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MULTI PLE LEVEL PROGRAMM NG | N A NON- VOLATI LE MEMORY
DEVI CE TECHNI CAL FI ELD OF THE | NVENTI ON The present

WO pwel0isen rel ates generally to menory devi cesPEIUSI006/006882
particular the present inveéntion relates to
non-vol atile nmenory devi ces. BACKGROUND OF THE

o R R ARSI RE M AN SOL X eisors pevics

conputers or other electronic devices. There are many

di fferent tryEINeE ATERIELD IOX THI NYVENTION access
menory (RAM), read only nepor

A ibe SacssmioN O DRANPS EERINT 6 AT ORI SR RGO the
present gxgv\%;elﬁcsé% P%{{E’J 4 a1(0§%m16 n@Rrd h&gkesmemory. Fl ash menmory

ave devel oped i nto a popular source of
non-vol atile menmory for a wi de range of electronic
appl i cations. Flash nmenory devices typically use a

one-transistgr | i
densiti es, Sh%@éﬁéﬁ%@ﬁ{u}qﬁﬁ&ﬁ:\}mg&g i gh menory
CAISHORdeMbes HRAPMBaliSSOvided ad intshal MEsimityndudti idegrated

~_personal conputers, personal digital assjstants
circuits(iPCAmpytets qgiotler clegivenia devigerd Thetc|agy BaAnY é}fg‘ﬁ% fggs of memory

. .Progr,am code and [ :

i, SRR YR PEPA 2 D RO Epamic o

access fe@dhy (BRAM), devhioasud dmatserandopecsss alenwuppiDBAM), and flash
systens. As the performance and conplexity of

memorg| ectroni ¢ systens increase, the requirenent for

addi tional nmenory in a system al so increases. However,
i Flashdeemeny degives have degeloperlingo @ H%Plﬂ%rﬁogr%fosfflﬂ%'v\gﬁ\{l?g

system. the : i..0i
memor X5 Els e AR PR Mg T Son KB Bherh UL, gy o
one-trafl@ifet tgmeky ¢l that Alpwatfechigh nemidry disitoesy highmeliabjlityaand low
; by
be i ncreased by decr t he di stance be

power ¢quSHIPHEN-ATRMER PP faripsBynemen advdpe LT TPy pesonel
digital Igsﬁyrtaiﬁs Qsi%%: gg@éﬂ dmeHsi A dMbtat tdl§tBhesC Bldggarh Mb@ arkBdystem

eas unt of data stored’in an integrated
data such e ubbsiminphtuttpaciystag (RAQS) drsrmpicalb siercd iriflash memory devices

i.ncreasing the size of the die. The M.C nethod stores
for “SetlweréPm}]rﬁg’é‘pﬂtﬁf ﬁysgqnfss in each nenory cell.

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
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 MLC method stores two or more data bits in each

memory cell.

MLC requires tight control of the threshold voltages in order to use multiple
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
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M.C requires tight control of the threshold voltages
in order to use nultiple threshold | evels per cell.
W@®6/093886 em wi t h non-vol atile nmenory cel |l s t he€T/H82906/006882
cl osely spaced, and M.C in2particular, is the floating
gate-to-floating gate capacitive coupling
] causes006/ 006882 .i.nterfer Ldos of A&i8hboring cells
interferene @Ff“éei’eér?gﬂs'gﬁ‘leﬁtgrf?r%oet Sﬁ‘r es ﬁgﬁg@%%lﬂ% g(ge gofo . g 5
as one ARl O PRAFARSG 8 et SisasfenBe tocml d prbgrapr dignenvedition thet may
referred to as a programdi sturb condition that may
progranp celésr thah ase hptsdesiies todRPTASH ired to be progranmred.
One way that has been used to reduce, this gro lemis (e
t ©ipewiypthat hasbeen peeddo teduge this prrelen iste BAIPTR PEYF Rge U-e-
rogr 1ng, of cells nei l&b&ré]ﬁ)g, Gl fesit ceQSrior RS wyier paee
lower tﬁfﬁ%‘g‘%ﬁ%ﬁ%@&%m&%‘}%ﬂ%&%g am} cell fgaThusc,e i%rﬁiterfe@fence
pmgrax{élzlliﬁge@meﬂi TIRR, ikefeidtice shetucedoitcades bieshpld valtpgweldhe

|”is going to be re-adjusted when the ;
affecteh celfisgoinan'y hge§e-géw§1§1i ﬁé’&?k}*l%‘il@eb?%%erpéﬂgﬁarﬁlgﬁﬁg ﬁs}%eg’ﬁfmed. This
however ., | LYkt ihe thi aEerocess.
prosra Bt B B e, Pt for "ot her
tr ﬁ@i—gﬂé {g‘cé%;(?r}gggate%ee{b%%,taﬁatfof%thér RROABaRAMRIANhat Will become

