-20/ 06/ 2006 WO 03/ 058637 I‘/ US02/ 41704 PROGRAMM NGQ\I— VOLATI LE MEMORY
DEVI CES BACKGROUND The pr®Sent invention relates to hods for pﬁ@ﬂﬁ@ﬁ?ﬁ&g
non-vol ati l\woBeREy; devices. Non-vol atile sem conductor mengryudeS/seros
_fundanmental 5 building block for a typical conputer system One type of
non-vol atil e sem conductor nenory device is the multi-I|evel
el ectrically-erasabl e progranmabl e read-only nenory ("multi- |evel
EEPROM') . Sone nenoryPRGGRﬂMHIN@eNGNSV@hEIIEEﬁMEMQHY|m@vbﬁESblt 10 of
i nformati on. Such nenory cells may be placed in either of two states,
representing one of the binary elenents 1., or ..0 .. In contrast,

multi-level cells can store signals reeresenting nore than one bit and may
be placed into any 15 one of nore tates. Each state corresponds

tb a pattern of bits and the different states of the cell are

di sti ngui shed by uni que voltage threshold |evels. "Programm ng" neans

pl acing the mul Fhel pvesentnoryerelon relatonctofmebaods] £9T] evel menory
cell's possible states. 20 Programm ng nay be acconplished by pul sing the
nultl-Ieveprogfanmyngehbnmmbhaaubwhmammtypmadﬁ¢@$n1ned vol t age and
duratlon A device that supplies the pul sed power is called a "program

punp, " and the gunbesl o il emiddaAbbendndry is a fundamental

each

5 'bﬁilding biock for a typical computer system. One type of
non-volatile semiconductor mémory device is thejmulti-le#el
E%} ‘ electrically-erasable programmable read-only memory ("multi-
level EEPROM") .
Some mémdry cells store a signal representing one bit
10 of infofmatioﬁ. Such memory cells may be placed iﬁ eithgf
of two-sﬁates,'each representing one of the binary elements
'fi” or.“o-ﬁ. |
In céntrast, multi-level cellsAcan store signals
representing more than one bit and méy be placed into any

Each state corresponds to a

15 one of more than two states.
_pattern of ﬁits and the differen; states of the cell are
distinguished by unique voltage.threshpid levels.
“Programming”'means:placing the multi-level memory cell.
into one of the multiflevel'mgmory cell’s possible é;ates.
Prdgramming may be accomplished by pulsing the.multi;levell
memory cell with a pulse of predetermined voltage and

duration. A device that supplies the pulsed power is called

a “program pump;” and the number of cells that can be a
: P




-0 0 20/06/2006 WD 03/05 7 PCT/U802/41704 progra at one tinme is
referred to as "progranm bandwi dth. " BRI EF DESCRIWI ON OF DRAW é%%%;&
FIG 1 ill woossmss7a nenory device; FIGS. 2A-2C il ustrate migsopaiioe
_expressions for the states of a menory device, FIG 3 illustrates a
flomchart of a nethod of progranm ng the nenbry device; and 10 FIGS. 4A-4F
illustrates an increnental result of the programm ng nethod of FIG 3.

DETAI LED DESZRATHEN a6 etoviping 1B gelfarrmedmry akey I REOIRHERD be
fabricated 15 on a single sem conductor substrate and include a nenory
array 125 bandwidelecoder 130, a col unm decoder 135, sensing. circuitry 140
a reference array 145, a control engine 150, a voltage switch 155 and a
command interface 160. Menory device 120 recei ves address signals on

addr ess

20 lines 165 and receives and sends data on hi-directional data

lines 170. Data is stor ed gk YRR |ls within nmenory
array 125. The menory array§¥§gD%§§R¥%£Iu3J%)any yagﬁ%f menory cell with
programuabl e t hreshol d voltages Exanpl es of such menory cells include
cells mnth 2 WO 03/058? PCT/ US02/ 41704

10

15

.20

ustrates a memory device;
FIGS. 2A-2C illustrate alternative expressions fo: the
states of.a memory device; |
FIG. 3 illus;rates a flowchart of a method of
programming the memory devicé; and -
FIGS. 4A-4F illustrates an incremental result of the

programming method of FIG 3.

DETAILED DESCRIPTION

As shown in FIG. 1 memory device 120 may be fabricated
on a single semiconductor subétrate and include a memory
array 125, a row decoder 130, a column decoder 135, sensing
circuitry 140, a referénce array 145, a control engine 150,
.a voltage switch 155 énd a command interface 160.

Memory device 120 receives address signals on address
lines 165 and receives'andrsends data on bi-directional data

lines 170. Data is stored using non-veolatile memory cells

" within memory array 125. The memory array 125 may include

any type of memory cell with programmable threshold

voltages. Examples of such memory cells include cells with

Ty




-trapping dielectrics or f§eating gates.. As an exan’m, sone -nenory cells
may have a select gate, avrtloating gate, a source a drain. §§§? gp?ﬁ %
cells my atPE3F7field effect transistor having a thresROTESY %

. Increases 5 as charge is added to the floating gate. If the nenory device
120 is non-volatile, control engine 150 may include a wite buffer 152 -

e nmaxi mum al |

i ncl udi ng t%{agatpl gR%q%(irgd%%%%s o@ﬁroﬁ%ggl?émiﬁgor hEMRAr g&la(%%t grsgg%e (rjat a -

wi th which ram Tnmenory array
consunption of ne device 120 | a fac Lm.ning . the maxi num
number of SRS §”gé,|s| Fah 28 Viaf- E& FBgHQ%ﬁedaa{c‘faﬁ 18He FEF mé gA program
punmp 154 supplies the current to Erogranlthe menory cells. Therefore, the
capabi | i t yostrcsr egdam guRpni54 SuehlBemsupprel tar pekt aFs afofhdiefdct or -

af fecting the maxi num nunber of cells that may be programred at any one .
tinme. W idf€chuf teantsiatshohkeihg aethetsHold stbragat thelstinemeaghs dat a
to program an.opti mum nunber of cells at a tine. To read data stored in

menor ys ar é@yfzilag.%ge“i‘@ é&éﬂéaotgeﬁﬁéeflé§glﬁ§d%§@é urmz gegndemeddzysel ect  a
nunber of nmenory” cells of the nenory array 125 in response to a - -

user-provgg%c\eaﬁ% es ﬁSﬁ%&é?Qt?ﬂeadgéﬁéfoi 165 5 oM 969ﬂéfﬁdé3§35

sel ects the appropriate row of nenofy arra and mm. decoder
Zi'ni.“né PELEPTNOPELS Sofmilud e & %%‘%@S?%%%%%%%ym%w =
{(SRAM) for temporarily storlng data with which to program
i;} memory array 125.
10 The maximum allowable power consumption of memory
device 120 is é factor in-determining the mé#imumvnumber of
memory cells tﬁat may'be programmed at any one time. A
program pﬁmpllsé sﬁppliés the current to progrém_the memory
célls.- Theiefore, the bépability of'prbgram pump 154 tbrr
15: éupply.cufrent is another factor affecting thelmaximum,
number of cells that may be programmed at any one time.

~ Write buffer 152 should be selected to store at least enough

~data to program an_oﬁtimum'number of cells at a time.
To read,daté storgd'in mémor? array'lzs,:the row
20 decoder 130 and colqmn decodei 135-se1éct,a'numb¢r of memory
cells of the meméry array 125 ih resﬁonse to a userlprovided.
address received on address lines 165. Row decoder 130
selects the appropriate row of memory array 125 and column.
decoder-l35 selects the approp;iate column (or columns) of

Sensing circuitry 140 compares the states

25 memory array 125.
' 3




- PCT/ US02491d16/ 2006 of t sel ected nenory cells to e states of reference

cells in refereqpe array 5. Sensing circuitry 140 I ncl ude
di fferenti O YMBE at ors that provide digital logic voItaﬁgTﬂ5@€%%m9§(2006

