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Flash limited lifetime and endurance variance

ÅNAND Flash is organized in blocks of hundreds pages

ÅSome pages wear out faster than others
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Some background on NAND flash

ÅElectron tunneling to add/remove charges into/from floating gate
ÅAdding charges = Programming (page)
ÅRemoving charges = Erasing (block)
ÅOut-of-place updates

ÅMemory cells degrade over Program/Erase (P/E) cycles
ÅECC units correct limited number of errors
ÅSpare bytes in each page to store the codes and metadata
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Relieve pages to extend the endurance

ÅPage relief is characterized on two NAND flash chips

Å9ƴŘǳǊŀƴŎŜ ґ ƭƛŦŜǘƛƳŜ
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Page relief on multi-level cells: page pairs

ÅMulti-level cells (MLCs) store two bits
ÅEach bit mapped to a different page: LSB and MSB page pair
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Half and full relief

ÅIŀƭŦ ǊŜƭƛŜŦ  {[/-mode[Roohparvar, patent 08] [GruppŜǘ ŀƭΦΣ aL/whΩлфϐ

ÅLSB programming approx. 3-4x faster than MSB

ÅTradeoffs capacity for lower write latency
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Half and full relief characterization
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Half relief can be more effective

ÅRelative wear of relief cycles for 2 chips

ÅHalf relief is more effective in terms of written bits per cycle
Å2 bits written in 2 cycles:
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Chip Full Half

C1 39% 61%

C2 34% 55%

Chip Full +  Regular 2x Half

C1 39%+100% = 139% 2 x 61% = 122%

C2 34%+100% = 134% 2 x 55% = 110%



Hot blocks provide control and opportunity 

ÅFlash Translation Layers (FTLs) provide simple interface, similar to 
magnetic disks
ÅGarbage collection, wear leveling, and physical aspects of flash are hidden
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Reactive strategy: identifying weak pages on 
the fly
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Reactive strategy: overheads

ÅStorage overhead:
Å2 bits per page cheap

ÅFTL memory overhead:
Å2 bits per clean page (up to 32 Bytes per block with clean pages)

ÅPerformance overhead:
ÅError monitoring: at worst, 1 extra read per write

approx. +10% write latency

ÅCapacity reduction increases the garbage collection frequency
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Proactive strategy: planning ahead of time

ÅCorrelation between endurance and page pair number
ÅWe can compute the number of times weak pages should be relaxed to 
ƳŀǘŎƘ ǘƘŜ ǿŜŀƪŜǎǘ ǇŀƎŜΩǎ ŜȄǘŜƴŘŜŘ ŜƴŘǳǊŀƴŎŜ
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