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New Silicon Hard Mask Material Development for Sub 5 nm Node
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New spin-on silicon hard mask (Si-HM) material containing Si-C structure in main chain was developed to meet
EUV lithography performance, etch requirements and non-lithography patterning applications at sub 5 nm node. New
Si-HM material can be used as an alternative to traditional polysiloxane Si-HM. It showed 2.5 times high resistance for
oxygen etching compared to polysiloxane Si-HM structure due to low electronegative gap and higher silicon content.
It can be chemically modified with various functional units, and photoresist adhesion control would be expected to
improve. We also observed sensitivity improvement from EUV lithography tri-layer patterning process including new
Si-HM. Wet strip-ability with dilute hydrofluoric acid (DHF) and refractive index at 193 nm were changed significantly
for this new Si-HM before and after UV irradiation under air. It also showed excellent gap-fill performance at narrow

pattern dimensions on our patterned wafers.
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Table 1 Comparison of new Si-HM and polysiloxane
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Table 2 Physical, electrical and etch properties of new Si-HM materials vs SOG

Materials Si-Mat 1 Si-Mat 2 Si-Mat 3 Si-Mat 4
Feates R | §icomen | resmee | 1O
Si content 42 50 23 39

k value*(100 kHz) 3.5 3.0 4.7 2.8

3 % wt-loss temp. (°C) <370 420 470 405
N,/O, ER(A/sec) 0.8 0.3 24 1.3

*Bake condition : 350 °C 1 min. under N,
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Figure 1 N,/0, etching rate of various silicon materials.
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Figure 2 EUV resist sensitivity (exposure dose at Eop,
16 nm Line/32 nm Pitch).

Table 3 EUV lithography performance of new Si-HM

Materials Si-Mat 1 Si-Mat 2
FT(um) 10 15
EL(%) 9.1 13.4

DOF(nm) 150 125

LWR(nm) 4.13 4.24

Min CD(nm) 15.1 14.5

16 nmLine

32 nmPitch

FT : Film thickness, EL : Exposure latitude, DOF : Depth of focus, LWR : Line width
roughness, Min CD : Minimum critical dimension
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Figure 3 Dielectric constant of silicon materials.
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Figure 4 TGA trace of silicon materials.
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Figure 6 n/k (193 nm) Values of silicon materials with
UV irradiation under Air.
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Figure 5 DHF Wet etch test study with UV irradiation under air.
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Figure 7 Gap-fill performance results of new Si-HM and SOG.
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