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BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and

distinctly claimed in the concluding portion of the specification. The invention,
however, both as to organization and method of operation, together with 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:
F1G. 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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FIG 2 is a diagramthat illustrates the use of nmultiple verify

cycles to check the Vt of a programed cell in accordance with the
voting schene. It will be appreciated that for sinplicity and
clarity of illustration, elenments illustrated in the figures have not

necessarily been drawn to scal e. For exanple, 25 the dinensions of
sonme of the t;ﬁnts to other el ements
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of conmmuni C
may execute baseband and process application functions and allow processing

workloads to be shared across the embedded processor cores.
The present invention may be used in a non-volatile memory device 26

16 operating with a multi-core processor, or alternatively, memory device 26 may
store information used by a single core processor as well. The scaling of non-
volatile 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.
2.



10 in an RE/l ocation space with other devices. The analog front end
transceiver 12 is connected to a nulti-core processor 20. Enbedded
processor cores 16 and 18 may execute baseband and process
application functions and all ow processi ng workl oads to be shared
across the enbedded processor cores. The present invention may be
used in a non-volatile menory device 26 15 operating with a
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probabllltl s of correc provi'ding verified stored cel
15 from the first verify cycle is resolved after a sense operation (post-sense circuit)
and that a counter tracks the number of the verify sense operation. Block 204
indicates that the data output from the 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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Whereas prior art Flash nenory technol ogi es use one verify cycle to
pl ace the threshold voltage (Vt) of a cell while progranmm ng dat a,

t he enbodi nent shown in FIG 2 illustrates the verify algorithmin
accordance with the present invention. Note that a verify cycle
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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 fiash 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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30 provide the final verify result (see block 214). However,

if conparator 208 indicates that the first and second verify disagree
as indicated by the different outputs for the data stored in LATCH I
and LATCH 2, then the stored data in neither LATCH 1 nor LATCH 2 is
transferred to the next stage (see bl ock 212) Instead, a third
verify checks t her .t at the desired
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on cell placenent and has mnimal inpact on programm ng speed. The
verify algorithm has been described for one sensed bit for
sinplicity, 20 however, all sensed outputs of M.C cells are resol ved
using the verify algorithm By way of exanple, in one enbodi nent for
a 45nm technol ogy the M.C product produces 272 bits of data fromthe
flash array. Thus, 272 units that include the two | atches (LATCH 1
and LATCH 2) and a conparator for each unit are used to 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 universal VALID signal is asserted to informa nain PROGRAM
algorithmthat 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 conparators, then the VALID signal renmains |ow
and a third verify is performed. Once the third verify cycle is
initiated, the verify algorithmaccepts the result of the third cycle
as valid data irrespective of the first two verify data outputs and
processes that data. By now it shoul d be apparent that

enbodi nents of the present invention allow increased program
reliability through use of the descrjbed verify algorithmthat uses a
voting scheme to program and verifyghéﬂﬂﬁy data. Scal ed flash nenory
devi ces have becone susceptible to the dom nant noi se conponent 5
based on the RTS effects, and the present invention using the triple
verify schefvmensgadeviceRFanpisinge 8r epginatpeaxagitag verity alasnthnythabgenetries
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t herefore be understood that the appended clains are intended to

to

cover al Ithe seaenagatarquipsst fr BRSeRrRIZTRRAGEISeS I e PPCORA SANTE VK- t r ue
spirit of the invention. CLAIMS 1. A nenory device, conprising: an
engine to execute a verify algorithmthat generates rogr am pul se
fol | oned by ™% eTeY dovee SheEmaL HherRIn ke Bien By %nq@eg%g?% cle
first, semerdagndblbi 4 grodadremeditgiut of the program status of a nmenory
cell; afirst latch to store the first data output from sense anps in
the first sense cycle; and a second latch to store the second data
out put f rrmeansec@ripsicy bbataicketiwhareintite pegandpdensel tby ckend sBnselhe

memory dewhggngl i 1l HAELEI o iNgs BLPOT am pul se and the first
sense cyclFe "check a V.'sub. prograrmed cell.
4. The memory device of claim 1 further including a comparator to compare the first
data output stored in the first latch against the second data output stored in the second
latch.

5. The memary device of claim 4 wherein the stored results of the second latch are
transferred to program the memory cell when the programming status of the first latch

and the second latch are in agreement.

6. The memory device of claim 4 wherein the program pulse and the third sense cycle
check whether the V_sub.t of the programmed cell is at the desired program level.

7. The memory device of claim 4 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 output stored in the second latch as determined by the comparator.

