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CHARGE LOSS COVPENSATI ON DURI NG PROGRAMM NG OF A
MEMORY DEVI CE TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001]

wab@oprasent i nvention relates, generally to neP@r/ysS2009/034270

devices and in particul ar thelpresent i nvention

relates to non-volatile nmenory devices. BACKGROUND OF
TEHARGELNTDISSNCOBTIZY S AEYN P URING BB OGRA MMINGa DIFyA MEMORY
provi ded as internal, sem ®WOHE or, integrated

circuits in conputers or ot her electronlc devi ces.

There are many, di t udi ng

random access @Wﬁ%ﬁﬁ@ﬁ%ﬁw

[d9013. M Thepasaeta ﬁi\\&ﬁl@(ﬁﬁﬁlaf% @ﬁerall@lﬂR%orySdeatcbﬁaM/bamcular the
%‘b r onous m C R/é\{ms and fl ash

H&%ﬁ%tr venl fesgp H%Ihv F’S‘/’mﬁ lees. have devel oped

into a popul ar source of non-volatile nenory for a

wi de range of electronic applications. Flash nmenory

that allows for TERGIEASND QEREM LN °!
[06802] alViéthéry dedbsd akOMhiRAWEIro BRI FREM AN senfEEIHABR oL Slsprated

for. flash nenory_incl ude personal conmput er s personal
ey BICOPREPS Pifiber fasppaly devigegi there wamapudifiennifypes of memory

if@hdibg AhddRLeREONGRoryTRA m%@mgn@&erﬁmﬁmﬁ%ﬁc fH&dn
as a basic |nput/outﬁﬁMJI stem( | OS) are typlca

ae<5P BGIPTY (DR, seho smhroeg@ 4ynarp@rFsAdﬂé$1¥RAM) and
RN RISy, Systems. [0004] During a typical prior art

programii ng operation of a flash nenory cell, a
[6663‘]? CURLkh Wk hr) §&VEeeE HM'd%@el&&dﬁJl@ a §§;Llﬁé}ts§&cm%o&%lé
be programmed is biased a series of

mmcrré Wik rapet efirstrppio gmdmﬁtcnlg Fﬂ%ﬂhg@e@,nqrh devieps fypically use a
Oql@ tIl Hé&tbxeﬂle (g‘gftcgigﬁla{ aﬁ@izvs 'foct n AL 'ﬁ%ﬂw@, high rehablht?l, nd low
e tage r(e. g., ap%)r ox; matel y

determn progranmm ng
pb@vy conFireptipnogemmon ngps @rlfkteh mnmpmyaiscésdea)etshml gempgume] personal
(flgl%? gs?%étan{s] ?ﬁﬁgél ngm%l ngc%g%url cellu e%’etﬂggi-l?nes é‘%ﬁg c})/(tié an%nsystem
qata@gclaxsm b?aglc pn;ius(eutpua sy (Bm lamrtymmﬂlyatolrmn\ﬂat}fmanory devices

$or ne voltag OV is perforned to determne if
‘éseérémrsoélaltcﬁ F‘?ny&te{}’él tage has increased to the

B e AP TS e B e Pt RS P SRl ot

wad e @fupled to the selected memory cell to be programmed is biased with a series of

incrementing voltage programming pulses that start at an initial voltage that is greater than a
predetermined programming voltage (e.g., approximately 16V). The programming pulse
increases a charge level, thereby increasing the cell’s threshold voltage V,, on a floating gate
of the memory cell. After each programming pulse, a verification operation with a word line
voltage of OV is performed to detérmine if the cell’s threshold voltage has increased to the

desired programmed level.

[0005] Immediately after programming, the floating gate can experiénce multiple forms of
charge loss that occur at the time of ion implantation that can cause defects in the data
retention characteristics of the floating gate. These include single bit charge loss, intrinsic

charge loss, and quick charge loss.



10

15

20

25

30

charge loss that occur at the tinme of ion inplantation
that can cause defects in the data retention

wa@b@pacties i stics of the floating gate. These iPCT/US®09/034270
single bit charge loss, intrinsic charge |oss, and
qui ck charge | 0ss.[0006] Single bit charge loss is the
[0eeajl tSindle hit dlwfrﬁﬂbiisuethﬁmm}t yf g édftctivh atemexrhdellithas exhibits electron
e l GE ;t[gl{]s (}‘lFa?(Pﬁk a(%g bg accglser teu /L agYolt%aenor A gelzr%iru%t s?ress ana results
1nmﬁémmmhmdabaumetentlon [ 0007] Intr|n3|c charge | oss
is an i nmedi ate | eakage of electrons fromthe floating
[060A, Ilatrisieshargolobsie at innmeliatolcbkige oflb@rona frpmalyy Boaing gate,

Q5T in SRR T PG skl TS RPRD o i thoses e
cEhiev, hcﬁé:}ipazg%ghﬁ ﬂr‘rlebheglﬁ Iﬂfeiitﬁfgtngra&r&plaéfaﬁﬁneﬁr Digy 1a£ktagamg thdse Blectrons
{f%g%%%a?aﬂﬁgitheﬁ GG aoalgélmms@?t legt?stﬁ@w?%ﬁ@a. lgt e Wt

D1 B chofieBiadls e R i FL P EEReE Pulse

d)@yl%haagetl@srs id 1A€ rddh10 6f AEBFORDrDPEE B (HOMhikY oblas l@ybrﬂzlft@r thbe
channel, |on Wien a cell passes the verif

BpERRTIREPUISe RO Ve hack wiq the Pl deom i et pesses the verify

@k%()l@% JZ‘:Q @ﬁiﬁlbﬁéﬁ £m FBHeBFro Eﬁﬁﬁnﬂﬁﬂidrkﬁuck\ehﬂge 1d3€begins. When
i's read after the program operation has been

tb@ mﬂ_ ig read afterike pregramippsration/asbren complqtesinéie celh bas 4 Yrdhaygs lower
R AL ReGhisiHEd i g tﬂ%é)ﬁ% Agh @%tg%@%tfaﬂorp RRfs3hh RiuireaH Sl @hent of

reqU|re an en distribution I n order

the Vadistuhwinadidn erdat fo apersaidslate aflipoesithlo Hiesholdtvalizess fosp given state.
given state. [0009] Figure 1 shows a plot of WA

(0899 uFigurerd slfwser nlgtpif Yal vershotimepta (ypiggfiraieninhprogramming

?ﬁ%learﬁ"élﬁ {’V Iﬁntaﬁ)/(g: a%brrégiﬁﬁ}llgg ﬁegp%%qg %é%ﬁ%ﬁ&%ﬂ?gé%hold N{ tage of the
taiget agjgEre ypbetpldtd00 svowashd deeessdnncesn@ftallynmrmlgmgrgnmmg

i 1t PEES AT AR AR AR O N Stk "

oo granming pidse 101 Seveli@lpule 102 0eduys g idOR oc curs at a
Wiy level. [0010] The | ower plot 110 shows the
[l)&Hl]I tThedowtr pladil $0 shobwd ttheansultife W distribot@t” of eéleltarieticaly being

BN o 1t ot 2 B e ki Bt e bR Rspution
4l alie 164:dr v, let 11 5, 1t A& (HE MiidiGintthieSHRDYdhayod fiREsteibutidhes
istributjon as illustrated |n Fi

h :
i %rgfegrw,r]ﬁ irg@rer;upé éhée Pregragingpulses ],@;Jorf gl}egtirst)%g@tlgg are applied to the

ta:%ed deB@oittfd] 48, thavoaty, £elihcreRbd bQAbp@atatitely ﬂh@ vvnfy fedd1, Onoe at
2 increases to ap EfOXIﬂHte| y the Vt _vfy |evel

. onc
this lqvi), theytesget|cell iserified fprnibitdd from (uiiFy pregranyéng. The ideal V. 113,
11314 flobadialing r@vfel"e{tt\h.q'fov%&g frRTEH RG114T M8 bR argdt cehilbRgins to

decrease almost immediately after the last programming pulse.