I'n e art upon reading and . )
apparchtné 3n§§e@%aﬂieagn :Haferuarpea eeddirgpa tfﬂde@tantdmg éhgmeéefﬁ spegification,
need in e ar or a less co ex ne . .
there ip? beaddminyt Fﬁm%1F§§|°8mPL?\¥é?‘?tﬁﬂ€E°r\P6‘?%?ﬁ“P‘g ?r‘n[@t}%e texph gon
SWhil e ' iRaTery Fooh Bistirb. SUMVARY The
volat11%gxg\r/né>_r%§%¥§f\glﬁ}gecfgpr obz?glr?g*vw th flash nenories and ot her
probl ens are addressed by the present invention and
wi || be understood by readi ng and studying the
foll owi ng specificati orSUNMMAR¥sent invention
enconpasses a. net hod, for r.ami n gﬂl ' Levet
nomhg abaerpent PV%&%‘% %’gﬁ %%‘Pemf%l r?%?ss e&p%@rﬁ%slﬁg °
addresBﬁ':d%ﬂHe;pgge o;;t HARIoH 256 WiB bt Raderitosd by gadinpemdishtdying the

prurali menory bl ocks. Each nmenory bl ock has bit
followlingspecificatiors and word |line rows. The nethod initially

prograns a | ower page of a first menory bl ock of the )
pl umha lpirdsgntdhvereion eycdvhimsies 2 1¢thod fwPropaEERg 5§)‘u§fﬁq§ Hede ,

starts at a lowest word line qf th I
non-velgtleapermpry sy lqen%%fniﬂﬁe’iye‘ig f‘i?gi% P g‘“%?‘ﬁ{z’tf I'Tec ixglﬁﬂ dare
organi?8d bdto b pRurSity ot S dnRIMP bloRRE 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 programuming starts at a lowest word line of the first
memory block and continues in an increasing word line direction until the entire lower page
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 until the entire upper page of the first memory

block is programmed.

Further embodiments of the invention include methods and apparatus of varying

scope.
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of the first menory block is programmed. The upper

page of the first nenory block is then programed.
Wabios/opasegr ammi ng starts at the | owest word | iPeT/0520061606882

first menory block and contidhues in an increasing word

line direction until the entire upper page of the

first nmenoryplyiEge m A odi nent s

of the i nve%gtl on f?lg%f:lﬁi’?% hod gr%ﬁgﬁ&ﬁg{ﬂ\gggs of

var@lg\il@ Isthopss. aBihEE CEBGRAMATI ONe G botHm ARMNNGEND S4khenemory
hows a. Si llfled di agram of one enbodi nent for a

array pfrFsg 1?1 array of the present invention.

di agram of one enbodi nent of a met hod
lﬁ‘ér eér%wﬁta ‘i‘ﬁ?@ﬁt"if 8he eBpodient ¢ff aampthod of the present invention

%@f@ Figure 3 shows a
for m??%?ﬁ“%%@ﬁ? %é?ggg/%%%f non-vol atil e nenory
ar gg%%ﬂﬁ% %ggzgne érgoctl%uft e E‘)'f:g 80 élolf?l FRGUPY Yray in
accorgamwfdn the mwmlotevbhlhbgmnmﬁmg h{@lﬁdﬂ?&rﬁbd&i&hbﬁmlg&e 2.
accordance with the nultiple |evel progranmm ng

e rrﬂhghraérshowfs alSbissrof tblesFo fIhteshodd SHIRNRs Mceﬁian&*é R 210
enbodi pment of an el ectronic system of

mulﬁrﬁ? é@éﬁ?rogwgﬂwg@ﬁl bogimeat pEFHgprESERI PTI ON I n the
foll ow ng detail ed description of the invention,
r effégWe e shpws phlnekidingrane Oﬁembﬁp‘m@mnﬁt d‘raawéecg&nich&?tem of the
art hereof and in which is shown y way o
preselft%lq\{%ta(rngtl on, specific enbodiments in which the
i nvention may be practiced. In the draw ngs, |ike
nuneral s descri be substantially simlar conponents

t hroughout the sepERAINEBWESARABSEGILOdi ments are
de crlbed in sufficient detail to enable those skilled

ths fallewing dstailed dessriptien phihe mweuhon @feamce is made to the

I
L T -

specificrepthotieerss pehioh thhiaveities iy e Prastide@Nn T @ra(z)@ﬁ%( sOMkd9
therefore, not to en in

““merﬁlesﬂa ?ﬁ“t%g ﬁdﬁ{‘%ﬁl F‘/Isgﬂﬂ&értséﬁ@pgwﬁ%thmu@ﬁ@t the several views. These
embodi¥Me Efe%ksb%éﬁqg 'sﬁ‘ﬁﬁleﬂphéfallp Yo dldB1ARBL AL qGh H 5 & pcriactlce the

equivalents there '
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 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
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
(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 (BL1 —
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 drain splyst gate gonied dine B4R

Figure 1 illustrates a sinplified diagram of one

enbodi nent for a sem conductor NAND flash nenory array
wW@Roobkes3sps esent i nvention. This nenory array iBCT/U82006/006882

purposes of illustration oMy as the present invention

is not limted to NAND fl ash but can be used for other

o ST EERLPEET B AR, R I g o

detect BlcaGAObL:a0k 0dl. amTabI e read only nenory (EEPROM). The
menory array of Figure 1, for purposes of clarity,

dogge ALy i8 RoMpALdd &f antaﬁ%y Qlf GBI Sedty BIBAION YarfaB 8R4 ih&eies
in a nefory arra For exanple, only three bit |ines

stringseli0d, KoReck efthe fBatng aq«@c@bmplmepw draiie sowpe By qach series
chain odeg?ésf M %8@ 1%%: @’9 a?'?h*’%ﬁl\@ fhal gﬁj&?lﬁ&% 1p@§@fe¥ strmgs 104, 105

y an | nes ar
is coupsletheane estittof ghtes of gy floathsy dabd delk 1BlaN))W ﬂhmdeh! itd cdantmia heir

