ERROR CORRECTI NG CODES FOR | NCREASED STORAGE CAPACI TY I'N MULTI LEVEL
MEMORY DEVI CES Fi el d [0001] Enbodi nents of the present disclosure
relate to the field of menory, and nore particularly, to error
correcting codes for increased storage capacity in nultilevel nenory
devi ces. Background [0002] I n the usual workflow for the devel opment
of a nonvolatile menmory (NVM device such as a flash device, error
correcting codes (ECCs) are designed after fixing key paraneters of
the NVM device (e.g., size of technol ogy node, nunber of bits per
cell, etc.). At nost, sone rough estimte of ECC i npact on | atency

[ 0003] zzﬁog%%m@@%@ggﬁggﬁ% ﬁg{ﬁ EASTUESTORAGE ChOACRYAew nas
detailed descriptionin c F iEE\M t he a%gonpanying drgmﬁngs.
To facilitate this description, like reference nunerals designate
| i ke structural elenments. Enbodi mnentReldre illustrated by way of
exanpl e and not by way of limtation in the figures of the
[0001] Embodiments of the present disclosure relate to the field of memory, and
more particularly, to error correcting codes for increased storage capacity in multilevel
memory devices.
Background
[o002] In the usual workflow for the development of a nonvolatite memory (NVM)
device such as a flash device, error correcting codes (ECCs) are designed after fixing
key parameters of the.NVM device (e.g., size of technology node, number of bits per
cell, étc.). At most, some rough estimate of ECC impact on latency times and logic area
are performed.
Brief Description of thel Drawings
[0003] Embodiments will be 'readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this
'description, like reference numerals designate like structural elements. Embodiments
are illdstrated by way of example and not by way of limitation in the figures of the
accompanying drawings.
[0004] Figure 1 illustrates a nonvolatile memory device in accordance with an
embodiment.

[0005] Figure 2 illustrates a calculation system in accordance with an

embodiment.
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acconpanyi ng draw ngs. [0004]Figure 1 illustrates a nonvolatile
nmenory device in accordance with an enbodi ment. [0005] Figure 2
illustrates a calculation systemin accordance with an enbodi nent.
[0006] Figure 3 is a nunber of flowcharts illustrating various

cal cul ation operations in accordance with an enbodi nent. [0007]Figure
4 illustrates a table of conbinations of paraneters in accordance

with an enmbodi ment. [0008] Fi gure 5 illustrates the nonvolatile menory
device in accordance with an enbodi nent.

10006] Figure 3 is a number of flowcharts illustrating various calculation
operations in accordance with an embodiment.
[0007]  Figure 4 illustrates a table of combinations of parameters in accordance

with an embodiment.

[0008] Figure 5 illustrates the nonvolatile memory device in accordance with an
embodiment.
[6008] Figure 6 is two flowcharts illustrating an encoding operation and a

decoding operation in accordance with an embodiment.
{00101 Figure 7 is a chart graphing error rates against signal-to-noise ratios in
accordance with an embodiment.
[0011] Figure 8 illustrates a host device incorporating an NVM device in
accordance with an embodiment.

Detailed Description
[0012] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof wherein like numerals designate like
parts throughout, and in which is shown by way of lustration embodiments in which the
disclosure may be practiced. It is to be understood that other embodiments may be
ufilized and structural or logical changes may be made without departing from the scope
of the present disclosure. Therefore, the following detailed description is not to be taken
in a limiting sense, and the scope of embodiments in accordance with the present
disclosure is defined by the appended claims ahd their equivalents.
[0613] Various operations may be described as multiple discrete operations in

turn, in 2 manner that may be helpful in understanding embodiments of the present
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[0009] Figure 6 is two flowharts illustrating an encodi ng operation
and a decodi ng operation in accordance with an enbodi nent.

[0010] Figure 7 is a chart graphing error rates agai nst

signal -to-noise ratios in accordance with an enbodi nent. [0011] Fi gure
8 illustrates a host device incorporating an NVM device in accordance
wi th an enbodi nent. Detail ed Description [0012]In the foll ow ng
detail ed description, reference’is made to the acconpanyi ng. dr awi ngs
which forma part hereof wherein |like nunmerals designate |ike parts

t hroughout, and in which is shown by way of illustration enbodi nents

i n whi ch didt@sies FORSMF, BndTBiePEr desaptibe stbuld fiotibe chrsthed thiespthanteddat
ot her enbodi nents may be utilized and structural or |ogical changes

may be n&@gra\%ﬁg@gtor@eeﬂgﬁéﬂdégtfromthe scope of the present
di scl osure. Therefore, the follow ng detail ed descriptionis not to

be taken jpgugy | i MFok @ messes ofthe pidientdiarue therphesbemning/or B” means
accordance with the present disclosure is defined by the appended

cl ai ms Aigh)t {B8i dr (8 GHE BA &0k Se JUASHE3E YRthé presentaigoRisuie) therpiyaseeA, B,

described as nmultiple discrete operations in turn, in a manner that

may be helnpfodlc” ane Ry, SBRIC), (WasdBRdh BRNCS (Bhnd 0 pieseatd C).”
[0015] Various modules and components may be introduced and described in
terms of an operation provided by the modules and components. These modules and
components may include hardware, software, and/or firmware elements in order to
provide the deséribed operations. While some of these modules and components may
be shown with a level of specificity, e.g., providing discrete elements in a set
arrangement, other embodiments may employ various modifications of
elements/arrangements in order to provide the associated operations within the
constraints/objectives of a particular embodiment.
[0016] The description may use the phrases “in an embodiment,” or “in
embodiments,” which may each refer to one or more of the same or different
embodiments. Furthermore, the terms “comprising,” “including,” “having,” and the like,
as used with respect to embodiments of the present disclosure, are synonymous.
[0017] The usual workflow for development of a nonvolatile memory (NVM)
device described above may be efficient when the number of parity information bits is
considerably less than the number of non-parity information bits. However, with the
shrinking size of technology nodes and increasing number of bits stored in each cell, the

raw bit error rate (BER) becomes greater and greater and, consequently, the number of

parity information bits increases. In these situations the purported gain in storage



di scl osure; however, the order of description should not be construed
to inply that these operations are order dependent. [0014] For the

pur poses of the present disclosure, the phrase "A and/or B" neans
"(A), (B), or (A and By For the purposes of the present disclosure,
the phrase "A, B, and/or C' neans "(A), (B), (O, (A and B), (A and
©, (Band C, or (A B and C." [0015] Various nodul es and conponents
may be introduced and described.in terns of an operation provided by
t he nodul es and conponents. These nodul es and conponents may incl ude
har dwar e, software, and/or firmvare elenments in order to provide the
descri bed operations. Wile sone of these nodul es and conponents nay

