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In this study, we investigate the lateral undulation buckling of semiconductive micropatterned

structures with mask and dielectric layers, which is induced by the intrinsic compressive stress in

the mask layer. This investigation is individually conducted by theoretical and numerical analyses.

Theoretical solutions are obtained from a bilayer model developed with Foppl-von Karman plate

theory, while numerical solutions are obtained from an eigenvalue buckling procedure in finite

element analysis. Two different solutions are consistent when the cross section thickness-to-width

ratio of mask layer is sufficiently large. In contrast, as the ratio is small, theoretical solutions

overestimate the onset stress of buckling. This tendency is caused by assuming a uniform

distribution of the intrinsic stress in the bilayer model.
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Fig.1 Schematics of the bilayer model, which consists of mask
and dielectric ridges, fixed at the bottom.
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Fig.2 Example of the finite element model (Model 1 with b =23

nm).

Table 1 Dimension parameters of the finite element models.

hy (nm) | Ay (nm) K b (nm) [ (nm)
26 258 0.908 10 6000
26 258 0.908 15 6000
Shape 1
26 258 0.908 23 6000
26 258 0.908 31 6000
Shape 2 100 500 0.833 10 6000

Table 2 Material parameters of the mask and dielectric layers.

E (GPa) v o (MPa) a (K™
mask 122.0 0.3 1000 8.197x10°
dielectric 12.8 0.3 — —

(unit in nm)

Fig.3 Example of the calculated buckling mode for Shape 1 with
b=23 nm.
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Fig.4 Top views of the three types of buckling modes for Shape
1 with 5 = 23 nm; (a) 4 = 1200 (=6000/5) nm, (b) 4 = 1333
(=6000/4.5) nm, (c) A = 1500 (=6000/4) nm.
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Fig.5 Relationship between buckling stress o and wavelength A for Shape 1 with the different thicknesses b; (a) the bilayer model based
on FVK plane theory, (b) FEM model with C3D8-type elements, and (c) FEM model with C3D8I-type elements.

Table 3 Comparison of the bilayer model with the FEM model with C3D8I-type elements for Shape 1 with 5 = 10 nm and 31 nm.

Wavelength (nm) 750.00 | 800.00 857.14 | 923.08 | 1000.00 | 1090.91 | 1200.00 | 1333.33 | 1500.00 | 1714.29 | 2000.00
Wavenumber 8 7.5 7 6.5 6 5.5 5 4.5 4 35 3
Theory (o) (MPa) 154.65 145.31 137.12 130.17 124.62 120.66 118.62 118.94 122.43 130.62 146.58
C3D8I diff. (%) b1 —2.82 -3.08 -3.39 -3.72 —4.07 —4.45 —4.80 =5.11 -5.31 -5.47 -5.74
Theory (o) (MPa) 1486.17 | 1396.44 | 1317.68 | 1250.93 | 1197.57 | 1159.59 | 1139.90 | 1143.04 | 1176.52 | 1255.26 | 1408.64
C3DS8I diff. (%) b —-11.15 -11.83 | -12.60 | -13.46 | -1439 | -1533 | -16.21 -16.90 | -17.26 | -17.20 | -16.71
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Table 4 Aspect ratios of the layer thicknesses to ridge width for
Shape 1 or 2.

b (nm) h/b hy/b hib
10 2.60 25.8 28.4
15 1.73 17.2 18.9
Shape 1
23 1.13 11.2 12.3
31 0.84 8.32 9.16
Shape 2 10 10 50 60

Table 5 Average values of o3, over the cross-section of mask

layer.
Shape 1 Shape 2
b (nm) 10 15 23 31 10
Ave. of oy (MPa) 11002.4(1003.3|1004.6/1006.1|  1000.6
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Fig.7 Stress distribution of the cross section of Shape 1 with b = 23 nm (left upper side) and Shape 2 (right side) at the temperature of
1000 °C, which corresponds to applied internal stress (¢ = 1000 MPa); (a) oy, (b) 02, (¢) 033 and (d) o3.
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