CHARGE LOSS COVPENSATI ON DURI NG PROGRAMM NG OF A MEMORY DEVI CE TECHNI CAL
FI ELD OF THE | NVENTI ON 5100011 The present invention relates generally to
menory devices and in particular the present invention relates to

non-vol at i | devi ces. BACKGROUND OF THE | NVENTI Nenory
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per sonal cqmﬁmﬁen@mupedmbnahmdw@n@ahwm@submaﬂts (PDAs), digital caneras, and
cellular tel ephones. Program code and system data such as a basic

i nput/out put system (BIOS) are typically stored in flash nenory devices
20f or use in personal conmputer systens. [0004] During a typical prior art
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i ncrementing vol tage "progranm ses start at an’ini vol t age
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t hereby increasin e ce oltage”Vt, on"a Ioatlng gate of
the menory ae@l%ﬁmewrvéERbMd rstatie B@Mﬁﬁﬁ% wplyenouad)m@muf%hit(ﬁé‘ﬁ%@emétu on with
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vol t age has “Ihcreaded to the desired programmed | evel. [0005] Inunediately
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30charge | o hat occur“at the time of 1on 1nplantation that can cause
def ect 85 i n mewrgfer awide range of electronic applications. Flash memory devices typically use a

one-transistor memory cell that allows for high memory densities, high reliability, and low
power consumption. Commeon uses for flash memory include personal computers, personal
digital assistants (PDAs), digital cameras, and cellular telephones, Program code and system
data such as a basic input/output system (BIOS) are typically stored in flash memory devices

20 for use in personal computer systems.

[0004] During a typical prior art programming operation of a flash memory cell, a selected
word line coupled to the selected memory cell to be programmed is biased with a series of
incrementing voltage programming pulses that start at an imitial voltage that is greater than a
predetermined programming voltage (e.g., approximately 16V). The programming pulse

25 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 0V is performed to determine if the cell’s threshold voltage has increased to the

desired progranuned level.

(0005} Immediately after programming, the floating gate can experietnice multiple forms of
30 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.



retention characteristics of the floating gate. These include single bit
charge loss, intrinsic charge |oss, and quick charge |l oss. WO
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programming pulse 101, a verify pulse 102 occurs at a Vg level.

20 [0010] The lower plot 110 shows the resulting V, “distribution” of the target cell being
programmed. The top V, plot 112, 116 is the maximum threshold voltage of the distribution
and the lower V;plot 111, 114 is the minimum threshold voltage of the distribution as
illustrated in Figure 2. As the programming pulses 101 of the first plot 100 are applied to the
target cell control gate, the V, 111, 112 increases to approximately the V, 4 level. Once at

25  thislevel, the target cell 1s verified and inhibited from firther programming. The ideal V, 113,
115 is shown staying level at V. However, the real V, 114, 116 of the target cell begins 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 Vy plot of Figure 1. In Figure 2, the dotted line 200 represents the ideal
30  distribution while the solid line 201 represents the real distribution, The lower end 205 of the
- ideal distribution 200 corresponds to'the lower ideal-V5 plot 113-of Figure 1-and the-upper -



[0011] Figure 2 illustrates a typical prior art V, distribution of the
programmed target cell in accordance with the V, plot of Figure 1. In Figure
2, the dotted line 200 represents the ideal 30distribution while the solid
line 201 represents the real distribution. The | ower en f_ the ideal
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100131 In a'sin tribution enl'ar erren?‘f does not
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reduce the nu er.o ta es that “are progranmable Into evi ce.
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typi cal pricolergad V. gistobwtmnngangverlap and result in errors in reading the different states.
15 [0014] For the reasons stated above, and for other reasons stated below that will become

apparent to those skilled in the art upon reading and understanding the present specification,

there is a need in the art to reduce charge loss in a2 memory device.

BRIEF DESCRIPTION OF THE DRAWINGS
20 [0015] Figure 1 shows a plot of Vyy, versus time of a typical prior art programming

operation with the accompanying real and ideal V, of the target cell.

[0016] Figure 2 shows a typical prior art V, distribution, in accordance with Figure 1, that
has been affected by quick charge loss.

[0017] Figure 3 shows a plot of a typical memory cell V, versus time that illustrates quick

25 charge loss in a floating gate memory device.

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

reducing the quick charge loss of a memory device.
[0019] Figures 5A — 5D show multiple plots of Vi, V,, Vi, and Vipgn efr versus time.

[0070] Frgure 6 shows a state dlagram of one embodtment ofa programmmg opcratlon in

30 accordance with the qulck chargc loss compensatlon embod;ments



operation with the acconpanying real and ideal V, of the target cell. [0016]
Figure 2 shows a typical prior art V, distribution, in accordance with
Figure 1, that has been affected by quick charge | oss. [0017] Figure 3

shows a pl\,gégo%l;/ﬁﬁétsypl cal nmenory cell V, versus tine tt}%trglm‘!mg@g% C)es qui ck

25char ge | floating gate nmenory4device. 100181 ws a
fl owchart of one enbodi nent of a programm ng nethod for reducing the quick

charge Iossmdug/pﬁ%@f %’hoqg\éibﬁ)%kdl,%%e&%f‘ofeeg‘t%gl§1 f&fanﬁgoah@wema&bm e plots

of vt, Vbl, an versus ti Figure 6 °shows a state

di agr am of ©ererw#b dgidrishthande lossgmberdiments efghapescaitdisslysira 30accor dance with
the quick charge | oss conpensati on enbodi nents. WO

2009/ 111158PCT/ US20091034270 4 [0021] Figure 7 shows a bl ock di agram of one

enbodi ment of a nmenory system bﬁqpm]g@gljﬂg@%p@f@qe the quick charge | oss
enbodi nents of the present disclosure. DETAILED DESCRI PTI ON 5[ 0022] In the

fol | owi ig diB0R | delthgdellomiing Jetptleddeseripgon plieminy aion, refpranentdadedo thgde to t he
acconpanyi ng. g5 aw; géramg; th%ﬁfgﬁili gr%e@a{e}eohﬁ{mtvhﬁm4hslwmg/%yomﬁmm by way

of illustration, specif nt's in which the invention na
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sufficient detail to enabet ose s e art to practice the
10i nvent i orﬁmb@thh@nts@ﬁ:biowhghmgufﬁaryntldetamtq dnalzleawmlbd fube 4t tipractiegheal , and

el ectri I%al 18%9(9{3 Diher 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.