BL| - BLN) tual | [ifi
e o S el SO 50 0 AL L8 v
1nvent%% i?ﬂot'lﬁm@éﬂ b 8fe ForPinSqdaYindf floating gate cells

arranged in series strings 104, 105. Each of the

C L BB 1fh e (o BLAVERYRLIEA 6 Bl FHE RPekcs

serires chaln I ne
memotﬂl&llls &S%Semroham rod| ll O Jplochesweriftastosir réatgfsor @dd opdbteitke
oupl ed to the cont es of eve atin t
remaing§ RO EEHERANNTR iR (b Sericy 104 1 108365 Be fbSgymode.

Each sgﬂgs SQHP%gGm 05 of ﬁBatﬁ{gr B¥e MEmBATRIIs $E€6bpled3d aWBtike line 106 by a

I 1 nes wever , t he pr esent invention is not limted
sourcetseleangatohkh, Wb 7 dnd fonan Jqdarmuai bit ling (Bbkr LNy 2 tiaingsiegt gate

112, 1 FR eyt End TGt ok ottt b8 e b dhiol tine

SG(S)W1Blch&pled & W@kir b&ﬂﬁolfgl’aw Eicrepackbegdibiel 120 td aiergntrolled by a
floating gate nenory cells in each series string 104,
gi’al‘hode Each series string 104,
105 of floating gate menory cells is coupled to a

soliy the efibedino ﬁfgar%b lﬁhez:@pgé thecarraydi-e. Yile)) i3 atthapap of the
page aagtﬂée ndi %{é u aI t ggl) Ssg Itht? @&t{&m Qy t{x% é)%éa fﬂ)\?&?‘e%lﬂe ese

labels @R Yof 9&1&)6&5 oy 11&15&@@1'61(2@111? as Lo gat e&sd:l&ﬁgﬁr[ & the boweonsef B page
118 coupled to their control gates, The drain sel ect
with thpayer lppnumbes igersasingirerdsshe P of the B89 sel ect gat e

control line SGD) 114. In the enbodi nent of Fig
t h&a¢logellofanttieeregrrmypedias @ singly ol percelit(i-¢-heingls é€V@¥ Cftlhe SLC) or

multqg%?x?s and?lrl Fee %)ﬁﬁlgp IOfel tcer:]ﬂE %&f&ﬁy E(ach Gell’s %@hoicﬁvcﬁ{agé wt)

V\BV er
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 Vi of —0.5V might indicate an erased cell. The
multilevel cell may have multiple V; windows that each indicate a different state. Multilevel
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
each range. 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
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| abel s are for purposes of illustration only as W.O

can al so begin at the bottom of the page with the word
wO eve/oyassder s i ncreasi ng towards the top of theECPES®N6/006882

Each cell can be programmed as a single bit per cell

i.e., single level cell - SLC) or nultiple bits per

(i.

t . I c '
witin S5 el o, TSI Gl 007 P con S bt ot
used f&tths edl.i n the cell. For example, in a single bit per

cell, a vt of 0.5V mght indicate a programmed cell

VmTh@exﬁlem@ﬁts PR \bréfegtinvimiinGaé fotdinRsBDaH oWt per ddie Some
multilevel cell may have nmultiple Vi, wi ndows that each
embodimeite gy stpreimprasthamtwe biss per opll] dapprdiag op $hq quapliyot different

voltag@gﬁ\ﬁg% agfbetdﬁ?erglﬂ?alé b@kYLs of a traditional flash

y assigning a pattern to a speC|f|c vol t age

< Brtgeh Bt 8Rer Mg ibsel e e SHLARERALY fud £F e
flash n%iﬁ’é}srlc&]y tcObe M@Ffa agecd 1B bRed %ﬁlagﬁegafrmnhﬁ pukke hﬂ a vcHtarge that, in
may

exanp a cel be assigned four dlfferent vol t age
one errﬂmdg@@ntdﬁ ety ARGV Sarsiiicatige orergtineyith ¢ wogd fggyoltage of OV
s hon SRR L RLBE o s e B DRRSEERBRL 097 T
unselectad geord tihes foethle rémaintngydetig am t@pmall}f binded widh stageroximately 10V

TR NLLCY E R VMR G NEN o i
any votltag e B5vE grotin@ pBreRasl FRAH &f @E ntel&ﬁ)rp EEREE prdghuBmbi @Na ar e

limted to two bits per cell. Sone enbodi nents may
substantigdlyesimiarfastiern two bits per cell, depending on the

quantity of different voltage ranges that can be
di Aftgpiealthaneny bdockihay betémpridiediofig4 pagesmifcaglopierdcels. tAn

