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Fig.1 (a) 3D structure; (b) Cross-section in the xz
plane; (¢) Cross-section in the xy plane
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Table 1 Comparison of the analytical solutions developed in this paper and Refs.[3,11]
Substrate Silica Silicon
@ core/ (1078 /K) 1 1.8 2.4 1.8
e /(1078 /K) 1.2 2.4 3.45 3.45
ts/mm 1 1 1 1 1 0.5 1
fye/pm 30 30 30 30 30 30 20
a/(107¢/K) 0.8 1.2 1.8 1.2 1.2 1.2 1.2
Ref. | Ref. This | Ref. | Ref. This Ref. This Ref. | Ref. This | Ref. | Ref. This | Ref. This | Ref. This
[11] | [3] | paper | [11] | [3] paper [3] paper | [11] | [3] | paper | [11] | [3] | paper | [3] | paper | [3] | paper
o /MPa -8.271-8.99| -8.273 | -25.3| - 26.16| —25.274 | - 26.16| —25.274 | -43.9| -45.5| - 43.860| - 68.9|-71.57 - 68.907 |- 73.72 — 68.946|- 70. 26 - 68. 901
ayy/MPa 25.0 |20.33 | 22.803 | —125 | —105.4| - 111.056| —109.4| - 112.918| - 56.3| - 45.8| —48.066| - 81.4| - 71.8| - 73.113|- 68.83 — 65.536 |~ 72. 15 — 73. 242
022 /MPa 17.3 | 10.60 | 15.257 | -156 [ -130.9|-141.246| - 135.6| - 143.152| - 104 | -89.5| - 94.752| — 156 |- 142.4) - 146.301|- 140.9 - 137.604(- 144.7 - 146.364
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Table 2 Material properties of waveguide layers™”

E/GPa a/ (1076 /K) v t /pm
Substrate 131 3.6 0.28 500
Lower cladding 65 0.5 0.17 15
Core 70 1.2 0.2 6
Upper cladding 65 0.5 0.17 21
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Fig.2 47" — 67" as functions of E (a),a (b),v (¢) and ¢ (d) of each layer
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Analytical Solutions for Thermal Stresses in the Core of Silica-
on-Silicon Waveguide

Huang Huamao'?, Huang Dexiu"*", and Liu Wen'’®

(1 Wuhan National Laboratory for Optoelectronics s, Wuhan 430074, China)
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Abstract: Elastic multilayer theory and stress concentration in buried channel waveguides are combined to obtain analytical
solutions for thermal stress in the core of silica-on-silicon waveguides. Then the closed-form expression of stress anisotropy is
obtained. It is shown that the anisotropy of thermal stress in conventional AWG comes from the initial warp and the thermal-
expansion mismatch between waveguide layers. A complete analysis shows that the stress anisotropy can be minimized by tun-
ing one of four parameters,including the thermal expansion coefficients of the substrate and upper cladding,and the thick-
nesses of the substrate and lower cladding,or by attaching a metal plate with proper thickness on the bottom of the arrayed

waveguide.
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