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Quantitative ultrasonic data processing method
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➢ Performed at fixed, non 
personalized time intervals, not 
continuous

➢ Not able to measure actual 
stiffness 

➢ Radiation exposure and 
expensive

Source: Radiopedia. Fracture healing. URL: 
https://radiopaedia.org/articles/fracture-
healing (accessed on March 22, 2026).

Source: Wikipedia. Knochenheilung. URL: 
https://de.wikipedia.org/wiki/Knochenheil
ung (accessed on March 22, 2026).

State-of-the-art diagnostics

Functional tests and X-ray imaging:

Epoxy hollow cylinders 

with gap of curing epoxy 
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How fast is a PCR?

▪ Common people:

▪ 24 – 48 h

▪ Lab trained persons

▪ 0.5 – 2.0 h = 1800 – 7200 seconds

▪ Micro technology trained persons

▪ 90 seconds 
Kopp, M. U., Mello, A. J. D., & Manz, A. (1998). Chemical amplification: continuous-flow PCR on a chip. Science, 280(5366), 1046-1048.

▪ Very few:

▪ 15 seconds
Farrar, J. S., & Wittwer, C. T. (2015). Extreme PCR: efficient and specific DNA amplification in 15–60 seconds. Clinical chemistry, 61(1), 145-153.



7th Erwin Schrödinger Symposium 2026 Advanced Materials and Methods in Biomedical Applications

ISAT – Institut für Sensor- und Aktortechnik | Am Hofbräuhaus 1b | 96450 Coburg | www.isat-coburg.de

Full quantitative PCR in 15 seconds

Quelle: Wittwer: https://youtu.be/O8Dg3LjLooA

https://youtu.be/O8Dg3LjLooA
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What is the reason for this?

▪ PCR for most cases is transport limited not reaction limited.

Manz, Andréas, N. Graber, and H. Michael Widmer. "Miniaturized total chemical analysis systems: a novel concept for chemical sensing." Sensors and actuators 
B: Chemical 1.1-6 (1990): 244-248.

1. Solution:

Scaling down can accelerate processes
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However

Manz, Andréas, N. Graber, and H. Michael Widmer. "Miniaturized total chemical analysis systems: a novel concept for chemical sensing." Sensors and actuators 
B: Chemical 1.1-6 (1990): 244-248.



7th Erwin Schrödinger Symposium 2026 Advanced Materials and Methods in Biomedical Applications

ISAT – Institut für Sensor- und Aktortechnik | Am Hofbräuhaus 1b | 96450 Coburg | www.isat-coburg.de

However: Miniaturization is not always making sense.
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Convection is relevant

▪ Dimensionless number:

▪ Peclet number: 

𝑃𝑒 =
convective flow

diffusive flow
=

𝑢

𝐷/𝑙
=

𝑢 ⋅ 𝑙

𝐷

𝑢 typical speed

𝑙 typical length

𝐷 Diffusion constant

𝑃𝑒 =
1

mm
s ⋅ 0.1 mm

10−3 mm2

s

= 1000

→ Convection is dominant
Tabeling, P. (2014). Recent progress in the physics of microfluidics and related biotechnological applications. Current opinion in biotechnology, 25, 129-134.
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Mixed ?

Not mixed ! 

1st Experiment: H2O + Water blue solution

2nd Experiment: Fe3+ + SCN- => Fe (SCN)3

Simulation:

Re = 10
(~ 5ml/h)

Re = 50
(~ 25ml/h)

Re = 100
(~ 50ml/h)

Re = 1000
(~ 500ml/h)

But even convection has challenges
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Solution 2: Bring chemicals and together

▪ As outlined in “Making it stick: convection, reaction and diffusion in surface-

based biosensors” by Squires et al. the following is critical
𝐷

𝑙2
≈ Diffusion time

Since for low concentration miniaturization is no option.

2. Solution: Work with particles 
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Example

Shlyapnikov, Y. M., et al. (2012). Rapid simultaneous ultrasensitive 
immunodetection of five bacterial toxins. Analytical chemistry, 84(13), 5596-
5603.

LOD to 0.1−1 pg/mL (water)

LOD 1 pg/mL (food)

assay in less than 10 min

→Speed up by a factor of
2-36 compared

→ Increase in sensitivity 
compared to most approaches
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Solution 2: Bring chemicals and together

▪ As outlined in “Making it stick: convection, reaction and diffusion in surface-

based biosensors” by Squires et al. the following is critical
𝐷

𝑙2
≈ Diffusion time

Since for low concentration miniaturization is no option.

