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SYSTEMS AND METHODS FOR TEMPORARILY RETIRING MEMORY
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FIELD OF THE INVENTION

The present invention relates generally to memory devices and more particularly

to flash memory devices.

BACKGROUND OF THE INVENTION

Relevant prior art includes:

[1] N. Mielke, H. Belgal, I. Kalastrisky, P. Kalavade, A. Kurtz, Q. Meng, N. Righos,

and J. Wu, "Flash EEPROM Threshold Instabilities due to Charge Trapping During

Program/Erase Cycling", IEEE Trans. On Device and Materials Reliability, Vol. 4, No.

3, Sep. 2004

[2] J.-D. Lee , J.-H. Choi , D. Park and K. Kim "Degradation of tunnel oxide by FN

current stress and its effects on data retention characteristics of 90 nm," Proc. IRPS,

2003, p. 497.

[3] G. Wong, "The Next Killer Technologies?: 3-bit and 4-bit per cell NAND Flash

Memories", Web-Feet Research, Inc. Report: MTS340MB-28, December 2007

[4] E. Gal and S. Toled, "A Transactional File System for Microcontrollers", 2005

USENIX Annual Technical Conference, p. 89-104

[5] YAFFS, available on the World Wide Web at yaffs.net/yaffs-documentation.

[6] United States Patents 7301818, 7325090; published US Application

200721 1534, and Published PCT application WO2007132452,

[7] an Intel Corporation presentation entitled "Reliability of floating-gate flash

memories", by Neal Mielke, presented by Hanmant Belgal and available on Internet on

23 March 2008.

Notations such as [1], [2], [3], [4], [5] are used in the specification to indicate

reference to the above documents.



The disclosures of all publications and patent documents mentioned in the

specification, and of the publications and patent documents cited therein directly or

indirectly, are hereby incorporated by reference.



SUMMARY OF THE INVENTION

Certain embodiments of the present invention seek to provide improved flash

memory, in which some memory portions are temporarily retired.

There is thus provided, in accordance with at least one embodiment of the

present invention, flash memory apparatus including a plurality of memory portions,

and a controller operative to reserve for data retention purposes, for at least a first

duration of time, only certain portions from among the plurality of memory portions

including allocating data, during the first duration of time, only to the certain portions,

thereby to define at least one of the plurality of memory portions other than the certain

portions as a retired memory portion for the first duration of time.

Further in accordance with at least one embodiment of the present invention,

the controller is operative to program incoming data, for the first duration of time, only

into the certain portions.

Still further in accordance with at least one embodiment of the present invention,

the controller is operative to read data, for the first duration of time, only from the

certain portions.

Additionally in accordance with at least one embodiment of the present

invention, the controller is operative to obviate any need to read data from the retired

memory portion by reproducing data residing in the retired memory portion in at least

one of the certain portions.

Further in accordance with at least one embodiment of the present invention,

the controller is operative at least once to define the at least one retired memory portion

as an active memory portion in which data can be stored, by including the retired

memory portion in the certain portions after the first duration of time has elapsed so as

to reserve for data retention purposes, for at least a second duration of time subsequent

to the first duration of time, only the certain portions, thereby to benefit from enhanced

data retention performance of the retired memory portion due to retirement thereof

during the first duration.



Still further in accordance with at least one embodiment of the present invention,

the controller is operative at least once within the first duration of time to define at least

an individual one of the certain memory portions as a retired portion.

Additionally in accordance with at least one embodiment of the present

invention, the controller serves a data-employing application and wherein at least the

individual one of the memory portions defined as a retired portion comprises a memory

portion from among the certain memory portions which contains data no longer needed

by the data-employing application.

Further in accordance with at least one embodiment of the present invention,

the controller is operative to reproduce data from at least the individual memory portion

defined as a retired portion, in an additional memory portion from among the plurality

of memory portions.

Still further in accordance with at least one embodiment of the present invention,

the additional memory portion comprises a formerly retired portion which is re-defined

by the controller after the first duration as a newly active portion by reserving the

formerly retired portion for data retention purposes after the first duration, while

defining the newly active memory portion as a retired portion which is not reserved for

data retention purposes after the first duration.

Additionally in accordance with at least one embodiment of the present

invention, the controller is operative to define at least the individual one of the certain

memory portions as a retired portion, subsequent to receipt of an erase command

pertaining to the at least one individual memory portion.

Further in accordance with at least one embodiment of the present invention, at

least one the retired memory portions defined as an active portion was, before becoming

a retired memory portion for time period T, defined as one of the certain memory

portions and wherein the controller is operative to erase the memory portion defined as

one of the certain memory portions, then as a retired memory portion, then again as an

active memory portion, within the time period T.

Still further in accordance with at least one embodiment of the present invention,

a population of traps develops in the memory portions responsive to cycling thereof and

subsides between cycles as a function of time between the cycles, and wherein the first

duration of time for which at least one individual memory portion is retired is selected



to statistically contain increase in the population of traps in the individual memory

portion.

Additionally in accordance with at least one embodiment of the present

invention, the first duration of time for which at least one individual memory portion is

retired is selected to statistically prevent increase in the population of traps in the

individual memory portion.

Further in accordance with at least one embodiment of the present invention,

the apparatus also comprises a heating system for heating at least one retired memory

portion.

Still further in accordance with at least one embodiment of the present invention,

a population of traps develops in the memory portions responsive to cycling thereof and

subsides between cycles as a function of time between the cycles and the apparatus also

comprises an effective cycle counter for at least an individual memory portion from

among the certain memory portions, operative to store an effective number of cycles

which the individual memory portion has undergone, wherein the effective number is an

increasing function of an actual number of cycles that the individual memory portion

has undergone, and a decreasing function of a length of at least one time period

extending between cycles that the individual memory portion has undergone.

Further in accordance with at least one embodiment of the present invention,

the controller, at intervals, re-defines at least one memory portion having one status

from among an active status and a retired status, to another status from among the active

status and the retired status, and wherein the intervals are periodical.

Still further in accordance with at least one embodiment of the present invention,

the controller, at intervals, re-defines at least one memory portion having one status

from among an active status and a retired status, to another status from among the active

status and the retired status, and wherein the intervals are triggered by occurrence of a

flash memory event.

Additionally in accordance with at least one embodiment of the present

invention, the flash memory event comprises issuance of an erase command to at least

one of the plurality of memory portions.

Further in accordance with at least one embodiment of the present invention,

the controller, at intervals, re-defines at least one retired memory portion as an active

memory portion reserved for data retention purposes, and wherein a redundant code



characterized by a proportion of redundancy is used to encode the plurality of memory

portions and wherein the proportion of redundancy is selected to take into account a

reduced probability of error in the retired memory portion redefined as an active

memory portion.

Still further in accordance with at least one embodiment of the present invention,

the plurality of memory portions comprise NROM flash memory portions.

Further in accordance with at least one embodiment of the present invention,

the plurality of memory portions comprises at least two flash memory devices and

wherein the heating system comprises at least one heater configured and arranged to

selectably heat only a subset of the at least two flash memory devices and wherein the

controller selectably defines all memory portions included in the subset

as retired memory portions.

Still further in accordance with at least one embodiment of the present invention,

the plurality of memory portions comprises a number of sets of NAND flash memory

cells strung together into a corresponding number of strings of cells and wherein the

heating system comprises apparatus for selectably heating a selected one of the strings

of cells.

Also provided, in accordance with at least one embodiment of the present

invention, is a method for operating a flash memory device comprising a multiplicity of

flash memory cells, the method comprising programming selected ones from among the

multiplicity of cells and, for at least one individual cell of the multiplicity of cells,

tracking the amount of time since programming last occurred in the individual cell.

Also provided, in accordance with at least one embodiment of the present

invention, is a memory device comprising an array of semiconductor cells undergoing

cycling causing deterioration of the cells; and at least one heating element operative to

heat at least one cell of the array of semiconductor cells thereby reducing the cell's

deterioration due to the cycling.

Further in accordance with at least one embodiment of the present invention,

the controller is operative, for each retired memory portion comprising a multiplicity of

cells each able to store several selectable values, to program at least some of the

multiplicity of cells to a highest value from among the several selectable values as the

first duration of time begins.



Furtlier provided, in accordance with at least one embodiment of the present

invention, is a method for using Flash memory apparatus, the method including

reserving for data retention purposes, for at least a first duration of time, only certain

portions from among the plurality of memory portions including allocating data, during

the first duration of time, only to the certain portions, thereby to define at least one of

the plurality of memory portions other than the certain portions as a retired memory

portion for the first duration of time.

Additionally in accordance with at least one embodiment of the present

invention, the method further comprises reserving for data retention purposes, for at

least a first duration of time, the first duration being compared against the amount of

time, to the at least one individual cell from among the multiplicity of cells including

allocating data, during the first duration of time, only to the at least one individual cell,

thereby to define at least one of the multiplicity of cells other than the at least one

individual cell as a retired cell for the first duration of time.

The following terms may be construed either in accordance with any definition

thereof appearing in the prior art literature or in accordance with the specification, or as

follows:

Bit error rate (BER) = a parameter that a flash memory device manufacturer commits to

vis a vis its customers, expressing the maximum proportion of wrongly read bits

(wrongly read bits/ total number of bits) that users of the flash memory device need to

expect at any time during the stipulated lifetime of the flash memory device e.g. 10

years.

Block = a set of flash memory device cells which must, due to physical limitations of

the flash memory device, be erased together. Also termed erase sector, erase block.

Cell: A component of flash memory that stores one bit of information (in single-level

cell devices) or n bits of information (in a multi-level device having 2 exp n levels).

Typically, each cell comprises a floating-gate transistor n may or may not be an integer.

