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This invention relates generally to menory devices and parti culgvlardeEP2006
menory devices with a nulti-level cell 5 architecture. A multi-level cell
menory is conprised of nulti-level cells, each of which is able to
multiple charge states or levels. Each of the charge states is associ ated

with a menory element bit pattern. 10 A flash EEPROM nenory cell, as well

as other types WO03oespssy cells, is configurable to store nul yé)‘j@gﬁothreshol d

| evel s (Vt)

In a nenory cell capable of storing two bits

store

exanpl e, fou-r threshold levels (Vt) are used. Consequently, two bits are

desi gnated for each threshold 1Modi ment, the multi-Ievel
cell may store four charge sta = i ntains a higher charge
than Il evel two.. Level two maintains a higher charge than |evel one and

| evel one mai ntains a higher charge Bhakgimwd zero. A reference vol t age

my separate the VALOUSEerae 20l R ERly UARBLE:y ALEL Mgl t age
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reference nmayPaséperlardyl evememm fevindsewakh onauditd -hevad lcelilef erence
vol t age nay sg[geﬁg{@cguegel one fromlevel zero. A multi-level cell
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A mult1 level cell memory is comprised of multi-level
cells, each of which is able to store multiple charge states
or levels. Each of the charge states is associated with a
memory element bit pattern.

A flash EEPROM memory cell, as well as other types of
memory cells, is configurable to store multiple threshold
levels (Ve). In a memory.cell capable of storing two bits
per cell, for example, four threshold levels (Vp) are used.
Conseguently, two bits are designated for each threshold
level. In one embodiment, the multi-level cell may store
four charge states. Level three maintains a hiéher charge
than level two. . Level two maintains a higher charge than
level one and level one maintains a higher charge than level
zero. A reference voltage may separate the various charge
states. For example, a first voltage reference may separate
level three from level two, a second voltage reference may
separate level two from level one and a third reference
voltage may separate level one from level zero.

A multi-level cell memory is able to store more than
one bit of data based on the number of charge states. For
example, multi-level cell memory that can store four charge
states can store two bits of data, a multi~level cell memory
that can store eight charge states can store three bits of
data, and a multi-level cell memory that can store sixteen
charge states can store four bits of data. For each of the

N-bit multi-level cell memories, various memory element bit

menory is



25 one bit of data based on the nunber of charge states.

For exanpl e,

mul ti-level cell menory that can store four charge states cangMAREH W06

bits of data, a nulti-level cell nmenory that can store

ei ght charge states

can store three bits of data, and a nmulti-level cell nenory that can store
si xteen 30 charge states can store four bits of data. For each of the Nbit

multi-level cell nmenories, various nenory elenent bit 1

14 MARCH 2006 WO

03/ 025948 PCTI UBO25sAIH082 patterns can be associated with each of the
di fferent charge states. The number of charge states storabl &CTPS§2/25092

multi-level <cell, however, is not limted to powers of

two. For 5 exanpl e,

a nul ti-I| evel Pedlelrngecar Ypenashothatesl ghtln gacht af eshe stidfeserit Shairys of dat a.

When this nul g{a-ge%vel cell is conbined with additional

decodi ng l'ogi c and

coupled to a second sinmlar nulti-level cell, three bits of data are
provi ded as the ofFhputrudiernt o thergselstatesmisitoaabba.invar molsi-AGveiher

nul i1 evel celiy cqRBLAALT QBS,g1 & RASSHDLE Vel Le vuIne Blgher the nuber

of bits per ce greater pOSSi

Ity of read errors. Thus, a four

bit multi-3evexampdel | aimnlhdr-devekedellt Derogye vii bhcehregaghergorstathan a one

bit cell. The.qatential; fo0eraad o7 Hcs sl AOSLENved

differential voltages used to store adjacent states.

E?ﬁleji&; smal |

stored data is

potential |y |eampinedenith agdigdenal decoding logic and coupled to a
second similar multi-level cell, three bits of data are

provided as the output of the two~cell combination. Various

10 other multi-level cell combinations are possible as well.
The higher the number of bits per cell, the greater the

possibility of read errors. Thus, a four bit multi-level

cell is more likely to experience read errors than a one bit

cell. The potential for read errors is inherent in the

15 small differential voltages used to store adjacent states.

If the stored data is potentially lossy, sensitive data

stored in relatively high-density multi-level cells may be

subject to increased error rates.

