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-1- o MULTI PLE V\RI TES PER A SI NGLE ERASE
FOR A NO\WOLYMPIE NVENORY . CROSS- REFERENCE TO RELATED MSWQZ\IS
This application . is a conti nuat i on-in-part of application nunber -
08/ 537,132 of Hasbun, et al. which was fil-ed on Septenber 29, 1995.
‘FIELD OF THE I NVENTION = . - This invention pertains to the field of
menory circuitry.. l.ni- - part icular, this invention pertains to -
performng multiple wite _ operatlonsl-v\nthout an erase operation in an
electrically prograrrmabl e nonvol atil e nmenory.. BACKGROUND OF THE -
| NVENTI ON . SemvongHSte WREDES WEIEW SBNGIYERAGEY consist of a -
-nunber of - indivi duammvem i onal ‘binary -
menory " device, each cel es to represent one-
bit.of data. CROSS-REFERENGE {TO REIA TEBOAPPISCIA store nore than '
-.one bit of - dat I ti-level
cor multi-bit. - %ls I&%M% %ﬁﬁ\ﬁﬁﬁaﬁoﬁqﬁ?ﬂ ?%g&ﬂces I 'ncrease the
st or age capmher ﬁsé @V,&%gf HaSbusr etcanwehich ovas lls‘-drﬁn eptembers29; For’
exanple, a 199%enory device capabl e of storing two bits of data per cell -
has a = - capaglt ¥ t he data than can be stored in the sanme
nuber - of =€ ' nory device. The

_ programi ng of conve’ﬂi‘hlsonnwlenhonqrettainsnoythdéield&f memorycuiftsu&ys Imf storing

or PLOT AT 15 @5l YR RhRN, e Befprpipg, M A 1o

L - operations without an erase operatlon in an electncally programmable

‘nonvolatile memory '

BACKGROUND OF THE INVENTION
" Semiconductor memory devices typ1cally consist of a number of
individual cells for storing data. In a conventional bmary memory

~ device, each cell can store one of two states to represent one bit of data.
Alternatlvely, each memory cell might store more than one bit of
data. Such memory devices are referred to as multi-level or multi-bit

- . Imemory devices. Multi-level memory devices increase the storage

~ capacity and den51ty over conventional binary devices. For example, a

- memory device capable of storing two bits of data per cell has a

~ capacity to store twice the data than can be stored in the same number
of conventronal bmary memory device. ' .

- The programming of conventional binary memory devices
consists of storing or programming one of two levels or states in a
memory cell to represent all the possible values for one bit of data.

For example, a conventlonal memory cell, when accessed duringa

5 write operation, stores a first voltage or threshold level to represent a -
first state and stores a second voltage or threshold level to represent
the second state. In a multi-level memory device, however, typically
one of n states is stored to represent more than a single bit of data.
Although the ability to store a single bit requires the ability to store at
least two levels as in the pnor art binary memory cells, “multi-level”

- as used here is intended to refe_r to a cell capable of storing one of more
than two levels or states (i.e., more than one binary digit), and



For exanple, a conventional menory cell, when accessed during-a - wite
operation, stores a first_voltage or threshold | evel to represent a

first statOSH®3& ores a second vol tage or threshold | evel ACEY0HAES.Nt -

the second state. In a nulti-level menory device, however, typically

one of n states is stored to represent nore than a single bit of -data.
"Although the ability to store a single bit requires the ablllty to store. at
| east. two l'evels as in the prior art binary nenory cells, "multi-Ievel"

as used here is intended to refer to a cetd- capable of storing one of nore

than two levels or states (i.e., nore than one binary digit), and = - WO -~

97/12368 “binary” refers to a cell capable of storing one of only two levels (ie.,
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"binary" ref er ON&PIRARY Aigids ey ?%’FP&H? PrAETIRestare B’H?)P“tsvtﬁ q"&bel s (i.e.,

one binary di gimplti-fevel enempty cell neanhdesil must Hecrapabloobstosingiorectf at. -
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two | evels. two levels, One type of nulti-level menmory cell is a flash -

mul'ti-Ievel eneral , flas cells | ude a '
floating gate tﬁ %}‘HP%Pifé’EPﬂt ?%Vﬁilngggpryg ﬁHSfalnﬂ%giT Hbu]é’a](eé( ransi st.or
"has a select ganemom cell. Infg em!ralnjlaghtmemry @ells incladd afldating gate

Informatfon i< i grsi | iahBEd:] 38 fogting Bhte MR ALEFRELY e e of

charge stored" arn
vol tage, V[err ]ﬂoatmg g@tef asaurcreg apgt @ drainl dnégrmation is stored amsheﬂas to be

varied. ‘The tyRieldy pltéihg Thé adiditiof  dHasHe SRIFRA YOI B floating gate.  This
: in turn causes the threshold voltage, Vi, of the floating gate f1e1d effect
transistor to be varied. The typical prior art binary flash memory cell. _
~ can bein one of two possible states, being either “programmed” or - |
- “erased”. Theoretically, the flash cell possesses a distinct state for each
electron that is added to the floating gate. Practically however, pnor
art flash cells have a limited number of states due to constramts .
including inconsistencies in flash cell structure, charge loss over t1me, '
and limitations in sensing the charge stored on the floating gate
The actual charge stored on a programmed cell may. vary from
one programmed cell to another programmed cell or from one erased
cell to another erased cell. In order to accommodate this factor, the
bmary flash cell is mterpreted as storing'a “1” if V, is within a first -
-_range of values and a “0” if V, is within a second range of values. The
" first and second ranges are distinct and may be separated by a '
”separatlon range”. In other words, if the threshold voltage, Vy, i is
programmed to a value within one set of values, the cell state is a “1”.
If the threshold voltage, Vi, is programmed to a value within another
set of values, the cell state is a “0”. The difference between these sets
of values is called the separatlon range. _
When a flash cell is read, the current conducted by the flash cell
s compared to a current conducted by a reference flash cell havinga
threshold voltage, Vi, set to a predetermined voltage that lies w1th1n
~ the separation range. When a ﬂash cell is selected for readlng,

reshold -



can be in one of two possible states,  being either "programed": o
"erased". Theoretically, the flash cell possesses a distinct st at e for ‘each
el ectron tWex9713368dded to the floating gate. Practically hobvel/E$96/152%9%r
art flash cells have a linited number of states due to constraints '

i ncludi ng inconsistencies in flash cell structure, charge loss over: tine,
and limtations in sensing the charge stored on the floating gate. :

The actual charge stored on a programmed cell may. vary from ~ ° one .
progranmmed cell to another progranmmed cel |-3or from one erased . . cell
anot her erased cell. In order to accommodate this factor, the bi nary
flash cell is ipfasingy %Mgeaﬁr, a?;ﬂféd“ﬂ: the s1e1edtf aé 8f tHe fxéld/‘éﬂféﬂt'}réhsﬁétbﬁt o
~range of values.and a of val ues. The

err Is.wt n a, SGCOﬁ
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. d t | t

[t “The (hr eshol T LRo oR fheGaiil glle SRR aromAT IRl 9ol e 1o
- set of val ues, flagh eell %asﬂmreawi suclpthatthe sglectast Hage celb cppducislese set's ™
of values is caa+aqﬂ dubferftapahahedefdrafee flash cell. The rogmﬁﬂnadfslt&téfbfcell Is

‘read, the curre cqonduct.ed
current conduct Wo%a;téqxg;gﬁﬂgs% F%li g B’Q“Faliéfaﬁﬂsﬂﬁ‘ate@gsw‘ﬁ‘ng ?‘?W@s ﬁ%ahe
- vol tage, Vt, sepribpast flastdeslbisnferasedsy Itha@bahhgt dté das fiewhbi electrons anide

Separ al | on * anGge HEAR ol ebARcHShork rELAERGlch kAR 1R refererl)

PCT/ US96/ 15259. cell The erased state of the prior art bmary flash cell is usually3-
bi asi ng vol t ageadsperied With h%ogieq. sel ect ‘gate of the field effect
| _t ansi st er Multi-level flash cells are capable of storing one of more than
two levels. For example, a multi-level flash cell capable of storing 2 _
 bits can be placed into one of four states. This meansthat one state is
_ umquely assigned to one of the four p0551ble combinations of two bltS,
“00,” “01,” “10,” and “11.” 2" -1 references are required to distinguish
between 2" states. Thus for 4 states, there must be 3 reference voltages.
- and 3 separatlon ranges. For comparison, the prior art binary flash cell
| typlcally uses one reference voltage to distinguish between 2 states.
‘These multi-level flash cells are read by comparing each of the
2" -1 Voltage references to a voltage determined by the drain-to-.
'source current of the memory cell. Decoding logic is then used to
translate the output of the 2" —1 comparators into 7 bits.
‘A flash memory device tYpically includes arrays of flash
memory cells. These arrays are typ1cally grouped into or further .
subdivided into blocks. Prior art flash memory can be programmed o
. cell by cell, however, flash memory can only be erased 1 in blocks of |
cells. '
One dlsadvantage of the prior art write technique is that once a
‘block has data written to it, the data in that block cannot be modlfled
- without erasmg the block first. In other words, the prior art write
techmques permlt only one write cycle for every erase cycle. .
One application of flash. memory is in the area of solid state
“disks”. Solid state disks use nonvolatile memory, such as flash



