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This invention relates to sem conductor nenories and particul arl

mul ti-1evel wosqsﬁﬁlsg menories. Anulti-level cell menory is_conprised of

nmul ti-1evel tach of which is able to store multipl BCHVHMPYB 3t at es or
| evel s. Each of the charge states is associated with a nenory el enent bit
pattern. A flash electrically erasable ﬂrograrmabl e read only nenory .
(EEPROM nenory 10 cell, as well as ot'her types of nmenory cells, is
configurable to store mul t i res el In the nmenory cell
capabl e of storing two bi ts%f)’él &VE‘EFPI %F%‘FS]%‘RS %@ﬁi{r%)ur threshol d | evel s
(VT) are used. The bi t s Hangling] ailyrgs [ 3 1% he t hreshol d

| evels. In siRodi ment, a rrultl-level ceII may store four charge states.
Level threé&—mj%_rrﬁ ntai ns a higher charge than | evel two, |level two

mai nt ai ns a hi gf&is inteatigerddiesto lsemisbnduotoe mesnodes mdaiartmml’yab ntudti-leyela hi gher
char ge tShan 1IeveI .zero. Reference voltages may separate the various charge
st at es. Foreé%%’flg a first reference voltage my separate |evel three and

|l evel two, a se@omnditirleVeceNERmMYB) is 3GRpHTRY of SRET-Rivel delly,@hcH sfovHicioiabrY el
one, and a third reference voltage nay separate |evel ,one from]evel zero.

20 A mul ti 19 8ot mylple chags stotes ar b‘?l% asheof tiecharge states ispssnciated ¥ithe dat a
based on t hgq, W eReknit rge states. For exanple, a nulti-level cell
nmenory that can store fl charge states can store two bits of data, a

mul ti-level cel IAﬂmhn}eytrtchﬂm ermhlesnmrmma@hteadmarrganeltya(EEER@é@ m¢mory t hr ee

bits of, .dat and..a - | eve cel | n _store X n charge
ot at es 'Wan <BibaF Fepaa Pt baecy ey oot Haktpibe 3% R Pl " cel)
levels (V7). In the memory cell capable of storing two bits per cell, for example, four
threshold levels (V1) are used. The bits are assigned values for each of the threshold

levels.
In one embodiment, a multi-level cell may store four charge states. Level three

15  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 zero. Reference voltages may
separate the various charge states. For example, a first reference voltage may separate
level three and level two, a second reference voltage may separate level two from level
one, and a third reference voltage may separate level one from level zero.

20 A multi-level cell memory is able to store more than one bit of data based on the
number of charge states. For example, a 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

25 memories, various memory element bit patterns may be associated with each of the
different charge states.

The number of charge states storable in a multi-level cell, however, is not limited
to powers of two. For example, a multi-level cell memory with three charge states stores
1.5 bits of data. When this multi-level cell is combined with additional decoding logic and
30  coupled to a second similar multi-level cell, three bits of data are provided as the output of

the two cell combination. Various other multi-cell combinations are possible as well.



25 nenories, various nenory elenent bit patterns may be associated with each
of the different charge states. The number of charge states stqrahhfst shod
multi-level cell, however, is not limted to powers of two. For exanple, a
rrulti-levelwpqlls) feory with three charge states stores 1.5 bits of data.
When this mitrolavel cell is combined with additional decS$®WIBH ¢ and 30
coupled to a second simlar nulti-level cell, three bits of data are

provi ded as the output of the two cell ,conbination. Various other

multi-cell conbinat.iaons.are ssi bl e as “wel | . A T 20 D 031071551 7
PeT Usoss 02553 158 single bitef oD Empry S SRglg Bt miay hsnioeg a5 2 Hatws 1O nmy o
utilized aserfingwhsthlt thelcell wadep@ERintedMIfhRgTodrianigd br Wit opéragsrawned when

a programmng or wite operation was _.interrupted by a power failure. Wth
mul ti - | evelintg@nntediynppovee faike.o Withapultitlevsheelmemorigssiors Eangiiers §€ogr ammi ng

the cell s ip\%ﬁ% Q@éﬁg%%ﬂﬁjﬁﬁgg tlfeeéeh_s#n@é/ Blert ar gal c‘l’eﬁslé'sletls. £ §fe§ﬂ{,$ﬁ§1§@ t

