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Flash memory devices have developed into a popular source of non-volatile
15  memory for a wide range of electronic applications. Flash memory devices typically use a
one-transistor memory cell that allows for high memory densities, high reliability, and low
power consumption. Common uses for flash memory include personal computers, personal
digital assistants (PDAs), digital cameras, and cellular telephones. Program code and system
data such as a basic input/output system (BIOS) are typically stored in flash memory devices

20 for use in personal computer systems.

As the performance and complexity of electronic systems increase, the requirement
for additional memory in a system also increases. However, in order to continue to reduce the
costs of the system, the parts count must be kept to a minimum. This can be accomplished by

increasing the memory density of an integrated circuit.

25 Memory density can be increased by using multiple level cells (MLC). MLC
memory can increase the amount of data stored in an integrated circuit without adding
additional cells and/or increasing the size of the die. The MLLC method stores two or more

data bits in each memory cell.

MLC requires tight conirol of the threshold voltages in order to use multiple
30  threshold levels per cell. One problem with hon-vo_latile memory cells that are closely spaced,
and MLC in particular, is the floating gate-to-floating gate capacitive coupling that causes
interference between cells. The interference can shift the threshold voltage of neighboring
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The reinforcing data adjusts the

understanding the present specification, there is a need in the art for a memory device having
high density with high reliability.

SUMMARY

The above-mentioned problems with flash memories and other problems are
addressed by the present invention and will be understood by reading and studying the
following speciﬁcaﬁon.

d

The present invention encompasses a method for programming a muitiple level,
non-volatile memory device in a single level cell mode. The memory device has a plurality of
memory cells that are organized into a plurality of memory blocks. Each memory block has a

memory cell arrays comprised of bit line columns and word line rows.

The method includes writing the desired data to one of either the least significant bit
or the most significant bit of a cell to be programmed. A second programming operation
programs reinforcing data to the remaining bit of the cell. The reinforcing data adjusts the

threshold level of the cell to the voltage required by the desired data.

Further embodiments of the invention include methods and apparatus of varying

scope.
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_threshold level of the cell to the voltage required by the desired data.

- Further enbodi ments of the invention include nethods and apparatus of
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NAND flash nenory array of the present invention. Figure 2 shows a di agram
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10 Figure 5 shows a flow chart of one embodiment of a method for implementation of

the single level cell programming method of the present invention in a memory system.

Figure 6 shows a block diagram of one embodiment of the memory system of the

present invention.

Figure 7 shows a block diagram of one embodiment of a memory module of the

15 present invention.

Figure 8 shows a block diagram of one embodiment of software modules of the

present invention for programining/reading a non-volatile memory integrated circuit.

), DETAILED DESCRIPTION

20 In the following detailed description of the invention, reference is made to the
accompanying drawings that form a part hereof and in which is shown, by way of illustration,
specific embodiments in which the invention may be practiced. In the drawings, like
numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the

25  invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. The foilowing
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims and equivalents thereof.

Figure 1 illustrates a simplified diagram of one embodiment for a semiconductor
30 NAND flash memory array of the present invention. This memory array is for purposes of
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cel I's in each 5§ #&ay scompgistdat an gray gt foptinggate celly 0 hegangedin spricker i es

Strigng dQfhes 182, (s, THaGROE B Mﬁg?@é&ISQ@ﬂa?e ESupl QY Bleftltd QoS RIS skiife
106 by a source select gate 116, 117 and to an individual bit line (BLI -

BLN) by chaiglfn1@% A pord ling (WLO20 Wilil) thatspamhecresimulinte serias singssiOfg §05 117

are cont C ET%% . i . J&& ed to
their cg%%%&ggﬁgg@% %F%?lrﬁg el“ec '&é%tcge}%é %PZ#H %ﬁo }inr%%g%?t ro oggy%‘ly a

drai n sepestiogdnencembaliment)en 8&P)s dimprided af 132 weerdditieseHowe et thpupressht WO
s at the BAbh Whirhiies RS Gdvethnd Guallivl e |

15 In operation, the word lines (WLO — WL31) select the individual floating gate

~

memory cells in the series chain 104, 105 to be written to or read from and operate the

remaining floating gate memory cells in each series string 104, 105 in a pass through mode.

Each series string 104, 105 of floating gate memory cells is coupled to a source line 106 bi{ a

source select gate 116, 117 and to an individual bit line (BLL1 — BLN) by a drain select gate __
20 112, 113. The source select gates 116, 117 are controlled by a source select gate control line g )

SG(S) 118 coupled to their control gates. The drain select gates 112, 113 are controlled by a

drain select gate control line SG(D) 114.

