DATA STORAGE AND PROCESSI NG ALGORI THM FOR PLACEMENT OF MULTI - LEVEL FLASH
CELL (M.CQ) VT Technol ogi cal devel opments pernmt digitization and conpression
of large amounts of voice, video, inaging, and data information, which may
be stored in 5 nenory, then wirelessly transmtted between Iaptops camner as

and a host of other digital electronic equipnent. Wth the anmpbunts of data
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e 111Gur 6 Wageiedt SFtobedshotss nabutiBiditact Ret ¢ For exampi e, © 25 the
di mensi ons of some of t[gmﬂ:qy@gcmm,b@pa)rmgm{wmgsl ative to other

elements for clarity. FOrtner, where considered appropriate, reference
nunmer al s haveThesubjenb azatter ragaidgd: ascthiel igvertion is particwarly pomted opband ng or

doscr ot 1 SRINRIRSPRIET Tyl Faneiva PP of e ShesHEr 6 THEABYSRS or ovi de
thorough Hpdeyst doth BS tobrddifzatibreaid Ribthé®WeYSEratioh, Wdekthdiawith objects,
15 features, and advantages thereof, may best be understood by reference to the
following detailed description when read with the accompanying drawings in
which:
FIG. 1 is a diagram that illustrates a processor interfaced with a non-volatile
memory device that utilizes an engine to execute a triple verify voting scheme;
20 and
FIG. 2 is a diagram that illustrates the use of multiple verify cycles to check
the V;of a programmed cell in accordance with the voting scheme.
It will be appreciated that for simplicity and clarity of illustration, elements
illustrated in the figures have not necessarily been drawn to scale. For example,
25 the dimensions of some of the elements may be exaggerated relative to other
elements for clarity. Further, where considered appropriate, reference numerals
have been repeated among the figures to indicate corresponding or analogous
elements.
DETAILED DESCRIPTION

30 In the following detailed description, numerous specific details are set forth

in order to provide a thorough understanding of the invention. However, it will be

understood by those skilled in the art that the present invention may be practiced
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understood by those skilled in the art that the present invention nmay be
practiced -1 without these specific details. In other instances, well-known
nmet hods, procedures, conponents and circuits have not been described in
detail so as not to obscure the present invention. FIG 1 is a sinplistic
enbodi ment of a nulti-core processor that executes 5 algorithns, then

st or es datwithont theseaspeuificadetailsy hrootheoirstan cesiaatirknodeymedisods, The enbodi nent
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However, in acﬁ%ﬁgggnmﬂyéﬁq@{aﬁ%ﬁe@ %#'écfﬁeé @Phg@rﬁ%m%’m%i‘ﬁ %@J%e\?ﬁéebéffects of
RTS megs bepeatiigaiviehl ai mukihsore gadceywor adr fiternadely, ingmlorgdeeict 26 magcenment  of
the stored charge ogn the gate after programm ng through the use of a voting

schene. BtPredefosmplion wsae byamsiagla errenfogessasascvele Ahescpling obRefy voting
scheme.  ojatile memory devices bundled within the system memory accentuates the
effects of Random Telegraphic Signal (RTS) noise as measured in the non-
volatile cell I-V characteristics. RTS is an intrinsic cell characteristic attributable to
20 the imperfections in the gate oxide of the transistors found in the memory cell. As
a result of the imperfections and scaling, random variations may be seen in the
memory cell currents even when a constant voltage is applied to the gate and a
constant drain-to-source voltage is supplied to the memory cell. Put another way,
the flash cell current exhibits pronounced time-varying random noise that may
25 lead to sensing failures in the Multi-Level Cells (MLCs).
However, in accordance with features of the present invention the effects of
RTS may be tolerated in the read operation used to validate the placement of the
stored charge on the gate after programming through the use of a voting scheme.
In one embodiment, an engine 24 may execute a triple verify voting scheme.
30 Even though a significant portion of the Read Window Budget (RWB) is taken by
RTS noise and the noise component may result in unintended values being
sensed for the stored data, the verify algorithm may be used to achieve higher

probabilities of correctly providing verified stored cell data.
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30 Even though a significant portion of the Read Wndow Budget (RWB) is
taken by RTS noise and the noi se conponent nmay result in unintended val ues
being sensed for the stored data, the verify algorithmmmy be used to

achi eve higher probabilities of correctly providing verified stored cell
data. -2 Wiereas prior art Flash nenory technol ogi es use one verify cycle to