0 tion ecte for t
MLC B8 Hetor e wgsedPo bR s W EobredReethey €
access@él Qﬂé AMBiNEg Eéﬁe‘é & file BlodkQah @@Feriddadé a disfurBR6ndition. This occurs for
di ment , greater than 16V. A verification

both aw@irmiuaomnwmsa Indeth ¢asere theqragegehars camympr wokkHnes and bitlines

erfor rred { n

vt SRR g M LA OBL ol S B s
prograhffied/Reed. Fl&félﬁé VdlRgeLednl Gusy roblepisb3l digtuibirgsthe distributiahs for the

approxi mately 10V during the pr ogram oper at ion. In one
cells thAtBERWBAOE 2E¢585¢nsel ected word [ine vol tages can be

an vol t age above ground potential. Each of the nenory

@m 3 1lgwtsgtpawﬁ@@rarm ofons arabastimpnt| qfya 18¢thed af the present
n

1nvent1ong 8rs 1%0 tlpg fr%@ é)%?% am%?ﬁf Q ln%%ﬁ)ryﬁé(vqge %@thgci‘% sﬂgwg ﬁxe 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
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

indicating the order of the write operation.
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M.C nenory block is typically conprised of 128 pages.

When one of these pages is accessed, the remaining
w@ages9isee t he bl ock can experience a di sturb cpPeOTUE20061006882

This occurs for both a read and a wite access. In

bot h cases, the pages share common word |ines and

bifild ﬁ&?wv\%gﬁ)e?ﬁ%n,e&&%ﬂ S itgivﬂliﬁ:én 18 rﬂ?@ﬁé{fﬁﬂ'gé% 'il%gory cell 1.

vol t ages ever any one o he pages 1s
A secopd egitanperdiicrewrdtes thebi of ditk dgthe forstirpaga lise, lpwobpazek obmemory
istyrbing the distributio for .t cells_.that ar
cell 2. fugbf i Sncrerctiics g it 8F Satard tietiigCiiise 3F feigra by A
fourth YPRe §FRABhies 6hc Bit BRI Bk ﬂrﬁ?ya@é 856 oly BN, I20fifth write
(0]

for nmultiple |evel ﬁr ogr anm ng a nenory ‘device. .
operatiph vgitel engrhihefslatats thhBrsp pegerofimenpiiycill Se sixth i itp gpration

. h ' ..of i LV
writes g{ﬁ élt g);f %ﬁ%{ kogtglﬁ %s% P?{géé gf: nalg;ggig/ c«cﬁ'@ﬁ% PF sll.‘é:\]fgrgtflevgr}tg opgljaﬁgﬂ {7v¥1’tes one

bit of ddtsstouhs fitht piiw\edmork Reld 7MBhROthth sritepeadtie Wittes ond bidef data
an entire block of nmenory word lines. This concept is
to the fiyst prgerofmsnogngeliPscussed subsequently with reference
to Figure 3, Each row of the diagramof Figure 2 .
i | $m§?aﬂé{t e sinthheri{g- enceatioparrites e bibobdatntogthe seqopd page (ig-,
i t.r at i
upper 2R} ofEmbly S 2L RA e BBt wl e H T the Shbna
page ofpemody celVE.tAn deeathwhiggepe24iibn whtks anebit bBdata tcthedecond page

nunbe i ndi cating the order of the ite eration. |
of memory| CFQE*- rireBopRR SOPBHOM Sieme ol ioithd WiCPRE BB
memo%l’%llfd. nSthirRRAE Wite TPERfi¥n FFitds ohe bt STRGANE N dkbnd page of

ration wites one bit of data to the first page
memoxyi cell. 5. Al fowdeentageife aiferatmoyjtes ehd bip of date ti thd seointipage of

[ .t it of data. he, first f
memofRiRy AORR Tl et e LSt ut 8 et SeeohB et
memoBfcellat A dikebdiB wiité SperRatweies GREBI Y 6&th ko the séednidfgalie of

Wwite operation wites one bit of data to the first

memopya§H Sf nenory cell 5. A sixth wite operation wites
one bit of data to the first page of menory cell 6. A
sedemnt Welhknaven mghe aiti areradei apemtionés pirformed da tlze mempheblock

e PG e R e B FL Bl SR G e

“11” s@f. IAd@itioRhIly, laatelify oferatiditiB petfbineedTRE aiel vorite\WpbiallSndwS erify
bit of data to the second pa%e (i.e., upper, pafgqc:% of

properpseayagamieg. | The erase prdhyerifjoperatiopeirs tvebkogiintia shepgbansi got

. f to the second page of nenory cell 2. An

dlscus%defglg% h wite operation wites one bit of data to the

S elglogrdge PABStrates 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

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 number‘
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 pattern is repeated throughout the
block of 128 pages.
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of menory cell 3. Atwelfth wite operation wites one
bit of data to the second page of nenory cell 4. A

Wa biosoesssé h write operation wites one bit of PEI/ES2006/006882
the second page of nenory céll 5. A fourteenth wite
operation wites one bit of data to the second page of