[0011] Figure 2 illustrates a typical prior art V distribution of the programmed target cell in
accordance with the Vi plot of Figure 1. In Figure 2, the dotted line 200 represents the ideal
distribution while the solid line 201 represents the real distribution. The lower end 205 of the

~ideal distribution 200 corresponds to-the lower ideal Vi plot 113-of Figure 1-and the-upper —
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115 is shown staying level at Vt. However, the real MW
114, 116 of the target cell begins to decrease al nost

wo comediatel y after the | ast pr?gr amm ng pul se. P¢D034p9/034270

Figure 2 illustrates a typical prior art W

di stribution of the programed target cell in

ecl@d P dathe edeal distribiten\Z00 pd)rmspcm‘ds Fi thel n@eit idedlrV, Hil@lﬂimﬂaly, the
QV%JI‘ edn% 2&)8 I r1r]e(:(§11 % str1bu p :(glt}rez%éng S t0 ﬁﬁ?ower r?a ’i/'t Ig)lu{ f lgf and the

utbpst ¢nd 207 lof)ﬂne rebh élsirlbmm‘n ndoz&pomfs td the vppkeadal V. plot 116.

di stribution 200 corresponds to the | ower ideal W

[Ppt2] 1M loferfenduf the ideandisttibigion R pe rsezredﬁailﬁ tlef V Lo 65 i/(dagé After

S P B8 B B PRt Bt s
flitlsd Heghtistel dxBetdd by hind Gt @GEaHs td UQéLhaﬁd blm&at the @@ber W, 20d. Stich a

14. apd _t h: uper nd 207 of the lSt i bution 20
3 indlp By v aespisiat é%?nl%eﬂ[)f bt thy Siiva gl ower
vozwran@sﬂerm@tameldeeﬁ@pemsmm bution 200 is verified at

the Vpgm Vfy voltage. After the progranm ng operation

BOB]s UBseaiga kvl B (SILU), ANV @istritu@ioh aklgetmes dbes Ifohﬁave much affect
di stri but| on shifts in the ne%gtlve direction

e Frediag abe progragexsd mgmerepdls Hapveysrdn |améﬁlplv%eval@611 (MLC)
1§Hﬁ5}y%e§ hid dtatk BistridBticHs ot t?fﬁb’eillyqﬂor%léhéj% ﬂ%@&ﬁﬁ'o&&? ® i?tr&ll of the

ed distribution th starts at the real |ower
%@ \alﬁun alavesplytvoltegeaanageBrlagpgdhe rdisimntioppinpgMEG davwe can
tﬁhmh@celtl?evlﬂmb%ﬂ)il st'c{tél't@t ’areq)régrarﬁifn%lé h'g Iﬂe gg\fllgeg lA%l(iﬂl%HﬁB't, the

does not have nuch affect he rea
gy gadaadistrimtines gan orérlap amd)wgwlém, erors in rmiingiﬂpﬂ dfferentestates.
cell (MC) nmenory cell, the state distributions are
0911 c diar herrpasenscitatesedbpve pad:ém othar rgpspes stated below ghat wili become

BB e WAk R R o UpE R ol Pl BARIARER proson spocifiation
thérnass 7 mdd oetht he towgdiverchage bsamesnttﬂmy dewiee. pr ogr antrabl e
into the device. Additionally, the enlarged Vt
di stributions can overlap and result in errors in
reading the different states. [0014] For the reasons
st at ed above, ERIIEEDESGRI}EFIO&@%PHEQIMWGN@& ow t hat

ar t hose..s | e n the. a on
[rwg ngguargz Sﬁ(P\N?F psq?t of Vﬁve{sHetuBer: 8% 4 I)Ilplcal é‘lglr ?rt groigrax rr]nmg
dﬁemuen with zherse enpanyiinf) ecabard itlen] Vedlithetacdeacagle | oss in a
menory devi ce. BRI EF DESCRI PTI ON OF THE DRAW NGS
|[00Ih’l 5]Figirg Qskovls asﬂypmﬂ péiopdroV, diftrillonyraseisddncarwith Figare 1, that

|caI rart rarrmng operation with the
8‘?9&5%§ %g Wgﬁlf ?Sﬁeal Wt of the tar get cel | .

P P o IR e i el B, et gt avic
dhere lak hﬁ&ﬂ@cﬂmggatq bﬁeﬁi@r}&lba[oge | oss.

[0018]  Figure 4 shows a flowchart of one embodiment of a programming method for

reducing the quick charge loss of a memory device.

[0019] Figures SA — 5D show multiple plots of Vwr, Vi, Vi, and Vpgy off versus time.

'[0020] " Figure 6 shows a state dlagrarn of ong embodlment of a programming operatlon n

accordance with the quick charge loss compensatlon ‘embodiments.
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[0017] Figure 3 shows a plot of a typical nenory cell
Vt versus tine that illustrates quick charge loss in a

wo b@atiings gate nenory device. [0018] Figure 4 BOIDWS2089/034270

fl omchart of one enbodi ment of a progranm ng net hod

for reducing the quick charge |oss of a nenory device.
[0021]9] Figurg (4 mhwﬁaﬁblod&[i)aghowf ond d¢nitpidanguk of smerhory\Wystenvthat can
\4?6@0%%%9/@%%’1(1@% oncgsg 2191 oc{dmen 3 ?1[’[ ?prelenf %19@(%3%%6 Shows a
operation in accordance with the qui ck charge | oss
conpensati on enbodi nents. [ 0021] Figure 7 shows a bl ock

di agram of one enbodDEFAILED DES(HmmIOQWstem t hat can

' rpor.ate,.t he har nts of t

IoDZ8E BB Bubue ARl SR lEn pPBR TR ROt mide o e
i(ﬁblhpamﬂyﬂig detetingd that fﬁiﬁﬁzﬁpdrﬂidr@lﬁ amd mtvhﬁchdlﬁ Vi, B}ﬂwrﬁy of illustration,
re renelsrraetoteacco nyi n i ngs t hat
T S gV AT A
ﬂldnhdﬂﬁE d@tdisybubGRaraily klﬁulaﬂ&ﬁﬁioﬁaﬁi thrduBhoMd iteRedch views. These
invention may be practiced. |In the draw n

ik
siabAdimgnds He %‘??P‘i“kf’é‘ g s Eeigndeiall g enalgithose sleﬁﬂipia rql'éem(fgto practice the

InbERBATOMEr B aRRNEMRy BéiueWSed 2Rl @%tﬁﬂbggicﬂie M dSel@¥rieal changes
descri bed in suff|C|ent detail to enable those skilled

