue correspond to human, otherwise stated.

Tissue-mimicking hydrogel Milk powder based phantom

Skin (Ref. 27) Brain (Ref. 27) (Ref. 28) (Ref. 26)
Speed of sound (ms™") 1537 @ 17.5°C 1532 @ 22°C 1562 |@ 37°C 1537 @ 23°C 1625 @ N/A™C
0.281 tter) @ 37 °C
Attenuation (dB e MHz~1) 35+1.2@23°C AR i = 0.5+0.2 @ 23°C 046 @ NJA°C
0.4% (white matter) & 37 °C
3680 (gray matter)
ccific heat capacity o1 -1 3215_3280 (pie g 1500+ 5 N
Specific heat capacity (Jkg " K™°) 32153280 (pig) 1600 (while matter) 3500£500 N/A
Thermal conductivity (W m™1 K1) 0.293+£0.016 0.478£0.015 0.5+0.1 N/A

ModelsTTP-1 & ETTP-1 Thermal Testing Phantoms (ATS Laboratories)[10]

gel-filled skull

1 Models TTP-1 & ETTP-1 Thermal Testing Phantoms 55
2 2 skull cap and skull base

5 8
3 230mmHg 2

skull vault skull base

full head phantom

1 Inflatable Mannequins Unisex head, Hard plastic clear
Skulls Unlimited



4
3
4
26 I(kWI9)
cadaveric phantom model, gel-filled skull model, full head phantom model
53 40 39 /(kwlIs)
5 55
6

HITU ExAblate-Neuro system  InSightec, TiratHakarmel, Israel
Cadaver Gedl-filled skull Full head phantom

7
1 7 Table cadaveric phantom model
ex vivo
10. [3]

Tasie lIl. Comparison of the best indication of each phantom for various applications.

Application Cadaver Gel-filled skull Full head gel phantom

Treatment envelope +++ ++ (if skull extracted froma  ++ (if skull extracted from a

cadaver) cadaver)

MR-ARFI spot localization ++ ++ ++

MR-ARFI aberration corrcctio|n ++ ++ ++

Investigation of skin heating +++ = +

New MR thermometry sequences ++ ++ +++

Novel bone imaging techniques + ++ ++

Development of FUS-compatible +++ ++ ++

MR coils
2 Cadaver

3
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