[0023] Figure 3 illustrates a plot of a typical memoery cell V versus time “t”. This plot
15  shows the quick charge loss (QCL) that occurs in a typical floating gate, non-volatile memory
device. This figure shows the charge loss portion 300 that is detected by the program verify

as well as the residual charge loss 301 that has an impact on read margins.

[00624] If it is assumed that a programming pulse ends at time t =0, the V necessary to pass
the verify operation is equal to V. Such a V, can decay, due to QCL, to a value not lower
20 than V.. The QCL phenomencn then stops at approximately t = to. The decaying of the cell’s

charge depends on the time elapsed from the last programming pulse.

[0025] 1f the memory cell is verified as having a V, of Vg at time t =13 and is also inhibited
at this time, the cell can have a maximum V, shift due to QCL cqual to AVi gu =V = Vg If
the program verification does not occur until time fp, the V; shift due to QCL could be

25 detected and compensated by the programming 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 tevel do not pass the verify operation. These cells are
programmed again. The maximum undetectable negative shift is Vi — Vo < Vg ~ Vya,

30 relative to the cells that had V= Vs + (Vg — V) at time t. By changing t,, QCL versus time

can be measured by measuring the residual distribution-shift at the-end of the'program =



may be made w thout departing fromthe scope of the present invention. The
follow ng detailed description is, therefore, not to be takenin alimting
sense, and the scope of the present invention is defined only by the

appended Q$¢5@@ﬂﬁn% equi val ents thereof [0023] Figure %Egﬂkﬁﬁ%h?ﬁgf a plot

of a typical "nenory cell V, versus times"t". This plot € quick
charge | oss (QCL) that occurs in a typical floating gate, non-volatile

remory devi fgiotiiduhi OGS PNS HAGIRNALGLh0SA RYLEbRDAND R hg

detected by tThe progran1ver y as wel e resi ar ge

has an i npaie pr@aramefadfymﬁr@tmsredt{cm bwtfprqdchsg nggediuprisebattivattheamemasygr anm ng
pul se ends @ folnh ABe. T 0, the V, necessary to pass the verify operation is
equal to Vto. Such a V, can decay, due to QCL, to a value not |ower 20than

Vic,. The Gghzphemne B?%@F&Huﬁlﬁ?&beﬁ‘&&?@ tBd pr@sgﬁ)tr &?Qéloglﬁ% @Aﬂpr&wd‘e feduced DL decayi ng of
the cell's charge depends on the tinme el apsed fromthe |ast progranm ng

pul se. [0025ifhop§thy h@a%@we&ym@ewfoman%w YSINgPn@8r e iadditiaal progypmging at t| me t

= to and 'spu%|e§19et\l/&h'tl@l&s@QU&Essﬁhbt%glrainﬁlg g;ulrs% R hL v&ﬁp 1JARME o Pth BBl
shlft due to QCL equal _qc program veri |cat|on

does not oce€lrFigmmg ¢ llluﬁﬁw atf@WChﬂfliTle‘the @?ﬁoﬁtm%U@f atmomm@émeéwﬁéha%det ect ed
and conpenqg&gﬁﬂgﬁdﬁ RLAGHRAMENG, #@eri thm since the QCL phenonenon is

virtually co is tinme. [0026] If the programverify operation is

performed ghods) = The selctcha@ nﬁ%‘ﬁioh‘ﬁceﬁlk@ﬂmﬁwﬁﬁd 816 uRk té{getslhlhfa@ is Hud6ciden (ddL bel ow

the V10 | evel do not pass the verify operation. These cells are programed
agai n. The thadasidrptatm daresstaberey Argjiton sereslpmiad onghagelpcted ygigongaid3Q3 ®/qd,
30rel ative 4.QuhheirGalal %a@h@mheh&ﬁ&tw ¢05fo%6"ng¥[\9 has ¥l Bden 8lacdai®s iy By

changing ti, QCL versus time can be neasure measuri ng t he resi dual
di stri but i ¥essHuRngFerficasardp eppesfied; ﬁ&emlwﬁlamemormaﬂ is inhibited from further

2009/ 11115850084 034270 5

[0029] In one embodiment, the memory cell is inhibited from further programming by

15 biasing the bit line coupled to the memory cell at Vee. The control gate of the selected
memory cell may still experience the programminé pu]sés but the bit line biased at the inhibit
voltage inhibits any further programming of the cell by decreasing the gate-to-drain voltage

across the memory cell.

[0030] At least one successive programming pulse is applied 407 to program other cells on
20 the same word line (i.e., other cells having their control gates commonly coupled) as the

target cell while the selected memory cell is inhibited. After at [east one inhibited

programming pulse, the selected memory cell is verified again 408. If the program

verification determines 409 that the selected cell has a V, less than the target V, (i.e.,

decreased due to QCL), another programming pulse is applied 410 to the word line (i.e., the
25 contrel 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] Inone 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 (Vee) and ground potential. For example, a

30 AV voltage instead of the OV bit line bias used during a normal programming operation



algorithmversus tl. Adding a fixed wait time period between the |ast
programm ng pul se and the programverify operation reduces QCL but produces
a negative inpact on the nenory perfornmance. 100271 The progranunl ng

operation resent disclosure can provide reduce % t the

i npact on ‘ﬁéﬁ‘&?@lﬁ & f or mance by using ose or nore addi ?Pl onal™ pr ogrgnm ng

pul ses between the Iast successful program ng pul se and the verify |ocking
br ogr anmi g e e Virdt rrad s ERhe G s BT A R T I8N co. [ o026
The sel ect eflem@poelyctoadd andshproagolageed 401 to the target Vit that is

associated with 10the desired state. A programverify operation is perforned
on t he sel e@bdE rmxmwgm%lthge%&htsﬁateteihﬂgﬁm,iis‘thé trehadtagelmohed the target V,