~response to the conparisons between nenory cells and reference cells.
O her techniques for conparing vol tages al so can be used. Thus, the anal og
states of t Menor. el resseflsa Lt gk data B@% nunmber - of
bits stor& %&e %ﬁﬁ d% ev§1 %gb%eﬁi%elﬁ g gtggggn ?) thezﬁhnber of

di fferent analog states i n which 10 the cell ,may. _be E gced %% %% granntng
C|rCU|trycéﬁéSQPntH@femﬁﬂﬁﬁfﬂﬁFaﬁiﬂﬁérenﬁeaﬁépagcéfﬁ &5 T¥hAt V&R

determ ned accurately by sensing circuitry. Because _the operath g vol t age
range of tinelmernryfierentisll compedatasst hbakurpevidsf ddgated trBrEases,

the states becone closer together and 15 nust be placed nore accurately to
avoid Confvbi'tagé\/\ﬂbbemtsheh rebpbase EbGth@Acbhpustsahesbehweprnogreawrivng
distribution of the nunber of cells in a given-staté versus the threshol d

| evel %Vokéfgg 9hat bakeskake. cEPUL, St 8tRer SLahRiQuest be tompatiag20 2 and
state are defined wthin the progranntng wi ndow. Al though the state

w dth and ¢ aratlo range heppgrggual ,
state mAdYﬂ AdCEePar? gtF%ﬂ E% %g%ﬁ d?ﬁu ﬁéa%ﬁ??n ggggggmhat nor e
arbitrarily,-and other consi deration e_rmanner in which states

25 may benefBPTYicRel ForcaRahpl FPFEFSe Aetgthar ' §8efne edge 4
The number of bits stored by a multi-level memory cell

iw} depends on 1) the number of different analog states in which

10 the cell may be placed by programming circuitry and.2} the

number of different analog states that can be determined

accurately by sensing circuitry. Because the operating

foltége range of the memory array is limited, as the number -

of states increases, the states become closer togethgr'and

15 must be placed more accurately to avoid confusion with other

states.

FIG. 2A illustrates the programming distribution of the

f.f**»'stz

number of cells in a given state versus the threshold level

voltage of that state. Four states, state 0, state 1, state

20 2 and state 3 are defined within the programming window.
Although the state width and separation range width for
FIG. 23 are shown as being equal, state width and separation

range width may be defined somewhat more arbitrarily, "and
other considerations may limit the manner in which states

may be defined. For example, for states closer to the edge
4

25




WD 03/ 058637 PCT/ USCZ 40 6/ 200 6 of the progr ing window, it may be

desirable to provide a [Wger state wwdth. FIG 2BWows state(b&yw%;ﬁ&ﬁ&
3 as occumwo ngosskazreshol d vol tage ranges of 1500 milli - vol PET{UM}/$1704 asS

state 1 and state 2 each have a state width of only 500 5 mv. FIG 2C shows
“"the equivalent state distribution for FIG 2B in .ternms of the cell current

|. After the cells are programed, the cells. are,veL'fied as_bein '
pr ogr ammecdh &heneraamesmingoWEagev: t hE cBAB| Be| egsira %@IF? PH8Y1§8i% to
verify are re-pulsed. States having a 10 |arge width, such as states on the
ends of tHerpeayrsamtengidtand, FT@n BB phoysaatetieaPt apdf ekaEepdl 38s t han
states in the mddle of the band which are nore narrowy bounded. As

il ustrat e@cupyinG three@BlHOVoBRghaerdhfes0nEr 0b60 th2lérusihg dmi)
programm ng of cells in menory array 125. 15 In one inplenentation,

control ?%%iQﬁﬁﬁgolkgﬁgggiékgtErQQSESR vihat st sreoptaghl 88 b1y svocode

stored in oOn-¢ ernatively, control engine 150 nay be

i mpl ement ed as state chi or b ing c L nat | L 0Qi Cont r ol
engine5155WaIsggﬁayggesgﬁﬁﬁeﬁﬁﬁt%ﬁgﬁggggﬁg %gnP%oﬁ%%ggg%uggggcgofhat
externally controls the operation of nenory device 120. Control engine 150
nmanages n%ﬁ%ry2ﬁr¥§yt§255b9f et el i FFFON dbtoder 130, col um decoder
135, sensing circuitry 140, reference cell array 145 -progranrggqg 154 25
and vol tage svhftéritbe wellmguwewregrasiedonthdleelhs are verified

as being programmed to the cofrect voltage.threshold level.
i¥) Cells that fail to verify are re-pulsed. States having a

10 large width, such as states on the ends of the programming

band, c¢an be pfogrammed after fewer pulses than stgtes in

the middie of'thelband which are more narrowly bounded.

As illustréted in FIG. 1, control engine 150 con;rols

the erasing and programming'of cells in.memory array 125.
35_ In one implementation, control engihe 150 includes a

processor that is controlled by_microcode stored in on-chip

memory. Alternatively, control engine 150 may be

implemented‘aS'a state machine or by using combinatiénal
logic. Control éngine_lso also may be implemented as a
| 20 semiconducfor device that externally céntrols the operation
of memory device 120.
Control engine 150 manages memory grray 125 by -
controlling row decoder 130, columﬁ deqoder 135, sensing
circuitry 140, reference cell array 145, program pump 154

.25 and voltage switbh 155. Voltage switch 155 controls the




"5 WD 03/ 058637 PCT/ US44]9/ 2 0 0 6 various voltacdfl evel s. necessary to |
read, progrfh03AeEr ase Cells in menory array 125. er cOMGRUESHI, /2006
readi ng, - erasing and progranm ng are comruni cated to control engine 150

.through.a command interface 160. The user issues 5 commands on a data bus

(not shown) to command interface 160. The commands are |atched t h use
O the. CoMARdIOUs 1 bReeL & SE At ESOREESTYaNE SRPH e RERPEATCa), craged

Non-vol atile nulti-level cells use one |ogical path for reading/verifying
and anot heeljat Hif oemprygramaynd26he Useit icomepadsc EpE. TERAIDR [ ows t he
paths to be Read. Wile Wite (RMy enabled and allows optimzations for
progr anmi RGasAngepadapeoytibinhipgt hrenycanablieapedgtambngrolf engéxenl e, of
16,.32, 64 or nore, cells in parallel. Such paths may be designated as

x16, x32, ;%4 an nesneetiruely16bhe maxi guErnusbeesof cells that
can be pr%é?a%%g P %'gpg?éﬁfgl I's limted by the program bandw dth. The :

orocest . FOMROERs PRoAnGREACHR < (HREr SBhif), B8TERnah POERLERERTEO0 dces
Qvant ageThe ceumeBABArERCRa-aNeY FRFPREN Byet AE. LBt SN Hreoa Fo
associated with a larger program punp. Because the physical size of
progr am pumptd5enable (WEB) and chip enable (CEB). o
| 'Non—volatilé multi-level cells_usé one logicai path for
5;) 7 réading/Ver;fyihg and another path for PrOgra@miﬁg ?he
10 multi-level cellf This allows the paths to-be-Readfﬁhile'
Write (RﬁW) enabled and éllbws-dptimizations for
pfogramming, A separate write path may enablé programming,
for example, of-ls,.BZ, 64 or more, cells in parallel.  Such.
 paths may be Aesignated as x16, x32,‘x64land so on,
15 . fespectivély. |

The maximum number of cells that can'be:programmed in

‘parallel is limited by the program bandwidth. The more

' ceils that are programmed in parallel speeds the programﬁing
proéess. However; the more cells thaﬁ are programﬁed in -
20 parallel piaces greater power demands on the program pump.
- Conseguently the speed'advantage is COuﬁterbalanged and
limited by the cost and die size associated with a larger
program'pump,' Becausé the physical sizé of ﬁrogram pump 152

increases with its current supply capability, program




‘increases with its curre upply capability, progr 6 WO 03/ 058637

20/ 06/ 2006 PCT/ US02/ 41702 bandw dt h nay be used as proxy for t /6%;50 6
si ze -of progoagwsgee 152. The nunber of cells that are acogsseMA4iteer| ed
_in parallel during a wite (progran) operationis called a 5 "hunk." The
hunk size limts the subset of data buffer addresses queried and

determ nes. how many accesses to the data buffer are required to identify
al | the cebésdwidubriayg berosedms iy duxy fgivdhe dig. SiEs AL AR a
512 bit 10 wite buffer is utilized with a x64 hunk size, four accesses to

the data byiiderisee needed to identify all the cells that require
programm ng for a four-state nulti-level nenory array. In a four-state
apray, each arrgye Geblnd FREESANNS (RIS aFRRIier queldda)t Snar e

equi val ent to 2 cells. Because each access has a hunk size of x64, 4 (=
256 / 64) ccesses. are re |re ti altedtge states
(l evels) aﬁ‘aer llaflfﬁld {,11'69 S8 aﬁ"dn %E?’;%Lilrggl |l(r%npgrra{1an _

maxi m zin _usage .of progran1puIS|ng at e h h a |n|t|a
cal cul &t i-oMuhé pridift TPt 26h ddfd the 8t26’ %%53 Z{”f%%ast 1/ n
nunber of p055| ble states for a

cells of the hunk size, where nis the
cell. USl@@dmmsaaamqﬂa;uﬁd and determlnes how many accesses to the
‘data buffer are required to identify all the cells requiring
- programming for a given level. For example, if a 512 bit
i;} . write buffer is utilized with.a x64 hunk Sizé; four accesses

10 to the data buffer are needed to identify all the cells that

require programming for a four-state multi-level memory
array. In a four—state array, each array cell represents two

bits. Therefpré, 512 bits are equ1va1ent to 256 cells.