place the thraghetehsysridrageFla¥h)mémnony thholdyidscuss ope aemifyngyclataplache
enbodi ment  shown in FlI 2 illustrates the verify al qorl thmin accordance
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sense operation. Bl ock 204t' |nd|ﬁat eg thz%é tshe dat a outc%lﬂt fromthe sense
anps fromsﬁl?_éefCNP@P W@F??‘ﬂ/'@ﬂ’g puned pg,lhe SEMEMEMRRY Bl According to the
verify al goritipg, 2isaa986k Ml%{g'rém tAUEHIBstraBS FEsturdebh e \Féﬂ?%\élgd?ﬁhﬁwhﬁatsaﬁe
programmed cell is at the desited program 20 level . Block 206 1ndicates that
t he data dsiepecuted by anging@ddecamyS. 1) withinwn-velstikdnemary Y6¢c A peodramst or ed

in Latcr 20t Soieeby Mhasdtl biietcbRi Az nisates e e P ReBeib”! v
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cell. If conparator 20 I ndi cates that the first and second verify agree

as i ndi catand that aiseustardrasks e numbres of the werifysensgciperationl Blarkd04,  t hen
that stor eiﬁjdiggtteg thgt t%readqastg eorurtﬁﬂ fFoOmtﬂtl]g sense amps from the first verify cycle is
stored in a LATCH 1. According to the verify algorithm, a second verify cycle
checks whether the V,of the same programmed cell is at the desired program
20 level. Block 206 indicates that the data output from the sense amps from the
second verify cycle is stored in a LATCH 2.
By comparing the data stored in LATCH 1 with the data stored in LATCH 2,
a comparator 208 determines whether the stored results of the first and second
verify agree as to the programming status of the memory cell. If comparator 208
25 indicates that the first and second verify agree as indicated by the same output
data stored in LATCH 1 and LATCH 2, then that stored data is transferred to the
next stage as indicated by block 210. For the case when the first and second
verify provide results stored in LATCH 1 and LATCH 2 that agree, then a third
verify cycle is not run and the results of the second verify cycle are passed to
30 provide the final verify result (see block 214).
However, if comparator 208 indicates that the first and second verify
disagree as indicated by the different outputs for the data stored in LATCH 1 and

LATCH 2, then the stored data in neither LATCH 1 nor LATCH 2 is transferred to
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next stage as indicated by block 210. For the case when the first and second
verify provide results stored in LATCH 1 and LATCH 2 that agree, then a
third verify cycle is not run and the results of the second verify cycle
are passed to 30 provide the final verify result (see block 214). However,

I f conparator 208 indicates that the first and second verify disagree as
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third verify <cycle fTow through to provide the final verify result (see
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requi res with thedirstoverify ahgh nige bebsefthrddverifgrseheare tdes thewsstingf RTS noi se
| eads to an incorrect sense, the other two verifjes can correctly lead to

the cold edRechrdypieresrivae Memeny ceddadz and conriude toglthacsellreanires vot i ng
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that the sense ‘cy smal | part o he entire program algorithm
Not e t hat immstechEense the aihemwoaverdieistdam ¢cardcilydead po the gorregtng t he nenory
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sinmplicity, owever, all sensed outputs of M S are res

t he vekd f gmligeart ohthe emBirewaggraim aelgonithre, Nate dhat reobbali irerprogama 45nm
t echnol ogy,t he M.C, produc raduces 272 bit f data fromthe flash array.
Thus, 275 SARTRRTIR 40K, b balisiad e aiarmemisels fo Ricdsee bRProdAmmIs and a
conpar at OrThiVotiRFEcHEMé 1e¥sBnYI8él effBct of any RTS noise on cell placement and
has minimal impact on programming speed.
The verify algorithm has been described for one sensed bit for simplicity,
20 however, all sensed outputs of MLC cells are resolved using the verify algorithm.
By way of example, in one embodiment for a 45nm technology the MLC product
produces 272 bits of data from the flash array. Thus, 272 units that include the
two latches (LATCH 1 and LATCH 2) and a comparator for each unit are used to
verify data processing within the chip. If the comparators in all those 272 units
25 agree that the data stored in LATCH 1 from the first verify cycle matches the data
stored in LATCH 2 from the second verify cycle, then a universal VALID signal is
asserted to inform a main PROGRAM algorithm that the third verify cycle is not
required and that the current data is valid. On the other hand, if the verify results
stored in LATCH 1 and LATCH 2 for the same Flash cell are different as indicated
30 by any one of 272 comparators, then the VALID signal remains low and a third
verify is performed. Once the third verify cycle is initiated, the verify algorithm
accepts the result of the third cycle as valid data irrespective of the first two verify

