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SELECTI VE SLOW PROGRAMM NG CONVERGENCE | N A FLASH
MEMORY DEVI CE TECHNI CAL FlI ELD OF THE | NVENTI ON The
woresang4iBnventi on rel ates generally to nenoryPdewiSem®s/023217

and in particular the presept invention relates to

flash nenory devices nenory devi ces. BACKGROUND OF THE

| NVENTI ON Menory devices are typically provided as
SELIEGEVERSLOE HROCRAVIMIN G OGN VERGENOEIN ASFLASH MEMORY

conmputers or other el ect pmVICEevi ces. There are nany

different types of nmenory including random access

menory (RAM), read only nenory (ROM), dynam c random

access nmenoMEGHRMAL KiELdh O THE BYVENIIONandom

ac ry. (.S and.flash menory. A fl.ash,.

rorigp SN S R o P ol B Bgintar the
presentt @preaticarsiarek to Tlablh pekory dstieathé@hor9devieyd. e at a tine.

A typical flash nmenory conprises a nenory array, which

i ncludes a | arge nunber of nmenory cells. Each of the
menory cells includes a floating gate field-effect

t istor ¢ ' - e cells are

u;ﬁgﬂ 33/ gr ougggwilﬁgbmggfqﬂ%gﬁmle&gel I's within

a Blanky davicbeare bypically pad vigedmsdgreamiysamicondudtarn tiaegrated
R S RUPRETE AR TR L MR —
includelpaeagon-Acddenichont {mwg,%sd mlaﬁp Sty IROKA) dﬁ?a_n’ﬁ@ RS

fromthe floating gate by a block erase operation.
accessgaROYE R AMp sy nchserpus dypanoigrandest acesssamemogl SDRAMpend flash
memoff! | (i.e., single level cell - SLC) or multiple bits

ip}gr cell (i.e., multilevel cell - M.C). Each cell's

t hrieshol d vol ta determnes the datag that is .

St o Bty S e SEbyeniirs ot B e et ased g repagremped in blocks
instead 6f bne Wytd/ht dlﬁm@.-@glp%a[‘ fldhh6@bE RniYrRes ARG Sirdy, which
, whi | e tg’tVt of -0.5V m ght indi?at gﬂ{;\n erased §c;:el I The
includgg 3 largeoiranbes of memgyy prilseEral afithe memorywalld dvaudasatflostiog gate

icf1di f . . | t] | Is t
s S S SR o B0 g o
Each afehd cdily vattdn gblaek can b tleprait4ley propenan&Paca fdn@ofﬁ(ﬂabiagz

e

[ ' [ f h [l.. This technol its t
sy A St M SR L8t
chargAHAR H6Hin@ gat0ThE BRarEABEER: B3RV EIm!Re HPSifESate by a block

erase operation.

Each memory cell can be programmed as a single bit per cell (i.e., single level cell —
SLC) or multiple bits per cell (i.e., multilevel 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
can indicate a programmed cell while a V; of —0.5V might indicate an erased cell. The
multilevel cell may have multiple V; windows that each indicates 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 distribution for 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.

It is important that the V; distributions be sufficiently spaced apart so as to reduce
the possibility of a higher voltage of one distribution overlapping a lower V; of the next

distribution. The overlap can occur due to noise or temperature variations of the integrated
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It is inportant that the Vt distributions be
sufficiently spaced apart so as to reduce the
woaswibsdidty of a hi gher voltage of one distri Bariusmo6/023217
overlapping a | ower Vt of the next distribution. The
overl|l ap can occur due to nof'se or tenperature
variations of the integratedto a specific voltage
to a spbicHid vdMagé aRtritkion ie thetdll. Thisitechneign pbmaiys the Stm'etgs off beeo or
storage_of two or nore bits per cell, dep eé% on_t he
more Qs e@&l dpedipg ap ther gy °§§§¥t@¢é@1&eé agpEeadp fe Qefl. | <
inportant that the Vt distributions be suffici ently
spdtisdmpprant thad thes Vi Gstribalinns bpﬁéfﬁ@mﬂw [sPacet ypast seas to reduce

t on | | on
T
distrihRioROTEEo Wi ]ah AP SERE detofidedls It@ﬂperﬁindxhﬁahd&lisagﬁm Wtegrated

circuit. One way to create |arger gaps between

circuif e oI IGHEPT s hehuean the Vanusitygghol V@laﬁgﬁé!ééﬂw@ﬂs is to0
make%é%%&%ﬂﬁbr%ﬁﬁe&&%@é?ﬂa&%ﬁaﬁ Fhls P be a?&%erﬁ?ﬁc@ ?néhor cells

probl em si nce menor S “program er ent
progriiasit diffeemoatys.cel | s may be programmed before the

slower cells since the faster cells require fewer

Pr ORHsRR AP Uélkatay Ddprd griafinddasafdre theislower ddls since the faster

distribution for the faster cells bej n% differe n}
cells epAHIre fevedr pEqarampEing prives s pangigswibindhe Nadistibylien fordhg faster

