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Comparison of EUV resist out-gassing under
continuous Vs pulsed illumination
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A stand-alone experimental set-up has been designed to study EUV resist out-gassing at CEA-LETI. The main features fitted on the vacuum chamber are a Z-pinch discharge plasma source, a load lock to introduce resist coated wafers or multilayered mirrors, a mass spectrometer and chemical
species inlets. In particular, the calibration module and protocol will be described.
Sematech round robin resist was exposed on this out-gassing tool. The results obtained will be compared with the test performed on the Beamline 6.2L of the Elettra Synchrotron Light Source to try and establish if the EUV illumination type, pulsed versus continuous, has an impact.
Moreover, discussion on how far out-gassing results are comparable from one experiment to the other will be presented.

1.Stand alone 2. Mass spectrometer Calibration 3. Experimental Protocol
experime ntal Set-u P Partial pressure (P,) calibration Round robin Resist (Formulated by MIT-LL)
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Fig. 1 : Schematic presentation of LETI molecular S, Flow calibrated hole gives injected flow through equation :
stand alone out-gassing tool pump . ~ s g P(mbar) | - Measurement Protocol @ LETI
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: : ' : Xperimenta Where P;is the partial pressure upstream the calibrated hole Resist exposed at 1.3xEclear in 1 hour (Low EUV flux condition) - Exposed area= 69.4 cm2 (4.7 cm )
Z-pinch discharge plasma source from Energetics chamber M,,; is the molecular weight of the molecule 2 hours in vacuum prior exposure

At 13.5 nm (2% in band) power on sample = 2 pyW/cm?
Fig. 2 : Mass Spectrometer calibration module

4. Sematech Round Robin out-gassing test results
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Fig.5 : Temporal trend of major peaks
5. Continuous vs pulsed illumination comparison 6. How far are the results comparable ?
| | Measurement Protocol @ Elettra SLS 1 Impact of detector position
g B ouised iluminad 0-100 amu range covered using 1 fresh region per 3 mass - " e 5 , , 0
S 100 - PSR TN 3 mass acquisition every 1s e e > eé?f;'r?”iﬂ'ogst"c‘;vg‘e?e%?grtad Elettra configuration
= Resist exposed at 7.2 mJ/cm?® L11.3xEclear in 10 s Q22 L\- solid anggle oIrDI quantity detected 'S more sensitive
o (High EUV flux condition) 6 ° Ve
= Toluene Partial pressure calibration using simulated Effective QMS - Q
c 10 i pumping speed to deduce out-gassing rate 30
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Peaks in red are masked in LETI system by Xe 2* and Xe 3* ions contribution from the source. -8 . . Too much experimental differences
P S N to conclude concerning illumination type impact
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/C()nclusi()n " v A stand alone experimental set-up to measure out-gassing of EUV resist under exposition is implemented at CEA-LETI
v Mass spectrometer calibration module was described as well as the flow rate calibration protocol chosen
v' The Sematech round robin EUV resist was tested, and total out-gassing amount detected was 4.5 x1011 molecules/cm2.s (up to 8.8 x10'1 depending on the estimation method)
v’ 2-methyl 1- propene (from deprotection reaction), tert-butyl benzene (from PAG cation decomposition) and fluorinated fragments (from PAG anion decomposition) were the 3 elements detected
v Out-gassing amount detected on Beamline 6.2L at Elettra synchrotron Light source was found 3 orders of magnitude higher for the same resist

v Difference of experimental set-up and settings does not allow to conclude concerning illumination type impact on the out-gassing mechanism
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