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The area of nonvolatile memories has been seeing some major changes lately. While these memories 
were only applied in niche markets until about the year 2000, they have seen an unprecedented scaling 
since the turn of the century, first fueled by the cell phone, later also by digital camera, MP3 players, 
USB sticks and finally solid-state drives. 

The market is dominated since by Flash memory, first the NOR-type and later also the NAND version the 
latter offering the highest semiconductor memory density commercially available (128Gb). 

However, being charge based, the scaling of these memories is increasingly challenging by a drastic 
reduction of the number of electrons per bit (less than 100 today). Therefore, alternatives are being 
explored such as Phase Change Memory, Resistive Memory and Spin Torque Transfer Memory. This 
tutorial will start with the main characteristics of current Flash memories (NOR, NAND, scaling issues, 3D 
versions...) and will then proceed on the alternatives (basic mechanism, pro’s and con’s). 

The tutorial will address the following topics: 

1. Basic definitions and specifications of nonvolatile memory 
2. Classification of nonvolatile memories 
3. How Flash emerged: the historical perspective 
4. Physics of programming and erasing 
5. NOR versus NAND 
6. Main reliability characteristics 
7. Ferroelectric memory 
8. Phase change memory 
9. Resistive RAM 
10. STT-MRAM 
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