cells géiff% Hﬂfe%}lft‘ m‘i\ﬂ/gleélogér (? 5thBY 1§tﬁﬂﬁt1 SR EdoRY% Jeﬁ§ be& to the wider

tfo solve't lemis tllustrated in
dlstrlbhtfémslé’aaaedtbyMastexﬁqeﬁd,S 1 88 to Tanaka et al. and

assigned to Toshi ba and SanDi sk Corporation. Tanaka et

al Oﬁlé el sl e thispreblem iptihgtasding. Smaﬂeﬁm%rfamamgsto Tanaka
st and second st

f |
et al. @m assigpre tqu@%h&@ealﬁg%% Veﬁ%@%}%}/fg@éﬁ g Cgﬂ%gloéﬁﬁé‘ao -step
pro g&ﬁ?ﬂﬂ%ﬁle{ﬂ'bﬂ ththsds %fdnd%t%@e&@ﬁ%lte%e&”@ﬁc@ AQRREKS voltage

e I's change or al I's bel ng progranmed
for a Teh®rg bellseingpro gtdmnarnf:rt mgc}wmhhenf@rstﬁte}avetnfv h’eltat@n@ Wlte control

voltaFE 3 BERE o LR R OTDI. | Fogaes g bR plokramming of ll

the nf®6R9Y 8811 ng speed of all of the cells being programred
increases the tine it takes to programall of the

cel b pBRN R S ¥pAoBorfis bRk It 168lcks BlogfnshlY tithbiput.

od that may be used to create narrower
Redudmgttha mgrammmgSP'tﬁd @]l s thet dells peing proamimgep incseasey thp time it

vol t e aches r amred
ke Rl 3l g7 o0, wRRE HRRARh B f&gﬂ%raiu o

t he b| s, thu reduc:|n ogranm ng thro

o 0SpbEt mEYA ey o CoRLOF GHERST NG AR THS i o the
proglafiithf uRd Seh VOMMe RURIEMATFHAA RS2 Sbidled state. However, this
also slows the programming for all of the bits, thus reducing programming throughput. This

is especially true for the higher distributions that require additional programming pulses that

take longer to reach due to the smaller increment.

For the reasons stated above, and for other reasons stated below which will become
apparent to those skilled in the art upon reading and understanding the present specification,
there is a need in the art for a way to generate narrow V; distributions without reducing the

programming throughput of the memory device.
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take longer to reach due to the smaller increnment. For
the reasons stated above, and for other reasons stated
woebwwistiach wi |l | beconme apparent to those ski PCEAIS2006/023217
the art upon reading and ugderstanding t he present
specification, there is a need in the art for a way to
generate narrow Vt distributions wthout reducing the

progr anmi nBRmFo)mRIP'DIONm TEmHDRAWINGS BRI EF
DESCRI PTI ON OF TH qﬁ%ure

h
sifigprerli haws a et }e@ sg eg@qhé:ﬁi arg ok ogs ofﬂglﬁ{ﬁ fia flash
memor&aﬁag {Tg{g&(l})yse 15%@5 the present invention. Figure 2

art of one enbodi nent of a selective

r,0gr ami
G AT B P Ly RS g
methodibﬁthépmgémmsenﬁﬁnt he present invention. Figure 4 shows
a plot of one enbodi nent of programm ng pul ses, data

bi fri gl I dAsla@NBIrSm oBBHe BhbodimRet ofoV idagabitme Ioﬁtherpresent
accordance with the enbodi rent of Figure 2. Figure 5

inventighows a sinplified bl ock di agram of one enbodi ment of
a menory system of the present invention. DETAIL

Dm@ateprmms Iamlotttef oo bmwlngnﬁ@ﬁ P getTias erisph d@fﬁ b&fvoltage
i nvent

levels, &E \mtll]]élf) Vf)hfg_z(e 1?‘6 f%}%g%g?.ﬁc% ev}{rrgb’?xe R éﬁﬁne% mﬁf}?{%ﬁ% ng
anFignie TP i g dsgRm ecégﬁbpﬂlw RESL TG ystem

of the bick&it MUTREGL S describe substantially simlar
onponent s throughout the several views. These

enbodi nents are described in sufficient detail to
enabl e those skilled in the art to practice the
i nvention. O her BEﬂ‘@dLmDES@IPﬂ“éOMi l'ized and

stru l..ch

et otie QRN ForgPr B e EisE DY RS praggsy the
accom{pﬁﬂﬁﬁ'é 8% ingENRat Ok 8 phid Ged6t, ahd aOwHRE ¢4 dHoking By hay of

ore, not to be taken in a |imting sens

illustrattem, swoife apfbordireenss wswehich thevayrnition may b@éﬁ?‘i’i’&@‘? dhf 6‘}? fgwines,
like nqlm:ra@?lgﬁ g% Gl a'ﬁpnﬁ}l ?ﬁﬂl&? g&hé(?&]%f%%gﬁl otugﬁ&ﬁ%e sgﬁleﬁp{h%wl These
embo@miRis Ard\ESEBddas Ruffieient etail taghable th«bm skrlledelmthe art to practice the

i nvention. The nenory array of Fi for
inventggn. Qt@r,e@p&ments may l\)/e utilized and struc Flo gical, and R e cs:fhanges

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 main NAND flash
memory array of the present invention. 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
two bit lines are shown (BL1 and BL2) when the number of bit lines required actually
depends upon the memory density. The bit lines are subsequently referred to as (BL1 -
BLN).