data outputs and processes that data.
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verify data processing within the chip. If the conparators in all those 272
units 25 agree that the data stored in LATCH 1 fromthe first verify cycle
mat ches the data stored in LATCH 2 fromthe second verify cycle, then a

uni versal VALID signal is asserted to informa main PROGRAM al gorithm t hat
the third verify cycle is not required and that the current data is valid.
On t he ot her hdwnowfit shold beigpparestithatembiodirsenisof feCprasentdnyexition 2 f or
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devi ce, cdrger$miihof thannwsdiome t 0 execute a voting algorithmto average a
menory cell data sensing result over tine to provide a charge placenent in
a nenory cell. 5 2. The nenory device of claiml that is scaled and
susceptible to a dom nant noi se conponent based on Random Tel egraphic
Signal (RTS) noise and the voting algorithmlessens an effect of RTS noise
on the cell placenent.



3. The menory device of claim1l wherein the voting algorithmis a triple
verify schene that uses a single programcycle of a program pul se foll owed
by 10 three sense cycles to provide a data output. 4. The nenory device of
claiml1 further conprising: a first latch to store a first data output from
sense anps in a first sense cycle; and a second latch to store a second
data output fromthe sense anps in a CLAIM8cond sense cycle, wherein the

voting al gorithmdeterm nes .the Vt charge placenent for the nenory cell by
conparing the fir NPy %‘f'ﬁ%’tcoé?%rrjséﬁg'i nthe first latch to the second

data out put st gjreshdife tdexsenendvtigciigothnT r&a?aw?gsw Armey @l ddtai m 1

wherein the nenory cell is a Milti-Level Cell ) 20 6. A nmenory devi ce,
conpri si ngeNginggrgulheveotimgderravide\agharge plaggmemin ehaenyéel: es a program
pul se ol | one ' , | vi de a
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sense 25 cycle; and a second latch to store_the second data output from
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claim6 whereim t J ' e, : Vt of a
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The nmenory device of claim6 further including a conparator to conpare the

first Wht dheegrsrnsestysiasdioiprovide 3 data outpbbh agai nst the second data out put

stored in the ggec H&ﬁ&@n%é\ﬁ%e ﬁgﬁgﬁg%nhgpg&?grigﬁ claim9 wherein the

stored results of the sec are trans rreg'to programthe nmenory
cel | when the @rfugt Etch tgsteraafsstodatatdudplitifrarh seatelanapslint dérdteease | at ch
are in agrc?/ge; %a
a second latch to store a second data output from the sense amps in a
15 second sense cycle, wherein the voting algorithm determines the V; charge
placement for the memory cell by comparing the first data output stored in the first
latch to the second data output stored in the second latch.
5. The memory device of claim 1 wherein the memory cell is a Multi-Level
Cell (MLC).
20 6. A memory device, comprising:
an engine to execute a verify algorithm that generates a program pulse
followed by a first, second, and third, sense cycle to provide a first, second and
third data output of the program status of a memory cell;
a first latch to store the first data output from sense amps in the first sense
25 cycle; and
a second latch to store the second data output from sense amps provided
in the second sense cycle.
7. The memory device of claim 6 wherein the program pulse and the first
sense cycle check a Vt of a programmed celi.
30 8. The memory device of claim 7 wherein the program pulse and the
second sense cycle check the Vt of the programmed cell.



11. The menory device of claim9 wherein the program pul se and the third
sense cycle check whether the \t of the programmed cell is at the desired
programlevel. 10 12. The nmenory device of claim9 wherein the results of
the third verify cycle provide a final verify result when the first data
output stored in the first latch does not match the second data out put

stored in the $ecbmimemety davickotelaimédurther ineludingrpomparatardo A Fl ash

frret s ar coninprg P Bi<E i optefu BbrBRh e fi BRT GBS MR pecorRLiBE, Lol %
a first cyutput AdiniRé @Bdoh@latbhto store a second data sensed by the sense
anps for the nenory cell in a second cycle, wherein the verify algorithm

