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Contamination = decreased reflectivity 
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Intel 

Presenter
Presentation Notes
N1 (first normal-incidence) illuminator from the Intel MET.  The donut on the left is contamination resulting from EUV light cracking molecules adsorbed from the vacuum system.



Outgassing + EUV = contamination 
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Seven steps to contamination  
1. EUV causes photochemistry in resist. 
2. Resist outgases organic vapors. 
3. Organics travels to mirror. 
4. Organics adsorb onto mirror. 
5. EUV cracks adsorbed organics. 
6. Cracked organics stick to mirror. 
7. Mirror loses reflectivity. 

Presenter
Presentation Notes
Resists are known to outgas organic species, which can adsorb onto optical surfaces.  These may subsequently crack to make a carbonaceous overlayer on the mirror, leading to a decrease in reflectivity.
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Presenter
Presentation Notes
For some time ASML required that outgassing be measured for all resists prior to their being used in a tool.NIST built a facility for such testing in 2010.



The present: Testing in vacuum 
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Organics leave wafer, 
travel to chamber surfaces 
and then to witness sample. 

Presenter
Presentation Notes
A grazing-incidence toroidal mirror collects and focuses radiation from SURF III.A filter captured in a gate valve provides spectral filtering and prevents upstreaming of organics.Broadband EUV illuminates a multilayer mirror witness sample.  12-50 nm wavelength band; 1x2.5 mm elliptical spot, 200 mW13 nm light reflects from the witness-sample and fold mirror, and then illuminates resist-coated wafer, up to 2 mW in-bandWafer rotates and translates so that its whole surface is exposed to a uniform dose to clear in 1 hour. 



Protocol for contamination testing (in vacuum) 

Expose wafer and  
witness sample. 

Remove carbon. Measure carbon 
thickness. 

Measure 
“uncleanables”. 

graphic from E. Shiobara & I. Soichi (EIDEC)  
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Presenter
Presentation Notes
After the exposure, the contamination thickness on the witness sample is measured with spectroscopic ellipsometry.�Sample is then cleaned with filament-generated atomic hydrogen.After cleaning, XPS is done to measure non-cleanable contamination.



The witness-sample test at NIST 
Ingredients 
• synchrotron 
• beamline vacuum chamber 
• atomic hydrogen cleaner 
• spectroscopic ellipsometer 
• x-ray photoelectron spectrometer (XPS) 

Report 
• thickness of carbon spot 
• reflectivity loss 

witness 
sample 

resist-coated 
wafer 

Procedure 
1) Coat wafer with resist. 
2) Measure resist dose-to-clear E0 
3) Expose wafer to E0 for 1 hour. 
4) Use spectroscopic ellipsometer to measure carbon growth. 
5) Use atomic hydrogen cleaner to remove carbon growth. 
6) Use XPS to measure residual “non-cleanable” elements. 9 
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Presenter
Presentation Notes
To mitigate contamination of optics, there is a continuous presence of hydrogen in the scanner.Behavior of conventional chemically amplified resists (CARs) in the presence of hydrogen is understood.It’s looking increasingly likely that advanced, non-CAR resists will be used for EUVL in the near future.The behavior of these new materials in the presence of hydrogen is not understood at all.



Trade-off between resist sensitivity and line-width roughness 
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Neisser et al., SPIE Extreme Ultraviolet (EUV) Lithography (2015) 

   No big improvement   

Presenter
Presentation Notes
There has been little improvement in the performance of conventional resists during the last few years.



Gas flow keeps contamination away from the scanner optics 
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2014 [Nienhuys et al.] “Lithographic 
apparatus configured to suppress 
contamination from passing into the 
projection system and method” 

projection system 

wafer table 

Presenter
Presentation Notes
A hydrogen gas flow can be used to prevent wafer outgassing from reaching the optics. This patent shows an example of such a method.



The case for tests in the presence of hydrogen 
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Facts: 
• Recent progress with “traditional” chemically amplified resists has been slow. 
• Non-traditional resists containing unusual elements, such as Hf, show promise. 
• The interaction between unusual elements, EUV, and hydrogen is not well understood. 

Hence... 
It is necessary to measure EUV-induced resist contamination in the presence of hydrogen. 