status bit mng if a power ure occurred. us, there
is a neéd fhitrstausshiswenid b nohinformingii€s pewat faduientanredt i on when a power

failure occurs in caonnecti on,w th mul,ti,- | evel nory wite eration.
Brief Desoripti OAPbRSHE aaeRbit govaem miich proyidss sl dlontalion Whghd B of o
nul ti - | evelfail@eBEcyrstt cbnriebtiGC Rk dante level Hemeyevritebpetatigint of the present

invention; Figure 2 is a flow chart for software which acconpani es one
enbodi ment of the present invention; Figure 3 is a flow chart for software

whi ch accom@iﬁ%ﬁﬂt@ﬁ gp_{gew@g'ggent of 15 the present invention; and
Figure 4 i SC [ epiction of a nulti-level nenory in accordance with
one entiodi nent Figure his guchematic depiction éfamulbdevsl inwethobe selt inpiccaydance with

one embodiment of the present invention;

Figure 2 is a flow chart for software which accompanies one embodiment of the
present invention;
Figure 3 is a flow chart for software which accompanies another embodiment of
15  the present invention; and
Figure 4 is a schematic depiction of a multi-level memory in accordance with one

embodiment of the present invention.

Detailed Description
20 Referring to Figure 1, an embodiment of a multi-level cell memory may include

two status bits, including one status bit that is the more significant bit (MSB) and another
status bit which is a less significant bit (LSB). Thus, when transitioning from the erased
state, wherein both status bits are one, to the programmed state, wherein both status bits
are zero, the memory transitions from the level zero to the level three by way of the level

25  one, wherein the most significant bit is one and the less significant bit is zero, and level
two, wherein the most significant bit is zero and the less significant bit is one.

With status bits used in connection with single bit per cell memories, a transition
where a bit changes from zero to one is not allowed. In order to be compatible with single
bit status indicating systems, transitions from zero to one may be avoided in the multi-bit

30 scenario as well. Thus, the flash cell shown in Figure 1 may not be programmed so that
the status bits transition from “one, zero” to “zero, one” for example. In the case of a

power loss that leaves the cell in the wrong state, the correct state could not be determined



20 Referring to Figure 1, an enbodi ment of a multi-Ilevel cell rrermry may

I nclude two status bits, including one status bit that is the UST 2006
significant bit (MSB) and another status bit which is a |ess S|gn I can
bit (LSB). 07 n transitioning fromthe erased state, wherein both
status bits are one, to the programmed state, wherein bot hPCYUSB92H3ts  are
zero, the nenory transitions fromthe |level zero to the |evel three by way
of the | evel 25 one, wherein the nost S|3gn|ficant bit is one and the | ess
significant  bit is zero, .and |evel two,”Wherein the nost significant bit is
zero and t Hézgre §esons; S&r‘i‘i'sfl?lk‘aﬁ’@m@ﬂ% wezs ajawed.\Fhinmemsitha apnylypldipomse loss
connection bi t
changes frof%&zvgl?%ly?gﬂn grrlle l|;es %1{1 ° coﬁ@@éﬂeﬁ&otpé‘ie‘atrcf %gﬁ%%ﬂeg%mog‘ﬁgfe&w th
single Ditstae mmnglmmubatewdgn@men&,mmams sXStmmayamrdﬂ@rstslbﬂl@n@” amay be
avoi ded in | t h cel hown in
Figure 1 mi‘g “%r {ladnﬁl%oa ?%(%@gﬁghg{rfvﬁggga ¥¥%th ts”tt 3@?%l¢m%er % 8n ic rom
"one, zer o"wdmd leaes the canﬁi'anfmdletammé State that §dneetierRs eead§ “éne, mwedftathﬁbiss t hat

| eaves the ceII in the st ag,e % correct state could not be

det er ni ned ¥ APIREIETRESY Opane) PP PitBCTE US03/ 02373 -3- i f zero to one
status bit tranghbigengse M‘Pthﬁty%Ud@ﬂﬁt@d inzSre TERE thdBits For QUM i e Moo Ver

| 0SS recovery system may b€ provided t8 conpensate for the fact that there
is nore thamllchasafousp@ssblq statas lstt statess 14wl @, O1 Tt@rstﬁtgs maylbe definedsuchhe