Bty B SEB R HE SR B Lol M4 S
from ﬁ1e>gregnmlmmg ifethodnAtiad pregentiniveRSord Mhe Firdt t4fle 460 AlubRates the
second_page_ of nenory cell 8. As is well known in

thfesh‘ﬂ‘i valiages gha Bleliseolipee meinery allsge pn erasedi(ion logienl kK state. In
this e&'b@&ﬂﬁ'ld% 'eQEh bk “ﬂﬁ%ﬁy@d&gé&ﬁfb %OV btﬂ%s %&?r at | ons.

hi s |n|t|a I zes e nmenor he“l'ogi cal 11

St af e se Ql%'l |1}Yust tel e re ul@rgge fhlr?s B&O\Qiﬁageesr(ff%e memory cell

after t e opera -ons
matrup aﬂgftheﬂnvmjj paﬁ'dﬂprogfaiiﬁﬁngrﬁ@el\aﬁbh FPheanehaty RN wth@hd B bV

3
e Yel e oh prirasmebian ogical v artilathg gqrnf@nmg cells
are stillNg tHlérhiddl atd. QV@J[n B SR8 ﬁ%%}r}h@%eﬁ@ngg%eﬁ‘?&tt%lg Erog¥ ?’Hl%lﬁd &ells have

For purposes of clarity,
exmbé@l&QuﬁﬁChwnﬁnmﬂwuﬁhmwkﬂdwehaﬁsmn Each cell shows a

pai r of nunmbers near each nenory cell gate that

i ndl hcethmd tabde 402 illestopertht '@orsocale? raasltiap Sids®tivoltages of the

fer to Figure 2. The | ower
mem ‘ﬁ?ﬁ ?‘Hﬁ?i%n%agé’ftt g‘? 8 ﬂleél?a%?‘ San‘al?ﬁ?Pﬂ?@O&rwamedm%a logical
“01” a8 engg‘ cellb ehat 8hve a fﬁ%hb‘lﬁ%ﬁaﬁ@(‘;@ﬁ[ @gﬁlpﬁg%ﬁﬁﬁﬂ%‘m%g &F
of programni ng the upper pageé of
Progr%tcﬁléﬁcﬁaﬁ@} lnf@{fé@ne‘ﬁsmwtbg}gwgukd 'ttd% 1108 withdut bﬂﬁemencmg

RS M LR 85 5 PR Bt 6 lunded vy

cells thatdgyabeango Qﬁhﬁh@éﬂi B, therfRreesenld dxAURNhLE Adst ﬂ—lﬂgraﬁﬂ iSturb.
tabl e 400 |IIustrates the threshol d vol t ages of

Howeyggy phisccedf oy ﬁ@%ﬁ?ﬁ@)ﬂ dz@uwbscqndlt@n ofrl 58 ezdv (n aéyplcal prlor art

progre%nﬁ rg%é;rﬁio? ‘;1'1 % g%felgﬁ t hav ,Q,?f t@te%hglmo gta%e 1§ 2?8 from t%e

prograamuedhthréshbldevoage.i | | ustrates the resulting thr eshol d

vol tages of the nmenory cell matrix after the | ower

pa@‘eglmé 6 giliirates @ foR@ioahl Meok diRGaREsR MeRbly! d%vi’é‘etSBO £ can

t hreshol d vol tages have been programmed to a
1ncorp|069§q: ¥§| flasly emqry pay ol pregrapuning wgt chemlbalimentspéthe present
that th

1nvent§6éfl. :The h‘gzj é)lgg %tg\;lt@% 13 g @8(} J& rm‘é%@esgﬁ 5':‘190‘;2’h% 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

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
art, the connections of the cells to the bitlines determines whether the array is a NAND

architecture, an AND architecture, or a NOR architecture.
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exhi bited a slight change in their threshold voltages.
The third table 402 illustrates the "worst case"
WO e@lopiseg t hr eshol d vol tages of the nmenory cePCT/IB1006/806882

after all of the cells of the matri x have been

programmed to a | ogical "0l1" state. The cells that

hayg agdrtegyb%ff@ A NP5 AP liads bAMch SBARL sifhaM hrBliied on

amount  of program capam {Ance interference s ey
addresyvitiputicdm@ectiond MDMXMTZ hAddressqigmaiseire revgivied taad flesodad By a row

fromn hbor ells. The center cell f the
decodas S P 01O UPIMA erogrpseBr Promars At 20 il e
apprecRi QO ARBRAKANGY inthe s Wifethe %@ﬁ’éﬁt%f ﬁi@'}ir@ée‘h’c 4QeripR that the

program di sturb. However, this cell only experiences a
numbed p§addrgss capvd icoinmationts cl@endsmn thﬁ dansnty pngd atchge¢tore ofthe memory

er at,i on ch a. cel hr esho
aray 07 P AR e 35000 e nkepnss PO A Eared PR et counts
and inMBdsk@Bank dridBl66k Sunkd. ustrates a functional bl ock
di agram of a nmenory device 500 that can incorporate

t hend RSB rPBRREY S0 fedds BRMinRhO Ak e It
enbodinents of the pressent | nveﬁtﬁ{&?}] gl}ﬂ?dq@}dsensmgvo age or

currentighanges i8 it nsmenupTaicolunes yringwysypulfor girciyy 55 Y. The
sense/l&fgg%%«f%ﬁ 51%‘1%)61‘@?' bglmenrtn i§ %gt&rlé)aﬁ.tﬁsrgé)c{ an%rlat%g %O\thoqgafg from the