WAy baygaderwithoyt daparging diem; thescopg efthe prgsentinfiition. The following

&hRd HE@%Hﬁ@onq?Xhéi’@fofét h&&&ﬁéﬂm@&qngwﬁﬁ oftle; aldQ8 &5 g ofthe
and el ectri cal es may be nmade w thout departi

Pressmi inpratioe cspbﬁmd q bipthe senendddrplams paghequiriients @lelrmﬁa ng
det ail ed description is, therefore, not to be taken in
B0231 i Kigyrg 3didusrates aplgt ofetyrica) preniy edileVyesyetime “t”. This plot

; [ |
e R e B
ivee. Bfis ﬁgltry mmlthmémgeyoss ebiitiolvB 00/thntsip detédtersby the prog'liainsverify
ipl t11 A 1& %w cl %'6? l%?hl 0SS {) 3 51at QCcurs in
S C as aelre%l € 10SS as an 1 rea maI)‘ElI’(ljSeVI ce.

gat’e, non-vol PR
@B%‘gcfff légssflﬁh&i attahe %!Qr{;qrrél%ngpu%e ends a]t fulngg ?g@e tr\/glslecassaﬁy to pass
thbaerife op ﬁst&;onaﬁ) éLthahmtVJJ dsclenVi qap dedaypduene QEL@ragiahe.not lower

e el The L S rn T oy o B  Refybrasgt of e clr's

Rk dtpdas or5the Guleldpsed\fom thSlahpragidinniigfipuecay, due to
QCL, to a value not |ower than Vgci. The QCL

[0bZ3) 0 ME ABRMndnieNcdl © pSnﬁHd a8 RpifXa Wpdfev yatttinte tt=2y ankhi€ also inhibited
deca [ ng[ of the cell"s charvqe depends on the tine
Y [thipdwe the ¢skhopm Bayeagpaxyppy, fge URSE cayab by ap f Yuve Voo I

tﬁﬁpfg@anpgngmgﬁ)g\éﬁlsgnﬂqt %ch%mh BNy e Wishf@f du¥tPAEL (bt bb
detected and compensated by the programmmg algorithm since the QCL phenomenon is

virtually complete by this time.

[0026] If the program verify operation is performed at t = t;, the cells that experience a V;
shift due to QCL below the Vi level do not pass the verify operation. These cells are
programmed again. The maximum undetectable negative shift is Vi — Vg < Vig = Ve,

relative to the cells that had Vi =V, + (Vi — Vy1).at time ty. By changing t;, QCL versus time

can be measured by measuring the residual distribution shift at the end of the program —
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at this tinme, the cell can have a maxi num Vt shift due

to QCL equal to DVt gci= Vto- Vqci. If the program
woesofiiast i on does not occur uptil tinme t2, theCMUIS2009/034270

shift due to QCL could be detected and conpensated by

the programm ng al gorithm since the QCL phenonenon is

a/l'gcn‘tthla Ivessuciprpldétge fiwedtvhitsinid preiod p@@2E] the fastttiegrpnogizguise and

b5 pioea R R bnf oo P QT B oeetoen B b o e Wilgory

mfonpa&s the verify operation. These cells are

progranmmed agai n. The maxi mum undet ect abl e negati ve

Pttt T Mgramm‘iﬂg(dpemtlé,ﬁ af-tha/present atmil@h'rmn povideeedvedd QCL

PR bt an vieReraiatfoRiente bl vt sy moskaishH S dining

sk Betevieertihe taki, Buttésoml popifatneihg pie a@dtheoferifshi@cking of the memory

0 orithm.versus ti a.fixed wait
Pl alet TS Ptor she g theiehy 35, S amAging gthOd tat
REQGE QULME b inbi-voREk My d&eidces QCL but produces a
negati ve inpact on the nenory performance. [0027] The

O0ZE] " aTRYE sERctoPRie@biyiRll & prbfiemee 3€Nto thld ﬁféeﬁvuhé:’t i€@&Bociated with
rovi de reduced QCL wi thout the inpact on nmenory
f@e AFGPHBAE A BIPEEAER HYily ReeTifon pestoRtE ¥4 G aflecied emory cell 403 to

RAQENRT: B PathsEe RRENEEH0S. and Afdet VIS 66SEMeached 405, the
programmi ng pul se and the verify |OCkI ng of the rrem)r&/lrth
cr

mregmmnmgéw@camnl i§ [epeatesk Oherisg, deanemery 6¢ll i§ghidited from
quﬁ%ru%of a programm ng nethod that reduces QCL in
a non-vol atil e nenory device. [0028] The sel ected

(859" Yin©8é bmbstiRER ISR AR i ﬂhﬂafi@d fréth Qlﬁ{he}/farogﬁﬁﬁmhggby

associated wth the desired state. A programverif

iprangthe bit hn&scqmakcﬁ & e memrx ¢edl at ¥be dhe dontsleaty obp peleped
%%ngr?a gg H{a{J %%11 %xg)eltl%xlg? %}IZIglélﬁg) 1%%@? ﬁ%er?\e{tllin% BRised 4 the inhibit
itegy ahitritngryferthdr lpmtanumng of the pelbbedrcra@sihg thaigstesto-tiwn voltage

menory cel | inhibited fromfurther programm ng 406.
E[cfﬁﬁ emor}'](éesnenbodl ment, the mermry cell is i nh| bi ted

@gﬁg} e {1 aS??fhepsqlg gs?\%rﬁr%%ﬂmﬁmt%' Ral} s 1 gedc%)ﬁg:tcr) {ogran% other cells on
thé eanscel @d tliael (irvg witiey catle Ihhvm@ghes tortiol gatpedonminmby ¢dupled) as the

but t h d at .th
Praf s RE B SRR metopeetf i by v ARG L e S
prbgra@lidg fiyse0ie k@edddnGerhdi cgais ezeﬁﬂecuargainmog alf thie@eogram
acr.oss the nenor gtg 0 t on succ ive

G gremeeTEisen 'tﬁag lﬂl&ﬁfr{e H‘Psi‘ié’ ‘ %3%@% Le.,

&Blch$ed Qe to QCL), another programming pulse is applied 410 to _the word line (i.e., the

control gate) of the selected memory cell. This programming operation is performed at a

~ slower rate than the initial programming of the selected memory cell.