Because each access has a hunk size of x64, 4 (= 256 /. 64)

15 accesses are required.

With the assumption that the states (levels) are

- randomly distributed, the hunk size is important to

makimizing usage of program pulsing at each level. Thus, as

can initial Calculatioh, the program pump should be sized to

20 pulse at least 1/n cells.of the hunk size, where n is the
number of possible states for a cell. Using the example of
a four-state memory array with a x64 hunk size, the

frequency distribution of an entire block filled with random

data has an average 25% of the cells in each state. The

25 states may be designated as L0, L1, L2 and L3 for level 0

7




-a four-state nmenory arrayg th a x64 hunk size, the Qequency di stribution
a

of an entir G il1led®™™ th random data has an rage %@?’ ,@9@5
i n each staﬁg%@hée%%S states may be designated as LO L1, L a@%g‘f% ojf%éé;
| evel 0 7 WD 03/058637 PCT/ USQ2f W/ 2006 t hrough |evel 3, respectively.

"Therefore, in each hunk an average of sixteen cells will require

progr amm nghtéugicClevé BVE| . rddifedt Dgsym pUlipeshiderte, bien cegoatb | lmarde &wppl yi ng
sufficient current to programat |east the expected 16 cells 5 at once. To

optim ze f Q\rrefé@é G DI-OGLAM RENTONBNC Eredibfre RIS shasseh be

i ncreased 1n stze to account for programming a few extra bits at |evels Li
and/or L2._'That ig, for a x64 hunk_.a typi,cal  dl.str.i i \V2 . 16 cells
10 at LO ]ﬁv%;l RIOITRM Ry SO %fe{jn% cf%ﬁ%%]ﬁ g)lftat @ 31T e program
bandwi dt h woul d be x18. L3 is of |ess concern because tha}%eféelglcé Jrore
likely to suff¥cienii qiisgenthdo pEQRAaR At & 8ASY 4% FRRT 5

ti me-consum ng operations. Programm ng voltage at the highest |evel can be

15 set sf urdthemaanay from adj oi ning | evel voltages than can internediate
| evel s and, thus, is nore likely to verify after fewer pul ses.

| nter medi at e | eyebpraktiageForbeypded lapriogreme perdodmander - \Wdlet age, require
nmore precise l'evel setting to verify to the correct |evel and, therefore,

may 20 reB‘.ﬁjob%aﬂpbﬁmbeéﬂghihngea@ﬁc&"@é\é‘éﬁi fiYd 39zl RoOB@count for a
programming-affew extra bits at levels L1 and/or L2. "That

5;} is, for a x64 hunk a typical distribution may be: 16 cells

10 at LO, 14 cells at L1, 18 cells at L2 and 16 cells at L3.

The program bandwidth would be x18. L3 is of less concern

because that level is more likely to verify quickly. ‘Thg_
re—pulsef fe-verify opérations are time—consuming
Aoperatioﬁs."Programming voltage at the'highest_iejel cah'be
15 éét further-awaf from adjoining level voltages than can

intermediate levels arid, thus, is more likely to verify

after fewer pulses. Intermediate level voltages, bounded_as

to over- and under-voltage, require more precise level
.setting to verify to the correct level and, therefore, may
20 require more re-puisingrand re-verifying. In one
imél_ementation, level L3 data typically uses one pulse in
contrast to the 10-14 pulses for levels Ll and L2.

-.Increasing_the hunk size results in diminishing returns




-inpl enmentation, |evel ‘ta typically uses one puIG contrast to the

10- 14 pul ses for levels ™ and L2. Increasing. the nk size re }096/%06
di mi ni shi ngye.gfgsedss WO 03/ 058637 20/ 06/ 2006 PCT/ US02/ 41704cbasess19sk

. program bandw dth as the size of the programpunp begins to inpact the die
size. Power |oss recovery is a particular application that takes advantage
of the fewer programm ng pulses required at 5 the highest. voltage | evel.

In this appkegabhoprogramf baadeidph oms arheesizwichlthe @XREEAR FEMDry array
cell to be program*red to level L3 as the-program progresses. Hence, the

| ocation BE?%HS E gggr@lqgegléos:[@é/el L3 is a neasure of which

oper ati ons e so e programed has conpl eted. 10 Level L3 progranm ng,
as descri bed above ften can be acconplish +hdc a | oss of
dover i nt er r upPS¥SE hEOEH TRRYEDY obff o nfp? telcgﬁf% wa‘—:tr]%E ta e appr opriate
action after recovering power based upon the Iocatpa&[\ of t he | ‘$ L3 data
in the nehekesardregntadge /ef | thestewglePTEAELRY F97 IFEPSF fron of

t he menory devi ce. 120 described.before in FIG 1, a nulti-level menory
data is rend 14 redineveipt #g¢ ehelréls. Ccdrparkes spplicatien onkrsefdiware

requi renents. e control eng| ne m crocodi ng ‘sets 408 the gate voltage to
a |evel %%Pr{? 8 tAGRddine st |l t’b & 412, the
cont rol gé%é mrl%'t 0co C:(jil ng l?et erm nes the

programmed to level 1.3 as the. program progresses Hence,

the location of the cell programmed to level L3 is a measure

i
k! T
.

of which operations the software programmed has completed.

10 Level L3 programming, as described above, often can be

accomplished with one pulse. If a loss. of powér interrupts

the software pfogram, the software may_;ake appropriate

- action after récovering power based upon the location of the

.ievel L3 data in the memoxy array.

15 As illustrated in FIG. 3; during the qperatiOn of the

memory device 120 described.befo:e in FPIG. 1, a multi-level

memory data is read 402. The data read is compared 404 to

customer data requirements. The control éngine microcoding

sets 408 the gate voltage to a level corresponding with a
20 +voltage threshold level 1.
At 412, the control engine mlcrocodlng determines the
location of multi-level memory cells in the data block that
regquire programmlng to a voltage threshold 1evel 1. Cells

requiring level 1 programming are programmed 414.

9




-l ocation of multi-Ievel =qlrory cells in the data bl that require
programming to a vol tage reshold level 1. Cells r®quiring lev P&JHMZOOG
progr anmi nYOB858630gr anmed 414. WO 03/ 058637 PCT/ US02/ NP 6PCR/USE n-a

_particular inplenentation, the programpunp may be sized to program.an
expected nunber of cells requiring level 1 programm ng in eight quadwords.

Thus, up to eight guadwords may rogr.amed . 414. T i 5
$ TFHAD %lrﬁpbﬁ%ﬁ%}? %eox}'het%r?eﬁr%r%g%&%d iyoc%t@i on of

m crocodi ng |

up to eight quadwords of un-programmed cells requirin r ogr anmj n o]

vol t age mmdicdpmam.awmz&wf&@wmerp%%%gtg%gﬁ Hb‘%/mqe‘gei
progressively programmng a snaller nunber of the cells until all cells are
progr anmed phébdranigingy ried diglas duadvbidsy. " Thishblumgo male enpl oyed when
the program punp | acks the bandw dth to programall the cells that
require. REARAIG He thedimealls, armedicrgiafbiedngite® t he

bandw dthqlﬁ)%" t he pum%. | f ﬂrrite)?e cells in the hunk requiring 15 programm ng,
anot her sol. of GULS 14 L0 115, RANGH ALY Olocdifes Ul fosld QGISEEEC.