g Cltcul menory

memoBtirady 58 0pD A a6s A and b0tpLobulfairtuialy 560 ieinehided Rirdi-directional
system 520. The_ nenory device 500 has been Si npié i f %d )
data cquampRiERHoNdTY of @ RIUTRIEY o faterennrRstiBRs > ¢ ngitth HiceonapiFrll; Hrite

mrcmtﬂn?ﬁr géﬁﬂz%éa&ot\ﬁﬁe ?ﬁ%ﬁ e rhéﬁiﬁlg/; . The nenory device

S an array o ash e ell's 530 as

de?%ntr(ggp%cg?&vse] oYetBa Oes% rg%ﬁﬁ :}Egvlau?d & S éo Pt?om 'fom the

I's”arrange rows an
procesIties 100Thdso lsighals age ﬁs‘ed@@@dihtfdb\thdlfpemﬁ yn @l themory array 530,
] coupled with a_ word |ine ile the drain and source
mcludg)gﬁg@gpa(b gatagyrite{ Rroges gn gpfeopsrations, Hhesgnirgl 01rcu1try 570 may

bea stQﬂfetr11121q e, 5 f&]ubﬁc&"e&r sofRQWMEr bybeldt@okdller! Ilﬂ%ne Q%@Hfrﬁéﬁ? She

’he bitlines determ nes whether the
controbeirautry §7CiséddonsibleHpt eccutings tha nnﬁhlﬂlnm&nﬁth@pmg@,mmmg

metho@.o%@R ESreRg TSN TatBe G priecr PavrBE e
t t AQ- Ax 542, Add s -
b D&% TeouORDiEbyle et 08 DeRA TR edreiffe

basic HRERHGHin ?%g’t Lredar&Sor tﬁéﬁ'ﬁeﬂ@fﬁp Wm@fer (ﬁ*xalﬁannd«lzfstaﬂﬁlhh oPfhternal

appreci ate y those skilled’in the art, wt
circuitoyearelf fuhctodns ol fagh msmotiedas knowh t@those¢ satled imdhe art

Conclusion

In summary, the embodiments of the present invention improves margins between
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.

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



nunber of address input connections depends on the
density and architecture of the nenory array 530. That
w0 gqoedEsseiunmber of addresses increases wth boP¢IT/US2006/006882
i ncreased menory cell count® and increased bank and
bl ock counts. The nenory device 500 reads data in the
schiovI e Th e B P BERE R R R) HAOBmRRp Py SRNAL ARy
adaptaﬂoniscchﬂ the mv&ﬁﬁm witlebesappashbtof these crf iordinaryrsigll inrthoae. Accordingly,
this appm%lp gin ke gpccglgfgl ed %ﬁp{aaggsa&nv%ﬁggg%c hﬂf E 4 Dwal?cgon t1s
mamfégﬂ fREndel fisde ki Mwéﬁt@oﬂ Be hnaktde8aY b ?Qlie Rillb%ﬁgf@lbmld
a conmuni cation over a plurali dat a
equnmkmﬁﬁbgwo%ns 562 with the controller 510. Wite
circuitry 555 is provided to wite data to the nenory
array. Control circuitry 570 decodes signals provided
on control connections 572 fromthe processor 510.
These signals are used to control the operations on
the nmenory array 530, including data read, data wite
(progran), and erase operations. The control circuitry
570 may be a state machine, a sequencer, or sone other
type of controller. In one enbodinent, the contro
circuitry 570 is responsi ble for executing the
enbodi ments of the progranm ng nethod of the present
invention for inproved interference immunity in a MC
array. The flash nmenory device illustrated in Figure 5
has been sinplified to facilitate a basic
under standi ng of the features of the nenory. A nore
det ai |l ed understanding of internal circuitry and
functions of flash nenories are known to those skilled
in the art. Conclusion In sunmary, the enbodi nents of
the present invention inproves margi ns between M.C
| evel s whil e maintaining progranmm ng throughput. This
is acconplished by initially progranmng all of the
| oner page bits of a nenory bl ock. The upper page bits
of the nmenory block are then programmed. In one
enbodi nent, this programm ng nethod can reduce
interference by 30 - 40%in a programred cell as
conpared to prior art nethods of programm ng. Although
speci fic enbodi nents have been illustrated and
descri bed herein, it wll



be appreciated by those of ordinary skill in the art
that any arrangenent that is cal cul ated toachi eve the
W@ 2008/0p3s8ose may be substituted for the speci PCT/US2006/006882

enbodi ments shown. Many adaptati ons of the invention

wi ||l be apparent to those of ordinary skill in the

.art. cordingly, this application is intended to
Wha“%B\%?ééﬁy adaptations or variations of the invention.