In many applications, the nonvolatile memories store a

20 large amount of data that is tolerant to a small number of

bit errors. Applications may also have a small amount of

data that is not tolerant to bit errors. Examples of such

applications may include control structures, header

information, to mention a few examples. These typical

25 applications, where a relatively small amount of the overall

storage requires higher fidelity, may include digital audio

players, digital cameras, digital video recorders, to

mention a few examples.

Thus, there is a need for a way to store a

large amount

30 of data in dense multi-level cells while ensuring that

sensitive data is stored in a fashion that sufficiently

reduces the possibility of read errors.



stored in relatively high-density nulti-level cells may be subject to

I ncreased error rates. In many applications, the nonvolatile AgWPAREH 20001 €
a 20 large anmnount of data that is tolerant to a small nunber of bit
errors. Applications may al so have a snall anmount of data that is not
tolerant to bit errors. Exanples of such applications may include control
structures, he\z}ﬂg 36 nformat ilon, to nention a few exanples. These typical 25
appl i cations é SBel ativel y small amount of the overall petRE@RS09;
requires higher fi deI ity, may include digital audio players, digital
cameras, digital video reggor grﬁs&g tﬁ”t |Eogh$5gwlg§9rrpl es. Thus, there is
a need for a way to stor dense rrultl-level
cell's whil e ensurFhgutehdt issensliockydeditialdns oft oree cembod amé s ifonhe hat
sufficiently ssibility of read errors. 2 14 MARCH 2006 WD
03/ 025948 PC‘F/rrU%gg{/;Z%bJQeE@érB?ef Description of the Drawings Figure 1 is a

bl ock depiction oFigure @nbodd mmc@ﬁonrmf apresénin iapreontanmee wWEitQure 2 is a
depi cti on sof cglecg}nj,odlr}ne%@cgfd@{gcg % ;ﬁw%%‘él?ﬁ’b‘)d' ment of the present
invention; Figure 3 1s a depicti another cell in accordance wth

anot her enbodi menFigfre Helpr@s@mlc’tm@mfl @mother cell in accordance

with another embodiment of the present invention;
Figure 4 is a depiction of still another cell in
accordance with one embodiment of the present invention; and
10 Figure 5 is a flow chart for software in accordance

with one embodiment of the present invention.

Detailed Description

Referring to Figure 1, a processor 100 may be coupled
through a bus 102 to a multi-level cell memory 104. The
15 memory 104 contains an interface controller 105, a write
state machine 106 and a multi-level cell memory array 150.
The processor 100 is coupled by the bus 102 to both the
interface controller 105 and the memory array 150 in one
embodiment of the present invention. The interface
20 controller 105 provides control over the multi-level cell
memory array 150. The write state machine 106 communicates
with the interface controller 105 and the memory array 150.
The interface controller 105 passes data to be written into
the array 150 to the state machine 106. The state machine
25 106 executes a sequence of events to write data into the
array 150. In one embodiment, the interface controller 105,
the write state machine 106 and the multi-level cell memory
array 150 are located on a single integrated circuit die.
Although embodiments are described in conjunction with
30 a memory array 150 storing one, two or four bits per cell,
any number of bits may be stored in a single cell, for

example, by increasing the number of threshold levels,



Figure 4 is a depiction of still another cell in accordance with one
enbodi ment of the present invention; and 10 Figure 5 is a fl oy piARdn 26ve
software in accordance with one enbodi nent of the present invention.

Detail ed Description Referring to Figure 1, a processor 100 may be coupl ed
through a bus 102 to a multi-level cell nenory 104. The 15 nenory 104
contains an interface controller 105, a wite state nmachine 106 and a

mul ti-Ievel ceIWoﬂ'E?Fﬁ?"? array 150. The processor 100 is couppeflylys ke bus
102 to both the interface controller 105 and the nmenory array 150 in one

enbodi nent of r f..nv ' ) j.nterf 0 roller, 105
provi des contvrv% %(L)l\geggf%gl% I ?lpén} g\?lgl I@SH{] a%éingg%%rorfggg%S%esﬁﬁg wite
st at e machi neimgBtdonmurfildhvegh emboldimbet$ Mfethacereemtr dhventib®s5 and t he

menory arra . | ht.er o] ata,taq be witten

into yt he a?r%égﬁfsz?gb% el%s%%@%&?ﬁ%n@%é%ﬁ?@%ﬁggéc io(r)ife 25 106

execut es a sefjlaaiceedlsevadhes tollar isueghdas adadt onthanemgryayRAB0. | n one

enbodi nmentg t |_RLer l.)_er W t ' 106 and
T ovareBE LR SARL 0 18y e IS, SR RANLAT

the nulti-Ieve _ ry array 15 on a sing grated
circuit die ®ledeighlinssasable yregeangnaikld reddi enlsbmenacyion with 30 a

menory array I5beehgl i 89 QRemi L WRndon! QUEe N t3mBRY Galy , @@Bf%e%@@ﬁr of bits

may be stored in a single'cell, for_ exanple, bX | ncreasi ng the nunber of
t hr eshol d |eV@1§gw SXAPIRRCPEY Otfp Substituted without deviating from

the spirit and scope of the present invention.

