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Introduction

Surface acoustic waves (SAW) for particle manipulation
* Introduction to SAW-based tweezers
* Convex-Concave IDT electrodes for efficient separation of WBCs
 Surface coupled locally resonant modes

Reinforced and localized SAW-based tweezers

* SAW-in-capillary separation of highly motile sperm

* Acoustic treatment in freezing/thawing of sperm

* SAW-biosensor for detection of Cardiac Troponin |
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* Microfluidic systems are non-turbulent, highly ordered, fluid flow systems that are
typically used in controlled biological experiments.

* The size of microfluidic devices is about a few hundred microns.

* The ability to put an entire laboratory
procedure into a simple microsystem has
given this technology the name “lab on a
chip”

* Within the microfluidic chip, fluids are mixed,
separated or directed, as the experiment
requires.

* The outcome is an automated multiplexed
system which can achieve high throughput.
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Reducing the
particle size
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Actuation using micromanipulators
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Manipulated objects
= 100 nm
Organelle
1 um
Single cell
— 100 pm
Micropart
Small organism
E = 1 mm
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Nature Reviews Physics volume 2. pages480—491 (2020) 9
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Advantages of Acoustic
Tweezers

3D trapping node 10
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Microfluidic
Infrasound  Acoustic Ultrasound | 7 —— P L chame
standing wave y . [ waves |
I X\
IDT +XSAW ll / I4 >\ \\ -X SAW IDT
Piezoelectric SSAW
Piezoelectrical Material substrate

J. Nam, et al., (2011),Korea- Aust Rheol. J. X. Ding, Lab Chip, 2013

@ Particles with positive contrast
© Particles with negative contrast

M. Wu et al., Lab Chip, 2019 11
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Separating lymphocytes from other
WBCs, as a demonstration of
separating close-sized bio-particles.
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J=4.2 GHz

Taleb, et al. Journal of Physics D: Appl. Phys. 2021.
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Microfluidic
< Leakage L~ channel
. . . . wavegs red
Governing equations in the fluid: L. I
IDT +X SAW ,I, /f,‘ bk\ \\\ -X SAW IDT
° p = p(p) nnnnnv/ \ \\/nnnnn
Piezoelectric SSAW
substrate

» Continuity equation : d.p =-V. (pv) X. Ding, Lab Chip, 2013

 Navier-stokes equation : po,v = -Vp - p(v.V)v + nV2%v + pnV(V.v)

Fluid pressure, velocity and density, up to second order of perturbation:

* P=potpitp, ...

s V=vyytvtv, +...

* P =potpitp; ..

H. Bruus, Lab Chip, 2012 21
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First-order fields:

pP1 = 101Cf2
1

> V2py = —0,'p1 ,n=0
f

» PoOivy = _CfZVP1 =Vpy

» 0tp1 = —po(V.v1)

Second-Order fields:

> ,00\7 < vZ >= _V < p1V1>

» V< py >==< p10v1 >=< po(v1.V)vy > H. Bruus, Lab Chip, 2012 29
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Z
Motion of Particle: | X
dvp
my E = Frga + Fdrag Acoustic radiation force

Gravity force
Buoyant force

Nguyen et al., Appl. Phys. Lett., 2018

X Pressure antinode

@ PFarticles with positive contrast
@ Particles with negative contrast

Acoustic Radiation Force:
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222 _ 1) L.
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f=1-2 f=—f— AAA NI v
k f 2 (ﬁ + 1) Piezoelectric substrate (@)

Acoustic Induced Drag Force:

Channel

Farag = 6TRN(< vy > - 1)

Refraction angle 6,

/\ \ Leaky wave
ff\ _- Liquid
H. Bruus, Lab Chip, 2012 | Pesbctcssine | () Vo 23
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SAW-In-capillary for separating highly motile sperm cells M
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¢ The structure of human sperm consisting of a head and a flagellum
¢ Assisted reproductive technologies

sperm) . -
X ~ . ( R . = ., _' ‘ .
e g Mgl eg3 @
e (R B 02
Nucleus DNA Mitochondria ~\@ o >
Acrosomel / -
\. it ¢ =
-( ‘ \’ Insemination
k e y | syringe
| | [ | I | | — '
Head  Mid piece Tail a) IVF b) IUI c) ICSI

Assisted reproductive technologies a) In vitro fertilization b)Intrauterine

r rean rts of rm cell N . NS
Structure and parts of a sperm ce Insemination c)Intracytoplasmic sperm injection

R. Nosrati, et al., Nature Reviews Urology, 2017. 25
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* Important parameters of sperm:
“* Motility
** Vitality

s Sperm natural behavior: ~»  —~
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— e
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Flow
W AVAVANVAVAV

_-// Capture probe Target DNA
- // YOH 4T

%,// / Time
Output IDT ;/

Y. Zhang et al., Analyst 2017
28
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Imaging: Chest X-ray, CT Scan
[ To check enlargement of the heart of fluid
on the lungs

Physical Exam

Detection of heart murmur
|

Suspicious of AMI

Normal

_—

|

Electrocardiogram (ECG or EKG)
medical device to make graphical record of
the heart’s electrical activity

To check if the chambers of the heart have
enlarged or if there is an abnormal heart
rhythm (arrhythmia)

Normal Rate and Rhythm

il bt

Myocardial Infarction
biochemical identifications of cardiac

Mm.h ﬂ biomarker concentrations

S. Szuneritsa.et al., Biosensors and Bioelectronics, 2019 29

Habertheuer et al., 2013

|

Echocardiogram
Ultrasound of the heart to
check the heart valves for
any damage or infection

DIAGNOSIS

https://sunshinehealth.net/health-care-
services/echocardiogram

Blood tests: ELISA
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M. Savonnet.et al., Pharmaceutical and Biomedical Analysis, 2020
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Display
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Conductometic
Impedometric
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Features Antibody Aptamer
Specificity High High
Size Relatively high Small
Stability Unstable Stable
Affinity High High
Immunogenicity High No humoral response
Potential target Immunogenic molecules Any target
Production In vivo In vitro
Cost Expensive Relatively cheap
Modification Limited Almost unlimited
Time to generate ~6 months ~3-7 weeks
Renal separation Slow Fast

V. Subjakova.et al., Polymers 13, 2021

) s K. yelue K value
Sequence to i
2 (¢Tnl) (Troponin
complex)
TCACACCCTCCCTCCCA
CATACCGCATACACTTTIC| 341 nM 312oM
TGATT
CCCCGACCACG!I TGO
CCTTTCCTAACCTGTTIT| L13nM 447 nM
GITGAT
ATGCGTTGAACCCTCCT
IGACCGTTTATCACATACT| 1.14nM 5.70 nM
CCAGA
COGTGCAGTACGCCAACC
TTTCICATGCGCTGCL ¢ | 270 pM 310 oM
CLUTTA
ICAACTGTAATGTACCCOTY
CTCGATCACGCACCACT | 3.25nM 10.61 nM
TGCAT
CGCATGCCAAACGTTGH
CTCATAGTTCCCTCCCC| 317pM 337 nM
GTGTCC

H. Jo.et al., Analytical chemistry, 2015
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The Proposed tweezers based on SAWSs are promising for:
* Application in efficient and compact Lab-on-Chip systems
* Realizing locally reinforced particle manipulation

* Manipulation of sub-wavelength small particles

* Label-free manipulation of target particles

* High potential for novel and enhanced functionalities by introducing
metasurfaces in the active zone of the channel.

34
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Thanks for your attention
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