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Introduction An Analytical Model Evaluation Results

The floating-gate of a memory cell stores a number of elgctrons, which & Threshold voltage distribution « Effectiveness
affects the cell’s threshold voltage, V. The value of V,, Is measured to o
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Retention error has been identified as the dominant flash memory error. \oltage shift after m PISO operations - SRR S g e e

To compensate a cell’s charge loss over time, and thus, correct its TN 300 400 0,100 200 300 400
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Fig. 1 (a) A cell; (b) MLC threshold voltage distribution.
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¢ The read disturb scheme demands a much larger number of

The PISO ApproaCh N >— A p, AV operations in order to reduce a similar number of errors.

== PISO eXpIOItS the _ fIrSt programm!ng-and-ve”fylng Step - In d ' ' ' ' ' " ' ' ' ' ' ' ® o 2 ' ' s An approprlate number Of PISO Operatlons
programming operation by programming the data corresponding to | - : : | sl |
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Vaogaa Fig. 5 V, distributions; (a) norm.al; (b) left shifted; (c) with inadequate number of % Applying PISO operations 10 times each month can reduce the
expected | J B PISOs; (d) over-programmed. largest number of retention errors among the four groups.

Vi
©) % A dynamic retention error detection mechanism that periodically
Fig. 2 (a) A PISO operation; (b) before; (c) after PISO. samples retention errors can be applied.

¢ The safe threshold voltage Testi ng Meth()d() I Ogy _
% LSB page: data ‘1’ _ _ _ CO”CIUSK)”S

MSB page: the data stored in its associated LSB page. % Variable Relaxation Aging o | _ .
* Pag Pag P/Es PISO is efficient and effective compared to other types of retention error reduction
BE 1 represents erase staie % Flash memory are 2 LB { «— 1000 Loops < methods. It can be readily implemented in either the FTL of an SSD or in a flash file

2K . : : iy
v 1 P/E 2 P/Es 12P/Es 20 P/Es system. It is simple and do not require a prior knowledge of the original stored data.
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