- Progr &mi'hg’ proceel?_:ll neunt11-all ¢célls in the hunk are programed as ,
e A R cUlaC ANl Sl o0 B L0, ARl caltdle
On the SuBGuETans REAEESSENanEa NOIESHEr SreAtPId Meveod ng brbceeds {0
process of prégramming cells by progressively programming,a )
i;} : émaller number of the cells until ‘all cells are-prograﬁmed_
10 is referred to as “nibbling;”-

"Nibbling” may be employed when the program pump lacks
the bandwidth to program ali the cells that requiré_
programming in the .hunk. Cells are programmed up.to the -
‘bandwidth of the pump.-_If more cells in the hunk requiring

15 'p¥ogrammiﬁ9; another set of cells up to-the pandwidth of the

,.pump are programmed. Programming proceeds in until all

cells in the hunk are programmed as required.

'In a particular application of nibbling, the analysis
of the subset df'addresses of the data block may result in a
20 deﬁermination that no éells in the subse@ fequire
_programming.' If so,'nb pulsing ié requi:ed on the subset of
addrésses and the control engine microcoding proceeds to |
- select another subset of éddresses’from the data buffer.
When all cells requiring level 1 programming have been

programmed, the control engine microcoding sets 416 the gate

i0

25




-sel ect anot her subset of gldresses fromthe data bﬁ!‘ﬁr' VWhen all cells

requiring | rogra ng have been 25 progra the contr ) e
ni cr ocodi nd‘e@@‘l‘f‘%ﬁt’?e the gate 10 WD 03/ 058637 PCT/ USOyVj PY&YUg Jeli
vVoltage to a | evel corresponding to voltage for threshold |evel 2. At 418,

"the control engine mcrocoding deternines the location of nulti-|evel

nmenory ce in _t at ko L eOULT Q8L apsrnghiesneldage
threshold%kﬁg3 © gg %éﬁ%gggegéf%gﬁgo?gbéﬁ gbpfggﬁa%ning are pfogranned 420.

Assum ng, thﬁ grograﬁ1punp 154 is sized to program an expected nunber of
cel s reqdit¥ehg l'evel 2 progranming in eight quadwords, up to eight

quadwords are programmed 420. The control 10 engi ne n%cgocodin% éoops back
0 418 to det ePhi AdBy héheegPNtERHHERIHAR THERPFERIBE TRt EEMERGRt “Atadwor ds

of un- programed cells requiring programmng to voltage threshold | evel 2.
Wen al | &ekhsivaqoir imdtlielevel pengraneehbs hinetheedabr dgtafhedhat he
control engine mcrocoding sets 422 the. 15 gate voltage.-to a |evel

COTreS@°“§EQﬁi£@ﬁPé?ﬁBﬂhﬂnéeN@|Véﬁté§e4€Hre§ﬁmﬂ@ohév®l 2ngi neCed k3 ocodi ng.
determnes the locaftion of nmulti-level nmenory cells in the data bl ock that

equiTe PLOGLAIL00; LOoY Ob ! a0gyd e aliol £hd GYRlyRamié usenor Aisewting,

un- progra s requiring progra ng to I'l's requiring |evel

ggzgir 2msnl @g%aéngo%%g:&%%ﬁlé '6:i:s Assiszuergq:qj 'prc?é)rfrﬁ’aél? é)@ﬁéct{g@ MiRsEAM punp
of cells requiring level 2 programming in eight guadwords,
EQ}' up to eight quadwords are proérammed 420. The con;rol
10 engine microcodiﬁg loops back to 4187to detepmine the next
number and location of up to eight quadwords of un-
programmed cells requiring programming to voltage threshold
level 2. When all Célls requiring levei 2 p;ogramming have
been programmed, the coritrol éngine microcoding_seﬁs 422 the.
15 gate véltage to a level corresponding to threshold level 3.
At 424; the control engine micrqcoding determines the
- location of multi-level meméry cells in the data blo;krtﬁat
re@uire pfogramming to voltage threshold level 3. cells
requiring level 3 pfogrammiﬁg are programmed 426. Assuming .
20 again that the program pﬁmé 154 ig sized to program an-
expected number of cells requiring level 3 programming,in
eight quadwords, up to eight qﬁadwords are programmed 426,
if required. The control engine microcoding loops back to

424 to determine the next number and location of up to eight

25 quadwords of un-programmed cells requiring programming to
11




‘expect ed nunber of cellsglzquiring | evel 3 programm in eight quadwords,
up to eigh hoshepids ar rogrammed 426, if requir®. Th d¥ﬂ$ '
' RMﬁoo;i\sg&g 424 to determ ne the next nurrbesP an 0?%%:%@%%%

m cf ocodi ng ack to
up to eight 11 0 WD 03/058637 PCT/ US022z0106 / 2 0 0 6 voltage threshold

‘| evel 3. The | ooping continues until all cells requiring programing to

vol tage | eakadchaveckpen donegeanied. Thken cdpingelcbntimies aqtiile all -
programm ng have been 5 programmed, the control engine mcrocoding verifies

428 the efficacy gt 509 tf 1848 hEheat BomRfe tHaen data in
t he nulti?%gegl%%gﬁﬁrgggcg&g'%ﬁﬁyﬁg%fgﬁhﬁﬁgdaggustoner requirenents is
satisfacto%égrgéo hanning Is conpleted and the control engine m crocodi ng

exits.at B e cells are pul sed consecutively but verified together.

Each segment of the algorithm (L1. pulsing, L2 pulsing, L3 pulsing,

verify) reqqu@beﬁiﬂiéréﬁﬂlgatba§n§eqaﬂ§ﬁnP¥@9Fé&@éF9Tg@¥9:hﬁ&neach vol t age
requi res mcroseconds of slew tine. Therefore, grouping the |level 15
pul si ry aptogeainfigdppehat consrobgenpénecmicraxpding veagdiers 428 thene cost
of slewing. If the verification 428-fails, the control engine 'mcrocoding
proceeds é@fil&aéj;aafcehésp'ré?iﬁmﬂ a buff eneagerprogaatond ofothect |y, and

2) ascertain which level (s) Tailed 20 verification. Cells in the
mul ti -1 eVl e R $hd Rk i-1evel cell block with the required
customer requirements is satisfactory, programming is
{;) éompleted and the contfol engine ﬁicrqcoding exits at 430.°
10 .The cells are éuised consecutively but verifiedl
together. - Each segment of the algorithm (L1 pulsiﬁg, L2
pulsing, L3 puising, verify) requires different gafe and |
drain voltages.; To set up each voltage regquires |
‘microsecénds.of slew time. Therefore, grouping the level
15. pulsing and verify operatidné together can maximize usage of
. the time cost of slewing.

If the verification 428 fails, the control engine
micr@coding proceeds to 1) flag cells in the data puffer as
programmed correétly,_and 2) ascertain which 1evel(é) failed

20 verification. Cel;s in the multi-level memory block
required to be at threshold voltage level 1 are ascertained_
432. If there are cells programmed to voltagé threshold -
level 1 that fail verify, the level 1 gate voltage is

. In

increased 434, and the failed cells are re-pulsed 436.

25 a particular implementation, the failed cells in eight
: > _




‘required to be at thresh voltage level 1 are asc ai ned 432. If there
are cells progranmed to vOltage threshold level 1 tTat fail veriiyloé 2006
level 1 gatwowgbdsg@ge is increased 434, and the failed cel lp@Rg®Rienpul Sed
436. In 25 a particular inplenentation, the failed cells in eight 12 WD
03/ 058637 20/ 06/ 2006 PCT/ US02/ 41704 quadwords are re-pul sed in groups up
to the bandwi dth of the program punp until all of the failed cells in the
ei ght quapseiwisrdasr ereerpubsddedThe gooups| upngpnthei brodvdidid ofofbenues
| oopi ng through bl ocks 432, 434 and 436 until all 5 of the cells requiring
a level 1griypshrbdmpouhage ale H€ pHkSEdilebexéligelihsthe edeghtul ti-|eve
menory bl ock required to be at threshold voltage |level 2 are ascertained

438. |f r I _ det: o rAqt hat 10
Fobl veri FEECRLR SFp! 5oPROSERHTPAILE KOLEAGR LAGEREoNTcLBea g Mo e
h 1ceIIs

cells are re-pul sed.442, In articular i e atign k1

T o ght Geamagras lrasias HhrSaeh: Blofha, as Tal rehdnarklipkd Aol
program punp unti]_all of the failed cells in the eiggt auadmords are re
15 pul BedofThBecenl il rewai FEngi @ r beB8L ng EBREFRRES YOObRHE 2FfRr 8Ggh bl ocks
438, 440 and 442 until all of the cells requiring a level 2 threshold
vol t age apelsedpul sed. Next, cells in the nmulti-level nmenory bl ock required

to .
Next,. cells in the multi-level memory block required to

be at threshold voltage level 2 are ascertained 438.- If
i”) there aie cells progrémmed to voltage threshold level 2 that
10 fail verify, the level 2 gate voltage is increased 440, and

the failed cells are re—pulsed 442, In a particular

implementation, the failed—éells in eight quadwordsrare ;e—

pulsed in groups up to the bandwidth of:the program pump

until all of the failed-cells.in the eight quadwords are re-
55 pulsed. The control engine microcoding continues looping -

through blocks 438, 440 and 442 until all of the cells

" requiring a level 2 threshold voltagé are re-pulsed.