Si mul t aneousl y, the same biasing voltage is appl led to the'- sel ect gate

of the reference.cell. If the flash cell is "programed," excess electrons
are-trappe‘ﬁo(?ﬁ’lmﬁ floati ng gate, and the threshol d vol tagePCW%‘Wlfz%f the . -
ftash cell has increased such that the selected flash cell conducts less
drain current than the reference flash cell. The programed state of

the prior art binary flash cell is typically associated with a logic 0. 1f =~

t he prior art flash cell is "erased", the floating gate has fewer
el ectrons and the flash cell conduct4 nore drain-to-source current -
than the reference cel'l. The erased state of the prior art -bi nary
flash cell is umeaichiy to emulass adonvetitivhahcamipagércdisk storage device.
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vol tage det er m1Ré R4t egﬂc@éé’éﬂa@es the entlre%l%ﬁ Cla&BE thé pidik menory .
cell. Decoding qu ? en used _ transl ate the 'output of the-
2[err] -1 conpa?‘é&i?&’ée i oFags again. A flash nenory-device
_typicall'y includes aoneyﬁsadvatﬂtag@of the prmmf metnbﬂ&)f ohentitafopgaciare - -
P el Y 9 ounged Bl i Tamonny o ihal ool A hea il
can only be er a’é"e%P}PhFﬂil%@R‘Shéﬂe the storezdedat@ must be modified f!ﬁquﬁnﬂﬁ.dvant age

of “the prior aréoﬂ&‘idér%bl@ﬁﬂﬂhﬂﬂ@of %nbfg? afdéénsumed in ﬁﬁb E‘Hévﬂﬁﬂa
witten to it, éhe data| t'hat
o)

ann L
erasing the bl %taftpraspew Cﬂ?ﬂ%ra gragln&ﬁ@ lglppg?%qttt?\gﬁlp{cgmahon was
‘techni ques per npteviouisly Gtered irt.e cycle for every erase cycle. - -
01e appllcatlon of f f_.s _'
Gre 200 o1 0o hgED PRkl o Mokl Sk A5 axger o
- o ~ reprogram the cells is that the erase process typically takes consxderably
‘longer to execute than the programming process. S
~ Another disadvantage of an erase for every programrrung cycle S
are the cycling induced reliability errors. The flash memory cells ' N
_deterlorate with each program/ erase cycle

- SUMMARY OF THE INVENTION _
In view of limitations of known systems and methods, one of
the desires of the present invention is to provide a method of
 performing multiple superseding writes of m bits to a nonvolatile
‘'memory cell without performing an erase. The method includes the
steps of storing m bits in a f1rst group of levels of the memory cell and
storing m superseding bits in a second group of levels of the memory
cell, without erasing the memory cell.' '
Another method of writing includes the step of storing m bxts '
in a first group of levels of the memory cell. A group indicator is
adjusted to .idénﬁfy a subsequent gfoup of levels of the memory cell.
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menory, toWexd2368 a conventional conputer disk storage de\RQ'éUS95/15259
Typi cal |y, disk-sectors are mapped either physically or logically onto"
bl.ocks of flash memory cells. Because only:one wite cycle is possible
for each’ erase cycle in'the prior -art.storage systems a method of ,
“cl eani ng up" the previously witten to cells is necessary in order to -
make those cells available for data storags again. Typically, the vali d
data in a 'block is copied with the updated data to another bl ock

l'ocati on. Then WiehditeataSing meosqkerﬁ élpﬂn's% e'ﬁ@ﬂ%fsﬁbsé‘d&é@ﬂqﬂts are The'_

-cl eanup process_ &r ent|r nd na -
avai L abl e for st 8?%‘8 %Fﬁbsequen groupo di g@gwt‘f‘ﬁ ri'or art
‘met hod of one wgrdup fralicaterland storireg aswpersecﬂlmgcsaibsequemhhxtmmunt of =
ener gy consurrptiﬁéa %gw red. Thus - I n applications where the stored
~data nust be e

frequently, consi derabl e anpbunts of ene Y are
~consuhed i n novi ng tAaohgr desire is todprayide azmethed @éacadmgammeémamﬂé th

bl ocks that thecdghpe GFE{cﬁfhg’Vﬁ .to k su Hs@&ir@'ﬁ{ th%ta%&d Tl‘?xs method S
- Anot her di sadvant ﬁgg Eleperfo qaan erase step.in ord, k‘g)é _
reprogram t he cBYEAestneSiePs PlePETECING) R GTAUR lpafﬂaé%ﬂ ‘loyldFQ a(ﬂﬁéﬁpo%fr abI y
- gonggr to exec ;Jtzé' &dya&ﬁtheva&wm@ma&cﬁy%eﬂs&ad serllsmg the 1dent’iﬁ@ﬁ her i

i sadvant age of _an er 0 ng cycle are the cycling-
i nduced reli abi gﬁ"ip 8??9‘1225 brﬁ“@%;%’é %%E% cells . deteriorate wi'th
~each .pr ogr ant erase clrehddition, a method of deferring an erase operation on a
- ‘nonvolatile memory cell is provided. The erase operation is deferred
by ad]ustmg a group 1nd1cator, wherein the group indicator identifies -
2™ ad]acent levels of the memory cell for storing an m bit value..
A backfill techmque is mtroduced as a method of ensurmg
 consistent programming times for a glven group of levels of the
memory cell.
. Other desxres, features, and advantages will be apparent from |
- .the accompanymg drawmgs and from the detailed description that '
'jfollows below. - N

BRIEF DESCRIPTION OF THE DRAWINGS
. Thepresent invention is illustrated by way of example and. not -
* limitation in the figures of the accompanying drawings, in Wthh like -
references indicate similar elements and in which: '
Figure 1 illustrates one embodiment of an erased state for a
‘block of multi-level memory cells.
Figure 2 illustrates the programmmg of a level w1th1n a block of :
multi-level memory cells.
Figure 3 illustrates the programming of another level within a
block of ‘multi-level memory cells. .
.' Figure 4 illustrates the programmmg of a level of the
multi-level memory cell using a “backfill” technique. '
Figure 5 illustrates four levels of a multi-level memory cell



SUMMARY OF THE | NVENTI ON’ In view of limtations of -known."
systens and nethods, -one of . the desires of the present inventionis
to provi dygosi@sdgod of - - perform ng nultiple supersedi pPgTUSYIESISOf -m -
bits to a nonvol atile - menory cell wi thout perform ng an-erase. The -
met hod i ncl udes the steps of storing mbits in a first group of

| evel s of the nenory cell and stori ng m super sedi ng bits in a second

group of levels of the nenory cell',, without erasing the nmenory cell.
Anot her nethod of writing includes the st_%p of storing mbits Cin, a.
first group of levels of the nenory cell. "A group indicator is

adj usted to identify "

V\[)J 97/ 12368 | denti aurseu Sﬁﬂsen%esgorr?eugm%r dllf%\égk SOf Oaf n{qu'levreTP n}/el'ﬁgll)J
PCT/ US96/ 15259 cell having n levels grouped into k groups of j levels. . - 5- _
Wthout erasing the menory cell, m superseding subsequent bItS are .

stored in the subsequent. group of levels. The steps of adjusti ng the
group i ndi cat orD [RTIEN sedi ng subsequent bits is:

repeat ed. uéiﬁgttlh@rmdﬁﬂé@l icellta8 aoaﬁgledbrtetdsmtgbweme reeadi ng a
menory ceII uper sedin val ues. This

net hod . i ﬁt‘,rfg}ﬁ it ‘farﬂabgt"%lﬁ er’“ﬁ’r‘&@F&Fﬂss §e§’f838 Gfrﬁg? 85&‘{5 to ideritify
a group of Cor%mdadamoeluvel eveltslayel fhshnnamo;ycmllll Zhd flashsi ng the R

i dentifi Eda rrettﬂel% Of%gﬂ ahelYﬁ}esuﬁcbrr?ﬁﬂl f@\}ﬂst @%quvel will be In

addi tion erase operation on voi atlle
mermory cel | is rpsasveddar th?lél'@ﬁds‘éaf@pem repainingdi ol rléYPIS are avar ab

for programming. _
During an erase operatlon charge is removed from the ﬂoatmg
gate of the flash memory cells. During a programming operatlon
charge can be placed on the floatmg gate of the flash memory cells. A S
_ programmed or erased state should be contrasted with a program or _
~ an erase operation. The programmed state (i.e., placing. charge on the .
floating gate) of the prior art binary flash cell is typically assoc1ated
with a logic 0 and the erased state (i.e., removing charge from the S
floating gate) is usually assoc1ated with a logic 1. An erase operatlon 1s L
‘a process of depletmg charge from the floating gate. During an erase |
. operation, any charge in excess of a given threshold on the’ ﬂoatmg _
'gate is drained off to ensure that the charge level on the ﬂoat_m_g.gate_ is
below the threshold levlel' after an erase operation. A prograniming" "

: operatlon however, may or may not place charge on the floating gate, -

. dependmg upon the value to be stored The conventional binary flash B
cell can always be programmed to a 0 (i.e., have charge placed on the -
floating gate). After being programmed to a 0, however, an erase T
operation must be performed before the conventlonal bmary cell can
store a 1 again. S '

In the multi-level cell, 1nstead of stormg a single mult1b1t value

by selecting a charge level a single bit could be stored at a given level
In other words, multiple superseding writes to a multi-level memory -

- cell are accomplished by performing the steps of storing (or wrrtmg) a
first bit at a first level of an n-level multi-level memory cell and then
storing a second bit at a second level of the multi-level memory cell.



b§/ adj'ust_'i ng a group indicator, wherein the group indicator i dentifies
2[err] adjacent |evels of the nemory cell for storing an mbit value..
A backfi | WO 8HRIBue is i ntroduced as a nethod: of ensuringPCT/USI6/ARARi st ent = .

progranming times for a given group of |evels of the ' menory cel | .
Qther desires, features, and advantages wil| be apparent from t he
“acconpanyi ng dravm ngs - and fromthe detail ed description that ' fol l'ows.
“bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS _ : The present

[ nventlon is illustrated by way of exanpl €-and not limtation in the
figures of the acconpanying drawings, in which like references

indicate sim | afheifdtRalige ﬁﬁg bb@n‘m'emntten by sforing tl'fé Qétrcﬁtdlbitldtltﬁér ates o
~one enbodi nent - of an 3 state for tr evel nenory -
cells. . secon #?\3% nzesﬁP‘I“E?stthla?tE%mt“ﬁ%“H% %tﬁffﬁ"i‘t‘—@ t@ft & level within

a bl ock: of multidiével lcelléfeforsman erasl bperation is required. Fi gure 3 S

illustrates the prog, azgpaepqo%et&%tetteheatg?gm;ea ih £ given celp ik Of

.mul ti-level nenory cel prograrm_t ng -
of a level of tnesessary todgiony wleatethertwtdueyelcwrittarstmgraa ’Bae ineans' that-

