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Development of SiNx-based Membrane for X-ray Lithography Mask Application
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Abstract In this research we investigate the deposition methods of silicon nitride film and its properties for the
application in X-ray lithography mask membrane using LPCVD, PECVD and ECR plasma CVD. In these meth-
ods we deposited silicon nitride film (1um-thick) which has an adequate tensile stress for mask membrane applica-
tions. At these deposition conditions we examined and analyzed film properties by using SIMS, XPS, ESR, AFM,
and spectrophotometry. Silicon nitride film deposited by ECR plasma CVD is close to the stoichiometry(Si:N,)
with a significantly smooth surface profile and excellent optical transmittance. Low-temperature PECVD film,
which shows Si/N ratio of 0.86, contains a large amount of H and O impurities. LPCVD film deposited using SiH,
Cl. has the least H impurity concentration, Si-rich composition, and a rough surface profile. The peak optical
transmittance and surface roughhness of membranes deposited by these methods are higher than 90%(@ 633nm)
and lower than 2.6nm(rms), respectively, which are superior to those of the other candidate membrane materials
now under research.
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Table 1. Deposition parameters for SiNx films with low tensile stress.

Deposition method | Temperature('C) | Pressure(mTorr) Source gas PDA Thickness(um)
PECVE 400 2800 SiH, NH; 700°C 90sec 15
LPCVD 850 300 SiH.Cl; NH, No 0.98

ECR CVD-NH; 850 1.3 SiH, NH; No 0.95
ECR CVD-N, 850 0.9 SiHy N, No 0.95
Table 2. Si/N ratio of the SiNx films measured by XPS.
system PECVD LPCVD ECRCVD-NH, ECRCVD-N,
Si/N ratio 0.847 0.855 0.769 0.763
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Fig. 1. SIMS depth profiles of impurities in the SiNy films deposited by (a) PECVD (b) LPCVD (c) ECR CVD-NH, (d) ECR CVD-N;

Table 3. Spin density and g-value of the SiNx film
measured by ESR.

Spin density

Ly g-value
{cm™)

PECVD 2.1x 10" 2.00538
PECVD(PDA) 2.4x10" 2.00428
LPCVD 1.4x 10" 2.00361
ECR CVD-NH; 1.3x 10" 2.00468
ECR CVD-N; 1.3x 10" 2.00400
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Fig. 2. Surface profile of SiNy films measured by AFM. (rms roughness)

(a) PECVD(1.3nm) (b) LPCVD(2.6nm)
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Fig. 3. The optical transmittance of SiNx films.
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Fig. 4. Tauc’s plot near absorption edge. The numbers in the
figure are the optical bandgap estimated from Tauc’s plot.
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