.Next, cells in the multi-level memory block required to
‘be at threshold ?oltage level 3 are ascertained 444. If
there are cells programméd'to voltage threshold level 3 that

20

fail verify, the level 3 gate voltage is increased 446 and
the failed multi-level memory cells are re-pulsed 448. In
a particular implementation, the failed cells in eight

quadwords are re-pulsed in groups up to the bandwidth of the

program pump until all of the failed cells in the eight“
13
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"be at threshold voltage I.el 3 are ascertained 444.4@@f 20 there are cells
programmed WO 0¥eds63ge t hreshold level 3 that fail verify, R¢HU$WQ51§/Q@6§
voltage is increased 446 and the failed nulti-level nmenory cells are
_re-pulsed 448. In a particular inplenentation, the failed cells in eight
guadwords are_re-pul sed in groups up to the bandw dth of, the 25 program
punp unti IFuRdwosKds FEer £i9-ddtleed-s The FENEFEHt SPSIAS TECT/ US02
7% 2006 quadwords are re-pulsed. The control engine m crocoding_ continues
| oopi ng t rcowgmusisodlospddd tAv®ughd bddgkentil ,akke end Hd&amtslr éddiring a
| evel 3 threshold voltage are re pulsed. 5 The control engine m crocodi ng
then | oopshatl tel1428 reberie-ihke amnikiell evehreehpiy bicddages aagaire -
verified. The process of.verifying, increasing the gate threshold voltage
at each Ig re-pul sing cells at each threshold I evel and verifying

conti nues untr "t he entire buffer is verified 428 10 and progranning ends
Sg of the

430. FI G5 4A—é§ |II te an_exanpl e of.the ncrﬁngn%aéac&eﬁgl

progr atmi ng  al ?rFﬂ FF@Slg? EHEBPF?ShngoF clst6mer d&sired pfogrami ng

data 502 is shown as a series.of data bits (FIG 4A). In thg |IIHstrated
f

exanpl e, YBeEQeFQGtmblﬁatéeﬁﬁﬂsm@@ﬂrﬁebl%%ke%%n?galﬁyvﬁﬁé of Yol t age
threshold | evels. Threshold | evel representations 504 each correspond to

two bits p¢o¢¢ﬁsc@®tmmexfgpag;flnmtea51ng the gate threshold voltage

at eachllevel} re-pulsing cells at each threshold level and

verifying continues until the entire buffer is verified 428

10 and programming ends 430.
FIGS. 4A-4F illustrate an example of the incremental

results of the programming algorithm of FIG. 3. A portion

of customer desired programming data 502 is shown as a

series of data bits (FIG. 4A). In the illustrated exaﬁple,

15  every two déta bits can be represented by one of four

‘ voltage threshold levels. Threshold level représentations

504 each correspond to two bits of the customer specified

programming. In the example, threshold voltage level 3 (Viz)

"corresponde to data bits “007. Similarly, threshold‘voltege

20 level 2 (Viz) correspoﬁds to data bits “01”"; threshold

voltage level 1 (Vi) to data-bits 10”7 ; and threshold

voltage level 0 (Vi) to data bits “11”.
It is assumed that a multi-level memory array has a

pre-existiﬁg data 506 (FIG. 4B). Each threshold level

14




programmi ng. In the exa t hreshol d vol tage | evel (Vt3) corresponds to
data bits "00". Simlarly,” threshold voltage 20 lev 2 (Vt2) c @P@@@G
to data bi two'b&85ss31 hreshol d voltage level 1 (Vtl) to dataﬂ@ﬁ@oﬁw; and”
threshold voltage level 0 (Vto) to data bits "11". It is assuned that a
multi-level nenory array has a pre-existing data 506 (FIG 4B). Each
threshold | evel 14 WD 03/058637 0 20/ 06/2006. PCT/ US02/ 41704

r epr esent arepne 508t goior spoh deotespends to dfwa Hultsw @f dlsshLRy

programmi ng. The pre-existing array data is conpared to the desired

progr ami ngxidit hdiepLoprahieing) ustrat ed, none of the bits 5 are desired to
be programmed froma "0" to a "1" and there 1is, therefore, no need to

erase the mult iTH@‘ﬁe»@Hs%r%‘%&g%z G i BRI vof diite deaRd son.

t he control engine”™ mcroco mnes that two nulti-Ievel

| ocations 510 (FI G _4C) do not require .programy u t her,r. vol t age
t.hr eshol dsp;%)&a[r(cq{m?w.l e\llg'f str}?lfx(agp © Af u%gﬁggggiqb%%ﬁ%e%?uiggngﬁgsrhe
cell's not requiring further programmng are shaded in ElG 4G  The control
engi ne S Ac SRSt Hife RFREETBECagEMH2 (e T8 1 vaﬂgaéj R

corresponding with bit pattern .
is, therefore, no need to erase the multi-level cell block

of data. As a result of thé comparison, the control engine
‘microcoding determines that two multi-level celllarray
%“} " locations 510 (FIG. 4C) do not require programming because

10 their wvoltage thresholds match the levels 512 (FIG. 4Aa)

desired by the customer. The cells not requiring further

programming are shaded in FIG. 4C.

The control engine microcoding sets the gate voltage to

the level 1 voltage (Vu}.corresponding with bit pattern

15 “10.” . The control engine microcoding programs array data.
cells 516 (FIG. 4D) to the level 1 voltage to match the

- required customer cell programming 518 (FIG. 4A) resulting

:%‘2-5

in.afray data 514 (FIG. 4D). The nibbling technique
described above may be used to program the cells to level. 1,
20 It is possible that the number of cells requiring

programming may exceed the capacity of the program pump to

accomplish all at once. In such a case, the system programs

up to the maximum number of cells that can be supported by
the program pump 154. The control engine microcoding

continues nibbling through the successive cells requiring

13
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15 "10." The control engf m crocodi ng prograns ar data cells 516 (FI G
4D) to t hewoenamisses7volt a to match the required c ONMer pCRAUKSORE1PEE 290 ¢
518 (FIG 4A) resulting in array data 514. (FIG 4D). The nibbling
technique described above may be used to programthe cells to level 1.. 20
It is posspbber cells reqU| rogranmm ng nay exceed

t he capamgt)y %féﬁﬁ%np?gggg%e TSN ’é %]f]té)aﬁo ol gh Xfich a
case, the %lﬁéf%? programs up to t he ﬁ&XIﬁUﬁ]ﬂUﬁber of cells that can be
supported by e program punp 154. The control engine m crocoding 25
continues nibbling through the successive cells requiring 15 WO 03/058637
PCT/ US02/ | xyfb %}e panclea %l pﬁnggmrmm:g:qmdﬂng et a@eagavrg Vil teld =4 0
level 1 is conpleted. The control engine mcrocoding sets the gate voltage
to the | &h@ 1pvadl agelitdi?) (Vey)r esporsigehd thdiio Ratd ?%Fl%nll 5 Jhe

control engine mcrocoding prograns array data cells 52 to |l evel

2 vol tageThe wehtholhensgaui rQgar.anm.ng 524 _(Fl G__4A)
resulting in array datQQSZO h?%r%?6§%§§ gﬁ%@%éggvggnlgbpﬁg & e 22

necessary (gsg, d.@g r.pe % The sysitem coniinues nibbling through the 10
succe55| ve cells ?eggl ??ﬁg?p?og % £ﬂn’f‘?F°£‘hE he  se@arFeAgcustomer] s to

I evel Sef ed The ont ne mcrocoding sets the gate voltage
e
o “the ISEF B oPmid T [5iq cfbhararst ias 1 iparoe ages SToe system
prograns array d%ta cells 526 (FI G 4F) to level
: ~ 48) . Successive nibbling may be necessary as
i;} described above. The system continues nibbling through the
10 successive cells requiring prOgramming until the programming
of cells to level 2 is completed.
The control engine microcoding sets the.gate voltage to
the level 3 voltage (Vi3) corresponding to bit pattern “00.”
The system programs array data cells 526 (FIG. 4F) to level
15 .3_voltage to match the required customer‘cell progrémming

-528 (FIG. 4A) resulting in array data 530 (FIG. 4F).