- E:glclhm que. V\Da %rﬁbﬁi‘!'lrégm%chiﬁlﬁﬁt fs¥eRtidedlo k&¢PhacRof dheubentquedl (@RMr y o
' PCT/ U396 / 152 59 the proper reference voltage to use). This mechanism mighg compnse_
a state machine, a. memory, ora counter. The degree to which - -
trackmg is performed (i.e., cell by cell, block, groups of blocks or dev1ce
levels) is referred to as the trackmg resolution. In one embodiment,
‘the tracking mechanism i is 1mplemented on a cell by cell basis.
* Tracking on a cell by cell basis might be inefficient however due to
 practical considerations in implementing the tracking mechanism.
Furthermore, because all flash cells within the block must be erased i in
| order to erase one flash cell within the block anyway, tracking might
prove to be most efficient at the block or even the device level.
Therefore, alternatlve embodiments use a block, multiple cell, or
.device level tracking resolution. Multiple cell tracking might be -
useful, for example, in a solid state disk application where disk sectors -
- are logically mapped to a number of cells physically arranged asa
subset of cells within a block of cells.
Figures 1-3 serve to illustrate the result of performmg multiple = -
. writes to four 4 level cells. Figure 1 illustrates a group of erased -
multi-level cells 110, 120, 130, and 140. Figure 2 illustrates writing the
sequence “0101” to the cells. Figure 3 illustrates subsequently writing a
~ “0110”. (The filled in circles repreSent charge placed on the floating
- gates and placing charge on the floatmg gates is associated with a logic
“0".) These figures do not illustrate separation ranges, however,
~ referring back to Figure 1, the reference voltages discussed above
correepond to dividing lines 160; 162, and 164 and are used to_
determine the values stored in cells 110, 120, 130, and 140. The first.
level (150) represents the erased state. The empty circles (e g., 170)
indicate that the floating gates do not contain sufficient charge such

that a threshold dividing: levels 1 and 2 is exceeded. When cell 140 is



Figure 6 illustrates one embodi ment of a multi-level nmemory - - cell:’

having n.levels grouped into k groups of j |evels. DETAI LED -
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storage device, a single bit can be witten nultiple.tines before an
erase occurs. _ Consider an n-level nulti-level flash nenory cell. The .
‘flash " menory cell can have up to n unique |levels. One. level will be:
reserved for the erased state. The remaining n -1 levels are avail able

for progranm ng. , : During an er-8se operation char ge is renoved:
fromthe floating ‘gate of the flash nenmory cells. Durlnga
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erased- state
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operation, any i:. I N exce a given threshold on the floatin
gate is drai nedBgs > 11 oal .
bel ow the threshol d Fiptee Zaﬂhﬁiltraaés Storitgy MDAt (Wlten ﬁewewfr%i’ﬁﬁléfﬁ to

oper ati on howevg t he athng-gat e,
dependi ng upon ﬁ@fﬁﬁﬂg\% ‘%‘éﬂ %@9?%@382%‘0%? Yo‘Ff&Fe@Cﬁ% yTﬁFash
cel I can al ways “file¢ringirglefedr dot at @ giver leveia&mtehdegeopndmue thatttlhe
floating gate). f6htif fgté?é f&r H{a‘?%ﬁm%ebﬁ &a? eci‘?d"ﬂ’(@cflevéln Fd I%Ie,
oper ation nust Qot% ore. nven | onal

store a 1 agaln
- single nultibitsufficient charge pﬂ)aceded)mmttsmma when ghe Irefepénceavaltagd e bit -

o R et 1 AT R M T
performing the 8t hqyel 2fasopposed t¢ being eltalsa@pratorlng a “Ifiatdevelia. Bx a first

-' evel - of an n-1 gudr Whtdd, do?9%b iFPIREhEE ahy YfitagBSfieasured from cell 210
i _w111 be above the threshold of the reference voltage correspondmg to -_
~ dividing line 260.
' In order to store the 0 at level 2 represented by dot 270, the o
‘amount of charge on the floating gate will exceed the threshold set for -
level 1. Thus dot 280. (corresponding to empty circle 180 in Flgure 1
will become a filled i in circle if it was previously an empty . circle as
~ illustrated in Figure 1. .
_ Flgure 3 illustrates stonng ”01 10” to the group of cells. that were _
previously storing a “0101”. Note that the ﬂoatmg gate of cell 310
~ continues to have charge placed on it and the floating gate of cell 320 '
~does not yet have any charge placed on it. In this embodiment, cell
/330 does not need to have any additional charge placed on it.. The -
floating gate of cell 340, however, must have sufficient charge placed
on it to brmg it up through levels 1 (350) and 2 (352). Because cell 340
did not prevmusly have any substantial amount of charge on the
~ floating gate, a greater amount of time and energy will be requlred at
this point to add the appropriate amount of charge. Now that level 3 .

o ensure that the charge | evel on the floating gatexi'é

at eve?mez?.pst ﬂl@t r‘}h‘f-‘ oapggegategﬁcell %ﬁéthééc]‘a&]f storing.a- .-



stori ng a second bit at a second Ievel of the multi-level nenory cell.
WO 97/ 12368 -

-PCT/ U896/ MQ 57D12368 ' ' PC-TTUS96I15259 The
firrst val ue has been overwrltten by storing the second bit at the . o
second level . I'n essence, this permts nultiple wites to the _

nul ti-level. cell before an erase operation'is required. . In
order .to deternine the value stored in a given cell, it is ‘necessary- .
to know what the last level witten to wasy This rreansthat a I

tracking mechanismis required to keep track of the current |evel (or

the proper 1 ef 98608 néfhd M) P1ckePindiThics HRENALA NI AP ine ABBRRate a

- st at e ‘machi ne, Ki ng.
is perforned (|£¥Vn‘p‘ngé}‘}e gf :cr@??renﬁqf aekagg)rmw(#sesﬂ ocks, or device

|- ﬁvel s). - |k s referred Ald oighé Iiéfe&'éﬁcé(trﬁllagﬁﬁw}wlseﬁlto H@lteliﬁgnéffhédhﬁttﬁbxt L
-the trackin [ te €. ce asl; S .
_Tracking’ onga cée alhlllg yép(e,g ' %E‘lé‘?‘g?%"&ﬂ 5% F}be?lg v %%%"\Férmaf}EQY 85
practical consuswedtab@rvg iln thmpd:aaeehoweger,rthetmmntrigvelamldmatemby the
Furthermore, beggadls ?1 oxfh &e&‘%kﬂ\i%h"t?]ﬁé‘gf {Fef@i-éi‘fce M?a?eg%h%h?&%@ in

~order .to erase one anyway ing mg
prove to be m)é%seéfflm ent at t he bl ock or even the device |evel.

'gher ef olr e, ?I ter nﬁt N el BIREI Bt BeenUgsedPaid @HiliT 1Mér}(dﬁl@ f&reWrmﬁg to s |
ug\e:‘ EF 1?\(;? ex i e?& resoLeHFi glttrﬁéé(tehﬁglg gflbl ‘Pgé'ﬁdhq%ﬁé?g%ﬁ sk sectors
are logically rpefrethadb befare rimeerase merahophy'ﬁle:mul;a-lawelanmbascdl : .
subset of cell gap E@W?rt?erprd)ﬁ{%rgfthﬁﬁldrﬁ time before performing an erase
operatxon as follows: First, a flrst bit is stored at a first level of an
n-level multi-level memory cell. In order to know the proper
reference voltage to use when readmg the cell, a level indicator must
be set to indicate this first level. When a second, supersedmg bitisto
be written to the cell, the'second bit is stored at a second level of the -
n-level memory cell. The level indicator is then updated to mdxcate
- that the second level of the cell is now being used. :
~ The multi-level memory cell can be pseudo-erased and made E
g avallable for stormg a value by incrementing the level indicator so -
~ that the level indicator indicates the next level of the. ‘multi-level cell
to be wrltten to. Thls procedure can be performed up to n~1 levels .
before an actual erase is required. _
Consider a solid state disk as one application of the multlple
write before erase 1mplem_entatlon_ ‘of the multi-level memory cell. .
-Alfhough flash cells are programmed one at a time, flash cells can
typically only be erased a block at a time. A conventional binary cell
can be 1nd1v1dually programmed to a logical 0 at any time, however,
once the cell is programmed toa loglcal 0 it must be erased in order to
store a log1cal 1. Thus if a bit associated with a binary cell within a
. block must change from a 0 to a 1, the whole block must be erased
before that cell can store a 1 again. :
In one embodiment, the “yalid” information and the updated
information are copied to a free area of the flash memory. The old



F| gures 1-3 serve to |Ilustrate the result of performng rrultlple

wites to four 4 level cells. Figure 1 illustrates a group of erased :
mul ti -1 eveW0c9é4123§8110 120, 130, and 140. Figure 2 ill ustratREI/UsI6I52 t he
sequence "0101" to the cells. Figure 3 illustrates subsequently witing a

"0110". (The filled in circles represent’ charge placed on'the floating
gates and pl aci ng charge on the floating gates is associ at ed mtth a Ioglc
.). These figures do not illustrate .separation ranges, however,
referrlng back to Figure 1, the referenceilgol tages di scussed above
correspond to dividing Ilnes 160, 162, and 164 and are used to-

determ ne the I G, fUg st -
| evel (150) reﬁegﬁj?c;aﬁt%hqggrlgrs“e\% flsotﬁat e. The th]aﬁ(?ts sétafjaéysgaa(ce”&ﬁn Berl?O)

i ndi cate that - t§78s§d 88 F\"d*dgﬁpefgr THEAC L %eﬁtmatﬁétﬁferam g such
that a thresholetasé proheﬁmrbewhich tknaado Zmp?roeé @@Hﬂﬂqad&b&ﬁ tthel doliti%tat@
‘WD 97/ 12368 disk. .