405. If the tar V, has_ not been reached 05,..the pr /verlflcatlon
o0 epeat oq T K S AR HERGRyEaT P i e R R R o

pr ogr amzsi Ngthd Qtro] 3020 hd selearbEmentig deinatid bd H@odte D4 rog@iniigpuisaltabist ed from
further O,gram‘nn by 15biasing the bjt |ine coupled to the nory cell at
Vcc. The c ’fPXmé@f?@f RN § HE VIS R HRIMIRE RBFS ST B} IG%WOS‘PWF‘PG erience the

programm ng;, auls §§ rﬁﬁ%nﬁ:ﬁgpﬁlhe h%\g:r})%mglle§§ﬁge e laEthﬁmh{}'ﬂb&é& %r}{r%ﬁ g)sknhi bits

any further prog decreasing t aln vol t age
acr oss t he Hendiy, welide. ble{s @E@@]hemogreemng ok slectd seinesy el agerdentd mgpidul se i s

appl i ed 407to sonZWe sanme word line (i.e., other
y

veri }Ig]rB %Hi‘nm e oversﬁootm% the tar .
cells havin rco rol coupled) as the target cell while

the Seh%,‘?tg(ﬁpjuﬁfghgf%r a?mﬁﬂ%bl.m‘e u%ﬁjl%tl{%‘f fo%rer@'[‘)%xjgr?iﬁf gt@e g;& %}brﬁgg&?lf the

programi n ect menor
progr am verdpkiatat is @crqumle@ﬂﬁ aué she4eigcttdmtmarh eclsie Helotitodlyoalibitdddse.a V, | ess

than the tqg%gﬁ) M o f%rthergﬁl% %?SQ gfili&ean e%sé@e}moﬁ‘ thag t]}grpgo%l:aﬁﬂmlpg pul se

is applied the word ont ro gate sel ected
menory cel |Eveil mosgkmwﬁﬁmwgn e]d’eus aitproaticply mépmdmédr cath progbowere rat e t han

the i .ni tial Fr Ogl{ agqnse t%e Pock% ?atlsog pe}f?r%eg%n?%&{ ffzﬁuatlpg h%%i?’o ]ranl pen?n%h?se i s

enbodi nent, anm n
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cell can b t. en the inhibit supply voltage (Vcc) and
ground pot g‘?ﬁﬁ 1‘;‘?1( gﬁgams@fm% Pa}ggef‘ﬂﬂ% i

[0034} If the selected memory cell has reached the target V, 409, the lock without program

verify evaluation is performed 411. The programming method has been completed when all

of the memory cells to be programmed are locked. In one embodiment, an additional dummy
20 programming pulse is used after the first verify pass of the last memory cell being

programmed.

[0035] Figures SA — 5D illustrate a set of associated plots of word line voltage (V)
( versus time (Figure 5A), threshold voltage (V) versus time, bit line voltage (V) versus time,
and program effectiveness voltage (Vyem_ef)- versus time. The Vi, e voltage is the voltage
25 differential between the gate and the channel region of the memory cell and, thus, the

effective voltage being applied to program the selected cell.

[0036] The plots of Figures SA — 5D are arranged such that substantially the same point in
time 1s 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.

= 2300 = [0037] - Figure-5A-illustrates-series of incrementally inereasing programming-pulses thatare - - - -

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



30Mcgm vol tage instead of the DV bit line bias used during a nornal

programm ng operation WD 2009/ 1111586PCT/ US2009/ 034270 can be used. The
AVpga, voltage establishes a voltage difference of AVpg," between the nenory
cel | chann I and the control gate. [0032] The iV1l, voltage, as illustrated
in Figure BAPLIHH step vol tage between successive, r?g USRUR042r8,

i ncreasi ng programn ng pul ses. Wthout the higher bit I|ne bi as, 5the

trol gate of. the ted b d 1 i
pul so that A Tk e BT aPEP L AR 2! VTGS BB SR A G4BT nce a1

| east two lﬁaﬁ@f@m@ldsyeplvaﬁég@@sn%ﬂﬁ@g{@ﬂ@ﬂdﬁgp@gia&ﬁﬁn@]@\m @ceurred since
the | ast uninhibited programm ng pul se. The AVps," bit line bias slows the
pr ogr amm ngnafinih grogemaing eoligentsey 268l [n ¢ng cop nertt Aol §- 5§vékerpitogr anmi ng

.., oversheotlnd e LRLAS v\Jlthges 10[ 0033] After the programm ng pul se
u5| ng the sl ower progranmng rate,” a programverify operation is perforned

412 and st hao) OB IR ML S, ARLLOLLYCPYISL RBBAI Bt [ufh ne| OCkEd)

411 from further programmn an erase ration can un program
| ock. Even (-hobgbrnaolasid flvhﬁﬁe}\@itﬁ@ﬂmqwﬁa@ B enﬁteusezlathmmrﬁ@fﬂ}@do after

each progr Je BHL RS the s@le%lgd é:u%@@t?eeﬁ P:%a LR RPRE Qﬁ'éﬁpgt. :Tﬁe QS%EHW med wi t hout

eval uating the programverli ranmm ng I shed after
all of the wefyowgragel i sommlsméofpvr@glganﬁ@d meagE/ caﬂlbelbeewgtaoml@édn@gm nst

further pr chgﬁm%q}g?l rel Qtﬂn%%glﬁér}ct ortl ﬁ'l@ bit ﬁh@&hg@d ;Bqﬁré)ge}/ecfég Aemlapis cell G ed the

target V, programyv evaluation’is performed 411.
The prdgramﬁewgcermtrhﬁdf Haseshibiegcwonth mﬂomhemaia‘lthandhﬂ tefreenpeeroreyt, el | s to be
prograrmed ggslg)%g{_hregéfgmpne enbodi ment, an additional dumry 20progranm ng
pul se is use after t Irst verify pass of the last nenory cell being

progr amred. 063@935‘]‘18 f }s%n?ysplﬁg% 510 My Hiddd tH@\;eﬁj@} (ﬁ)e?atﬁ@f)asggs 1@1§1§§1%{eﬁtd§ﬁimﬂé ots of

word |ine voltag .}@ versus tinme (Figure 5A), threshold voltage (V,)
versus ti malp wthtthy r'PéF“E@Tet%bat(ls\ﬁbo"fathQ/EVLSMSOItaE%@T‘?SI&ﬁ@I Thisgythathreheldct i veness

vol tage (VGuge'wifdHa mééﬁ’(fr? Us it Eﬁlﬂerxﬁﬁa Y ?o Yﬂrﬁtﬁgg tté érée?@% %P hgsefﬂfnt

differential between the gate and region o he nenory cell and,
t hus, tihe dfifueci@ shewdlat ‘dg,ewfbfénlngb@ppw\é@rﬂw@ emlggr@afﬂmheg pretewss gl | .

