WO 03/ 071551 PCT/ US03/02373 -1 Using Miultiple Status Bits Per Cell For
Handl i ng Power Failures During Wite Operations Background This invention
rel ates twolsmrmsenductor nmenories and particularly to nul icaheesb2375 cel |
menories. A nulti-level cell nenory is conprised of multi-level cells, each
of which is able to store nultiple charge states or |evels. Each of the
charge states is associated with a nenory elenent bit pattern. A flash

el ectrically erasable programmable read only nenory (EEPROM) nenory 10

cell, as well as other ty uﬁWSﬁhﬁ%@lksgPer'(%H%?f'guram e to store
mul tiple threshold |eg A Dk BEDIRADRWite @ JertRaP! € of storing two

bits per cell, for exar ;-, Four [n esno f'evetrs (VI) are used. The bits
are assi gaegbremdies for each of the threshol d IeveI s. In one errbodl ment, a
multi-level cell may store four char st at es. a| ns a
hi gher char ge ThsdRvendipg)relaizs to seayeen rﬁﬁlﬁ’ﬁ’g?ﬁg F@ﬁ‘g?’ QT Fg@w

IeveI on n,{g}?[g Hegvel one maintains a higher charge than |evel zero.
Reference voltages may separate the various char(I';e states. For exanple, a
first referengemuill-teagkcelinyerseyds etreprijedwéimultidess! eells, cashaif whigh is gblsecond

ref erence voltage separate | eyel fromlev one rd
ref er encé® V@Yecf&glélp% psgart%ﬁ‘gl? E%ﬁ%f#ie ?rHaf%e\fgarteszlé%goc %V%tﬁ F![ i -1evel
cel | menpry,dr epcmeeﬁg@g%é}ﬁe more than one bit of data based on the nunber

of charge states. For exanple, a nmulti-level cell nenory that can store
four charge st Hsshelodncalycrasablaprogrammeblegaadionly mamary (EBB%QI\@éP‘Fm% nory
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mul t it Si Xteén c es can store
four bit f’te\%is @a}.akn the i cai cigableNfRidringUivbibitk @\ﬂedellg: Erlexﬂlﬁpmefuur i es,

vart ous rtr}?rgsohro%d lelvglrsr?{]/g) al?rle tusgiat”l;h%rbrlltsé arne?gss%gec? xsfashcigsl faog gachvgfttﬁe ’c%?gs,ﬂol%f ' he
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.



different charge states. The nunber of charge states storable in a
multi-level cell, however, is not limted to powers of twd. For exanple, a
mul ti -1 evwbD os@rissnenory with three charge states stores PCH/Usod/e2305 dat a.
When this nulti-level cell is conbined with additional decoding |ogic and
30 coupled to a second simlar multi-level cell, three bits of data are
provided as the output of the two cel-l2conbination. Various other

mul ti-cell combi,Rfklfspdcell RRsTry) £siAsle balhay B0 84 bSthnRET/ KS03/ 02373
-2 In a single bit per cell nenory, a single bit may be utilized as a

stat us bidetetroineddtedraniheecoleasspgremacdayien garo SiaBgia sk  ih eRFT 3L Bt anmi ng
or wite.gperation was _Lpaterr r.f.ai y & I -1 evel
cell ne t %%fte@ﬁ}fapf’?zv%@ﬂ% n\?ﬂé?@l&%%\geé ?@Y@e%)gihé’ E{K%S ;[r\a%n%ﬁ%%g%rhe cel |

si nce t hepbgsille VR peogahhmingemelcsll sifse thefeestniore aclblenglse A5 abregulis baingle bi t
woul d be non-informng if a power failure_occurred. Thus, there is a need
for as sy ditestatwhbit wop ift!)@sm%é%ilﬂ%lf PRPYEh B PSHER-a power failure occurs
i n connecti on Wi | | e | [ i-ption
of the or awi nddubniedts bt Ly R NHCA b RO RS B na B Hlen AP
menory cdhilurk Becagsr dbanetionivith a ondi-tavebemenit wiife dpesatipnesent i nventi on;
Figure 2 is a flow chart for software which acconpani es one enbodi nent of
the present invention; Figure 3 is a flow chart for software which
acconpanigs.rQt bl nerbedbikih.of 15 the present invention; and Figure 4
s a scherm'[‘l—c_o‘g%—cr‘m‘n_ﬁ' f—a%mlti-l evel nmenory in accordance with one
enbodDment of Rifee pries sciteniativ dapicton oDemaltl-aelDosweiyptelldn ag@rgaice mithng t o
Figure 1, an % odi me th@Of a multi-level cell nenory may include two
status bi%§ °MPR lFrtFé‘FHgt RECSERLHAPYUBN: that is the nore significant bit
(MsB) and anotfigfre 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