"Multi-level" means that the physical levels in the cell are, to an acceptable level of

certainty, statistically partitionable into multiple distinguishable regions, plus a region

corresponding to zero, such that digital values each comprising multiple bits can be



represented by the cell. In contrast, in single-level cells, the physical levels in the cell

are assumed to be statistically partitionable into only two regions, one corresponding to

zero and one other, non-zero region, such that only one bit can be represented by a

single-level cell.

Charge level: the measured voltage of a cell which reflects its electric charge.

Cycling: Repeatedly writing new data into flash memory cells and repeatedly erasing

the cells between each two writing operations.

Decision regions: Regions extending between adjacent decision levels, e.g. if decision

levels are 0, 2 and 4 volts respectively, the decision regions are under 0 V, 0 V —2 V,

2V - 4 V and over 4 V.

Demapping: basic cell-level reading function in which a digital n-tuple originally

received from an outside application is derived from a physical value representing a

physical state in the cell having a predetermined correspondence to the digital n-tuple.

Digital value or "logical value": n-tuple of bits represented by a cell in flash memory

capable of generating 2 exp n distinguishable levels of a typically continuous physical

value such as charge , where n may or may not be an integer.

Erase cycle: The relatively slow process of erasing a block of cells (erase sector), each

block typically comprising more than one page, or, in certain non-flash memory

devices, of erasing a single cell or the duration of so doing. An advantage of erasing

cells collectively in blocks as in flash memory, rather than individually, is enhanced

programming speed: Many cells and typically even many pages of cells are erased in a

single erase cycle.

Erase-write cycle: The process of erasing a block of cells (erase sector), each block

typically comprising a plurality of pages, and subsequently writing new data into at

least some of them. The terms "program" and "write" are used herein generally

interchangeably.



Flash memory: Non-volatile computer memory including cells that are erased block by

block, each block typically comprising more than one page, but are written into and

read from, page by page. Includes NOR-type flash memory, NAND-type flash memory,

and PRAM, e.g. Samsung PRAM, inter alia, and flash memory devices with any

suitable number of levels per cell, such as but not limited to 2, 4, or (as in the

embodiment illustrated herein) 8.

Logical page: a portion of typically sequential data, whose amount is typically less than

or equal to a predetermined amount of data defined to be a pageful of data, which has

typically been defined by a host (data source/destination) or user thereof, as a page, and

which is sent by the host to a flash memory device for storage and is subsequently read

by the host from the flash memory device.

Mapping: basic cell-level writing function in which incoming digital n-tuple is mapped

to a program level by inducing a program level in the cell, having a predetermined

correspondence to the incoming logical value.

Page = A portion, typically 512 or 2048 or 4096 bytes in size, of a flash memory e.g. a

NAND or NOR flash memory device. Writing can be performed page by page, as

opposed to erasing which can be performed only erase sector by erase sector. A few

bytes, typically 16 —32 for every 512 data bytes are associated with each page

(typically 16, 64 or 128 per page), for storage of error correction information. A typical

block may include 32 512-byte pages or 64 2048-byte pages.

Physical page: an ordered set (e.g. sequence or array) of flash memory cells which are

all written in simultaneously by each write operation, the set typically comprising a

predetermined number of typically physically adjacent flash memory cells containing

actual data written by and subsequently read by the host, as well as, typically error

correction information and back pointers used for recognizing the true address of a

page.



Precise read, soft read: Cell tlireshold voltages are read at a precision (number of bits)

greater than the number of Mapping levels (2Λn). The terms precise read or soft read are

interchangeable. In contrast, in "hard read", cell threshold voltages are read at a

precision (number of bits) smaller than the number of Mapping levels (2Λn where n =

number of bits per cell).

Present level, Charge level: The amount of charge in the cell. The amount of charge

currently existing in a cell, at the present time, as opposed to "program level", the

amount of charge originally induced in the cell (i.e. at the end of programming).

Program: same as "write".

Program level (programmed level, programming level): amount of charge originally

induced in a cell to represent a given logical value, as opposed to "present level".

Reliability: Reliability of a flash memory device may be operationalized as the

probability that a worst-case logical page written and stored in that device for a

predetermined long time period such as 10 years will be successfully read i.e. that

sufficiently few errors, if any, will be present in the physical page/s storing each logical

page such that the error code appended to the logical page will suffice to overcome

those few errors.

Reprogrammability (Np): An aspect of flash memory quality. This is typically

operationalized by a reprogrammability parameter, also termed herein "Np", denoting

the number of times that a flash memory can be re-programmed (number of erase-write

cycles that the device can withstand) before the level of errors is so high as to make

an unacceptably high proportion of those errors irrecoverable given a predetermined

amount of memory devoted to redundancy. Typically recoverability is investigated

following a conventional aging simulation process which simulates or approximates the

data degradation effect that a predetermined time period e.g. a 10 year period has on the

flash memory device, in an attempt to accommodate for a period of up to 10 years

between writing of data in flash memory and reading of the data therefrom.



Resolution: Number of levels in each cell, which in turn determines the number of bits

the cell can store; typically a cell with 2Λn levels stores n bits. Low resolution

(partitioning the window, W, of physical values a cell can assume into a small rather

than large number of levels per cell) provides high reliability.

Retention: of original physical levels induced in the cells; retention is typically below

100% resulting in deterioration of original physical levels into present levels.

Retention time: The amount of time that data has been stored in a flash device, typically

without, or substantially without, voltage having been supplied to the flash device i.e.

the time which elapses between programming of a page and reading of the same page.

Symbol: Logical value

Threshold level: the voltage (e.g.) against which the charge level of a cell is measured.

For example, a cell may be said to store a particular digital n-tuple D if the charge level

or other physical level of the cell falls between two threshold values T.

Cycle count = cycles = the number of times an erase block has been programmed and

erased

Time stamp = time at which a particular erase block went into retirement

Tr = time period which a particular erase block spends in retirement

Alpha trap dissipation rate; depends on flash technology and typically increases as a

function of temperature

Alphajtiot = the trap dissipation rate when a particular flash memory device is hot



Cs = cycling working point = maximal number of cycles that an erase block can

undergo and still perform well; the erase block is therefore retired when Cs is reached or

soon afterwards

Cdelta = the maximal number of cycles, counting from when its Cs was reached, that an

erase block is allowed to undergo before it is retired

Cs+deita = Cs + Cdelta

C + Cd T. — 1 = cycling just prior to retirement.
\ r J

Cd = sum of the number of program/erase cycles undergone by each of the active (non-

retired) erase blocks in a flash memory device, on an average day. An application-

specific parameter.

Effective cycle count = a parameter characterizing a memory portion such as an erase

block which is typically an increasing function of the number of erase-write cycles that

memory portion has undergone, and an increasing function of the effective duration of

time the memory portion had available to recover from erase-write cycles it has

undergone, where the effective duration of time is a function of the length of the time

period the memory portion had available to recover from erase-write cycles it has

undergone and the temperature of the memory portion during that time period.

retirement rate = small r = proportion of erase blocks which are allocated for retirement

at any given time. Typically although not always, the retirement rate is fixed.

Trap balance function f = the expected or average or actual number of traps present in a

portion of flash memory, following a period of time in which cycling and/or retention

and/or retirement may have occurred, relative to (divided by) the expected or average or

actual number of traps prior to the same period. If f = 1, this indicates that a steady state

has been achieved for the trapping process i.e. that the net effect of the cycling and/or

retention and/or retirement that occurred during the time period is neutral (no increase,

no decrease). If f is more than 1, the number of traps statistically increased over the time



period in question. If f is less than 1, the number of traps statistically decreased.

Desirable values for the trap balance function are 1 or less than 1.

Tcool = time during which a heated retired erase block is allowed to cool before it is re-

defined as an active (non-retired) erase block

σ2 = distribution variance = the variance of distribution of a population of actual

physical values invoked in a corresponding population of flash memory cells storing an

individual programmed value, either initially or after the flash memory cells have

undergone a given number of cycles and a given period of retention. This variance

causes noise, necessitating redundancy R of the code used to encode the programmed

values.

Redundancy = capital R = redundancy of a code i.e. the proportion of a page devoted to

data cells rather than redundancy cells, which redundant cells are used to properly

decode encoded data despite errors therein. R = no. of data bytes per page/ total no. of

bytes per page

Tr = period of retention of a particular erase block

RetiredNum = the number of erase blocks which are retired at any given time = r x total

number of erase blocks in a flash memory device

WearLimit = A wear limiting parameter intended to allow statistical wear leveling of

the blocks which are not retired.

RetireLimit = the maximum number of erase operations which an erase block is allowed

to undergo before it is retired. RetireLimit = Cs + Cdelta

F = maximal number of errors that a page can have, if it is to be recoverable, i.e. the

number of bits per page that a particular error correction code is capable of correcting

Number n = number of bits per page, including data and redundancy



Pblock = Ppage = probability of irrecoverable page = probability that the number of

errors on a particular page exceeds the number of errors that the error correction code

used to encode the page, is able to overcome

P = bit error probability = = bit error rate

W = λvindow = difference between the highest and lowest programmed values

L = number of programmed values that each cell is able to represent ( 1 for a single level

cell (SLC), more than 1 for a multi-level cell (MLC)

Bank = Several Flash memory chips typically connected to the same controller and

operated together to obtain a larger total amount of storage space.

According to certain embodiments of the present invention, a suitable time

period between retirements is employed, e.g. as per formula I herein.

According to certain embodiments of the present invention, a suitable retirement

rate r is employed, e.g. as per formulae I and/or II herein (or as per formula IV if

retirement takes place at an elevated temperature).

According to certain embodiments of the present invention, a suitable cycling

working point is employed, e.g. as per formula I herein (or as per formula IV if

retirement takes place at an elevated temperature).

According to certain embodiments of the present invention, a suitable time

period between retirements is employed, e.g. as per formula I herein (or as per formula

IV if retirement takes place at an elevated temperature).