Vec in order to inhibit further programming of the selected memory cell. Figure 5D iflustrates
that the program effective voltage on the memory cell increases by AVpqn as a result of each
programming pulse. However, when the V,; voltage is increased to Ve tn order to inhibit
further programming of the selected memory cell, the effective program voltage is now 0V

20 during the inhibit period 520,

[0040] Figure 5B additionally shows that after the passing verification operation 510, the
V. begins to decline due to quick charge loss as previously described. One programming
pulse 505 is shown following the passing program vertfy 510. Altemate embodiments may
use additional programming pulses. These programming pulses are applied to other memory

25 cells on the same selected word ling as the selected memory cell being programmed (i.e.,
those memory cells having their control gates commonly coupled). However, due to Vy, being
at an inhibit voltage (e.g., Vee), 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
30 charge loss. Figure 5B shows this verification operation as failing since V. has passed back

“~below the Vi threshold: In fhié‘c'éSéi,"andfhéf‘prdéfafmning'pulse’iS'issiléd'to the selected - -



[ 0036] The plots of Figures 5A - 5D are arranged such that substantially the
sane point intime is lined up between all of the graphed signals in order
toillustrate the effect of the programm ng pul ses and inhibit voltages on

t he progr f_fhe selected nenory cell. WO ,
2009/11113@¥b@%7%% 009/ 034270 cells. The series of prongHﬁFwamﬁﬁW§es start
at a ninlnunlprogrannlng vol tage (e.g. 15V) and increase by a step voltage
of Avpu fro revi ou Log(,a t WHXIWU ramm n

o AL T HA N8 B2 RO IRR SR a2, (G TR THI 0B 2 g
enbodlnentsmgaaSDsanmnhﬂRMﬁﬁ@mnyGMMan&neﬁb@ﬂ&&hpA@ﬁ@ﬁmﬁ@ﬁhM@@@@k&ﬁﬂlng

pul se, a programverify pulse is appli to the word the control
gate) at th8aE Afagm %?t?fe{ ther%%f@r%meﬁemtlﬁéﬁ% thgheapsrd ﬂgﬂé}lfa%ft%aelh%nmy
cel 1 (s) to detanmdgeet her the sel ected cell has been programmed to the
target V. The progran1ver|fy operation is conprised of turning on each

menmory el | [phel) NGO m%&m@tmmﬁutmg efaé@ﬁloﬁ@aulstthélg;emrresntmpn the bit
| ine coupled to the sel ected a 10reference current. if the

resul ting cYffifeen pel %&WéWMP@“HFdQF@5¥%F1Wﬁ%ﬁyﬁﬂb”ﬂ%$%¥%%ﬁéﬂ@ﬁirent t he
target Vt hass;heemghoachadng bﬁ@&%]m Vhe FigufeSID M6%E e RefeiRipdL0 at which the

verify operatlon passes is illustrated as |ining up with the V, of Figure 5B
that is abdVeerppamgpplsesaf Fignen Yaye enpeeandhesclerisd @epgntosd 1y IRhiBIdI¥N above

whi ch a menpfier El%g}anhﬁné:@ l“edfﬂ S.%GWI; @mtb@ agilﬁgfp@mfﬁgs 4 @adgh Sosb L @Rk hVhy, At this
poi nt, 15Fi gure 5C shows t Vhi has been at OV for the entire

pr ogr anfi ndlamtaéfé@m 3 @glﬂf‘é\XP%?tge (e thie ﬁreawa%%u‘:%eésfvlrﬂwammma PEh & Bgr anmi ng
of the sel agt gl [FBIW Hpr ﬁlnlnme(ﬁng&l&? clPhdvingWst, eata@@ Je BRktet B6h ME QA

effective voltage on the menor increases by Avpun, as a result of each
progr anmi nglHureEaM pE\Ray aFomplished witle S%FSW%@@%@@W&%@%@@ o Vec in

order to 'QQMQ&ﬁOﬁ%HEQﬁﬁyQQEQBﬁﬁﬁh&ﬂrgbmﬁﬂﬁmﬁghﬁﬁtﬁﬂmﬂﬁnnry cell, the
effective programvoltage is now OV 20during the inhibit period 520. 10040]

Fi gure 5B ggglial i onald ¢/ilishRws « thaldifhedf chdanRassdnher iehthbcat i on operation
510, t he programming as illustrated in Figures 4 and 5A — 5D. The process begins in the programming

state 600 where the V, is lower than the target value. In this state 600, the selected memory

cell is receiving programming pulses and program verify (PV) operations are occurring. In

this state, the bit line is set to OV and the V. shift is equal to the Vg, step voltage. While the

PV fails, the state remains as the pfogramming state 600. After the PV initially passes the V,

20 target value, the state moves to the inhibit state 601.

[0044] While in the inhibit state 601, the bit line is biased at Ve and the word line that is
connected to the selected memory cell is receiving at least one additional programming pulse.
( The V| in this state remains at 0V since the series string of memory cells connected to the bit

line is inhibited. However, this inhibit is not necessarily permanent.

25 [0045]  Afier the additional programming 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 pass if the sefected memory cell had been
programmed to a high enough V, that the quick charge loss did not shift the V; lower than the
target V. The V| could also have remained high enough to pass if the quick charge loss was

30 not enough to shift the V, below the threshold.



V, begins to decline due to quick charge | oss as previously described. One
programm ng pul se 505 is shown follow ng the passing programverify 510.

Al ternate enbodi mrents may use additional programm ng pul ses. These

pr ogr amm are applied to other nenory 25cells gn sane sel ected
word |ine g?@g@ﬁi Y ect ed menory cell being progranmed Pﬁ“bm"g’toﬁﬁg% menory
cells having their control gates comonly coupl ed). However, due to Vbi
bei ng at - anighsi B fre YL Foriy opeiifon phRPE! i B1-SehiYBIRE ¥o1CQh pleS Not
affected as mustrg%‘ gal?}%ﬁlll—él gurgye0p§D. on Bmﬁ%oﬁﬁe A]rlllglt3 erg(%/lerﬂl fltcati on

oper ati on S5dde mgveslee pies ABgaeidcttd’. detzerinihiesidih ¢heaxleend mahortylkell BOchar ge

| oss, Figure 5B shows thi verlflctlo erati g | ce Mt has
passed backP** qegrevfoﬁls V?ﬂsfy Oper'?non fl%lélﬁ%ﬁ ‘gogr‘i‘m Stta{:|6§§81§§ael edanot H@
pr ogr anm ngopptatisewhis: ih S&Uﬂdldostzttha)lsWhﬁehﬁﬁe AV, 20hd Hil =88 ResEL LISRO09/ 034270

nmenory ceII at the sanme tine is decreased to the AVppm voltage as
seen i n°Fi gﬁﬁ@e“%mtﬁﬂb? eA%)sﬁHQ\é“ 'ﬂ’ﬁé&aw@% t%%’d’l‘?e“&%‘itslbyﬁ%}fsnsﬂbg’éﬂe Vg?(posed to

a progranm ﬂ}ggrmlv&lﬁg%pé?ﬂ o2& oA 3he §ehB8tenlafs AVIRG bias QV&Q}%@& dohaRndihge | ast
progranmm ng pul se 0 that caused the menmory cell to exceed the target V.