The array is comprised of an array of floating gate cells 101 arranged in series
columns 104, 105. Each of the floating gate cells 101 are coupled drain to source in each

series chain 104, 105. A word line (WL0 — WL31) that spans across multiple series strings
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does not show all of the elements typically required
in a nmenory array. For exanple, only two bit lines are
weoehesn3¢dkl and BL2) when the nunber of bit |i RE$/US2006/023217
required actual ly depends ugon the nenory density. The
bit lines are subsequently referred to as (BLI - BLN).
The array is conprised of an array of floating gate
104, 10814 &u}:&:ﬂ tartheacpad] gatesseievery fioatitgpste Lo in 4w 1nEﬁdér tofcontrol

the f gate cells 101 are coupled drain
their cgﬂsmﬂea T g’ewé@k?esmewﬂﬁ eyenjuallymoupled i pense alﬁehﬁw@ot

shown? M%@@ecﬁtﬁ@%ta%ﬁtlﬁé‘é’lpss multiple series stringsl04,

05 is couple control gates of every floating
ool ftetor. fyBtael (RS NG Bl hEl et g eae

memotp bgllsdfl thd]seﬁemslﬁnﬁmﬂ 1105 &rise writtkn Shorwegd ﬁrdilﬁtandi ep@ﬁﬁe the
.the state of each c:e{S In operation,  the wo [ine
Ha©

remaifig Soaing oty meaIoBE eollsia cRicreUPeRiEne 1 #b05 i @%%Séhrough mode.
Each $BRi%05¥ing § b4 S 057bf taffgg’?x?%%tgﬁlgﬁﬁ?ﬂf Be1ikQ¢ c%uép@ Q. sgﬁrce line 106 by a

witten“to or re operate t remai
sourcd $abert gutg 1@;6,t1d7madm yn odividual h1té1ae BB E BN )sliya dlgnﬂ:&lhct gate

112, 11§ sofrBaERALER B Onbhots CERITIO DY “Goue SHefap control ine

SG(SSPIW @apletl A6 thbBGobi o1z afRUTEE dra R s%retct sel 1&161 3 drb CoRtilled by a

to an i1 ndividual bit line (BLI - drain
drain seb¢cs gate ganteoldime SG(D3 114he source sel ect gat es 116, 117
are controlled by a source select gate control |ine

SGIB)ring k8 ypicalyiriad attq:rdzgrainmimgwpelraﬂongﬁieesslected' Im)rd:i liaei: for the

| d d t
sash RSPl §F pream@ed i bidsed Sl hers o Pyfmiafigys Gies”

progrﬁﬁﬁun;gf e BN BiErt QPSS Afiti QR oltideh sl BEhRFhAR hDréde@mini
th 'ash menory cell to be programmed is biased with

programmEg witagt (& siciprmsimnpisly LoDt Ager gach gregimmmingptises
Ver1ﬁ<',;alﬁ§£ gél’?{lsn %th %Q;vdrﬁ 'html—: %I’ce}%lotf%g/els %h&%rrﬁe%l +d rdg%h%{ne 1ﬂ%e cell’s

threshahbwmagam hdtsymdlﬁééed td\ﬂie@ﬁo@algrrprmmmnm (gl 86V).a
verification operation with a word |ine voltage of OV

i S ’lﬂﬁﬁﬂh@é’lwéﬂ Worddetes oM th€rdnfaifing cEl dre @pﬁdﬁ[l?%ﬁ@b&iat a voltage
ge Vt has increased to the pr o%bH:a/ progr amred
that ig lévéhan( tae grogrgnaNng votigae (MW cARPEQERA Vi draigg il progeam

operaﬁm Bh@%ﬁgﬁdl%nﬁlééﬁfe 1111).58]3&9& lVXrﬂlfes\%(?tagés An'he lah?QSlth@%Bove

['ess gramm n

ground pp’rent{alnﬁacéll of tﬂ@M)snﬂbgr callg id pre granogedim acqubﬂtamtlzﬂ)lly sirhibar fashion.
one enbodi nent, the unselected word |line voltages can

be fAafemosy h@@eof&h@pﬁs@ﬁ ouRetipoiseRdltedl dowmaatd ®émbRalocks. The
menpry ceIIS|s;[) grammed in_a substantially simlar
quantlftglgf]mglﬁory blocks is 1ca11y determined by the size of the memory device (i.e., 512

MB, 1GB). Each memory block is comprised of 64 pages.

