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NON- VOLATI LE MEMORY DEVI CE  TECHNI CAL FI ELD OF THE | NVENTI ON The present

i nvention relates generally to nenory devices and in particular the 5
present invention relates to non-volatile nenory devices. BACKGROUND OF THE
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and cel lul ar tel ephones. Program code and system data such as a basic

i nput/out put system (BIGS) are typically stored in flash nenory devices for

use in personal conputer systens 20 As the perfornmance and conplexity of

el ectronic systens incredCK Gﬁ'@m&ﬂ@ NTIQNdi ti onal nermory in a
system al so mqgi%?a LR al W&J&r e ANt dnfistRdhQor, ffldlRed Ne  costs of
the system the par sevéount w A leptast oea mgérlllprrum gl'[Fn s can be

acconpl i shewtsiy compuiereersithay etch@omemgﬂs dehexsi arg ety different typesanferemiry cui t .

{1 oald ng Tpile GRbas et A ARTE th U 126! S35 kB0 W oL LG, Bopiaen * Ne
Addi t i onatdeys memorydDRAM), sinelwehowselyhanit kinGpm aceass mempe(SPRANM), andllash of dat a
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i ncreasing Y& size of the die. The M.C nethod stores two or nore data bits
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memory for a wide range of electropic applications. Flash memory devices typically use a
15  one-transistor memory cell that allows for high memory densities, high reliability, and low
power consumption. Common uses for flash memory include personal computers, personat
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

for use in personal computer systems.

20 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.

Memory density can be increased by decreasing the distance between the floating
25 gate cells and by decreasing the size of the cells. Additionally, using multi-level cells (MLC)
can increase the amount of data stored in an integrated circuit without adding additional cells
and/or increasing the size of the die. The ML.C method stores two or more data biis in each

memory cell.

MLC requires tight control of the threshold voltages in order to use multiple
30  threshold levels per cell. One problem with non-volatile memory cells that are closely spaced,
and MLC in particular, is the floating gate-to-floating gate capacitive coupling causes



30 threshold levels per cell. One problemw th non-volatile nenory cells
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addressed by the present invention and will be understood by reading and studying the

following specification.

The present invention encompasses a method for programming a multiple level,
non-volatile memory device. The memory device has a plurality of memory cells that are
20 organized into a plurality of memory blocks. Each memory block has bit line columns and

word line rows.

The method initially programs a lower page of a first memory block of the plurality
of memory blocks. The lower page programming starts at a lowest word line of the first
memory block and continues in an increasing word line direction until the entire lower page

25  of the first memory block is programmed. The upper page of the first memory block is then
programmed. This programming starts at the lowest word line of the first memory block and
continues in an increasing word line direction unti! the entire upper page of the first memory

block is programmed.

Further embodiments of the invention include methods and apparatus of varying
30 scope.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a sinplified diagram of one
enbodi nent for a NAND flash menory array of the present invention. Figure 2
shows a di aye 296/0688ne enbodi nent of a_nmethod of the pri8d&MEeRf&iion” 5
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present invention is not limted to NAND flash but can be used for
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DETAILED DESCRIPTION
In the following detailed description of the invention, reference is made to the
15  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
invention. Other embodiments may be utilized and structural, logical, and electrical changes
20  may be made without departing from the scope of the present invention. The following
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
: NAND flash memory array of the present invention. This memory array is for purposes of
25  illustration only as the present invention is not limited to NAND flash but can be used for
other flash architectures (e.g., NOR, AND) and other non-volatile memory technologies such
as electrically erasable programmable read only memory (EEPROM).

The memory array of Figure 1, for purposes of clarity, does not show all of the
elements typically required in a memory array. For example, only three bit lines are shown
30 (BL1, BL2, and BLN) when the number of bit lines required actually depends upon the
memory density and chip architecture. The bit lines are subsequently referred to as (BLI —



other flash architectures (e.g., NOR, AND) and ot her non-volatile menory
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The drain_select gates 112, 113 are controlled by a drain select gate
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can be progr S a sing t per ., sing eve - SLO
or drain select gate control line SG(D) 114.

