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I nvention pertains to the field of nenory circuitry. In particul ar,
this invention pertains to performng nultiple wite oper ati ons

wi tthout an erase operation in an electrically programmabl e

nonvol ati |l e nmenory. BACKGROUND OF THE | NVENTI ON
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capacity and densi wa guar. cigi?\{entlonal bl nary VI Ges. o_r] ex {Tp e, a
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capacity to store tapestionsavithauy antearseceperationsingreeledtricallyepogrammabieer
of conventional bi namyoheil®myeriemi.ce. The programm ng of
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memory cell, when dB@widua) cellyfongtosing data. w & cenvepionaliinarysnemesy a fir st

vol tage or t hresholdéviceye&ich el EfPéterediie 6 two statesf H'orr§]§re§étﬁfoﬁe Bdreh es a

second voltage or tAy&Galwldy |Eue !metrﬁ)org'etgﬁ $RERE store more than one bit of
data. Such memory devices are referred to as multi-level or multi-bit
memory devices. Multi-level memory devices increase the storage
capacity and density 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 conventional binary 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 conventional memory cell, when accessed during a
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, typicaily
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 prior art binary memory cells, “multi-level”
as used here is intended to refer to a cell capable of storing one of more
than two levels or states (i.e., more than one binary digit), and
“binary” refers to a cell capable of storing one of only two levels (i.e.,
one binary digit). For example, in order to store two bits in each
multi-level memory cell, each cell must be capable of storing one of at
least four levels. A multi-level cell capable of storing n bits, must be
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art flash cells have a limited number of states due to constraints
including inconsistencies in flash cell structure, charge loss over time,
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
binary flash cell is interpreted 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
“separation range”. In other words, if the threshold voltage, Vy, is
programmed to a value within one set-of values, the cell state is a “1”.
If the threshold voltage, V4, 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 separation range.
When a flash cell is read, the current conducted by the flash cell
is compared to a current conducted by a reference flash cell having a
threshold voltagé, Vi, set to a predetermined voltage that lies within
the separation range. When a flash cell is selected for reading, a
biasing voltage is applied to the select gate of the field effect transistor.
Simultaneously, the same biasing voltage is applied to the select gate
of the reference cell. If the flash cell is “programmed,” excess electrons
are trapped on the floating gate, and the threshold voltage, V., of the
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améquelft assfgnedl@o one of the four possitfe &rhBikalohs of two bits,

“00,” “01,” “10,” and “11.” 27-1 references are required to distinguish
between 27 states. Thus for 4 states, there must be 3 reference voltages
and 3 separation ranges. For comparison, the prior art binary flash cell
typically 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 n bits.

A flash memory device typically includes arrays of flash
memory cells. These arrays are typically grouped into or further
subdivided into blocks. Prior art flash memory can be programmed
cell by cell, however, flash memory can only be erased in blocks of
cells. '

One disadvantage of the prior art write technique is that once a
block has data written to it, the data in that block cannot be modified
without erasing the block first. In other words, the prior art write
techniques permit 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 non-volatile memory, such as flash
memory, to emulate a conventional computer disk storage device.
Typically, disk sectors are mapped either physically or logically onto
blocks of flash memory cells. Because only one write cycle is possible
for each erase cycle in the prior art storage systems a method of
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the objectives of the present invention is to provide a method of
performing multiple superseding writes to a nonvolatile memory cell
without performing an erase. This method includes the steps of
storing a first bit at a first level of the nonvolatile memory cell and
storing a second bit at a second level of the nonvolatile memory cell.

Another objective is to provide a method of reading a
nonvolatile memory cell. This method includes the steps of recalling
a level indicator and then sensing the cell at a level indicated by the
level indicator to determine the state of the cell.

In addition, a method of deferring an erase operation on a
nonvolatile memory cell is provided. The erase operation is deferred
by incrementing a level indicator, wherein the level indicator
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The present invention is xllustrated by way of example and not
limitation in the figures of the accompanying drawings, in which 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 programming of a level within 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 programming of a level of the
multi-level memory cell using a “backfill” technique.