The array illustrated in Figure 1 is for a NAND architecture array. The
embodiments of the present invention, however, are not limited to any one type of array
architecture. For example, the present invention may also operate properly in NOR or AND

architecture arrays.

Figure 2 illustrates a flowchart of one embodiment for a selective slow
programming convergence method of the present invention. A command is received to write

data 201 to one or more memory cells. The data may be a single bit or multiple bits.
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A nmenory array of the present invention is broken down

into menory bl ocks. The quantity of nenory blocks is
woyppictiagdly determ ned by the size of the nenor pCu@s2me 023217

(i.e., 512 MB, 1 3B). Each ngm)ry bl ock is conprised of

64 pages. The array illustrated in Figure 1 is for a

NAND architecture array. The enbodi nents of the

pr eseRbtcribed pdvianly, B Preptahmidy ulsok gbmdntta@ d03 endapplied & the
pe of array architecture. For exanp therdor esent
(S

select?%weﬁﬁit linen ArRgQSams\eriEY, apeatiionys mrneyfomeci\@i tgrdepxpine if the cell
I t
s b SHAE AR YD7, TR, St (P Rl it
deterntine ite coeate andd badpaisoh bétheresiduta with ¢t desired data.onmmand
is received to wite data 201 to one or nore nenory

C ellf e cdlh Bagipde pidpratified, it diﬁh%oﬁﬂldc’u@ﬁ (ir8d| thé Bit Eine to which it is
its.As described previously, rogramm ng pul se is

connegféﬁ)eus Slased signpragankihibitaltege i@h‘ie @mee@n@ﬂlm@mthm jsdncrpased
from éﬁﬁ?fm&ee&?sf@(%g&gr@thgg dggaerfélﬂﬁ%rto fesh Aﬂ?xﬁat%%ﬁ‘lbtoﬁgnents may

etermne | prog
use otB& Anhibhievoltagesffyr Gperation is sinply a read of the cell
to determne its contents and a conparison of the read

datratheiveRfyt d}%red@ﬁideﬁﬁmdﬁt ehat {tfe et (is 1ﬁ‘(ﬁ|ylat ﬁlﬁgrahﬁﬁﬂéﬂ with the

rain connectjon_ (i line

d,
desireg [gg%tﬁ%gg’?hpghrp@o&ﬁﬂggg &enthe gelhis &b@(&(egfo getﬁm‘gg@ ﬁm has reached a
pre-vérffg 'le'té QxLetl 30¢ f(ﬁ'étﬁ%gb@llctﬁﬁf stﬁ{gbggé}f@ﬁg has” gr " vcenf%voltage level

from I ne brasing use
at whiph ag]nemrthe ﬁgeﬂholdWoﬂ:tage Alrttleat lpaitﬁuhﬂhtatilramhbsthﬁalpvﬂsﬁle
ot her i bit v | tages. for, VBLIf the verify. operati
progrup e AT Betishinr RO Belq Aoy b Rt B i e P HpLed to the
cell. the desired data 207, the threshold voltage for the
cell is checked to determine if it has reached a

Pr @& ey C%H&lahaﬂl% h&N&d o289 gxfegé iRk 19@5&1&1? lgrslows the

state. Each stafe has a pre- erit y vo tage
prograshuingig, ofwhencdhbatt Has psdsed dme\mé-tvangbf theshdlé &tr thaparticulbagtate

ST AT EE RS T M-
biasing aﬂl& afeOiIRRE t Be hRBrddhbd atldnéit K@rrﬁalll §rdgfdrﬁ’1h1r%r sfpeed %13 has the

nmet hod of the gresent i nvention sel ectivel

effect oif sepramineile Y disizibutierwithew aedusing tbgsmeamm@g throughput
pre-verify threshold for the particular state being
pr d@nemmcﬁﬁymobagm]evdead illu@tatesk indégurs 3 aed dipopssed) s@mmﬂ:ntly, is

unaff ec e bit lin are al|
tess 1 T eRleh SO AR IBe O eRirhoti f Frsf DRt a8 (g i
have alpreSyelidpvdl@e of O.3V and a verify voltage level of 0.5V. Alternate embodiments
can use other voltages and different voltage differences between the pre-verify and verify

voltages.

The biasing of the bit line reduces the voltage drop across the memory cell
transistor, thus reducing the effective programming voltage applied to the cell. The lower the
programming voltage, the slower the movement of the V; for that cell. In one embodiment,
the bit line bias voltage (Vpy) is in a range of 0.5 to 0.9. However, the present invention is not

limited to any one voltage or range of voltages.