It is manifestly intended that this invention be

limted only by the foll ow ng clai nd equi val.enfs .
L uhardist PRBOSTERgaRHIPE 1ol nonialiga megbry dovice héving a

Eﬁﬁgﬁ rﬁ‘egn@ryr&‘ﬁs{ {)nggﬁz{:d;i‘ﬁgé a Rgl%lity 8F AlehloBy PBORY Naving bit line

evi c aving'a p nory cells ‘organi zed
icotuons gukduvat! ling raws, temethod owksesihgvi ng bit |ine

colums and word line ro he neth 0 i Sing:
Rt P e Pt e OB Slaie PRGe Bl of
bl ock RémbRa e sadt thit @E prEpIRhMikY Asksat SUEWedthadrd tiRe of the

programm ng starts at a | owest word |jine of the first
menor yimst mekoniodoand weutnuesin an oreasBESY Y Line direstiqne and

direction: s ] i .
AR R UghsE R G A MR BooR 3, ot bprdrpBining
| oweststavewd the Iowesafwdrt éink iof gte firsinmentotyl liodk amldcontinues in an
continues i.n an jncreasi.ng word line direction. 2. The
nethodn@Fa%P%ﬁW%'1”%H§F€Pﬂ“the first menory block is
conprised of 128 pages. 3. The nethod of claim1l
wherein each of the plurality of nmenory cells is a

2. rihepthed béuleim havhorgm thel first Memdtyeblpek I edmptised eff IA8pages.
wherein the plurality of menory cells is arranged in a
NAND architecture. 5. The nethod of claim1l wherein

3. the RkmbabE Eindl WHRREH YadhedfltBe plaradity angesiofycells MORmultiple
architecture. 6. The nethod of claim1l and further
i lev¢lomemeyycil® menory cells initially having an erased
state. 7. The nethod of claim6 wherein the erased
state is a logical "11" state. 8. A nmethod for

4,  priegnaoi ogclainiviliepdie theepledalifyt afshemenysells Bewriapged in a NAND
havi ng nenory array conprising a plurality of nenory
cBPRIEECBIGani zed into a plurality of menory

5. The method of claim 1 wherein the plurality of memory cells is arranged in a NOR
architecture.
6. The method of claim 1 and further including the memory cells initially having 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 memory
array comprising a plurality of memory cells organized into a plurality of memory
blocks having bit line columns and word line rows, the method comprising:
initially programming a first page of a first memory block of the plurality of memory

blocks such that the programming starts at the top of the first memory block
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bl ocks having bit line colums and word |ine rows, the
met hod conprising: initially programmng a first page

wo@R00a/093886t nenory bl ock of the plurality of ne@DUF2006/006882

bl ocks such that the progrddming starts at the top of
the first nmenory bl ockand continues toward the bottom

of the, fi LatindRTDY YdthO6&tonh BEHRBAAIHEADIGRMel ptbSSmming

f %(rdq
substanti al 'y sinultaneously programm ng-alternate
cel | s ¢ampmising substastidiyr stotitarcohsdy pogeayming dlernate cells in a bit

operatj.on;. and progranmm.ng a second page of the first
menor v HEaetey ?fet%ﬁ%'tw‘?tﬁg)pﬁ'iag‘a?’ ing starts at the

t I%th g&fmﬁiﬁl@ afsebstld JHBEBS theHrGHerAttS HISIK Jubh Efut tHRWWRS ghatnlt€ing

b om of "the first nenory bl ock, the programm

n
conpr i $hntgatdbiopat theafiisymemain bla%mﬂswﬁipmgtmmﬁg thg bottom of

al ternat ells |n,the,bi ' -di I I

i te SsarataRon B skeniftirt SEb S (BaEALY

pr ogr agimuftgndoslyfpré ghmpagealedmdté eelfsi in she bietine irdation Kor every
i ncludes performng a first wite operation on each

al t er n&HE REABIP- cel | of a first word line in the bit

line direction, performng a second wite operation on
the remaining nmenory cells of the first block that are
cBupinethotl of thién i wistreimpragrimméng the firgmpagagf the finstmeemory block
Wi operati.on an each alternate ry, cell of

SRElyer DR FaY F i o, WO hocag PR e ol of p gist
awbRUidd inWhd bi€ 1196 8F&tHoRNpRfbrinley 4 &IBhVHE: sRRI@Ion dhetht S

of the first block that are coupled to the second word

| femainipg preatony Aeflseotithe first Dok thapprercaplen tothedistivord line,
' . 0 . hooR .
ﬁ)en ec{rgxl%ﬁ%?% | f(;&ﬁ?%tegoﬁp%}l%g ﬁg eé&ﬂé]%{%ﬁ%w Ie{rfop}ecélpoii%cpﬁ& word

P e -operation on
t hige mah@bniling direstivhy p&r€drinsngd fdunid vrite Dpetation kn theaemaisng

coupled to the third rd line, performng a vent h .
PP A e ok sk e S TleE B GrpPR afond B performing o
f ﬁﬂ? w}it%gé}adiérp&l %&Rtah@mgietméﬂlgﬁr A'# G thidwoRtEhne in the bit line
performng an eighth wite operation on the renaining
méinentipn cedrfesmadg 4 $isthfwiitstopbtatiok ot et repremingmphety teadls of the

t h d jne. .10,. Th thod of claim9, .
e R s el e tad BaT Bt 8P mife Bpryegyn weite
NBPREYorRdPEdch aREindRasehe el B B gt Bidindih tige bit line direction,
operation on each alternate nenory cell of the first

wesrdipdrforeingan ¢ighthiwrite operatipn e thegpmaining wempreeds of the first
CERLD ¥ L% oRPRA 8 12T @ S5 line.

