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Objective 

• Acoustic cavitation is the major mechanism for particle removal in 
megasonic cleaning [1], [2] 
– However, damage of features and material removal from uncontrolled 

cavitation collapse (so called transient cavitation) is still a major 
concern in substrate, blank and also pattern mask cleaning 
 
 
 
 

 
 

 
 

• Objective of this work is to optimize megasonic cleaning for high 
particle removal efficiency (PRE) without surface damage (pit 
formation) by optimization of various megasonic control 
parameters 

SRAF damage in patterned 
masks from megasonics 

Material removal on EUV substrates (fused silica glass) 
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Material and Methodology for this Study 

• Cleaning tool used 

– SUSS MicroTec MaskTrack 

– 1 MHz beam megasonic nozzle from SonoSys 

• Material for damage analysis reported in this study 

– EUV substrates (fused silica glass) and mask blanks (Ruthenium Capped Mo/Si 
Multilayer) 

• Damage inspection / metrology 

– Lasertec M7360 tool with inspection sensitivity > 40 nm, and AFM, SEM for 
defect type confirmation 

• Particle inspection 

– Lasertec M1350 tool with inspection sensitivity > 65 nm 

 

 



2014 SEMATECH EUVL Symposium, Washington DC 

INTRODUCTION 

6 

M
e
g

a
S

o
n

ic
 

Megasonic Cleaning Overview 
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Reducing Damage by Optimizing Megasonic Parameters 

• Damage while cleaning using megasonics 
can be reduced by increasing frequency 

– Cleaning optimized by 3 MHz for 40 nm 
and above for EUV substrates [3] 

• However, to further reduce damage for 
EUV substrates, other parameters need to 
be optimized along with frequency 

– Surface tension, s 

• DI water, IPA-DI, TMAH, NH4OH 

– Density of medium, r 

• TMAH, NH4OH 

– Polytropic index of gas, g 

• Ammonia, H2, CO2 

Ultra-dilute TMAH is introduced as a potential 
chemical for damage free cleaning of EUV substrates 

Critical dimension 
of printable pits 
on EUV masks 

Printability data of small pits on 
EUV substrates 
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Chemical pH Zeta Potential (mV) Cation Size (Å) 

NH4OH 10.55 -50.8 1.43 

TMAH 13.45 -151.5 2.51 NH4
+ 

N(CH3)4
+ 

Bigger ion 

sizes 

minimize etch 

rate into SiO2  

Motivation for Evaluating TMAH as a Cleaning Chemical 

Benefits of using TMAH and TMAH/H2O2 mix instead of NH4OH or NH4OH/H2O2 mix proven 
already for 193i pattern masks [5] 

http://en.wikipedia.org/wiki/File:Tetramethylammonium-cation-3D-balls.png
http://upload.wikimedia.org/wikipedia/commons/8/89/Ammonium-3D-balls.png
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Isolating Role of Dissolved Gases in Cavitation Damage 

Degas Unit 
𝐷𝑒𝑔𝑎𝑠 𝐸𝑓𝑓𝑖𝑒𝑐𝑖𝑒𝑛𝑐𝑦 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑑𝑎𝑚𝑎𝑔𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 𝑤𝑖𝑡ℎ 𝑑𝑒𝑔𝑎𝑠 𝑐𝑒𝑙𝑙

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑑𝑎𝑚𝑎𝑔𝑒 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑑𝑒𝑔𝑎𝑠 𝑐𝑒𝑙𝑙 
 

Degassing DI water results in reduction/elimination of transient cavitation by reducing 
dissolved gas content 
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Effect of NH4OH and NH4OH/H2O2 Mixture (APM) in DI Water without Degassing  

Adding NH4OH at low concentration to none-degassed DI Water shows very little impact on pit 
formation. 
 
Pit count increases when adding more NH4OH.                                                  Transient Cavitation 
                                                                  
Adding H2O2 to NH4OH has very little impact on pit formation 
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Adding NH4OH to degassed DI Water results in increased pit count even at lower 
concentration.  
 
Adding H2O2 to NH4OH is further increasing the risk of surface damage. This is most likely 
due to O2 gas released during H2O2 decomposition. 

Effect of NH4OH and NH4OH/H2O2 Mixture (APM) in DI Water after Degassing  
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Effect of TMAH and TMAH/H2O2 Mixture (TPM) in DI Water after Degassing  

TMAH added to degassed DI Water is leading to slightly higher pit count, but independent of 
TMAH concentration.  
 
Adding H2O2 to TMAH is reducing the risk of surface damage at Low and Medium TMAH 
concentration. 
 
Pit count is slightly increased when H2O2 is added to high concentration TMAH 
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TMAH based chemistry is reducing the risk of surface damage 
 
But what about Particle Removal Efficiency? 

Comparison of NH4OH and TMAH based chemistry in DI Water after Degassing  
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Effect of Media with megasonic power set below pit formation threshold 

TMAH based chemistry provides higher PRE than NH4OH based chemistry when operating 
megasonic power below surface damage threshold.  
 
TMAH based chemistry also provides lower Adder/Deposition Rate than NH4OH based 
chemistry.  
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Effect of Media with megasonic power exceeding pit formation threshold 

PRE is slightly higher for NH4OH based chemistry than for TMAH based chemistry when 
operating megasonic power above surface damage threshold.  
 
However, this slightly higher PRE comes at a high cost of surface damage... 
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• Prior studies have shown that optimizing megasonic frequency and power 
alone does not achieve damage free cleaning for EUV substrates and blanks 
with high PRE [3] 
– Operating megasonic at high power above critical transient cavitation threshold 

carries high risk of surface damage with limited benefit for PRE 
 

• Damage free cleaning is possible by combining frequency and power 
optimization with proper choice of process media 
– Operating megasonic at elevated power below critical transient cavitation 

threshold ensures high PRE without surface damage 

 
• Dissolved gases in DI water contribute significantly to cavitation damage 

– Degassing DI water is critical in reducing cavitation damage 
 

• This study shows that TMAH based chemistry is more suitable for damage free 
cleaning compared to traditional NH4OH based chemistry 
– TMAH based chemistry provides higher PRE and lower surface damage as well as 

lower adder and redeposition rates compared to NH4OH based chemistry 
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