In the embodiment of Figure 1, the top of the array (i.e., WL0) is at the top of the
page and the bottom of the array (i.e., WLN) is at the bottom of the page. However, these
labels are for purposes of illustration only as WL0 can also begin at the bottom of the page

20 with the word line numbers increasing towards the top 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 - MLC). 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, of 0.5V
might indicate a programmed cell while a V, of 0.5V might indicate an erased cell. The
25 multilevel cell may have multiple V, windows that each indicate a different state. Muitilevel
cells take advantage of the analog nature of a traditional flash cell by assigning a bit pattern
to a specific voltage range stored on the cell. This technology permits the storage of two or

more bits per cell, depending on the quantity of voltage ranges assigned to the cell.

For example, a cell may be assigned four different voltage ranges of 200 mV for
30  eachrange. Typically, a dead space or margin of 0.2V to 0.4V is between each range. If the
voltage stored on the cell is within the first range, the cell is storing a 01. If the voltage is



multiple bits per cell (i.e., nmultiple level cell - MC). Each cell's

threshold voltage (V,) deternmnes the data that is stored in the cell. For
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t he program operation. In one enbodi nent, the unelected word Tine voltages
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remai ni ng pages 1 n the block can experience a disturb Condition. This occurs
for ot hMLG mguorrdock iswypicellmeeprised ol 5 gapesc Whew ong ¢fdhesagegrs dhar e common
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both a read and a write access. In both cases, the pages share common word lines and bitlines

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

20 cells that are not being accessed.

Figure 2 illustrates a diagram of one embodiment of a method of the present
invention for multiple level programming of a memory device. This diagram shows the order
in which cells and pages of the device are programmed. For purposes of clarity, only eight

| cells (i.e., four word lines) are discussed. However, this method is repeated to include an
25 entire block of memory word lines. This concept is illustrated and discussed subsequently

with reference to Figure 3.

Each row of the diagram of Figure 2 illustrates the write operation to each of cells 1
— 8 that are illustrated in Figure 1. Each column 200, 201 illustrates the page being
programmed (i.e., first or second). Within each page 200, 201 are the circled numbers

30  indicating the order of the write operation.



t hat can experience higher programm ng/read voltages whenever any one of the
pages is programmed/read. These voltages can cause problens by disturbing
the distributions for the 20 cells that are not being accessed. Figure 2
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memory cell 8.

As is well known in the art, an erase operation is performed on the memory block
prior to the above-described write operations. This initializes the memory cells to the logical
20  “11” state. Additionally, a verify operation is performed after the write operations to verify
proper programming. The erase and verify operations are well known in the art and not
discussed further.

Figure 3 illustrates a write pattern to a memory array using the multiple level
programming embodiment of Figure 2. For purposes of clarity, only a small portion of the

.5 cells of a memory block are shown.

Each cell shows a pair of numbers near each memory cell gate that indicate the
write operation order as discussed previously with reference to Figure 2. The lower numberl
indicates the order of programming the lower page of the cell, The upper number indicates
the order of programming the upper page of the cell. This pattem is repeated throughout the

30  block of 128 pages.
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menory0 cel | matlbf {hinditplle 49%idlustenies the, sepast spssg Feshivis gresheld yoltegss O%]i‘é nenory
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"01" state, while the remainin are still in the erased state. It can

| ]
be seen t hAl” st¥e Thsicells thﬁjhaafem@rqggolfl?i@%ﬁ@@i-&%&lﬁbr'éw@ghﬁawemteihi bited a
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illustrates the "worst case" resulting t hreshol d vo tages of the nenory
cel | mat r interfirense figim neighbprieg eadls| ThesentetvellfAf of the matrex H2dnsysrogadedhied to a

1 09I C8  cells that have been programmed and, therefore, should exhibit the most program disturb.
However, this cell only experiences a disturb condition of 150 mV. In a typical prior art

program operation, such a cell might have a threshold voltage that is 230 mV from the
programmed threshold voltage.