be shown OAP3GHY FordDeRasing 8 pumpen fibits pergel may he offseliy ¢ hrgepddnd
elenments in a set arrangenent, other enbodi nents y enVIo¥ Y, Fious
modi i catineerRsedd a auBREHRFeElARgRatian £Ls gt JrgeriredofraFTuR iRty
associ ated operations within the constraints/objectives of a
parti cul darget ieapecigily iesiars avhaR a1 gReisn SQluiPnSHRIp HAREWY |
an enbodi ment," or "in enmbodi nents,” which each, refer to one.or
more of tane ESgheodss. APLFeY-efitco ieﬁﬁéﬁﬁlae“@%%ﬁ?d?eé?'“w?éﬂd?@? cs
"conprising,” "including," "having," and the |ike, . .as d wth
espect BAERRHANEIREBITIRE YPALLRFATREPEgE PR & WYH ST
[ 0017] The usual workfl ow for dev%bgﬁgent ﬂ%ﬁa nonvol ati.l e menory
(NVM) ~ devPBBBldescrigyg Tbkatesan PYIPE T EhP AR Y Aoer of
parity information_bi | S considerably | ess than t nynb
non- par i t%}“@%%@%ﬁ%h%fi $ .'Celr}@\%Wr",'c{%et%p@ﬁgn‘gﬁlﬁ‘ri@giﬂﬁ% rescl%glggl)@m
t echnol ogy nodes and i ncyreasin unber o its stor i ,
the. r aw T8 B9 o 6r aaSdswRp. BEeBHEEs PeLear Sy Tiahe o tebhe
consequently, the er of parity infornation. Rl inc : In
these sitSR!igHEx ?%%Wﬂﬁhté%c%ﬁﬁ‘ ﬁﬁe&”‘ﬁ?‘s@é 1%&%358%{/5?@2?{
i ncreasin nynber of Di er I rrespondi ng
i ncrease %H@EV#&W%@¥V89E6§%F$%e?ﬁﬁ%?ﬁ%@%&%ﬁﬁﬁﬁéa?ﬁé@*ﬂ?ﬁ esired to
achieve a reliabili rget. This. IS .l | : .
har d- deci %qn?iﬁo'%ﬁf’f"%@%/%%}lat %sc",smé'. E” éh%@%ﬁgﬁégﬁd Oﬁ‘éhng%sqdes, r\z{i\drggglﬂgred.
Accordi ngly, enbodi nents di SCUSS ' j i
Sehenes. {ibegoEe® Bt T S R B MERURRE el o
simply “cells”) may be phase change memory cells.
[0019] The NVM device 100 may also include a reader 112 coupled to the cell
matrix 108. The reader 112 may access the encoded data stored in the cell matrix 108
by using one or more sense amplifiers to read voltage levels, Vi, of the various cells and
determine the logic level, or “cell state” by comparing the voltage levels to one or more
threshold values. The cells may have more than two logic levels, or “cell states,”
determined by the one or more sense amplifiers comparing the Vt of a particular MLC to

a plurality of voltage thresholds. Thus, a logic level may correspond to a discrete range

of Vi.



[0018] Figure 1 illustrates an NVM device 100 in accordance with an
enbodi nent. The NVM device 100 may i nclude a programer 104 t hat
receives input data from e.g., a host device, encodes the input
data, and wites the encoded data into a cell matrix 108 wi th which
it is coupled. The cell matrix 108 may be a matrix of nmultilevel
menory cells that are each fornmed by a floating gate netal oxide
sem conduct or “(MOS) transistor. In other enbodinents, .other .

transi stor or transistor-like technol ogies nay be used. In sone
enbodi ments, the multilevel nmenory cells (or sinply "cells") may be
phase chgogEs]MenDrAftee atdessing Oléhcdtel ddidltickersiader MR apgecatis theidatd inde
a reader 112 coupled to the cell matrix 108. The reader 112 may
access t hemenended idaindplahaited to thetdheodiind dpanationiof tHEQBodrgmussr 104.0Ties or
nore sense anplifiers to read voltage levels, Vt, of the various

cel I s andeg@iran 2y thdreprooige thel imit datarto,"scee) the sibsttdeVicky conpari ng t he
voltage |l evels to one or nore threshold values. The cells may have
mor e t harfood] | ogila tHeearebding operatiad provitied psthe pdedranmen€al, bynutriver oine
or nore sense anplifiers conparing the Vt of a particular MLCto a
pl ur al i t ynoofpavity infageaticonridts hetictsrepiésast, thainboigiata, Ineaydie gemgratet alergpwitid
to a discrete range of Vt. [0020] After accessing the encoded data,
t he reades ndriiZerméparite datenatitrebitkatvhich may beatsae to tdusct éreorg Hrapmayentier y
to the encodi ng operation of the progranmer 104. The reader 112 may
t hen pr ovihtle subsequenpratrierak of theononepagity, inforreatipadits d&be oen-pariip infgrmatierne
encodi ng operation provided by the programer 104, a nunber of

non- par i t byitsinmdydremmtittemrio bioo-paritwiseitswhileghepasity infdreatienplits raait ke wilttey the
generated along with a nunber of parity information bits, which may
be used tmarityosaliecThareror 8 nuimber ofppraveders of e NV denieetife includsathev al
of the non-parity information bits. The non-parity information bits
may be wEECephane neattipire encoding beocas, et hake pbearing ondrepsreentade ¢i t s
may be witten to parity cells.. There are a nunber of paraneters of
t he NVM desritweslls 00theicatt matiixthatiane ngrdedde nerttaigeberreriatenof ®aMHM ng
process, that have a bearing on the percentage of parity cells of the
cel | mat rieviceHi90. Aceordivatieeinbesinmeiis of e geasert dignoskg RISVige sYSRmMiwvM
devi ce 100. Accordingly, enbodi ments of the present disclosure
provi de syetheds andwpparatisesiion selppingdieREIMESrs thal inereasesterRge capacity
paraneters that increase storage capacity of the cell matrix 108

whi | e nai efithérpeligmatex 1Pewhisheakiaitiag deried operaing shagacteristics.

[0022] Figure 2 illustrates a'calculation system 200 that may be used to select
parameters of the NVM device 100 in accor;jance with some embodiments. The
calculation system 200 may include four calculation modules: a non-parity calculation
module 204, an actual bit per ce]l:f(f\l?C) calculation module 208, a parity calculation
module 212, and a nominal bit perfcéll (b/c) calculation module 216, coupled to each
other at least as shown.