[0031] In one embodiment, the slower programming rate of the final programming pulse is
achieved by the bit line bias. The bit line coupled to the selected memory cell can be biased at
a voltage between the inhibit supply voltage (V¢c) and ground potential. For example, a

AV pgm voltage instead of the OV bit line bias used during a normal programming operation
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the same word line (i.e., other cells having their
control gates commonly coupl ed) as the target cel
wokioba1tise sel ected nenory cel] is inhibited. PET/E82089/034270
| east one inhibited programm hg pul se, the sel ected
menory cell is verified again 408. If the program
aagibe ﬁkddaT]hdlthqretlc&fagé aedlidia® a bbladoe titRraet ecA ey, 6dktenhas
s th he target Vt (i.e., decreased due to
Tf??ycgigﬁﬁ% a MR BYSpul se is applied 410 to the
wor d I|ne\f the control gate) of the selected
19233 yTheetYoem "Fﬂ‘ia%e - Bt BYFiEAd iR G ret it R ster voliaer Beteen
Abcedsivd, MRImehAlIe 1&0%5&% 81% 2| Mlh@{)ul&fs oﬂ"itﬁ&m‘tﬁlﬂué}fer BJB fine bias,
sel ected menory’ cel § I n” one enbodi nent
the el gatoefrthndnlastyd meemory ¢elk wanld bherpognddeyp awmangmpg: plslee that is
i » AYS h' g t X pe%lOQIIS %ro g%a?rmlggﬁﬁlge S-EEC% alP iegst Itdv@ﬁmtce%%ﬁ

to tl’fgm nennr iased at a vo

rlba’émgl’pr&é?&ﬂnﬁiglﬂals%s Ed!&@ ptaarmé@biheOBe [aMaminhasidd Qfdgthﬁdmng pulse.
otential . For exanE a DVpgn1voIta e instead of the
A pem B e Bipseado %jpre&qamﬁgnﬁao fribs sedacicd mesgroavieallrg order to avoid

&@ Qb4 Qe usaq voltage establ i shes a
?aég dit %reﬁce o ﬁg%gn1 en the nmenory cel

[@5@‘ ned e ﬂrg?alﬁﬁm{grp%hse g%gthe [SBQ%HHOQA% @&FQ a Bro gram verify

voltage as IlTustrated in Figure 5 I's the
apgiationyts podonmedd 13 artibe sdlented meveere n@lhts alefiyitiyahe mbépstpd]g e.

0 i
B AT AN SRS EU S BRIy 0k
Fvep dmegh & gerdy pp Ugmcmmm mgalmmes@altyhmﬁonse@affer Bich gm grammmg
revi. a since
}quﬁs%é%?l%l\%%asle ﬂlg?%%e ?n is: pn g%'renagﬂ ﬁtg JuRy 8a1u%%tlhe gprg%rrlm verify. The
m@gtanmmgunemﬂi is fmxsbedtdﬁter dlﬁﬁtthemembnyb;bnsetd bp pagraimedigve all
mbit |ine bias slows the programmi ng

8?“ oﬁléedsagfuggxg%eﬁﬁ%mgﬁ in order to avoid

B R ey S DR LSk Vot B kbt g

v}@ﬁ@?ﬂ’vamﬁ%digs pafc&réle@;l] pr. Q@f p;msgtagﬁmﬁg nehed ﬁ&s{ ¥28n tdmpleted when all
erforme nd the sel ected nenory A is .

élm TRy éé{% tp ﬁﬁpﬂas{a@&leé.areeloc efolaeag ymh%limmto% additiopad dummy
REQEMANE pitie iSREY affd (1R FBHS AR oA B8 Mt cdlNRing
program lock. Even though a verify operation 412 is
Hﬂﬁ@ﬂﬁw4cally performed after each progranmi ng pul se,

in this case the | ock operation i erfornmed w t hout

[BR L dEgHg e Bilbghareveiof pyocisthd p@fsaj ARGy offageda)
vieisud HiRb ?ﬂ‘igﬂe 3, Qﬁre@o d \%fltaém IVRFRE ¥me i lﬁletvglt&% (Vi) versus time,
progranmed have all been TockKed against furth

apg eg&gwfffgtwe[new@}tagef(Vbﬁeff)s\@rsele tiod Fienaey. efc\@lltagmaﬁle voltage

cﬁﬁé&nﬁfjbét@&nttﬁg @aec‘é an\{tthé"&%nnetl naeglcln%cflfhevﬂlérn&ytcelp&glg {hﬂgpthe

“effective voltage being applied to program the selected cell.

[0036] The plots of Figures 5A — 5D are arranged such that substantially the same point in
time is lined up between all of the graphed signals in order to illustrate the effect of the

programming pulses and inhibit voltages on the programming of the selected memory cell.

applied to the selected word line (i.e., the control gate) in order to program the selected cell or

[0037] ~Q—-Figure—éA—illustratesv—ser-ies-ﬂof inerementally-inereasing programming-pulses-that-are — - -
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verify evaluation is performed 411. The progranmm ng
nmet hod has been conpl eted when all of the nenory cells

wo eooba1psogr anmred are | ocked. L n one enbodi menPCT/a@R2009/034270

addi ti onal dummy progranmm ng pul se is used after the
first verify pass of the last nmenory cell being
@iedhasened of ﬁx@@ﬁﬁﬂrmﬁg puses staf At a mﬁﬁnhmlpm@mmgazohme (., 15V)
assoc:| at ed | ot s of rd *rl ne vol t age verrc,
i iRereasy By? els)éeltag? o R mg)fa S RLISE 4RO 2
&gV hYL D 5v.
oA RSl Y20 Ty o o BB AR AR . Alemate
ofpigdinedngs oao scagerisep tvbiéageo| t age di fferential between
the gate and the channel region of the nenory cell
[803B] t Afhe eadhhygoghhmargj pu@eyao}brbggm viesfynmplsepparipbed toghe word line
(flj. re%@t}orl]gat ) rtgﬁr:]t\g %gne l%g%f)o%sa%%-rhenc{ﬁ tﬁ% 1c,elecE Erllegn %ggell(s) to
qeodrmineiwhethierrhe Bﬂedte(heﬁ haspbdaﬂ pgemmadd to dfe thﬂget \gr 'H[d}ﬁogram
signals in.order. t lustrate the effect of th
G staneR & stpeat o iR of BB maera geEh g Trpgmed and
Qnpgtiagiiit Agubihg titeens &l e bR @nﬂ&fﬁp[eyl € &ielsele{t&ﬂﬁi&}xory cell with a
g ure-5A i F!,)‘Haustrates serles incre e]}l n
e %%‘f‘“f?ﬁt ﬁ?eéﬂﬂ%ﬁmii‘}m‘éé%“ Wa"cf gEFF@ng‘ﬁb fredticregos fgront, the
tgl%lgﬁv tasbavaréhchédne (i.e., the control gate) in order
to programthe selected cell orcells. The series of

pozgr al‘H@fﬁQ: Vﬁﬁfyﬁﬁfse St @hitwiaéh e My BPErRINGAERETH 1Il‘lgetrated as lining

volt a e g V%,q and i ncrease a step voltag

e oﬁf igwre gPdlat adoys By Vamvm"ﬁéa%%]l'%%ml%gh‘tsés the freshold
AB¥d WHith R hReoATRING cHRidbRE & l(eeprggramglga/io itd thrg®\&. At this point,
enbodl ment, Dvpgmis 0.5V. Alternate enbodi ments can

Figere SC15Bewsthaiy w aihichdes beep@t)@‘é forghq @tireesrap PR RIATFSH & now at
‘F&JC nG def“éoqmtgﬁ fANY rb%r)ﬁ (? thSseRRRE h%ﬂlo??cetllhﬁlgmrﬂ) illustrates

ine e con at the Wtfy voltage.

thiti the pmogrbmg:eﬁfettmervslta:ge dnhhae methytceld:l ineases Py A&l J. @s  rdsalt of each

det erm. ne her th cel l. has

P BT BRI Fo O AR et VOMHES B SGPA ) SRp fforde o inhibit
RAREkd g@:ﬁnrhﬁlg GO HIstISQEd MEmbiyTclilNBe EfecBRCHopRADIOageds how OV
bej n%@ gr amred _and conparing the resulting current

