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Development of EUVL Material and Process for 16 nm Half Pitch
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Extreme ultraviolet lithography (EUVL) using 13.5 nm wavelength is one of the leading candidates
for manufacturing semiconductor devices with features smaller than 16 nm half pitch (hp). In order to re-
solve 16 nm hp patterns, new materials and process need to be optimized for 13.5 nm wavelength. We
have developed new resist and under layer materials specific to EUVL. Short acid diffusion length photo-
acid generator (PAG) was developed and incorporated into EUV resist to improve resolution. New under-
layer materials with different hydrophobicity were developed and investigated. New underlayer material
with hydrophobic surface improved line collapse margin which in turn improved resist resolution. Further-
more, the effect of resist processing condition on resolution was investigated through variation of develop-
ment time. Resist developed for shorter development time using aqueous base developer showed improve-
ment in resolution. Finally, a combination of material and process was implemented to achieve the ultimate

resolution. EUV resist has the potential to resolve 14 nm half pitch lines and spaces.
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erfc : the error function complement
E.: : the exposure dose at which film thickness loss
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Figure 1 Experimental scheme for acid diffusion measurement.

Table 1 PAGs properties

PAG-1 PAG-2 PAG-3

: 1—s0, X' 86, X
PAG structure ;—so‘, X | - ¥4
Va.n del Waals vol.(relative value) of 100 170 190
anion
Functional group of anion None Polar unit Polar unit
PAG backbone Flexible Flexible Rigid
Acid diffusion length 100 n 1

(relative value)

D Rigid unit

‘Flexible unit

X*:Onium salt unit

AZPolar unit
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Table 2 Top-view SEM images of line and space pattern of Resist A, B and C

32nm hp 28nm hp

26nm hp 24nm hp 22nm hp

Resist A
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(PAG-3)
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Table 3 Si-HM property

Si-HM-A | Si-HM-B | Si-HM-C | Si-HM-D

Contact angle

(relative value) 100 104 106 109

Figure 2 Cross section profile of pattern collapse
image.
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Table 4 Top-view SEM images of line and space pattern of Si-HM-A, Si-HM-

B, Si-HM-C, and Si-HM-D

30nm hp

28nm hp

26nm hp

Si-HM-A

Si-HM-B

Si-HM-C

Si-HM-D

Table 5 Top-view SEM images of line and space pattern of various development time

Development time

24nm hp

20nm hp

Short

Standard

Long
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Figure 3 Top-view SEM images of line and space pattern under EUV exposure.
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