ERROR CORRECTI NG CODES FOR | NCREASED STORAGE CAPACI TY
N MJULTILEVEL MEMORY DEVI CES Field [0001] Enbodi nments
of the present disclosure relate to the field of
menory, and nore particularly, to error correcting
codes for increased storage capacity in nmultilevel
menory devi ces. Background [0002] In the usual

wor kf.l-ow for the devel opnent of a nonvolatile nmenory
(NVM device such as a flash device, error correcting
codes (ECCs) are designed after fixi ng key paraneters
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are perfornmed. Brief Description of the Draw ngs [0003]

Enbodi nents will be readi IBiednder stood by the foll ow ng
detailed description in conjunction with the
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nd not by way of limtation in the figures of
me orﬁﬁ onpanyl ng draw ngs. [0004] Figure 1 illustrates
e 8nvo atile nmenory device in accordance with an

enbodi ment. [0005] Figu strates a cal cul ation
systemin accordance w Fﬁcg%ﬂoulgﬁbodl ment. -2

[0002] In the usual workflow for the development of a nonvolatile 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, etc.). At most, some rough estimate of ECC impact on latency times and logic area
a‘re performed.

Brief Description of the Drawings
[0003] Embodimehts 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 illustrated 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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[0006] Figure 3 is a nunber of flowcharts illustrating
various calculation operations in accordance with an
enbodi ment. [0007] Figure 4 illustrates a table of
conmbi nations of paraneters in accordance wth an

enbodi ment. [0008] Figure 5 illustrates the nonvolatile
menory device in accordance with an enbodi ment. [0009]
Figure 6 is two flowcharts illustrating an encodi ng

operation and a decoding operation in accordance wth
an enbodi nent. [0010] Figure 7 is a chart graphing
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decoding operation in accordance with an embodiment.
[0010] 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 illustration embodiments in which the
disclosure may be practiced. It is to be understood that other embodiments may be
utilized 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.
[0013] Various operations may be described as multiple discrete operations in

turn, in a manner that may be helpful in understanding embodiments of the present
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inalimting sense, and the scope of enbodinents in
accordance with the present disclosure is defined by

t he appended clains acid their equivalents. [0013]

Vari ous operations nmay be described as nultiple

di screte operations in turn, in a manner that may be
hel pful in understandi ng enbodi nents of the present -2
di scl osure; however, the order of description should
not be construed to inply that these operations are
order dependent. [0014] For the purposes of the present
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[0016] The description may use the phrases "in an
providebthdidescribet aperations. Mitileciomenefdhesampdilesrand sawnopesite may
to one or nore of the same or different enbodinents.
be showh hthroleee! df spetificityse . yc anpvidisg digcrete eleolents ing set
"having," and the like, as used with respect to
arraf§&raghteinks e@botinents @ag enptbysarioss medifeatorsyefony nous.
[0017] The usual workflow for devel opnent of a
elerfisHiy/atratddriente iPsidef tMvbvide 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



devi ce descri bed above may be efficient when the nunber
of parity information bits is considerably |ess than
t he nunber of non-parity information bits. However,
with the shrinking size of technol ogy nodes and
I ncreasi ng nunber of bits stored in each cell, the raw
bit error ( ) becones greater greater and,
consequently, the nunber of s reater and 9 R rate BE
parity information bits increases. In these situations
the purported gain in storage capacity fromincreasing
a nunber of bits per cell may be offset by a
capanity frespiooeiasigg a moniesxof bitsper eell mbayr ben6ffged by taycorresponding
information bits that are desired to achieve a
increagkiimbinuiriber of pargg inforhation ibits éepacd dédingdttt acliasea vilzbility
har d- deci si on ECC sol utions, e.g., Hanm ng and BCH
targSO 0B is @6 Pediaifthe Aasowten gblsd,—dei:llﬁideGErﬁcﬁutdﬂns celgs éhmming
herein provide netrics and ECC schenes that may be
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[0018] Figure 1 illustrates an NVM device 100 in
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I nclude a programrer 104 that receives input data
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like technologies may be used. In some embodiments, the multilevel memory cells (or
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, Vt, 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 Vt.
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by using one or nore sense anplifiers to read vol tage

| evel s, Vt, of the various cells and determne the
logic level, or "cell state" by conparing the voltage

