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Flash limited lifetime and endurance variance

ANAND Flash is organized in blocks of hundreds pages

ASome pages wear out faster than others ook
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Some background on NAND flash

AElectron tunneling to add/remove charges into/from floating gate

A Adding charges = Programminpz{e
A Removing charges = Erasibiptk)
A Out-of-place updates

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

APage relief is characterized on two NAND flash chips
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Page relief on muHlevel cells: page pairs

AMulti-level cells (MLCs) store two bits
AEach bit mapped to a different page: LSB and MSB page pair
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Half and full relief
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ALSB programming approx4X faster than MSB
ATradeoffs capacity for lower write latency

Full relief Half relief Legend
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Half and full relief characterization
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Half relief can be more effective

ARelative wear of relief cycles for 2 chips

Cl 39% 61%

C2 34% 55%

AHalf relief is more effectivin terms of written bits per cycle
A2 bits written in 2 cycles

Full + Regular 2x Half

C1 39%+100% £39% 2 x 61% 422%

C2 34%+100% %£34% 2 x 55% 310%
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Hot blocks provide control and opportunity

AFlash Translation Layers (FTLs) provide simple interface, similar to

magnetic disks

AGarbage 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

AStorageoverhead:
A2 bits per page cheap

AFTL memory overhead:
A2 bits per clean page (up to 32 Bytes per block with clean pages)

APerformance overhead:
AError monitoring: at worst, 1 extra read per write
approx +10% write latency
A Capacity reductiomcreases thgarbagecollection frequency

Simple but slow to react less potential
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Proactive strategy: planning ahead of time

ACorrelation between endurance and page pair number

AWe can | compute the number of times weak pages should be relaxed to
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