Figure 5 illustrates a functional block diagram of a memory device 500 that can
20  incorporate the flash memory array and programming method embodiments of the present
invention. The memory device 500 is coupled to a processor 510. The processor 510 may be
a microprocessor or some other type of controlling circuitry. The memory device 500 and the
processor 510 form part of an electronic system 520. The memory device 500 has been
simplified to focus on features of the memory that are helpful in understanding the present

_5 invention.

The memory device includes an array of flash memory cells 530 as described above
with reference to Figure 1. The memory array 530 is arranged in banks of rows and columns.
The control gates of each row of memory cells is coupled with a word line while the drain
and source connections of the memory cells are coupled to bitlines. As is well known in the
30  art, the connections of the celis to the bitlines determines whether the array is a NAND
architecture, an AND architecture, or a NOR architecture.



"01" state. The cells that have a threshold voltage of 1.15V exhibit a
slight anobunt of program capacitance interference since they would be at
1. 00V wi thout experiencing interference from neighboring cells. The center
cell 410 of the matrix 402 is surrounded by 15 cells that have been
programed aN® 204¥P¥fore, shoul d exhibjt the nost progr BETHPMG/I0EBS2
However, this cell only experiences a d¥ sturb condition of 150 nV. In a
typical prior art program operation, such a cell m ght have a threshold
vol tage that is AGGldrs buffercirdndt S40iogrpededicd latbl sbingh cdignait pragided 1 gure 5

il lustrate funtlon C mof a, menr e 500 that can 20
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i nvent i on.?™ #Tgﬁﬁtr@ [raRes ingppases vith Hofh inprg F’S/cegé’f)?%t 530 as
descri bed @b@)éﬁbasd&lﬁaﬁkﬁﬁiflﬂéﬁtﬁﬁmﬁ_o Figure 1. The nenory array 530 is

arranged i n banks of rows and columms. The control gates of each row of

menory cells i s The ey ddvide 500 Wakslddtd m&ha\tablherytdaﬁydwwsenaaglv&mgeee
connecti ons of Lhe menory cells are1 coupled to Ineﬁgfﬁﬁ IS well known in
t

the 30 ar tUTeH &hangasindhg ‘Bﬁ§°1é’fa"1ah6° pany ‘éS“tgo‘ie’t‘%‘?é’“ﬁe‘t‘F"f"H Meni nes whet her

the angay sesseBuffiNidouidtCGllioheehbdd@mertis ledlte héati@ﬁ& 14 a 8% oR dNGBrom the .
architecture. WO 2006/ 093886 PCT/ US2006/ 006882 8 An address buffer circuit

540 is pr CRARAEYATRY 138 Pra dnpt endoudmuybraffes ospuityy aelis dnpludsd fprdisdireatignal
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decoder 544 and a col um decoder to access the nenory array 530. It wll

be apprec#ra!lEth%%/lStPFR)’s@d%mfedﬁﬁtﬁﬂteﬁeera(PWaHWth the benefit of the present
description, that the 5 nunber of address input connections dﬁgends on the
density and ar clkiop@eloifeuitryfS7@ Recodesmianpls pravidey opzontrotiserneptions Sheframtber  of
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bank and count
including data read, data write (program), and erase operations. The control circuitry 570 may

be a state machine, a sequencer, or some other type of controller. In one ¢embodiment, the
contro] circuitry 570 is responsible for executing the embodiments of the programming

method of the present invention for improved interference immunity in a MLC array.

20 The flash memory device illustrated in Figure 5 has been simplified to facilitate a
basic understanding of the features of the memory. A more detailed understanding of internal
circuitry and functions of flash memories are known to those skilled in the art.

Conclusion

|; In summary, the embodiments of the present invention improves margins between
25  MLC levels while maintaining programming throughput. This is accomplished by initially
programming all of the lower page bits of a memory block. The upper page bits of the
memory block are then programmed. In one embodiment, this programming method can
reduce interference by 30 - 40% in a programmed cell as compared to prior art methods of

programming.