Qi‘ﬁmi% ipfpibit petiod S2Bupl ed to the sel ected nmenory cel |
areference current. If the resulting current. is

lem Kignrg pB gdditionally shoyrs ttlfﬁé Phepassiag vl fce%m opegatign 510, the
?Jegl% to\ecit@siul @@%\nél@@ﬁ%%ss bOPR3Obus gestiiBedt ONEprbf¥mming

pul se 510 at which the verify operation passes IS
nulge 3P isphewn fadlowing theypaspingpiogranheerny 0. Aliginats egBodimgnts may

Us8 a@rgﬁéﬁﬁl Ilagro%/&éh\;ﬂ%\{ %GX %Iﬁ?ﬁ%ﬁﬁ@ﬁ)ﬁﬁﬁ%lﬂses I@'aﬁpﬁeﬁ t& B@ler memory

t hreshol d y cell”is considered
dsls pr thgsamnselicted vord lincasdlg selgcted menony @ellﬂwmtprogrammed (e,

those memory cells having their control gates commonly coupled). However, due to Vi, being
at an inhibit voltage (e.g., Vcc), the selected memory cell is not affected as illustrated in

Figure 5D.

[0041] Another verification operation 511 is then performed to determine the extent of the

charge loss. Figure 5B shows this verification operation as failing since V has passed back

“below the V; 1 threshold-Tn this case; another programming pulse s issued to the solected -
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Fi gure 5C shows that Vw, which has been at OV for the
entire progranm ng process, is now at Vcc in order to

wOo pdvohitis§ urt her programm ng of the sel ected nMEPODUF2009/034270

cell. Figure 5Dillustrates that the programeffective

vol tage on the nenory cell increases by Dvpgmas a

memuﬂytcekbﬁt teasimepimgthar™g Rdeqedssdto thioweye voltagh essethin Figure 5C.
er to inhibit

[ creased Vcec in or
’}A’W ﬁb o) o) tatﬂﬁf“ﬁﬁloa’fcei E‘é s hesp &R08 RefbrgaRame, VO{tﬁ:’g pulse 531

- @hfie E‘éir',g\s{ %regfe PRLA E%e\{éélt bR3Gfamnsin N6 0dh: cABed M6 rﬂeﬂﬁbbée'il to

peri od Figure 5B additional Iy shows that

exfceasirthe m%ep‘dsy ng verification operation 510, the W

begins to decline due to quick charge |loss as '

90&2i dHigiy Sdebews Heidnobreyepifiogicampmoniilseth§operfosmed. This

A%?lt?%lofnojloll % ort] gvathﬂl?edpa?ﬁ ﬁ{e@glea&? glgl%myvc%ﬁ }lsf IXckFé& Qrom further
ernate e use addi ti"onal progranmm ng

puglsemmgﬂbwaeremnyj%ahack mrngm [Fegmee 3P ehoayshat €t rt:roamtnger

%ro ram Cg I?Teses 9 1tgl|;.]r|%| igarrrgﬁ%greg %}1(? %ﬁ}é\mﬁeﬁe&d m@n?or? %%1 18 1nh1b1ted from

ﬁmlmrpyo grahrhlmghaghxregBtshem thﬁlOVittargﬁlh egedresces 0 n1mg‘d ly)ss but that the V;

coup VWbei ng at i nhi bi.t

o FPuEChom Rttt Fork e Y SR E b Rl Bl proBiribgang frerefore,
Ak E;ﬁ?l_feaﬂt i8.8 ptdghdishéderh@forly Iaethzg/lﬂ{gﬁa ﬁ@quzﬂ?@ érlérga%mhaﬁh&he target V.
verification, operatjo s then perforned t

Tut BroRsEnipg IS ag "gfw}%léé“{é H%P@@‘Waﬁ‘éagra‘?‘i“éﬁrp@g?s@oo to

S dilktr aeMRIEY Sl 88 IhONmEREH Pbiférhadse ib Abtldflegte®i NCe VIt
%gs passed baf:}}k bel ow t he Vit %vfy threshold. In this

0853, Bp@tBeNusBhegs ARWANGraRlbfSoRe bibbEMYRD iR rhdiod for
sel ectednenory cell_at the same tine that Vbi is

pregregdegpsibustmied m/igwey b Prcfe —ab- Thepropess bgeisie thyerogramming
fhtOHBEwhLe RS IBQ@[t thhd8e UMu€ ¢ thih\@se BRE ﬂw%@ﬁ@&&ﬁﬁemory
to a progranm ng voltage pulse 531 that is DVp
eptlagreeeiving arpgraaming sulsesrapd prosrannverihy (K59 %@@tlmﬁaire occurring. In
L. t

RS IR ESEL ) L 016080 0 95, M 2 e
E‘@Iallsstht btete rmﬁmmrommm P hifionthe BY inisialfyopasses the V;
e { &ee%e%%%%é d\s B %g‘%ﬁl‘%‘i SR G cell Is |ocked from

programin ncreasing V back to V <c -

r t .
e %f?@e Rﬁ%’?%fbﬁéﬁaer@ﬁ SR PORECHOAT IS B B ERRe datis
écmnd:cmdall tbitteasellettedmemaryt del ris mcemngmﬂitasgonel%dgmnml 5Bg&irmming pulse.

hat . nces_. a char | oss but that the .
Rt b BB a0 R e s g PR henl natri g the bie
Ieds Bhibited. Hywegeranms ingba ichot héressefigpesmanbe. end resul t
is a progranmed nenory cell having a Vt equal to or
Po£53t eAfiérhidnddhdnilpi@@imnding pulses that occur while the bit line is inhibited,

another programming verify operation is performed. If this verify still passes, the state passes
to the locked state 605. The verify operation would pasé if the selected memory cell had been
programmed to a high enough V; that the quick charge loss did not shift the V; lower than the
target Vi. The Vi could also have remained high enough to pass if the quick charge loss was

not enough to shift the Vi below the threshold.
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This progranmm ng is acconplished while still using

extra programm ng pul ses 500 to program other nenory
w@edoba1aes t hat menory perfor mapce i s not affecPemUS2009/034270

[0043] Figure 6 illustrates a state diagram of one

enbodi nent of the nmethod for programm ng as

ﬁ0046]stﬁf ateemogrmlﬁmg ey operatioh Morms;t)n tiehighipit sleteHd1 fails, the

ﬁk%agtg IQV?S t% H‘xeq)hag %[Vo gr gm&f Tétg%l% t§ ﬂ%l?,' &t‘é"‘lﬁ a%eelécgg 6r1en%0:;|"xécell has

@@ieﬁ@lﬁeﬁ;ﬁ‘eﬁﬁ[ﬁ%ﬁfyt@lefanbﬁwhﬁ@ml thid FrQgamagita0i tugfajied sle senfy
and pr g{amver \%) erati ns are occurrllrég '
Wﬂélog lgin tPW@h’(‘i’i‘ttS 3t GPd - énlggt ?équ Stafr thefpdt 1 lssm‘?sf"i at the
S al [v@hile th
Ve S S IR SN SLI08, b bk, BV hie e
prhgalﬁ\%/enfyl dpleahbr}s fpnasthfes;atb remalifts ab redparts N@Lnu@ate 605 Vteatile

t at 601, 4 th
RNTB e Gt et B BloBrepithae BT bt sfhyb i B 05

n e cte I
RGPyl ety € m%l&ﬁﬂ PN BT R frter
mugﬁmmnil'ghﬁ th4 seledtet! Remosy &ﬂl&)nrtb&’mienﬁed atorddhes Therefotehthe Vt shift is