In the embodiment of Figure 1, WL0 is at the bottom of the page and WL31 is at the
top of the page. However, these labels are for purposes of illustration only as WLO can also
25  begin at the top of the page with the word line numbers increasing towards the bottom of the
page.
Each cell can be programmed as a single bit per cell (i.e., single level cell - SLC) or
multiple bits per cell (i.e., multiple level cell - ML.C). Each cell’s threshold voltage (V)
determines the data that is stored in the cell. For example, in a single bit per cell, a V; 0f 0.5V
30 might indicate a programmed cell (i.e., logical O state) while a Vi of —0.5V might indicate an
erased cell (i.e., logical 1 state).
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15 During a typical prior art programming operation, the selected word line for the
flash memory cell to be programmed is biased with a series of programming pulses that start
at a voltage that, in one embodiment, is greater than 16V with each subsequent pulse voltage
increasing incrementally until the cell is programmed or a maximum programming voltage is
reached.

5 ) 20 A verification operation with a word line voltage of OV is then performed to
determine if the floating gate is at the proper voltage (e.g,, 0.5V). The unselected word lines
for the remaining cells are typically biased at approximately 10V during the program
operation. In one embodiment, the unselected word line voltages can be any voltage equal to
or greater than ground potential. Each of the memory cells is programmed in a substantially

25 similar fashion.

A typical memory block may be comprised of 64 pages of single level cells. An
MLC memory block is typically comprised of 128 pages. When one of these pages is
accessed in a typical prior art read/program operation, the remaining pages in the block can
experience a disturb condition. In both cases, the pages share common word lines and bitlines
30 that can experience higher programming/read voltages whenever any one of the pages is

programmed/read. These voltages can cause problems by disturbing the distributions for the
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25 simlar fashion. A typical nenory block nay be conprised of 64 pages of
single level cells. An M.C nenory block is typically conprised of 128
pages. Wen one of these pages is accessed in a typical prior art

read/ program operation, the remaining pdges in the block can experience a
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capabl e of holding two logical bits, as descri
are written to each particular cell 301 — 308. This particular pattern was chosen to minimize

15 the floating gate-to-floating gate coupling that occurs when cells are programmed. The

. present invention, however, is not limited to any one programming pattern.

Each physical cell 301 — 308 is capable of holding two logical bits, as described
previously regarding programming of MLC. Therefore, the addressing scheme of the present
invention assigns two scrambled, logical addresses to each physical address. In other words,

20 to increase the noise margin, no physical cell 301 — 308 in the SLC area of the array has two
adjacent logical addresses.

In the illustrated embodiment, logical pages 0 and 1 are programmed into cells 301,
302. Logical pages 2 and 3 are programmed into cells 303, 304 of row 1. Logical pages 4 and
S are then programmed into cells 301, 302 of row 0. Logical pages 8 and 9 are programmed
25 into cells 303, 304 of row 1. This pattern is repeated throughout the 128 pages of a memory
block that is programmed in an SLC manner. ‘

In order to program a physical cell in an MLC manner, each bit of data/code to be
programmed is represented by two logical bits. In one embodiment, a logical 11 is assigned
to represent a single level bit of 1 while a logical 10 is assigned to represent a single level bit

30 of 0. This data pattern was chosen since the present embodiment of MLC memory, the
threshold voltage of 11 is the most negative and the threshold voltage of 10 is the most

L
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15 In the illustrated embodiment, the method first programs page 0 into the cell 301
(i.e., LSB). If the cell started from the erased state (i.e., a logical 11) and the data/code bit is a
logical 0, then the cell 301 now has a programmed paitern of a logical 10.

When page 4 is to be programmed into the cell 301, it must be done so as to

_ reinforce the desired data/code bit of 0. The reinforcing data is that data which changes the

' ) 20  threshold voltage of each SLC programmed cell {o the appropriate threshold voltage required
for the desire single level data. Therefore, the reinforcing data must be determined 405 and
then written into the cell 407, In the present example, a logical 10 is assigned to represent an
SL.C data bit of logical 0, so the cell is already at the proper threshold voltage. Therefore,
when the cell is read, the threshold voltage to which logical 10 state is assigned will be

25 detected and a logical 0 is read.

The above-described example, for purposes of clarity, does not discuss the
programming of pages 1 — 3. By referring to Figures 2 — 4, it can be seen that the other pages
are programmmed in substantially the same manner.

