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A Novel Structure of Reflective Type Attenuated-
Phase-Shifting-Masks for Sub-25 nm Extreme
Ultraviolet ExposureTools
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Aa154% % E (phase-shifting-mask) & B A7 — #2402 & % 04 MEAT AL 38 35 iy > T B A R R
B9k E (BUV) s - AEAE 25 nm A TFogE £ © AR X P » #R4E Fabry-Perot &4
SRR IIRMDEEMF 0 BT T —REHAGRFA R A ML L EEH - ok
¥ 4*#%41#1 COMRIR BT 23] 180° AadnAb ¥ 3 R AT F - M AR ESNE (DUV) BEA
2 AL YL (inspection contrast) © Wb B MR E A RIFE TS > TAHBRELE R /B
2P T T RBEEPTE & 09 B AT RAF 2 (charging effect) o & by iZ 4% 7 B B3 JR G A4 5L 98 &6
FER o o7 LSRR RO R L RS B 69 R AT LK 32.6% (TaN/SiO /Mo) %] 4.4% (TaN/SiO,/TaN) °
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Phase-shifting-masks are vital resolution enhance technique that will be used in extreme ultraviolet
(EUV) lithography beyond the 25 nm node. In this paper, we demonstrated a novel structure for a
reflective type attenuated phase-shifting-mask, which is based on a Fabry-Perot structure with
common materials in EUV masks. The mask structure not only performs 180° phase-shift with high-
reflectance at EUV wavelength but also has high inspection-contrast at deep ultraviolet (DUV)
wavelength. The top layer of mask structures exhibits good conductivity, which can alleviate the
charging effect during electron-beam patterning. The reflectance ratio of the absorber stack could be
tuned from 32.6% (TaN/SiO,/Mo) to 4.4% (TaN/SiO,/TaN) by choosing different bottom layers and
thickness. The inspection contrast could be raised to 99% with large thickness-control-tolerance.
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Absorber stack

Substrate
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Fabry-Perot { |
<+ SiO,, SizN,, Ru, C...

| Substrate

N CAIE ) <« Cr, TaN

e liciE <« Mo, TaN, Cr

<« SiO,, SigN,

13.5 nm 257 nm
n k n k
SiO, 097818 | 0.01077 | 1.50410 | 0.00000
Si 0.99932 | 0.00183 | 1.64026 | 391824
Mo 092125 | 0.00642 | 1.71573 | 3.74531
Si;N, 0.97343 | 0.00932 | 224752 | 0.00234
TaN 0.92600 | 0.04363 | 2.49674 | 1.52568
Cr 0.93246 | 0.03888 | 0.86040 | 2.11620
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