According to certain embodiments of the present invention, a suitable maximal

cycle count is employed to trigger retirement, e.g. as per formula III herein.

According to certain embodiments of the present invention, a suitable balance is

found between redundancy considerations and retirement considerations e.g. as per any

of formulae V -XI herein.

According to certain embodiments of the present invention, a suitable balance is

found between code redundancy and retirement rate e.g. as per formula V herein.



According to certain embodiments of the present invention, a suitable variance

for code redundancy is employed, e.g. as per formula VI herein.

According to certain embodiments of the present invention, a suitable temporal

distribution STD is employed, e.g. as per formula VII herein.

According to certain embodiments of the present invention, redundancy is

determined at least partly on the basis of the frame error rate (FER), e.g. as per formula

VIII herein.

According to certain embodiments of the present invention, variance is

determined at least partly on the basis of cycles, e.g. as per formula IX herein.

According to certain embodiments of the present invention, a suitable bit error

rate is determined at least partly as a function of variance, e.g. as per formula X herein.

According to certain embodiments of the present invention, a suitable coding

rate is employed, e.g. as per formula XI herein.

Any suitable processor, display and input means may be used to process,

display, store and accept information, including computer programs, in accordance with

some or all of the teachings of the present invention, such as but not limited to a

conventional personal computer processor, workstation or other programmable device

or computer or electronic computing device, either general-purpose or specifically

constructed, for processing; a display screen and/or printer and/or speaker for

displaying; machine-readable memory such as optical disks, CDROMs, magnetic-

optical discs or other discs; RAMs, ROMs, EPROMs, EEPROMs, magnetic or optical

or other cards, for storing, and keyboard or mouse for accepting. The term "process" as

used above is intended to include any type of computation or manipulation or

transformation of data represented as physical, e.g. electronic, phenomena which may

occur or reside e.g. within registers and /or memories of a computer.

The above devices may communicate via any conventional wired or wireless

digital communication means, e.g. via a wired or cellular telephone network or a

computer network such as the Internet.

The apparatus of the present invention may include, according to certain

embodiments, machine readable memory containing or otherwise storing a program of

instructions which, when executed by the machine, implements some or all of the

apparatus, methods, features and functionalities of the invention shown and described



herein. Alternatively or in addition, the apparatus of the present invention may include,

according to certain embodiments of the invention, a program as above which may be

written in any conventional programming language, and optionally a machine for

executing the program such as but not limited to a general purpose computer which may

optionally be configured or activated in accordance with the teachings of the present

invention.

Any trademark occurring in the text or drawings is the property of its owner and

occurs herein merely to explain or illustrate one example of how an embodiment of the

invention may be implemented.

Unless specifically stated otherwise, as apparent from the following discussions,

it is appreciated that throughout the specification discussions, utilizing terms such as,

"processing", "computing", "estimating", "selecting", "ranking", "grading",

"calculating", "determining", "generating", "reassessing", "classifying", "generating",

"producing", "stereo-matching", "registering", "detecting", "associating",

"superimposing", "obtaining" or the like, refer to the action and/or processes of a

computer or computing system, or processor or similar electronic computing device,

that manipulate and/or transform data represented as physical, such as electronic,

quantities within the computing system's registers and/or memories, into other data

similarly represented as physical quantities within the computing system's memories,

registers or other such information storage, transmission or display devices.



BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the present invention are illustrated in the following

drawings:

Fig. 1 is a prior art graph illustrating a superposition of several overlapping

probability distributions of a flash memory cell which can be programmed with one of

several respective program levels;

Fig. 2 is a simplified schematic illustration of a prior art floating gate cell;

Fig. 3A is a simplified block diagram illustration of a Solid State Disk (SSD)

system constructed and operative in accordance with certain embodiments of the present

invention in which a controller is operative to reserve for data retention purposes, for at

least a first duration of time, only certain portions from among a plurality of memory

portions actually provided;

Fig. 3B is a simplified block diagram illustration of a flash memory system in

which an internal microcontroller has a memory portion retirement management

functionality constructed and operative in accordance with certain embodiments of the

present invention;

Fig. 4 is a simplified flowchart illustration of a method, constructed and

operative in accordance with certain embodiments of the present invention, for using

less than all of the memory capacity of a flash memory device, thereby to allow some

and typically all portions of the total memory capacity of the flash memory device to

retire intermittently for selected periods of time;

Fig. 5A is a simplified flowchart illustration of a memory portion retirement

process including erase block mapping, which process is operative in accordance with

certain embodiments of the present invention and which may be performed during

operation of the system shown and described herein. The method of Fig. 5A is a

suitable implementation of steps 25, 30 and 40 of Fig. 4 and forms a suitable method of

operation for the erase block mapper of Fig. 3A, all in accordance with certain

embodiments of the present invention in which a cycle count is stored for each memory

portion and the controller includes a clock to record times at which various memory

portions are erased;

Figs. 5B - 5C, 5D and 5E show 3 sequential states, respectively, of an example

of an erase block mapping table used by the erase block mapping method of Fig. 5A in



accordaiice with certain embodiments of the present invention, which table may or may

not store time stamps for active erase blocks as is evident from a comparison of Figs.

5B and 5C;

Fig. 6 is a graph illustration of trap balance in an erase block as a function of

the period of time, Tr, which has elapsed from the time of occurrence of the erase

block's first cycle until the present, assuming a constant (and unit-less) trap dissipation

rate alpha = 0.0761. The theoretical significance of the trap dissipation rate parameter is

described in Reference [1], e.g. in connection to Figure 5B in that reference. It may be

used to compute the proportion of traps that have been de-trapped following a given

retention time (in hours) and assuming a temperature of 55 degrees Celsius, hi the

illustrated example the following are assumed: a pre-determined cycling working point

at which the flash memory is still working well despite the number of cycles it has

undergone (e.g. 1000), a constant number of cycles, e.g. 6, undergone by the flash

memory in total (over all erase blocks) and a predetermined proportion of erase blocks

(e.g. 10%) allocated to retirement at any given time;

Figs. 7A and 7B are respective side view and top view diagrams of a flash

memory system constructed and operative in accordance with certain embodiments of

the present invention, including a plurality of flash memory devices that allows each

such device to be heated selectably and separately;

Fig. 8 is a simplified flowchart illustration of a method, constructed and

operative in accordance with certain embodiments of the present invention, for

computing an effective cycle count for each active block;

Fig. 9 is a table which may be generated e.g. by steps 640, 740 and 840 of the

methods of Figs. 10 - 12 respectively, may be stored e.g. in the controller 62 of Fig. 3A,

and is operative to map logical blocks to physical blocks which is useful, in accordance

with certain embodiments of the present invention, in applications in which no cycle

count is stored for each memory portion and no clock is provided to record times at

which various memory portions are erased. The table of Fig. 9 may be accessed and/or

modified by steps 700, 720, 800, 810 inter alia;

Fig. 10 is a simplified flowchart illustration of a memory portion retirement

process including erase block mapping, which process is operative in accordance with

certain embodiments of the present invention and may be performed during operation

of the system shown and described herein. The method of Fig. 10 is a suitable



implementation of steps 25, 30 and 40 of Fig. 4 and forms a suitable method of

operation for the erase block mapper of Fig. 3A, all according to certain embodiments

of the present invention in which no cycle count is stored for each memory portion and

no clock is available to record times at which various memory portions are erased;

Fig. 11 is a simplified flowchart illustration of a passive method for performing

the Passive wear leveling step of Fig. 10 in accordance with certain embodiments of the

present invention;

Fig. 12 is a simplified flowchart illustration of a method for performing the

Active wear leveling step of Fig. 10 in accordance with certain embodiments of the

present invention;.

Fig. 13 is a simplified prior art electrical diagram of a conventional NAND

Flash memories with serialized Flash memory cells arranged in strings, only one of

which strings is shown for simplicity;

Fig. 14 is a simplified flowchart illustration of a method, constructed and

operative in accordance with certain embodiments of the present invention, which is a

variation on the method of Fig. 5A in which retirement comprises heating e.g. using the

apparatus of Figs. 7A and 7B; and

Fig. 15 is a simplified flowchart illustration of a method, constructed and

operative in accordance with certain embodiments of the present invention, for

computing retirement parameters such as cycling working point and retirement rate,

suitable for implementing step 215 of Fig. 4 for NROM flash memory device

technologies.



DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE

INVENTION

Today's Flash memory devices store information as charge in "cells", each

typically comprising either a floating gate transistor or an NROM transistor. In single-

level cell (SLC) devices, each cell stores only one bit of information. Multi-level cell

(MLC) devices, can store more than one bit per cell by choosing between multiple

levels of electrical charge to apply to the floating gates of their cells. The amount of

charge (also known as charge level) is then measured by a detector, by comparing the

voltage of the transistor gate (also known as charge level and denoted Vx) to a decision

threshold voltage (also known as charge level boundary point and denoted V D) . The

amount of charge is then used to determine the programmed level (logical value) of the

cell. Due to inaccuracies during the programming procedure and charge loss due to time

and temperature (also known as retention), the measured charge levels suffer from a

random distortion.

Fig. 1 is a superposition of 4 prior art voltage distribution graphs for each of 4

program levels 10, 00, 0 1 and 11. The graph illustrates an example of the four separate

probability distributions of a cell which can be programmed with one of four

corresponding program levels (10, 00, 0 1 and 11, respectively). For each distribution

curve, the Y-axis represents the probability that the cell is programmed to the

corresponding level, given the value of the charge level V (represented by the x- axis).

The voltage window (W) is the voltage difference between the means of the two

extreme distributions (of levels 10 and 11). The difference between the means of two

near distributions is denoted by D. Dotted vertical lines TO, Tl and T2 are used to

denote decision thresholds distinguishing adjacent ones from among levels 10, 00, 0 1

and 11 which in the illustrated example is the erase state.