PCT/ US96/ 15259 gl
sensed and t he. resul The erseroperation tends te meguire imaxgetivwer and poars ng :
tod|V|d|ngI| , I ne, I (i.é., .
storing a "1" Qf“ e}ge tPEﬁ th%éﬂ‘ ng\%&hhge@%ﬁ%u# |r%|ag§'?0§ﬁ§r%§g to exceed
“the threshol d seeiecagmaﬂwe.quelthqteone@nonrpaaurnameythet:parfgémwe fi st

(i.e filled lthecs:yl’st‘érﬁs TomileF lovel 14 hid askd mstédd b she euhdenhonar ) ?5 .
eve as (0] e eve oes excee e resno 0
Gividing - Diehooghdhe peeuds¥rde oBysonoRletihe SHRIRRUSNEL P 0101

(when vi ewed frsimplyfincrementing the vel lm@catorrfgr\/the fbloek bf mng to the.
pr eviously erasgphcefld®- Alfough a true erase has not been performed, this
: technique permits deferring the erase operation until after. the block
has been written to n-1 times for a block of n-level multx-level cells
This technique has the potential to save energy and erase time.

- Because an actual erasure has not occurred, energy otherwxse exerted |
.dunng the normal erase operation is conserved except for the amount
required to increase a level indicator for the block of memory « cells.’

The only time required is that needed to mcrement the level indicator
for the block. Thus the use of this technique can save energy and time

‘and thus has the potential for improving solid state disk performance ,

- An additional technique that might enhance system - _
performance would be to “backfill”. This technique recognlzes that

_ programming a bit to a “0” at the qth level of a cell might take .
'dlfferent times dependent upon ‘whether the previously stored. bit was

a“1”,ora“0”. In other words the amount of time requlred to. -
program the cell at a particular level is directly related to the amount
of charge already on the floating gate.

Figure 4 illustrates an alternative to Figure 3 usmg the backfill
techmque Note that in writing to level 3 in Figure 3, cell 320 st111 has
substantially no charge on the floating gate due to the fact that three
“1”s have been written to the cell. If a “0” is to be written at level 4,

- more time will be required to program cell 320 to a “0” than will be
required to program cell 310 to a “0” due to the amount of charge
already on the floating gate of cell 310: Thus the programming.



f'}‘i | !['ed in ci r?l'e' ﬁr dot at a given level is intended to indicate that the
oating gate for that cell has been charged to that |evel le, =
dot 270 aWOBVEB6® neans that the floating gate of cell BCE&&&((&%FQP
sufficient charge placed on it so that when the ref erence vol t age
corresponding to 260 is used, the cell will be deerred to ,be storing a "O

.at level 2 as opposed to belng erased or storing a "1" it level 2. In
other words, dot 270 inplies that any voltage measur ed fron1ce|| 210
will . be above t he threshold of the refereiite voltage corresponding to.
dividing line 260. - In order to store the 0 at level 2

represent ed by di%raﬁaﬂ is ts@ﬁ‘smve to tﬁ@ﬁwlhe reﬁhﬁfs stotetiia thlecat i ng gat'e -
- will exceed thet

h
(correspondi ng If‘b‘i]téﬁ%‘f@ C@PFchég'i%eo‘lﬁ lﬂowe&ﬁlﬁé lp%tra & f?‘e H.Jl.lg%glue grored, Ile
“incircle if itindesel ayiwassstpraxhirehiguredi. r'Ehedﬁﬁerence is thatdberated in

Figure 1. . eprecedmgpffrsgléh Cblll{i ‘Iééélgra?épéwgnrd@'an%é@ tota0“¢"Befor®Up of |

cells that wer t hat thefloatlng

~gate-of cell BMOC%dlngdérﬂlﬁm%é QWthecthaF 320 pf Fighreshisian SAPY he -

floating gate. Oéxrélehhdim of Fxgur@@@§amntewafc1éaya thewathes@red asdexklGn. i t .
In this enbod |meni1 both fi does not need to have any additional "
-charge placed oft esarneem 0 lg'l"’ffétl ng gate of cell 340, however, nust -

 have sufficient charTie pask@ll techniquerhelps tm ehsurgthat RrEgramming thevel s 1
(350) and 2 (3 ‘ﬁ% toBgc@ﬁZa‘lf a?\?rl levelﬁé%es apprp:ﬂh?at@ﬁ'[ tHY Saph@Uddotulteferiey

subst ant i al t
of time and eneTlp,‘E technique d@sma\@jﬂ‘@tdlsadvanﬁagpst gﬁfe @’g éy@%ﬁrérgmunt

' g%ﬁ)'; 825'6?52 Zggﬂwaﬁu% {J'2d@ehahd il flb&neY gate when\é@eﬂ?h(elﬂa&@fi _'
indicator is 1ncremented 'The advantages of using this technique,
however, include consistent programming times at subsequently
higher . levels that are substantlally independent of the current value

- stored in the multx-level cells. Referring back to Figure 1, consistent
with the backfill technique, the floating gates of four cells could be
charged up to (but not exceeding) threshold 160. Thus 170 and 180 and

.. the other circles would be filled-in' to represent the charge presence.

_ Level 1 would still represent the erased state, however, the

- programming of level 2 will now require less time because of the
amount of charge already on the floating gates. :

- The examples presented above illustrate performing multlple
supersedmg writes to a memory without having to perform an erase .
operation between write operations. In partrcular up to n—1 single bit
writes without an erase can be performed on a multi-level cell having

at least n levels. - R | |

Figure 5 is useful for derlvmg a generahzed expressmn for the
number of writes that can be performed without an erase for a '
multi-level cell having n levels. Figure 5 illustrates multi-level cell
500 which has 4 levels - 501, 502, 503, and 504. In order to store m bits,
2™ levels are required. Thus, for example, two levels are required to
store a single bit. In order to store a first single bit, charge willbe

- placed in level 504 or levels 503 and 504 so that reference 530 can .
determme whether a 1 or a 0 is stored after a first write operation.



-9- : (354) is being-used, a Ievel i ndi cator nust be set' so that the
appropriate .. dividing I|ne (i.e., reference voltage) is now used.

Al of thdVe8T/Eehce vol tages are used to deternine the nuPGTUFI6/15259
value stored in a nulti-level cell used in the conventional nanner as
stated above. In this case, however, the current |evel indicated by the

| 'evel indicator dictates whi ch one of the reference voltages shoul d be

used.. ' ~Level 3 has not ‘been used and thus is available for
witing to. Thus, for an n-level mii24-level cell - upto n-1 wites
can be - - perforned before an erase operation. The multi-Ievel menory '
cell - can mehWekdrbffe tsh Hﬁfénﬁﬁé%n@rtﬁ Mé’@ta‘?@i ffofh P&bfa&EH&lB&dﬂn erase -

D o, elh” Rkt o [ bbc W s e ks e’ "
ref erence vol t dye570 Referative!520dadbsgidtoa veith levels 563 ahdis08iasdndicanedt ;
Eg el o [‘g' 1560, %&e{@cﬁ%lb%’ gtsgcimsa vgsttﬁ ?&Poéfggof 4fd 50 gas{lggpqa‘tec# S

n-1evel menory byeds0. Tires 540,560, antl 569 mpnegenmwpgaﬁtletﬁls assaciftedt e -
that the seconqyitRe et%fediﬂ?w%ﬁbé sth HRAY 550 8G él?ﬁérsedmg write §g?up The.

mul'ti-|evel y .can udo- erased a . |"abl e for.ﬂ .
storing a val uggbfnﬁrgoe‘ﬁ@rﬁqﬂ?ﬁgﬁggl‘ﬁ}@ SHONR @gﬁ%f so ~that the |evel
i ndi cator indicates Allﬂleoﬁgaxbaélewlteoé éﬂaﬁometquleevﬂ lewdl per bit,at 0 be -
witten to. This, grocegure can bfore_'

an actual erasé& P WHEF opera%o[r)l ses gﬁ%@ﬁe&%}e‘@l Qéltﬁﬁ pgeyiltogs{% sk as
one appl i cat i orwmften fodt(sluict fepresent the lowiestlevet of ehesabsequepthrwntttﬂn on of

the multi-| eve*bxtgeg?rfﬁ’s Eteﬂe!ast one levef‘blf'ﬂlﬁ’ y On% ?éd}u?é’d f é‘éﬁbﬁ @mmd one

at atinme, flash c I ca e erased

time. A conventW‘BF?aPP?Faﬁlé?F‘yls eéfgcpve overé%mpﬁwmltbemgl Fyele %mred to ai'. -

: ogi ca: 8 at anevéls ﬁ@th@dvmea prev1ous WHEE opbfatfcﬁ{ ot tﬁ?tpdsmgr e'rmcadT:1 o a- k .
biotg | ggsom :31{ etrzlru aﬁift'r?"ﬁF [ﬁaﬁgsr ?/rlegﬁq%r"“{eﬁq %ﬂ Wrie the Su%ﬁ?%@?‘t%tc ?a‘\énge f folm aaO :
to a 1, the whRefetring to Figitrel5 thisds evidenced lnetie intefsection|betweanstore a. 1
agarn. two adjacent write groups. Thus write groups 560 and 550 each require
| two levels, however, level 503 is used by both write groups s so that
- only one additional level is needed to support two write groups: Thus
the number of additional levels required to represent m bits for a
" given subsequent write operatxon is 2™ -1. : .
Figure 6 illustrates a multr-level cell 600 having n levels The n
levels are grouped into k groups of jlevels. In order for each group of
- levels to be able to store an m bit value, j2 2"’ Each group (610) of j ]
~ levels may also be referred to as a write group and can be 1dent1f1ed by
a group indicator. B I
- Assuming an eff1c1ent utilization of cell storage levels so that
each group can store one m bit value without wasting any levels,
j=2™. Otherwise the number of bits that can be stored per write "
group is int(logy(j)), The result of the function int(x) is the integer
~ component of x . ‘Thus for example, int(5/3) = 1. The result of the _
function log2(x) is the logarithm (base 2) of x such that if x= '2“' then -
loga(x)=a. In one embodiment j is an integer power-of—two S0 that

j=2m,



I n one e'nt)odi ment , " the "valid" information and the updat ed

informati on are copr ed to a free area of the flash nenory. The old = - WD
97/ 12368 WO 97/12368 PECTAIS0A529915259
-10- - Dblock location is nar ked for cleanup so that its st orage space
can be erased and freed up for future storage. This permts deferring
the . - erase. procedure whi ch tends to inprove performance of the solid:
state . di sk. - - - The erase operation tends to require rore
tinme and nore ~energy than the progrei8ing operation. A reduction in

t he ~ execution tinme of either operation can inprove the performnce. of
the system If nultiThevRbkthod bts f%rﬂﬁﬁ%]mﬁ&hﬁé%ﬁfé%st ng?ww&réa@al