status bit which is a less significant bit (LSB). Thus, when transitioning
fromthe erased state, wherein both status bits are one, to the progranmed
state, whwopaB7t36t h status bits are zero, the nenory trameirtisons23’s omt he
level zero to the level three by way of the level 25 one, wherein the nost
significant bit is one and the less significant bit is zero, and |evel

two, wherein the nost significant bit .i3s. zero and the | ess significant bit
|'S one. W%é?? 8 eliarhl 18 38 GorsRv & ANGwEd. OThivddeinsthRtd @ubtiple B powed loss
menories, a transition ere a bit changes fromzero to one is not

al | owed. rédoverydwstetrombgbe proyitedtip eomperisatsiforythe fadbithat gheag isgnomgdhaaneng

systens, transitiqns fromzero to may,, be avoi J #l-1 -t 30
scenari o SH4C {Reh Eilnéi?ﬁﬂ’éﬁl’?‘?‘?‘?imlgfné’% Cegg ﬁhug hBGAY TR Igigaéﬁar‘)é) mlﬁlggg %iltyb%a

pr ogr ammed,201dsb @hring HRasdi@ihabintlved @it blikthiding fromezera @r ait, thichzer o,
one" for "'exanple. In the case of a power loss that |eaves the cel]. in the

Y:ow C?‘ ?% 5st ;’W @1ld tdage therceB dn am indetermiatestae thap soraeliasifiesdsd oW 6% CSFaBB S

S03/ 02373 ..-3 if.zero to_on s bit transitions were allowed. This
nmeans t hdt® 50%@31%1[6@%%266%,\,\%1? tgg?l;s%hg'ecovery system may be provided to
(r:rﬁlr?_enlsat eI f antahl%vfc@ié}f tHd_‘IE e aet;ﬁ«shted {rSFigmred , titithrtworbets pst edle aisimgle memgtye

i-level nmenory cell. us, the system avoi d t he ssjhility.of a

power | os@lldla;ﬁqwPassﬂblaﬁ@msibétrﬁt%t%tl11' H ot @E@Sg i‘g%t@‘ges ma@%@dgﬁaﬁa}e}lr om
zero to €, ich | i i } t hat
Somet i oo e fdottedo 1EBYE bR R alcr Aol LA Aottt B Mener
statug biwste dperatioflelti exdenfo dshere tiytpéntegliyiverda pow & lges; each celliin B twobithi t s
per cell, a single menory cell has four Eos ible status bit states: 11,
10, 01 aritfroo deies IepEFEAS Aalpieh el HBFPREFIS IR Wetrﬁ%lis FMEIB ey s possi bl e
to rec?"’%ﬁd%t@nﬁiﬁ%e@ﬁ%@s. state if power is lost during a programor 10 wite
operation. I'n order to assure data integrity over a power |oss, each cell
[ nI ia tvvod_bl t  Plass, thelobll deyitransitiop fieselevsl zaratodees] ompi fomdsyel eraiotleysh f ewer
cell's ending up i.n. indetermnnat tates. us, the cell i sition
from I eveliregepyl 5[“6‘119@302@% xel tWPgﬂi?VS{/@feeo}gowég ef’é\?e(ﬁhertt %H%ﬁ?ﬁsg%g simlarly
fromsevel) g if 8né EMBLdiHIMAE CANYOINBY @insititR vdE involwfdnkitidnmgdfd 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. Ifa read has
occurred, a check at diamond 24 determines whether the most significant bit of the status

30  bitsis a one. If so, 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.