After the bit line voltage VBL has been increased 211, the programming process

repeats by generating another programming pulse 203 that is incrementally larger than the
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effect of narrowing the Vt distribution wthout
reduci ng the programm ng throughput. The pre-verify
woabdcagetiBevel , as illustrated in Figure 3 andPCT/US2006/023217

di scussed subsequently, is %ess than the verify

vol tage | evel. For exanple, "a first programmed state

(i.e., "10") mght have a pre-verify voltage of 0.3V
previ@anuize\2¢2. lhyone ehibadiendn€\tkd prograthrbivg phlstesmaddeased by a 200 mV
epbodi ments can use ot her voltages, and_ different
step vg P%eaag%d"r%v té%Fc‘é%‘”Hé%“E@éﬁ of eStption\aahy 45,the Repsod i yeption can

use a té}ﬁ&ﬁﬁage F&ﬁc&h%@?ﬁ%ﬂﬁﬂﬁl utlsel f;%? reduces the

vol ttage drop across ce tranS|stor t hus
f
G A R U Y B BRI 010/ 395 ARBL 5t Qoo

due tcstheWes, 1ﬁdn&s&&hemefﬁas@1f profamtiing ptlsé haltageehll hate @ F@luced effect
enbodi, nent , ﬁlbltllneblasvoltg fis
on progrargming thg cell.¢ Iheprogramgiag eperationoty aéspémcu R @RI She ool

contif¥eh uhﬁl{'ﬂﬁ% @lgl fs%r@%gé(mﬂ@ tag(@lceﬂef)%? ﬁfncf%@&ﬁo%e ik ‘tﬁta\gﬁtgﬁe

After e Vo een | ncrease

A e T e sl e

voltagehia mctehte@f ZEI\BI lgm&e RiebseltZdeandlthe otentnbdlgiin@eise p&di@armmng
ogr.amm n ses_are _increased by a 200 nV s
Pulseg%quoagéto 5 Fgﬁjé a o £y dhe @rq%m%lm&wg@%ss ggpeats il the pre-

verify \l’dlt‘ééé fe@tzl' i9 Pea@ﬂé&@@s tﬂehﬁ"t S5 ke IsAUARII9T 1 Q@E]ofﬁ e any

step voltage to I'ncfease the progra ng pul se |evels.
progrioming and tiervel it drentweally agerammpd 207 ash thdtchelinbny vatigk is
. tr(gpsthst '; FOYF\r/ﬁﬁ duced due to the VBLi ncrease, the
NCIeSEY [O'RE ]ﬁ s pul se vol tage will have a

. r amm ng the cell
ﬁéwmﬁaxé ﬁ%gvf&t 15@ @m%‘a&n a35h P}télaP a?leg{vgtr%amﬁr {pstead of
biasn%%é bi% BRE bf‘éi?éel}é%ie'n tﬂ?@ha% %a{ché(?agf %% Ghil R€ each cell
is increased to the inhibit voltage:

reachgsy the pee-vdrify Viokshalbis|ie pettichlas bit dine tvebagenwcdwedl tozslaw thére

ogQr a g pul se voltage is increased 213 by the step
progrggp?réggsgegcﬂd the incrementally increase programmi ng

ul.se is applied to t r i ne_203. The
P 0B eaiin g v e abBe mfadivel erlis e Bite sy 66 docrg ! 5 the same page
addreysodrtlﬁ%ﬁﬂﬂlﬁg ?bgé zﬁid?&@é‘sh%eg% bitshBe B the kAREpY, éd@ﬁa%s 'b%th bits
to slow the programm ng, and the cel

us
can b@vljmg@shau the prmaytimenindtizg wosds b samapagd@MSs prqgmnmmg process

can go 8{ %&grefrcfrﬁ g%en%a(ls%%%?a?e ofg elﬁf g(i' I?Tglg)lgg ﬁmgg ﬁtaf%%? “6@1’5 gf one or more of

the m8Rip&CHiis\i@e fadifferent ppsla8adsweb, dhlpshdist et s duaﬁ dOFor
all cells when a bit has reached a pre- verlzy %
examplgy tp godresm ép eraged state of “117 to the programmed state o OO” 1t is typically

necessary to go through either state “10” or state “01”, depending upon where these states are
mapped. The selective slow programming convergence method of the present invention

works in either of these embodiments.

Figure 3 illustrates a diagram of one embodiment of V; distributions 301 — 304 of
the present invention. The diagram shows that the erased state “11” 301 is at a negative V..