5[ 0042] Fi gu%arsﬂ\ersfh epEationgrssesn e heerapwring ingthed weves pethatorlsd sBE10s t hen
performed. This verification 501 is not eval uated and the sel ected menory

cel | is | ocRe]f Mohleinthe fipskedaviasry?Oanthe hig ling/is Piagsd @R ¥ Chdn wida 1B adubit farthge ¢ |

Figure 5D ??Q%‘thﬁ‘n bf Eh@@eléc%%éﬂ{o?}gcewoﬁgﬁc%m&gw&ﬁlhﬁgsfh@xfefo'%é %r\ﬂ sk @are
i gnored an e ected menory c is inhibited fromfurther progranmm ng.

Fi gur e 18B shisWs siHar0no ager hpves@p@rnr%@@@map@lﬁ%rageelsque%llbeﬁlecwdaneﬂtone Vi

10has startgg mfn{agimmbllcgla&rsta\(@éots%gﬁi th AR B10RE EMIBLSHS y@&eea%aws aRRQYr anmi ng
and, therefore, the end result is a programred nenory cell having a V, equal

to or gr eat‘é?ra&eﬁan the target V This programmng is accorrpl i shed while
still using extra programnl_ﬁg pul ses 500 to program other nenory cells so
t hat mam)ra 08} £ drmehecedrssrivigemardimeniaen be oo YGarR 8BV B PaPes a state

di agram of Qpg. eRedh ﬁ@éﬁtm&gor}t k@w@%ms%r&gﬁamém RALAPNHAGiRTFol dakipler at ed in
Figures 4 and B5A - 5D. The proocess begins in gﬁp}é granm ng state 600 where

the V, s |tbw;?m@rﬁéﬁvutenvéa}tlm@fe%ma}%leuré cel] @LFP]N@NQ GO0y 4148 thebyies ed

menory cel |, dig1d1eqet v Bghch F‘P%raamx&g“@yla%ﬁﬁnpﬁ@ﬂv@ r:agmm MeA i YiadPV)
operations are occurring. In this state, line is set to OV and the

V, shift isnesguairaydhat W@fevp’gmp?tbétﬁ@\mpﬂ%géi IWﬁ ‘Pl‘éh‘i HeMpy afray 428 havee st ate
remai ns as L RGinRERAYF MRV CahERPLsAfter the PVinitially passes the V,

[0049] Figure 7 illustrates a functional block diagram of a memory device 700. The

20 memory device 700 is coupled to an external processor 710. The processor 710 may be a
microprocessor or some other type of controlling circuitry. The memory device 700 and the
processor 710 form part of a memory system 720. The memory device 700 has been
simplified to focus on features of the memory that are helpful in understanding the present

imvention.

25 10050]  The memory device 700 includes an array 730 of non-volatile memory cells. The
memory array 730 is arranged in banks of word line rows and bit line columns. In one
embodiment, 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

30 architecture.



20t arget value, the state noves to the inhibit state 601. [0044] Wile in
the inhibit state 601, the bit line is biased at Vcc and the word |ine that
is connected to the selected nenory cell is receiving at | east one

addi ti ona ng pulse. The V, in this state re smcethe
series st#Y(P%O%%%ﬁw nory cells connectedoto the bit lin ?S?ﬁﬁ/ B {%ed.
However, this inhibit is not necessarily permanent. 25[0045] After the

addi ti onal |BFQET AP SRS NAS 1s%?t§zﬂfed W'!ht'cl?a&dpe%s Q,fzﬂa]sl ﬂré\ﬁdédﬁhﬂgﬁﬁ?ﬂ bi t ed
anot her progranmm ng verify operatio erforned his verify stil

passes, thehs V%F@Ctlﬁi&s’éﬁ@sf\@dﬁ@ hlenﬂli)%k@dﬂléftdaiﬂ@d@%ﬁd bmeowémoﬂ;r Gherda | on woul d
pass if the,peleelad MBMPLNeS 1OGHATERLdQNLAR seanon V.
that the qwoc nchar |OSSC¥?Z|I §4 not ‘é}g%?%(ﬂ R%E ecif! ar%nt e target V,.

The V, couIlrsltfalaéowuﬁath@bcrneﬁmfrﬁ@d)r%mgIdesenmwghthatéhep@gém ¢t agidressguiuek charge | oss
was 30n9t ngﬁ*éga)fngg O@HAS ottxtﬁ%ns\.{lz ‘19(?!1 tL[:tm% orfme%%lﬁtgarragﬁ gls l{) the
programm ng verify eration pe ormed in the inhi t at ails, the
state noveSIUtnbeItOtﬁedfbera@ wRygsers wthap @ g0 sedToengpey cdlleotiip gnds!tlﬁa:t»aé?d hanke sel ect ed
menory cel | né‘@l? %ﬁg@-d the previous verify operation while in the program
state 600 b H the verify operation while in the inhibit state 601.

Wi l'e in thesh p@h érh Sevibioobldts kiR deindhap B A0 bY SerMBGoliize oSt P

vol t age (|n i\/ em &y e‘go in tahlsststetlte GC% Eihﬁ ,9|%01r§n%n@[ggo AVpgm
Wil e the ml@‘gxt ahmg«@mi fhy myperyariap pgufay ysing s¢nse snplifier PO aBhetsprse b| as
AVpQ, , St t he P vel it Y.OReLat0mhRaSSeS s al rogranmm ng
met hodl?mvgsﬁltlggt%ﬁcu oﬁz}-l?egj St gﬂgg .’%%O()%ﬁié;ﬁvﬁi kgfﬁtnaa?ﬁe%fd t€ﬁ0 state 605,
the bit |i e ngndyy aseyd38tDagCaputandewipyt buldericiditni 160fisnntinded fprlodireshviahg of t he
ol ot ed TRIRLYn Gkl @Rl 0 ASUBELEM NG hdch B8 o RENES O fin Rl ST T T
10 0 in thi's state no nmatter how nany progra ses are 1ssued. The
sel ect ed mEmbwith delepnirodpml IsWinke cithatry Wedms{dai@veﬂﬁdamtmhemheorﬁemry bl ock
of which the )sel ected cell is a part is erased. [0048] The above-descri bed
enbodi ments can be inplenented in a non-volatile nenory device, such as a
flash n?rmr%Sgﬁvhﬁﬁoﬁééaﬂ&ol'cﬁcﬂﬁ}owmm@ s@gdaﬂ p?d@YdeQ'oB C(Q%Féc;n}{ccngx%r?’/@xa”pl e,
15t he nenory device have a single |evel NAND fl a menory
array that f@ﬂdh@@@swﬁw dhesie pigpgls ase used 1 Q@gﬁr@élne opmratl@rrs oy ﬂlledgqﬂw "n'rzc’) a