15 allowed in one enbodi nent. Any other transition would involve
transitioning froma zero bit to a one bit in atw bit per cell system
Ref erri ngwom3rger e 2, upon initialization of the nmenory e@eriysos/ms7soft war e
10 may determ ne whether or not the nenory cell has status bits that have
t he val ues one for both the nost significant and |east significant bits in
a tw bit per cell exanple. O course -2D- ot her enbodi nents are possible

Wi th nore statpgaB tsfetridto Q‘Y@r@ﬂrttﬁe mhifiti-Bell heglody 86 nhiytiscladea proeesbt B4 a
power failure, it is assuned that theéoro gram operation, was not don

that casecoupledhrosghap bus & to aparpponspic30. skheqesnonen, 36a1§a3r ngludg eB @rpp 3 gb| ock
14. Converf%%er%?rg ﬁeﬁ%) taF }fgceago%tr ér & ANa a%m%%ga?ﬁ% ﬂfgt to 49 FhaRRdsidg, both

bits are ozero I S assune e wite operatlon
was done.mddhiise 425frsaésp3n§1blb fot Wﬁt’iﬁg td themealotpysap8E.uThé imenfame eontoolle 0 and

never fromzero to one in one enbodi nent. Referrjing to. Figure, 3, the

sof t war e REY el thegead epayations of Hig %@F%ﬂm}%é The ptgripesOngPLet 40, B her

wor ds, If a read has occurred, a
check at %l%gmng%%ltdﬁg%%trgn&ntgép%t er t he r'mst significant bit of the
status 30 bi t sAn smaéodinent isfillssnrateidtiniwshidsmﬁumde ¢duito] isngilimed t Of opwsat | on was
not done, as indicated in block, 26 CI S d that.the wite
oper at i orlafR¥IrehFRD mFWHlnﬁaé’tt@d‘qlWe‘i)F%WR fz\%ad%%l?n@ﬁ]& g’g’nﬁlﬁﬁ?}qﬁgdg7 02373
-4 Final lﬁfgseﬁ?f‘n@éﬁt}d?lgaré Qeﬁhgéﬁﬁlc‘bmééﬂ%n%”ﬂhﬁdlc&hﬁ/ W SiRfuY bRS afeBiilizBE lthsle a
processor coupl e hrough a bus 32 to a conponent 36. The corrponent 36

may ilfcl Lm‘eseanmaemtam i38pplufablegoreny nembéraf status itse@réaderdhgoene aidiaylti4o and a
wite state machine machi ne 42 is responsible for

2.
witing t§ IH%GWP?BP& ftpég}y%mf’ﬁrho?l?vﬁ %rface controller 40 5 may control

the read oper afyi,08shHreddEinvBARIYha8 bedYded8ribeth@ith FéspEdt a6 & ligtiet maldber o0, in
one enbodi nent, may store the progranms 10 and 20. An enbodi nent_is

i || ust r at ebddiments,dhossekilledrie theowt widl apipscciate numeigus wodifinatiges 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.



har dwi r ed enbodi nents nmay be utilized as well. In addition, while

enbodi nents of the present invention are described in connection in which
only two woaBws1sbits are utilized, the 10 present inventi ®@aTIES0aMm3I3 cabl e
to any nunber of status bits greater than one and nulti- |evel nenory cells
wi th any nunber of |evels. Wile the present invention has been descri bed
wWith respect to a limted nunber of enrBedi nents, those skilled in the art
wi || appr egisaiseclsizanrgus nodi fications and variations therefrom It is

i ntended that the appended clains cover all such nodifications 15 and
variations as fall within the true spirit and scope of this pr esent

i nvention. WO 03/07 ”%Qﬂﬁy d is: 1. A method
of providing a?nultlﬁgégﬁgg%hgwﬁﬁg%%%ﬁwgfﬁg pro |gmﬁ Ieast two status
bits per cell for aprwvhdmghtel\zmdtt\mmnm;bltapekcel]lsfongnméamdbvaelmbnmr}biané to
determ ne the programm ng . state of the cell after a The
ret hod of claim 1 | HePEarA By S ie Arigraing thertneSanip S o4 BRSH S er o

to one. whgoset hod of claim 1 including determn ning whether, upon
|n|t|allzgt| at least two status bits are both one. 4. The nethod of
claim3 mhereln if both status bits are one, designating that 10 the

S, Ih d 3. ud
b1 i noihg bot h B ts ABe ST ar i el PrGrUnE P i S LRSS 4 A noa

of claln1&)@ﬂﬁlud|ng, if a read operation has occurred, determ ning
whet her the nost significant status bit is equal to one. 15 7. The net hod
of claim®6 wherein if the nost significant status bit is one, designating

that a wite ORer at 'Re mvev?hsodnoqiclaqgﬂeihcluding determining whether, upon initialization,

at least two status bits are both one.