The cell's programmed level, or logical level, may be determined using several

methods. One method is to apply a voltage to the cell's gate and measure if the cell

conducts current. The cell has a certain threshold voltage such that if voltage above that

threshold is applied to the gate, the gate may conduct. Below that threshold voltage the

gate typically does not conduct current (or conducts a small amount of current, below a

certain demarcation level). As the amount of charge in the cell changes this threshold



voltage, the charge may be inferred by determining at which voltage the cells starts to

conduct current. Thus, the programmed level is determined by iteratively applying

different voltages to the gate and measuring whether the cells conduct or not. Another

method is based on the fact that when applying a voltage above the threshold voltage,

the cell conducts current and the amount of current depends on the difference between

the applied voltage and the threshold voltage.

As the threshold voltage changes as a function of the amount of charge in the

cell, the programmed level may be inferred by measuring the current going through the

cell. Thus, the programmed level may be obtained by simultaneously comparing the

conducted current with a given set of fixed currents distinguishing between all

programmed levels. In other words, each cell's programmed level is determined by

simultaneously comparing the V T level against several decision threshold levels. For

example, if there are four possible programmed levels, the cell's V is simultaneously

compared against three decision threshold levels which divide the voltage axis to four

regions, as demonstrated in Fig. 1. In general, if there are L possible programmed

levels, L-I decision threshold levels may be employed. Since the program level voltage

distributions intersect, there is a probability of detection error, e.g. detecting the wrong

program level.

Fig. 2 is a simplified schematic illustration of a prior art floating gate cell. The

cell is constructed on top of the substrate or well. On each side of the cell are a source 5

and a drain 10. On top of the substrate is an insulator 20. On top of the insulator there is

a floating gate 30, then insulator 20 and then the top gate 40.

During a programming procedure, the top gate is forced high (say 10V) while a

current flows between the drain and the source by setting the drain to a moderately high

voltage (say 5V) and setting the source to the ground reference voltage. In this process

a negative charge is injected into the floating gate 30. This charge can later be detected

by measuring the threshold voltage of the transistor. One possible scheme for erasing a

cell is setting the gate to a relatively negative voltage (say -8V) and the well in which

the cell lies to a relatively high voltage e.g. as per the channel erase scheme in Fig. 1 in

Reference [I]). In this process the negative charge within the floating gate flows back

to the well/substrate.



A cycle of program/erase also causes charge to be trapped in the insulator layer

20 (Fig. 2). More cycles may cause more charges to be trapped in this layer. The

amount of charge which is trapped during the program/erase cycles is approx.

proportional to the square root of the number of program/erase cycles ( J cycles ) [I].

Following a programming procedure and retention, a threshold shift occurs due to de-

trapping. Furthermore, the number of traps is decreased following retention.

De-trapping has been cited as the dominant factor of threshold instabilities in

sub-lOOnm Flash memory devices (see [1] and [2]). De-trapping occurs when positive

traps 50 (Fig. 2) in the insulator layer 20 suddenly recombine with electrons in the

floating gate 30 or when charges flow to the substrate. The process of de-trapping is a

random process and the de-trapping of different charges is approximately independent.

Therefore, the average shift in the cell threshold distribution and the variance of the

shift are linearly dependent on the number of traps (and non-lineaiiy dependent on the

retention time -).

Variance of the cell threshold distribution following cycling and retention in the

current Flash memory devices may be associated with de-trapping. This is the major

reason for the low cycling limitations in higher density Flash memory devices (say 90-

32nm devices). Following a high number of consecutive program/erase cycles (say

100-1000), the number of traps causes a too large variance (following retention) to

allow 3-bit, 4-bit and even 2-bit per cell devices to function reliably.

Though it may not necessarily stem from the same physical processes, NROM

devices may exhibit a similar reaction to cycling: the voltage distributions of their

program levels may widen quickly following retention due to the consecutive cycling.

Relevant to certain embodiments of the present invention is also the interface to

Flash memory devices, in particular NAND Flash memory devices though this

specification is also applicable to NOR devices. NAND Flash memory devices are

organized into (physical) pages. Each page contains a section allocated for data (say 512

bytes, 2K bytes, 4K bytes) and a small amount of bytes (16-32 bytes for every 512 data

bytes) containing, typically, redundancy and back pointers. The redundancy bytes are

used to store error correcting information, for correcting errors which may have



occurred during the page Read. Each Read and Program operation is performed on an

entire page. A number of pages are grouped together to form an Erase Block (EB). A

page cannot be erased unless the entire erase block which contains it is erased (e.g. each

erase block may comprise 128 pages). A Flash memory device may comprise thousands

or tens of thousands of such erase blocks.

An important measure of a Flash memory device quality is the number of times

(Np) it may be reprogrammed (e.g. program/erase cycles) and the period that it can

store data (usually 10 years) before irrecoverable errors occur. The higher the number of

program-erase cycles, the higher the bit error rate (BER). Thus, today's MLC devices

can perform around Np=IOOO cycles for 10 years retention before the allocation of 16-

32 bytes of redundancy per 512 bytes of data bytes becomes insufficient to correct

errors. SLC devices usually perform better but obtain a much lower density and hence

they are priced higher. Following Np program-erase cycles the device is still operational

but the bit error rate is higher.

One application of Flash memory devices is solid state disks (SSD) where an array

of Flash memory devices is used as the storage media of a computer hard drive, thus,

enjoying the fast Read and Access times of Flash chips. In an SSD, several Flash chips

are programmed and read simultaneously to increase the Read and program speeds. It is

the norm today to guarantee Hard Disk operation for 3 years. Noting that the new and

denser MLC Flash memory devices may not operate reliably above 1000 cycles or less,

this drastically reduces the number of complete updates the SSD is able to endure per

day (e.g. less than 0.25 complete updates a day as described in Reference [3] above).

Certain embodiments of this invention seek to counter the effect of cycling and

allow almost a limitless or drastically larger amount of program/erase cycles. This is

done by allocating a constant or variable number of (spare) erase-blocks which are

temporarily retired, typically for a fixed time or at least a fixed time. During this time,

de-trapping occurs which reduces the number of traps in the cells and thus, countering

the effect of cycling. That is, following the temporary retirement, the devices behave as

effectively suffering from less program/erase cycles. Certain embodiments of this

invention are suitable for applications in which there is a limit on the number of

complete updates a system (such as an SSD) handles per day or per given amount of



time. Thus, following retirement as described herein, retired erase blocks become

"fresher" and behave as if they have suffered less cycles.

As described above, certain embodiments of this invention seek to counter the

effect of cycling and may allow an almost limitless or drastically larger amount of

program/erase cycles to be performed without unacceptably affecting memory quality.

This is done by allocating a constant or variable number of (spare) erase-blocks which

may be temporarily retired, typically for a fixed time or at least a fixed time.

Although certain embodiments of this invention are described in terms of

processes occurring in Floating gate devices, this is not intended to be limiting. Similar

processes may occur in NROM devices and certain embodiments of this invention

which employ temporarily retired erase blocks are also applicable to NROM devices.

For example, n+1 memory portions may be provided in conjunction with a

controller which serves a data-employing application which employs no more than n

memory portions at any given time. The controller may use the first n memory portions

to serve the data-employing applications, except that each of these n portions is "retired"

in turn, for a period during which its data is first copied into the (n+l)th memory portion

and re-copied back again at the end of the period. Each copying operation may comprise

any suitable reproduction of the data in question, either by direct reference to the

memory portion copied from or indirectly e.g. via temporary memory. Typically each

reproduction of data comprises reading of physical values from their current memory

location, de-mapping thereof to obtain ECC-coded logical values, decoding thereof

including error correction, mapping of the decoded corrected logical values into

physical values, and programming those physical values into a new memory location.

The periods of retirement are typically equal for all n memory portions and are

typically followed by a period in which the (n+l)th memory portion is itself retired

hence not used to retire any of the first n memory portions. Timing of periods of

retirement may be via a clock. In the absence of a clock, retirement periods may be

timed approximately, by reference to an event whose frequency is assumed to be

randomly distributed, such as but not limited to erase requests to the entire memory,

program requests to the entire memory, or write requests to the entire memory.

In the described embodiments of the present invention, the use of the terms flash

memory, flash memory device, flash memory apparatus, solid state disk, memory



device etc. is non-limiting (also referred to in general as "storage apparatus"). In certain

embodiments of the present invention, the elements associated with the storage

apparatus as well as the sequence of operations carried, are integral to the storage

apparatus. In certain other embodiments of the present invention, at least some of the

elements associated with the storage apparatus and at least some of the related

operations are external to the flash , the solid state disk etc. For example, some of the

operations performed by microcontroller 110 of Fig. 3B may be carried out by the

central processing unit of the host 100, without limiting the scope of the present

invention.

For convenience only, the following description of certain embodiments of the

present invention refers mainly to the term flash memory or solid state disk, however

those versed in the art will readily appreciate that the embodiments that are described

with reference to flash memory or solid state disk are likewise applicable mutatis

mutandis to any storage apparatus which includes at least one memory portion affected

by De-trapping. Certain embodiments of the present invention are described herein with

specific reference to a Solid State Disk (SSD) however this is merely exemplary and is

not intended to be limiting. Certain embodiments of this invention are applicable to

many other applications such as but not limited to SD cards and USB drives. Fig. 3A is

a simplified functional block diagram of an SSD. The host 60 is the computer which

connects to the controller through some standard interface, such as but not limited to

SATA and SAS, and sends read and write commands (e.g. SCSI commands) to the disk.

The Controller 62 manages the interface between the disk and the host and translates

these commands to appropriate program, read and erase commands to the Flash memory

device array 68.

The Flash memory device array 68 includes one or more Flash memory devices

which may be read or written individually or in parallel. The Controller 62 is

conventionally operative to adapt the standard read\write requests of the host 60 to the

limitations of the Flash memory however in contrast to conventional controllers, the

controller is aware of only some portions of the array 68. Flash memory limitations may

include: Block erase requirement, page program requirement, wear leveling for

handling the program/erase cycling limitations and the slow times needed for erasure.

