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Abstract: The missing hole phenomenon in a wafer pattern is a critical issue in extreme ultraviolet
lithography. It occurs randomly, even when the process conditions are consistent. The main reason for this
phenomenon is thought to be the photon shot noise effect, which is a random reaction between photons and
photoresist particles. We speculate that side lobe intensity can be another reason, since the missing hole is
affected by the light distribution of the main hole pattern. To confirm the effect of side lobe intensity and
photon shot noise on the missing hole phenomenon, we used an attenuated phase shift mask (PSM), whose
reflectivity can be changed without varying the total absorber stack thickness. The results show that the
photon shot noise effect and the side lobe intensity are both affected by the reflectivity of the PSM and are

the critical factors for the missing holes.
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Table 1. Optical properties for mask materials at 13.5 nm wave
length.

Materials Refractive index (n) | Extinction coefficient (k)
TaN 0.9260 0.0436
Ru 0.8864 0.0171
Mo 0.9238 0.0064
Si 0.9990 0.0018
TaN TaN
Mo Mo

|
|
| 2.5 nm Ru capped |

40 pairs of Mo/Si multilayer - !

substrate

Fig. 1. Schematic of the PSM with TaN/Mo phase-shifting
absorber stack for EUV lithography
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Fig. 3. Developed photoresist image of (left) BIM and (right) 6%
PSM
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Table 2. Mask structure and diffraction efficiency of PSM
depending on reflectivity.

Reflectivi Thickness| Thickness| Oth order | 1storder | 2nd order
of PSM (o/t}; of TaN | of Mo | diffraction |diffraction| diffraction
> (nm) (nm) | efficiency |efficiency | efficiency
2 39.5 1.0 0.0410 0.1351 0.0494
4 325 8.0 0.0387 0.1520 0.0535
6 26.5 14.0 0.0371 0.1693 0.0574
8 24.5 16.0 0.0375 0.1821 0.0609
10 22.5 18.0 0.0358 0.1942 0.0638
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Fig. 4. 3D aerial image of contact hole pattern depending on
reflectivity of PSM: (a) 2% PSM, (b) 4% PSM, (c) 6% PSM, (d)
8% PSM, (e) 10% PSM
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Fig. 5. Magnified image of photon distribution in photoresist for
(left) 2% PSM and (right) 10% PSM
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Fig. 6. Number of missing holes and CER depending on
reflectivity of PSM
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