[0023] Each of these calculation modules may receive respective inputs that are
related to a selected combination of parameters of the NVM device 100. In response,

gach of these calculétion modules may provide a respective output that may be used as
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[0022] Figure 2 illustrates &cal cul ation system 200 that may be used
to select paranmeters of the NVM device | oo in accordance with sone
enbodi nents. The cal cul ati on system 200 may i ncl ude four cal cul ation
nodul es: a non-parity cal cul ati on nodul e 204, an actual bit per

cell (ABC) cal cul ation nodule 208, a parity cal culation nodule 212,
and a nomnal bit percell (b/c) calculation nodule 216, coupled to
each other at |east as shown. [0023] Each of these cal cul ati on nodul es
may receive respective inputs that are related to a sel ected

conbi nati on of paraneters of the NVM device 100. In response, each of
t hese calzditeat armorimditekeisasisfpr priantingle dasiredspatdinatien ofpauemetetseat§ theay be
used as a direct and/or indirect basis for selecting a desired

conbi nat i vV ekvipat @eTler salafativhe piviied by theee ¢doulatitinenedllasuhay dasagnt
provi ded by these cal cul ati on nodul es may account for the functional

i nt er depefprpsdmctibnd Interdepandemscep tenerieusparahetenet THeom@EBCARBRyMay
facilitate operational conparisons of the various conbinations of

par amet erfacittatewipetatibeal despaiidead obthe varioUs@oaw|rations &f paramai¢radewill be

fl owcharts describing cal cul ati on operations of the various nodul es
of Fi gur edddciiredabetrar.dance wit h some enbodi ments. Figure 4 illustrates
a table 400 providing seven different conbinations of paraneters, and
cal cul at ef3024]l ues Figureshinbludénflavcbertsidescebing caicelins apatadaNNEibes .
[0025] Referring first to conbination A, the b/c cal cul ati on nodul e
216 may rereuymodass phfigues 2 i asedrdarpeavitiapmsrembastiyaenis. nbigyea 4 of
distributions of 4. A cell quantumrefers to a nunber of cells that
are read itlosjetdsertable 48R tpravidingsaven differamheqraiinativns phraramaiges aod
distributions refers to the nunber of |ogical |evels of each cell.

G ven t hesakulaigdivalies fapednhe incagreidprae Wi soRearadoiiBeey det er ni ne t hat
the b/c value is 2. That is, each cell may represent an av ra%e of
two bits. [00@826] ReReferingdirsitaepralingtiog s Heic calsidation masils %‘3 m

cal cul ati on nodul e 204 nmay receive, at block 304, a devg' ce size of
the NVM deeepive as0mputsiisecel svpeiemaf 1 @ngaynupbepphrisiibiions of e Pelbs
non-parity information bits that the NVM device 100 is | arf)abl of
storing. fwentue referste aaumbasoigells ksl @e e tP%h%l'éQieEtéaczP';@ qraafon Al as

32,678 Megabits . .
the number of distributions refers to the number of logical levels of each celi. Given

these inputs, the b/c calculation module 216 may determine that the b/c value is 2. That
is, each cell may represent an average of two bits.

[0026] Referring also to Figm‘e 3a, the non-parity calculation module 204 may
receive, at block 304, a device size Qf the NVM device 100. The device size may be
given as a number of non-parity infoirmation bits that the NVM device 100 is capable of
storing. In the combinations of tablé 400 the device size is given as 32,678 Megabits
(Mbit). At block 308, the non-parity balcuiatEon modulé 204 may receive the b/c from the
b/c calculation module 216. Given these inputs, the non-parity calculation module 204

may determine a number of non-parity cells at block 312. With combination A, the

number of non-parity cells may be 16,384 x 10°.
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(Mbit). At block 308, the non-parity cal cul ati on nodul e 204 may
receive the b/c fromthe b/c cal culation nodule 216. G ven these
inputs, the non-parity calculation nmodule 204 may determne a nunber
of' non-parity cells at block 312. Wth conbination A the nunber of
non-parity cells may be 16,384 x 106. [0027]Referring now to Figure
3c, the parity calculation nodule 212 may receive the device size of
the NVM device 100 at bl ock 316; a nunber of distributions of the
cells of the NVM device 100 at bl ock 320; an EGG schene to be used in
progranmm ng/ readi ng data to/fromthe NVM device 100 at bl ock 324; and
a b/c froootte b/ Qefaring hawitoRiguosdd, ehe2iBitacaldiadiok n8r8le 2Zengaereye
cal cul ation nodule 212 nmay use these inputs as a basis to determne a
nunber ofthpdeiite/sicebl the AiVibiavide 1082t boGO2H]; Ernusbreoidiideltiganeidhe t he
parity cal cul ati on nodul e 212 nay determ ne an EGG val ue determ ned
based on IIBERha$BOL datiec] 00 4t iblack 828amizGC sthetriesto beiged bhs provi ded
and a target device error rate (DER) for the NVM device 100.
Ref er r i ngprograpmfiagieading dafa totiwbi theNvVdhdsvicentdOzd blork At eRE R bAg from e
di stributions have the same width, e.g., 1,3 volts N), a read w ndow
of 5.5 V ieyabeatimeadodue 2tf sionka28. The paritycaieylatinn meside 212 ay esq |
This may result in a BER of around | 0-5. To achieve a DER of 10
parts perthesd inpos aépprapisde delerning ¢ nBmRer efiparitygells 9t RepkAdRat i on nodul e
212 may determine a 6 bit EGG value may be used. The EGG val ue ma
refer to [A0@8humbeln somemdntwdirhents, dheeparipeditutation nmuwgz%we@t%aw&%r
EGG bl ock, which may be, e.g., 512 non-parity information b_gt,es,
[ 0029] W t hin EGRbiahmtdetermmaddianed BITR BEFResosatefl mith thecnustirs phdisiipuions
parity cal cul ati on nodul e 212 may determ ne that there V\%:#ed'b 78
parity i npevited aohalérget device BoE ito@ERIforshe NN deyier100. RAFEGIMZEP on
bytes. This may provide a parity overhead of approxi mately 2% and
resul t i nparpmetaw'n’momwn@iQBA)@nﬂ%Slﬁﬁlﬂﬂtﬂiﬂtélémes‘ﬁ%(bl?”t'f’?n%h@’le\}% same
enbodi nent .

width, e.g., 1.3 volts (V), a read window of 5.5 V may be used to accommodate the 4

distributions of a cell. This may result in a BER of around 10"%. To achieve a DER of 10
parts per million (ppm) given this BER, the parity calculation module 212 may determine
a 6 bit ECC value may be used. The ECC value may refer to the number of bits that are
capable of being corrected per ECC block, which may be, e.g., 512 non-parity
information. bytes.