Many examples of systems are known in the art (e.g. [4] and [5]). It is assumed that

there is already an algorithm in the microcontroller which outputs commands for Block



Erase, page program and page read. It is appreciated that this algorithm may be

modified so as to build in "retirement" considerations as presented herein, typically

including programming the controller to be aware of only some portions of the array 68.

According to certain embodiments of the present invention, a virtual map of

those erase blocks is created for the physical erase block characterized in that there are

less logical erase blocks in the virtual map than there are physical erase blocks. That is,

the software of controller 62 is aware of only a portion of the actual physical erase

blocks.) This allows several erase blocks to be temporarily retired at any given time.

An additional function may be added to the controller software, the erase block

mapper 66, which remaps the erase blocks to their physical locations. One way to

realize this function is to use a table which maps the logical erase block addresses to

their physical erase block addresses and the locations of the "retired" erase blocks. In

addition to the physical location of the erase block, space is also typically provided for a

cycle-count and a time-stamp for each erase block. Such a table is illustrated in Fig. 5B.

The cycle count counts the number of times a certain plrysical block has been

programmed and erased. The physical erase block's time-stamp is used to determine the

duration of time that elapsed since a certain erase block has gone into retirement e.g.

the difference between the time stamp and the current time.

The file-system software performs conventional wear-leveling over the logical

erase blocks, striving to maintain the same number of erase/program cycles for all erase

blocks. Beyond a certain number of program/erase cycles, the program level voltage

distributions become so wide that the ECC decoder 64 is no longer capable of correctly

deciphering a page. Cs is defined as the number of program/erase cycles up to which a

decoder is guaranteed to work with a predetermined level of very high reliability. By

retiring erase blocks certain embodiments of the present invention can ensure that the

effective program/erase cycle count never increases much beyond Cs as described in

detail herein.

Fig. 4 is a simplified flowchart illustration of a method for providing and using

less than all of the memory capacity of a flash memory device, thereby to allow some

and typically all portions of the total memory capacity of the flash memory device to

retire intermittently for selected periods of time. The method of Fig. 4 typically

comprises some or all of the following steps, suitably ordered e.g. as shown:



Step 210: Provide a flash memory device with several memory portions and,

optionally: a clock and several corresponding time stamp locations in memory storing

times of last erase operations for the several memory portions respectively

Step 215: design retirement: selection of retirement parameters so as to bound

trap balance, preferably below 1 (e.g. using Fig. 6)

Step 220: determine % of cells per page to allocate to redundancy, optionally

according to retirement parameters determined in step 215

Step 223: initialize erase block retirement table (e.g. the table of Figs. 5B, 9)

Step 225: during operation, for each individual memory portion at least once

(e.g. as per Fig. 5A or Fig. 10) perform steps 230 and 240 which may be as follows:

Step 230: Retire the individual memory portion for a time period Tr optionally

including ensuring e.g. by prior copying, that the data in that memory portion is not

needed and/or programming each memory cell in the individual memory portion to its

highest level

Step 240: Restore the individual memory portion to active duty

Step 250: during operation, e.g. periodically, update effective cycle of all active

blocks; typically, the same is done for retired blocks automatically as they are put back

into service.

Fig. 5A is a simplified flowchart of the operation of the erase block mapper 66

each time an erase block command is generated by the controller software, according to

certain embodiments of the present invention. This is typically the beginning of another

Program/Erase cycle. The erase block map function block checks (step 320) if the

physical erase block (mapped by the logical erase block) has undergone more than a

certain number of cycles, say Cs+Cdelta. If that is the case, the effective cycle count is

computed (step 325) from the cycle count number stored in the table of Fig. 5B and the

time elapsed since the block was retired, typically taking into account de-trapping that

may have occurred, e.g. using step 530 of Fig. 8.

The erase block mapper 66 of Fig. 3A checks (step 330) if the effective cycle

count of the retired block is less than Cs+Cdelta. If that is the case, the physical erase

block address which was originally mapped to the logical erase block address is retired

(step 335) and the oldest retired erase block is taken out of retirement (steps 340 - 350)

During this process the effective cycle count for that block is computed, the logical



erase block address is mapped to the new erase block (step 355) and an erase operation

(step 360) is performed on the new erase block.

The method described does not use a constant retirement time, relying instead on

the assumption that the rate of erase block requests (i.e. cycling) does not exceed the

threshold Cd. As long as the erase block request rate is no greater than Cd, the retention

time will be at least as large as the computed Tr value.

An example of the above process is shown in Figs. 5B —5E. The oldest retired

block in the tables of Fig. 5B and 5C is "retired4". Figs. 5D and 5E show how the table

changes one hour and 2 additional erase requests later; and approximately two hours

and 3 additional erase requests later respectively, relative to an initial state of the table

shown in Figs. 5B and 5E.

The above process may be improved by once in a while, perhaps periodically

e.g. every few days, having the function block 66 (Fig. 3A) go through the entire table

e.g. of Fig. 5B and update the effective program/erase cycles, taking into account not

merely the number of cycles undergone by each erase block, but also the estimated

extent to which each erase block has recuperated from these cycles, typically merely as

a result of a continuous time period of suitable duration having elapsed since these

cycles occurred. According to this embodiment, in steps 320 and 330 the "cycle count"

of the current physical erase block is then not the physical number of cycles undergone

by the current physical block, but rather the effective cycle count of the current physical

block (the physical number, adjusted for estimated effects of recuperation) e.g. as

computed in step 530 of Fig. 8.

In order to facilitate direct computation of the effective cycle count a time stamp

since the last erase operation may be stored for all the active blocks as shown in Fig.

5B, however this is optional as shown in Fig. 5C. For example, a time stamp may be

stored for each non-retired block as well as each retired block, the time stamp indicates

the time of the last block Erase operation. The estimated extent of de-trapping process

(or other spontaneous memory quality recover process) which may have occurred since

the last erase operation, specifically, may be used as an indicator of recuperation e.g. as

shown in Fig. 8. A particular advantage of the embodiment of Fig. 8 is that it does not

require much or any information regarding the durations of time between consecutive

erase/write cycles to be stored, such that it is not necessary to store the time-stamp for



the active blocks as is done in certain embodiments of the invention as shown in Fig.

5B.

Computation of the effective cycle count following a certain period of retirement

may or may not be based upon a physical model of the Flash memory device. In [1] the

authors propose a model where the fraction of traps which disappear at room

temperature during time Tr (retirement time) is given by a ° ' /for some constant the

trap dissipation rate which depends on the Flash technology being used and the

temperature. As the traps are the main contributors for endurance degradation (at

technologies of <100nm), the disappearance of traps may be viewed as effectively

decreasing the cycle count.

According to certain embodiments of the present invention, the cycling working

point, Cs, the average number of entire flash array program/erase cycles per day, Cd,

and the proportion of erase blocks which is allocated for retirement purpose, r, may be

used to find a suitable retirement time, Tr. Tr is useful in determining a highest cycle

count suitable to trigger retirement, e.g. as per the following formula: Cs+(l/r-

l)*Cd*Tr. If this cycle count is too high then r may be larger. If the cycle count is

within the range of cycles=Np which can be managed following 10 year retention then

the r value is suitable and need not be changed. For example, the retirement time, Tr,

may be selected to minimize the number of traps following retention e.g. which

minimizes the following function (Formula I):

JTwp balance g a v erage balance between the rate of program requests (as it

manifests itself in Cd) and the de-trapping which occurs during retirement. As long as

J Trap balance g pr0 gram/erase cycles do not accumulate and the device may work

well beyond the "official" endurance limitations of the device which may for example

be 1000 cycles.

The above function may be used to reduce, e.g. optimize, Cs; smaller values of

Cs allow more relaxed conditions to be used on the redundancy as less errors need be

corrected. Alternatively or in addition, the above function may be used to compute an

appropriate e.g. optimal number of retired erase blocks to provide so as to ensure that



J Trap balance < Optimization may be effected by choosing the smallest possible r for

which there exists a Tr such that ' "c . Optionally, there is a limit on the

largest Tr under consideration, because, as described above, if Tr is too large, just prior

to retirement, too many cycles (Cs+Tr*(l/r-l)*Cd cycles) may occur, which may create

difficulties after a long period such as 10 years has elapsed, at which point the bit error

rate may be too high.

For example, the following Formula II may be employed:

min r

s.t. (mill,. f Trap balmce (C s , Cd , r ,T1.)) < 1

In the above, "s.t." is "such that". The above optimization may, for example, be

effected by exhaustive computerized search over r and Tr, where variable Tr varies, say,

from 0.1 hour to 100000 hours in steps of size 0.1 hours, variable r varies, say, from

0.01 to 0.5 in steps of size 0.01.

It is appreciated that the embodiment of Figs. 4 - 5A is only one example

of possible systems in which portions of memory such as flash memory are "retired"

from time to time and, typically, subsequently restored to memory retention service.

The particular features of the embodiment of Figs. 4 - 5A above and beyond the above

characterization are merely exemplary of many possible variations. For example:

1. It is possible for data having a particular logical address A to exclusively

reside in only two physical addresses, rather than potentially being rotated between

many possible physical addresses: either a normal physical address which always

corresponds to A, or a single additional physical address always used if A is in

retirement and typically only if A is in retirement, which may serve as the additional

address for other logical addresses other than A. For example, 11 (say) memory

portions may be provided, having a retirement scheme whose length is H T days. Each

of the first 10 memory portions retires for a time period of length T, during which time

the eleventh memory portion replaces it, and for the last period of length T, the eleventh

memory portion itself retires.

2. Memory portions may be retired in turn or in order of the importance of their

data or by any other criteria, rather than necessarily in order of need.



