WD 03/ 025948 PCT/ US02/ 25092 VARI ABLE LEVEL MEMORY Background This
invention relates generally to nenory devices and particularly to nenory
devi ces vwolimsvus ti -1 evel cell 5 architecture. A multi-| ecalusopkioonenory
is comprised of nulti-level cells, each of which is able to store nultiple
charge states or levels. Each of the charge states is associated with a

menory el enment bit patterr{;A LEf | ashy ERRRAM menory cell, as well as other
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(Vt) . In a nenory cell capable of storing two bits per cell, for exanple,
four threshold levels (Vt) are Baekgroud¥nsequently, two bits are designated
for each threshold_15. l.eye i, e tmerd duktcekesed cell may
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can;gtore ei ght1ghargermhanesceancsibr e edd pptatlgsr types of
memory cells, is configurable to store multiple threshold
levels (Vi). In a memory cell capable of storing two bits
per cell, for example, four threshold levels (V) are used.
Consequently, two bits are designated for each threshold
15 jevel. 1In one embodiment, the multi-level cell may store
four charge states. Level three maintains a higher charge
than level two. Level two maintains a higher charge than
level one and level one maintains a higher charge than level
sero. A reference voltage may separate the various charge
20 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
25 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
30 charge states can store four bits of data. For each of the

N-bit multi-level cell memories, various memory element bit
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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.
Tf the stored data is potentially lossy, sensitive data
stored in relatively high-density nulti-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 pit 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.
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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 sedquence of events to write data into the
array 150. 1In 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 oxr four bits per cell,
any number of bits may be stored in a single cell, for

example, by increasing the number of threshold levels,
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20 controller 105 provides control over the multi-level cell nenory array
150. The wite state nachine 106 communicates wth the interface

control | ewODGm23amgl t he menory array 150. The interface ceoormush?/zi092105
passes data to be witten into the array 150 to the state nachine 106. The

state machine 25 106 execut es ence of events tg-Witg.gata into the
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random &ccéss ~ne to mention a few exanples, may be substituted
wi t hout td&vw@turmg &m@mcqphie0§prF1PtP5%%e%tcdﬁé(88Fl?]ﬁe present invention. 10

Referring t0 ure | oMy knedtdengnliyiconee bbrily afned&ti& at the
firdf and I ask f:a%ei E%%]ure ¥_ In the enbodwreisE Qun, in Figures 2,
3 and 4,0t hﬁt&cbmathstbﬂ&g‘e angf léét:asi%tei‘%d% c&P&dCBY an X and errpty st at es
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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

50 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 or
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
pecause it is easier to discern the differential voltage

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

discern a differential voltage.
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which may be implemented in software or hardware, initially
identifies the number of bits per cell. The number of bits
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
cases, looser or more spread apart packing may be utilized
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
block 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
a continuous data string.

While the present invention has been described with
respect to a limited number of embodiments, those skilled in

the art will appreciate numerous modifications and

5
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some dattee meyndietpackediztdsdlaFags- i ndicated for exanple in Figure 4 and



10 spread farther apart, requiring additional nunbers of cells to conplete
the data storage. Thus, turning to Figure 5 the wite algorithm 122,

whi ch maywbasjozpienented in software or hardware, initial lPgT/USdERI0PE i es t he
nunber of bits per cell. The nunber of bits 15 per ceII may be derived from
information included with the data indic t ng EE éﬁéghflde|lty Based
on t he wemirerionsf thersfpat: cditl 5t ABEPRIGS A5t ht 8 nto each given cel |
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bits per cell, Q@gh Qgggmg§t§5n1ned as indicated in block 124, the packing
of bits into each cell 1s adjusted as indicated in block 126. Finally the
bitssare witten to the cells as indicated in 25 block 128. The nunber of
bits per cell may be changed on the fly fromcell to cell. The read
process sinply reverses the flow, ignoring the mssing levels, and sinply
readi ng the actual data out of each cell. The spread apart data may then
be repacked into 30 a continuous data string. Wile the present invention
has been described with respect to a |limted nunber of enbodi nents, those

skilled in the art will appreciate nunerous nodifications and 5 WO
03/ 025948 PCT/ US02/ 25092 variations therefrom It is intended that the
appended cl ai ns cover all such nodifications and variations as fall wthin

the true spirit and scope of this present invention.



What is clainmed is: 5 6 WO 03/025948 PCT/ US02/ 25092 1. A nethod
conprising: storing data at a first density in a first cell in a first
menory; awo 03pevihg data at a second density in a second ®€rIUsSoH23om t he
first menory. 2. The nethod of claim1 wherein storing data at a second
density in a_second cell includes storing fewer bits per cell in one of
said first oﬂ'sec%ﬁ?net&ﬂdl §OMBIL I et hod of claim 1 including changing the
10 nunber of bitssséareddpes geld dirgthelehlsyty4in Fhefimstthegléf iel ai m 2
including storing data at. |levels which are spaced fromone another in said
cel | in? &rdéF PE™PRHT &€ the read fidelity. 5. The nmethod of claim 4

i ncl udi ng storingsg@ating Mata 46 sebécimldstisngyaiplarsidong ekllevel s and
filling less than all of said levels. 6. The nethod of claimb5 including
st or Png dattdsi AT TFRJUT Yy spaced levels within a cell while |eaving
intervening levels within the cell unoccupied by stored 20 data. 7. An

article conprising a nmediumstorin i nstructions.t le a
processor - baged sggfeq"ﬁtch&d Sttof aalgt]a S rsg?r:aréag(lgaft;e/an?aﬁc % first cell in
a firstsJImARN Yenddy 25 S Greodat aedl nclecendstdensig yfdwem bkdgsond cel | in

per cell in one of said first or second cells.

