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Project Background

Experimental Procedures

The transportation of liquid tin is critical to extreme ultraviolet (EUV)  lithography. Refractory metals 
are necessary to transport liquid tin due to their stabilities at high temperatures. Static corrosion 
between two possible tin transport line (TTL) materials Mo and Ta-2.5W and between a potential 
future alumina coated stainless steel joint fixture was studied with liquid tin to understand device 
lifetime.  Corrosion occurs between Mo and Sn at 400°C yet results are inconclusive for Ta-2.5W. 
The alumina coating on the stainless steel fixture  likely eroded during an experiment at 450°C.

Recommendations

Discussion
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 Corrosion Testing
● Performed static corrosion tests and investigated surface 

morphology and composition changes on materials that potential 
contact with liquid tin in TTL:

■ Molybdenum (Mo)
■ Tantalum 2.5 tungsten alloy (Ta-2.5W)
■ Al2O3 coated stainless steel (SSt)

● SEM images taken of
○ Before and after corrosion (tin digested)

■ Analysis of changes in areas of interest (indentation)
○ Cross section (with and without tin)

● EDS analysis scans of Ta-2.5W and Mo 
● Weight and area change measurement of sample in 400 oC

Tin Digestion
● Material of interest: used 37% HCl to remove Sn from the 

sample surface and followed up with ultrasonic cleaning.   
● Metal Powder: used 37% HCl to dissolve Sn and followed up 

with using  filter system and vacuum pump to obtain powder.

Sources
[1] Cymer. (May 2012). How an EUV Light source works. Retrieved from https://www.youtube.com/watch?v=8xJEs3a-1QU&t=1s.

Technical Challenges

Conclusions 

ASML produces extreme ultra-violet (EUV) lithography devices 
that employ liquid tin to resolve smaller semiconductors.

Droplet Generator Characteristics
● Constant contact with flowing liquid tin

○ maximum of 4000 psi pressure to flow
● Temperature above 232°C
● Nozzle diameter = 3 µm

Problem
Corrosion of the TTL into liquid tin can block the nozzle or 
damage the device.

Objective
To predict the lifetime of the TTL by accelerating corrosion with 
temperature at various times.

Figure 1: Schematic of EUV lithography device by Cymer. 

II.  28 days at 450°C

III.   Sn digestion with HCl

I. Corrosion Experiments
A. 400°C

■ There is a distinct qualitative change in the topography of 
the samples before and after, specifically Mo, which 
indicates corrosion of the samples occurred.

■ Data for % weight change versus time was collected for 
both Ta-2.5W tubes and Mo coupons. The Mo coupons 
show a linear relationship in the data with an R2=0.983, 
while the Ta-2.5W tubes show no correlation.

B. 450°C
■ EDS scans of the initial surface of the SSt show a 30 μm 

coating containing Al, however, scans following 28 days in 
450°C liquid tin contain no Al.

■ Considering the topographical changes of the surface 
shown in figure 7 and the lack of Al in post experimental 
EDS scans, the coating is likely being eroded.

II. Tin Digestion 
■ The Mo and W particle diameter size significantly 

decreased after being submerged in liquid tin and 37% 
HCl, while the Cr particle diameter did not change

■ EDS scans of Mo and W powders showed Sn present, but 
Cr did not
a) Indicates that Mo-Sn and W-Sn intermetallics were 

formed and not digested.
■ As shown in figure 8, the Mo and W powders changed 

color after the corrosion test and Sn digestion experiment.         

Table 1: Temperatures and times for materials in corrosion experiments 

Figure 5: % weight change versus time in 400°C 
liquid tin  for Ta-2.5W tubes and Mo coupons.

Figure 7: SEM image of Al2O3 coated stainless steel fixture (a) before corrosion experiment 
and (b) after 28 days in 450°C liquid tin (99.99% purity).

Powder Average initial 
particle diameter 
(μm) = μ1

Average particle 
diameter post acid 
bath (μm) = μ2

Null 
Hypothesis

Reject?

Mo 1.63 0.73 μ1 ≤ μ2 Yes

W 5.07 2.22 μ1 ≤ μ2 Yes

Cr 13.23 13.24 μ1 ≤ μ2 No

Table 3: Average particle diameters of Mo, W, and Cr powders before and after 
immersion in 450°C liquid tin and 37% HCl bath. Results of two sample t-test included. 

● Finding trends would help to support a conclusion to the 
corrosion data but there are many variations in TaW mass 
measurement and TaW and Mo indent size measurements 

● Imaging a cross section of TaW or Mo with Sn post corrosion 
was difficult as no strong adhesion was formed

● Tracking areas of interest through the indentation method was 
difficult as the areas were small and sometimes 
indistinguishable which lead to high variations

● Contaminations of outside sources were found on some of the 
sample surface after ultrasonic cleaning    

Mo coupons - before and after

Figure 6: SEM image of Al2O3 coated stainless steel fixture (a) from above and (b) 
cross-sectioned before any experimental procedures. (c)  shows elemental EDS results for 
spots shown in (a) and (d) shows elemental EDS results for spots shown in (b).

Al2O3 coated SSt

Results
I. 28 days at 400°C for Mo coupon (top) and Ta-2.5W tube 

(bottom) 

● EDS scans of Mo powders show Sn
● Mo has obvious qualitative topographical changes post 

corrosion that make it near unrecognizable
● Mo weight loss suggests linear trend with R2=0.983

➔ Corrosion occurs between Mo and Sn at temperatures ≥ 400°C

● TaW shows topographical changes post corrosion but 
topographical characteristics remain recognizable

● TaW has no trend for weight changes at 400°C

➔ Conclusions for TaW reactions with liquid tin are not stable to 
determine a product lifetime

● SSt surface images post corrosion show cracks and no 
charging for the same accelerated voltage

● EDS on SSt prior to corrosion shows Al and shows no Al post 
corrosion at 450°C

➔ The Al2O3 coating is likely eroded during static corrosion at 
450°C

Figure 3: SEM image of Mo coupon (a) before corrosion experiment and (b) after 28 days in 
400°C liquid tin (99.99% purity).  Ta-2.5W tube (c) before corrosion experiment and (d) after 28 
days in 400°C liquid tin (99.99% purity).

Figure 8:  Before corrosion test:(a) W 
powder, (b) Mo powder (c) Cr 
powder; After corrosion test at 450°C 
for 11 days and tin digestion: (d) W 
powder (e) Mo powder (f) Cr powder 

● Perform static corrosion experiments at lower temperatures than 
400-450°C for longer time periods to compare to this data

● Use glow discharge mass spectroscopy to get high precision 
isotopic information of trace elements post corrosion testing

● Use atomic force microscopy to understand surface roughness 
changes after corrosion

● Design new measurement methods to quantify corrosion level 
● Fundamental corrosion mechanisms of the droplet generator can 

be understood with a simulation of dynamic corrosion

Time (hours) % weight change

Mo Ta-2.5W

672 -0.73 0.34

264 -0.35 0.00

50 -0.04 0.81

44 -0.08 -2.16

Table 2: % weight change values for 
TaW tubes and Mo coupons in 400°C 
liquid tin for various times.

Figure 2: The filtration of Metal 
powder after Sn digestion with 
filter system (0.45 um pore 
size) and vacuum pump.

Figure 4: SEM image of Mo coupon after 5 days corrosion experiment (a) intermetallic 
formation between Sn and Mo (b) elemental EDS mapping results. 

https://www.youtube.com/watch?v=8xJEs3a-1QU&t=1s