States “10” 302, “00” 303, and “01” 304 have respectively increasing V distributions.
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reaches the pre-verify threshold is its particular bit
l'ine voltage increased to slow the progranmm ng speed.
wonow/Be1mry device using rmulti-level cells, tReThiISt®6/023217

may be located in the sane ?age address or in nultiple

page addresses. \Wen the bits are in the sanme page

address, both bits can be changed at the sane tine. In

ot Hiach ftoorderasal” slismbyipg S 02dd08 s phi agosiated pge-PerifyedRage

n [\fectly fromthe erased state of "11" to a

@VFGT 5 s Shsstised provispely: ERtomensrose, salgB0Rng 04 also has
verifyWtbb @R Pl L) thi il e ﬁgﬂtthé;@e?veﬁf@fcgﬁa%g& onl y

one at a tinmé i1s changed. For exa o go from

th r PRSI 0 at f
R i e LR
prograaing dbil@érgedcesnﬁh@l 'or']ﬂlthé predan @ﬂi’l&hﬁlgn ispnlindied € fusehe quantity
..States are pped. . The se|ective slow programmng o
of itugtgcled P br hrabrisiian MapRes ¥y LS Af 0@t HidkRen] favention is
t reRkdd8 thdfarti i i isfrd | ; it
ro AN b5 AR GATE: LGSR o LR 91 diion fom
a geng@4ligitibuetinn toraghferent distehutionhaviitgs kighgr'dm shows t hat
the erased state " 11" 301 is at a negative Vit. States
" 1(Pbr 8Qenple,d0 'an A& naterechbodiliendAlde haltblavelsqils tanvedve more than

oo B AL BRI e oS syt
may béhdppeetd £ g{'ﬁ\é}ein’t lo%yt’i_'%% )Eoﬁé;ba%hgf, lé&%ﬁ‘glsda gl‘?%ye%’x?éﬁped E@ﬁgz higher

_"non-erased" state 302 - SO vol t age
Vi disgripmtipn and/ftyg) 01 hesappesl th shaglowet Nadistrivatipn. &theembodiments of the
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present invention is not related to the particular
progrisun e convIBense aetbodiofsiigino 2t Thalower plpe sleoved thy pragrarhming
t It r nepi c distribution.to ifferent
pulsesb B HeyyofRe AR IR PERe B Bl fe bor it S The
illustrated embadiencatriied b NBQf of 200enVLIHbWeVRMBE pRBédt SneRNoR &MBI limited
nore than two bits thus necessitating additional
to anyfinestepyitaghs. I n yet another embodi ment, each state
may be mapped to a different location. For exanple,
st dihe cirglgs raprgsertdwidits dent prograne ahdigfeeent itesdThe salidutiictn

prog- i 3R a bl BRRPfY Bt Rl in Pl e e

represpiit® pe idcyeasinganyP$eiah the BYEYC @ eshbl d) tHetsldhydrlDitUs ifoddaB8mgdt a
| ot of one enbodi ment of programm ng pul ses with
AV o4 200 i ?.,?ge solid circle (i.e., faster bit) reaches the pre-verify voltage first. In the

illustrated embodiment, this is shown as PVFY1 as discussed in Figure 3. However, this

could also be any of the other pre-verify levels such as PVFY?2 — 3.

When the faster bit reaches the pre-verify voltage threshold, the upper graph shows
that a voltage of approximately 0.6V is applied to the bit line. The bit line of the slower bit is
still at OV,

The middle graph shows that the “faster” bit is now increasing at a slower rate that
can be represented by AV, = 200*K where 0 <K < 1 when the step voltage is equal to 200
mV. Alternate step voltages would have a different AV.,.
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data bit voltage levels and bit line voltage levels in

accordance with the sel ective sl ow programm ng
woamsasgEace met hod of Figure 2. The | ower pl oPCThS®6/023217

t he progranm ng pul ses withgthe voltage | evel of each

pul se i ncreasing by Vstep a?ong the bottom axis. The

illustrated enbodi nent uses a Vstep of 200 nw.

Hovnce botht the slomes bitind thedastérdnit deschntht vedifyi odtdgé threshyld VY1,
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voltage of Vcc is applied to the
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array 4 Tha e gue Sl eseS inggeasessyvith bpthingregssd msaansy @ﬂl counts

andmfcfea&éar@a%k%dbtb%k%smgy that are helpful in
under standi ng the present invention. The nmenory device

'eﬂ,g"[ggqﬁ&rrx]c{ﬁ'gl dt 1&:930@ ieaﬁ?&aﬁ In & lnlle?nogf§ grrair 938 B§ sensing voltage or

current changes in the memory array columns using sense/latch circuitry 550. The sense/latch
circuitry, in one embodiment, is coupled to read and latch a row of data from the memory
array 530. Data input and output buffer circuitry 560 is included for bi-directional data
communication over a plurality of data connections 562 with the controller 510). Write

circuitry 555 is provided to write data to the memory array.