As another example, if a data/code bit of logical 0 is desired to be programmed into

30 the cell 301 and the cell 301 has already been programmed from a previous page write
operation with a logical 01, page 0 of the cell needs to program a logical 0 into the LSB of



15 In the illustrated enbodi ment, the nethod first prograns page O into the .
cell 301 (i.e., LSB). If the cell started fromthe erased state (i.e., a

| ogical 1 data/code bit is a logical 0, then now has
a prograﬁ&é&agg?%ggn of a logical 10. When page 4 is topggﬁggﬁébgé%%d into -
the cell 301, it nust be done so as to reinforce the desired data/code bit
of 0. The reinforcing data is that data which changes the )20 threshold

vol tage of each SLC programmed cell to the appropriate threshold voltage
required for the desire single | evel data. Therefore, the reinforcing data
must be determined 405 and then witteB into the cell 407. In the present
exanple, a logical 10 is assigned to represent an SLC data bit of | ogical
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Thi s asBIPSEMME- the |ogical 10 state of MLC is equivalent to the |ogical -
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that is in the.first .of the nenory array address space
map to a single ?eve?gatel\t/lgtt. y y P

15 In another embodiment, an indicator bit is included with the data to dynamically
indicate whether to use the SLC driver or the normal MLC programming method. Alternate
embodiments can use other forms to identify the type of programming.

The SLC driver 505 has been described with reference to Figures 3 and 4. This
routine can be executed by the memory integrated circuit control circuitry such as a state
20  machine, processor, or other controller. The normal MLC programming 503 has been

described previously with reference to Figure 1.

Figure 6 illustrates a functional block diagram of a memory device 600 that can
incorporate the flash memory array and programming method embodiments of the present
invention. The memory device 600 is coupled to a processor 610 that is responsible for

25 executing the software driver of the present invention for writing SLC data into an MLC
device. The processor 610 may be a microprocessor or some other type of controlling
circuitry. The memory device 600 and the processor 610 form part of a memory system 620.
The memory device 600 has been simplified to focus on features of the memory that are

helpful in understanding the present invention.

30 The processor 610 is coupled to the system memory 680. This memory block 680
includes all of the memory required by the system such as RAM, ROM, magnetic storage



. can be set aside for SLC data while the renmai nder of the array address space
“is ML.C data. In such an enbodi nent, when the data is read, it is assuned
that the Ryhbid@dlgrRets that are read map to a single | eperndab@orioso 15 I n
" anot her enbodi nent, an indicator bit is included with the data to

- dynamcally indicate whether to use the SLC driver or the normal M.C
programm ng nmethod. Alternate enbodinents can use other forns to identify
the type of programm ng The SLC driver 505 has been described with reference
to Figures 3 and 4. This routine can be _executed by the nenory integrated
circuit control circuitry such as a stat@ 20 machi ne, processor, or other
controller. The normal M.C programm ng 503 has been descri bed previously
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array of f menory cells 630 as
An address buffer circuit 640 is provided to latch address signals provided on

15 address input connections A0-Ax 642. Address signals are received and decoded by a row
decoder 644 and a column decoder 646 to access the memory array 630, It will be
appreciated by those skilled in the art, with the benefit of the present description, that the
number of address input connections depends on the density and architecture of the memory
array 630. That is, the number of addresses increases with both increased memory cell counts

20  and increased bank and block counts.

o/

The memory device 600 reads data in the memory array 630 by sensing voltage or
current changes in the memory array columns using sense/buffer circuitry 650, The
sense/buffer circuitry, in one embodiment, is coupled to read and latch a row of data from the
memory array 630. Data input and output buffer circuitry 660 is included for bi-directional

25 data commmunication over a plurality of data connections 662 with the controller 610. Write

circuitry 655 is provided to write data to the memory array.

Control circuitry 670 decodes signals provided on control connections 672 from the
processor 610. These signals are used to control the operations on the memory array 630,
including data read, data write (program), and erase operations. The control circuitry 670 may

30  beastate machine, a sequencer, or some other type of controlier.



with reference to Figure 6. The nenory array 630 is arranged in banks of
rows and colums. 10 The control gates of each row of nenory cells is
coupl ed line while the drain and source con he
menory cﬁ%ﬁs are cgupled to bitlines. As is well known ?ﬁﬁ?ﬁﬁ&ﬁnﬁﬁné
connections of the cells to the bitlines determ nes whether the array |s a
NAND architecture, an AND architecture, or a NOR architecture. An address
buffer circuit 640 is provided to |latch address signals provided on 15
address input connections AO Ax 642. Address signals are received and
decoded by a row decoder 644 and a col l¥m decoder 646 to access the nenory
array 630. It will be appreciated by those skilled in the art, with the
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or porta
15 Examples of host dewces include digital cameras, dlg]tal recording and playback devices,

PDAs, personal computers, memory card readers, interface hubs and the like. For some
embodiments, the contacts 715 are in the form of a standardized interface. For example, with
a USB flash drive, the contacts 715 might be in the form of a USB Type-A male connector.
For some embodiments, the contacts 715 are in the form of a semi-proprietary interface, such

20 as might be found on COMPACTFLASH memory cards licensed by SANDISK Corporation, - )
MEMORYSTICK memory cards licensed by SONY Corporation, SD SECURE DIGITAL
memory cards licensed by TOSHIBA Corporation and the like. In general, however, contacts
715 provide an interface for passing control, address and/or data signals between the memory
module 700 and a host having compatible receptors for the contacts 715.