: (? g%@fc’et | d ma&g%%ﬁgglr?@%n ggr{:tlﬁ%ggdg‘gleebs[ekcted memory
QEGaRSEA] inlthe ma{eﬂaﬁm.s uh80AS hebiyelodklvE whddithd RRaled cell is a part
programm ng pul ses that occur while the bit line is
SRR t ed, another progranming verify operation is

erformed, If this verify still pas the stat
0480 Thebp Fredopeiited gmbpdithgnts gan bermlepie Pt §n %%‘gﬁqt%memow

IR SubRgS fldsh blgoselRtde etﬁat@\}%@@ﬂénﬁ%bie iR asl; lie@Asity. For example,
q%ro ramTed to a hi h enou that the quick charge

o emgnyeyise n@mhﬁYe 3 mgl%evqﬂéﬁlé (SO ANAYR élaﬁlam@t@@ryway that stores
Tﬂﬁgl%],t aRu laqog%ﬁ @1 380 di &8 Geﬁm{ﬂﬂuﬁi& I%PMQML@) WD iefhsh

qUIC arge | oss was not enou to shift the
ethory arrhzethamt@rshmukﬂlp{edm e laflogigad “%Q”@g)fr demanepry elrrfilyf cgan have a

&ng&g)gf@@égﬁm@t,%&n €.qishhi bit state 601 fails,

e noves to as DVpgm state 603. To get to

%)ptﬂﬁl S’151 7 ﬂﬁtpﬁraéseé ﬁﬁ:lt:t?&ammg%i{ &{a%(l\‘:?t{l Qﬂl%mggﬁcﬁ%@e t76’(? The

vVeri oper ation e program state
ﬁaﬁoﬂyulbwﬁaVOOelsi ccmp@d\te pik Exteropl@raresson7 MhiTheprogessdrd 10 may be a
IIIllCII'JOé)?OCtGSSSI} (grtssglamg% e{ Wge Qf con{}o]{hpleclpc\lllﬁ?ymrﬁé %eﬁbr}; cﬂ:%\?g 5@8 and the
prodklssm 71 mfdnhlpart of ahEm6Q<?sys1’eﬂne72m Thenﬁam]m dévdcedi00 Bpiopan

ko Tl Bt Sl Pl Pl 85 b Bhirent SRl B P prosn

M%mﬁ)y_ operation passes, the progranm ng nethod noves
to the | ocked state 605. [0047] Wiile in the | ocked

 PYsile BRmenidie dbiite T00RRhides i &F80738t0f MECvoltile i@tioryt @lls. The
inhibit further progra ng of the selg]gt ?.d Tr%virrtars)/
REPPTYGHAY ) S ATt i MBKOT Y HE [inT RS and P ing fiurgps. Inone
S ddimdnS, the columns of the memory array 730 are comprised of series strings of
memory cells. As is well known in the art, the connections of ‘the cells to the bit lines

determines whether the array is a NAND architecture, an AND architecture, or a NOR

architecture.
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O inthis state 605 no matter how many progranmm ng

pul ses are issued. The selected nenory cell remains in
wo b@olioaked state 605 until t menory bl ock oPCTIBI9/034270

the selected cell is a part is erased. [0048] The

above- descri bed enmbodi ments can be inplenented in a
[RBFL] v ohddrésk bufifesiwirewitry @44 is @rovired o latchaddresssignats tpvided through
i

tﬂ@l’/b%ﬁw&rp gko. R1dPE 04 ﬁ%\ﬁgﬁggle%gé%ag@geg}dé? ng??d\»f Xemﬁﬁ: @¥744 and a
@éinin 4@@) 7%Wdliacqidsathh nYPBTR0Y gma'r7r3aylt wilblte apprceteddy those skilled
Sin ( 0 [ "1" 0O o)
i pBbineiepSical e oo hefin BbF onsfinds iy

. (S)hm‘cﬁsnsrdﬁbéndp bEtliBldbﬁsﬂ@lan@ar,ch@cth@ofahé méﬂl@r‘y)arrap W3(I Méat is, the

f SLC and M.C
BHRGH o Aeters S Goato e PgliBcreanrd bR se s ad g bank
@M@ﬁkkdm&@;an1of a nmenory device 700. The nenory
device 700 is coupled to an external processor 710.

[0052] priieessaty ddiceTRY réds- aatmIah@memmy 780 by Eing voltage or

ot her t controlling circuitr nenor Ice
%ﬁntafﬁﬁ‘@%” T GEBLS Y sV Bt ?ﬁ“ﬁasF%/sed@‘FnP ﬁﬁfe%}‘%‘y?%tﬁﬁseme
afdfified ARUNBMB0 Yin BRY biiBodiféht NasoupeAno SadiBhd faicBE & of data from
focus on features of the nmenory that are hel pful

A BRERETYANRY A o0- e Pt putpphPaHEY Wisuity 768 & me#wéﬁdﬁ'%ﬁ%ﬁhgﬁctwnal

HAeVdotfnufRQtibss wdes aé&eﬁ%ﬁ%mﬁ%@ﬁ&f ovePNplvRNiBt dfld8ta connections
nenory cells. The nenory ar%gg 730 is arranged in
s

Bant thy cangpler| 71 feVritnpircwtia prevideddo Mt ta tp thegpemory
ﬁﬁﬁgdlnent the columms of the nenory array 730 are

rised of series strings of nenory cells. As is

[YWH Iﬁ\'ﬁ&ﬁ’l‘@i'y'cE‘ntI;(J1 glr@lﬁtrry 7’;(}}1%0&&5‘ gﬁ:ﬂé fﬁ(ﬁld@é ot &ﬁtr@feéolnﬁechens 772

the bit [1hes determmnes whet he e array Is a
fegme Hietreasessore] 1 0afhesppigaale i1k psadito eentropthe gpgyaiivns on the memory array

chi 0
AOCEhLESE ILE LR A0S Son AL AL st
CuCuitriy 17¢Q 'mayjae a6@te Imtime,sa&seqmegcml @ same o&ec@pwdcboamdler to
%nerate%h g rcoviéo(iI SER81S T c7>rf' Q)g en ?llf Ui m(():l Ceo% reorl cir u1t 770 is
0 accessl?%g nenory array It 118 A5D e Py
doyfigrab® esb'dukel thdpﬂograhhﬁn@mhﬂm&\bf the piesenb embddimeras intdader to
(@resent description, that the nunber of address input

HWﬁ%%?F@Hﬂ“ #885%n t he denS|ty and architecture of
array 730. [ er aQ
(e oot of e vion L Sincein gty D hE R Sl g e
Habie he@sashdbRve ﬂﬂféatﬁ’ﬂe@@ikth@ AURMbE. A more detailed understanding of internal

circuitry and functions of flash memories are known to those skilled in the art.
Conclusion