Succe551ve nlbblipg may be necessary as described above.

(g
% 4

The system continues niBbling through the soccessive,cells
requiring programming until the programming of cells to
20 level 3 is completed. |

Subseguently, a comparlson of programmed array data
cells. 532 (FIG. 4F) with customer required proglammlng 504

(FIG. 4A) may be made to verlfy that the array is programmed

correctly.

16




-15 3 voltage to match th equi red custoner cell pr amm ng 528 (FIG 4A)
resulting in array data (FIG 4F). Successive" bl ing may t%b/oe/éods
necessary @® @rs&st bed above. The system continues ni bbl i pgrikizayen the
successive cells requiring progranmng until the progranm ng of cells to
20 level 3 is conpleted. Subsequently, a conparison of programed array
data cells 532 (FIG 4F) with custoner required progranniqg 504, (FIG 4A
may be made t oTHer&fytéhanay heeni frytha: progamdess asr¥eci3§.and Wo
03168637 20/ 06/ 2006 PCTIUS02/41704 The system may verify that array data

cells 5socaggom@y5§§é@if§@&%%%darﬁﬁmjamm’ N4 tmtd thersandedstar dat a.
As described in conjunction wth FIG 3, the systemmay re- pul se

unveri fi eﬂ@é&@!e%gn Loy b ngénﬁ‘?‘ﬁf%% gMal tpge untidheo Aldt &flhsy al_]f@(;_r -

verified. Uus features € system can be ‘enbodi ed in the

b o6esscsPU OB R T 1o GAIA it LI oA Syt et S Cnbodi ed
In the formof conmputer 10 program code containing instructions enmbodi ed in
tangi B e ahkdtallssade agenl - di skettes, CD-ROVs, hard drives, or any

ot her conputer-readahl e storage nedi um wherein, when the conputer program
code is | oadevamitcmsantkzxacs e hhea system can be embodied in the

form of computer-implemented processes and apparatUSes for
‘ practicing those précesSes. Some or all of the features of
é“) -+ the sysgeﬁrcan also be embodiéd in the form of computer
10 program code containing instructionsvembodied in téngible
media, such as floppy diskettes, CD-ROMs, hard drives, or
any other computer-readablé storage medium, wherein, when

the computer program code is loaded into and’ executed by a

computer, the computer becomes an apparatus for practicing

45 the invention. The various features can also be embodied in

the form of computer program-code, for example, whether
| ;3 ‘ st‘or'ed in a storage medium, | loaded i'-nto and/oxr execuf:ed _bY a
coﬁpﬁter, or transmitted over some transmission medium,.such
as over electrical ﬁiring-of cabling, through fiber optics,.
.20 or via electromagnetic rédiation, wherein, when the computer
program code is loaded into and execﬁted by a computer, the
cOmputer becomeé an apparatus for practicing the iﬁvention.

When implemented on a general-purpose microprocessor, the

computer program code segments configure the microprocessor

25 to create specific logic circuits.
17




-conputer, the conputer b mes an apparatus for prag"cing 15 the

i nventi on. ‘%@ﬁ varjious features can al so be enbodie n the forj%é2ps/2006
conput er pr é‘?‘?‘?@ade for exanple, whether stored in a sStREITAgRS2 4 um
loaded into and/or executed by a conputer, or transmtted over sone
transm ssi on nmedi um such as over electrical wiring or cabling, through

fi ber optics, r ectronngnetic La Lati wher eik en the
conput er progrgﬁgcgdéxtﬁefghga P oagﬁdw%xgéﬁtg Scoﬁ?oﬁbuﬁ%? t he

conput er % ignes an pparatus for practicing the invention. Wen

i npl enent e ﬁwéngeﬁ P&Spur pose m croprocessor, the conputer program code
- segnents configure the mcroprocessor 25 to create specific logic circuits.
17 WO 03/ 058637 PCT/ USO2A 446/ 2006 O her inplenentations are within the
scope of the following clains. 19 .20/06/2006 What is clained is: 1. A

met hod conprising: identifying addresses in a data buffer for storing
particular one of a plurality of threshold voltage |evels, each of which
is represented by a unique pattern of signals; pulsing-array nenory cells
associated with the identified addresses to programthe array nenory cells
to the particular threshold voltage |evel; repeating the identifying and
pul sing for each of the threshold voltages |evels; and subsequently
verifying whether each array nmenory cell is programred with a threshol d
voltage level that correctly represents the correspondi ng pattern of
signals for that cell; wherein identifying addresses conprises: defining a
subset of addresses in the data buffer;

¥
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determ ni ng an expected nunber of cells in each state in the subset of

addresses in the data buffer; and supplying sufficient current of
t he expected nunber of cells. 2. The net #(’)d of claim1 wherein |(§€/n¢) (?“?)nogs

addresses conprises: determining if cells in a first subset of addresses

in the data byff#ls clfsudiig-e programmng; and if cells in the first subset
of addresses do not require progranm ng, then proceeding to-evaluate
whet her cells in another subset of addresses in the data buffer require
progranmm ng, W thout pulsing the first subset of addresses. 20 3. The
net hod of clailm 2 Aottt seppeking psientdyingeaddiessergn efdatagiufier forstaiob sestisulasf
addresses that do not require progranm ng. 4. The nethod of claim3

: ncl Iudl ng Skl APt Alga E'UBHW%WPSF@WV%’??%HVH@ gach elwaieh 'StrPﬂfé’?ﬁt?Pd’Y\?dl'”ﬁqg@fef -
fg\r/est or’i ng pﬁ?&%&oséqnalsﬁ‘k @}argy B}e’ﬂ?gr&ltclfalﬁ%a ‘?C'aﬁ?if‘%@'ﬁ@? He'?}ﬁ?‘f% gésg%s\/tgl Ser :
each of whi chploSrafeRE S ﬁgm}n%ﬂw {}yceﬁs % ‘?'ﬂ?mc dﬁtt@gé%ldoxtoléd[eg[@\?él Sepdd ngfihﬁg array

menory cells asSoci ate he 1 resses progra e array

nenory cells identliv®y B bliSiHg 36 &dehestNAd Ghrddolaa@tad@VRlels; TRAReRbiderithe 30
i dentifying and pul'sing for each of the threshold voltages |evels;

subsequent | y weihirfgywiethe? 8achOdr( izt @6y sdiad pepragaehd wih raayreaf&ﬂmvo}tagrelleireli S
programmed with a threshold voltage | evel that correctly represents the
cor r espondi ngthplacareetly ipreserindhes cwrﬁsmrttimg patiein; off signalsafor Aigpt taely whangieshol d
vol t age | evel ; rg,r ul sing incorrect| rogramed nenory cells with t he

i ncread®d t hriHHBING 3ressRfecomntises: defini Pl*ﬁ'@s‘%tk@; "’Idﬁr@f“@as’P fee SAE li‘“éferpul si ng
on incorrect| te?/m%n%gan ex ecﬁj ”.—E”‘B %?fﬁzslls @8%%{1 %Ch \bgr@SFtoc%f%d%?sostge?a he SV\E/:\/: th |

and subsequen FePvert e

a threshol d vpld ager L,ﬁa/ﬁ}ppls,.nggufﬁc nf&ﬁrenl'atg SPhE BRIALEY bl B defispondi ng

uni que pattern of signals. 6. The netho al m er conprising
iteratively repeating said increasing, 10 sal d re-pul SI ng, said repeating
and sai d subsequently re-verifying until each nenory cell
2. The method of claim 1 wherein identifying addresses comprises: determining if -
15 cells in a first subset of addresses in the data buffer require programming; and if cells in
the first subset of addresses do not require programming, then proceeding to evaluate
whether cells in another subset of addresses in the data buffer require programming,

without puising the first subset of addresses,

20 -3 The method of claim 2 including skipping verifying of cells in subsets of

addresses that do not require programming.