8. A Flash memory device, comprising: 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 as a charge placement
for a memory cell when the first data matches the second data.
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3. The menory device of claim2 wherein the program pul se and the
second sense cycle check the V.sub.t of the programed cell. 4. The
menory device of claim1 further including a conparator to conpare
the first data output stored in the first latch against the second
data output stored in the second latch. 5. The nenory device of
claim4 wherein the stored results of the second latch are
transferred to programthe nenory cell when the programm ng status of
the first latch and the second latch are in agreenment. 6. The nenory

devi ce ofg.cTrd Fagh WeRbEi davicB ef §aIR0S arman@wtﬁ@f@n@yct&acmdfﬁsrajfirst@wge efycl e
check V\/ne her the V. sub. tﬂgf t he gqr}gg&armed cell is at the desired

pr ogr am | B &¢nse ampsHiRcedad By § PLRAY f- claim4 wherein the results

of the third verify cycle provide a final verify result when the

first dat t . stored in th flr h does no cond
dat o out pt ey g delat B knerh T tEBRy e BE Lt Eech
conpar at ogense 8f thé\sﬁiasdmmmeﬁedeylmeirstcsemmsmmtyst camleengl ne to
execute a verify algorithm a first latch to store a first data
sensed by sense anps for a nmenory cell in a first cycle; and a second
| at ch t o ¥t dite Rashaeandydaviee seriaimd fostherhircleingse campaatooio qohwareeter y

cell in %r&%‘é@‘&or‘é?ﬂﬁef%%ﬁ&fﬂtﬁtﬂ@sé’@&nﬁf&é a\aét&%'ﬂh‘ﬂ gggfs(ﬁﬁ i second

data as a charge placenent a menor when t st data
mat ches the second dat a. 9. The FI ash menory device of claim8

wherein tfe 'lfHerﬁésh%(&Jn@ry'dQGbé‘gﬁﬁalﬁ 1f1'v5r%trelﬁ ?rfbsx%rlﬂrfaléd?%n% i’ HHird

preceded by a program pul se. . The Fl ash mem)rg device of claim8
wher ei n tqyeledigié d@?@l@@ﬁ?@ﬁ%ﬂ@ﬂeée@@% espsled 5y therecerhsdsa i s

preceded danefditnir tist a%mrgetblé&éﬁqefnt foptheGH&hEry cellWhenlin@ fifdt agia doREDr Y
device of claim@8 further including a conparator to conpare the first

data st or®dmeirhihesegopddateat ch with the second data stored in the
second latch. 12. The Flash nenory device of claim 1l wherein the

verify algorjth cutes a thir cle that .includes a third nse
of the schod WSSk chaus or s G oRar e e FEmeP P iR ® et a
as a chartg@rrp{ acegeeond dtienride neivoorg pﬁcmlehsothrecelheafdemstluldmialgdeles

not matc

A
Tnd secondhipdanseest ohd aneouathiBpa Sy lcife ri i fddschls °*
ant enna; storeghtaithatonadudes aoesgioe td execeted vegifioalgitd (b detehiss gnbargérom

the t ransp‘f{‘c'g Ehtin 2 He ol 1 F)?!;t%h’\g{lﬁ AN U Pe%HiPé (?t%,ehgn%ﬁ%t aghti-core

processor ore I ncl an eng exetute a veri fy
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in a firsgdait i bssPf sensing first data followi ng a program
pul se anj storgf%]naolsn aﬁssécond | atch results of sensing second data

foll owi ng a program pul se.
14. The wireless device of claim 13 wherein the verify algorithm uses data stored in the

second latch as the charge placement for the memory celi when the data stored in the

first latch matches the data stored in the second latch.

15. The wireless device of claim 14 wherein the verify algorithm runs a 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.

16. A method to dynamically adapt a placement charge by a non-volatile memory
device, comprising: providing a program pulse to a memory cell followed by a first sense
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14. The wirel ess device of claim 13 wherein the verify algorithm uses
data stored in the second latch as the charge placenent for the
menory cell when the data stored in the first latch matches the data
stored in the second latch. 15. The wirel ess device of claim 14
wherein the verify algorithmruns a third cycle of a program pul se
foll owed by a sense cycle when the data stored in the first latch
does not match the data stored in the second |atch, wherein sensed
resul ts ofycteHbatinipvidpsa/irpidatgaedieniih eravitindchegcgad pensecrelathat grovidgs a
menory ceddcond biched réRithafd Jo%pgﬁﬁ@fﬁb(ﬁ%t k6uRERRE s@c&ldafﬁﬁﬂﬁmeré Bt by

a non-vol atile menory device, nprising: providing a program pul se
to a menoffPviges qheﬁsmr@vl@ehweaulﬂomgr@@ﬁé‘@acg? p'a%”b‘”tt'ﬁ%'ﬁ‘eﬁ‘loweﬂes a
first latched result; providing a second sense cycle that provides a
second | a d result and conpari the first result to the second
resul t Wnlgge dic: E%Oqul%iv‘ﬂ@éegn%) [ngneeTRArEA e TralEryit ip 493459 %m a

char ge pl@egt®ndreiamchlifatoferesls lﬁ%| third dehse the tHat prodides a edsait isddto
further includin i result to the second result

t f t
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result used to programa charge placenent in the nenory cel