3. The method of claim 1 including changing the
10 number of bits stored per cell on the fly.

4. The method of claim 2 including storing data at
levels which are spaced from one another in said cell in

order to improve the read fidelity.

5. The method of claim 4 including storing data in a
15 cell including a plurality of levels and filling less than

all of said levels.

6. The method of claim 5 including storing data in
regularly spaced levels within a cell while leaving
intervening levels within the cell unoccupied by stored

20 data.

7. 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; and
25 store data at a second density in a second cell in

said first memory.



said first nmenory. 7 WD 03/025948 PCT/ US02/25092 8. The article of claim?7
further storing instructions that enable the processor-based systemto
store feworo3joz9gs per cell in one of said first or secondPc&luss22992 The
article of claim7 further storing 5 instructions that enable the

processor - based systemto . change_the,nunhgr ot bits,stored per cell on the
fly. 10. The 'artfyngea% lcc%eaio% g?%{&t e Stori ng Fns?ructi ons that enable

t he processonrchased syst emaldestbeeprdetssat-beeedl syskieH-ardcgpaced from
one another in.said 10 cell. in _arder ipprove the. read. fidelity. 11. The
article BT &M°18°F UFY erlnstogr%i %g S%Jﬁ%tﬁsﬁ gﬁs that enabl e the
processor-based systemto store data in a cell including a plurality of

| evel s and fi]l Ig,%g t han al |. of s%iglj_:&‘%

_ _ ! S 18,12, The article of claim
11 further stioring i ASTrUct i%nS Frdt “ena 1Tfﬂeetﬁe bi otessor - based system to

store daisduttiegul ahky spdaded thevekscessdii-rpagedeblyshgm|eo | eavi ng

intervening levels within e.cel |l unqgc i by stgregd,, data. 20 13. A
nenory cﬁ%}qesitﬁﬁ: nﬁm%%ﬁoor%/%&rtrsaftfﬁg u%%ﬁggeglf i%Pst and Second cell: and a
controller coupled to said array to store data in said array at a first

density in the first ceH} nd to, 25 store dat t..a.second density in the
: i A8 lg (
second cel | . ‘% ‘Fﬁg e ‘f‘@e ot GiErh 13 1\J}\}\felereel N said menory is a
instructions that enable the processor-based system to store
data at levels which are spaced from one another in said

10 cell in order to improve the read fidelity.

11. The article of claim 10 further storing
instructions that enable the processor-based system to store
data in a cell including a plurality of levels and fill less

than all of said levels.

15 12. The article of claim 11 further storing
instructions that enable the processor-based system to store
data in regularly spaced levels within a cell while leaving
intervening levels within the cell unoccupied by stored

data.

20 13. 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

25  store data at a second density in the second cell.

14. The memory of claim 13 wherein said memory is a

flash memory.



flash menory. 8 WD 03/025948 PCT/ US02/25092 15. The nmenory of claim 14
wherein said nenory is a multi-level cell nenory. 16. The nenory of claim
13 wher eiwodajogs9gontrol l er stores fewer bits per cell inromaisot/2®etd first
or second 5 cells. 17. The systemof claim 13 wherein said controller
changes the nunber of bits stored per cell on the fly. 18. The nenory of
claim 17 wherein said controller stores data at levels that are spaced from
one anot her 5. 1@hsanhch®sl lofi nleidet4 thdngdnovaid Heerr@zdd fSi delity. 19. The

menory of claim1l whﬂiei n said controller stores data in a cell including
a pl ur a™Mty ot evevelgtadf™ I 'l's less than all of the levels. 20. The
menory of claim 13 wherein said controller 15 stores data in regularly

spaced levels within a cell ile. | V‘L jnt i within the
cel | unoccupi’éd bguhesrp%rp%r&/ d)\a@?ac}aém eaving. J;nf eLyani 5g: 1 SMel:s

stores fewer bits per cell in one of said first or second

5 cells.

17. The system of claim 13 wherein said controller

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

18. The memory of claim 17 wherein salid controller
stores data at levels that are spaced from one another in

10 said cell in order to improve the read fidelity.

19. The memory of claim 18 wherein said controller
stores data in a cell including a plurality of levels and

£ills less than all of the levels.

20. The memory of claim 13 wherein said controller
15 stores data in regularly spaced levels within a cell while
leaving intervening levels within the cell unoccupied by

stored data.