mul tiple 'Gay@'m Af d(iMn.@d Mltékﬁég}arﬂ?mafas@f)ﬁ%ow%e ﬁlte%feyscomlfef ple bits
(i.e., alogica the menory array can have a conbi'nation of SLC
and ML.C rremﬁtrtytr)cb’/lOIn@y b[e@@fdlg"]mﬂﬁhlgalﬂéefwcnqeh@Siqmtoé@r &re aheonprofeale bl ock di agram
of a menor m%?d\{é tﬁngInglgr o 1%{%[{%9% Mle‘éﬁl\éb&ﬁerﬁoﬁe Sm&QUBhEH i 77%% ernal
processor The processor a m croprocessor or so er type
of cont® ol Icpnfgu@dﬁmcwfg/the meramnwwcturemfé@ Preentamiiodimentpingeds Sor 710 form

part of a the nmenory device 700 has been sinplified to
focus on feat rn}ge/astesf}(é{‘sEﬂﬁﬁee(zl Fnl)ory that are hel pful in understanding the

present i nY@RBEf Ofie flash memory device illustrated in Figure 7 has been simplified to facilitate a
basic understanding of the features of the memory. A more detailed understanding of internal

circuitry and functions of flash memories are known to those skilled in the art.
25 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

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

SR e tatget Cell i§ thert blased it A Vi for 4 final programiming pulse: The AVygs biasing ot~ 7



25[ 0050] The nmenory device 700 includes an array 730 of non-volatile nenory
cells. The nenory array 730 is arranged in banks of word line rows and bit

| ine colums. |In one enbodinment, the colums of the nenDry array 730 are
conprised o ries strings of nenory cells. As is well wn in the art,

t he conned@gﬁﬁgnb? fhe cells to the bittlines deternlné% 1P he array
is a NAND architecture, an AND architecture, or a NOR 30architecture.

[00511 Addr gssp a&ws ik Pl Wby o A tatlo B I @vmﬁgp;ogml,r%ﬁ@ AdaLgss signals
provi ded through the 1/Ocircuitry 7 § dressS signals are received and
decoded by ambashinescanBye ofpn waysdo dow&wr@@e@aeﬂhw&e@ pemevesh e nenory
array 730. I; with the
benefit of ?thg%gggﬁpﬁQggﬁﬁhgkﬁgﬁmyTﬁgﬁﬁghéhn%%%g$U%F%§§H?g%g input 5
connect i onspdepae byrihe hesingeod dietbyt limpat Vacchi t ect ure of the menory array 730.
That is, the nunmber of addresses increases with both increased nenory cel
counts and [04e¢leasidpugnikeifinemisidaedatsdermiesn ilngosdjand fescifeabespingdvilte 700
reads data {d,hReiaft8 P issedriofinafP il t&ed?ﬁhﬂgnyfmat@mnp{ha@yemmmdqbanges in
the nenory array colums using sense an frer circuitry 7 The sense
Oanpl i fier edhigeiibe pymenaBmOse mdbh@uém AERe spepisc epbgsiiaenty %lowedﬂarafnd latch a
row of dat aacfaﬁtQ{Bnrs BPmHﬁJM%n%ﬁ gtya Fa)’rgnt t(P@JBf% df Bfa%ryasrﬂm ﬁ‘l[ﬂﬁepéﬁt Agwr(ilﬁﬁty
circuitry 760 i s 1 ncluded bidi'fectional data conmunication as well as
addr ess conthiiippiapiians W@ﬂecbto pGr ailyi adgptasiongertvariaionheicdhd Bretigs At ipj t h t he
control]er i to the nenory
array. !5[0§$gemﬁéh%§$ﬁé%ﬁﬁ#; M%ﬁ?@ﬁ#??§&$¥8g§ggg ggm%%gﬁgﬁgﬁ%rOV|ded on
control consrotleonte®P2 fromthe processor 710. These signals are used to
control the operations on the nenory array 730, including data read, data
wite (progran), and erase operations. The nmenory controller circuitry 770
may be a state nachine, a sequencer, or sone other type of controller to
generate the nmenory control signals. In one enbodi nent, the nmenory control
circuitry 770 is 20configured to execute the programm ng nethod of the
present enbodinents in order to conpensate for quick charge | oss. [00541 The
flash menory device illustrated in Figure 7 has been sinplified to
facilitate a basic understanding of the features of the nmenory. A nore
detail ed understanding of internal circuitry and functions of flash nenories
are known to those skilled in the art.



25Concl usi on [ 00551 In summary, one or nore enbodi ments provi de conpensation
for quick charge loss in a nenory device during a progranuni ng operation. In
one such enbodi ment, target nenory cell, after a successful programverify
operation, is inhibited while at |east one additional programm ng pulse is

i ssued. A programverify operation is then perforned on the 30target nenory
cell. If the target nenory cell fails _the verify operation, the bit |ine
coupled to the target cell i s-then- bi ¥sed-at AV-i*ii-fO a fui al - progranm ng
pul se: The AV-Funi biasing of the bit line slows the novenent of the target
cell V, during programm ng. Alternate enbodi nents can use other ways to sl ow
t he progneratigWaigledtifie target nenory cell to a slower rate than the initia
programm ng. The target cell is then | ocked fromfurther programm ng by the
bi asi ng of the bit line at Vcc. 5[0056] Although specific enbodi ments have
been il l ystrate desc appreci ted t hose of