30 Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to



The nenory device 500 reads data in the nenory array 530 by sensing vol tage
or current changes in the nenory array columms using sense/buffer circuitry
550. The 10 sense/buffer circuitry, in one enbodinent, is coupled to read
and latch a row of data fromthe nenory array 530. Data input and out put
buf fer circuVPrPYP6BEE86 s i ncl uded for bi-directional datRETEERMNGRIBE: i on over
a plurality of data connections 562 wi th the controller 510. Wite
circuitry 555 is provided to wite data to the nenory array. Control

ci r cui t r yadiigyetiecone purppsprmadyshepubstiteiedifop thesperi fiotmbrgiments shows. Ma®y f rom t he
15 proces i [ i n the
menory ar rg%tym%% Of-[llﬁg%ﬁl} g?ﬁgﬁ!ﬁ? %p glgha%? %cf tzﬁ?%&\%na#’ 5 pl)frlggr a%’ %E%oggﬁ%l?hs e

oper at i onshis applcation {srimendsid ita cover gnysidaptations obeartisnsaifehemudntion Itia sequencer,
or sone othe f.gontroller. J|n.one enhodi .the . ngrol circuitry
S70° s r ot ienfes B8N Frichfion welnaRR AR Rt eS8 o1 v et hod
of the pregdviientstheaadfi on for inproved interference imunity in a M.C array.
20 The flash menory device illustrated in Figure 5 has been sinplified to
facilitate a basic understanding of the features of the nenory. A nore
det ai |l ed understanding of internal <circuitry and functions of flash
menories are known to those skilled in the art. Conclusion In sumary, the
enbodi ments of the present invention inproves margins between 25 MC |evels
whi | e mai nt ai ni ng progranm ng throughput. This is acconplished by initially
programming all of the |lower page bits of a nenory bl ock. The upper page
bits of the nenory block are then programred. In one enbodinent, this
programi ng net hod can reduce interference by 30 - 40%in a programred cel
as conpared to prior art nethods of progranm ng. 30 Although specific
enbodi nents have been illustrated and described herein, it wll be

appreci ated by those of ordinary skill in the art that any arrangenent that
is calculated to WO 2006/ 093886 PCT/ US2006/ 006882 9 achi eve the sane
purpose may be substituted for the specific enbodi nents shown. Mny
adaptations of the invention will be apparent to those of ordinary skill in
the art. Accordingly, this application is intended to cover any adaptations
or variations of the invention. It is



mani festly intended that this invention be limted only by the foll ow ng
clains and 5 equivalents thereof. 10 CLAIMS 1. A nethod for programm ng a
multiple level, non-volatile nenory device having a plurality of nenory

bl ocks, each menory bl ock conprising a plurality of nmenory cells each
havi ng an upper page of data and a |lo page of data, the nethod
conprising: initially progranm ng the |ower page of each of the plurality
of menory cells of a first nenory block prior to programm ng the upper page
of the plurality of menory cells ofciiAmv$i rst nenory bl ock; and progranm ng
t he upper page of the plurality of nenory cells of the first nenory bl ock
only after the lower page is programed. 2. The nethod of claim1l wherein

the first wo i i . b JSH : es. 3. The
method 5t o1 4 e proPARa: a HRBlek ek haffolaRERanT) dovicHhERRES. 1 ed
to store a plnahtldftmyenairy blacks, edch mérsonydtdvbdomprisingiapluraithef iemotheellsenor y
device is arr nged i n a NAND a%ﬁhggﬁéé#re. 5. IGF HFth%ﬁ%ﬁf claim 1l wherein
the menory d&VT e T&2LYRPSHBRET 9G24 WERPELT e e B TREEHSD of claim
1 and furt hehitialg ptogtdheining@hlowepdge)of edchrF iRy plueBiyl of nikehdig celly starfasered from
an erased state. 7. The nethod of claim6 wherein the erased state is a