4, The method of claim 3 including skipping a pattern representing a' lowest
' t_hreshold voltage level.
25
5. A method comprising: identifying addresses in a data buffer for storing particular
one of a plurality of threshold voltage levels, each of which is represented by a unique
pattern of signals; pulsing array memory cells associated with the identified addresses to
program the array memory cells to the particular threshold voltage level; repeating the

30 identifying and pulsing for each of the threshoid voltages levels; subsequently. verifying




is progranmed with a threshold voltage |level that correctly represents the

corresponding pattern of signals for th cell. 7. The met hod
wherein identifying addresses conpri ses:%eterm’ ning if 15 cell 50}:(#162510%6
first subset of addresses in the data buffer require programmng; and if

cells in the Lnkhbr s4ASHl Qﬁen?d?lﬂ ﬁeamﬁamn@& w.tﬁ“é“t rEshBit QB TeIM th NEN

proceedi ng to eval uate et her anot her set of a d resses in the

data buffer r eertche rapreRannta g Etgr,espdmfh@%&erwf Slghds TfJRQh:it'cfeﬁtmé‘rUé%%@tth@f
addresses. 20 8. A nethod conprising: determ ning an expected nunber of
array menory tedsheldt wlitadse Iquelpge-putsiegl incorrectipl progthinngd ofientdny esieovdth vibé t age

| evel s, each of which is represented by a unique pattern of signals;

sizing a progF‘érﬁﬁiﬁS‘rfWeﬁrl?' ?ﬂeye‘éﬁbff?ne@i"@ntﬁe ingregeing andyepulsigs amincorestiex pect ed
nunber %f cells; id H res Ses in a data buffer for storin

parti cular oﬂrggrf)’f“m[e OWr‘%FSi ghpagh t f%?%%ﬁ?ﬁtﬁﬁfe Gel129g aUlsa Nty red’@'f'fé'g% ni ng
if cells in awiflé e?teaétyﬁmﬁﬁi&yoéef %Spr &grrnﬁ'n% ith anthnI Fﬁolad\c"?f;[d@%éj vélqlifat cg%ﬁ'ﬂ*g equire

pr ograrrm ng, I's T'n set 0] SSes

pr ogr ammi ng, ﬁebﬁgerwmge&%mdﬁqeuﬁw@daa&%ar@gﬂaﬁer cells in another subset
of addresses in the data buffer require programm ng, w thout pulsing the

first subset of addresses. 30 9. The nethod of claim8 conprising: pulsing
array nmenory cells associated with 21 20/ 06/ 2006 the identified addresses
to program the arrHy methest 9f dain|Ssfurtertdempridng Recalively repeatingesiddincreasingage

| evel ; repeat| g the identifying and pulsing for each of the threshold

vol t agd® | eveﬁagj re&H'ﬁ'”@l?ﬁ'é’éﬁ?f@Fﬁg gnd\saidi svmqqgewé&twéfwnayew egeh mgmerxiest y cel |
is prograrmed WI at correct| sents the
correspondi ng’ Pa 9?@5"3%‘? the? Hﬁ%{PE’ Vioh?geq%’el lﬁgttcoggq V"epi?fem?ﬁl? %E?Wg claim
7 further CO%{térﬁbf@gnals'?&rtr%@één”g the threshold voltage level; re- puI sing
incorrectly progranmed menory cells with the increased threshol d vol tage

| evel ; repeating the increasing and re-pul sing on incorrectly progranmed
menory cells at 10 each threshold voltage | evel; and subsequently
re-verifying 7whet fTbe nettol ofrelaior § whetein identifying addresses comprises: determining if

15 cells in a first subset of addresses in the data buffer require programming; and if cells in
the first subset of addresses do not require programming, then proceeding to evaluate
whether cells in another subset of addresses in the data buffer require programming,

without pulsing the first subset of addresses.

20 8. A method comprising: determining an expected number of array memory cells to
be programmed to a plurality of threshold voltage levels, each of which is represented by
& unique pattern of signals; sizing a program pump to supply sufficient current to program
the expected number of cells; identifying addresses in a data buffer for storing a particular
one of the plurality of threshold voltage levels: detei‘mining if cells in a first subset of
25 addresses in the data buffer require programming; and if cells in the first subset of
addresses do not require programming, then proceeding to evaluate whether cells in
another subset of addresses in the data buffer require programming, without pulsing the

first subset of addresses.

30 9. The method of claim 8 comprising: puising array memory cells associated with _




programmed with a threshold voltage | evel that correctly represents the
correspondi ng wunique pattern of signals,, 11. An article conpri
conput er -r eadabl e nmedi um storing conpute%—executable 15 instru?%p%ﬂ§/?8P6
causing a conputer systemto: identify addresses in a data buffer for
storing a par tHeGitdnifiedostRiredbesdto rdbrath itfleYarlly hdMdpe BAL do WR! SA8EIat B¥Rhsa each
of which is represented by a unique pattern of signals; pulse array nenory
cel | s associ avaeganidvhl; tdpeatingdraidehiifgoy ackt baiSing Sorteactp od GHeaifteshdd abltagy neENOrYy
cells to the particular threshold voltage |evel; repeat the identifying
and pul sing fgvelﬁéaeﬁst&ﬁeqqﬂeﬂwwifem@fhethﬁrmlacfag@ylrrwwlnsqellmrsmrbsmqmwim¢ y
verify mhethe{ egqh %rra menory cell is programed with a threshol d

vol tage | evel {97899 xgifepe leve!yhat sppecti papeeserinthe spireseprsiing negerp Y sigpals for

signal ssfor t ce ell; increase the threshold voltage |evel; re-pul se
incorrectly programred nenory cells with the increased threshold voltage

| evel ; repeat the increasing and re-pulsing on incorrectly progranmed
menory cells at each threshold voltage | evel; and subsequently re-verify 25
whet her each 1eNDIhettdthod & cROY FLARERBMMHINY: RcleBsiRFRe kifesnottvaere lowel t hat
correctly represents the correspondi ng unique pattern of signals. 12. An
appar at us conprulsing dgncoaeaiatpeodanirhet memnryagelisa witlo themaoeased ctebiwid @oltpgeogr am
punp coupled to the array of nenory cells and a processor coupled to the
data buffer, '8 epeatiothe ingeasingrand Je-edsingon isgedesth drosravypesrmenany cellaad
configured to; i@en&”fﬁ add[eﬁses 22 20/ 06/ 2006 in the data buffer for
storind’ a parftiieapod gy texelandrsypseayenty re-wriibg drhatheosac emom e & each
of which isr i rn.o i gnal s:. cau t he.program
urp o pur s& Tt i DB AeeBle Bl oo Bl PR R PR bAR UL Scce
to program t hgigad paA¥rBEEBRAs. Cells to the particular threshold voltage

| evel ; repeat the identifying and pul sing for each of 5 the threshold

vol tage | evel s; subsequently verify whether each array nmenory cell is
programmed with a threshold voltage | evel that correctly represents the
corr espondi nd1. patnartislegfompiisirend sorbmutersréeainble eleliumi staring aseputéreexedutablehol d

vol tage | evel; cause the program punp to re-pulse incorrectly progranmed
memor y!ocel | s iNRIYa§oRsHar FasING 5 eRIMAUKRT S¥HOIM do: identify addresses in a data buffer for

storing a particular one of a plurality of threshold voltage levels, each of which is
represented by a unique pattern of signals; pulse array memory cells associated with the
identified addresses to program the array memory cells to the particular threshold voltage
level; repeat the identifying and pulsing for each of the threshold voltage levels;
20 subsequently verify whether each array memory cell is programmed with a threshold
voltage level that correctly represents the corresponding pattern of signals for that cell;
increase the threshold voltage level; re-pulse incorrectly programmed memory cells with
fhe increased threshold voltage level; repeat the increasing and re-pulsing on incorrectly
programmed memory cells at each threshold voltage level; and subsequently re-verify
25 whether each memory cell is programmed with a threshold voltage level that correctly

represents the corresponding unique patterh of signals.