25 The memory module 700 may optienally include additional circuitry 720 which
may be one or more integrated circuits and/or discrete components. For some embodiments,
the additional circuitry 720 may include a memory controller for controlling access across
multiple memory devices 710 and/or for providing a translation layer between an external
host and 2 memory device 710. For example, there may not be a one-to-one correspondence

30 between the number of contacts 715 and 2 number of I/O connections to the one or more
memory deﬁces 710. Thus, a mmemory controller could selectively couple an I/O connection

(not shown in Figure 7) of a memory device 710 to receive the appropriate signal at the



~USB flash drives, and are intended to be wthin the scope of "nenory nodul e"
~as used herein. In addition, although one exanple formfactor is depicted

i n Fi gur e ywo bhieseggoncepts are applicable to other forpdrashedsiamso el | .
10 I n sone enbodi nents, nenory nodule 700 will include a housing 705 (as

- depi cted) to encl ose one or nore nmenory devices 710, though. such a housing
Is not essential to all devices or device applications. At | east one nenory
device 710 is a non-volatile nenory [including or adapted to perform

el enents of the invention]. Were presen‘ the housing 705 includes one or
nore contacts 715 for conmunication with 5 host device. 15 Exanpl es of host
devices include digital caneras, digital recording and pl ayback devi ces,
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For sonme enbqdi nents, ﬁﬁetﬁont acts. 715 ar th form of a.standardi zed

i nt er f ac@PPrEBRAtECaRIECE7 13k the apPToBRats tef: FORPRPHETHO AR bt be

in the fpéMeeh athosiSBdithe MendB Bod6181700 iy be Ei‘ﬁ‘eréﬁ RareWhads PRHiRd foh&ecess
contacts 715 are in the formof a sem -proprietar nterface such 20 as

ni ght beof%W%dEEiOP (32 mnﬁ@heﬁrw%lara%uldut%@h a5 teeMRBROESAGYERSES] on,

\I']TEI'TDN‘I’E%S I cens e sﬁlﬂ{#&ﬁ:pg I’ por at I on %.{CTB Qé’l a%EIevglaléEée;#gIEgge% EAL

however, tlmnemor:\sdeﬁ%? m Suich granslation erdyfoghéminclvde chaggesan S@hl vatige dsvls

and/ or dat menory nodul e 700 and a host having
conpatib e&rdé%‘grb ors l?‘ g%g'leggnt acts 715. 25 The nenory nodul e 700 may

PPt egrated i r s adtors SO TRthRY Kfiel iIbd syntBidity ARG RPEdhieo) o
cci?ets |S 0 2 g Irrréesmds:@;rdueltv:eﬁ 7712(&#361?.”3? logit fgtrtiansesmight beijerfolined blyeh ASIC (a@blxcaagm

vi ces 710 . and/ o or pr di n
tradQl at PREFGIPETER \ﬁé"@ﬂ‘t)aﬁu\é%ttg? ﬁ‘g‘ﬁtwﬂ%&f"w’fﬁ’ 2532 r‘?‘g‘d ?/F‘ "ﬂEP resfjet
exanpl e, ydadeirenriiRactek td thedmeRRry foddR: BW, & BWErd3shoRRtive Hlofkaidawyber
of contacts_ 715 and a number of 1/O connections to the one or nore menory

devi ces thedikerihe additiopppipcuilsy 720 mayringlyde gireuitytoiindicste agtapeobthegymory

appr opr | edule980.FagURe el kR nt b R TD I Fi i le (ot Ralib dferklie,
|/ O connwedethen pawet isebwpg)sumﬂwdtt@ the mxemory mdphommdt whethgrthe p'mrmrw sddyral
22 rrh’g(ra]i c 2@{9 éﬁ%%{t@cbg ccess7ea5ar?ci to cp ?plgp% OIP({lc:ﬁ ct)f L Starﬁl gt l X 3011&‘| fi ight

while powered and a flashing light while being accessed. The additional circuitry 720 may

further include passive devices, such as decoupling capacitors to help regulate power

requirements within the memory module 700.

Figure 8 illustrates a block diagram of software modules of the present invention for
-, 20 programming memory devices. The modules are comprised of a flash translation layer (FTL)

801 and at least one low-level software driver 802. While only one low-level driver 802 is
shown in Figure 8, it is well known in the art that a memory system may have multiple such
drivers.