| ogi cal "11" st atBemgy blockdrieptp RTEEraBANRE WEWPPRY PasheA the plusalitegememprysh

menory device ha%kﬂ&oﬁh@hHﬁﬁkh&% P%dcgﬁgnry cells organized into a plurality
of menory bl ocks, each nenory ceX having a |ower page of data and an upper
page of dat agrogramnmieg thedippeampeé si thg plupalivgememony callf olbe fipagemeiy blofk r st
menory bl ock of t%@b uEaIit§ of nennr%'bl cks such that the programm ng
starts at a first® rHFHS“’W%E%é%WP% T"%8urce line, the 11 pr ogr ami ng
conprising substantially sinultaneously programming alternate cells in a

bit line direction wherein all of the | ower page of data of the first
2. The method of claim 1 wherein the first word line is part of a memory block comprising

128 pages.
3. The method of claim 1 wherein each of the plurality of memory cells is adapted to store a
plurality of bits.
4. The method of claim 1 wherein the memory device is arranged in a NAND architecture.
5. The method of claim 1 wherein the memory device is arranged in a NOR architecture.
6. The method of claim 1 and further including the plurality of memory cells being

programmed from an erased state.

7. The method of claim 6 wherein the erased state is a logical “11” state.

8. A method for programming a multiple level flash memory device having a plurality of
memory cells organized into a plurality of memory blocks, each memory cell having a
lower page of data and an upper page of data, the method comprising:
programming a lower page of a first memory block of the plurality of memory blocks

such that the programming starts at a first word line closest to a source line, the



menory bl ock is progranmmed prior to progranm ng the upper page; and
programm ng an upper page of the first nmenory block, after the | ower page is
programmed, starting at the first word line, the programm ng conpri sing
substantially sinultaneously programming alternate cells in the bit line
direction. 9. The nethod of claim8 wherein programmng the |ower page of
the first nmenory block includes performng a first wite operation on each
alternate nenory cell of the first word line in the bit line direction,

performng a secqidgidmintifs OREHAIALMbEANIMNG sinRTRhEIRE proBaRinE Atekmardf the
first word line, performing a third wite operation on each alternate

nmenory cell of a “HgbrabibingdirscHan phereiealkniithg loper pagesd dpigef thsdistor ni ng a
fourth wite op j : LRI y@g& second word

l'i ne, perforningqga??ggﬁ&m“;Pﬁ@Fopefg?pgﬁ n %égﬁﬁghﬁgg%g{@ﬁﬁﬁﬁgry cell of a
third word |pmgrammingen bpper pagesofdha st menory ek afterithglosves pagehis wri t e

o seventh wii t o JBEFATSH SBREHE e ol WO B EonaRgg: {h wor o
line in the bit dubﬂ@ntdnil]?@Bﬁdlﬁﬂeo@%r@g}ﬁ&ﬁﬁﬁg A@naie &G e Wit lin@ d@B&Toat | on on

the remaining nenory cells of the fourth word Iine. 10. The nethod of claim
9 wherein progranm ng the upper page of the first nmenory bl ock includes

performyng amd i i I he
Frrst ord Taee bt Afpep ehee Ao PanFRAR R IR RO FRIR nfiflly Aot
operati on onintludesrrenarmingg firstevmite pperetidrsorodach hkterhite stenwoy dell ofithe fipewbak m ng

an el eventh lWri.t (ﬁbﬁqfte]lr.atdéon.on each . alternate rrermrt.(y%celth of the second
word |ine in o8 Ui TG HOh PEFTYN NS A PSP MRY erHREIPRE WA W% per at i on
on the renuaimemMgryRMOLHhE Ekdt Svord likid) perFrannda wWddyvdite RferatiPesd QdchiaRgnae
thirteenth wite operation on each alternate nenory cell of the third word

line in the BemonyiseH ofp sesopd gyord Beg indhebin ingdirestipn derfprming pleurBywetst i on on
t he remai ni : i j } i fteenth
n&)erﬂﬁmmhcﬁ%ldg tug%mterhsrytéeugslfm@g ohé(ij f8rd R E%%?gﬁ