or di naryLiskl I Iget%?(g Oracllufc Eartge QOSS C%?I?eélﬁaégﬁélﬁ? n}e {yﬁ VIE e EIEY to achi eve
t he sane cpumpisisg nmay be substituted for the specific enbodlnents shown. Many
adaptations of . the invention will be apparent to those of ordinary skill in
the art. AccoPiFigpyelettrd Bcaop! ‘Feélafqutﬂ??dlt@alsﬁﬁ%%eardt lpeewithr any adapt ati ons

or vari aty 5 YA Qkctel Qélgﬁﬂ RS i hat this
inventio%‘%ﬂé?lnlteﬁe G¥ %y tﬁg ?1 ﬁh %alngy ad Iﬁqﬁ%& | ents thereof
12 What ioperatiai;nmed i s: 1 A met hod for qU|ck charge | oss conpensation in a
menory device,. the nethod.conpris S|n a selected nenory cel
coupled to a E@F&gpgﬂwGBWGanﬁgy ﬂpgﬁhﬁ?ﬁb¥% HP@E%FEH? the sel ect ed
NMENDry CelshoR@ss B sdlebtbd HenPHPEH ARV hisEdon@ @ﬁfgeém Q&ify operation that

follows the first program verify operation, while a bit line coupled to the selected

memory cell is biased to slow programming of the selected memory cell; and

biasing the bit line at an inhibit voltage without evaluating a third program verify

operation in response to a final programming pulse.

2. The method of claim ! and further including inhibiting programming of the
selected memory cell, between the first and second program verify operations, while
other memory cells coupled to the selected word line are biased with additional

programming pulses.

3. The method of claim 1 wherein biasing the bit line at the inhibit voltage without
evaluating comprises inhibiting programming of the selected memory cell until a

subsequent erase operation is performed.

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, over the preceding pulse.

3. The method of claim 4 wherein the bit line is biased at AVpgy to slow

programming of the selected memory cell.



bi asing the selected nenory cell with an additional progranm ng pulse in
response to the selected nenory cell failing a second programverify
operation that follows the first programverify operation, while a bit line
coupled to the selected nenory cell is biased to slow progranm ng of the
sel ected nenory cell; and biasing the bit line at an inhibit voltage
W t hout evaluating a third program vegfy operation in response to a final
programm ng pul se. 2. The net hod of aim1 and further including

i nhi biting programm ng of the selected nenory cell, between the first and
second programverify operations, while other nenory cells coupled to the
selected word line are biased with additional progranm ng pul ses. 3. The
met hod of claim 1 wherein biasing the bit |line at the inhibit voltage

wi t hout &val udbe mgthogiwhelaad whersimiheiphibiprelipeaimYoy of the sel ected menory
cell until a subsequent erase operation is performned. The net hod of
claiml wherein biasing the selected nenory cell wth programm ng pul ses
conpri sed. bi adi mgthod forgelckchage Wss corhpeneationtila aoplolagleiciamatk devieg, enent al |y

i ncr easi 21? Iﬁu%s s such that each subsequent pulse is increased by a step
vol t age &R %‘.F?OW“%: he preceding pul se. 5.The nmethod of claim4 wherein
the bit line pobindafd Ata MVMREGR A LML QIERThAL o9 cell it 38lo8Ffgd menory
cell. 13 6. The method of claiml erein the inhibit voltage is Vcc. 7.
A met hod t¢ aselepiédciordlmrege | oss conpensation in a non-volatile nenory devi ce,
t he met hod conpri.siNg; : I ' at a,first progranmm rate, a
sel ected memoty 404 pogmmive 8L SR vl memEty Gllih i hlh bR etlecte

i nhi bi ti Rgnvregslbpazing a Grst pheyras hesfyofdemBaditingahd plograhgsipgnse to the

sel ected nmenory cell passing a first programverify operation during the
progranmi ng; continuingdp pragianh addidonst mgman el reundssdp thessesetpd wird §noupl ed to
t he sel e%&h?lgtlwyegd Fat=NmT) o %ﬁlfst?xﬁ}iﬁi‘?édem ed nmenory cell is inhibited,
performng a second programverify operation on the selected nenory cell
after the fir perforimigs asacuad plograaperdy opmaticard the selectqrmgnamyeei gftérhe sel ect ed
menory cell _at a seconghgro%ra_rrm' ng rate in response to failing the second
pr ogr am V& il pregramaenbroreronid net hod of claim 7 wherein the second

programmi ng T gffRrdnmil WEdeld-RAMEy Lhil Hla REQYREIFRBiAALE in response

to failing the second program verify operation.

8. The method of claim 7 wherein the second programming rate is slower than the first

programming rate.

9. The method of claim 7 wherein the second programming rate is determined in

response to biasing of a bit line coupled to the selected memory cell.

10.  The method of claim 9 wherein the biasing of the bit line is a voltage between

Ve and ground potential.

11. A method for programming a NAND flash memory device, the method
comprising:
biasing a selected word line, coupled to a selected memory cell, with a plurality of

programming pulses, each programming pulse having an associated program verify



9. The nethod of claim7 wherein the second programming rate is determ ned
in response to biasing of a bit line coupled to the selected nenory cell.
10. The method of claim9 wherein the biasing of the bit line is a voltage

bet ween Vcc and ground potential. 11. A nethod for progranm ng a NAND fl ash
menory device, the method conpri sing: bi asing a selected word i ne,
coupled to a selected nenory cell, with a plurality of programm ng pul ses,

each programm ng pul se having an assod at ed programverify 14 operation and
the plurality of programm ng pul ses starting at a m ni num progranm ng
vol tage and increasing by a step voltage over a precedi ng progranmm ng pul se;

i nhi bi ti RPeRtQOLRATHR Plrbiy 64180 88Ma64 L0018 MFheGeh miffhet plodfnffihgct ed nenory
cell passes a first programverify operation, bi asi ng the sel ected
wor d | i neoliggerndincresaise bynestoproljagemyengpisetding mhglammihgpeled;ect ed nenory cel |

is inhibited; .parf 1.n : [ m.veri rat,ion, on the sel ected
menory cel | ; nﬁl%l{n?%r IF') ogﬁgl%ﬁ)lrﬁgéf{g%f@ee&%@ergﬁr rcaepi)‘{’g%’ptﬁgl ?lgcf%edorlngrgPWg t he

sel ect ed calbpahsds arsyprbfram erifidbpepatiogr anmi ng pul se while biasing a bit line
coupled to the, sel ected nory cell at the step voltage; and | ocking the
sel ect ed menoPipsiggfhe Sﬁlesﬁggmr Heg Witk ageashpmeryogramming Res¢ywale®eof clai m 11