10 Referring to Figure 2, a cell may include only one hit
of data at the first and last states of the cell. In the
embodiments shown in Figures 2, 3 and 4, the ‘actual storage
of data is indicated by an X and empty states are indicated
by dashes. A similarly sized cell, shown in Figure 3, may

15 store two bits per cell at every fifth level within the
cell. Likewise, as shown in Figure 4, the same sized cell
may store four bits per cell using every single state or
level of the sixteen available states in this example.

Thus, in some embodiments of the present invention, the

20 number of bits per cell may be changed to increase the
‘fidelity of the stored data. Thus, if density is more
important than fidelity, the scheme shown in Figure 4 ox
other higher density schemes may be utilized. Conversely,
when fidelity is more important, the data may be spread in

25 +the cell, decreasing the density per cell and increasing the
number of cells required to store all of the data. With
wider spacing between the states that are utilized, the
integrity of the data storage will be improved. This is
because it is easier to discern the differential voltage

30 between significantly nonadjacent levels. 1In fact, the
greater the distance between the levels, the easier it is to

discern a differential voltage.



WO 03/ 025948 PCTI US02/ 25092 wi t hout deviating fromthe spirit and scope of
the present . invention. Al though enbodi nents of the present i nyemARQH 2086 e
described in conjunction with a nenory array 150 of flash cells, other
cells such as read only nenory (ROM, 5 erasable programmuable |ead only
menory (EPROV) conventional electrically erasable progranmable read only

menory ( EEPROMyvO ogw2seignam ¢ random access nenory (DRAM), to ' a. few
P

exanpl es, may be substituted w thout deviating from the spir %}be of

the present invention. 10 Referring to Figure 2, a cell may include only one
bit of data at thEYSs 3P Birl qRSdiBent S508R thdiGBFE. 24 rPitliyetwenbodi ment s

shown in Figungge?s XaRded, deiactn@lendbind sBbwdalif piguBdicated by an
X and enpty states are indicated by dashes. A simlarly sized cell, shown

in Figure 3, f&Pr15e%ti6r are W8 -t sIpetha @mbogimanfesPovn fith Higyse 4v thin the

cell. Likew s@jyiag;shiunibheld GUeeufil iR $aNBc&iruafceekitn WRYesStOre four
bits per cell using every single state or |evel of the sixteen available

states in Phi STERAFMIES PRUHE iRFesBRE E1MSBELARNts of the present invention,

the 20 nunber of Bhis BArs&R lemPBY M tGhanges day bacteassy tihe fidelity of
the stored data. Thus, if density is nore_inportant than fidelity, the
schene shown VATEIRUrETReR? ohtdér RPGIRSTldemsndingc ARl ravepet utili zed.

Conversely, \daea {hrdgletly ihuB)r eohdmiithanbky B@adata cmsehe spread in 25
the cell, decreasing f N8 densiiy P8rpLll Nthd NEheasing, 1S v
10 spread farther apart, requifing additional numbers of cells
to complete the data storage.

Thus, turning to Figure 5, the write algorithm 122,
which may be implemented in software or hardware, initially
identifies the number of bits per cell. The number of bits

15 per cell may be derived from information included with the
data indicating the desired fidelity. Based on the number
of bits per cell, the packing of bits into each given cell
may be adjusted. Thus, in some cases, denser packing may be
utilized, for example as shown in Figure 4, and in other

20 cases, looser or more spread apart packing may be utiliéed
as shown in Figure 2. Once the number of bits per cell has
been determined as indicated in block 124, the packing of
bits into each cell is adjusted as indicated in block 126.
Finally the bits are written to the cells as indicated in

25 Dblock 128. The number of bits per cell may be changed on
the fly from cell to cell.

The read process simply reverses the flow, ignoring the
missing levels, and simply reading the actual data out of
each cell. The spread apart data may then be repacked into

30 a continuous data string.

