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Nonvolatile ferroelectric memory is being commercialized by several companies, and both embedded and stand-alone ferroelectric memories can now be purchased in the marketplace.  A long history of ferroelectric memory in the market is not available to assess reliability, but the vendors have released enough information concerning their ferroelectric product qualification to assess reliability of ferroelectric products.

Three semiconductor manufacturers have produced commercial ferroelectric semiconductor products:  Rohm, Matsushita and Fujitsu, all Japanese companies.  Ramtron, a U.S. company, has marketed ferroelectric products manufactured both at Rohm and Fujitsu.  Hynix, a Korean company, is at this time moving their ferroelectric process from an R&D facility to a production wafer manufacturing facility.  Some other companies are close to commercial production of ferroelectric products, but not enough data have been released to assess reliability for ferroelectric products manufactured by these future vendors.

This presentation focuses primarily on reliability and qualification of ferroelectric products produced at Matsushita, Fujitsu and Hynix.  Matsushita and Hynix use SBT (strontium bismuth tantalate) for the ferroelectric material whereas Fujitsu uses PZT (lead zirconium titanate).  In all cases, the reliability data are available only for two-transistor, two-capacitor memory cells with true and complement bit lines.  Also, in all cases, the ferroelectric capacitor is placed to the side of the pass transistor on top of the field oxide.  The data available for Matsushita are for a single level metal process whereas the data available for Fujitsu and Hynix are for double level metal processes.  Roadmaps for the companies show evolution to more aggressive design rules, 1T/1C memory cells, and more layers of metal.  Several companies are working on memory cells where the ferroelectric capacitor is stacked over the pass transistor.

The reliability data show reliability comparable to or better than that for floating gate EEPROMs, and the defect densities calculated from yield data show good results, but somewhat higher defect densities than for logic processes.  Ten-year retention is specified for temperatures only below 70 or 85 ºC for Matsushita and Fujitsu, but Hynix shows 10-year retention at 150 ºC.  Endurance specifications on the ferroelectric products vary from 108 to 1012 write/erase cycles, although endurance measurements on individual memory cells can show much higher endurance levels.  In all cases, the programming times are orders of magnitude faster than for floating gate EEPROMs and Flash memory. 
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