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Detection and Eradication of Microbubbles 

in Acoustic Dispensing
Michael Forbush  Ph.D.      

Abstract
Microbubbles are very small air bubbles that attach to surfaces 

and can interfere with the acoustic waves used to measure 

positions and dispense droplets during the acoustic dispense 

process. These bubbles may attach themselves to solid 

surfaces and interfere with the dispense process continuously, 

or they may attach themselves temporarily and only disrupt a 

few dispenses. This interference with the signal manifests itself 

in the form of lower drop volume dispensed. Since these 

bubbles are small and may not remain on the surface they are 

difficult to detect by visual inspection. A method for this 

detection is described using a standard EDC BioSystems ATS 

and data is presented. The inspection of many lens surfaces 

using this technique revealed the existence of microbubbles 

and prompted a search for eliminating them from the acoustic 

dispense process. Various methods were tested and one 

proved superior. This method for eradicating microbubbles is 

described and data presented demonstrating the effectiveness 

of this technique. The eradication of microbubbles from 

acoustic dispensing improves the overall performance of the 

dispensing and improves the accuracy of acoustic dispensing.

Hypothesis

Bubbles themselves are a separation of one fluid from another 

fluid – in which the total mixture can be thought of as a 

conglomeration of two distinct fluids air and water. These two 

parts temporarily exist in a state we think of as bubbles in 

water. Normally bubbles rise and merge with the surface of the 

water becoming part of the larger fluid – the outside air. The 

force of buoyancy encourages this separation. However, for 

very small bubbles this force becomes weak and pockets of 

these microbubbles may collect on surfaces. 

Microbubbles are, by definition very tiny bubbles, and 

therefore have a very small buoyancy force acting on them. 

The buoyancy force may be calculated from equation 1 for a 

spherical bubble of radius r. 
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Since a typical microbubble has a radius of less than 100 

microns or 10�m the buoyant force on the bubble would be 

approximately 4 × 10��N. And, as the size of the bubble 

decreases the buoyant force also decreases.

A second issue is reduced ability to transmit acoustic energy 

through air as opposed to water. Most of the energy at the 

water air boundary will be reflected back and therefore 

effectively blocking the energy needed to eject drops in an 

acoustic dispensing system.  

This leads to a couple of questions.

1) If a microbubble somehow attaches itself to the surface of 

an acoustic lens, how would it become dislodged?

2)  How can one know that a microbubble is present on a lens?

Therefore our hypothesis is that microbubbles may be 

detected by observing the amount of acoustic energy received 

by a reflected pulse. This being the case the effect of a surface 

treatment to discourage microbubble attachment may be 

tested by repeatedly measuring this reflected energy to 

determine the presence of microbubbles. The reflected energy 

passes through the microbubble twice – once on the way to 

the plate and once on the way back. Therefore the efficiency of 

the acoustic signal is given by equation 2:
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Results

Figure 1  A plot of the Reflected amplitude as function of distance from 

the bottom of the microtiter plate.  The peak corresponds to the physical 

transducer focal point.

Materials and Procedure

The materials required are an EDC BioSystems ATS, a flat 

microtiter plate compatible with the ATS and various surface 

treatments to be tested for the ability to discourage 

microbubble adhesion. 

The ATS was configured to continuously measure the bottom 

of a microtiter plate at 12 different locations. The plate moved 

from point to point which can generate microbubbles. In 

general these bubbles move away and do not interfere with 

the system. However, potentially they may stick to the surface 

of the lens and interfere with the signal amplitude. The data 

from these measurements are collected and analyzed.

The ATS measures the distance between the lens and the 

bottom of a microtiter plate by sending an acoustic pulse and 

measuring the reflected signal. The data from this reflected 

signal includes the time and the amplitude of the signal. The 

amplitude of the signal is dependent on the distance shown in 

Figure 1.

Figure 4 The transducer is placed under  a microtiter plate  

so that an acoustic wave is transmitted from the transducer, 

reflected off of the bottom of the plate and detected by the 

same transducer.

Figure 2 An example of microbubbles detected on a transducer lens. The 

amplitude of the reflected pulse should be roughly  9%. However, in this case 

there are many detected events where the signals have dropped much lower.

Figure 3 Once a microbubble resistant coating is applied to the transducer 

lens the microbubble events are considerably reduced. It should noticed that 

the scale and the bin size for figure 3 is the same as figure 2. 

Analysis 
By comparing figure 2 to figure 3 one may conclude that there is an additional peak to the left of the main peak. The 

main peak may be determined by taking the centroid of the peak to be at 0.090. The peak to the left may be 

determined to be at 0.087. If it is assumed that the peak to the left is caused by microbubbles, then what is the 

bubble size that would cause this peak? The efficiency of the signal is 96.6%. The transducer radius is 1.5mm. 

Therefore, by using these numbers in equation 2 the radius of the bubble would be about 200 microns. This agrees 

with the microbubbles observed on transducer lenses with problems. As may be observed these bubbles may grow. If 

it is assumed that the event to the far left had an efficiency of 85% it would have been caused by a bubble of about 

1mm in diameter. 

Microbubble

Eradication of Microbubbles

Once the existence of microbubbles has been identified the 

eradication of them becomes paramount. As it turns out 

treating the surface of the lens will change the affinity of 

microbubbles for the surface. By testing lens coatings with this 

method a proper lens coating was chosen. Figure 3 shows the 

results of a well chosen lens coating. With this monitoring 

procedure in place it is possible to study the long term effects 

of lens coatings. 
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Conclusion
Microbubbles will interfere with acoustic signals and that 

disruption causes a reduction in the amplitude of reflected 

acoustic signals. The existence of these microbubbles may then 

be quantified by collecting data from repeatedly collecting the 

magnitude of a reflected acoustic pulse from the bottom of a 

microtiter plate.   