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

10 the programming operation was not done.

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

bits are not one.

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

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

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

designating that a write operation was not done.

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

" one, designating that the write operation was done.

9. An article comprising a medium storing instructions that enable a
20  processor-based system to:

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



S. The nethod of claim7 wherein if the nost significant bit is not equal
to one, designating that the wite operation was done. 9. An article
conpri si nyoasmedsum storing instructions that enable a 2@cpruso®ssos - based
systemto: provide at |least two status bits per cell for a nmulti-|evel
menory; and WO 03/071551 PCT/US03/02373 -6 use said status bits to
determ ne the progranm ng state of thegell after a power |loss. 10. The
article of clal m9 ,counRisHhibiR teRELMEMS I frogainisht votd SMbe tdipifienabl e  a
processor-based systemto prevent a status bit transition fromzero to one.
5 11. Theposret lask.e of claim9 conprising a medium storing instructions that
enabl e a processor-based systemto determ ne whether, upon initialization,
at least two status bits are both one. 12. The article of claim 11
conprising a nedi unmstRAEIBGF LIAGH Déehipasiag hhiaddiuresaiing iastprdoestherenbbed
systemto designate that the progranm ng operati on was not 10 done if both
status biamoesssordraged SystenTipeprayant @ SEiusfOldrasHoR U EHPIIC PRG a medi um
storing instructions that enable a processor-based systemto bring both
bits to zero if both status bits are not one. 14. The article of claim9
conprissi ng a ngdi unTisd Btit18 9 tlakh Dwotnpeisisgtahatdiemabirmgdingristiessibat drabled
systemto determ ne during a_read operation whether.the t 15 .

si gni fi carirogesaerciapsed sysfem drigrmype Whethery Bporpdialization, at ]g%‘)ss[@fv o F{fup pits
conpri si NG. BodlB Lumstoring instructions that enable a processor-based
systemto designate that the wite operation was not done if the nost
significant status bit is one. 16. The article of claim1l5 conprising a

desi gnat e 1 hatl’ he. bbd B EF AR 4h RBRHBRE TR gL o ETT O

enable a processor-based system to designate that the programming operation was not

10  done if both status bits are one.

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

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

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

15  significant status bit is equal to one.

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

most significant status bit is one.

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

significant bit is not equal to one.

17. A multi-level memory comprising;:

a cell having at least two status bits; and



significant bit is not equal to one. 17. A nulti-level nmenory conprising: a
cell having at least two status bits; and WO 03/071551 PCT/US03/ 02373 -7
an i nt er fwoasmolsdet erm ne the progranm ng state of the celPicTafSo®n23as power

| oss using said status bits. 18. The nenory of claim 17 wherein said
interface prevents a status bit transition fromzero to one. 5 19. The
menory of claim 17 wherein said interf-agce determ nes, upon initialization,

whet her at |east twg igfeahdtStolietctmdcahd angingAate dhherelrafiyr opovedrai m 19
wherein if both status bits are one, said interface designates that a

pr ogr anmnilesy usjmgrsaidi statusabiés- not done. 21. The nenory of claim 19 wherein said
interface sets both bits to zero if both 10 status bits are not one after
initialization. 22. The nmenory of claim 17 wherein said interface during a
read operationg, detEiethéBsryvdieldar 7twigeramshidingrbéd mandntsa sthius blti t s equal
to one. 23. The nmenory of claim22 wherein if the nost significant status
bit is ormpsitiphdronhi®p fQeRe.desi gnates that the wite operation was not
done. 15 24. The nmenory of claim 23 wherein if the nost significant bit is
not equal to one, the interface designates that the wite operation was
done. 525. The 19enorfheaherabsi oficlaimvitTewkeireinsaiddnierfaer dedermines, upast at e machi ne.

26. The nmenory of claim 17 wherein said ry is a flash nenory.
initiali%/ation, whether at least two status gits arg%gt% %e. y

20.  The memory of claim 19 wherein if both status bits are one, said interface

designates that a programming operation was not done.

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

10  status bits are not one after initialization.

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

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

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

the interface designates that the write operation was not done.

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

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

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



