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Reliability Evaluation Technology to Provide Design Guideline for MONOS Type NAND Flash Memories
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A metal-oxide-nitride-oxide-silicon (MONOS) type memory is under research and development as one of the next-generation NAND flash memory
technologies. In order to achieve the practical use of MONOS type memories, high reliability is essential.

Toshiba has developed a novel reliability evaluation technology to provide a guideline for the design of highly reliable MONOS type memories.
Using this technology, we have been clarifying the degradation mechanisms unique to MONOS type memories caused by the stress of program/erase
cycle operations. As a result, we have demonstrated that interface-state generation, which is the origin of degradation due to cycle operations, has a
strong correlation with the amount of charges flowing into the memory cell during erase operations, and that holes injected from the silicon (Si) substrate
are the main cause of cycling degradation. We have also confirmed that enhancement of the electron current during erase operations through optimum

design of the charge-trapping silicon nitride (SiN) layer is a promising solution to reduce cycling degradation.
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Structures of MONOS type and floating gate type memories
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MONOS type memory endurance characteristics due to stress of program/
erase operations
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Setup for measurement of charges flowing into memory cell during program
or erase operation
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Program/erase stress conditions for endurance tests
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Relationship between interface-state generation and charges flowing during
program/erase operations
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Energy band diagram of MONOS type memory during erase operation
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Relationship between threshold voltage shift and charges flowing during
erase operation
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Comparison of interface-state generation rates of MONOS with oxide/
nitride/oxide (ONO) tunnel structure and MONOS with Si-rich SiN layer
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