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Observation 1

• In MLC/TLC NAND flash, error rates of bits in one cell are different.

• E.g.

• Lower page bit error <= one overlap

• Upper page bit error <= two overlaps   1 : 2
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Test result

• Sub-22nm MLC NAND
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Observation 2

• Under hard sensing in NAND flash cell, sensing results of one bit may 

provide EXTRA soft information (reliability infor) for the other bits

=> Inter-cell data dependency

• E.g. Upper bit can show to some extent the lower bit reliability
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We propose to:

• 1: Map all bits in one cell into one codeword for LDPC code 

INTERLEAVING

=> reduce failure rate => reduce changes to trigger high-precision 

sensing => reduce latency and improve throughput.

• 2: Explore the inter-cell data dependency, and change Min-Sum decoder, 

to be aware of this data dependency.

• The change on Min-Sum decoder: do some modification to C-to-V 

message, according to the neighbor bit values
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Proposal

• Purpose of Ki: To enhance the reliability of the other bit.

For bit in the same cell:

Rc: soft value from channel;

dc:  sum of messages from all checks and channel => for hard decision.
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Experimental Results

• Raw BER measurement of MLC NAND flash
– With the increase of P/E cycling, flash reliability degrades

– When flash is heavily cycled, BER of flash pages varies significantly

– Upper/lower pages suffer different raw BER
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Simulation Results

• Modified Min-Sum Decoding correction performance

– The decoding failure rate of proposed algorithm is lower

than before, and gets close to 2bits precision decoder
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Simulation Results

• Decoding convergence speed

– The convergence speed of proposed algorithm is faster

than conventional decoder
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Simulation Results

• Estimated decoding throughput
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Interleaving improves throughput 

when flash is heavily cycled

Proposed min-sum improves 

throughput than conventional 

decoder
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Thanks for your attention
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