While the pxesent invention has been described with

respect to a limited number of embodiments, those skilled in

the art will appreciate numerous modifications and

5



nunber of cells required to store all of the data. Wth w der spacing
between the states that are utilized, the integrity of the dayganAREAID06
will be inproved. This is because it is easier to discern the differenti al
vol tage 30 between significantly nonadjacent levels. In fact, the greater

t he di stance between the levels, the easier it is to discern a differential
vol tage. 4 14 MARCH 2006 WD 03/ 025948 PCT/ US02/ 25092 Thus, in the enbodi nent
shown in Fi gur¥093/025i8y two |evels are used, and in the enb SErRRI, &J%ovm in
Figure 3, four levels are used. In the enbodi ment shown in F| gure Z?

Si xt een Ievel s are utilized in accordance W|th some 5 enbodi nents of the
present i nvefiighionhderehreBne EnbddtHhencsd that theyaBRe %t ed in  varying
nunbers of hitsSimdetoeet laldeperklinddi@ncitinsy pd Ofaridatians nyvdlased. Thus, sone

data may be ked closely as ,indicated faqr exanple i ure 4 and ot her
dat a maz be ”El)lot(i'g'ﬁr 559 *fréﬁe%/ﬁg’r“atpéf‘f‘ s?%%ﬁu(r)f 51%1(2%9[5?8% EPs of cells

to conplete the eakd 53 alagred Tiwus, turning to Figure 5 the wite algorithm
122, whi.ch may be inplenented in software or hardware, initially

|dent|flés t he nunber of bits per cell. The nunber of bits 15 per cell may
be derived frominformation included with the data indicating the desired
fidelity. Based on the nunber



of bits per cell, the packing of bits into each given cell may be adjusted.
Thus, in some cases, denser packing nay be wutilized, for exanﬂﬂém%ECbHWQﬁ
in Figure 4, and in other 20 cases, |ooser or nore spread apart packi ng may
be utilized as shown in Figure 2. Once the nunber of bits per cell has

been determ ned as indicated in block 124, the packing of bits into each
cell is adjusted as indicated in block 126. Finally the bits are witten to
the cells as indicated in 25 block 128. The nunber of bits per cell my be
changed oOWhatibelaithgd istom cell to cell. The read process sinply reverses the
flow, ignoring the mssing levels, and sinply reading the actual data out
of each cell. The spread apart data may then be repacked into 30 a
contiquous dat@a str} i .present invention has been described with
respegt to a I?hité%%&m%%g#%§¥&e odi nents, those skilled in the art wll
appreqi at e nuner ousstérind ddtLata firgsdensitly i alArsMORGH 228 6m\¥RoBB4r0R5 948

PCT/ US02/ 25092 variations therefrom It is intended that the appended

clai n® cover all sudefingts dtaaeredsdeasity g sesendead! iadhe frst megorypmay;wadt r ue

spirit and scope Ofchﬁggﬁgmemerhﬂyﬁgféd%%r celf’)g}if’qheifﬁl.CI aimed is: 56

1 2. The method of claim 1 wherein storing data at a second density in a second

2 cell includes storing fewer bits per cell in one of said first or second cells.

1 3. The method of claim 1 including changing the number of bits stored per cell
2 onthefly.
1 4. The method of claim 2 including storing data at levels which are spaced from

2 one another in said cell in order to improve the read fidelity.

1 5. The method of claim 4 including storing data in a cell including a plurality of

2 levels and filling less than all of said levels.

1 6. The method of claim 5 including storing data in regularly spaced levels within

2 acell while leaving intervening levels within the cell unoccupied by stored data.

1 7. An article comprising a medium storing instructions, that, if executed, enable a
2 processor-based system to:

3 store data at a first density in a first cell in a first memory array;

4 store data at a second density in a second cell in said first memory array; and

5 change the number of bits stored per cell on the fly.

1 8. The article of claim 7 further storing instructions that enable the processor-

2 based system to store fewer bits per cell in one of said first or second cells.



14 MARCH 2006 What is clainmed is: 1 1. A method conprising: 2 storing data
at a first density in a first cell in a first nenory array; 3 |

at a second density in a second cell in the first nmenory arrayﬁa§%%ﬂgggﬁ%€
changi ng the nunber bits stored per cell on the fly. 1 2. The nethod of
claiml wherein storing data at a second density in a second . 2 cel

i ncludes storing fewer bits per cell in one of said first or second cells. 1
3. The method of claim|I including changi ng the nunber of bits stored per
cell 2 on the %l1y. Theartiglkeef wiimddughercstering istiustipnsithatiersbler the gragessar-at