S AR APy L ';)CEHFE*IQ%’&T% §WEites pihesancn subftvalue is
‘concer ned. Al t hauitherafdr esghewsise hashogtenéneeaaseertﬁarermw baps of levels
hochni due per T hvalHIE R PP R HoLpen BA rﬁnﬁfé?tu%eief" el s' |
- Thi s 't echni que megnenbmﬂmﬁeﬁtwntegmpsaba@yaalnaebwa@eapre@dmg R
Because an act Ua}nt@ 6&{:6 THESH R iRl %xf i \ﬂgigﬁeg%”é t@or : %f%&%xt

during the nornal ase  operation IS anount
required to i nckéawetegr@wm r@%’df&?a?or-]f eddttmarblle‘&ls ofr%ﬁﬁﬁbleéel Is.

The only time rgatdrififlatién 0Fai, theaded xhﬁnbaﬁbsmst ir&Y €6 allOW fat or
for the block. Thus t hi s Rtﬂ r}%eg?e can save energy. and ti e

e us
and thus has th@’rﬁﬁfgﬁlaf‘dﬂ 'b?’a‘t‘t?p}“’o QIININE AN FRSE, per f or mance.

. In order to write up to k supersedmg m bit values to a memory
~ cell wherein each subsequent write supersedes an m bit value stored
by a precedmg write operatton, the memory cell must have n levels
| where : '

| | 2 k™ -1)+1.

The vanable k indicates the maximum number of write

operatxons to be performed before an erase operation is required. -

Solving for k _yrelds.

- n-1

| 7 R
Applymg this. equatron to the single bit case (i.e, m = 1) y1e1ds

k=n-1 which is in agreement with the smgle bit examples presented

above.

The variables 7 and m can be chosen such that k is not an
integer. In one embod1ment however, partial writes are not
permitted so that k must be an integer. Given that int(x)<x (for
x > 0), the variable k can be selected as any integer as long as

-1 n-1
-ksi-nt( n J.<_
oM )T M1

In one embodiment, at least one of n and m is not an integer.
In another embodiment n and m are integers and are chosen such that

C n-1 n-1
k=1nt( )= '
2" _1) 2" -1

Unlike the single“bi_t case, thereis not a one-to-one |
correspondence between voltage references and write groups when




An addi ti onal t_ec"hni que that ni ght enhance system per forrmance \)\Dtjl_d_

-be to "backfill". This technique recognizes that | . programmng a bit to

a "0" at twe9r2iés evel of a cell mght take di f f er entPQIVUR9¢/18SPendent
upon whet her the previously stored bit was - a"l", or a "0". In other -
words the anount of tine reqwred to - - programthe cell at a'particular -
“level is dlrectly related to the armount of charge. already on the
fl oati ng gate. ' Figure 4 illustrates an alternative to Figure 3
usi ng the backfill _ technique. Note-ld4at in witing tolevel 3 in :
Figure 3, cell 320 still has : substantially no charge on the floatin'g -

gate duetoth ave, been. witfen to gp cel .
TS N0% 1ot o mmultate i argwrEien (g, m>1), Myddert torfetgimne,gne eﬁ& red to

'Pr ogr a(r)n Cg' | ?%@h{cﬁ@ﬁ@m Qa(t':ﬂ b\?ﬁ‘teh ﬂo'upl?f?m -1 reféﬁﬂiéé§ dlltse R e?fn This t 310f
0 a ue.to the amgunt of char ¥ O gate o
Col T 320, Thus X HD AORIETRR S ROW asepgaier bl 2 Pref%rence& (Note 9 © ©
PCT/ US96/ 15259 that for the smglre1 bit case, m =1 and 2" ~1= 21-1=1 refererﬂcb SO that
operation is sensjtive t e val ue i Qu st or

Tl evel *cothere i ahe She futEpinaentl Bty B FeiErattes A WS or e
inlevel” 3 as \gaeups.dbred in Figure 3. The difference is that the :

preceding first and oRaoaly) BT Aud s W ANARCA TR ghirryifle RBUETE

proceeding to the next I's_ an’enpty-
circle and 470 SyPerseging m bitsvalyergan bey wiiften 4o tb@tmphe arel gellswonedtat
level 3 pe@fdrhﬂng&iﬁeﬁa@e lb?txk)riftir@lllroeﬁhe next write group. Theobteakf i | |

technique hel p%vér%seg%'ét%o whithY BHRImbEY cell includes the step of
writing a first m bit value to a first write group of the memory cell. A
supersedmg second m blt value is wrltten to a second write group of
the memory cell. ' AR
- Agroup indicator can be used analogous to the level mdlcator
presented above with respect to the single bit case. The group o
‘indicator is used to determme which of the k groups is being used to .
store an m bit value. The group indicator also indicates the number of
writes that have already been performed without an erase. Instead of
advancmg a single level to store a value, the group 1nd1cator is_
adjusted so that the next available write group for a subsequent ”
superseding write of an m bit value can be determined. o
In one embodiment the group indicator is incremented to -
: 1dent1fy the next write group available for a subsequent supersedmg
write. : :
Thus one method of writing to a memory cell includes the steps.
- of stormg m bits in a first group of levels of the memory cell, ad]ustmg .
a group indicator to identify the next avaxlable group, and storing
m subsequent superseding bits in a second group of levels of the
‘memory cell, without erasing the memory cell.
‘Once k write operations have been performed, the memory cell .
must be physically erased before additional write operations can be -
performed. The group indicator will have to be adjusted depend_ing o



cell to a

i ndi cat or
however, i

"o at any level takes approxi mately the same anount of time.
Thi's techni que does have- the di sadvantage that tine and energy are '
requi red tWOaM23sBarge to the floati ng gate whenever the | REIUSI6/15259-

is incremented. The advantages of using this technique,
ncl ude consistent progranmi ng times at subsequently

| evel s that are substantially independent of the current val ue.
stored in the multi-1evel cells. Referring back to Figure 1, consistent -
with the backfill technique, the floatingl%ates of four cells could be .
charged up to (but not exceeding) threshold 160. Thus 170 and 180 and

the other ci rcltqﬁwite@héiea ol Fﬁ%icﬁt bfastie® b Partial fiByﬁBﬂ[&%sﬁf@ﬁsence

-Level 1 would st|II present

hé erased state, however

pr.ogr anm ng of B Ft *will nowrequire |less tinme because of the '
“anount . .of charge aI deamhe embodimeénipatpargiab ghyysical erase is permitted. hénexanpl es
present ;dwafﬁg pt}tvﬁg&ta Q85¢, AND' R JBLOLEY Svithin one wasr@sqw tife! tes to
| n mpernoEry welris TGHIQ‘@dnuntl! gprajtaégeuremams wulvm thas anet hout an

be peyfigs §ﬁ§ﬁ|§9 nh@sﬁ@ﬂ alca!;@\tﬁé g?Sﬁfr) iR@icalistk should b@fmhsﬁééd n .

- operations.
erase can
| evel s.

IS usef

higher'

ween vvrlte'_-

deri vi n%'ga Bera ized |
expr essi‘on for 9epending u oﬁ MY WF*@&J@‘P&@’E&H&‘ p&rt 8rMEEFRE t hout an
erase for a  write group id writé geehp i hadi emnrgH evaige. is Fegioved Joidraseshr at es

mul ti-I|evel . celvt,r
I.Ln order to store

are re

te nﬁ)O\%PSS Wext'if EE‘F@; 1§‘le&‘6‘? 'Rust BE %lecre‘rhqgn e@%u . ?n d 504 ]

for -

exanpl e, two | dpiializedetor é‘qhi AB@ther words, a B%ltitaé exass fﬁ’gl l@e preomplishadier to
rst %gnférﬁoﬁ é@fﬁbrw an nbiRvel memoﬁy 268 thalving RURLitS04 or

‘store a fi

-Ievels 503 and

04 so

530 ,¢ whet h 1
or-a 0 .is stor&°YPt éPdé?lHtr‘é'fl?‘?r/\EP‘glﬁ’so erbaﬁt”é?i‘em b<g$@?{9ﬁg%§§@§§ ° -a o

PCT / U89 6/ 15259 stormg substantially no charge.

If in an alternative embodiment, however, only full physrcal

_ era_sures are permitted, then substantially all charge is removed from

the-multi41eve1 memory. cell during a physical erase operation. In
such a case, the group indicator should be initialized so that after the

- full physical erase operation the group indicator points to the first of

the k available groups within the memory cell. |
As with the examples presented above with- respect to the smgle

o bit erase, the memory cell appears to be erased from an m bit .
viewpoint when the group indicator is properly adjusted. When the

group 1nd1cator is adjusted to identify an available set of 2™ adjacent
levels of the memory cell, the memory cell appears to be erased from
the m bit viewpoint. Effectively, however, a true erase is deferred for
k write operations. Thus the memory cell is “erased” by advancing

‘the group indicator to the next available set of 2™ adjacent levels.

