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Stress Simulation Technology for Shrinkage of Semiconductor Devices
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Shrinkage of the design rules of semiconductor devices leads to defects in the manufacturing process resulting from decreased mechanical
strength.  In particular, buckling failure of fine pattern structures due to internal stress has become a serious issue in the further shrinkage of semi-
conductor devices.  This type of failure is caused by highly compressive residual stress in the material.  In order to realize a high-reliability process
for fine structures, technologies to analyze the stress phenomena inside structures and to estimate the occurrence of failures are essential.

As a solution to this issue, Toshiba has developed a stress simulation technology to predict buckling failures using linear buckling analysis based
on the finite element method.  This technology is contributing to the reduction of development costs and improvements in yield and quality by making
it possible to identify critical processes causing buckling failures and propose countermeasures against defects early in the development phase.
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Buckling phenomena of fine patterns
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Relationship between displacement and force in buckling
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Linear buckling analysis simulation model
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Mechanical properties of materials used in analysis
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Main effect plots of buckling coefficient obtained by sensitivity analysis
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Dependence of buckling coefficient on pattern height 06 TYABE U ARfE
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Margin map of buckling coefficient for processed size fluctuation
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Conditions of sensitivity analysis for mechanical properties
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Margin maps of buckling coefficient according to mechanical property
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