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Abstract: To investigate the impact of substrate roughness, crystal type, and coefficient of thermal
expansion (CTE) on the stress of electroplated copper films, an experiment is conducted utilizing four
distinct substrate types: smooth sapphire, rough sapphire, amorphous sintered alumina, and pure copper.
The copper films are electroplated onto the substrate surfaces and subsequently annealed. Pre- and post-
annealing measurements are taken to assess warp and a stress. Electron backscatter diffraction (EBSD) is
employed to study the microstructural transformation of the copper films. The experimental results reveal
that annealing transforms the copper film stress from compressive to tensile, with stress levels decreasing in
the order of sintered alumina, smooth sapphire, rough sapphire, and pure copper substrates. Additionally,
annealing leads to significant grain growth. Analysis indicates that post-annealing copper film stress arises
from CTE mismatch and volume shrinkage. Stress reduction in copper films can be achieved by selecting
rough single-crystal substrates and materials with CTEs close to that of copper. These experimental
findings contribute valuable insights to the study of electroplating stress and the selection of appropriate
electroplating.
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Table 1 Types and physical property parameters of substrates

Sample number Type of substrates Surface roughness, R,/nm

Elasticity modulus/GPa  Poisson’s ratio  Thermal expansion/(10~°°C™")

1 Smooth surface of sapphire 8-10
2 Rough surface of sapphire 600

3 Sintered alumina 8-10
4 Pure Cu 8-10
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372
110

0.27 5.8
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Table 2 Change of stress of samples before and after anneal

Sample Warping/pm Stress/MPa

number Before anneal ~After anneal Before anneal — After anneal
1 —14 +182 —5.36 +69.61

2 —25 +175 —9.56 +66.92

3 —20 +244 —6.00 +72.81

4 —53 +110 —6.26 +13.24
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Fig.2 Change of stress of samples before and after anneal
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Fig.4 EBSD patterns of Cu film and statistics of gain size before and after anneal

(a)EBSD pattern of Cu film before anneal ; (b)EBSD pattern of Cu film after anneal; (¢ )statistics of gain size before anneal ;

(d)statistics of gain size after anneal
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