After k writes, however the memory cell will have to be fully erased

" before another value can be stored in the memory cell.

A read operation uses the group indicator to determine which
set of 2™ levels need to be sensed in order to determme the m bit

“value stored in the memory cell. Because each set of 2™ levels

“requires 2"' -1 references the group indicator effecttvely identifies



- -12- - Each reference can determ ne one of two states fromtwo. .~
associ ated levels. Reference 530 is associated with | evels 503 and
504 as i ggﬁ by 570. Reference 520 is associ at egcpiyisheisase! s 502
and 503 as 1ndiCated by 560. Reference 510 is associated wth |levels |

501 and 502 as indicated by 550. Thus 540,550, and 560 represent. ,
groups of | evel s associ ated ~ Wth supersedlng writes such that 550 IS
a superseding wite group to 560 and 540 is a supersedi ng-wite group .
to 550. . Al t hough each - wite geratlon requires 2[err] levels

per bit, a . ~ subsequent wite operattdn uses the highest level of the

previously witten bit(s) to represent the | owest |evel of.the - .
subsequent |y Wihiciset of 2™ biltreferbiss afe heBio ABRrhANEthetn bievalexe! s

required for a subsgegu ation is effectlvel rla ed

wih the one | SRR fkmemory &l TIRRIAE srohpBicoF i prrlalfp, P
oper ati ﬁn sobt lidenﬁfy SZmZ{z@jfat%nt{lbvels of tlﬁ(?l:(ihle]c hiaryadell. enel m l&lt&'alwetqw fhed\ to I
vvrltetesuseu of bits ef errin mihis is -

bl denced byt edfHoRdhethemddicedy cefFhihig e ol SR 21 At Thus

wite groups Selevelnsd 550 each require . two | evel s, however, -l evel 503 °

is.used by both wi 18 Oh84488] ?é&hnl;tﬁlergresent&f'ﬁyoﬁé‘%lﬂﬂgés?eg?f’o éélﬁﬁ%nm

needed to support two wite group

level s requi r ediRglerdprissémilagyanpliqable tp storing gujépleshits ol pATticHALe

operation is 2[lﬁfckhllnl§ is accomphshed bflsmﬁ Cl pﬂeﬁ@@rfrﬁh@é valgel hi ithé evel
cell 600 haV|n nle roups ‘of -

t
levels. In orddfsf &nt&&rﬂugrl%ﬁjgreo?tormgmquaegeéfngroéegtﬂ gencpﬁ Y’g’lt an m
bit value, j [eroup2[err]. Each group (610) of | | evel s may al so be

i s Tt e T

i ndi cat or. ASsum ng o
| evel s so that Writes ofeag 1 é’ltol!r?}u@a(ﬁ’}ﬁrélfb nepgd) lﬁemts\km@%@hﬁhf Gasting.

~any levels, totalinumBEEbf bendd die: E\H}ﬁ%ﬁs tdguiredresy sérllfsn’ig H’$e| lvhli%e @t@ﬂe@e -
pLored Per ue1 4R e merBpdlut bt el kbhred WS Wiyt ilE .
cint(5/3) = 1. 'greupmlrequiredrfer sensing the value stored within that write =~
- - - group. “Under notmal operatlon, however, all n levels belong to the .-
same write group so that the n-level cell is used to store a value
having loga(n) bits. Thus the cell must be erased before a new value :
'may be programmed into the cell. In order to read the contents of the - _
cell all n-1 voltage references are simultaneously needed If, B
- however, each write group consists of 2™ levels, then only " 2"’ 1
voltage references are needed for each sensing operation. As long as
- Me n, this means that fewer than 7—1 sense amplifiers are needed
for each sensing operation. : |
The total number of sense amplifiers requlred to read the =
mMemory cell can be reduced from n-1to approx1mately 2Mm-1,if
-programmable sense amphfxers are used. Typlcally a sense amphfler .
is a comparator that compares the sensed value with a reference
voltage. Referrmg to Figure 1, three sense amplifiers are requlred
~with corresponding reference voltages established at 160, 162, and 164
in order to determine the values stored in cells 110, 120, 130, and 140.
Referring to Figu_re 6, only the sense amplifiers required to read a
-current write group are needed for a given read operation. In order to



3f-un-ction'l_092_(x-)'. IS the Iogarithm(base 2) of x such that if x = 2[err]

t hen - log[err] (x)= a. ‘I n one enbodi nent J |s an i nteger power-of-two-
so that WO97/§2368m WO 97/12368 PCT/US96/15259-

PCT/ US96/ 15259 - . : - 13- . The
met hod of performng rrultlple wites W|thout an erase can be '
‘generalized to performing k wites wherein an mbit value is witten
for each wite. In the-general case, there are k groups of |evels
available for witing (i.e., k wite groups). Each wite group

subsequent to the first wite group shares a level with a precedi ng

wite group. The first wite gr qui res,2ml evel s, ch of -he nexf
k-1 wite gr ouﬁ%a‘; ?’étsWE‘[t%%F‘]’“ '1trh§cﬁ§i“?¢ 3nn§'l‘ 1 seneq amppiiers can |

~ det ter mn ?t ion Qlfsedl,, iftthe rél@l‘?ic t envslbsle fr dRMSensé aaplifest isadplistod 1I3" 4
writes:of an ou n e . I n order

to wite up to ei%pg*‘ 551%002}1‘?&\;;@[}@ T BC%VHL‘?&?S)IOf all 275/l seRr ein -

~ each subsequenamyplifiers 3oRerrepondan tvelreferenteieckbgesenieeded tdyesal ﬂreec edi ng

write operati on, b&th&%@@&ed(‘iﬁl t!herﬁ#%]& ‘pﬁ¥ee§E?‘_‘lle§vel S wher e

n[err]k(2[err] k indicates the maxi mum .
nunber of wite In ayner embodiment, b2 pdr programniebler sense mph@etﬁp@llﬁat i on

is required.  y5eq $8'r¥Ad'dn'h bitviilu'stSred #r€S Bikst group of 2" adjacent
- - levels The same 2™ -1 programmable sense amplifiers are
,reprogrammed to read an m bit value stored in a second group of 2™
- 'ad]acent levels. The reference voltage level programmed for a glven
sense amplifier is determined from a programmable value. In one
embodiment, the programmable value is the group indicator, Thus
the reference voltage for a given sense amplifier is adjusted 2™ levels |
each time the group indicator is incremented or decremented. |
~ Thus ano‘tlter method of reading an m bit value from a
multi-level memory cell is described. A first group of 2™ adjacent
= l_evels of the memory cell are identified. The first group is sensed
-using a first set of 2™ —1 sense amplifiers. A second group of 2™
adj'acenf levels of the memory-_cell are then identified. The second
' group is sensed using the same first set of 2™ —1 sense amplifiers._ In
one embodiment, the 2™ —1 sense amplifiers are programmed in |
accordance with the group indicator, 'wherein a reference voltage (or
reference level) of each sense amplifier is adjusted 2™ levels each time
the group indicator is incremented or decremented. Thus in one
“embodiment, the reference level of each of the 2" -1 sense amphflers -
is incremented 2™ levels, if the group indicator is mcremented '
S1m11arly, the reference level of each of the 2™ _1 sense amphﬁers is -
decreased 2™ levels, if the group 1nd1cator is decremented. -
- Although flash memory has been used in the examples
presented above, these methods are apphcable to any memory that
permlts the successive storing of charge durmg subsequent
" programming operat1ons and the sensing of successive variable
amounts of.charge (i.e., positive or negative variations in charge).



Applying this equation to the single bit case (i.e., m= 1) yields ,'k =
n-1 which is in agreement with the single bit exanples presented :

above, = WO9712368 The variables n and m can be chosen suchPF'ﬁ’éJLS9§(1512§9 not an-
i'nteger. In one enbodi ment, however, partial wites are not . - permtted -
so that k nust be an integer. Gven that int(x) [err] x (for = x> 0),. .
the variable k can be selected as any integer as long as [err] S

I n one enbodi nent, at |east one of n.and m is not an integer. o In

anot her enbodi ment n and mare integers &84 are chosen such that' [err] _
Unli ke the single bit case, there is not a one-to-one - correspondence- '

g‘é%_}“ﬁggeyggéggﬁxﬁﬁ{}ﬂéﬁ'%‘f%%cﬁ'l‘ﬁeﬁ{dﬁ& HOERS nehehulti-leviCEdh. Jfﬁéx%ry
miltiple bits Se4s (RON-MILLC dlash), elggirically grasafils Pr%graezleﬁhlwaén@ﬂaf om-

states from eagfembry ¢EBPROM), rasatile prégraphmiable fsad\ohly i f ed. “Thus ~

a given wite sociated e (Note
that for the s?%%#@l\gftreégsoéﬁy rWeTo%éﬁql\Z?’Zﬁ["J Hul&r[l%vel]eﬁ%ﬁ?ﬁﬂ.ﬁ erence so
that- t heflesh)scellsmsedesaribad aboveespondence bet ween references and
wite gr oups. Jn the precedmg detailed description, the invention is de_scn_bed

with reference to specific exemplary embodiments thereof. Various -
modifications and changes may be made thereto without departing
from the broader spirit and scope of the invention as set forth in the
claims. The specification and drawings are, accordingly, teibe're'gard'ed_

“in an illustrative rather than a restrictive sense. | o



Once an mbit value has been witten:'to a given wite group, a _
superseding mbit value can be witten to the multi-Ievel ceII W t hout
“per f or ni NYQM33se by witing to the next wite group. | nPCHURK1SZS.
- wor ds; g to a nenory cell includes the step of

witing lue to a first wite group of the nenory cell.
‘superse ﬂu Eli “i“i ")ﬁﬂ value is witten to a second wite group of

t he rre A group indicator can be uséed anal ogous to -
the | evel indicat or present ed abovdw th respect to the single bit o
case.- The group ~indicator is used to determnmine which of the k groups

i s being used £pAIMS Store an mbit value. The group indicator also .