3. Memory portions may be retired periodically or in slack periods or in

accordance with any other schedule, rather than responsively to erase commands

necessarily.

4. The number of memory portions retired at any given moment need not be

constant and may vary over time, particularly if demands on memory and/or the amount

of data stored in memory tend to vary over time.

5. If in certain technologies or applications there are "diminishing returns" in the

sense that erase blocks rejuvenate significantly if retired for a specific time period and

do not rejuvenate significantly if retired for a longer time period, then a time-out may be

used such that each retired erase block is restored to active duty after the specific time

period has elapsed so as to get another erase block into retirement as fast as possible,

even if no other erase blocks are in immediate need of retirement i.e. even if all active

erase blocks are still acceptably operational.

The term "retirement" of a memory portion is used herein to mean at least one of

and typically all of the following, occurring sometime in the course of a typically finite

period of retirement or throughout that period:

a. Optional —copying data from that memory portion to another

b. Optional —applying heat to the memory portion and/or increasing voltage

levels or otherwise increasing rate of rejuvenation i.e. increasing extent of memory

portion rejuvenation in a given time period or to decreasing the time period required to

achieve a given extent of rejuvenation.

c. Refraining from reading data from the memory portion if the rejuvenation

process causes or is thought to cause deterioration of data quality.

d. Erasing or over-writing data, preferably as the period of retirement finishes, if

the rejuvenation process causes or is thought to cause deterioration of data quality.

Fig. 6 shows a numerical example of a device whose (unit-less) trap dissipation

rate is 0.0761 at 55 degrees Celsius and whose working point Cs is 1000 cycles and the

time in formula I is given in hours (translated to days in the graph). Furthermore it is

assumed that r = 1/10 of the blocks are allotted for retirement at any one time. The

graph shows that the trapping balance is favorable if the retirement time is

approximately 3 days. After about 3 days, the number of cycles is approximately:

Cs +Cd Tr [ - - 1 = 1162 cycles (formula III)



in those erase blocks that were not retired. Therefore, for this example, an

appropriate value for Cdelta in the method of Fig. 5A is 162 cycles. This value ensures

that once the system stabilized (many erase cycles have elapsed), blocks have between

1000 and 1162 cycles. As is apparent from Fig 6, when r= 1/10 and Tr=3 days the trap

balance function is balanced.

It is appreciated that retirement management schemes in accordance with the

present invention need not store a cycle count for each block and need not use time

stamping of the retired blocks.

Reference is now made to Figs. 9 - 11 which pertain to an embodiment

characterized in that no time stamping and no cycle counter are employed. Instead, the

total number of block erasing commands issued to the flash memory device as a whole

may be recorded. It is assumed that the time intervals between these commands are

random such that occurrence of a block erasing command is statistically or

approximately indicative of elapsed time. It is appreciated that alternatively, occurrence

of any other suitable discrete event, or the progress of a continuous event, may be used

as a timing event. Suitable discrete events other than occurrence of erase commands

may include, in certain applications, occurrence of read requests and/or write requests.

A table is provided mapping logical blocks to physical blocks as shown in Fig.

9. Initially, the table may be initialized such that a portion r of the blocks, perhaps the

last blocks as shown, are retired and all the logical erase blocks are mapped, say, to

physical erase blocks with the exact same index. Each time a new block is erased, a set

of procedures, as shown, is performed, at the end of which the same or a different

physical address may be allocated to a certain logical block address. Also, every once in

a while, new physical blocks retire and other erase blocks are brought back from

retirement as described in detail below hi the description below, the following

constants may be employed:

RetiredNum = the number of erase blocks which are retired at once.

WearLimit = A wear limiting parameter intended to allow statistical wear

leveling of the blocks which are not retired. Wear leveling may be passive or active.

Alternatively, both types of wear leveling may be employed, and the ratio between the

extent of use of the two types is determined by WearLimit. In passive wear leveling,

each time an erase operation occurs, the method seeks an empty erase block to use

instead of the original one. This method may not be "fair" toward the various erase



blocks since an erase block which was programmed years ago and has gone through

only one cycle may remain in that state whereas the last few erase blocks which are still

not filled may be cycled endlessly. For that reason, typically, active wear-leveling is

performed occasionally; in active wear leveling, some of the erase blocks which are

storing information are rotated with or replaced by erase blocks which are free.

WearLimit determines the ratio between active and passive wear-leveling.

RetireLimit = A parameter which determines the number of erase operations

which may occur before new erase blocks are retired and old erase blocks are brought

back from retirement.

In order to allow wear leveling even when a cycle count is not available

statistical wear leveling is used and two types of procedures may be employed when an

erase block command is requested. The first one is performed by the procedure detailed

in Fig. 11 and is the most frequently used. This procedure typically erases the physical

block allocated for the given logical erase block and then maps the logical erase block

to a new free erase block (if one exists). The second procedure is detailed in Fig. 12 and

is intended to statistically wear level the erase blocks. This procedure ensures that once

in a while a logical erase block is mapped to a different physical erase block.

Step 700 seeks a free block which is not retired. If no such block is found, then

the current erase block is erased and the table of Fig. 9 remains unchanged (step 710). If

there is a free block, then a free block with an address higher than CntrFreel is chosen

and the logical erase block address is mapped to the new physical erase block address

(steps 720 and 750). CntrFreel is updated to point to the new address, The use of

CntrFreel ensures that all free erase blocks are considered rather than merely a sub-set

thereof.

In the methods of Figs. 11 and 12, a "next" available physical block is used (step

720 in Fig. H 5 step 805 in Fig. 12). The "next" block typically refers to a physical block

which is not retired and whose address is, say, higher (or lower), than a predetermined

reference (cntrfreel in the illustrated embodiment). If no such block exists, the search

cycles, continuing from address 1 (or the last address).

The management is defined in Fig. 10. This figure shows how most Erase

requests are performed by the first procedure and every one in the WearLimit request is

done using the second procedure. Furthermore, every RetireLimit time the second

procedure is applied, new blocks are retired and old blocks (RetiredNum blocks) are



taken out of retirement. RetireLimit is chosen such that on average the blocks are in

retirement for a period of Tr. This is done by taking into account the average number of

erase requests per time unit ERn such that RetireLimit = Tr/ERn/WearLimit.

It is desirable to enhance the effect of retirement e.g. by accelerating the

rehabilitating processes assumed to occur during retirement, such as de-trapping.

Generally, the larger the de-trapping during endurance, the less retired erase blocks

needed or, alternatively, the working point Cs can be made smaller. Making the de-

trapping larger is equivalent to making the trap dissipation rate larger. According to

certain embodiments of the present invention, de-trapping is accelerated by

programming the memory portion intended to be retired to a high voltage level such as

the highest possible voltage level just before retirement. In some cases, higher numbers

of electrons in the floating gate may increase the de-trapping rate.

According to certain embodiments of the present invention, the de-trapping rate

is accelerated by heating the Flash memory device. However, this may cause increased

retention in those erase blocks that are not retired. Therefore, according to certain

embodiments of the present invention, instead of retiring part of the erase blocks within

a device, the entire device is retired. An SSD contains several devices, say 16.

Therefore, retiring one device at any given time yields r=l/16. Stored information is

copied, or otherwise reproduced, from the retired device to the one that has just been

taken out of retirement. It is appreciated that any references to "copying" in this

specification are intended to include any method for reproduction of information. As

this procedure only occurs following relatively long intervals of retirement (say >lHr),

the effect on the performance of the SSD is low.

For this purpose, a system that allows heating every device separately is

suitable. Each Flash memory device die is repackaged as shown in Fig. 7A. The Flash

die 410 is placed on top of a printed circuit board 400. The printed circuit board has

pads for connecting the die to the metal leads and a printed high resistance coil which is

used to induce heat when current flows through it. In addition, the printed circuit board

contains a heat sensor. Thus, the controller, apart from directly controlling the Flash

memory device can also induce a current through the printed coil beneath the die which

heats up. The heat sensor feeds back measurements to the controller which closes the



loop. Thus, the controller may manage the heating duration and possibly the heating

temperature.

Heating up a device (say by 50 degrees C) greatly accelerates the de-trapping

process (in the order of 100s of times). As the silicon die is less than 1 gram, heating it

up by 50 degrees should require a limited amount of energy e.g. 1OmW. The

corresponding low current should hardly be noticed in today's laptops. Given the

cooling time period, Tcool., the trapping balance function can now be written as follows

(formula IV):

Where Ho>is the trap dissipation rate parameter when the die is hot.

As the de-trapping has been greatly accelerated, this allows using much lower

rates and much lower cycling working points. That results in much weaker error

correcting codes and much less redundancy.

According to one embodiment of the present invention, cells may be heated

individually, e.g. to accelerate the de-trapping phenomenon in those cells. One way to

individually heat cells is by relying on a transistor structure available in NAND flash

memory devices. Conventional NAND Flash memories serialize the Flash cells in

strings, as shown in prior art Fig. 13. Each string may comprise 32 or 48 cells. The cells

in a single string may be individually heated by inducing current through them. If

enough current is induced for enough time, the power dissipating over the cells may

turn into heat and de-trapping may occur. The power is a function of the voltage drop

over the string and the current flowing through it. The current may be induced by

applying a voltage differential between points D and S (say 5 V) and applying a positive

voltage, say 5 V, at each of the gates (Gl through Gn). The amount of current may be

controlled by varying the voltage applied at each of the gates.

Fig. 14 is a variation of Fig. 5A in which retirement comprises heating e.g. using

apparatus of Figs. 7A and 7B. The method of Fig. 14 typically comprises some or all of

the following steps, suitably ordered e.g. as shown:

Step 1410: Provide a flash memory system having a trap balance function

affected by heat, the system comprising several memory portions (flash memory



devices or strings of flash memory cells or other) which can each be independently

heated.

