Prediction of Resist Sensitivity for Extreme Ultraviolet Lithography

at 6.x nm Wavelength
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Experimental
__ Resists ‘ : Exposure Source SPring8 BL27SU
ZEP (ZEON Co.) n OEBR-CAP112 (Tokyo Ohka) Monochromated EUV/soft X-rays il
(a-chloromethacrylate (PHS-based chemically-amplified) n ' '
SPring8 (8 GeV, 100 mA) BL27SU
-co- a-methylstyrene) (‘) 0 Acid-induced polarity change 88 )
Chain-scission (Positive) (Positive) L Energy spread: £/dE = 50,000
ZEP520A and ZEP7000 with different Mw. OX O RT under vacuum (< 1E-4 Pa)
O Flux: 2 X 10! photons st mm™2
ZEP520A ZEP7000 OEBR-CAP112
PAB 180°C, 180 s 180°C, 180 s 90°C, 90 .
PEB 110°C 90 < Selected wavelengths (energies)
Development ZED-N50, 60 s @ 13°C ZED-500, 60 s @ 13°C NMD-3, 90s @ 25°C 3.1 nm (400 eV), 3.9 nm (320 eV)
Rinse ZMD-B, 10 s ZMD-D, 10s Deionized water, 10 s 5.0 nm (250 eV), 6.7 nm (185 eV)
Thickness 80 nm 80 nm 95 nm
Results & Discussion
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absorption coefficients and an experimentally obtained sensitivity at a certain wavelength.
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Absorbed Dose, D (J/kg =Gy) D(T) = aEq exp(—aT) = 6.7 [11?;;] [ﬁ'g] [76'08‘;
T: thickness, a: linear absorption coefficient = 10 A : '
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Sensitivities for 6.x nm can be predicted by experiments for 13.5 nm EUV.

Linear absorption coefficient, o [/um] With the same sample thickness

50 | | | 30 I A (nm) 7EP PHS and the same development conditions,
0O 20 40 60 80 O 20 40 60 80 0O 20 40 60 80 100 13.5 4.59 3.66 E, (6.7 nm) of ZEP = 3.2 x EO(13.5 am)
Depth [nm] Depth [nm] Depth [nm] 6.7 0.96 0.79 Eo (6.7 nm) Of PHS-based resists = 3.5 X Eq (13 5 nm)

Absorbed doses at the bottom of the resists (D,) were almost constant for each resist !

Summary
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v’ Prediction of the sensitivities for 6.7 nm was performed, assuming that each resist has a particular required
absorption dose regardless of exposure wavelength.

v' The obtained and theoretically predicted sensitivities agreed well, thereby confirming the validity of the prediction.
v Sensitivities for 6.x nm can be roughly predicted by ones for 13.5 nm EUV.

v The predictions of the resist sensitivity demonstrated here will be useful for the selection or novel development of
high sensitivity resists for future extension of EUVL.
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