. DETAILED DESCRIPTION

By using the multi-level cell as a single bit storage device, a
single bit can be written multiple times before an erase occurs.
Consider an n-level multi-level flash memory cell. The flash
memory cell can have up to n unique levels. One level will be
reserved for the erased state. The remammg n-1 levels are available
for programming.

During an erase operation charge is removed from the floafing
gate of the flash memory cells. During a programming operation
charge can be placed on the floating gate of the flash memory cells. A
programmed or erased state should be contrasted with a program or

- an erase operation. The programmed state (i.e., placing charge on the
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. depending upon the value to be stored. The conventional binary flash
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 -
operation must be performed before the conventional binary cell can
store a 1 again. '
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In the multi-level cell, instead of storing a single multibit 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 writing) 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.
The first value has been overwritten by storing the second bit at the
second level. In essence, this permits multiple writes to the
multi-level cell before an erase operation is required.

In order to determine the value stored in a given cell, it is
necessary to know what the last level written to was. This means that
a tracking mechanism is required to keep track of the current level (or
the proper reference voltage to use). This mechanism might comprise
a state machine, a memory, or a counter. The degree to which
tracking is performed (i.e., cell by cell, block, groups of blocks, or device
levels) is referred to as the tracking resolution. In one embodiment,
the tracking mechanism is implemented on a cell by cell basis.
Tracking on a zell 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 in
order to erase one flash cell within the block anyway, tracking might
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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 floating 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
correspond 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
sensed and the result compared to a reference voltage corresponding
to dividing line 160, cell 140 will be determined to be erased (i.e.,
storing a “1” at Jevel 1) because there is insufficient charge to exceed
- the threshold set-by dividingtine 160. In actuality, charge may exist
(i.e., filled in circles or partially filled in circles could appear) at level 1
as long as the charge level does not exceed the threshold of dividing
line 160.
Figure 2 illustrates storing “0101” (when viewed from left to
right beginning with cell 210} to the previously erased cells. The
“filled-in circle” or dot at a given level is intended to indicate that the
floating gate for that cell has been charged to that level. For example,
dot 270 at level 2 means that the floating gate of cell 210 has had
sufficient charge placed on it so that when the reference voltage
corresponding to 260 is used, the cell will be deemed to be storing a “0”
at level 2 as opposed to being erased or storing a “1” at level 2. In
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All of the reference voltages are used to determine the multi-bit
value stored in a multi-level cell used in the conventional manner as
stated above. In tb@s case, however, the current level indicated by the
level indicator dictates which one of the reference voltages should be
used.

Level 3 has not been used and thus is available for writing to.
Thus, for an n-level multi-level cell - up to n-1 writes can be
performed before an erase operation. The multi-level memory cell
can be written to more than one time before performing an erase
operation as follows: First, a first 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 reading the cell, a level indicator must
be set to indicate this first level. When a second, superseding bit is to
be written to the cell, the second bit is stored at a second level of the
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prove to be nmost efficient at the bl ock or even the device |evel.

- Therefore, al twopmse?e enbodi nents use a bl ock, nultiple CREWYSIEGIS258

device level tracking resolution. Miltiple cel I tracki ng m ght be

useful, for exanple, in a solid state disk application where disk sectors
are logically napped to a nunber of cells physically. arranged as a

subset of cells within a block of cells. Figures 1-3 serve to
Illustrate the result of perform ng nmul ti pT9 wites to four 4 |evel
cells . Figure 1 |;1 yohral | ev ceIIs 110,

120, 130, and 140, "REFIE memory tefl g ‘8"‘*‘\)\?‘?‘5?9‘85‘5 ther up uptlated; ‘8dﬁ§‘ﬁ%8 "0101"
to the cells. Fi guFl@tghq $acond Peé(f-’le% %\ab‘s‘éeﬁm peingrised.ng a "0110".
(The filled in circles Trepmeaiikivekcinamgey pélhcadbepseuke-erisedtandgmade gat es