--[0055] In summary, one or more embodiments provide compensation for quick charge loss
in a memory device during a programming operation. In one such embodiment, target
memory cell, after a successful program verify operation, is inhibited while at least one
additional programming pulse is issued. A program verify operation is then performed on the

target memory cell. If the target memory cell fails the verify operation, the bit line coupled to

~——the-target-cell is-then biased-at AV, for-a final programming ‘pulse: The AV biasing of —— -~
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[ 0052] The nenory device 700 reads data in the nenory
array 730 by sensing voltage or current changes in the

WOreowy11ss ray col urms usi ng sefjse anpl i fier ciPCUUBI099/034270

750. The sense anplifier circuitry 750, in one
enbodi ment; is coupled to read and latch a row of data
the binlinheoweiio mpvemendpf thgGargddaclhVi dyyae progehnoningyilternate

) . L ingl i ;
lhcnd o (s Lo A5 Bing O e L Ry ol o
Daeer rge gHaotheel initigl wdgremminge thnieet @itigs theRlopkddHrdnn farther

GODLLRLLEL A8l b 6 B gy, 755 1s provided to
PP o 7 10 ?%egnﬁnnry array.  [0053] Menory contro

hEgui yad Q .Si_gnal s .proyi on nt.y o .
B3 o Ao Srb R RORS R MR REE 55 g SRk pergin fewin
o appuresiattd bg tlweadbf @lintdyekidipe fletartalg aonartdngemandrayisanlcalygted to

oEPizye E SePSbitEens il St Bl sk BB B G 5pybrany
ARptatiéhs af Heahv@nfi@CRIlINTR, appar&e GLBORAIT ordiMiar Skl ir0h& 8xt. Accordingly,

pe of .controller to generate. the nenpr ntrol . :
‘i“%g”ﬁﬁlll@?‘“} by “H?ﬂéieg RSP Edap{align B FgHO % Hf‘?‘% fovention. It is
ﬁhr[ifélsltllcf fn}endetQthdt$hiS R EAtBEILE GintiRd BXIOGY R fbIGviRE GaERiNg
met hod of the present enbodinments in order to
yHpleRsdreEofor qui ck charge |oss. [0054] The flash
menory device illustrated in Figure 7 has been
simplified to facilitate a basic understandi ng of the
features of the nmenory. A nore detailed understanding
of internal circuitry and functions of flash nenories
are known to those skilled in the art. Concl usion
[0055] In summary, one or nore enbodi ments provide
conpensation for quick charge loss in a nenory device
during a progranm ng operation hi one such enbodi nent,
target nmenory cell, after a successful programverify
operation, is inhibited while at | east one additiona
programm ng pul se is issued. A programverify
operation is then perfornmed on the target nenory cell
If the target nmenory cell fails the verify operation,
the bit Iine coupled to the target cell is then biased
at DVpgm for a final programm ng pul se. The DVpgm
bi asing ofthe bit line slows the novenent of the
target cell WVt during progranm ng. Alternate
enbodi nents can use other ways to slow the progranm ng
of the target nenory cell to a slower rate than the
initial programm ng. The target cell is then | ocked
fromfurther progranm ng by the biasing of the bit
line at V <c -



[ 0056] Al though specific enbodi nents have been
illustrated and descri bed herein, it will be

wapppaciisg ed by those of ordi ary skill in thePer/siona034270
any arrangenent that is cal culated to achi eve the sane
pur pose  may be substituted for the specific
Whinogiclaeretiss: shown. Many adaptations of the invention
will be apparent to those of ordinary skill in the
art. Accordingly, this application is intended to
1: oV erA methodthaghiak clige 10§s compe@htiana adtenidig déviosethe in@thod

It is mani.festly intended that this invention be

li mi t“8YPYHYE by the follow ng clainms and equi val ents
t her egkinghatlettsd ﬁalelﬂbll‘yﬁiéll | upldd toh JeRt{a® dfof‘dlinegbﬂtﬁ‘ lSrogrammlng
charge | oss conmpensation in a nepory device,
met hod coRPFssdHbthe prlectqdipemoerg @?lbraaé@a amWr%mﬂfy operation;
Ccouplp@dink theeRbie® feRErMRUIGvilh AQAdiVibhd) pRIERSHTAREbMSE in response to
pul ses until the selected nenory cell passes a first
progr am véeisplgcteshmemenyssil faifings segondrpsossem seniy @peraiiey fat
cel | witheapwagd ﬁrbt%?@éragg lrvfm?%ggpaml RUlISLbi Ind &HPRA%Ethe

to the sel ected nenor alling a second program
verify opeqlwqdmemmwlf isIblagedstoslea frpgrammineoy tizprpeleete] mpmory
oper ation de abit line coupled to the sel ected
nmenory cef? |s bi ased to sl ow programm ng of the

sel ediasuhg tteriorlynegiedn inhibridolagesiithgutdvelulting o thmépmgrasmverify
inhibit volt Wt hout a Hale hird, program

veri fy opSratRB P s SHELHE it % oot ammi ng

pul se. 2. The nethod of claim 1l and further including

bt vl Erhe PP ThitPuBhes B P e Pt of o slected

oper aidnfinp cel\BitlveerOth® st RITRE}Nd PR drdin QELP Iop&aﬂicms tiile other
sel ect ed mord line are bjased th addition

pr ogPARAPHEFIS Gt to ghe leelefurbine e s m@ addibenal n
b|a5|ﬁgnmmﬁm§bﬁm&;ne at the inhibit voltage W t hout
evaluatlng conprises inhibiting programm ng of the

sel ected menmory cell until a subsequent erase

PPer athb GaHod oPELIPT WhbeintbiashaGhd Bt iRt ﬁfe 11%1@1& %l’aige without
wherein biasing the selected nmenory cell wt

pr ogcEFmting cpupresss inbdnig pregramingng of ghe snbctsé n@mpédc%mal a
Line Wsblet dhddloplibdidh i@bedidfgment al Iy

4. The method of claim 1 wherein biasing the selected memory cell with programming
pulses comprises biasing the selected word line with a plurality of incrementally
increasing pulses such that each subsequent pulse is increased by a step voltage of

AV pgm over the precedihg pulse.

5. The method of claim 4 wherein the bit line is biased at AV gy, to slow programming of

the selected memory cell.

-6:--- -~ The-method-of elaim 1-and: further comprising:--




i ncreasi ng pul ses such that each subsequent pulse is
i ncreased by a step voltage of DVpgm over the
w@e@oadiisgy pul se. 5. The meth of claim4 wheP€i/miS100€034270
bit Iine is biased at Dvpgmto sl ow progranm ng of the
sel ected nmenory cell. 6. The method _of claim1l and
f urt lreograompgi diadigstpragpraming g, aascleeled memprymed dratsreongjed to a
rate, a s mpry cell that is coupled to a
sel ect ed \%%gédle‘?%g?ﬂlg’nhi biting progranmm ng of the
sel eatlgbitinepogpmeehg of the sedspdmsandrpcdlhie respbiese tettie selected

duri ny ¢ nEBRSGr U At PR g P ed ARt iramming
addi tcontmmlingrre prgyanc &lditbonelaughad ctls cohyded el thedekdtedmrond line
line while ,the sel ected nenory .cell is inhibited,

per f or m ngP4e g’@@%ﬁ?}e%?lga?rgrﬁe(}ggrlfﬂflbﬂ peration on the

sel egeAemiiBI®stofEprbgraimtverifit dperatibhi 64 thp bElgutemstRSryfcyll after the
operation;., and pr ogr,?mﬂ' nq_ the selected nenory cell at

a second pFOBREHHR YrElY REMon 3%¥sponse to failing the

Seco o RARE B ﬂhé’@fehtfebl n&ﬁﬁ?aééll‘h'ﬂ a setond PoglRIROrafin response to
claim6 wherein the second progranm ng rate i s sl ower

than the failingthpsesepdringag vieabereBtionhe et hod of

claim6 wherein the second programming rate is

determ ned in response to biasing of a bit line
touplTdd meghodiof cloint 6 pthaginthergncyndaupgrammingmgie ingewiesdhagfthe first

cl ai i.l.each programverify operation is
P hghed.