syst em may b| | it 083 d tran5| tion that

I nvol ves a ?té lgg or{acoxPrt&t@e]i’e%P%ebérP 'ﬁP(?gfagéQfe t he
cell ingan Wﬁ«éapaﬁmmem@r@drad &sﬁl’ﬁd’&taiﬁte@tyﬂwarp@%ﬁlos@l&@ch oellrina twod Bitus bits
and sonetines reads a "zero, one"_status bifs devi ce of the type

depi cted i rPEFY eé“"freRKFscthstav%Pt‘bl?@S%Yreéwmfe‘é{ers‘ieﬂﬁ HIBBEREY  cel | has four
possi bl e stighdiSmiMate sthtad. €s: 11, 10, 01 and 00. The states may be defined

such that it is always possible to recover to the next state if power is
| ost during a pribygs.ahe @ll may iatisition Siser level gero to levglrcm@rfrom la@égmeewdweh

integrity C}}éx agflggﬂﬁﬁl £ levgﬂgﬁltﬁ ?évlel aIr-IE)\:}:)Q rEo otgé?rrtraﬁﬁ ons a%/ Ice

represents nay res
15 allowed in one embodiment. Any other transmon would mvolve transitioning ﬁom a zero

bit to a one bit in a two bit per cell system.

Referring to Figure 2, upon initialization of the memory cell, the software 10 may
determine whether or not the memory cell has status bits that have the values one for both
the most significant and least significant bits in a two bit per cell example. Of course

20  other embodiments are possible with more status bits than two bits.

If both status bits are one after a power failure, it is assumed that the program
operation was not done. In that case the bits are left with “one” status bits, as indicated in
block 14.

Conversely if both bits are not one, as determined in diamond 12, both bits are

25  brought to zero, and it is assumed that the write operation was done. Thus, status bit
transitions always occur from one to zero and never from zero to one in one embodiment.

Referring to Figure 3, the software 20 confirms status during normal read
operations or, in other words, after initialization of the memory cell. If a read has
occurred, a check at diamond 24 determines whether the most significant bit of the status

30 Dbitsisaone. Ifso, it is assumed that the write operation was not done, as indicated in
block 26. Otherwise it is assumed that the write operation was done as indicated in block
28.



indeterm nate states. Thus, the cell may transition fromlevel zero to |evel
one; fromlevel one to level three; and simlarly fromlevel t

three. However, no other transitions are 15 allowed in one enbo\(ljxl)An%énltlé.'.'eﬁﬁb
other transition would involve transitioning froma zero bit to a one bit
inatw bi VPV system Referring to Figure 2, upon PEIUSH®R2¥3ti on of
the nmenory cell, the software 10 may determ ne whether or not the nenory
cell has status bits that have the values one for both the nost significant
and | east significant bits in_a two bit'éér cell exanple. O course 20 other
embodi ment s ar e 1i8dkh memipe thFigsiedt, theapuld-call memepRya3 gy inglude a procepsor B4 st at us
bits are ong,siciMroRgPPVRS 32 8lal cemBondnt 36. STIRSDHFBHer: BH mdyNR1RELH 4l 38
operation was not done. In that case the bits are left with "one" Status

bits, as i nefimemen cells, apintertace sontrodlay 4} and|awiite statst madhinesd 2 r Bhervoite state, as

determ ned | n_.di . i . it QS
assuned tha@a?lﬁﬂéea‘{v’ﬂw}]? ?ﬁ@ﬁé$§%$8ﬁ{ t{t“/\n/gstgglgr%. %é&gg a,{‘lﬁesl%l i ce (tao;ﬁgﬂtsh%rtﬁ!oons

al ways ofcumay tenttobthe réadl aperationsef themermorfyrapiay 38y Thé mterfiee conttller 40yhwdi ment .
Referring to Figure 3, the software 20 §oné?irms status during normal read
oper ati ons 9 cHfoedERMbMaters theprpggams 10 29440 2 4t i on of the nemory cell. If a

read has occurrggdemBodiRehtis AlusBhedRchictsofiSaf BnfeFis WRBELE rOfdagrsADSt

significant bit of the status 30 bits is a one. |If so, it Is assunmed that
the wite opedwir¢dembulimends mdp he utiliged anweldalnaaddition, whide¢mba@limenthefthese it is

AvaLe 2000ty iR B FaRi Al 43690 T hick Ml bR Bt nd o
t he mul 10 - cadesentriREition3Oappligable wl angteumbarcfcasbits greateg diapload addunoltigh a bus