[0029] With combination A us;‘.ing BCH codes as the ECC scheme, the parity
calculation module 242 may determine that there would be 78 parity information bits per
ECC block of 512 non-parity information bytes. This may provide a parity overhead of

approximétely 2% and result in approximately 328 x 108 parity cells for the given

embodiment.



[ 0030] Whi | e certain values may be described as being determ ned by
certain nodules in this disclosure, in other enbodi ments, the given
nodul es ey receive the values as inputs fromother nodul es, and vice
versa. [0031] Referring nowto Figure 3b, the ABC cal cul ati on nodul e
208 may receive the size of the NVM device 100 at bl ock 336; the
nunber of non-parity cells fromthe non-parity cal cul ati on nodul e 204
at bl ock 340; and the nunber of parity cells fromthe parity

cal cul ation nodul e 212 at bl ock 344. The ABC cal cul ati on nodul e 208
may then use these inputs as a basis for determ ning an ABC at bl ock
348 by t Heo3ajl | owi \iuhilecsputain vafues [nx§32] JsBEibed (@sibeggaletarmied dy icedgin /
(non-parity cells + parity cells)Equation 1. [0033] Thus, the

denom natmoduds ifthimtiiscosure rie pthes embsdimbis t the giveu modnles fnay ebdeivetthet
are needed to store both the non-parity information bits and the
parity i nfauesasiimutdirdrs otfeatmodules,godeicatvesat o neet t he target DER
The nunerator represents the size of the NVM device 100, e.g., the
nunber of [0A311- par i Refeiring opwde Figuré b she ABE catcuiatiorcmpde @08 May reneiveg.
In conbination A, the determ ned ABC nay be approximtely 1.96.

[ 0034] ThethdB2e valhadd/M devicoh® aididcl386:8he n@nhenof pen-tetty calisedn the a
simlar manner. The main variables that maY be adjusted am)n? t he

di f f er ent narerdityneeidutstion arasiuterP4ist block A40; @ad the numbes of parjuesis frrmahel

t he nunber of distributions) and the ECC schene. Providing different
val ues f oparithes@ilatigh mogale 243 at Hlogh 44 ohsah BR galewatianagogule Alf MBRCEeRay
facilitate a determ nation of a desired NVM design that wll

acconpl i stsedbssegnpédpe o tbagie forsieteamigingean A st egni4s hydoiflewng

conbi nation B, the nunmber of distributions is increased to 8 and the
cel | quanequationmains at 1 to provide a b/c of 3. In this scenario,

t he BER becones 0. 02 ) _ .
[0032] ABC = (bits of the device) / (non-parity cells + parity cells)  Equation 1.

[0033] Thus, the denominator of Equation 1 répresents the true number of cells
that are needed to store both the non-parity infomﬁatidn i;iits and the parity information
bits that are generated to meet the tafget DER. The nuﬁaérator represents the size of
the NVM device 100, e.g., the numjbe_;; of non—parity ir&cnirimétion bits that it is capable of
storing. In combination A, the detc-;rm:ined ABC ma'y,b{ie‘: épproximately 1.88.

[0034] The ABC values for éorﬁbinations B- G may be determined in a similar
manner. The main variables that may be adjusted arfn;o_%ng'the different combinations
are the b/c (including the cell quanfum and the num_bérggf distributions) and the ECC
scheme. Providing different values for these main Varigples and comparing the
resulting ABCs may facilitate a determination of a des‘ir:éd NVM design that will
accomplish deéign objectives of a given embodiment. .

[0035] In combination B, the number of distributio;ns is increased to 8 and the celi

guantum remains at 1 to provide a b/c of 3. In this sc;e:;'i:ario, the BER becomes 0.02
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and a 164 bit ECC val ue may be needed to achi eve the sanme DER of 10
ppm This would result in 2028 parity information bits per FCC bl ock,
whi ch corresponds to a 49% parity overhead. The cal cul ati on system
200 may then determine that the ABC of this scenario is 2.01, which
is only slightly larger than the 1.96 ABC of conbination A Thus, the
purported gains by noving from2-b/c to 3 b/c are alnost entirely
erased by the extra parity information bits needed to achieve the 10
ppmtarget DER [0036]1n conbination D the nunber of distributions
may be 7 and the cell quantummay be 1 resulting in a 2.67 b/c. In
this scenmadiaois4ait BT balte FAE bealeadediayachievaribedethetd=Rehl Grrm.t Fias 10
ppmtarget DER This results in a 31% parity overhead and an ABC of
2.03. So,woul feeult ine20as phritwlinfhirtatiopbits s IEC Gobloglo mbicharmesronds & 3 438
than conbination B, the actual bits per cell is greater. [00374A_
simlar efstigodveriepd b&hs ealoulaitersysienms2ienayhiher delsmiae thah the ABG otthies
conbi nation, the cal culation system 200 may determ ne that an ABC of
2.15 may doenarivtis 2\ dwhish fsgpriy Sighiliclargghihen threes 86 ABCraf gambination A. Thus,
distributions and a cell quantum of 1. g0038] In this manner, the use
of the ABBe porpbded gains by miewing fpmtd/ble bt &/case aleost eirely RSPy Bs
par anmet er conbi nations may provide a true cost nmetric_by which these
conbi nat i etra paxty iferncatiop drte deededda ofhievesbad0 PRHIHIOREAER, as al | uded
to above, the ECC schenme may al so be adjusted to provide further
ef fi ci encloess] For lexampinafiomhi the "meéet‘tfjﬁtﬁtrfpé‘f'?%aw?e Banpieffll F al |
rely on BCH codes, additional gains nay be realized b %e f a.
concat enagenttwothay d¢ Ttrasuliiatn ach@hk/c. dREREPed 1@%8%/1‘:!@ r?’é‘i))"e%a,yu%eed
to construct |ong, powerful ECCs from short conpopent codes g g
Conbi nat i peesleCio &hieviedhes! dspMAargBHIER € HAIE &FULS I hy! 4 PREBHEVRIPERT &
trellis code nodulation (TCM as _an inner code and,_ ed Sol.onon (RS)
o iespanat ks

as an out an AB6d¥ 2.08n Set while BABGRTNRERtsPer 68 > ¥8li ng
schenes may be used. . )

combination B, the actual bits per cell is greater.

[0037] A similar effect may be seen when considering combination F. Inthis

combination, the calculation system 200 may determine that an ABC of 2.15 may be
achieved using 2.5 b/c, which results from 6 distribution_s and a celi quantum of 1. |
[0038] In this manner, the use of the ABC to;féctor‘in the parity costs associated
with various parameter combinations may provide a true cost metric by which these
combinations may be compared.