The high-level driver 801 works in conjunction with an operating system or an

25 application to manage a flash memory integrate circuit. The FTL 801 manages data in a flash

device so that it appears that the data is written to a particular location when in fact the data is
being stored in different locations of the flash. The FTL 801 moves the data to different
physical locations in the flash memory array in order to achieve more even wear
characteristics. This allows the flash device to appear as a disk drive or other block storage

30 device to the processor.

The low-level drivers 802 are responsible for taking the remapped addresses and
data from the FTL 801 and performing the actual programming/reading of the data. In one



"between a host and the nmenory nodule 700 may be different than what is
required for access of a nenory device 710. A nenory controller could then

transl at nd sequences 5 received froma host | opriate
conmmand gghﬂﬁﬁﬁggﬂﬁo achi eve the desired access to thepﬁéﬁghgﬁﬂgﬁﬁée 710.
Such translation may further include changes in signal voltage levels in
addition to command sequences. The additional circuitry 720 may further

i nclude functionality unrelated to control of a nenory device 710 such as
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WO 2007/ 067768 PCT/ US2006/ 047030 12 enbodi nent, the enbodi nents of the SLC
programming in an M.C flash nenory device are perfornmed by a | owl evel
menory driver. Conclusion |In sumary, the enbodi ments of the present
invention create an ML.C non-volatile 5 nenory device with at |east one SLC
menory cell in the same nenory array as a plurality of MC data. The
progranmm ng/ reading of SLC data in thd3M.C device is determ ned dynamcally
by control circuit/processor executing a |lowlevel software driver in
response to data reliability or address. This gives the end user of the M.C
non- vol at'1 nory device the option of storing sensitive code data in the
SLC area her reliability and other, |less 10 sensitive data in the
denser MLC area of the array. Although specific enbodi nents have been
illustrated and described herein, it wl|] be appreciated by those of

ordi nary kki | |Amsthoddorgingle fpyel Hﬁ&ramwmhlﬁlpﬁﬂa‘fel rell mgmety davisd, t o

achi eve t . may be substituted for the specific enbodi nents
shown. Matﬂgnﬁa aﬁtgglsjﬁglﬁg of the invention will be apparent to those of

ordi nary ski | |wiiting desirexd data #oamerodieitiglry, lcakbsigdifisanapip ot & atosisigrificannbiended t o
cover any fﬁgag%la}uiédons or variations of the invention. It is manifestly

i nt ended g calhy invention be limted only by the follow ng clainms and
equi val ent s t hgrgof rein%‘é%in@d%ia'\{@tﬂereﬁaﬁﬁ{gm@otftﬁécél' 36k fhal £¥ELshBIaO0r anmi ng i n
a multiple level cell menory device, the method conprising: witing desired
data to ovmtags ofcthe hell isadjusigd to s vojtagk layahieqiired boyrthendesirsd datagni fi cant bit  of
the cell; and witing reinforcing data to the remaining bit of the cell such
that a threshold voltage of the cell is adjusted to a voltage |evel
required Dy thEhedpahod®ef ddinel and fulthe indtadingddabmihiag Dtypesidafaip bber incl uding
determining a type of data to be witten. 3. The nethod of claim2 wherein
the type Whitethat a i ncl udes data requiring high

3. The method of claim 2 wherein the type of data includes data requiring high
reliability and data requiring high memory density.

4. The method of claim 1 wherein writing the reinforcing data changes the threshold

voltage for the cell to a voltage level required for the desired data.

5. The method of claim 4 wherein the desired data has a threshold voltage in a
multiple level cell range of threshold voltages such that a logical one state is at the most

negative of the range and a logical zero state is at the most positive of the range.

6. The method of claim 1 wherein the memory device is a NAND flash memory

device.

7. The method of claim 1 and further including reading the desired data by mapping

the read multiple level cell data to a single level cell data.

8. The method of claim 7 wherein a ‘11’ state maps to a logical one state and a “10’

state maps to a logical zero state.



reliability and data requiring high nenory density. 4. The nmethod of claiml
wherein witing the reinforcing data changes the threshold voltage for the
cell to a voltage level required for the desired data. 5. The nmethod of
claim4 wherein the desired data has a threshold voltage in a nmnultiple

| evel cell range of threshold voltages such that a |ogical one state is at
the nost negative of the range and alBogical zero state is at the nost
positive of the range. 6. The nmethod of claim 1l wherein the nenory device is
a NAND fl ash nenory device. 7. The nethod of claim1 and further including

readi ng the degi {98t ?[ﬁ Akl vl pl f@&ﬁﬁ | data to a
singl e Ie@'el céﬁeﬂg)at a. Qg@X%Pﬁ-‘g 0 Iggmtrﬁe%ﬁm lgkegrcgliln a PQ?EH state maps
to a | ogi mamonnieviteahe netibdaomplisingst ate naps to a | ogical zero state. 14