- indicates the nmoer writes that have already been perforned

wi't hout an era al‘ﬁs‘ﬁ%‘g&f*%fs - advancing a single level to store a °

val ue, -the group indicator is ~ adjusted so that the next available o
.write group for a subsequent superseding wite of an-mbit value can

be deternined.l. . A method ofi voiting b adinesneryt ¢ril mesimtmﬁwpslcg
- incremented to stor g bits hhs ASK protip of 16V 3 @H@&ﬁéﬁbﬁy balL; #h

‘subsequent super sedl ng us 1 tl g f WI‘I:tI ng _'i
" to a nenory cell i n§‘l°éiHl£s”‘tﬂ§’%’§%‘§§g bits in g secq Sﬁ%"‘Pn ieeels of thej o
‘group of .| evel mephotyheeliewithpue ekasingdheshemgry cell. a group i ndi cator to.

identify the next available group, and storing m subsequent -
~super sedi ng bits in a second group of |evels of the menory cell,
wi t hout erasing the W i LdiejoRer ati ons have -
‘been perfor madE the'rﬂsrmé%/ho((\:le {clalm ! wherelrb ﬁfem c%l y erased bef ore '
addi ti onal wri nenyplatileimamaryncelk perfor rred The group i ndi cator
~wi I'l" have to be adjusted depending- WO 97/ 12368 .

PCT/ U896/ 15259 '
' - 3. The method of- clalm 2 wherem the memory cell is a flash

memory cell.

4. _ The method of claim 1 wherem the memory cell is a
multl-level cell having at least n levels, wherein the n levels 1nclude
'k groups each group 1nc1ud1ng ] of the n levels. '

' 5 The method" of clai%_h 4 Whefein j2 2"’
6.  The method of claimn 5 wherein j=2".
_ 7. The 'me.thOd ef elaim: 4 wherei_nlm', k, end 11 are ihteger_s.l
8. The method of deim 7 Qherein: k= 2’;__11 .
9. ;I‘he method of. claim 1 wherein the first end second groups of”

 levels overlap to mclude at least one level in common.



-15- ' upon whet her a full physical erasure or 'parti al- physical

erasure is permtted. - I n one enbodi nent, a partial '

physi cal . éﬁl’@g‘é’lﬁ@ per m tted. In a ~ partial physical ePSFAISIHARSBhar ge
stored roup of the . nenory cell is renbVed until no - =
charge r w thin that one ite group. In such-a case, the group .
i ndi catorﬂmﬂ‘ﬁ"mruﬂuu UIFI i zed dependr ng upon how many write groups
are erase wite group is wite group i and enough
charge is rem)ved to erase b . wite2§roups, then the group |nd| cat or:

must be- decreémented or initialized toi - b. In other wor ds, - o
partial erase g@n bA %ﬂ%@bf% toam@mdr?r@ll tHe §'bfn Ievel
menory cell having % gs sucrf) ?H?i }t]vr r%tét}pmg

(wherein b'< k) thr%te&l?gkmatl”es In a1irsg B‘?‘i‘F\Q N5 ghihe cellr ge.

If in an alternati vetoeinigosti sapérsedingbits in ande;coﬁdlgroppwﬂleaels of the erasures
-are perm tted, pl ey f@?ﬁ@ﬂhb&ibﬁ’asﬁﬁ tﬁé‘?ﬁ&ﬁo} ckf/Bygd from - - the:

mul ti-tevel nmenory erase operation. In.. - such a
case, the group |hdﬁ@l&§’@ﬂg§rﬁiﬂ1@ icator ite identifysthetsesondgrenp: he -
full physical erase operation the group indicator points to the first of

‘the k available groups: within the nenory cell. : Asvmththe

exanpl es Iplreseltl .ed Tﬁhe\meﬂmtifbfrda?nclto W(het‘éig tshermbmory cell Bid e\rMé:SG Lhe:
menory. ce ap roman mbit - Vi ewpoi nt en t he

group indi cat ofrggﬁ{s'&ﬁ 2%8’??’5‘0 ed, Wien the. - . group indicator is.

adj usted to identify an avail abI e set of -2[err] adjacent -~ . -levels of

the nmenory cell, the nenory cell appears to be erased from . .the mbit _
vi ewpoi nt . Ef f Bt i vERg methad afcl aant%wherewethﬁsmamyrce& b flash Kk write
operations. Thufexﬁd;@ ga@rory cell is "erased" by advancing - the group '
indicator to the next available set of 2m adjacent |evels. . After k
“writes, however, the nenory cell will have to be fUIIy erased' o befare.

anot her val ue £4n b?hgmétﬁgg: Jélta‘ﬁn ple?eédmepn ing the step d?‘st&thg a

operation uses the group in
predetermined value in the fxrst group of levels before the step of _

. storing m supersedmg bits in a second group of levels. -

14. A method of reading a memory cell comprising the stepS'of "
identifying a group of 2™ adjacent levels of an n level memory
- cell; and -
sensing the group to read an m bit value.

15.  The method of claim 14 wherein the memory cell is a
nonvolatile memory cell. '

1e. The method of claim 14 wherein the memory cell is a ﬂash
memory cell.

17. A method of reading a memory cell comprising the steps of:’
| ~ identifying a first group of 2™ adjacent levels of the memofy '
cell; o o

sensirtg the first group to read an m bit value;



set of 2[err] levels ne jn order to determne the mbit L
val ue stored in the mena:mrme"m,m%ﬂjﬂmreach set of 2[err]' levels . -~
requires I =4 references, . i ndi cator effecti i Wi es
oLt 1235\%899&236} | °t Vit usodiRdsh |
PCT/ US96/ 15259 . _ - _ - 16-

which set of 2[err] -1 references are used to determine the. m bit val ue
stored in the nmenory cell.. Thus the group indicator is provided to
identify 2m adj acent |l evels of the nenory,cell. An mbit value is then
read-from the nenory cell by determni ng.'7t1ﬁe state of the 2[err] -adjacent

l.evel s. ' The backfill techni que presented above with respect - to. .

. storing _ singideritifying & séédtid grdup apPRM™ sajaként RvelsOsf e MErhibB} €
bits. In particutar, -~ ~backfilling.is acconplished by storing a -
predet er m ned Y&fue in the first. wite.group before storing m
super sedi ng bits i nsensirng dhe secorice group to rgadapother m bit value. Usi ng an

‘n-level multilevel menory cell to performnultiple - -~ wites of ‘an
mbit. value (wherein. m[err]l) perm.ts a reduction-in the - total ..
number of senseganply riefhdd of GekérPihd 8'mERBEY Rl Psel ipridiE e step 1N

~the nenory cell, All: the voltage references thin a given wrte .. R
group are requpf:ed for sensing the value stored within that wite o
group. ‘Under nor nal adjistidig ® growpindizatorpwheteirettrd grdigy irdica®@rt he
same vv.r_ite.growg stg.t_g,s,_tci]e Nl evel ?ﬂll i s used 3 store a _valg?e
havi ng | 0og2(n) sy 2 ]ﬁ%enéelFYe.Pn?t BENEPREEFEHEPH PTG AR T e

may be progranwalhé.nto the cell .. In'or__der to read the contents of the '

- 19 The method of clai_fri 18 wherein the memory cell is a
nonvolatile memory cell. ' o

. 20.. The method of claim 18 wherein the memory cell is a flash.
- memory cell. . I |

. _'2'1. - A method of reading _a'memory cell comprising the ste'ps”of:'
 identifying a first group of 2™ adjacent levels of the memory
cell; | L
sensing the first group using a first set of 2" —1 sense amplifie_rs

to read an m bit value; : | _ '

~ identifying a second group of 2™ adjacent levels of the memory
cell; e ' ' '
sensing the second group using the same first set to read
another m bit value. | | |

22 The method of claim 21 wherein each of the first and second
groups is identified by a group indicator.



cell all n- 1 voltage references are simultaneously needed. If,

however, each wite gr Jmﬂ N“ | evel s, then only 2[err _4'1
vol t age r YQPEHSEE ar eqmmﬂm ‘ ensi ng operati on.

2[err] < n, this means that® fé swel than n-1 sense anplifiers are. needed

for each sensing operation. = ~ The total nunber of sense ,
anplifiers required to read the mermory cell can be reduced from n-1
to approximately 2ferr] -1, if - programuabl e sense anplifiers are

used. Typically a sense anplifier ~ 42-a conparator that conpares the
~sensed val ue wi.th a reference - voltage. Referring to Figure 1, three
'sense anplifieps arghé efiethoddof dameMeséihr&%Mh{?sf epk FuefHe? ‘vol t ages
~established at 160 1%2% {and 1 ~ ., in order to deteririne the values .
stored in cel | ORPHSE 1Bgs “ and 140. Referring to Figure 6, only

the sense anplifi eseitmgcuefadnt:e lewAdfaach of the 't ent semsetanplifieys iar e
‘needed for  a egq.at rto WO 97/ 12368 .
Per! (S96/ 15258&&68%&1‘?&%% it b dp indidide 170 read
“the next wite group, the sane 2[err] - 1 sense arrplifiers can be - ;

used, if the reference voltage for. each sense anplifier is adjusted 2[err]
levels. The effhct Fhemethpdiof glaim 23; SithercoRprisies the stan oberr) - 1

sense arml i f | Ricfedsing SHé eefepéidetlevak@f éhesenie2val 1 garse needed to
- read the : Flt vail,,pe stored in the next wite group. : In
one enbodi rrentamP ifiers the) BrovR pndicatards l’éﬁ‘iﬂni‘?f}téiis are used to
read an mbit val ue stored I n aflrst group of 2m adjacent ' I_evels_.-..

The same 2[err]-1 progranmabl e sense anmplifiers are
. The method of claim 23, further comprising the step of:-

-decreasing the referen_ce level of each of the 2™ —1 sense
amplifiers 2™ levels, if the group indicator is decremented.