32 to a conponent 36. The conponent 36 may include an array 38 of nenory
cell's, an iisvememaqry cellswith pyrnumyenefde¥elin i te state machine 42. The wite

state 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
variations therefrom. It is intended that the appended claims cover all such modifications

15  and variations as fall within the true spirit and scope of this present invention.



machine 42 is responsible for witing to the nenory array 38. The interface
controller 40 5 may control the read operations of the nenory agpagus®2oedée
interface controller 40, in one enbodi nent, may store the progranms 10 and
20. 1 An enbodinent is illustrated in which software control is utilized. O
course, hardw red enbodi nents may be utjtized as well. In addition, while
enbodi nents of the present invention are described in connection in which
only two status bits are utilized, the 10 present invention is applicable to
any nunber of status bits greater than one and nulti- |evel nenory cells
W th anyypidasinRh id.evel s. Wile the present invention has been described
wWth respect to a |1 mted nunber of enbodinents, those skilled in the art
wi || appreciate nunmerous nodifications and variations therefrom It is
inte ded thai t he %&Bﬁ ged cl.ains cover all such nodifications 15 and
var| tions as fal *RFPATSOPRESPE e spirit and scope of this present
| nvept i on. 4 AUGUSHR0ASat foft Wihiahi bk BurEatl i mbidkicvll AEBRAM af@MPT i Si NG 2
providing at |east two Status bits per cell for a multi-level” nenory; and 3
u5| n39 sai d st at usufing saldctaustlmsm detetniige fhequogmmimiyg statetodf thd calhafterel | af t er
power loss. 1 2. The met hod of claim1 i ncludi ng preventing a status
b|t 4raﬁ§W?ﬂ8W‘fron1zero to 2 one. 3 3. The nethod of claim]!l including
determ ni ng whether, upon initialization, at 4 least two status bits are
both one. 1 4. The method of claim3 wherein if both status bits are one,
desi jnating 2hat Themethourafglammi mgludingpatventing\a stastbittomsition ffom Zére toret hod
of c%a|n1g i ncluding bringing both bits to zero if both status bits 2 are
not one

3 3. The method of claim 1 including determining whether, upon initialization, at

IS

least two status bits are both one.

1 4. The method of claim 3 wherein if both status bits are one, designating that the

2  programming operation was not done.

1 5. The method of claim 3 including bringing bath bits to zero if bath status bits

2  arenot one.

1 6. The method of claim 1 including, if a read operation has occurred, determining

2 whether the most significant status bit is equal to one.

1 7. The method of claim 6 wherein if the most significant status bit is one,

2  designating that a write operation was not done.

1 8. The method of claim 7 wherein if the most significant bit is not equal to one,

2  designating that the write operation was done.

1 9. An article comprising a medium storing instructions that enable a processor-
2  Dbased system to:

3 provide at least two status bits per cell for a multi-level memory; and



1 6. The nethod of claim11 including, if a read operation has occurred,
determning 2 whether the nost significant status bit is equal 4ApGU3s 2086 7-
The nethod of claim®6 wherein if the nost significant status bit is one, 2
designating that a wite operation was not done. 1 8. The nethod of claim?7
wherein if the nost significant bit is n®t equal to one, 2 designating that
the wite operation was done. 1 9. An article conprising a nedium storing
instructions that enable a processor- 2 based systemto: 3 provide at |east

two status bits pgLe G&f 4t%t{é19f)it@torﬂéltéﬂﬁiﬂeecl}ﬁ§Brrog?ﬁ%%}ﬁgs@ﬂ of‘t}@%{?ﬁg 5 IOG -6 4