[0039] In some embodiments, as alluded to above, the ECC scheme may also be
adjusted to provide further efficiencies. For exampile, while the combinations A, B, D,
and F all rely on BCH codes, additional gains may be re'alized by use of a concatenated
code as the ECC scheme. Concatenated coding may be used to construct long,
powerful ECCs from short component codes. Conjbingti:ons C,E,andGusea

concatenated coding scheme with a trellis code modulation (TCM) as an inner code and
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[0040] Figure 5 illustrates the NVM device 160 in further detail in

accordance with an enbodi nent in which the ECC schene is a

concat enated codi ng schene. The NVM devi ce 100, and the progranmer

104, in particular, may forma concatenated code by using two

encoders: an outer encoder 504 that uses a non-binary code and an

i nner encoder 508 that uses a binary code. The programmer 104 nmay

al so include an interl eaver 512 between the two éncoders.

[ 0041] Operation of the programrer 104 may be briefly described in

accordance with an enbodinent with reference to the flowhart of

. Fi gure 6eaRechtSdidromk(RE)4s antwatas codg. dmether emhodiapniseetbereoncaipiatediat a
froma digital source 516, e.g., a host device. The outer encoder 504

may generatimgachouesenaybeesskquence based at | east in part on the

i nput data at bl ock 608. At block 612, the .inner encoder 508 may

gener at e [@dd40Inner Kigake Sidepiatasdhd Mybdeyice|188 it furtherpigtall ip ACeEan6at er

code sequence generated by the outer encoder 504. In sone

enbodi nenvith aregmbadiEenfun whish thenE ¢ Gselrresiis @rconeatgnated codingsanegerNg 12

may interleave the outer code sequence and the inner encoder 508 nmay

gener at e MYl derine10Q.cnd thepgercungiddddn gerticeas mayforphg Fonsatangied code

interl eaved outer code sequence. [0042] The inner code sequence,  which

may be refeusimgtwoenaedersngiveldar enseder 504 gt yaeea 5?”‘%?%993? aoe B BVR-

parity and non-parity information bits. These parity and non-parity

i nf or mat i encodetaBrteat UskeA binerwwadet dhe PEIFER MY SHERNRIPR ‘68’#‘8@ cells,

respectively, of the cell matrix 108 at bl ock 616. [0043] The reader

112 may i ntsrgaer §h2 pefween hedW@a@nco®ss. a de-interl eaver 524, and an

outer decoder 528 to operate in a conpl enentar

conponent B041] t he Ppigiemefehe RATampR QA k{?fe/rleﬂgg‘?%ga%&”tf’gg‘“ﬂﬁvebe

P Llee]]: : ﬁv\gﬁgﬁgé gggﬁigggé\gi%%?e?gfce% ;thhe f%r\}vcﬁsﬁ_) gfdl'-ligl?r%tﬁa\.mﬁ'ft %mrcﬁ%ﬁﬁ(?ﬁec e to
programmer 104 may receive input data from a digi'ga[ source 516, e.g., a.host :device.
The outer encoder 5§04 may generate an outer codé sequence based atleast m part on
the input data at biock 608. At block 6_12, the innefr;- encoder 508 may'generate-é ;an in:n_e'r:
code sequence based at least in pafl_ft';_on the outer code sequence generated by the |
outer encoder 504. In some embodzim:'ents, asin F,'i_giu;:e 5, an interleaver, e.g.,
interleaver 512 may interleave the q.u_ter code squi_e:rici;é‘and the inner encoder 508 may
generate the inner code seguence =t;mlised at least mpart on the interleaved outer code
sequence.
[0042] The inner code sequence, which may\_i;'e referred to as "encoded data” in
Figure 5, may include both parity and non-parity ihformation bits. These parity and
non-parity information bits may then be written to parity and non-parity cells,

respectively, of the cell matrix 108 at block 616.
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[ 0044] At bl ock 624, the reader 112 nmay receive the inner code
sequence, e.d., the encoded data or concatenated code sequence, from
the cell matrix 108. This may be done by reading the parity
information bits fromthe parity cells and reading the non-parity
information bits fromthe non-parity cells. At block 628, the inner
decoder 520 of the reader 112 may decode the inner code sequence to
provi de an outer code sequence. This nmay be provided to the outer
decoder 528. I n sone enbodi nents, the outer code sequence nay be
de-interl eaved by de-interleaver 524 prior to being provided to the

ou e ey, 25 T0E N h 55 R AR B 1S,
[0045] ThedeeidRel? salle Dted f rorfhPreuhdut e s esmenper
genr at ed F PRAHEST (R SRS nEr MR sge Y 12 H4E ok ety GRERERnCe  hat
ai gor | ¢ nifeeR egh (A ERARE S et R B Rbbe G480 O
decoder SBB4E'tn I BigeEa% NERERER A KK heRRR 60 Salonte 2.

the i ner e reoued SRR ol SRR B P TRl R 8 TP e
casenco,  Praste 3pHiR B art hBrdtBagl ol b ette shE R o
0TS B S e b arah Sdepge gt
is achi evﬁg 'rg\%'Jﬁhgﬁ@%{]%ﬁgtﬁ@mﬁ&%oﬁ%ﬁq@ncm srovidy BRelL®r asR

transmtte no additional parity check cells are

needed. Then.fhe il gLy Bﬁg idBY tPE LS d8hdRr B, tIRkomBRRRLIMPRS PRES
very effective in "crunching” all the remaining errors. The

ef fective | iRleAbARE bidelnte @SB LSEEDToR tdhety € 7.
[ 0047] Fi gﬁ?gé?@?)séegﬁé‘ﬁgﬁmﬂ%o&?ﬁ%m ng e?ﬂror pr obabi | i tri es o?#qi 512

byte ECC hl,ogkd idtn86GERF deddeer 594, h THheater btde MB2Y May codaiiid Quérajode
graph 700 charts signal-to-noise ratios (SNRs) to word error rates