conpris a verify pulse. 10. The nmethod of claim®6
and further including performng a final program

erif t i- QN ' ' AT
¥ per e GRERE B 68 S hid i Rh AT Fidgrbined o
and frespbimeto biesipg o5 biglidei caspladjtoghdsetected menmpoy@lled t o
the selected nenory cell at OV while biasing the
selected word line with a plurality of progranm ng

Pul sahe mkthod b elatiet hberetif eachh priopraihlvevifiestdbion iscomprised of a
pl ur al i.éyuff progranmm ng pul ses programthe sel ected
menorY e wi th multiple bits.,

10.  The method of claim 6 and further including performing a final program verify

operation wherein the final program verify operation is not evaluated.
11.  The method of claim 6 and further comprising biasing a bit line coupled to the
selected memory cell at 0V while biasing the selected word line with a plurality of

programming pulses.

12.  The method of claim 11 wherein the plurality of pro gramming pulses program the

selected memory cell with multiple bits.

13.  The method of claim 6 wherein inhibiting pro gramming of the selected memory cell

.. comprises biasing the bit line at. V¢ until a subsequent erase operation.is performed. . ..



13. The nmethod of claim6 wherein inhibiting

progranmm ng of the selected nenory cell conprisesj
wa@sgimgitise bit [ine at Vcc unt i4I a subsequent BCEHES2009/034270

operation is performed. 14. A Hon-vol ati I e menory

device conprising: a nenory array conprising a

Bt ur &b henyvadétilemmempsy degick somsprigmged to word |ines and

bit | , r 0 t o .

rermory sy S BnlfE R ALY BBl SR iyl g tges and bi

array whefieé¢spatidhe nenory controller is configured to

execute a progranm n eration of a_selected nenor
el | Ageniord ErtaioPgeriBlesty the ot erjeR 47t paniol g gty of the
t he sel ecuehowodrehylwheesimiht nentoey eetlialis sonfigaed asdixbaite a
progranmm n ulses until the sel ected nenor el | .
passes a PRECIITRI gPCiHapal A5 oapbameTg el 4 fideiegpvars ne that
aﬁl Iect eg mnﬁaeé a’tmgs wth@seaactehe@ﬁdl | 1im'tmfne@ﬁﬂﬂfﬁ11%@c&gdi§ge

ile the sel ected nenory. ce is programinhibited, a
bi as of |t REESEITWEE BHSTTebl o edpiodifampry ofl| beses @ firs program
progr ami Reifpeh&stioMd) 8 Biak BLthS §IQEddSForIBAD A GEbAst bl | S
a second programverify operation while a bit line
coupl ed t 8rOBREMEIEE BelseUhifihe pejoctedmemagy pelbis eEpetnt ihibited, a
vol tage ghRabehe td@feddh@hi cAPHARE Rkl prédiin@inBipdfe Qhen the
the bit line at an inhibit”voltage w thout evaluating
a third ppdeptesmeneqry ol Ben sacowhpragramyverifieoperatigh while a bit line

progr anm I T %R@ | f i

wher ei n tgglp%g\}?@lg S%IECtgd ﬁ%«lﬁ fl gg%tq%édrim&rﬁl)}q ggéggg% ageéthan
The menor grodedpaentat, acd abias dfthebie hied at an frdhitpt voltagd wighoof
menory cel fi d. .t t vel .

el s o ufuthgs SR ALALA e BEAIA dePls§ Mo ramming puise.
multiple |l evel and single level cells. 17. A nenory

st conpri si ng: rocessor for contrglli .
or ok GBI S as gy PEGEEER ner e A SaNR s mspgry device
signals; and a non-vol atile nmenory device coupled to
t he ocessor _and qperating in respopse _to the nory
15-1 gnal’§ meme 4@&6@%%5%@9@8&&% g 03%3?@?%911@@
CONMprh 5 MONtiPleRekl Sdllis! ingdf 1608 FBIsY o1 onibira@bP b Bdultifle Wk Lhand

lines and bit |ines; and
single level cells.

17. A memory system comprising:
a pr‘ocessof for controlling operation of the memory system and generating memory
signals; and |
a non-volatile memory device coupled to the processor and operating in response to
the memory signals, the memory device comprising:
a memory array comprising a pllirality of memory cells coupled to word lines
and bit lines; and 7
a memory controller coupled to the memory array for controlling operation of
- the memory array wherein the memory controller is configured to bias

-aselected word line with programming pulses that increase by a step....

voltage from a previous programming pulse until a selected memory



a menory controller coupled to the nenory array for

controlling operation of the nenory array wherein the
woreomnyiisont rol l er is configur e5d to bias a sel pct/@s2009/034270

word line with progranm ng pul'ses that increase by a

step voltage froma previous progranmm ng pul se until a

sel ect ed nenor yalaiabsepafisseprogram vesify ppecrgionnmbibit pfogramming of the

operation, inhjbj r j of L he I .

cor 1 whi e cont i AP B OR R onilfRB oS e PRI i line

with at | east withkapgesgommogrgmmidgym]sediizshe fedectedIverrd bk with a

word line with_a.final programin ulse when th .

sel ect ed nmenor 9“‘% 819" afnér'%lné %%lsggd&%r%gg f)elr1 %Cgerd ans ver f:ffq%/faﬂs a second
oper ati on t hat pioglalmowsifst dperdtion giat follogs tnfire prdgyam verify

operation while a bit Line.coupled to_ the selected oy
mermory cel | i sORsFaOB e A ltﬁlﬁg'%‘{pgeﬂ t@&efglﬁ‘g?cl’gﬁ’aory cell is biased
wherein the bi ith iHeetedpivbltdde/hdivehebdidthe Bitdihe bib liheWRibkdiséd at an
vol tage w t hout .\/alratin_ athird prgramverifﬁ)% _
operation aft efthibfgro tﬁ‘%‘?é’i’la’ﬁllbedf‘]&ﬁ?ﬁgﬁgt %ﬁp@&aﬁi Tifyrperation

system of cl ai gﬁeﬁhewhﬁg% atnfndyQilsevol atil e menory
f

device is one of a NAN ash nenory device or a NOR
flash nenory device. 19. The system of claim17 _

wher efd o\ f&n BEARRY1 7K BN R noRBlaliRGsknRry B ATDbAAIaATAND
of both Single level nenory cells and erYtl ple | evel
menoriasleeieingry device or a NOR flash memory device.

19.  The system of claim 17 wherein the memory array is comprised of a combination of

both single level memory cells and multiple level memory cells.