Control circuitry 570 decodes signals provided on control connections 572 from the
processor 510. These signals are used to control the operations on the memory array 530,
including data read, data write, and erase operations. In one embodiment, the control circuitry

570 executes the embodiments of the selective slow programming convergence method of the
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menory cells are non-volatile floating-gate nenory
cells and the nenory array 530 is arranged i n banks of
woaws/1asyd3 col uims. An address buffer circuit 520TiU$2006/023217
provided to | atch address s'bgnal s provi ded on address
I nput connections AO Ax 5427 Address signals are
recei ved and decoded by a row decoder 544 and a col um
preserf @6RA86n. T4 contrélai@aidryt 370 BBy ¥/state manchmd0a sdquendet,lor beme
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c oUpbedmiaty, thesaintodinents c%t’ha presentahvendion pfavida arhigproved method
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Vt of each cell reaches a pre-verify voltage |evel
that is less than the verify voltage | evel used by a
wonrogriasaiseri fy operation. The enbodi ments of PO®US2006/023217

present invention are not limted to any one type of

menory technol ogy. For exanple, the circuits and

nmet hods of the present invention nay be inplenented in
What & dNifRetiype flash nenory device, a NAND-type fl ash

menory device, or any other type nenory device that

can be constructed with such a nenory array. Although
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cal cyl ated t.0 acghi ev he same purpose may be
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of ordinary skill inm the art. Accordingly, this

appedtivalyi toesingbit Hnesrgupled ¢o thepduyralityyof artapars celdmgich that a bit

variati.ons of the inventign. .1t i manifestly .intended

Uhat "o PSR Rbehefaisa by Afenglooiap B0t draSodtpdRAgR cen

cl ai s reokkesefiist/ Pl tigeshdRT ag¥\bbtwd ety dirsd@ld woltages, the

A net hod for selectively slow progranmm ng convergence

in a nimmryritehieskold yplseacdicing lavs then thy sefondwer iy threshold

havi ngv{)ﬁ)% coupl ed by word |ines and col ums coupl ed

by bit [imes, the method conprising: increasing a

threshol d voltage for each of a plurality of nenory

cells; and sel.ectively .biasing bit |lines coupled.to .
2. t%@em o) f el WsFBy e (e diestigli VollAge Corprisesiggnerating

(o]2]! i :

R 25 80 A LRI AP coupled to the

t mresghip cell beihg arpgrasimedwo verify threshol d vol t ages,

the first verify threshold voltage being | ess than the
second verify threshold voltage. 2. The method of

3. cabmcthothacgiif 1 arfabémacliMiag thitaang @ programgaemory cells
conprises generati n%@'% plurality of pr ogr anm ng pul ses
ohawng adyesholdqioltage helow the fest ey tepsheld vrkageenor v
cell being programmed. 3. The nmethod of claim 1l and
further including continuing to programnenory cells

4.  h&hengetlaod dfrobdinol ehdviotthagaclbéihgpwetftvenihp b verifyespekation to

threshol d vol t : .
etermme(’ghe t%resﬁlglﬁ voltage for each memory cell being programmed.

5. The method of claim 1 wherein the memory device comprises a flash memory device.

6. The method of claim 5 wherein the flash memory device is one of a NAND — type
flash memory or a NOR — type flash memory.

7. The method of claim 1 wherein the second verify threshold voltage is a threshold

voltage at which the memory cell is considered to be programmed.

8. The method of claim 1 wherein the threshold voltage is part of a threshold voltage
distribution indicating one of a plurality of possible multilevel states programmable

into the memory cell.



4. The method of claim 1 and further including
performng a verify operation to determ ne the

wohowsbsiisl vol t age for each nenory cell bei ng PCT/US2006/023217
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11.

12.

13.

14.

programed. 5. The nmethod of claim1l wherein the
nenory devi ce conprises a flldsh nenory device. 6. The
nmet hod of claim5 wherein the flash nenory device is
one of a NAND "type flash menory or a NOR - type flash
menory. 7. The method of claim 1l wherein the second
veih¢ywﬂwdé§hbhulvmﬂﬁmﬁsﬂbsmaﬂﬁhgeshold vol tage at

whj he nmeno I S,.consi der to he ogr ammed.
5. Déifubifs FBRmEPgioneR R R srsp e DO g3 celkand
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one of a plurality of possible ltil'evel states
pr ogr anFPaRRcEVe Hir ¥19Wqulr@E%ry ceII 9. The nethod of
claim1 and further conprising: perfornmng a
programm ng operation on each of a plurality of nmenory
ceThsmethod of elafrm QFﬁr}ragelﬁ puibintivg radra@imifg ofasibrdomprises
t he plurallpﬁy of cells to determne its
r e&PEEAing @ ‘FFP]éB’ Paf’%m&ggevoltfge pises thettinergassfinepmpntnlly by a
9 Mggagh%&perforn1ng the progranmm ng operation
conpri ses generating a plurality of progranm ng
vol tage pul ses that increase increnentally by a step

1. .Th of clai further
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in response to a menory cell associ at ed

| i #feoqigtod wathdbe bit Hatbaving othresheldatoliagaattleast aquial tootht kecond

S reshold vol tage. 12. The nethod of
eg&ﬁ?gﬁaaﬁé¥gﬁﬁ‘§he inhibit voltage is the supply

vol tage. 13. A nenory device conprising: an array of
menor ells arranged in_rows and colums such that

t h@?er od pEclapy bi &tersin theirhibit weliegsrizitheserripIvalizes. ar e
coupled by bit lines, each nenory cell having an
associ ated threshold voltage; and control circuitry

théﬂmﬂmnVKkaepmngmﬂnging of the array of nenory

ce IIs

dapted t
o]l SR Bl R o BB SR g e e s are

coupled by Word lines and the columns are coupled by bit lines, each memory

cell having an associated threshold voltage; and

control circuitry that controls programming of the array of memory cells, the control
circuitry adapted to control generation of a plurality of programming pulses to
increase the associated threshold voltages of a set of memory cells to be
programmed, the contro] circuitry further adapted to selectively control
biasing of only a bit line associated with a memory cell having a threshold
voltage that is equal to or greater than a first verify threshold voltage but less
than a second verify threshold voltage.