| evel s, whj ch.are spaced 0 2.one another jin said cell .in.grder to inprove
the r dadt Fiea Rifert BN dalstilenfronitiof B! saffadMorn ant. arcineran or gl et 5
cel | incl yehirbee epéadifdelityy of 2 levels and filling less than all of said

|l evels. 1 6. The nmethod of claim5 including storing data in regularly
spaced levels within 2 a cell while leaving intervening levels within the
cel | unoccupi egd, by st or dat a. AN arti.cle co isin medi um st oring
i nstructions, F91at ,ﬁlef arﬁ%&?ﬁf%&?%éﬁ%?resmimgénf)tf"c?ﬁgggg%ﬁaf%ggﬁhg95°t°8§f1°f'0: 3

st or e dat Basad systdnh tSdtordQIatd ih dell ifclhdihg b phhlityiof 1evefsi and tfil NEEOthNN &l bAY4id 4
store data at a second density in a second cell in said first nmenory array;
and 3 chiéWegleé t he nunber of bits stored per cell on the fly. 1 8. The
article of claim7 further storing instructions that enable the processor- 2
based systemto store fewer bits per cell in one of said first or second
cells.1 7 14 MARCH 2DRbarficie.of thémantfuthe s@iringliditficBohsthhtableithe prdgessor-
instructions_that enable the processor 2 based systemto store data at

| evel & whpaspd systens foasterg defagmresidarbnepanet leyels withat 2esl] while lsawiag iptervening

3 levels within the cell unoccupied by stored data.

1 12. A memory comprising:

2 a memory array including a first and second cell; and

3 a controller coupled to said array to store data in said array at a first density in
4  the first cell and to store data at a second density in the second cell wherein said controller

5  changes the number of bits stored per cell on the fly.

1 13. The memory of claim 12 wherein said memory is a flash memory.

1 14.  The memory of claim 13 wherein said memory is a multi-level cell memory.

1 15.  The memory of claim 12 wherein said controller stores fewer bits per cell in

2 one of said first or second cells.

1 16.  The memory of claim 12 wherein said controller stores data at levels that are

2  spaced from one another in said cell in order to improve the read fidelity.

1 17.  The memory of claim 16 wherein said controller stores data in a cell including

2 aplurality of levels and fills less than all of the levels.



3 inprove the read fidelity. 1 10. The article of claim9 further _storin
instructions that enable the processor 2 based systemto storelaM%ﬁgﬁzg%
cell including a plurality of levels and fill less than all of said 3

|l evels. 1 11. The article of claim10 further storing instructions that

enabl e the processor- 2 based systemto store data in regularly spaced

|l evels within a cell while leaving intervening 3 levels within the cell
unoccypi ed by 1%t or ethedaéorybfthimA 2'eReE saididhirsiléiGtords datiBRENadlyr ay
including a first and second cell; and 3 a controller coupled to said array
to st dre spaged levelswithingrgellyvhile lgaving Beryening leyelswithan theecetliungecupiad byand t o
store3dat Hrad 4 second density in the second cell wherein said controller 5
changés the nifber of bits stored per cell on the fly. 1 13. The nenory of
claim 12 wherein said nenory is a flash nenory. 1 14. The nmenory of claim 13
wherein said nmenory is a nmulti-|level cell nenory. 1 15. The nenory of claim
12 whérei n saild- corft msthagdrcomipsss: f ewer bits per cell in 2 one of said first
or segond cells. 1 48 T(ﬁga ey, eﬁgiéﬂnaai st éel edrﬁjs{lmggliog,.cont roller stores
data at levels that  are Space romone another insard’cell in order to
i nprove the read fistteingtdata d alséconthdensieyrinra/seodndtedl imntASfivsh areqiony;wad d
controller stores d%ta,in a cell jncluding 2 a plurality of |evels and
fills% ess than al Ichanginga npwben of bilg SE’AGC&Z@GF!@DG]BC 4y.18. " The menory of claim
12 wherein said controller stores data in regularly 2 spaced levels within a
cell while leaving intervening levels wthin the cell unoccupied by 3
stored data. 12019. Themp¢thadlotdampr 1% vhereirPstarting data ataseaond denstty iss sebendi ty in
a fi rit Cc%ll Iinclh?de%‘s olrirngtfe“rlreerrﬁtrs%’er cell in one of said first or second cells.

1 21. A method comprising:

2 storing data at a first density in a first cell in a first memory;

3 storing data at a second density in a second cell in the first memory, including
4  storing fewer bits per cell in one of said first or second cells; and

5 storing data at levels which are spaced from one another in at least one of said
6 first cell and said second cell in order to improve read fidelity.