Step 1420: Compute a time period Tr which ensures that the trap balance

function is sufficiently bounded over the lifetime of the flash memory system and a time

Tcool.

Step 1430: For each individual memory portion (flash memory device or set

thereof, string of flash memory cells or set thereof):

Step 1440: heat the individual memory portion, , for at least the duration of the

time period Tr including ensuring e.g. by prior copying, that the data in that memory

portion is stored elsewhere.

1450: Cool the memory portion for at least the duration of the time period Tcool

before restoring the memory portion to active duty

Typically, an appropriate balance is maintained between the erase block

retirement rate and redundancy considerations. The erase block retirement rate r

determines how efficiently Flash memory is utilized. From a cost point of view, the

smaller r is, the better, whereas the opposite is roughly the case from a performance

point of view. The erase block retirement rate is defined as the proportion of erase

blocks which are allocated for retirement at any one time.

An additional factor affecting Flash utilization is the amount of redundancy

needed to make sure that the device works reliably following C ' + C d -T ' — 1
\ r J

program/erase cycles. In fact, there is a balance between the two factors. A lower erase

block retirement rate r induces higher cycling counts C, + C d -T — 1 . On the other
\ r J

hand, higher cycling counts induce higher error probabilities and hence the need for

longer redundancies. Therefore, a balance is reached between the two factors as the goal

is to enhance, e.g. optimize the overall utilization of the Flash memory devices.

One of the factors affecting the bit error rate following retention and cycling is

the distribution variance hi general, the distribution variance is denoted by the function

σ \ y c es, i
relemion

) Therefore, the variance is a factor which affects the size of the

redundancy needed. This connection is expressed by σ \ y cies> retention)) wri ere R is

actually the ratio between the number of data bytes to the number of data and



redundancy bytes (that is n where k=number data bytes and n=number of data +

redundancy bytes). The function itself depends on the type of code being used and an

example is given later on. Using this function yields a balance which enhances, e.g.

optimizes, the overall Flash utilization by solving the following optimization problem

(formula V):

max R σ21 +[- - 1J Cd T1., 10 Years) I (l - r)

In the above, "s.t." is "such that". The above optimization may, for example, be

effected by exhaustive computerized search over suitable ranges of each of the

variables, using suitable increments, such as for example: r between 0 and 1 in steps of

0.01, Tr between 0.1 Hour and 100 Hours in steps of 0.1 Hours and Cs between 1 and

1000 in steps of 1.

As already mentioned, in the Floating Gate flash model for sub lOOnm

technologies, the variance of the cell threshold levels distributions are linearly

dependent on the square root of the number of program erase cycles such that:

2 ( y r uon) = Cy cl S
fommla y

where l
>"

o» is a technology and retention time dependent parameter which

may be approximated by:

y(l-alnT r) -a\nT r (formula VII)

Gamma may be determined experimentally whereas the trap dissipation rate

may be as above.

As an example for computing σ 0 es m on )) consider the binary BCH

code. Assume that each block includes n bits (including data and redundancy). The

BCH word size is ' 0 2 1 ' bits. A code that corrects F bits may employ a

redundancy of approximately ' ' ° 2\n ~ ) \ S χ e n Umber of bits which need be

corrected to obtain a certain probability of error per block, Pblock, depends on p, the bit

error probability. F can be obtained by solving the following optimization problem

(formula VIII):



arg max F

F{p,P Biock ) = s.t. ∑ p'(l-p)"- <Pbblock
i=F+l

In the above, "s.t." is "such that". The above optimization may, for example, be

effected by exhaustive computerized search over F, where F is enumerated between 0

and n in steps of 1.

p is a function of variance, e.g.:

σ 2(Cycles, T
ielenll0n

) = βKeleπtlon
^Cycles (formula IX)

given by:

(fomiula X)

where W is the voltage difference between the average highest program level's

threshold voltage and lowest program level's threshold voltage, L is the number of

program levels and it is assumed that bits are mapped into levels using Grey coding.

Therefore, a Binary BCH code may written as follows

(formula XI):

In summary, referring again to Fig. 4, according to certain embodiments of the

invention, a relatively low level of redundancy, compared to prior art systems, is

employed, to take into account reduction in number of anticipated errors due to

introduction of the retirement scheme in accordance with certain embodiments of the

present invention. According to these embodiments, step 215 of Fig. 4 typically

comprises the following steps:

a. determine Cd according to application For example, a solid state disk may

require 6 cycles a day whereas Canierase applications may require much less.

b. maximize the redundancy R using Formula V and set the cycling working

point Cs, retirement time period Tr and retirement rate r to be those values which

maximalize the redundancy R in accordance with Formula V.



Then, step 220 of Fig. 4 typically comprises the following steps:

c. compute σ2, using formula IX

d. determine desired page error rate (the proportion of pages in which the

number of errors exceeds the maximal number of errors that the error correction code is

designed to correct) e.g. 5 x 10 exp (-13).

e. determine F, the number of errors to be corrected. For example, if each page

includes 17408 bits and the desired page error rate is 5 x 10 exp (-13) and there is a

mistake each 1000 bits, men according to Formula VIII, F = 59 errors per page are to

be corrected.

f. Use the above results to determine redundancy R in accordance with Formula

XI.

Referring now to Fig. 15, certain embodiments of this invention may also be

applicable to NROM technologies characterized in that retirement allows the device to

recover from the effect of cycling. In this case, suitable values for retirement parameters

such as cycling working point Cs and/or retirement rate r may be computed (step 215

of Fig. 4) using an empirical trap balance function. A method for computing retirement

parameters such as cycling working point and retirement rate, suitable for implementing

step 215 of Fig. 4 for NROM flash memory device technologies, is described herein

with reference to Fig. 15.

The method of Fig. 15 typically comprises some or all of the following steps,

suitably ordered e.g. as shown:

1510. Perform program/erase cycles on a fresh device and bake the device for an

equivalent of 10 years in room temperature. Measure the variance of the distributions

2

and denote average variance (over the levels) by C .

1520. Perform Cs+Cd*Tr*(l/r-l) program/erase cycles on a fresh device and

bake the device for an equivalent of Tr years in room temperature. Perform an

additional erase/program cycle and bake for an equivalent of 10 years. Measure the

variance of distributions and denote the average variance (over the levels) by:

Optimize the following empirical function (formula XII):



J Trap balance X~~s d r r ) ~

to find suitable, e.g. optimum values for Cs or r or both. The above optimization

may, for example, be effected by exhaustive computerized search over suitable ranges

of each variable, using suitable increments for each.

Although the example of Solid State Disks has been considered here, this

specification is not limited to this application. For example, the methods presented here

may also be used for extending the capabilities of memory cards used in Camera and

other portable devices. Uses such as a camera card have a small cycling requirement

(i.e. Cd is small). Therefore, even a modest retirement rate r may extensively prolong

the life of a card (say extending it from 10 to IK cycles). A particular feature of certain

embodiments of the present invention is that natural processes occurring over time in

flash memory, such as de-trapping , become an asset rather than a liability. This is

particularly the case for natural processes which rejuvenate a flash memory portion only

if , or more successfully and completely if, that flash memory portion is inactive e.g.

only if it does not undergo writing and/or erasing. This feature is now described using

de-trapping as an example, although it is appreciated that the applicability of the

invention is in no way dependent on the occurrence, or even the extent of occurrence, of

de-trapping specifically.

In conventional flash memory systems in which no portion of memory is ever

afforded retired status, de-trapping is a liability because it adversely affects reliability of

data. In the flash memory systems shown and described herein, in contrast, de-trapping

becomes an asset because once a flash memory portion containing many traps has

undergone de-trapping for a duration, perhaps even at an enhanced rate induced e.g. by

heating, that flash memory portion's ability to store data reliably is restored since the

number of existing traps therein is reduced, perhaps even greatly reduced e.g. if the

portion has been heated, by virtue of de-trapping, whereas substantially no new traps are

formed due to suspension of any programming or erasing operations in that portion.

On the other hand, the adverse effects of de-trapping , namely reduced data reliability,

are neutralized by refraining from using the data which was present during the de-

trapping process, both during this process and afterward. Instead this data is erased. If

the data is still needed, a copy thereof, created before erasure, is subsequently used.



It is appreciated that the specific formulae presented herein each represent only

one possible way of selecting appropriate parameters for managing retirement of

memory portions in accordance with various embodiments of the present invention and

are not intended to be limiting.

Certain operations are described herein as occurring in the microcontroller internal to a

flash memory device. Such description is intended to include operations which may be

performed by hardware which may be associated with the microcontroller such as

peripheral hardware on a chip on which the microcontroller may reside. It is also

appreciated that some or all of these operations, in any embodiment, may alternatively

be performed by the external, host-flash memory device interface controller including

operations which may be performed by hardware which may be associated with the

interface controller such as peripheral hardware on a chip on which the interface

controller may reside. Finally it is appreciated that the internal and external controllers

may each physically reside on a single hardware device, or alternatively on several

operatively associated hardware devices.

Any data described as being stored at a specific location in memory may

alternatively be stored elsewhere, in conjunction with an indication of the location in

memory with which the data is associated. For example, instead of storing page- or

erase-sector-specific information within a specific page or erase sector, the same may be

stored within the flash memory device's internal microcontroller or within a

microcontroller interfacing between the flash memory device and the host, and an

indication may be stored of the specific page or erase sector associated with the cells.