9. Anethod for single |level. programming in a nultiple level cell NAND flash
menory devi ce,&elteﬁ"'é“ ﬁ&ﬂl’eé’SH‘gtFit‘g‘gw."g@g’t“éegm ning a type of data to be

programmed; Wi kiindddesd AR8 P ledst sRnAichRaH of:l S ddgcant bit of a cell; and
writing reinforcing data that changes a threshold voltage of the cell to a

vol tage | evel writrgieidorcing detacthafecbingss a thaesholdi®ltaghef thec¢ibe agfoltegeai m 9

wherein it ng. e lea ignificant bit conprises witing to page 0 of
t he rrerm\r,\%’v%}é?/ é%&bh.e Afﬁléé&rr%a??‘uod of claim10 wherein witing the
reinforcing data conprises witing page that is not adjacent to page 0 of

t he msrmri/0 device. 12. A nethod for single |level programmng in a multiple

| evel cel 10-menbigmethed elclaipptiyhesinyritngtethe last piegificantdit comprises cant page
and a msﬁ,ﬁﬁhg{yﬁa'gggr&gpﬁqg&m hgyaet hod conprising: witing desired data to
east [

ei ther the Ignificant page or the nost significant page of at |east
one nenory cell; and witing reinforcing data to the remaining page of the
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page that is not adjacent to page 0 of the memory device.

12. A method for single level programming in a multiple level cell memory device
comprising memory with a least significant page and a most significant page, the method
comprising:

writing desired data to either the least significant page or the most significant
page of at least one memory cell; and

writing reinforcing data to the remaining page of the at least one memory cell
such that the remaining page is a non-adjacent page to the previously written page of

each cell and is composed of reinforcing data to the desired data.

13.  The method of claim 12 wherein the most significant page is at least four pages

from the least significant page.

14.  The method of claim 13 wherein the most significant page is four pages from the
least significant page in row zero of the single level array area and six pages from the

least significant page in the remaining rows of the area.

15. A memory device comprising:

a plurality of multiple level cells formed into an array of cells; and



each cell and is conposed of reinforcing data to the desired data. 13. The
met hod of claim 12 wherein the nost significant page is at |east four pages
fromthe | east significant page. 14. The nethod of claim 13 wherein the nost
significant page is four pages fromthe |east significant page in row zero
of the single |level array area and six pages fromthe |east significant
page in the renmmining rows of the ared’ 15. A nenory device conprising: a
plurality of multiple level cells formed into an array of cells; and 15 at

| east one single level cell within the array of cells that is programed and

read as a sin evel adapt ed
to wite desi %lé? gt (iﬁ% Sm%?el lg‘r’]%rae]; Wﬁga&% (gag? Si glﬁg d&%&%ﬁ%dﬂ d a nost

si gni f i camta dingle eheltdel imtesp@as to omemsiyndriver thaeld @amead o varitd degitei@araei nf or ci ng
data to the repmining bit of the cell suc hat, .a threshold voltage of the
cell is a@j%spggrﬁeaage%%é@nrE\'f@waw@&f@f%%casyblf HPHECF L Gresivge T6. The
devi ce of 1&&1%1%&%%&&6}&1?%@&0 hﬁ%é&lalﬁﬂ@bﬁm%@cehl%ﬁa{ thafd thrdsfiold Pl urality
of cells that are dynam call'y chosen by the driver to store data requiring

hi gher r evel@ge of thy celt isadjudtetd 40 s voltagd lével teheired vt thplesiteddeta. cel | s. 17. The
device of claim 15 wherein the array is a NAND fl ash nenory array. 18. The
device of claim 15 wherein programmed single level cells are conprised of

t hr eshol dig/ol tRgaieviReof slafnh as wheRiMAP REWast Bnedihdleleval deligh sglurmjaost ate or a
| ogi cal zero state. 19. A flash nenory device corrpr|S| n a _nmenory array

conpr i si ngflla thef areslynaryicalfy ehasersby Wmdna?réo plosfasmirapios bighstrelinhiliy ~ 1 evel s
wthin a {%Qﬁagtfoptdnfng'\%:re}ﬁﬁlﬂpfé%\te@gaﬁ and control circuitry that is adapted

to execute a single pfogramm ng nmet hod conprising witing desired
data to one of either the [east significant bit or the nobst significant bit

of adyna caI el ected. c and, writin fOor data to the
remai ni ng tﬁl ‘f B tFlialm E%Whﬁ%“ ﬁgﬁFﬁ%mg‘fﬁ‘gﬁ&ﬁﬁ E@ &Y 8-t he
r ei nf or ci ng data adjusts a threshold voltage Ilevel for a cell being

programmed to a | evel consistent with the desired data.
18.  The device of claim 15 wherein programmed single level cells are comprised of

threshold voltage levels that are mapped to either a logical one state or a logical zero

state.

