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Ultrasound imaging MM
MedIPUT

= Ultrasound is used in medical diagnosis to create an image of internal
body structures/organs, to measure characteristics (e.g., distances/
velocities) or to generate informative audible sound.

= A major parameter to improve the ultrasound image quality (to allow
better and more specific diagnosis) is the signal-to-noise-ratio (SNR).

= |ncrease in SNR yields improved detection at larger depths.
= More sensitive transducers are needed to increase the SNR.



Ultrasound imaging Ml

= Current state-of-the-art transducer technologies MedIPUT
are piezotransducers, capacitive Micromachined
Ultrasound Transducers (cMUTs) and piezoelectric

Micromachined Ultrasound Transducers (pMUTSs).
* Noise effective pressure (NEP) ~ 0.5 Pa @ 1 MHz

HEU project Med-IPUT is developing advanced integrated
photonic ultrasound transducer (IPUT) with a primary focus to
improve the sensitivity of the transducers with impact in
improved image resolution and diagnostic accuracy.




Principle of an integrated optical ultrasound Ml
transducer MedIPUT
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Ring-resonator based detection
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MZI based detection
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T 7 i waveguides -
Why to use thick SOl for IPUTs? = e Ml
= Low loss waveguide technology and L el MedIPUT
dense integration

« Demonstrated 0.02-0.15 dB/cm

-
* Allows longer spiral waveguides and cascading of |
multiple membranes in a single sensor Etched facet with ARC Oxide cladding layer
. 3 pum thick \ / Horizontal TIR mirror
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rib waveguide

» Thicker oxide allows higher ultrasound frequency

= Cavity-SOI technology

+ Better size and shape control of membranes
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MZI based ultrasound sensor on thick SOI MMl
MedIPUT
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Optimization of the sensing waveguide i
layout MedIPUT

= Optical performance of the sensing waveguides optimized with
extensive simulations to secure high extinction ratio between the
fundamental mode and higher order modes in a long spiral
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Processing

11 IL
MedIPUT

= |PUT waveguides were fabricated using VTT's
standard 3 ym SOI waveguide process

= Membranes were formed with backside etching
through the substrate

= Devices with up to 20 membranes in cascade have
been fabricated

Optical microscope Optical profilometer Scanning electron microscope (SEM)



Membrane processing MM
MedIPUT

= Membranes have been fabricated with backside through silicon etching

= Substrate thickness create challenges to achieve high quality membrane

structures
* Reduction in alignment accuracy
 Size and shape control
- Sidewall quality (striations)

= Process optimized to achieve good
alignment accuracy, size control and sidewall quality

= Further development on-going to use cavity SOI structures
to solve most of the issues related to the backside
through-wafer etching

Caviti
avies SOl wafer with
Si premade cavities




Membrane modelling

= Mechanical modelling (COMSOL) of the membrane structure has
been made to support the device processing
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m innovation
for life

Chip assembly for measurements Ml
MedIPUT
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m innovation
for life

Characterization

Ml e
= Characterization of the fabricated IPUTs was made at TNO MedIPUT

= Measured noise effective pressure (NEP) was 0.0043 Pa @ 0.53 MHz center frequency
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. . . Laser Pc + Arbitrary wave-
¢ Le|nderS (Optlcal, RR) 04 Pa @ 076 MHZ control pc Digitizer ) form generator
» Ouyang (optical, MZI): 0.38 Pa @ 0.47 MHz * 1
Laser TIAs (3) EE Oscilloscope

=70 ‘ —a ¥ Tt
E ¥ 1071 G Measured s'g_"a" Vo Lt Polarization Optical 20dB
& 60 | Linear fit: y =888 +1.08 ..x:easurein?lse.lvms A e’,-,./ controller detectors (3) attenuator
£ = lean noise level, mean: -
@ | RZ=0.9702 S Ll Vems - Voo
= 107 - -Linear fit to measured signal =i .
T @ e Water IPUT chi
2ol T P 5 casdaded : oo
Q =
@ = ,.-3 ! membranes
® 0l = 10 = //\
g £ e N
x 20+ < 1074 i i R Calibrated
8 | o O W sasmmiaimsisss i frnssemensemsssmme st et source
3-1 ¥ Measurement =
© === inear fit
a 0 > s 4 : 5 7 102 107" 10° 10"

Number of membranes Applied Pressure at Chip [Pa] IEEE Ultrasonics, Ferroelectrics, and Frequency Control Joint Symposium

Taipei, Tai_wan, Sept. 22 — 26, 2024, Paper 7331 )
Ultra-Sensitive Cascaded Integrated Photonic

Ultrasound Transducers (IPUTSs)

PLM.J van Neer', P.J. Harmsma’, AM. Gerritsma', RK. Altmann’, S V. Vallapil’, M P. Oderwald®, D. Piras*,
B.AJ. Quesson', S. Bhat’, M. Harjanne®, S. Ylinen’, Y. Marin®, P. Heimala®, T H. Jansen’, M.D. Verweij’, M.S. van
der Heiden'




TNO 5
Characterization Ml

= Example of the response of a device with 20 cascaded membranes MedIPUT
to an ultrasound pulse and its normalized transfer function

Transfer Vrec per Pchip
<104 CH1 conditioned CH1 conditioned
15 : : . ‘ 10" n 0 .
[\ o
1h ’ I N - / 5:‘ 2
‘ f \.\'\ !! E
05r | — e A ||' 4
z '!i Ll g " ’I \ / >
E 0 -‘1 ‘M‘.‘liu\llwlybl"wf\=“-;'“-.1"‘uw'\¢"\-’VW- ~~~~~~~~ N N Eh' Iil|| M I."JI c
£ I G H' Wt 2 s
05 M E 103 | \l g
| r°
at e LL
i/
1™ | 10
i | ‘ . . | | - N ARAY! i 100 200 300 400 500
180 190 200 210 220 230 240 250 260 10 .
Time (us) k Time ([LS)

0 0.5 1 1.5 2 25
Frequency (MHz)



Conclusion

= VTT’s thick SOI platform has certain benefits in fabricating
membrane based ultrasound transducers, including low propagation
loss and dense integration.

= |nitial results show that high sensitivity transducers can be achieved
on the platform

+ ~90x improvement in NEP compared to the published optical ultrasound
transducers (Leinders and Ouyang)

= Further development is on-going to improve the fabrication process
and to design and fabricate IPUT devices that can be tested for
ultrasound imaging.
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