989 ;)I ?—ﬁ'egg gngggawlatb%efoils%I ng;?amz 1h§'§1?\|§1§ ﬂ{ee:nglmcétoms' c
referring back to F§T 3?%?31'9{ Y‘ﬁléca}‘gflgggﬁ P‘f’ﬁg%‘é"?éf? Z’Hﬂg“g [)9%1
correspond to divi & bewritieedo.1 Ebis m@@duamghnlwqmﬂelm@edltlwels
determ ne the val ubsfosd an edualiereselis seqired.120, 130, and 140. The first

| | (150 t 170
i nd cat e that GFLES?PQZ%¢&§;“§§?§%‘*8§“E%?'S"%“Q APbaFoh o e fadhle ¢ (0]

that a threshold di*{*8io%k {ASE 4P %‘?ﬂ‘t?"f"s°€%€éﬂﬂlé‘dlev“’m§ﬁ“89f Fq hao is
sensed and the resﬂllﬂloushrﬂaﬂectllswapmgwnmdem&dtt\ag'&e dlash eelpsoceai ng

to dividing line 1@ghicaligldnlyl¥Oertbdd a BRCKEL £ tiffien € cdriveRBofdl Bheifly Céll €.
storing a "1" at | gxehe faiflAGANSErdghshfeli So aN8MEDN 0% Y, :ﬁ#@rh%‘%veﬂzgr exceed
once the cell is programmed to a logical 0 it must be erased in order to
store a logical 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 “valid” information and the updated
information are copied to a free area of the flash memory. The old
block location is marked for cleanup so that its storage space can be
erased and freed up for future storage. This permits deferring the
erase procedure which tends to improve performance of the solid state
disk.

. . - .The erase operation tends to require more time and more
energy than the programming operation. A reduction in the
execution time of either operation can improve the performance of
the system. If multi-level cells are used instead of the conventional
binary cell, the pseudo-erase operation might be accomplished by
simply incrementing the level indicator for the block of cells
concerned. Although 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 multi-level cells.
This technique has the potential to save energy and erase time.
Because an actual erasure has not occurred, energy otherwise exerted

* during the normal erase operation is conserved except for the amount



the threshold set-by dividing line 160. |In actuality, charge may exi st
(i.e., filled in circles or partially filled in circles could appear) at

| evel 1 as the charge | evel does not exceed t ol d of
di vi.di ng aﬁ?neﬂﬁ% Figure 2 illustrates storllﬁéQ0101"
(when viewed fromleft to right beginning with cell 210) to the
previously erased cells. The "filled-in circle" or dot at a given

| evel is intended to indicate that the floating gate for that cel

has been charged to that level. For exanpl elo- dot 270 at |evel 2 neans
that the floating gate of cell 210 has had sufficient charge placed

on it so that when tefjairedteimege ddédalfradicator for €ios bl 6N fHef@ry @elR60 i S
used, the cell wllqRe, Qrétﬁm@@l 1§tt9;£t'x{}gd%1 'écp1nc;éem7nt (Rl lév‘éy% %5%12367

ng'FI)';)fJgC916} 2 522 éng T &% %lq lrock us'theuise of th:s tec mque can save energyand tim

other words, dot 27#nd Hypisihas the petenkipl %nmagylmaﬁtﬂgatefch@lﬁpeéwmm@
will be above the thresha ddaditiohbletetiefique Bee might ageancesysemondi ng to

di vi di | 260. d I
00 00 L%, 55 oy woud e S SO S Slod B

will exceed the thrm'ﬁmé?&apﬁrm a0 at Fl'l?\flﬂ‘ l‘f"e 9hacel ’d@!gl‘i
(corresponding to ediffeyerditmedseiep@fdent Wiiogpuwhethdr the previoidly stmexbhrh wasfi | | ed
incircle if it wasa F’I'e‘bh-QU@’WrﬁBtl'@FWOYdﬂh@%hﬂ)tﬁ?of time reduikdéSior ated in

Figure 1. pmgf)frhqyésx at 4 fm&m} RVePl ety oA 1o 1% SRSy 0P Of

cells that were oating
gate of cell 310 of charge already ‘on the floatmg gate.