(VERs) f Ofe@kﬂ%ﬁxmd&iﬁﬁmid&& RGPk 8 NThS RBeRa Mag thealdsamnshitied BNRs
may be related to the nunber of distributions and the distribution

wi dt hs of 5{ghRalG@IK 53208 gL, iR 1t bevigt ri x 108, while the WERs may be
directly proportional fo the BERs. [0048] The vertical dashed line 704

represent foasf i 1 st TR\ nchizfaiéachbdiegusatha iesemboeméfBnaeprhisvemigh a
second SNR and the horizontal dashed line 712 is an error rate of

the ECC blagkiity VithPedRag Badpkaty. atkiimer sgdescqacyetgedERtaf fratd thepmer
Lines 716, 720, 724, 728, 732, 736, and 740 respectively correspond
to ECC vaby@uied$0B May Balho®GCh sequence that is decoded by the inner decoder 520
with fa soft-decision decoding algorithm, e.g., a Viterbi aigorithm. The outer code
sequence may be longer than the inner code sequence and may be decoded by the
outer decoder 528 with an algebraic decoding method, e.g., an RS code.
[0046] The effectiveness of this combination .comes from the fact that the inner

soft code makes the coding channel, e.g., the programming and reading of values

stored in the cell matrix 108, less noisy. In essence, the inner code, e.g., the TCM
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40 b, 24 b, 12 b, and 0 b. [0049] G ven the SNR of the vertical dashed
line 704, which may correspond to an enbodi nent having 8
distributions for a cell, an ECC value of 164 b (represented by |ine
716) may be used to achieve the target DER Thus, an enbodi ment using
a standard BCH code woul d need an ECC val ue of 164 b as di scussed
above with respect to conbination B. [0050] However, when using
convol utional codes, an inner code, e.g., a TCM code, nmay provide an
SNR gai n of approximately 2 dB on the codi ng channel. Thus, the outer
code effectively acts on a coding channel with an SNR relating to the

¥EIL' ‘éﬁ's SRR e R S ToRo SRARRE L B 5! KUl potl BRI LhAS W
66 1

e oot AT et S5 B Rp Bluity Cigte 24 p"e%&%%%bg*?%dﬁﬁ@o@ﬁ%aé“?%ﬁa
and a CO”V%H{,PgeQéJu 99@%%&9% mbbts B8 A RRT ¢ 6MESwEdS &

channel |ne resents a channel conditions seen

by a BCH ¢ dﬂ%ngfptaﬁ{y AR &eﬁi e(aredc? 1P LRI B RS rkirfSortAPetke

seen, the Vol rona Is assoclated wth | ower BERs

over the éq%ﬂﬂab%é MeRYe [e%éﬁlga‘?fc‘?ﬁrfohfﬁ ” é‘%é?erﬁé?nlh@@rrééb|'{ﬁe4oo of

Fi gure 4, DI nat | t use co voI utional codes as an ECC

schene, afﬁactlveﬂggg)hgffeaé Wﬁ‘g%ﬁ"%‘“mt*ﬁgf&%ﬁ% Rigdfepci ated with ABC

val ues t hal care grea t he ABC val ues associ at ed

wi th the @B@I nat ' ﬁretih%ta QQ#!’YTW&]O% &Fb@?ﬁabﬁ&ﬁh@df al A3 pylehrT 2. 2.

[0053]In rrents, eferring again to Figure 2, the system
200 may block in accordance with some embodiments. In particular, graph 700 charts signai-to-

noise rati_os_ (SNRs) to word error rates (WERs) for signals of varying ECC cading
schemes and values. The SNRs may be related to the number of distributions and the
distribution widths of the cells of the cell matrix 108, while the WERs may be directly
proportional fo the BERs.

[0048] The vertical dashed line 704 represents a first SNR; the vertical dashed
line 708 represents a second SNR; and the horizontal dashed line 712 is an error rate of
the ECC block to be reached for achieving a target DER of 10 ppm. Lines 716, 720,
724, 728, 732, 736, and 740 respectively correspond to ECC values 164 b, 80 b, 66 b,
40b,24 Db, 12b,and O b.

[0049] Given the SNR of the vertical dashed line 704, which may correspond to
an embodiment having 8 distributions for a cell, an ECC value of 164 b (represented by
line 716) may be used to achieve the target DER. Thus, an embodiment using a
standard BCH code would need an ECC value of 164 b as discussed above with

respect to combination B.
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i nclude a selector 220 that receives paraneter conbinations and
associ ated ABC val ues and sel ects, based on the ABC val ues, desired
paraneters. It may be that the main variables of the paraneter
conbi nati ons may be ECC schenes and nominal bits per cell. Thus,
t hese paraneters and/or the underlying paraneters that have an effect
on these paraneters (e.g., # of distributions and cell quantum may
be the selected paraneters of these enbodi nents. [0054] Figure 8
illustrates a host device 800 that nay host the NVM device 100 in
accordance with sone enbodi nents. The host device 800 may incl ude one
or nore [POS0IESSOrHowddr, whipa ueiny comiiutibnd! egdes, 808ineocqslecd.gt,@ M| east
one of the processor(s) 804; system nenory 812 coupled to the system
control |&gecm8pfovidben/SWR gen btappi®dmately|@l ditjon thetdeding ghermel. cinsr ol
| ogi ¢ 808; and one or nore comruni cation interface(s) 820 coupled to
t he syst efie oot tale dfiegiively808s o 60abhdbysneehvdtra INR relgling ts @ vegicabne
enbodi nent may include any suitable interface controllers to provide
for any sddshadlire 708 dpposed o théeericaipashedfine WP4.nThis BYR [revides the
coupl ed. [0056] System nenory 812 nmay be used to | oad and/or store
dat a/ i nst sutetdeaodsr 528 witaxiznfExilitf ofrusingdheeB b cdds (rerresded iBylinedi?d).
menory 812 may i nclude any suitable volatile nenory, such .as, but not
limted tpp5Hui t ablisesdfddaanidd 48aesheniivelycthow hewntbe Ryes pIEHA fohe
NVM devi ce 100 nmay al so be used to | oad and/or store

an uncoded signal and a convolutionally coded signal. Line 744 represents a real

channel condition and line 748 represents a channel conditions seen by a BCH code
after application of convolutional codes. As can be seen, the convolutionally coded
signal is associated with lower BERs over the range of SNRs.

[0052] Referring again to the table 400 of Figure 4, the combinations that use
convolutional codes as an ECC scheme, e.g., combinations C, E, and G, all are
associated with ABC values that are greater than 2i2’ while the ABC values associated _
with the combinations that only use BCH codes afe: all less than 2.2.

[0053] In some embodiments, referring agai_l;)' tq' FiQUre 2, the system 200 may
include a selector 220 that receives parameter co’rf%binatigjns and associated ABC
values and selects, based on the ABC values, desizred pafameters. It may be th‘ét the
main variables of the parameter ccjmbinatfons may;be ECC schemes and nominal bits
per cell. Thus, these parameters and/or the underlying parameters that have an effect
on these parameters (e.g., # of distributions and cell quantum) may be the selected
parameters of these embodiments.