wher ei n i -operation is conprised of a verify pulse. 13.
The nethgﬂgg?péﬁg%ﬁﬁ¥¥qggﬁM¥%%ther i ncluding perform ng a final program
verify oper at pefforafiiges sdchid priopaim wridgommriongnphd sdecrddenanorytchid; fi nal program
verify operati is not evaluated.. .14, The nmejhod of .claim1 nd further
conpr 1 si ng. bi SPHOERE: WA PRt ety igeing Srteiscieng thEn b eded word | i ne
with the thHg‘rH’ré’thintg)f)ul%E W R BRI (el cS8Sled toliRe scledRENST £f afthdi m 11

wherein the plurality of programm ng pul ses programthe Sel ected nenory cel
wi t h nul stepiveltdgietand  16. The net hod of claim 11 wherein | ocking the sel ected

merory cel | couprl Ses. bl A% R SolPhibm!Afor Blog¥fifimif@l 1| @ subsequent erase
operation Is per rnedad.

12.  The method of claim [1 wherein each program verify operation is comprised of a

verify pulse.

13.  The method of claim 11 and further including performing a final program verify
operation after the final programming pulse wherein the final program verify operation is

not evaluated.

14, The method of claim 11 and further comprising biasing the bit line at 3V while

biasing the selected word line with the plurality of programming pulses.

15. The method of claim 11 wherein the plurality of programming pulses program the

selected memory cell with multiple bits.

16.  The method of claim 11 wherein locking the selected memory cell comprises

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

17. A non-volatile memory device comprising:



17. A non-volatile nmenory device conprising: 15 a nmenory array
conprising a plurality of nenory cells coupled to word lines and bit |ines;
and a nmenory controller coupled to the nenory array for controlling
operation of the nmenory array wherein the nmenory controller is configured to
execute a programm ng operation of a selected nenory cell on a selected word
line that includes a bias of the selected word line with increnentally

i ncreasi ng programmi ng pul ses until the selected nenory cell passes a first
program verify operation, a bias of the selected word line with at |east one
progranm ng pul se while the selected nenory cell is programinhibited, a

bi as of the sehesicedaf®nEsnyprizélpla pdalityafiondlry BEIRGOAHIY ROwEdl IFRs When t he
selected nmenory cell fails a second programverify operation while a bit
line coupitd@esdnd he sel ected nemory cell is biased with a voltage greater

t han ground p ' ' f [ | L.nhjhi t | t age

w t hout eval ugkfegmgdrgk?rﬁ@ ' %ru glgegztt%ﬁl&éé%ﬁ (I%%%)Lr g)? ?%Iﬁ%zlaﬂbeé&ﬁ@hfo fﬁ%l

pr ogr amimemnaoy his®y whé8in tHhmemeryorontrdlder i ceonfipurell & eretite wipesg@ammiidge device i s
a NAND fl ash.nmenory device. 19 The nenpr evice.of clajm17 wherein the
D1 lral i ¢ YPOPISTEG HCEA ST ] ot ST R BB CLIOFLE Dbl e rermory
devi ce ofselgdiad ﬁbékiﬁiﬂmﬁﬁﬁih&ehléﬁtaﬂ* iicAdabihY pRIordMRAmE Yuked hiil MeSeleRfi gured to
be nultiple level cells, single 1evel ceFIs, or a conbination of multiple

| evel andnegiony el passasla foet fregramyerifyopertion,s lgsafdhe steemdiwirddine with g
processor, for controlling operatign of the nenory .system and.generating
enory srgsa ofe aamaning pfRELAN B sBeotd BB S PR LS RS The

pr ocessohjz3ddtheReleatd R@mofy ERISPIRNS ndl PrédhanBE Y uYseS1@AASseldcleg menory devi ce
conprising: 16 i a nenory array conprising a plurality of nmenory cells
coupl ed fesmgsy eell faea segrad program yredy opgigion while aablhgwp@éﬁ@ B8l | er coupl ed
to the Mepid Ak dofilis GABLNAN J faLEIALI B Bloubd BolRIRT AR Mer ei n
the nmenory controll'er is configure o bras a Selected word I'ine with

pr ogr amithreghiplidesa sn trihdliit volepewikody gvadusgingp thiod pragenf voify apgatsw adies

progranmm n | se unt.l sel ected nmenory cell passes a first programverify
operatioﬁwg@ﬁﬁWPgW“BW8§Pgﬁﬁing of the selected menory cell while continuing
to bias the selected word line with at | east one programm ng pul se, bias the
selected word line with a final progranmm ng pul se when the sel ected nenory
cell faill§. a Jbeowohopnyr dayiceralvlamly whoreinthe deviediar NANDIesh megory r st program
verify o%enation while a bit line coupled to the selected nenory cell is

bi ased witH ¥ he step voltage, and wherein the bit line is biased at an
inhibit voltage without evaluating a third programverify operation after
the final programm ng pulse. 22. The system of claim?21 wherejn the

non- vol atlP| e prBeRofedsvices qf glagpd 7 gfhergin the plurality of memory cells are floating

gate memory cells.

20.  The memory device of claim 17 wherem the plurality of memory cells are
configured to be multiple level cells, single level cells, or a combination of multiple level

and single level cells.

21. A memory system comprising:

a processor 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:



NAND flash nmenory device or a NOR flash nenory devi ce.
claim 21 wherein the nenory array is conprised of a conbination of both

single |evel

22.

menory cells and multiple | evel nmenory cells.

16

a memory array comprising a plurality of memory cells coupled to word
lines and bit lines; and

a memory controller coupled to the memory array for controlling
operation of the memory array wherein the memory controller is configured to
bias a selected word line with programming pulses that increase by a step voltage
from a previous programming pulse until a selected memory cell passes a first
program verify operation, inhibit programming of the selected memory cell while
continuing to bias the selected word line with at least one programming pulse,
bias the selected word line with a final programming pulse when the selected
memory cell fails a second program verify operation that follows the first program
verify operation while a bit line coupled to the selected memory cell is biased
with the step voltage, and wherein the bit line is biased at an inhibit voltage
without evaluating a third program verify operation after the final programming

pulse.

The system of claim 21 wherein the non-volatile memory device is one of a

NAND flash memory device or a NOR flash memory device.

23,

The system of claim 21 wherein the memory array is comprised of a combination

of both single level memory cells and multiple level memory cells.

23. The system of