The device of claim 13 wherein the array of memory cells is comprised of floating

gate field effect transistors.



i ncrease the associ ated threshold voltages of a set of
menory cells to be programed, the control circuitry

woéuondchies41adapt ed to sel ectively control biasi ngcofusemkg23217
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a bit line associated with a_nenory cell having a

threshol d voltage that is eddal to or greater than a

first verify threshold voltage but | ess than a second

VeThé Yeidd SMindl 3\/\%&@@% thrjeﬂhola_ Q@lt‘%‘%\{hé%% &{uaﬁ %r@réa%er than the
wherein the arra menory cells I's conpr é’

fl %ﬁ&pnﬁgergfatt@eshozd woltszp écindicativesi fst wogratBued themadei e

of claim 13 wherein a threshold voltage that is equal

to or greater than the second verify threshold voltage
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device of claim 13 wherein the control circuitry is
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tole‘sshﬁhen;ﬁmlsdcondhteﬁ@e&lréshalﬂx@ttagé ess than the second
verify threshold voltage. 17. The device of claim 13
wherein the nmenory device is a NAND flash nenory
d .
ci PhCRevict R MG e B0 d i1 RANP MR BB dovice
lines associated with nenory cells having thr eshol d

ages t .have nnot. yet r hed.the first ver
¢ APAERGTes ol e bl sehBR SEHUER B g s, a0V,
Pr £ICBiS 50és dsBiateEWRh MeRforFBaNY DavRIgQaF-RB]18 vERAeS tha@ﬁ&’ve%ot yet
menory device coupled to the processor that operates

i nreﬁ‘éi@ﬂéh%ﬁrsf verifh dhrgghodd yoliagegr am si gnal s, the devi ce
conprising: an array of nmenory cells arranged in rows
and colums such that the rows are coupled by word

| i Aeseraoy systemeotiphivisgar e coupl ed by bit Iines, each
menory cell| having an associ ated, threshol d volt age;
anfblp‘if’S?ﬁs?ro alegngrg asmmmpr%ﬁwmné Sp“%’gr ammi ng of the
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to control generation o ura ranm n
pul ses lvrcglrarmmgl@%thd@msmmpasmg thr eshol d vol tages

of a set_ of r sto Emal the.c
cireuit ryarfaafrq ﬁréein)fory cel S arrangec? 1 row% coluimns such t att erows are

coupled by word lines and the columns are coupled by bit lines, each
memory cell having an associated threshold voltage; and

control circuitry that controls programming of the array of memory cells, the
control circuitry adapted to control generation of a plurality of
programming pulses to increase the associated threshold voltages of a
set of memory cells to be programmed, the control circuitry further
adapted to selectively control biasing of only a bit line associated with
a memory cell having a threshold voltage that is equal to or greater
than a first verify threshold voltage but less than a second verify

threshold voltage.

A method for selectively slow programming convergence in a flash memory device
comprising a matrix of memory cells having rows coupled by word lines and columns

coupled by bit lines, the method comprising:



adapted to selectively control biasing of only a bit
line associated with a nenory cell having a threshol d

weoabdeagetiBhat is equal to or greater than a fi PET/US2006/023217

21.

22.

verify threshold voltage but |less than a second verify
threshol d voltage. 20. A netlBod for selectively slow
progranm ng convergence in a flash nmenory device
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operation, after each progranmm ng pul se, on each
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I ess t hafesBoMBldithYe, il SEMRLIvHRlL B8R sgfr&?erftﬁafnsd\/ B Pfess than a
vol tage being greater than OV algd Ie% than a supply

vol t agesupphdva@tigectnidvel y bi asing, with an inhibit

vol tage nly each bi.t..line that .is sociated wth. .
ot Kt PR b Ptats vy Eaoni find s Sdodiafed with o
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threshold voltage. 2 1. The nethod of claim 20 wherein

the fi rleestisapal todhervagidy boesbpidsedtage.vol t age in a range

of O5 to O9V. 22. The nethod of claim20 wherein the
threshol d voltage distribution indicates one of a

pl Thaiethpdof chimésvliprag tenfirertbiasdtagb eompiises ¥ volthge in a range

of 0.5to 0.9V.

The method of claim 20 wherein the threshold voltage distribution indicates one of a

plurality of states programmed into the memory cell.