: Figure 4 illustrates an alternative to Figure 3 using the backfill
' technique. Note that in writing to level 3 in Figure 3, cell 320 still 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
operation is sensitive to the value previously stored in the
multi-level cells. Figure 4, however, illustrates the same value stored
in level 3 as was stored in Figure 3. The difference is that the
preceding first and second levels are now programmed to a “0” before
proceedmg to the next level. Note that 370 of Figure 3 is an empty
" circle and 470 of Figure 4 is a filled circle, yet the value stored at level 3
is the same in both figures.
. The backfill technique helps to ensure that programming the
cell to a “0” at any level takes approximately the same amount of time.
This technique does have the disadvantage that time and energy are
required to add charge to the floating gate whenever the level
indicator is incremented. The advantages of using this technique,
however, include consistent programming times at subsequently
higher levels that are substantially independent of the current value
stored in the multi-level cells. Referring back to Figure 1, consistent
with the backfill technique, the floating gates of four cells could be



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 enbodi nent, cel

330 does not need to have any additional charge placed on it. The

fl oati ng gat e wWosuWB4? 340, however, nust have sufficient cPCRURs/R2sced -
on it to bring it up through levels 1 (350) and 2 (352). Because cell 340
did not previously have any substantial anobunt of charge on the

fl oating gate, a greater anount of tine and energy will be required at
this point to add the appropriate amount of_charge. Now that |evel 3

(354) is being used a |level |nd|cator must!be set so that the approprlate

dividing line (i. ta i S.No

the reference volt 5 r§e%u8qﬁgb ’fng%‘F‘ﬁ% Wéesyvﬁ@sﬁﬁal {fhup 170 and 180 a"Gial ue
stored in a nulti- Iﬂéﬂ/'éqhe"c@}'qlest}e!@ddltr? filled-indp vepresent she changropresence.
stated above. In t evel daweuldistillrepreseritithe eihsed Biatd, Aveevérnehiecat ed by t he

| evel "i ndi cat or ﬁ-@érﬁﬁuﬁm 6eAge: Wi bR fefhE SAE Brkabdcagiesorafipul d be

used. f? us 1s avallable for
writing to. a'ﬁ‘?b‘ FFaF‘@\?é‘Ithﬁ'?}P?‘i‘“gé‘?;Eﬁ cell - upton-1 wites
can be per f or rredABbWB*\eﬂ%ﬁh rnemory bascheeni wsad ifithe exdnyples evel nenory
cel | can be pyésehfettrabbee, Whis @edhintfheds Ap héabneb@fﬁfyencﬁ%imén ng an erase

operation as foll O\f.}@m‘;;grtﬁ;t eﬁnitk sd s@ég&ssiv‘% sa}f%ﬁi& %. % Jlmrl | evel of an

n-level multi-Ieve
ref erence vol tage ts‘bbsﬁg’é ‘m%rﬁgﬁﬁ?ﬁ@%%“’é‘%??d the pensing of erFF%‘*&?‘U‘F must
be set to indicat e vatidlde aimounts| efvablarge/theqn pasitiee ondegaivearasiationginbit is to

be witten to the erirge). t BengsieOosith mbmofibdRidRindh-Sa0R el AYGl Of the
\IQIC)TIQ 6/532??2 258 memory cells (non-MLC flash), electrically erasable programmable

read only memory (EEPROM), erasable programmable read only

memory (EPROM), read only memory (ROM), and multi-level flash

(MLC flash) cells as described above.

In the preceding detailed description, the invention is described
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, to be regarded
in an illustrative rather than a restrictive sense.