It is appreciated that the teachings of the present invention can, for example, be

implemented by suitably modifying, or interfacing externally with, flash controlling

apparatus. The flash controlling apparatus controls a flash memory array and may

comprise either a controller external to the flash array or a microcontroller on-board the

flash array or otherwise incorporated therewithin. Examples of flash memory arrays

include Samsung's K9XXG08UXM series, Hynix's HY27UK08BGFM Series,

Micron's MT29F64G08TAAWP or other arrays such as but not limited to NOR or

phase change memory. Examples of controllers which are external to the flash array

they control include STMicroelectrocincs's ST7265x microcontroller



faniily, STMicroelectrocincs's ST72681 miciOcontroller, and SMSC's USB97C242,

Traspan Technologies' TS-4811, Chipsbank CBM2090/CBM1 190. Example of

commercial IP software for Flash file systems are: Denali's Spectra™ NAND Flash

File System, Aarsan'sNAND Flash Controller IP Core and Arasan's NAND

Flash File System. It is appreciated that the flash controller apparatus need not be

NAND-type and can alternatively, for example, be NOR-type or phase change memory-

type.

Flash controlling apparatus, whether external or internal to the controlled flash

array, typically includes the following components: a Memory Management/File

system, a NAND interface (or other flash memory array interface), a Host Interface

(USB, SD or other), error correction circuitry (ECC) typically comprising an Encoder

and matching decoder, and a control system managing all of the above.

The present invention may for example interface with or modify, as per any of

the embodiments described herein, one, some or all of the above components and

particularly the Memory management/ Filing system which, according to certain

embodiments of the present invention, has a block allocation /"garbage

collection" functionality useful for implementing retirement plans such as those

shown and described herein .

It is appreciated that software components of the present invention including

programs and data may, if desired, be implemented in ROM (read only memory) form

including CD-ROMs, EPROMs and EEPROMs, or may be stored in any other suitable

computer-readable medium such as but not limited to disks of various kinds, cards of

various kinds and RAMs. Components described herein as software may, alternatively,

be implemented wholly or partly in hardware, if desired, using conventional techniques.

Included in the scope of the present invention, inter alia, are electromagnetic

signals carrying computer-readable instructions for performing any or all of the steps of

any of the methods shown and described herein, in any suitable order; machine-

readable instructions for performing any or all of the steps of any of the methods shown

and described herein, in any suitable order; program storage devices readable by

machine, tangibly embodying a program of instructions executable by the machine to

perform any or all of the steps of any of the methods shown and described herein, in any



suitable order; a computer program product comprising a computer useable medium

having computer readable program code having embodied therein, and/or including

computer readable program code for performing, any or all of the steps of any of the

methods shown and described herein, in any suitable order; any technical effects

brought about by any or all of the steps of any of the methods shown and described

herein, when performed in any suitable order; an suitable apparatus or device or

combination of such, programmed to perform, alone or in combination, any or all of the

steps of any of the methods shown and described herein, in any suitable order;

information storage devices or physical records, such as disks or hard drives, causing a

computer or other device to be configured so as to carry out any or all of the steps of

any of the methods shown and described herein, in any suitable order; a program pre-

stored e.g. in memory or on an information network such as the Internet, before or after

being downloaded, which embodies any or all of the steps of any of the methods shown

and described herein, in any suitable order, and the method of uploading or

downloading such, and a system including server/s and/or client/s for using such; and

hardware which performs any or all of the steps of any of the methods shown and

described herein, in any suitable order, either alone or in conjunction with software.

Features of the present invention which are described in the context of separate

embodiments may also be provided in combination in a single embodiment. Conversely,

features of the invention, including method steps, which are described for brevity in the

context of a single embodiment or in a certain order may be provided separately or in

any suitable subcombination or in a different order "e.g." is used herein in the sense of

a specific example which is not intended to be limiting.



CIaims

1. Flash memory apparatus including:

a plurality of memory portions, and

a controller operative to reserve for data retention purposes, for at least

a first duration of time, only certain portions from among said plurality of memory

portions including allocating data, during said first duration of time, only to said certain

portions, thereby to define at least one of the plurality of memory portions other than

said certain portions as a retired memory portion for said first duration of time.

2. Apparatus according to claim 1 wherein said controller is operative to

program incoming data, for said first duration of time, only into said certain portions.

3. Apparatus according to claim 1 wherein said controller is operative to

read data, for said first duration of time, only from said certain portions.

4. Apparatus according to claim 1 wherein said controller is operative to

obviate any need to read data from said retired memory portion by reproducing data

residing in said retired memory portion in at least one of said certain portions.

5. Apparatus according to claim 1 wherein said controller is operative at

least once to define said at least one retired memory portion as an active memory

portion in which data can be stored, by including said retired memory portion in said

certain portions after said first duration of time has elapsed so as to reserve for data

retention purposes, for at least a second duration of time subsequent to said first

duration of time, only said certain portions, thereby to benefit from enhanced data

retention performance of said retired memory portion due to retirement thereof during

said first duration.

6. Apparatus according to claim 1 wherein said controller is operative at

least once within said first duration of time to define at least an individual one of said

certain memory portions as a retired portion.



7. Apparatus according to claim 6 wherein said controller serves a data-

employing application and wherein at least said individual one of said memory portions

defined as a retired portion comprises a memory portion from among said certain

memory portions which contains data no longer needed by said data-employing

application.

8. Apparatus according to claim 6 wherein the controller is operative to

reproduce data from at least said individual memory portion defined as a retired portion,

in an additional memory portion from among said plurality of memory portions.

9. Apparatus according to claim 8 wherein said additional memory portion

comprises a formerly retired portion which is re-defined by the controller after said first

duration as a newly active portion by reserving said formerly retired portion for data

retention purposes after said first duration, while defining said newly active memory

portion as a retired portion which is not reserved for data retention purposes after said

first duration.

10. Apparatus according to claim 7 wherein said controller is operative to

define at least said individual one of said certain memory portions as a retired portion,

subsequent to receipt of an erase command pertaining to said at least one individual

memory portion.

11. Apparatus according to claim 5 wherein at least one said retired memory

portions defined as an active portion was, before becoming a retired memory portion for

time period T, defined as one of said certain memory portions and wherein the

controller is operative to erase said memory portion defined as one of said certain

memory portions, then as a retired memory portion, then again as an active memory

portion, within said time period T.

12. Apparatus according to claim 1 wherein a population of traps develops in

said memory portions responsive to cycling thereof and subsides between cycles as a

function of time between said cycles, and wherein said first duration of time for which



at least one individual memory portion is retired is selected to statistically contain

increase in said population of traps in said individual memory portion.

13. Apparatus according to claim 12 wherein said first duration of time for

which at least one individual memory portion is retired is selected to statistically

prevent increase in said population of traps in said individual memory portion.

14. Apparatus according to claim 1 and also comprising a heating system

heating at least one retired memory portion.

15. Apparatus according to claim 1 wherein a population of traps develops in

said memory portions responsive to cycling thereof and subsides between cycles as a

function of time between said cycles, the apparatus also comprising an effective cycle

counter for at least an individual memory portion from among said certain memory

portions, operative to store an effective number of cycles which said individual

memory portion has undergone, wherein said effective number is an increasing function

of an actual number of cycles that said individual memory portion has undergone, and a

decreasing function of a length of at least one time period extending between cycles that

said individual memory portion has undergone.

16. Apparatus according to claim 1 wherein the controller, at intervals, re¬

defines at least one memory portion having one status from among an active status and

a retired status, to another status from among said active status and said retired status,

and wherein said intervals are periodical.

17. Apparatus according to claim 1 wherein the controller, at intervals, re

defines at least one memory portion having one status from among an active status and

a retired status, to another status from among said active status and said retired status,

and wherein said intervals are triggered by occurrence of a flash memory event.

18. Apparatus according to claim 17 wherein said flash memory event

comprises issuance of an erase command to at least one of said plurality of memory

portions.



19. Apparatus according to claim 1 wherein the controller, at intervals, re¬

defines at least one retired memory portion as an active memory portion reserved for

data retention purposes, and wherein a redundant code characterized by a proportion of

redundancy is used to encode said plurality of memory portions and wherein said

proportion of redundancy is selected to take into account a reduced probability of error

in said retired memory portion redefined as an active memory portion.

20. Apparatus according to claim 12 wherein said plurality of memory

portions comprise NROM flash memory portions.

21. Apparatus according to claim 14 wherein said plurality of memory

portions comprises at least two flash memory devices and wherein said heating system

comprises at least one heater configured and arranged to selectably heat only a subset of

said at least two flash memory devices and wherein said controller selectably defines all

memory portions included in said subset

as retired memory portions.

22. Apparatus according to claim 14 wherein said plurality of memory

portions comprises a number of sets of NAND flash memory cells strung together into a

corresponding number of strings of cells and wherein said heating system comprises

apparatus for selectably heating a selected one of said strings of cells.

23. A method for operating a flash memory device comprising a multiplicity of

flash memory cells, said method comprising:

programming selected ones from among said multiplicity of cells; and

for at least one individual cell of said multiplicity of cells, tracking the amount

of time since programming last occurred in said individual cell.

24. A memory device comprising:

an array of semiconductor cells undergoing cycling causing deterioration of said

cells; and



at least one heating element operative to heat at least one cell of said array of

semiconductor cells thereby reducing the cell's deterioration due to said cycling.

25. Apparatus according to claim 1 wherein said controller is operative, for

each retired memory portion comprising a multiplicity of cells each able to store several

selectable values, to program at least some of said multiplicity of cells to a highest value

from among said several selectable values as said first duration of time begins.

26. A method for using Flash memory apparatus, the method including:

reserving for data retention purposes, for at least a first duration of time,

only certain portions from among said plurality of memory portions including allocating

data, during said first duration of time, only to said certain portions, thereby to define at

least one of the plurality of memory portions other than said certain portions as a

retired memory portion for said first duration of time.

27. A method according to claim 23, further comprising reserving for data

retention purposes, for at least a first duration of time, said first duration being

compared against said amount of time, to said at least one individual cell from among

said multiplicity of cells including allocating data, during said first duration of time,

only to said at least one individual cell, thereby to define at least one of the multiplicity

of cells other than said at least one individual cell as a retired cell for said first duration

of time.
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