12. An apparatus comprising: a data buffer; an array of memory cells; a program
_pump coupled to the array of memory cells and a processor coupled to the data buffer,

- 30 - the array of memory cells, and the program pump, and configured to: identify addresses




voltage | evel; cause the repeat of the increasing and re-pul sing on

incorrectly 10 programred nenory cells aj, each threshol d vol taggol/qy@}(m@%d
subsequently re-verify whether each nmenory cell is progranmed with a
threshold voltage |l evel that correctly represents the correspondi ng uni que

pattern of si iriad data Budfer fohstorag paAkUS 0BE ofd Biraktler tBsHor vdltdgafevBle AREISSOr i s
configured to: determne if 15 cells in a first subset of addresses in the

dat a buff er r elwtiichds rppegeriernbynayniquedaitdrn obdigralsi cautdithe foragsm munipste pulsd
addresses do not require progranm ng, then proceed to evaluate whether
cel I's in anot HEY RgiEetely pssaeiptpe wihethe jdantifipd adsgsgesia progrant g afrayanemory

1 ng, | t ] the first b of add . 20 14, Al
Bopar at s, onfiit el gbariil berlni Vapes et nealine el 7o puPia o by am
| ed - | ed . th
Garh buffer, MORROSR (Rgd o0 ke Pl e el RGP SR B 0 4 © (1

configured t Oprogréhimbd wth adeiesfoRe Soltagdleldl 8naAll dbed fdpRisehi@ iheSdoRtbgobdifg
particular one of a plurality of threshold voltage | evels, each of which

i S represent eghttry @ signals)fre tigdicti2inereade Sleghradimld whith@ IeVvalcalde @elptagram a
first subset 25 of addresses in the data buffer require programm ng; and if
cells in the AMMPsfo rguisetincafrectiy darasamyeed tlemanyt cefie with the prregrednthiesitpld t hen
proceed to eva) uat gvéihet her cells in another subset of addresses in the

r r

data buffer r'@ Sgvsemthenderedl chdtR riRasing gandh&e-pyising ons REYECf
addressges. 3 ratus, of . clai.m 14 wherein the processor is

cont L giSed ¢ GroT AR maRBRiRIoS S GepsBler LR e B R B g ¢ he
threshol d volyna@g: b&KGhentry E&Cis ok imSBIRT ¥ 15&dhbi \Bﬂ%e IERIBRI Gorfelffy 21T ay
menory cell signal pattern to the pattern stored at the assoclate addr ess

in the data keprésens te chbespbh@nRRiRaE btitsn Sfsighbidi m 15 wherein the processor
is configured to: cause the programpunp to pulse array nenory cells
associated with the identified addresses to programthe array nenory cells

to the particular_threshold voI_tage | evel ; repeat the identifying,
deternining d&d pdhePPRRrFteY ofeddaim 18fwherpin thimesshesiotisvasnficatrs thededdryine dind

15 cells in a first subset of addresses in the data buffer require programming; and if cells in
the first subset of addresses do not require programming, then proceed to evaluate
whether cells in another subset of addresses in the data buffer require programming,

without puising the first subset of addresses.

20 14. An apparatus comprising: a data buffer; an array of memory cells; a program
pump coupled to the array of memory cells; and a processor coupled to the data buffer,
the array of memory cells, and the program pump, and configured to: identify addresses
in the data buffer for storing a particular one of a plurality of threshold voltage levels, each
of which is represented by a unique pattern of signals; determine if cells in a first subset

25 of addresses in the data buffer require programming; and if cells in the first subset of

. addresses do not require programming, then proceed to evaluate whether cells in another
subset of addresses in the data buffer require programming, without pulsing the first

subset of addresses.

30 15, The apparatus of claim 14 wherein the processor is configured to: interpret the




subsequently verify whether each array nmenory cell is progranmmed with a

threshold 10 voltage level that correctly, represents the corres {
pattern of signals for that cell. 17. The apparatus of c|ain116@%¥§€?%°ﬂﬁa
processor is configured to: increase the threshold voltage |evel; cause

t he program peigial tattene repidssRting B EHrQBbIH Wolkige dsvanBefle bIBIThemdrE LIS aa t h t he
i ncreased threshold voltage | evel; cause the repeat of the 15 increasing

and re- pul si nepnapard tie Grnag atdmenpealigrignaipaitemetotthy patédrd stoati ¢ alchadsheiatsdol d
vol tage | evel ; and subsequently re-verify whether each nenory cell is
progranmed wi #ddress inthe dambyfér.vol t age 1 evel that correctly represents the
correspondi ng uni que pattern of signals. 20 18. A nethod, conprising:
programming a first plurality of nmenory cells in a nenory array that are

i dentifked i ' Vol . ' h
| dont i {Pod oty (o ek i 38 Wt e BEeE) PR Tob RS %, 17

identified toprogrefgume tb Baisd birSf mEhérg TBR! sy RhdPlif the Mnid 2088808 a third
plurality of menory cells identified to receive a second threshold voltage
fol | owi ng t heprpgrargribenairag memoiyheslisradTeiey parfdulat @rbsholdovoltiR leldlStepédireshol d
voltage. 19. The nethod of claim 18, further conprising verifying the
progranmi ng dfentifyisgf detenmininth@nd ewlsing fof weetl iof yiheothrembnidr yoltagsl leyels;.3end20. The

nmet hod of claim19, wherein verifying the proaranning of the first- and 24
20/ 06/ 2006 s EUBIFGUENTY, VaTy phetger wﬁﬁvvd@qu £l i rEQor RSt M d tisfkY i ng

ot hod o 1 ek et e R sYorEhe S sSpsigp ATy SR Wbl cei 1 < of

5 the first and second plurality of nenory cells that do not verify by
using an increased first threshold voltage. 22. The nethod of claim 18,

further conprizsi nghy @pparatiser didi 1BVAHEFRTIRE PEbcBSsof BRohilglied to: Rhdrdaas ey oOf
menory cells. 10
threshold voltage level; cause the program pump to re-pulse incorrectly programmed
memory cells with the increased threshold voltage level; cause the fepeat of the
15 increasing and re-pulsing on incorrectly programmed memory cells at each threshold
voltage level; and subsequently re-verify whether each memory cell is programmed with a

threshold voltage level that correctly represents the corresponding unique paitern of

signais.

20 18. A method, comprising: programming a first plurality of memory cells in a memory
array that are identified to receive a first threshold voltage at gate terminals of the
identified memory cells; programming a second plurality of memory cells identified to
receive the first threshold voltage; and programming a third plurality of memory celis
identified to receive a second threshold voltage following the programming of the memory

25 cells to the first threshold voltage.

19. The method of claim 18, further cbmprising verifying the programming of the first

and second plurality of memory cells.

30 20. The method of claim 19, wherein verifying the programming of the first and




23. The method of claim22, further conprising re-programing the menory

cells of the third plurality of nenory |ls that do not verif |
an increased second threshold voltage. %g 24. The net hod of clgor%ng?z%G
wherein programming the third plurality of menory cells further conprises

using a gate ¥&doh@@Rrdifyaf nilhd e‘ﬁFthﬁéPJo t LB |
programm ng the 0f | rgs{ Ignd seg]éﬁ% sﬁ)l ural i Pﬁrl% @@@%@gﬁg&%&g@d "Inhttla“a nmet hod
second and 20 third

of claim 18, Mmembherlstodpdies pldgraprdagl anmm ng the first,
plurality of menory cells before a read operation to verify the progranm ng

of the nenory cells. 26. A nmethod conprising: determning if cells in a
first subset of addresses in a data buffer require programm ng; and if
cell's in the £lrst Ieameed eficlaindP dydhes cerpprisivy re-erggrpmaingsheynemers ke, t hen

proceeding to,e a ua r cells in another su et of address in the
e bufr or b8 Y P e R ronts Bk R resha e Gsest 1ot
addr esses. threshold voltage.

22, The method of claim 18, further comprising verifying the programming of the third
plurality of memory cells.

10

23. The method of claim 22, further comprising re-programming the memory cells of

the third plurality of memory cells that do not verify by using an increased second

threshold voltage.

15 24, The method of claim 18, wherein programming the third plurality of memory cells

further comprises using a gate voltage that differs from the gate voltage used in

programming the first and second plurality of memory cells.

25. The method of claim 18, further comprising programming the first, second and

20 third plurality of memory cells before a read operation to verify the programming of the

memory cells.

26. A method comprising: determining if cells in a first subset of addresses in a data
‘buffer require programming; and if cells in the first subset of addresses do not require
25_ programming, then proceeding to evaluate whether cells in another subset of addresses

in the data buffer require programming, without pulsing the first subset of addresses.