2. Solution: Work with particles 

3. Solution: Use ultrasound (especially when particles are not option)
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▪ GAW are ultrasound waves that propagate on the surface of a substrate

▪ Rayleigh wave: at one surface only
Surface acoustic waves (SAW) 

▪ Lamb waves: at one or both surfaces

Guided Acoustic Waves / Ultrasound 
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Guided Acoustic Waves show dispersion

Typical SAW mode Laser Doppler Vibrometer Visualisation 
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Phase velocity = frequency ⋅ wavelength 
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Typical Setup

▪ Use Lamb wave, when transducer and sample has to be separated

→Do not use too high frequencies



7th Erwin Schrödinger Symposium 2026 Advanced Materials and Methods in Biomedical Applications

ISAT – Institut für Sensor- und Aktortechnik | Am Hofbräuhaus 1b | 96450 Coburg | www.isat-coburg.de

But why does ultrasound (US) move things?

▪ Momentum transfer

▪ Experiment

Rayleigh angle:

Θ𝐿 = arcsin
Fluid sound velocity

Lamb wave velocity

liquid

US wave front

vacuum
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Ultrasound can move things
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Mixing with ultrasound
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But one can also overdo with ultrasound

Disintegrate droplets

And finally generate cavitation

Change surface Generate aerosols



7th Erwin Schrödinger Symposium 2026 Advanced Materials and Methods in Biomedical Applications

ISAT – Institut für Sensor- und Aktortechnik | Am Hofbräuhaus 1b | 96450 Coburg | www.isat-coburg.de

Manipulation of gas bubbles in the liquid

gas bubbles in phosphoric acid during 

copper electropolishing

Artificially gas bubbles in water

Excitation frequency: 24500 Hz

Recording rate: 12500 fps, 

exposure time: 
1

12.758
s
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And it works even for large scale challenging geometries

▪ Lead accumulator charging time reduction
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Current density for electro polishing through acoustics
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Electrochemical Processes can be accelerated

Schlichting streaming
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Simulation can explain the fluid behaviour

Dubrovski, O., Tietze, S., Zigelman, A., Drese, K. S., Lindner, G., & Manor, O. (2018). The enhancement of ion transport in an electrochemical cell using high 
frequency vibration for the electropolishing of copper. Journal of The Electrochemical Society, 165(5), E236-E244.

Hydrodynamic Flow Current densities



7th Erwin Schrödinger Symposium 2026 Advanced Materials and Methods in Biomedical Applications

ISAT – Institut für Sensor- und Aktortechnik | Am Hofbräuhaus 1b | 96450 Coburg | www.isat-coburg.de

Experimentally

▪ Laser Doppler vibrometry

▪ Visual inspection
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Ultrasound can also have an effect on the plating quality

Without Ultrasound With Ultrasound -5 A/dm²



7th Erwin Schrödinger Symposium 2026 Advanced Materials and Methods in Biomedical Applications

ISAT – Institut für Sensor- und Aktortechnik | Am Hofbräuhaus 1b | 96450 Coburg | www.isat-coburg.de

Copper plating

▪ Parameter:

J = -4 A/dm2, duration: 60 min, 

stirring 250 rpm; Electrolyte:  Cu50

With Ultrasound

1 mm

Without Ultrasound

1 mm
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Further enhancements via structures
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Use gas bubbles to enhance the effect
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Summary and conclusion

▪ Many chemical and biochemical processes can be transport limited

▪ Transport limitations can be broken in different manners

▪ Down scaling (No option for low concentration)

▪ Use of particles (No option for heterogenous process like electrochemistry)

▪ Convection (challenging when stirrers and pumps cannot be used)

▪ Ultrasound, especially guided acoustic waves, can be an option

▪ Sound guiding allows to guide the sound energy to the places needed
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Thanks to the team for the results

and thank you for your attention
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Lamb-Waves and Scholte-Waves (QSP) at interfaces
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  𝚫 𝒇


  P e =   convective   flow  diffusive   flow =  u  D / l =   u ⋅ l D
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  P e =   1  mm s ⋅ 0 . 1   mm   10  − 3   m  m 2 s = 1000


   D   l 2 ≈ Diffusion   time


   D   l 2 ≈ Diffusion   time


  ⋅


   Θ L =  arcsin ⁡   (   Fluid   sound   velocity  Lamb   wave   velocity )


   1  12 . 758 s