26. - A method of writing to a memory cell comprising the steps of: -
a) stori'ng'm bits in a first group of levels of the ‘memory cell;
_ - b) ad]ustmg a group indicator to 1dent1fy a subsequent group of
) levels of the memory cell; o
') storing m supersedmg subsequent blts in the subsequent .
‘group of levels, without erasing the memory cell; and )
d) repeatmg steps b) and c).

27. The method of claim 26 further comprising the steps of -
' e) erasing the memory cell; and -
f)- initializing the group indicator. -

28. A method of performmg a parual physical erase on a memory
- cell, compnsmg the step of: :
removing charge from an | n-level memory cell having k write
groups such that write groups k—b through k are storing substantlally
no charge, wherem b<k.



adj acent levels. The re WM evel programmed for a given

sense anpl WP;i9%#M2368 det e mﬁ'ﬂgrammbl e val ue. | PCHAES96/15259
enbodi ment, the progranmmabl e val Je #s the group. indicator. Thus t he
reference voltage for a given sense anplifier is adjusted 2mlevels

each time the group indicator is increnented or decrenented.

reprograrmed to read anmw@t val ue stored in a second group of 2m.

Thus anot her nmethod of reading an mbit value froma mul ti-Ievel

menory cell is described. A first group €#3-2m adj acent | evel s of the

menory cell are identified. The first group is sensed using a first

set of 2[err] 29. 1 Tpesaetiod bfbmxa 28°\fﬁi3&\@9d:oﬁ{ n@fthértep of: adj acent

| evel s of the nennrégﬁell are th ?tlfl he_sgecond mﬂﬂOUp is
sensed using the safit 13! é‘gﬁ?é‘ ToMP.ingdi

one enbodi nent jndigatesthe next avrite gmpip avalaeblarfer prograamming.i n

accordance with the group indicator, wherein a reference voltage (or o
reference | evel) of each sense anpl ifier is adjusted 2[err] levels each .
tinme the group indicator is increnented or decrenented. Thus in-one
embodi nent, the reference level of each of the 2[err] - 1l.sense anplifiers
is incremented 2[err] levels, if the group indicator is increnented.

Simlarly, the reference | evel of each of the 2[err] - 1 sense anplifiers

IS - decreased 2[err] levels, if the group i'ndicator is decrenented.

Al t hough fl ash nenory has been used in the exanpl es present ed above,

t hese nethods are applicable to any nenory that permts the

successive storing of charge during subsequent progr anmi ng - oper ati ons

and the sensing of successive variable amounts of charge (i.e., :
. positive or negative variations in charge). WO 97/ 12368

PCT/ US96/ 15259



-18- Exanpl es of -such nenories: include non-nmulti-level flash nenDry
cells (non-M.C flash) el ectrically erasabl e programmbl e read only '
menory ( EEPRO erasabl e programmbl e read only nenory (EPROV),. read
onl'y merorWOQHFIs and nulti-level flash (M.C fl ash) RGVSH648259 -
descri bed above. In the preceding detail ed description, the
invention i's described - _with reference to specific exenplary

enbodi nents thereof.  Various noldy/ f§ cat i ons and changes iy be nade
thereto wi-t hout departing fromthe broader spirit and scope of the
.invention as set forth.in the - clains. The specification and draw ngs
are, -accordingly, to be regarded inan illustrative rather'than a
‘restrictive sense. -~ WD 97/12368 . - '

PCT/ US96/ 15259 - S B ' - 19-

CLAI MS. . Mhat is claikmed is: - 1.7 A nethod of mmltlng to a’
‘menory cell conprising the steps of: : storing mbits in a first
group of 'l evel s of. the nenory cell; and storing n1supersed|ng .
‘bits in a second group of | evel s of the - nenory cell, without erasing -
the menory. ceII o o CR -
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2. The nethod of claim1 wherein the menory cel

IS

a -nonvol atil e

menory cell. 3. _.The nethod of claim2 wherein the nenory cell is
a flash menory cell. 4. The ‘method of claim1l wherein the
menory cel WQ %/13368 mul ti-1level cell -having at |east n | BGEUSI/IGRER ei n
the n levels include k groups, each group includingj of the .n '
| evel s.- 5. The method of claim4 wherein j [err] 2[err].
6. The method of claim5 whereinj 2 Aferr].: 7.  The hethod of
claim4 wherein m, Kk, and n are integers. 8. The met hod . of claim.
7 mherein.k:'[err] . 9. The nmet hod of claim1 wherein the first-and-
second groups of- - l'evel s overlap to include at |east one |level in
conmon. ¥ : ' : o
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WD 97/12368- . - T _ '

PCT/US96/15259 _ ' -20- ,10. A:
met hod of - writing to a menory cel |- conprising the steps of: '
storing ‘mwow312368a first group of level's of the memory cel PCT/US96/15259

storing m superseding bits in a second group of levels of the menory
cell,. wthout erasing the menory cell; and _ adj usting a group

i ndi cator to identify the second groqp/s - 11 The nmethod of claim 10
wherein the nenory cell is a nonvol atile nenory cell. ... 12,  The
method of claim10 wherein the nenory cell is a flash menory cell.

13. ~The nethod of claim 10 further conprising the step of storing.a
-predeterm ned value in the first group of |evels before the step of -
storing msuperseding bits in a second group of |evels. 14. A
“nmet hod. of reading a menory cell conprising the steps of: T
identifying a group of 2[err] adjacent levels of an n level memory o
.cell; and : . sensing the group to read an mbit value. - 15.
,The nethod of claim 14 mhereln the nmenory cell is a E
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nonvol atile menory cell. 16. The nmet hod of claim 14 whérein the .
menory cell is a flash- ‘menory cell. 17. A net hod..of reading. a
“menory cell conprising the steps of: ' |dent|fy|ng a flrst group .
of 2m adj avewnt1d3esel s of the nenory - cell; e
first group to read an mbit value W 97/12368 '

PCT/ US96/ 15259 - ' -21-

i dentifying a second. group of 2[errk @]acent l evel s of the menory

cell; sensing the second dﬁ up to read another m bit- val ue.’

18. A nethod of deferring a menmory cell erase, conprising the: step

of : o adj usting a group indicator, wherein the group indicator

i dentifies 2m adj acent Ievels of t he nenDry ceII for storing an mbit
value - o ; '
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19. = The nethod of claim 18 wherein the menory cell is a nonvol atile

menory cell . ' 20. The nmethod of claim 18 wherein the nenory cell is
a flash - nenory cell. o 21, ‘A net hod of reading a nenory cel
conpri si NgWMe7/12868s of : S |dent|fy| ng a first gr eawushersyse
adj acent |evels of the nenory cel | ; ' - sensing the first
group using a first set of 2[err]. -1 sense anpllflers _ to read an m.bit
val ue; - identifying a secogq, roup of 2[err] adjacent |evels of
t he nmenory- - cell; . sen the second group using the same
first set to read - another mbit value. ' 22. The nethod of claim
21 wherein each of the first ‘and second. groups is |dent|f|ed by a
‘group indicator. WO 97/ 12368 S :
PCT/US96/ 15259 - = = o _ o -22-
500~\‘k
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23. The method of claim.22 wherein the sensing steps. further- |
conprise the step of: setting a reference | evel of each of the
2[err] -1 sense anpllflers in accordance with the group .indi.cator.

24. The wotohezse®f cl ai m 23, further conprising the step GICT/US96/15259
increasing the.reference | evel of each of the 2[err] -1 sense '

anplifiers 2[err] if the group indicator is increnented. 25 The a
nmet hod of cIa|n123 further conpr|3|qg tde step of: decrea5|ng
the reference | evel of each of the 2[err -1 sense anpllflers 2[err]’
| evel s, -if the.group indicator is decrenented. 26. A method of -
witing to a nenory cell conprising the steps of: - a) storlng m -
bits in a first group of ‘levels of the nenory cel | ; : b) - ,
~adjusting a group indicator to identify a subsequent group of .. ‘levels -
of the nenory cell; . .. ¢) storing msuperseding subsequent bits.in
- the subsequent ~group of levels, wthout erasing the menory cell; and

d) repeating steps b
conprising the st

and c). - 27. The net hod of claim 26: further-

o) or ' - - Cl
L =1 asi-ng~t he nenezg—eell, and
f) initializing the gro indic%tor.- n 28. 1 A neth of perfornlng-a
partial physical erase- a mempry m—del |, cdnprisingl|the step of:
“renoving charge froman n-level [menory gellT havijng k witle = . groups stich

that- wite groups k - b throughrk—are—sforrmg—stbstantiallly
1
J
1
1
J
1
1
1

;
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r-';d."charge,-' wherein b < k. W97/ 12368 - e P e wpﬂi

PCT/ US96/ 15259 | - 23- PR\ The -
_nmethod of cl furth

group i ndi ca??r&ﬁ k - W %?gﬁ'm?nﬁ?l“ﬁg ng catT(I)orN 0 ndl les the
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(57) Abstract

A method of performing multiple writes before erasing a memory cell (500) is described. M bits are stored in a first group of levels
of the memory cell. M subsequent superseding bits are stored in a second group of levels of the memory cell (550) without erasing the.
memory cell. Another method of writing to a memory cell includes the step of storing m bits in- a first group of levels of the memory cell,
1 A group indicator is adjusted to identify a subsequent group of levels of the memory cell. Next, m superseding subsequent bits are stored
in the subsequent group of levels, without erasing the memory cell. The steps of adjusting the group indicator and storing m superseding
| subsequent bits are repeated. A method of deferring an erase for a memory cell is also described. A group indicator is adjusted to identify a
group of 2™ adjacent levels of the memory cell available for storing an m bit value. A method of reading a memory cell includes provxding
a group indicator. The group indicator identifies a group of 2™ adjacent levels of the memory cell. An m bit value is then read by sensing
the group of 2™ adjacent levels identified by the group md1cator