-9- n-l evel nmenory cell. The | i_ngdi is then updated to
i ndi cate that the second | evellrl!ﬂlﬂ j BEE[“iIHLnOW bei ng used.
The mul ti -1 evelwcfry7 o cell can be L made Pcrmss»&té%ggl abl e

for storing a value by increnenting the |level indicator so t the

| evel indicator indicates the next |evel of the nmulti-Ilevel cell to

be witten to. This procedure can be perforned up to n-1 levels

before an actual erase is required. ' Consi der a solid state

di sk as one application of the nmultiple -12- wite before erase

i mpl ementation of the nulti-level nenory cell. Al t hough fl ash cells
are programmed one GLAIMSI ne, flash cells can typically only be

erased a block at awhiaies dadinfM¢entional binary cell can be

i ndi vidually progranmed to a logical O at any tinme, however, once the
cell is progranmed to a logical O it nust be erased in order to store -

a logical 1. Thus i{, a A maARsP6f 8drfsiniit Jall g i 0, a
bl ock nmust change fronmgng to a 1,§ét'hmgt}?hglie%?%ﬁ%ﬁ\kﬁdg?ggd
before that cell caROs{bHthe MeMOEY Goprising the steps of: | oo enhodi nent, the
"val i d" information and stayingufiest bit at a first lenelof remdnoplatilemenoredelt;o a free
area of the flash nemdry. The ol d bl ock location is nmarked for
cl eanup so that its stor, ; r and freed up for
future storage. This ers?ﬁg?l §S ‘gg‘%grr‘g?%ggt second le%e]g‘?fgtg%nﬁ%‘ggﬁ r8¥RRIch
tends to inprove pe‘F‘1l rmance of the solid state di sk.
The erase operation tends to require nore tine and nore energy than
t he progranm ng opetatiqQqa. A redquctiaon jn.the execution tine of
ei ther operation cafi i O_If}‘(‘f\fge'ﬁ"ﬂgc’s af’@r’rr&’ﬁl?ée"bfhe “°“"°l'1‘tﬁ% ey el if
nul ti-level cells afavwédavelmemary edll-t he conventi onal bi nary cell,
t he pseudo-erase operation m ght be acconplished by sinply
incrementing the |level indicator for the block of cells concer ned.
Al though a true era¥e haderfpethpdaf dairy bwherein thg gonvolatile reemenyqgeell iper nit s
deferring the eraseaflpgh atemamywell.i | after the bl ock has been witten
ton-1tinmes for a block of n-level multi-level cells. Thi s techni que
has the potential to save energy and erase tine.

4. The method of claim 1 further comprising the step of

programming the first level to a first value before the step of storing

the second bit.

5. The method of claim 4 wherein the nonvulatiie memory cell is
w - - 'a maulfi-level memory celf® « #* . '

6. The method of claim 4 wherein the nonvolatile memory cell is
a flash memory cell.

7. A method of performing multiple superseding writes to a
nonvolatile memory cell comprising the steps of:

storing a first bit at a first level of an n-level multi-level
memory cell;

setting a level indicator to the first level;



BecaUse an actual erasure has not of t herw se exerted
during the normal erase operation Iﬂiﬂ”ﬁli“ﬁﬂ;mﬁi; t for the anopunt
WO 97/ 12367 o N i
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required to increase a |level indicator for the block of nenory cells.
The only tine required is that needed to increnent the | evel indicator
for the block. Thus the use of this technique can save energy and tine
and thus has the potential for inproving sQ id state di sk performance.

An additional technique that night enhance System per formance woul d
be to "backfill". This technique recognizes .ihat mmng a bit to
a "0"-at the gqth | evel ‘Bt?még?,gﬁo“ﬂis ﬁ%‘?‘ﬁ’&‘}‘“ asecﬂ'ﬁ! %eé’fgié%?&?i nmes dependent
upon whet her the presltidguslymemgregelbit was a"1", or a "0". In other
words the anount of ti neettisg)tterledeltindicator to fireospramd tevel.cel | at a particul ar
l evel is directly related to the anount of charge already on the
floating gate. Figure 4 illustrates an alternative to Figure 3

using the backfill 8. The tretliod ofudainhGtvehdrhiat themomvplatitegmemorevell i3 i n
Figure 3, cell 320 ;stid-1¥@8Fmemory ceffUbstantially no charge on the floating

gate due to the fact that three "1"s have been witten to the cell.