uses the secondOdathe Memewy devigeeieaim Joirrgin therstaradrastits eéthe &?f‘é?ﬁ‘ldt he
u t . : j i m 13
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by a progrthaafipsilisteh abd. thélsecbhdddtchenmeiry agmensentof cl ai m 13 wherein the

second cycle 25 includes a second sense of the sense anps preceded by the
first sense in thelhe amoryydgvice abclairn @ whersin MPQFQIB\HL&%Q and ¢heythirdi 3

further i i : _ odi i n the
(irst | at CR i OO SReaargalie Y SPER i fo imol Bl 8l BEhesil 17 v
Fl ash nmemprygraeviesel.of claim 16 wherein the verify algorithm executes a

third cycle that includes a third sense of the sense anp receded by the
second'&ense t d2geh® B&meny; qayiehp C'a!ing‘%'Fﬂf'"ﬁbﬁ}ﬂr&éHﬁ%H?”P%ﬁ“rfjH@r%mry
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device, c ri'sing: ant enna; a anscel ver cou to the
first and doesovdd naatckiiine second data output stored in the second latch as determined

by the comparator.

13. A Flash memory device, comprising:
15 an engine to execute a verify algorithm;

a first latch to store a first data sensed by sense amps for a memory cell in
a first cycle; and

a second latch to store a second data sensed by the sense amps for the
memory cell in a second cycle, wherein the verify algorithm uses the second data

20 as a charge placement for a memory cell when the first data matches the second
data.

14. The Flash memory device of claim 13 wherein the first cycle includes a
first sense of the sense amps preceded by a program pulse.

15. The Flash memory device of claim 13 wherein the second cycle

25 includes a second sense of the sense amps preceded by the first sense in the first
cycle.

16. The Flash memory device of claim 13 further including a comparator to
compare the first data stored in the first latch with the second data stored in the
second latch.

30 17. The Flash memory device of claim 16 wherein the verify algorithm
executes a third cycle that includes a third sense of the sense amps preceded by
the second sense to generate third data as a charge placement for the memory

cell when the first data does not match the second data.
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a nmulti-core processor to receive a denodul ated signal fromthe 5
transceiver; and a non-volatile nenory coupled to the nmulti-core processor
to store data that includes an engine to execute a verify algorithmto
determ ne a charge placenent in a nenory cell by storing in a first latch
results of sensing first data follow ng a program pulse and storing in a
second | atch rd$ul A svicflessedevicos, comepnaing:10 data fol l owi ng a program pul se.
19. The wireless devjce of, claim 18 wherein the verify algorithmuses data
stored in the J& $eR¥W AUYEPAR charge pl acenent for the nmenory cell when

the data stor arikddiferldoiibled R 6B 8 AeSoddifs Sifefnat or ed i n the second

| atch. 20. The wreless vice of claim 19 wherein the verify algorithmruns
a 15 third cyd mubicerepprogessnrjalreceivel demaddipted signakfrapdhe when t he dat a

storeder: the first Jatch does not match the data stored in the second
| at ch, [ESAEVER results of the third cycle deternine the charge

pl acement for thgoABRtk fRihory ZbupRdBHAEINLIR. e pibGsbY tadri datl acement
charge by a non-volatile nmenory device, conprising: 20 providing a program

pul se to dhatdnoluges@nl erfiging tmexetutea verify algasith toydatermingaa clpargei des a

| at ched r GlgRemeHn s By ] ByiuSfitg i a FEYIReRrEs fin OReBite bl Brf there
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t he menory cell z e net ho claim?21 further including: conparing
the fitGt dats following eHwogearopailatesul t where a non-match results in a third
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stored in the second latch as the charge placement for the memory cell when the
data stored in the first latch matches the data stored in the second latch.
20. The wireless device of claim 19 wherein the verify algorithm runs a
15 third cycle of a program pulse followed by a sense cycle when the data stored in
the first latch does not match the data stored in the second latch, wherein sensed
results of the third cycle determine the charge placement for the memory cell.
21. A method to dynamically adapt a placement charge by a non-volatile
memory device, comprising:
20 providing a program pulse to a memory cell followed by a first sense cycle
that provides a first latched result;
providing a second sense cycle that provides a second latched resulit; and
comparing the first result to the second result where a match provides the
second latched result to program a charge placement in the memory cell.
25 22. The method of claim 21 further including:
comparing the first result to the second result where a non-match results in
a third sense cycle that provides a result used to program a charge placement in
the memory cell.



