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Characterization of Cavitation in Ultrasonic 
or Megasonic Irradiated Gas Saturated 

Solutions Using a Hydrophone 

INTRODUCTION 
The advancement of ultrasonic and megasonic cleaning processes for 
applications (semiconductor, masks, storage devices, solar cells, etc.) drive the 
need to characterize the acoustic performance under different process 
conditions.  
 
Spectral analysis was performed on pressure-time data acquired using a 
hydrophone to quantify the level of stable and transient cavitation pressure field 
relative to the direct pressure field. Measurements were conducted to investigate 
the effect of different dissolved gases (air, argon and CO2) and non-ionic 
surfactants (Triton \X-100 and NCW-1002) on cavitation at varying power 
densities and acoustic frequencies between 25 kHz and 970 kHz. 

RESULTS & DISCUSSION 
 

METHODS 

CONCLUSIONS 
With the use of hydrophones, spectral analysis can be performed to quantify the 
level of stable and transient cavitation under various process conditions. This 
methodology can be particularly useful to develop, optimize, and control 
advanced ultrasonic and megasonic cleaning processes for semiconductor 
applications.   
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The normalized stable and transient cavitation pressure field increases 
with transducer power density for solutions saturated with air or argon 
while it remains almost constant for CO2 saturated solutions 

Stable or Transient Cavity 
(Inside or surrounding 
bubble temperatures of 
>1500 °C and formation of 
active radicals) 
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Direct Field Pressure:  
Integral under the fundamental 
peak above the background. 

 
Stable Cavitation Pressure:  
Integral under the sub-harmonic, 
harmonic, and ultra-harmonic 
peaks above the background. 

 
Transient Cavitation Pressure: 
Integral under the red line fit to the 
broadband noise. 

Measurement Setup 
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Varying Concentrations of Triton X-100  (CMC: 0.012% to 0.016% at 25 °C) 

Stable Cavitation 

Transient Cavitation 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

No NCW 1002 0.01% 0.03% 0.1% No NCW 1002 0.01% 0.03% 0.1% No NCW 1002 0.01% 0.03% 0.1%

2 W/cm^2 4 W/cm^2 8 W/cm^2

C
av

ita
tio

n 
Fi

el
d 

N
or

m
al

iz
ed

 w
ith

 D
ire

ct
 

Fi
el

d 

Varying Concentrations of NCW -1002  (CMC: 0.05%) 

Addition of a non-ionic surfactant at concentrations above CMC reduces 
the extent of both stable and transient cavitation especially at higher 
power densities of 4 and 8 W/cm2. 
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Frequency 

DI Water, Nominal Power Density: 4 W/cm2 

Stable Cavitation

Transient Cavitation

Extent of transient cavitation 
decreases as frequency 
increases from 25 to 500 
kHz; No clear correlation 
between stable cavitation 
and frequency in the range 
investigated. 

Dissolved Gases 

Surfactant Concentration 
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