If a "0" is to be witten at |evel 4, nore time will be required to
programcel | 320 t@ a "@he hd@ibd\bf Hafd€ 7 wherein Ih@HInkERtilOmRAREy 28N &l | 310
toa "0" due to theﬁ unt of charge already on the floating gate of
cell 310. Thus theap %gr'ﬁ?fﬁ?ﬁvgc. ’ operation is sensitive to the val ue

previously stored in the multi-level cells. Figure 4, however,

IlTustrates the Sang, Vajl"i'ilg msettl'?gdegf claim 7 further including the step of

programming the first level to a first value before the step of storing
the second subsequent bit.

11.  The method of claim 10 wherein the nonvolatile memory cell
is a multi-level memory cell.

12.  The method of claim 10 wherein the nonvolatile memory cell
is a flash memory cell.

-'13. A method of reading a nonvelatile memory cell comprising the
steps of:
recalling a level indicator; and
sensing the cell at a level indicated by the level indicator to
determine the state of the cell.

14. The method of claim 13 wherein the nonvolatile memory cell
is a multi-level memory cell.

15.  The method of claim 13 wherein the nonvolatile memory cell
is a flash memory cell.



inlevel 3 as was stored in Figure 3. i is that the
preceding first and second levels ar rI (rT Lto a "0" before
proceeding to | evel . Note t 3is

WY ° rEPpAE o

citcle and 470 ure 4 is afilled circle, yet . .the valuée's

| evel 3 is the sane in both figures. The backfill
techni que helps to ensure that programm ng the , cell to a "0" at any
| evel takes approximately the same anmount of tine. Thi s techni que
does have the disadvantage that tine and engrgy are required to add
charge to the floating gate whenever the |evel i ndicator is

increnented. The adeant agmethed ofsdragng @irfonveRIN Afory cell comﬁﬁyﬁ\/tﬁé,
i ncl ude consi st ent s{g{po&r anm ng times at subsequently i gher levels
al 'y

t hat are substanti i ndependent _of the current v stored in

al u Lo

the multi-level cells. ESTEREMHHS dlvel f‘ts"filtijﬁar‘ﬂ‘ei?mctbﬁg?"ﬂ inflicator With
t he backfill techniindisates ithe fiexsdevehgf the nonvofatile memyay [cgll do bk dviikten VO
97/ 12367 to. PCT/ US96/ 15258
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 woul df Sltl | |1L7.r eplml@i%@thé@%f QraﬁﬁQ@l \35@&?\_1 tﬂé%b WBlatild B\];Qn;oﬁy cell
programm ng of |ev R [ ess tine because o e :
anount of charge alqr éﬁ‘&@toﬁvp‘ﬁ@eﬁ%@f?ﬁg gates. Al t hough fl ash
~nmenory has been used in the exanpl es presented above, this technique

I's applicable to anyg nORELALhLE of claim 16 wherein the nonvolatile memory cell

is a flash memory cell.

19. The method of claim 15 further comprising the step of
programming a first value at a current level before the step of
incrementing the level indicator.

20. The method of claim 19 wherein the nonvolatile memory cell
is a multi-level memory cell.

21.  The method of claim 19 wherein the nonvolatile memory cell
is a flash memory cell.



menory that permts the successive storing of charge during

subsequent programm ng operations and the sensing of successive

vari abl e anounts of charge (i.e., positive or negative variations in
charge). Exanples of such nenories include non-nulti-Ilevel flash

menory cells (WOAWNBE f| ash), electrically erasabl e progr ahCkUs9e15258 read

only menory (EEPROM), erasable programmble read only menory ( EPROV) ,
read only nenory (‘ROM, and nulti-I|evel /#l ash (M.C flash) cells as
descri bed above. " In the preceding detailed description, the
invention is described with reference to specific exenplary

enbodi nents thereof. Various nodi fi cati ons and changes nmay be nade
thereto wit hout departing fromthe broader spirit and scope of the
invention as set forth in the clainms. The specification and draw ngs
are, accordingly, to be regarded inan illustrative rather than a
restrictive sense. 97/ 12367

PCT/ US96/ | 5258 -12- CLAI V5
What is clained is: 1. A met hod of perform ng nultiple superseding
wites to a nonvol atj | e MenmoLy conpri ?‘i;ng t he ségps of :

storing a first bit at Ezfirst Igyel of awsonvol at i menory cell; and

170

140
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180
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storing a second bit at a second |evel of the nonvolatile nenory cell.