[0054] Figure 8 illustrates a host device 800 that may host the NVM device 100

in accordance with some embodiments. The host device 800 may include one or more
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data/instructions, for exanple, for the host device 800. The NVM
device 100 may include any suitable nonvol atile nmenory, such as, but
not limted to, NOR flash nenory, NAND flash nenory, phase change
menory, etc. [0058]1n sone enbodi nents, |ogic nmay include
instructions 824 that when executed by the processor(s) 804 result in
t he host device 800 and/or the NVM device 100 perform ng at | east
sone of the programm ng, reading, and/or cal cul ati ng operations
descri bed herein. The instructions may be | ocated in the NVM devi ce
100 and/or the system nenory 812. In some enbodi nents, the

: ( e . .
s one 20 e gLl o B SRR, o
ond not +Td B o P Ecseled To R e P o BB RG89
itself. h mbodi . th devi . i :
L B s
. ce 0 communi cate over one
gr nor e n%RWRédi%ﬁ‘P&NSRﬁmﬁ?“gﬂ@°%? ﬁ@r sui tabl e device. Conmmuni cati on
el AR RS A
g d . i rel
odem - antieBRos CoptioRs SaL PinkgR it 428 ORI LR e fboneliel A RATE

comuni cation interface(s) 820 for one enbodi nent may use one or nore
ant ennas. '°[986%Y-. For one enbodi nent, at |east one of the processor(s)

804 b K her wi ; .
o syot enfWOBRL ro - Puira et Eif el B8 e S B e o BaGATRhARY ©
processor ?T’?ﬁéf!g&‘ég’ﬁ'?‘ﬁgf‘?’%&%%@%% eR&n ﬁgfﬂagﬂ%ﬂdg%rny%ﬁzﬁblé ogi ¢

for one of° systemcontrol lTogic 808 to form a

. k H i
of “the. pr SURLE BT sbeh A b RE 5 bRl o FhnleaRNor el ERPRE

of the pr e sane die with logic
for one OrDﬁng controllers of systemcontrol |ogic 808. For one
enbodinen{, ‘I east one processor of the processor(s) 804 may be

syst om collBEl 1 aghe Byl Fetiec e Bl ed B o o R SO b2 i

various enbodi RAESys, kP ExdME, HEME FBs2RMAcEBY0. eneNdRIdelRB 100 ragPt Op
include any suitable nonvolatile memory, such as, but not fimited to, NOR flash memory,
NAND flash memory, phase change memory, efc.
[0058] In some embodiments, logic may include instructions 824 that when
executed by the processor(s) 804 result in the host device 800 and/or the NVM device
100 performing at least some of the programmihg, refading, and/or calculating
operations described herein. The instructions may be located in the NVM device 100
and/or the system memory 812, In some embodiments, the instructions 824 may
additionally/alternatively be located in the system controf logic 808.

[0059] In some embodiments, the host device 800 may be used to implement the

modules of calculation system 200 and nof the prog(amminglreading operations of the
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conputer, a server, a set-top box, a digital recorder, a gane
consol e, a personal digital assistant, a nobile phone, a digital
nmedi a player, a digital camera, etc. The host device 800 nay have
nore or | ess conponents and/or different architectures.

[ 0063] Al t hough certain enbodi nents have been illustrated and

descri bed herein for purposes of description of the preferred

enbodi nent, it will be appreciated by those of ordinary skill in the
art that a wde variety of alternate and/or equival ent enbodi nents or
i npl enentations cal cul ated to achieve the sane purposes may be

substituted for the e i ments shqwn an r,bed, wi t hout. .departing
from t he NEWg&YiI6s 19%&%?355%”@%83%&818% PﬁY'?%T%ﬁ%P@" bfevi ces
of the present disclosure be enpl oyed i n host devices having

ot her ar dﬂ‘?“ﬂ‘?@t“ﬁl?@g’!‘” VECHB i cation is intended to cover any

d [ pati of .th i dj h in.
%ZEE?%L 05 Xagﬁa%%r:p@@%t@ni'%?riaféﬂs’ﬁ%?h&"@%ﬁ%@&%‘fﬁéﬁ@?%eﬁé@%@roatanCe

ith t i be |linted ly b ' .
Squi val erfl&RERaP st BFHE o ARt Rtk i vt A B B S,
Gener at i riF i LA GG BrEPEHeLoa ey BERuk ey ripRsE e ane

der . q ) : .

ot e e e A rog e Sl A enaenaCebrEARL nBRat M "0 ng
The. out er SEBHE SOGHBE B Hoa HAEr HaAEan R sblep i mbdbrt el
Do Bty G QB RRE, G aAMOR HE ekl 598 for
parity inf ogﬁ%&&%&é otn% O’gﬂ}&p‘; Ldeiirality of parity cells of a

nonvol at i P8 I Ce; Wwriting the second plurality of

219 n; Egr hgmgﬁ;g Ir rg[gér;g)ﬁs%ﬁb%gﬁr?eggaft RUAEL dheRdr WeBdrbddbsHs) BORnRgHet v cel | S.
packagjed together with logic for one or more controllers of system control logic 808.
For one embodiment, at least one processor of the processor(s) 804 may be packaged
togethér with logic for one or more controllers of system control logic 808 to form a
System in Package (SiP). For cne embodiment, at least one processor of the
processor(s) 804 may be integrated on the same die with logic for one or more
controllers of system control logic 808. For one embodiment, at least one processor of
the processor(s) 804 may be integrated on the same die with logic for one or more
contro.llers of system control logic 808 to form a System on Chip (SoC).

[0062] In various embodiments, the host device 800 may be a deskiop or laptop
computer, a server, a set-top box, a digital recorder, a game console, a personal digital

assistant, a mobile phone, a digital media player, a digital camera, etc. The host device

800 may have more or less components and/or different architectures.
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2. The nethod of claim11, further conprising: using a non-binary code
in said generating of the outer code sequence; and using a binary
code in said generating of the inner code sequence. 3. The nethod of
claim2, wherein the non-binary code is a Reed Sol onon code and the
binary code is a trellis code nodul ati on code. 4. The method of

claim1l1, further conprising: _ witing a nom nal nunber of bits
per cell of greater than two for the third plurality of parity cells
and the fourth plurality of non-parity cells; and usi ng

fifteen percent or less of a total nunber of cells of the nonvolatile
menory de[lgbs:g as pathbligh eelairsembdiimdtieharet feed ilubtratbdiand desorhed kéraint he
nonvol atil e nenory device is capable of storing a first nunber of
- non-pari tigr hurperesw Heseriplidnsof siedprefeeredl embbdiment) @wiltihesapfecidigd By Hwae of
a second nunber of parity cells of the nonvolatile nmenory device and
a third remsegrarpbkinprtheartitay acedd wriefy df atemate\antiar etigvalertempodimentse
is greater than 2.2. 6. The nethod of claimb5, wherein each of the
second nushigpleafenipdsnd salaiHtdédtoantievd thetsameduraste mag e sybstiieed foy the
cells includes eight or nore distributions. 7. A method for
provi di Ngerhgitherlatiiovexancdrsedbedratinoat departiop fom the gesnsrof titeurpesnt
conpri si ng: reading a first plurality of parity information
bits fromyigcissennsimihiy, alantoyy dévigesraf the predeinbdisglosure gay Sp&MpleyefBhor y
devi ce; ‘ reading a third plurality of non-parity information
bits fronmgst Beticdsthaping oétiar mychitéctures- Pais ppglicaléan i Inggndef o pRySUBMat i | e
menory device, the first plurality of parity information bits and the
third pl uaddptdtpnebr veniatigerdafthe ¢misasiments diacussed herginy dYBEIRIPNESt 0 an
i nner code sequence,; ) .