use said status bits to termne the p ng-state o after a
5 pdawerpéwadossl 10. The article of claim9 conprising a nmedium storing
instructions that enable a 2 processor-based systemto prevent a status bit
transition fromzero to one. 1 11. The article of claim9 conprising a
medium st ori in £.4 : o‘?ﬁtﬁ% . nr &%ﬁ o]
det efrjn‘i ne mg‘%herihig%%leiodgﬁaﬁlgﬁ%atl OE]I,% a[;g[ne (lalglsét? t ﬁé?g(?%ggg}%%/gﬁag)r@e& 3 both
one.2 1 pidcesktiebazed system ¢f prelvertmstaths wotpsitRinfgora zewdb wie.st ori ng i nstructi ons
that enable a 2 processor-based systemto designate that the programm ng
operation was not done if both 3 status bits are one. 1 13. The article of
claiym |l | coppri si ; i ] -'g[vasﬁn i Hg[tm
proclrenssor-baggd sggigae‘?#ﬁq*ﬁ%?ﬁ%ﬁb‘} S %%iﬁ}zdeéreﬁé 0 ‘ﬁﬁggg@h?agﬁ% are
not Dneprotestdr-bakbé systdm ¢d detafniné avhather, aporpinitdlizatian, melbastiws tstatisrigts are
instructions that enable a 2 processor-based systemto determne during a
read opé‘?talopﬁn whet her the nost significant 3 status bit is equal to one. 1
15. The article of claim 14 conprising a medium storing instructions that
enabl e a

1 12.  The article of claim 11 comprising a medium storing instructions that enable a

2 processor-based system to designate that the programming operation was not done if both

3 status bits are one.

1 13.  The article of claim 11 comprising a medium storing instructions that enable a

2 processor-based system to bring both bits to zero if both status bits are not one.

1 14.  The article of claim 9 comprising a medium storing instructions that enable a
2 processor-based system to determine during a read operation whether the most significant

3 status bit is equal to one.

1 15.  The atticle of claim 14 comprising a medium storing instructions that enable a
2 processor-based system to designate that the write operation was not done if the most

3 significant status bit is one.

4 16. The article of claim 15 comprising a medium storing instructions that enable a
5  processor-based system to designate that the write operation was done if the most significant

6  bitis not equal to one.

1 17. A multi-level memory comprising:

2 a cell having at least two status bits; and



2 processor-based systemto designate that the wite operati on was not done
if the nost 3 significant status bit is one. 4 16. The article OJA‘%%{T}%’%
conprising a nmedium storing instructions that enable a 5 processor-base
systemto designate that the wite operation was done if the nost
significant 6 bit is not equal to one._%.17. A nulti-level nenory
conprising: 2 a cell having at least two status bits; and 4 AUGJUST 2006 -7
3 an interface to determine the progranm ng state of the cell after a power
l'oss3 4 using sai gy fl&Fae tOhéErmike 4R prdBHEnFRAR Sthref thd S ef a?@ﬁfeﬂo@ssa' d
interface prevents a status bit transition 2 fromzero to one. 1 19. The
menod y vsing baid statti bitserei n said i nterface deternines, upon 2
initialization, whether at |least two status bits are both one. 1 20. The
menory of claim19 wherein if both status bits are one, said interface 2
designates that a hﬁ,ti% [ ; i 3 of
cl ai %1 19 Wne?%i n ggié gﬁi nt er?ggigfpgz?glb%g %ﬁ%}n@?ﬁcgﬁﬁf gt%iaf?S h&%ﬁr}?ugﬁﬁgus

bi t s2 ar fomoterotoeor&f t er initialization. 1 22, The nenory of claim 17 wherein
said interface during a read operation 2 determ nes whether the nost
significant status bit is equal to one. 1 23. The nenory of claim 22 wherein
i f the nost $99ni ThEaRMosY 8f HainP1 7 whereRGid kG facé dbt’éhﬁfn%@,%oﬂes' gnates that
the wite operation was not done. 1 24. The nenory of claim23 wherein if

t he Zrosinitsligatidn, sdhethebat leass twiostabig bits atecbainene. 2 the i nterface desi gnates
that the wite operation was done. 1 25. The nenory of claim 17 wherein said
interface is a state machine. 1 26. The nenory of claim 17 wherein said

menofy is a $hashTREMRMbry of claim 19 wherein if both status bits are one, said interface

2  designates that a programming operation was not done.

1 21.  The memory of claim 19 wherein said interface sets both bits to zero if both

2  status bits are not one after initialization.

1 22.  The memory of claim 17 wherein said interface during a read operation

2  determines whether the most significant status bit is equal to one.

1 23.  The memory of claim 22 wherein if the most significant status bit is one, the

2  interface designates that the write operation was not done.

1 24.  The memory of claim 23 wherein if the most significant bit is not equal to one,

2  the interface designates that the write operation was done.
1 25.  The memory of claim 17 wherein said interface is a state machine.

1 26.  The memory of claim 17 wherein said memory is a flash memory.