1 22.  The method of claim 21 including storing data in a cell including a plurality of

2 levels and filling less than all of said levels.

1 23.  The method of claim 22 including storing data in regularly spaced levels

2  within a cell while leaving intervening levels within the cell unoccupied by stored data.

24.  An article comprising a medium storing instructions that enable a processor-
based system to:
store data at a first density in a first cell in a first memory;
store data at a second density in a second cell in said first memory; and

store instructions that enable the processor-based system to change a number

A W AW N =

of bits stored per cell on the fly.



3 storing data at a second density in a second cell in the first nenory; and

4 changi ng a nunber of bits stored per cell on the fly. 1 20. ﬁ% f
claim 19 wherein storing data at a second density in a second -Iig%/([:‘gﬂ: 08

includes storing fewer bits per cell in one of said first or second cells. 1
21. A nethod conprising: 2 storing data at a first density in a first cell
ina first nmenory; 3 storing data at a second density in a second cell in
the first nmenory, including 4 storing fewer bits per cell in one of said
first lor secon2b.cel Tl aréicld of ckira ¢ fgrtitkaistoriak ihsttoetisSnsvhatcdnableehsp@cesdof-r om
one another in at |east one of said . 6 first cell and said second cell in
order % o aspi SXptem tosstoreifefwer hits per ceibin ongof saif hisdt ogsecondicll® 1 i ncl udi ng
storing data in a cell including a plurality of 2 levels and filling |ess
than all of said levels. 1 23. The nethod of claim 22 including storing data
in redul arly spacedAhastielésconbrisingd mediunedtoringhinkteudtoay thag enabliea peoessgr-l evel s
within the cell unoccupied by stored data. 1 24. An article conprising a
medi urh st ASFHEYSISRIY uct i ons that enable a processor- 2 based systemto: 3

storesdata at a first d I i i el gl g HEHADRY ; 4 store

dat a a'?? a second densi tiﬁ?ﬂgtdgtasdgggiﬁgc{gg%lfﬁ:ﬁﬁ%%& fllrlflsf‘tﬁgtrrermry;’ and 5 store
instrudcti ons that enabl estoreelatara asssmd-densigdn st detl in had destanemodyeand 6 of
bits rsjtored per cell on the flé_. .9 14 ‘?l\@RCH 2&06 }25. The article of claim
24 further storing inst rHYEITORE MR &5 one of saif it & seond sells ad system to

store ¢ ewer bits per celdiodeaNf 1¥k1sSAich frelsphcellfrotf 6RO ShdiRdrlif said c@fin AN
article conprising a nediumstoring instructions that enable a processor- 2

based 7syserden toampB®vstreaddidedita at a first density in a first cell in a first
nmenory;

1 27.  The article of claim 26 further storing instructions that enable the processor-

2  based system to store data in a cell including a plurality of levels and fill less than all of said

3 levels.

1 28.  The article of claim 27 further storing instructions that enable the processor-
2 based system to store data in regularly spaced levels within a cell while leaving intervening

3 levels within the cell unoccupied by stored data.

1 29. A memory comprising:

2 a memory array including a first and second cell; and

3 a controller coupled to said array to store data in said array at a first density in
4  the first cell and to store data at a second density in the second cell, wherein said controller
5

changes a number of bits stored per cell on the fly.

1 30.  The memory of claim 29 wherein said controller stores data at levels that are

2  spaced from one another in said cell in order to improve read fidelity.

1 "31.  The memory of claim 30 wherein said controller stores data in a cell including

2 aplurality of levels and fills less than all of the levels.

1 32.  The memory of claim 29 wherein said memory is a flash memory.

10



4 store data at a second density in a second cell in said first nenory; and
5 store fewer bits per cell in one of said first or second cel 1§ MARGHR006
store data at |evels which are spaced fromone another in said cell in 7
order to inprove read fidelity. 1 27. The article of claim 26 further
storing instructions that enable the processor- 2 based systemto store data
inacell including a plurality of levels and fill l'ess than all of said 3
| evels. 1 28. The article of claim27 further storing instructions that
enabl e the processor- 2 based systemto store data in regularly spaced
llevel § within 38 celthevibmsry sRYiAHB2 WheemeRiddemdry iS ¥ ehdltivietd icll hfethoze! |
unoccupi ed by stored data. 1 29. A nenory conprising: 2 a nenory array
including a first and second cell; and 3 a controller coupled to said array

to stqre data {n sajd arra a fiyst density in. 4 the.first cell .and to
storeldata at ¥ sechitdraeny Gt A EhatBaR darPler iy L RIePESEIB) | or
changes aofWwrlkRgd Mt Ristsonatcened per cell on the fly. 1 30. The nmenory of
claim?29 wherein said controller stores data at levels that are 2 spaced
fromone another in said cell in order to inprove read fidelity. 1 31. The
menor y of claj£§30 erein said.controller stores data in a cell including