How much hydrogen? 
pressure  typical in a scanner (1 mbar) 
flow rate  enough to suppress outgassing of H2O and O2 
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The present: Testing in vacuum 

15 
w

af
er

 

witness 
sample L 

Lchamber 

synchrotron 

cryopump 

Filter keeps organics out 
of mirror and synchrotron. 

Organics leave wafer, travel 
to chamber surfaces and 
then to witness sample. 

Presenter
Presentation Notes
The contamination test used since 2012 is performed in vacuum.The only isolation between the sample chamber and the storage ring is a single thin-film filter.



The plan: Test in the presence hydrogen 
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Hydrogen flows 
through the chamber. 

Contaminating vapors diffuse 
through hydrogen from wafer 
to witness sample. 

Presenter
Presentation Notes
Modifying the test will require several modifications.First modification:  Introduce hydrogen flow – Current cryopump will be valved off (can’t handle high pressure; doesn’t pump hydrogen well)Pumping during exposure will be with a rotary lobe pump.Some pumping is necessary to keep water-vapor pressure below 10^-7 mbar.



Hydrogen pressure and flow rate 

17 

How much hydrogen? 
pressure  1 mbar 
flow rate  enough to suppress outgassing of H2O and O2 
 
 
Minimum pumping speed to suppress H2O 

Corresponding flow rate 

Presenter
Presentation Notes
Water vapor must be suppressed to a level of 1e-7 mbar.We’ve measured the outgassing rate of the walls of the chamber with the pump valved off and assumed that’s all water vapor.Calculate the pumping speed required.Calculate the flow rate required to achieve 1 mbar H2 with this pumping speed.



Convection vs diffusion 
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Convection is not a problem because tD << tflow 

Q: How much time is needed for outgas species to diffuse to the witness sample? 
A: 0.03 s 
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Q: How much time is needed for the H2 flow to sweep out the volume L3 ? 
A: 0.8 s 

Presenter
Presentation Notes
We want diffusion of outgassed species to dominate over convection.  Calculate diffusion time, compare to the time to sweep out the chamber with the hydrogen flow.



Protecting the NIST synchrotron (SURF III) from hydrogen 
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Facts: 
• Exposing the SURF’s ion pumps to a large hydrogen pressure will cause them to 

sporadically “burp” hydrogen afterwards, making SURF unusable. 
• The ion pumps are integrated into the storage ring, so repairing them would require 

disassembling SURF. 
• Disassembly and reassembly could take one year. 

Hence... 
SURF must be protected against a burst of hydrogen. 

Presenter
Presentation Notes
Simply adding hydrogen to the present scheme would put 1 mbar of hydrogen in the sample chamber with only 200 nm of silicon keeping it out of the synchrotron.Catastrophic failure of the filter would lead to a sudden load of hydrogen in the storage ring. (It’s only 4 m from the exposure chamber to the ring.)Ion pumps bury hydrogen rather than reacting with it, so it really never goes away, leading to burping.The titanium filaments are actually built into the vacuum system, so can’t be replaced or rebuilt without complete disassembly of the storage ring.



Protect the synchrotron 
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Stop the flow if chamber 
pressure exceeds 1 mbar. 

Presenter
Presentation Notes
Safety measures:  1)  Trip the gas flow if the chamber is over-pressured.



Protect the synchrotron 
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Add a second filter 
that sees no H2. 

hydrogen  
generator 

P 

Presenter
Presentation Notes
2)  Add a second filter and monitor the pressure between the two filters.If the first filter develops a pinhole leak, the second will block any upstreaming to the synchrotron.(The second filter will decrease the power incident on the witness sample and wafer by about 50%.)



Protect the synchrotron 
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Presenter
Presentation Notes
3)  Put a fast-acting gate valve between the two filters, interlocked to the gauge monitoring the pressure between the filters.



Protect the synchrotron 
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Stop the synchrotron’s ion pumps  
if pressure in the beamline rises. 

Presenter
Presentation Notes
4)  The same signal that closes the fast-acting valve also shorts the SURF ion pumps so that they’re not trying to pump and bury the upstreamed hydrogen.



Summary 
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The contamination caused by EUV + resists + hydrogen is not well understood. 
 
The concern is only with “non-traditional” resists that have unusual elements. 
 
NIST is investigating the feasibility of contamination tests with hydrogen. 
 
Hydrogen in the NIST synchrotron is a risk that must be addressed. 
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