2.. The nmethod of claim 1l wherein the nonvolatile nenory cell is a
mul ti-Ilevel nmenory cell. 3. The nethod of claim1 wherein the
nonvol atile nmenory cell is a flash nenory cell. 4. The met hod
of claim1l furwoerm®e&nprising the step of progranm ng POEUSHEMNSSES | evel
to a first value before the step of storing the second bit. 5.
The nmethod of claim4 wherein the nonvdldtile nenory cell is a
multi-Ilevel nenory cell 6. The met hod of claim4 wherein the
nonvol atile menory cell is a flash nenory cell. 7. A met hod of
performng nmultiple superseding wites to a nonvol atil e nenory cel
conpri'sing the steps of: storing a first bit at a first |evel of
an n-level nulti-Ievel menory cell; setting a |l eve

indicator to the first |evel;
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storing a second subsequent bit at a second |evel of the mul ti-Ievel
menory cell; - setting the level indicator to the second |evel.
8.. The met heeb &h2seh ai m 7 wherein the nonvol atil e nenory REFUSE15258 a
mui ti-Ilevel nenory cell. 9. The nmethod of claim7 wherein the
nonvol atile menory cell is a flappgmenory cell. 10. The

met hod of claim7 further including the step of progranmm ng the first
l evel to a first value before the step of storing t he second
subsequent bit. 11. The nethod of claim 10 wherein the nonvol atile
menory cell is amlti-level menory cell. 12. The net hod of
claim 10 wherein the nonvolatile menory cell is a flash nmenory cell.
13. A nmet hod of reading a nonvolatile nmenory cell conprising the
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steps of: recalling a level indjcator; and
sensing the cell at a level indicated by the level indicator to

determ ne the state of the cell. 14. The nethod of claim13
wherein the nonvol atile nenory cell : is anulti-level nmenory cell.

15.7 The net hoW0O8112347ai m 13 wherein the nonvol ati | e nmenor yPCRAIS96/15258 s a
flash nmenory cell. WO 97/ 12367

PCT/ US96/ 15258 L7 4 _ -14- 16.

A nmet hod of erasing a nonvolatile nmenory cell conprises the step of: .
increnenting a | evel indicator, wherein the |evel indicator I ndi cat es
the next |level of the nonvolatile nenory cell to be witten to.

17. ‘The method of claim 16 wherein the nonvolatile nenory cell is a

multi-level nmenory cell.
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18. The net hod #Npdpsern 16 wherein the nonvol atile menory cell | S '
com:ﬁmbé r%st‘

flash menory cell. (errer 19. The met hod of claim 16 further
the step of pr ogr ami ng a first value at a current le J.‘I-}: t he
step of in%‘ientl ng the | evel indi Catqgommm 20. \gMige net hod of
claim19 wherein nonvol a??ﬂ%ﬁﬁﬁ%mm 18 a mul t 1 %¥Pvel menory
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(57) Abstract

A method of performing multiple writes before an erase to a nonvolatile memory cell is described. A first bit is stored at a first
level of a nonvolatile memory cell (110, 120, 130 and 140). A second bit is stored at a second level of nonvolatile memory cell (110,
120, 130 and 140). A method of erasing a nonvolatile memory cell is also described. A level indicator that indicates the next level of the
nonvolatile memory cell to write to is incremented. A method of reading a nonvolatile memory cell includes recalling a level indicator.
‘The nonvolatile cell is then sensed at a level indicated by the level indicator to determine the state of the memory cell.