2 a plurality ©of le AN GOPPTFE81 ess than all of the levels. 1 32. The

nenor of ¢l ai m 29 whenohyaridl BRIk Card st aitellpafl y. 10 14 NARCH 2006
133. The menory of claim 32 wherein said nenory is a nulti-level cell menory.

134. TRe nenory of cd eantroller epledito said atray mstoisi datar inspigraseayrag adirstisiensitypar
cell i1 28080 %elfﬂx&dﬁofét&é Hafdat 2‘3&%99 dEflihSin tesRoshd TPANG 6 SIORE bath f19- 22
ualing a 11rst an el an

menory array 1 nc second ¢
5 regularly spaced levels within a cell while leaving intervening levels within the cell

6  unoccupied by stored data.

1 36.  The memory of claim 35 wherein said memory is a flash memory.
1 37.  The memory of claim 36 wherein said memory is a multi-level cell memory.
1 38.  The memory of claim 35 wherein said controller stores fewer bits per cell in

2 one or said first or second cells.

1 39. A method comprising:

2 storing data at a first density in a first cell in a first memory array;

3 storing data at a second density in a second cell in the first memory array, so

4  that fewer bits per cell are stored in one of said first and second cells;

5 storing data at levels which are spaced from one another in said cells.

1 40.  The method of claim 39 including storing data in a cell including a plurality of

2 levels filling less than all of the levels.

1 41.  The method of claim 40 including storing data in regularly spaced levels

2 within a cell while leaving intervening levels within the cell unoccupied by stored data.
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3a controller coupled to said array to store data in said array at a first
density in 4the first cell and to store data at a second densi ti¢ MARCHe2006
second cell and to store data in 5regularly spaced levels within a cell
while | eaving intervening |levels within the cell 6unoccupied by stored data.
136. The menory of claim 35 wherein said nenory is a flash nenory. 137. The
menory of claim 36 wherein said nenory is a nmulti-level cell nmenory. 138. The
menory of claijm 35 i e PeYo) . Is C i,n
2one o sard Tret oSl bRl aR N el i Sfbarablen,
at a i r sirocsseitayed sys@enftior st cell in a first menory array; 3storing data at
a secgnd density in a second cel] in the first nenory array, so 4that fewer
bits per cell are stedataiahading dspsity-ing firptcell inAdirddBIRIYEIYs: 5stori ng
data gt |l evels which ar I | i-d.celd.s. The
nethoa of .claim 39 incIEﬁ?ggggsg%f%ghggggaﬁﬁhg%%%#@iégéﬁa§?£%§§np urality of
2| evelss fdrtdyi mgl | ess than all of the levels. 141. The nethod of claim40
including storing data in regularly spaced Ievegs 2within a cel | ﬁ/nile
| eavi ®g i nt erveni ng | evelieredaast }?Vﬁﬁég%érq SPg ompiong 2pgtherigsad Gt a. 11 14
MARCH 2006 1 42. An article conprising a medium storing instructions that,
if executed, enable a 2 processor-based systemto: 3 store data at a first
densitly in a f43 st Teldrti¢cle oficthini 42 furdiep styriag irsyrnctdorstthateif daécmtddn emabdethond
density in a second cell in said first_ pepor 5 array;. and 6 store data at
level & tH&PceéF%ﬁ?ﬁé’cﬁateF‘rtBrﬁt%ﬁéa‘éﬁ%ﬁﬁ%‘ﬂ Inchiciss ap gty Ok lexaS ta BUgjes ef o of
clai m42 fisdhfresd©ring instructions that, if executed, enable the 2

processor-based systemto store data in a cell including a plurality of
| evel s that fills |ess of
1 44. The article of claim 43 further storing instructions that, if executed, enable the

2 processor-based system to store data in regularly spaced levels within a cell while leaving

3 intervening levels within the cell unoccupied by stored data.

1 45. A memory comprising:

2 a memory array including a first and second cell; and

3 a controller coupled to said array to store data in said array at a first density in
4  afirst cell and to store data at a second density in a second cell, and to store data at levels that
5  are spaced from one another in said cells.