19. A flash memory device comprising:

a memory array comprising a plurality of cells that are programmable to multiple
levels within a range of threshold voltages; and

control circuitry that is adapted to execute a single level programming method
comprising writing desired data to one of either the least significant bit or the most
significant bit of a dynamically selected cell, and writing reinforcing data to the

remaining bit of the cell.

20.  The device of claim 19 wherein the reinforcing data adjusts a threshold voltage

level for a cell being programmed to a level consistent with the desired data.

21.  The device of claim 20 wherein the desired data comprises one of a negative
threshold voltage for a logical one state and a positive threshold voltage for a logical zero

state.



21. The device of claim 20 wherein the desired data conprises one of a
negative threshold voltage for a logical one state and a positive threshold
voltage for a logical zero state. 16 22. The device of claim21 wherein
the logical one state is a furthest state fromthe |l|ogical zero state in
the range of threshold voltages. 23. A nenory system conprising: a processor
t hat generates nenory signals and exedfites a nmenory driver; and a nenory
devi ce coupled to the processor and operating in response to the nenory
signals, the nenory device conprising: a plurality of nmultiple level cells

for med aszp%?” afl{eac?évfgélof%in?izl gre tﬁQPagi/cgi} orfé;)sjl:téé%-{sta fufls RaRGTA At | east

one nultiple |eve I'n a single I'n response to the nenory
dri ver whlepiealrzetchetatenanthe yarghe ot éresheld vattagetsed to wite desired data to one of
either a least significant bit or a nost significant bit of the at |east

one nultiple level cell and wite reinforcing data to the remaining bit of

the cell syuch A RRnddy b b@hstisi): t age of the cell is adjusted to a voltage
| evel required by the desired data. 24. A nenory nodul e conprising: a

mul ti pl e | evelapresassor that gayeretes mageny signalsand eagrites olmemerysloiwer; akdht t he rows

conprise word Arhgrgg Ccféuf?:le ate

to. capt r ol of lural it f menory cells
and the colunns™C Wp ivse%g'ilqleq Pneesprc?gﬁ (freacr]latOBerg@IFé)lélsre?tOP?eﬁagheof menory
cel l's, th@emBRighaRl theYnenidty Hbdte @nmipaidgeed i n nenory bl ocks; and control
circuitry that is adapted to performsingle |l evel pro ra{lrrri ng of at |east
f\’%rcﬁ ¥ d

one dynami cal |y sel®dvabtycdimulgpleiqvel ¢pt cg ¢ 8ty ety Agd desired data to
one of el ther a | eash5f Gl loghils @calt I SHINAE] Gk iyl the cel
ata to't 1t of t

and witing reinforcing e remal ni ng e cell; "and a
plurality of devd datmit toefriogse tedhd memoodriver whakmahé wemoondriset isbet ween t he

menory array and a, host, syste 25. The .nodul e of cécai 24 and further
including a rreaﬁﬁpg‘?d LR eF‘é?d &‘?Eﬂ 1‘&0&80?‘6‘ ﬁ@kea a&ﬁ‘é??ﬁ‘fmtcont rol ling
operation of tdieifiBRPkY ofi@YafRadtBné ABRPNSBYAIRell BEd WAR reinftethg dhta to

the remaining bit of the cell such that a threshold voltage of the cell is adjusted to

a voltage level required by the desired data.

24. A memory module comprising:

a multiple level memory array arranged in rows and columns such that the rows
comprise word lines coupled to control gates of a plurality of memory cells and the
columns comprise bit lines coupled to series strings of memory cells, the memory array
further arranged in memory blocks; and

control circuitry that is adapted to perform single level programming of at least
one dynamically selected cell of the memory array by writing desired data to one of
either a least significant bit or a most significant bit of the cell and writing reinforcing
data to the remaining bit of the cell; and a plurality of contacts configured to provide

selective contact between the memory array and a host system.

25.  The module of claim 24 and further including a memory controller coupled to the
memory array for controlling operation of the memory device in response to the host

system.