manifestly intended that embodiments in accordance with the present disclosure be

limited only by the claims and the equivalents thereof,
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decoding, with a concatenated codi ng schene including an inner
decoder, the inner code sequence to provide an outer code sequence;

and decodi ng, with the concatenated codi ng schene including an
outer decoder, the outer code sequence to provide input data. 8. The
met hod of claim7, further conprising: dei nterl eaving the

outer code sequence prior to said decodlng of the outer code
sequence. 9. The nethod of cl ai m 7C13imst her conprising: using a
bi nary code in said decodlng of the inner code sequence and using a

non- bi nary co cod of the o en. code
ool a il e mensrgnGEhr sEREG T aA g & BoReie FBroRs AT TiRgiHEor y
cells; and receiviagpmpogdataer coupled to the matri x of nonvolatile

memory cells, %é}k%ra% AN ongaqgﬁalte%uéo%g-l%&aéﬁg %;ﬁﬁ?d@é' Hﬁ%u ?%ﬁco%@f ah©

gener ate a contatena ed code seqgquence rt on
i nput datwater corde ssaursae bmﬂeﬂleeﬁdep@téqmémepum@taudl ng a f| rst

plurality of p@é’n’eﬁaﬁn%%@ﬁ ARtOAM ot AR RERONEIRIHE A ihhef eRboder, an
non-parity informti bits, the programyer further configured to

write thdier cede prauenge hasedyat bastuwa OGS £O8F FRAUCHCE, thhinpgr code

pl ural i t yeqeninchitinped ﬁﬁst pigalit) oMpatie enBE60BHs BhdIb 3bddnyd Wfrality of

non-parity informtio s to a fourth plurality of non-parity
cel I's. nﬁﬁﬂg”ngﬁW8€ ﬁe nenory device of claim 10, wherein the

progranner conwnhsgﬁx:ﬁmtphummmobpmey1mmnmdeminmn6mghné@htdﬂyeéemMQ
t he |npu% ﬂ?% ]ﬂﬂgo%ﬁggﬁaﬁ6§&§V%g‘Rﬁter code sequence based at | east

in part on
wntmg the second plurality of non-parity information bits to a fourth plurality

of non-parity cells of the nonvolatile memory device.

2, The method of claim 1, further comprising:
using a non-binary code in said generating of the outer code sequence; and

using a binary code in said generating of the inner code sequence.

3. The method of claim 2, wherein the non-binary code is a Reed Solomon code
and the binary code is a trellis code modulation code.

4. The method of claim 1, further comprising:

writing a nominal number of bits per cell of greater than two for the third
plurality of parity cells and the fourth plurality of non-parity cells; and

using fifteen percent or less of a total number of cells of the nonvolatile

memory device as parity cells.

5. The method of claim 1, wherein the nonvolatile memory device is capable of
storing a first number of non-parity information bits and the first number divided by a
sum of a second number of parity cells of the nonvolatile memory device and a third

number of non-parity cells of the nonvolatile memory device is greater than 2.2.

6. The method of claim 5, wherein each of the second number of parity cells and

the third number of non-parity cells includes eight or more distributions.
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an i nner encoder configured to generate the concatenated code
sequence based at least in part on the outer code sequence. 12. The
nonvol atil e nenory device of claim1ll, wherein the outer encoder is
further configured to use a non-binary code to generate the outer
code sequence, and the inner encoder is further configured to use a
bi nary code to genera%g t he i nner code sequence. 13. The nonvolatile
menory dévi ce dfmehed for peeviding imu dela gpiracdsdygom a nonvolagjle megary device
decoder ecembpiighged to decode the concatenated code sequence to

rovi de an outer,code.s ence; .and, . an .out er decode .
conf i gur od to WRUBEE TRb BBELEY Of GHES BHormAtEn B U0 e O RS IR of
data. lsarifitrellnofwndvbidtide memorydade, ce of claim 10, wherein the

nonvolatile Mepgy. dehke Srukadie?Be M-S 1RO SR ik from a fourth plurality of

non-parity cells of the nonvolatile memory device, the first plurality of parity
information bits and the third plurality of non-parity information bits corresponding to
an inner code sequence;

decoding, with a concatenated coding scheme including an inner decoder, the
inner code sequence to provide an outer code sequence; and

decoding, with the concatenated coding scheme including an outer decoder, the
outer code sequence to provide input data.

8. The method of claim 7, further comprising:

deinterleaving the outer code sequence prior to said decoding of the outer code
sequence.
9. The method of claim 7, further comprising:

using a binary code in said decoding of the inner code sequence; and

using a non-binary code in said decoding of the outer code sequence.

10. A nonvolatile memory device comprising:

a matrix of nonvolatile memory cells; and

a programmer coupled to the matrix of nonvolatile memory cells, the
programmer configured to receive input data and to generate a concatenated code
sequence based at least in part on the input data, the concatenated code sequence
including a first plurality of parity information bits and a second plurality of non-parity
information bits, the programmer further configured to write the first plurality of parity
information bits to a third plurality of parity cells and to write the second plurality of

non-parity information bits to a fourth plurality of non-parity cells.

11. The nonvolatile memory device of claim 10, wherein the programmer
COmIprises:
an outer encoder configured to receive the input data and to generate an outer

code sequence based at least in part on the input data; and
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an inner encoder configured to generate the concatenated code sequence based

at least in part on the outer code sequence.

12. The nonvolatile memory device of claim 11, wherein the outer encoder is
further configured to use a non-binary code to generate the outer code sequence, and the
inner encoder is further configured to use a binary code to generate the inner code

sequence.

13. The nonvolatile memory device of claim 10, further comprising;

an inner decoder configured to decode the concatenated code sequence to
provide an outer code sequence; and

an outer decoder configured to decode the outer code sequence to provide the

input data.

14. The nonvolatile memory device of claim 10, wherein the nonvolatile memory

device is an integrated circuit.
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