The method of claim 9 wherein programming the second 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 block that are coupled to 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 first block that are coupled to 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 first block that are coupled to the third word line,



11.

12.

13.

14.

15.

16.

17.

remai ning menory cells of the first block that are
coupled to the first word line, performng an el eventh

WoRi06e933p€er ati on on each alternate nmenory cel | POf/US1966/006882

second word line in the bitl2line direction, perforning
atwelfth wite operation on the remaining nenory

. %lriloﬁrg&f\%oatr tgﬁ?efn't}{ @I‘ité%}%?&hiowbﬂtea@% %.t&'ﬁé&@ hfeﬁnc\%ﬁ ic{:lg 8f the fourth

ECO I'ne, performng a thirtee
opedadinedn therbickedhdiadction, natl perfening acettéentf writeeorenitiosh on the

word. lline in the bit Iine direction, perform.ng,a .
FTETRIOGREATFY £ G5 e chlOgl Bt S Famild ol i ord lne.

cells of the first block that are coupled to the third
word line,performng a fifteenth wite operation on
cHumethod phelaien Swand fyrthes friclusting ¢resing thet firstgoprrory bleck prior to
the bit .li g}e Pli{ecti on, and performng a sixteenth
Vﬁf?%fmgg G5R B1¥°t he remai ni ng nenory cells of the

first block that are coupled to the fourth word |ine.
11. The nmethod of claim8 and further inél udi ng

eFhgsmethod pEclpim SangdLwithey inglusing prrifymetthe Brsbgreningy higek after

t ' d of claim$8 d furth

S palihe BOst A sol e RO ook i ter
programm ng the first and second pages. 13. The net hod

of, claim,8 erei n each i t.e oper.ati.on increases

Ui SmainPh g R SuthrtR dadt i PRR DL sty - BRRSIypliage for
AthEbﬁ%ﬂmﬁﬁ@@ErYenﬂﬁyicsﬁ. conprising: a menory array

conprising a plurality of multiple level nenory cells,
the plurality of nenory cells organized into nenory

b ks having a plurality of word line rows and a
p%&fagﬁﬂegmgg%‘flfgf?m lgé%é{unns; and a control circuit

t Hlemiosy a@alpéRAbrisingdd pigrANy bhaultpioicyelanémyry delig the plurality of
control circuit adapted to initially. progra L o&ver .
page oRCEOFY fells ongaRized 1B JRgmGsY ibloke bhviPdaPlEAI G Hfprd line
upper R3dengly fifiSify &% IRBLL ok, | each programni ng

operation starting word line of the first
neomtol biradkthahid coopled huprogrannthameannary @asy.rthe vortebl Cirowt
directipn, 15. The flash nory devic f claiml4 .
wher o1 3110 1 BTy WS RO $oRE L FhRegiory Blodk pior to
flash %%Q%Mnﬂl%\éﬂn% 8f pizb BF Meliitstihan 6y b1b e e&HPrboSlamming
circuit I's adapted Fo perform

operation starting at a lowest word line of the first memory block and

confinuing in an increasing word line direction.
The flash memory device of claim 14 wherein the lowest word line is word line 0.
The flash memory device of claim 14 wherein the control circuit is adapted to perform
erase, read, and verify operations on the memory array in response to received

commands.

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.

19.

20.

erase, read, and verify operations on the nenory array
in response to received commands. 17. The flash nenory

wa@lewicoe3seé cl ai m 14 and further including sensECT/US2006/006882

anplifiers coupled to the dénory array for determining

a programred state of the nmenory bl ocks. 18. The fl ash
%mﬁéép%\ﬁl&g d%(ficg bRbmnt 44 WRREH ﬁleyﬁﬁ'a f%ﬁl&iﬁlquvel memory
rnlﬁlp & T evel nenory cells are organi z in ohe of a

NAND ags srBintigst ivfoae ofin NMWDardiifettecd, an AND archithi@Rre, or a NOR
architecture. 19. An electronic system conprising: a
ﬁﬁ@@§§§6? for generating nenory signals; and a nenory

devi ce, coupled to the processor, for operating in
response to the nenory signals, the nenory device
cAnglecgomig sysiemeompyisingr ay conprising a plurality of
wordlines.that are each cou hed o a plurality of

PP 1oL SEeTSHGIPS W Y&AS AR b ural ity of nenory
Celefofy 8avideZ esugled @ tHe pRycyssbt, dekseraing iR r&polisead the memory
circuit that is coupled to programthe nenory array,

t he covignady, thg MEWPEY dRYAGoOEPISTEhi ti al |y program a

| ower f i . '

or ogr g Fy sl bdrabriBRIRBlirqtel ity BRAIAEs kit e gpeh poupted 0 2
20. The sysplanliof ofaltipldi@velaereony celis theplorajits ofmemery cells

i ncl ude erase, read, and wjte si al s.
orgamze£ g’lto memory tlocks; o)

a control circuit that is coupled to program the memory array, the control
circuit adapted to initially program a lower page of a first memory

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

The system of claim 19 wherein the memory signals include erase, read, and write

signals.