1 46.  The memory of claim 45 wherein said controller stores data in a cell including

2 aplurality of levels that fills less than all of the levels.
1 47.  The memory of claim 45 wherein said controller stores data in regularly
2 spaced levels within a cell while leaving intervening levels within the cells unoccupied by

3 stored data.

1 48. A method comprising:

2 storing data at a first density in a first cell in a first memory array;
3 storing data at a second density in a second cell in a first memory
4  array; and

12



3 all of said levels. 1 44. The article of claim43 further storin '
instructions that, if executed, enable the 2 processor-based gﬁg@&ﬁpﬁ&ONi
store data in regularly spaced levels within a cell while |eaving 3
intervening levels within the cell unoccupied by stored data. 1 45. A nenory
conprising: 2 a menory array including a first and second cell; and 3 a
controller coupled to said array to store data in said array at a first

density in 4 a first cell .and to store data.at second. _densi.ty. i.n a second
el Bnd o store data drifadap b iy Pl Mook SRRRAGHTRI IR 5

said agl |ﬁlter¢erﬂi? leVéle withieDh¥ cofl uibupied by Whoeédddna sai d control l er stores data
inacell including 2 a plurality of levels that fills less than all of the
| evels. 1 47. The nenory of claim45 wherein said controller stores data in

w onin the cel 1% unbte fbed of 38 55huqiEpfint JRYN MALERIER ERARETRE.

storing devéls &llira Ieds'thin deged levelsn a first cell in a first nenory array; 3
storing data at a second density in a second cell in a first nenory 4
array; and 12 14 MARCH 2006 5 storing data in regularly spaced |levels within

a celly while |gavi i i N : Pﬁﬂ- J i y
stored data. 1%29. n?"ﬁ%&ﬁ%ltgh%x%&g?&kcﬁyﬁ@f nc g{&%néﬁg ggljiénfé)ﬁltggfogéq)%&gegell

i ncl udl ngorathelflyral ity of 2 levels filling less than all said |levels. 1 50.
The net hod of cl aim49 including changi ng the nunber of bits stored per cell
2 on the fly. 1 51. An article conprising a nediumstoring instructions
that, 4 f execuied, gRaRl&f &mprising a medium storing instructions that, if executed, enable a

2 processor-based system to:

3 store data at a first density in a first cell in a first memory array;

4 store data at a second density in a second cell in said first memory

5 array; and

6 store data in regularly spaced levels within a cell while leaving

7  intervening levels within the cell unoccupied by stored data.

1 52. The article of claim 51 further storing instructions that, if executed, enable a

2 processor-based system to store data at levels which are spaced from one another in said cell

3 in order to improve the read fidelity.

1 53.  The article of claim 52 further storing instructions that, if executed, enable a

2 processor-based system to change the number of bits stored per cell on the fly.

54. A memory comprising:
a memory array including a first and second cell; and
a controller coupled to said array to store data in said array at a first
density in the first cell and to store data at a second density in the second cell and to store

data in regularly spaced levels within a cell while leaving intervening levels within the cell

AN W bW N -

unoccupied by stored data.
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2 processor-based systemto: 3 store data at a first density in a first cel
inafirst menory array; 4 store data at a second density in alé H20

in said first nenory 5 array; and 6 store data in regularly spaced | evels
within a cell while leaving 7 intervening levels within the cell unoccupied
by stored data. 1 52. The article of claim51 further storing instructions
that, if executed, enable a 2 processor-based systemto store data at

| evel s which S a$$§, Sl rove
t he rgad fi deﬁrstey pﬂfé?ge&l% artic Elglsglld%%g ?ursltt gs?dzg?g% ﬁr—ﬁfmf:l‘ﬁdin%p

i nstr dct iapisralityadf, levdls theefilit leds thanab o€ the le@lpr ocessor - based syst emto change
the nunber of bits stored per cell on the fly. 1 54. A nenory conprising: 2
a menory array including a first and second cell; and 3 a controller coupled
to saijd array 4e0 SUEmEAbA drtial 9 Whé sa dnfrblidch afe AShInpd: Beblig {175t
cel | and to store data at second density 1n the secon and to store

5 dat & i rstoredipérasellyonshaflgd | evel s within a cell while |eaving intervening

| evel s within the cell 6 unoccupied by stored data. 13 14 MARCH 2006

155. The nmenory of claim54 wherein said controller stores data in a cel
including 2a plurality of levels that fills less than all of the |evels.

156. The nenory of claimb55 wherein said controller changes the nunber of
bits 2stored per cell on the fly. 14
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