wite operati'on on eac nat e “menory cel | - fourth w ine in
the bit |inewdiercapetatiompn exndh allemiatermemeyyaell of xthardnydrd Bing irethe b diat dwection, t he

remai ni ng meno cells of the fourth rd line, 12 11. e ne ho% of claim
5 and T urt harrote e SR erbe FregRitne P iR s Brtel of P 5 Br ammi ng
the first paggforming a seventh write operation on each alternate memory cell of a fourth word line

in the bit line direction, and performing an eighth write operation on the remaining

memory cells of the fourth word line.

10.  The method of claim 9 wherein programming the upper page of the first memory block
includes performing a ninth write operation on each alternate memory cell of the first
word line in the bit line direction, performing a tenth write operation on the remaining
memory cells of the first word line, performing an eleventh write operation on each
alternate memory cell of the second word line in the bit line direction, performing a
twelfth write operation on the remaining memory cells of the second word line,
performing a thirteenth write operation on each alternate memory cell of the third word
line in the bit line direction, performing a fourteenth write operation on the remaining
memory cells of the third word line, performing a fifteenth write operation on each
alternate memory cell of the fourth word line in the bit line direction, and performing a

sixteenth write operation on the remaining memory cells of the fourth word line.



12. The method of claim8 and further including verifying the first nenory
bl ock after progranm ng the |ower and upper pages. 13. The nethod of claim
8 wherein each wite operation increases a threshold voltage for the
programed nmenory cell. 14. A flash nenory device conprising: a nenory array
conprising a plurality of nmultiple lev menory cells, the plurality of
menory cells organi zed into nenory bl ocks having a plurality of rows of
cells coupled to word lines and a plurality of colums of cells coupled to

bit |ines, €pE metHBABS Yaiges hndRh&dn@idivpRREInR AGES B meRbs BHck fick @er page
of data; and contraol circuitry coupled to the nenory array, the control
circuit adapregramenipg ByfHpREE: plurality of menory cells by initially
programming only the |l ower page of a first nenory block prior to
progranmm ng the upper page of the first nenory bl ock. 15. The flash nmenory
devi ce &. cl Ehemathodbtelaims emhfurtber io¢inding venyfying thelfitsheremadaplvedaften st art
programming at a ward.line c%gsest to a source line of the nenory array. 16.

|
The flash neRrSPY™RE0R LS Q¥ e AngiURPE P48 er ein the control circuitry is further

adapted to performerase, read, and verify operations on the nmenory array
in response to received . comands. 17. The f|ash nenory device of claim 14
and further Thcmnethedal dainsd whassin qack Maitconstion lw%eassm%ﬁ@hﬁlfiylomea@r ey
determ ni ng A AMELState of the mermory bl ocks. 18. The flash nenory
devi ce of C|§P a14 mherefﬁ the plurality of multiple level nmenory cells are
organi zed in one of a NAND architecture, an AND architecture, or a NOR

archit ©¢4.UT €A flash memory device comprising:

a memory array comprising a plurality of multiple level memory cells, the plurality of
memory cells organized into memory blocks having a plurality of rows of cells
coupled to word lines and a plurality of columns of cells coupled to bit lines, each
memory cell having an upper page of data and a lower page of data; and

control circuitry coupled to the memory array, the control circuit adapted to program the
plurality of memory cells by initially programming only the lower page of a first

memory block prior to programming the upper page of the first memory block.

15.  The flash memory device of claim 14 wherein control circuitry is further adapted to start

programming at a word line closest to a source line of the memory array.

16.  The flash memory device of claim 14 wherein the control circuitry is further adapted to
perform erase, read, and verify operations on the memory array in response to received

commands.

17.  The flash memory device of claim 14 and further including sense amplifiers coupled to

the memory array for determining a programmed state of the memory blocks.

18.  The flash memory device of claim 14 wherein the plurality of multiple level memory
cells are organized in one of a NAND architecture, an AND architecture, or a NOR

architecture.