17 26. A nmethod for single level progranmng in a nultiple |level cell NAND
flash nenory device conprising a nenory array, the nmethod conpri sing:
determning a type of data to be programred; witing either nmultiple |evel
cell data or single level cell data to at | east one selected cell of the
array in response to the type of data; if the type of data is indicative of
high reliability, witing desired datd7to a first bit of a cell and witing
reinforcing data to a renmaining bit of the cell that changes a threshold
voltage of the cell to a voltage level required by the desired data; and if

R T Y R e R T A G N IR T ol
witing tihemdesievied compesingaamemory anpdye tHeawathodanprisimgnner conpri ses
programm ng the cell to a dg\a ﬁfg threshol voltage level with a single
progr anmi ng opSHSIRYIRS 2 5P b ProgramIns eorrpri sing: a processor that

generates menogt élﬂﬁlrﬁmﬁﬁﬂ’e l%iiﬁ(élél‘l @ta 3r fih @B 1dveVEaI dERIBIaY leadtion¥er and a
| ow- | evel menory driver; and a nenory devi ce coupled to the processor and

oper at i ngselastedasih ohthe armey irhesspamsertorthe 5ipgRBIala; t he menory devi ce conpri si ng:

a plurality Oflthﬂéﬁgée"éfe aM‘ﬁldw%‘?L% éfﬁlgﬁ Wgoﬁﬁmﬁﬁtﬁ a8 eﬁfdafa% 'a?'rst%ﬂd o

control circui ura eve Cart
single | efsdelleal lwrftmgrmhfdrcﬁng &a@mﬁsﬁzrﬂaﬁnm@at bf@hcélettﬁ{ chaRgaray dr| ver and

the low | evel  nmepory driver vvhe elnthelowle drjver is adapted
to wite @é%*h?lédolt@&t%{t%c 8 AP ltagey piel resuireibist the aweHD it or a most
significant bi f%;;%a(ﬁfm f: d wite
rei nforcing dalifa}%tt t ea?‘elsr%%aﬁgé Efl?h%?%mggycﬂgﬁg? Rﬁﬁld Iqﬁ(?a Slﬁ'?(g/h% iarprml tiple
| evel cel ingltipleclavel hell mangdrr eshol d vol t age of each cell is adjusted to a

voltage | evel required by the desired data. 29. The device of claim28
wherein the reinforcing data increases a threshold voltage |evel for a cell

bei ng progy. amregk hethad bEMSim ZOREErsIneRktind thbddsiied das id £thuddidlevdiBell
manner comprises programming the cell to a desired threshold voltage level with a single

programming operation.

28. A memory system comprising:
a processor that generates memory signals and executes a high level memory
driver and a low-level memory driver; and
a memory device coupled to the processor and operating in response to the
memory signals, the memory device comprising;
a plurality of multiple level cells formed as an array of cells; and
a control circuit that programs a plurality of multiple level cells in a single
level cell format in response to the high-level memory driver and the low-level
memory driver wherein the low-level memory driver is adapted to write desired
data to one of either a least significant bit or a most significant bit of each of the
plurality of multiple level cells and write reinforcing data to the remaining bit of
each of the plurality of multiple level cells such that a threshold voltage of each

cell is adjusted to a voltage level required by the desired data.

29.  The device of claim 28 wherein the reinforcing data increases a threshold voltage

level for a cell being programmed to a level consistent with the desired data.



30. The device of claim?29 wherein the desired data a positive threshold
voltage for a logical zero state. 31. The device of claim28 wherein a

| ogical one state is a furthest state fromthe |ogical zero state in the
range of threshold voltages. 32. A flash nenory system having a processor
coupled to systemnmenory and to a flash nenory device, the system
conprising: a high-level driver that 18 executed by the processor and
selects nenory locations of the flash nmenory device to which data is
witten; and a |owlevel driver, coupled to the high | evel driver that is
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response lbgica zeygat@f data being witten mhereln t he Iom#level driver is
adapted to wite the single level cell data to one of either a | east
significant bit or a nost significant bit of each of the nmultiple |level cell

memory | ofat | o 4@l oNihinPa ShALAbRIUAL Bl hASHIRLOTAG Bt of each of

the multiple I eve menory | ocat ons suc vol t age of
each | ocdbgior ze® sau:lg: usthe(h@coﬁtlmshbldgrelthga.el requir ed by the desired data.
33. The system of claim 32 wherein the type of data conprises either high

reliability data or |ess sensitive data.

32. A flash memory system having a processor coupled to system memory and to a
flash memory device, the system comprising:

a high-level driver that is executed by the processor and selects memory locations
of the flash memory device to which data is written; and

a low-level driver, coupled to the high-level driver, that is executed by the
processor to write single level cell data into multiple level cell memory locations as
determined by the high-level driver in response to a type of data being written wherein
the low-level driver is adapted to write the single level cell data to one of either a least
significant bit or a most significant bit of each of the multiple level cell memory locations
and write reinforcing data to the remaining bit of each of the multiple level cell memory
locations such that a threshold voltage of each location is adjusted to a voltage level

required by the desired data.

33.  The system of claim 32 wherein the type of data comprises either high reliability

data or less sensitive data.