| evel s to one or nore threshold values. The cells nay
have nore than two logic levels, or "cell states,”
determ ned by the one or nore sense anplifiers
conparing the Vt of a particular MLCto a plurality of
vol tage threshol ds. Thus, a logic | evel may correspond
to a discrete range of Vt. -4 [0020] After accessing
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Figure 2 illustrates a calculation system 200 that may
devize 100eActeordile @embodanente bithe poésenhdisblodliregrodde syxienna,
accordance with sone enbodi nents. The
methods, and apparatuses for seljca;cting the parameters that increase storage capacity
of the cell matrix 108 while maintejihirﬁlg desired operating characteristics.
[0022] Figure 2 illustrates a:‘calculation system 200 that may be used to select
parameters of the NVM device 100 in accordance with some embodiments. The
calculation system 200 may include four calculation modules: a non-parity calculation
module 204, an actual bit per cellf(:ABC) calculation module 208, a parity calculation
module 212, and a nominal bit per cell (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,

each of these calculétion modules may provide a respective output that may be used as
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cal cul ation system 200 may i nclude four cal cul ation
nmodul es: a non-parity calculation nodule 204, an
actual bit per cep', (ABC) calcul ati on nodul e 208, a
parity cal culation nodule 212, and a nomi nal bit per
cell (b/c) calculation nodule 216, coupled to each
other at |east as shown. [0023] Each of these

cal cul ati on nodul es nmay receive respective inputs that
are related to a selected conbi nati on of paraneters of
the NVM device 100. In response, each of these
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q dg)gg &d bel ow. [0024] F| gure 3 includes flowcharts
esq Yhg cal cul ati on operations of the { various
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of cells that are read together to extract bi
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that the b/c value is 2. That is, each cell may
quah&mﬁ asfenstto amuavker afj eelisfthatare meadstogether to extract bit information and
the number of distributions refers to the number of logical levels of each cell. 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 Figure 3a, the non-parity calculation module 204 may
receive, at block 304, a device sizé of the NVM device 100. The device size may be
given as a number of non-parity information bits that the NVM device 100 is capable of
storing. In the combinations of table 400 the device size is given as 32,678 Megabits
(Mbit). At block 308, the non-parity éalculation module 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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[0026] Referring also to Figure 3a, the non-parity

cal cul ation nodul e 204 may receive, at block 304, a
devi ce size of the NVM device 100. The devi ce size nay
be given as a nunber of non-parity information bits
that the NVM device 100 is capable of storing. In the
conbi nations of table 400 the device size is given as
32,678 Megabits (Mit). At block 308, the non-parity
cal cul ati on nodul e 204 may receive the b/c fromthe
b/ c cal cul ati on nodul e 216. G ven these inputs, the
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used. The ECC value nmay refer to the nunber of bits

paris’k%r ndllien (sEpdiven this BERNtheqarityeeai edatiparmemtds Bnaeay determine
whi ch may be, e.g., 512 non-parity

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 using BCH codes as the ECC scheme, the parity
calculation module 212 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
approximately 2% and result in approximately 328 x 108 parity cells for the given

embodiment.



information bytes. [0029] Wth conbination A using BCH
codes as the ECC schene, the parity calculation nodul e
212 may determne that there would be 78 parity ‘
information bits per ECC block of 512 non-parity
information bytes. This may provide a parity overhead
of approximately 2% and result in approximtely 328 x
106 parity cells for the given enbodinment. -7 [0030]
Wil e certain values may be descri bed as being
determined by certain nodules in this disclosure, in

[0030] her  anhiRdEdrRin Galubdmagiveaksomsiid fsbaimy deeafingd bytertain

val ues as inputs from ot her nodul es, and vice versa.
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may receive the size of the NVM device 100
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rity calculation np e 204 at bl ock 340; and the
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represents the size of the NVMdevice 100, e.g., the
equaligfber of non-parity information bits that it is

[003BE. mayABE =(pi SXiext9) £ n9BPobORHp +ARDAERIS) o) EAgaton 1.
[00:I3(ir Con%lmunsa"d:eod]esno%n;atgr gfa quba(temr(iI ?trggrrgsgrﬁg t#\entrge ﬁhnTbLP cgf cells
that are needed to store both the non-parity information bits and the parity information
bits that are generated to meet the target DER. The: numerator represents the size of
the NVM device 100, e.g., the number of non-pariiy inqumation bits that it is papable of
storing. In combination A, the determined ABC miay‘f be épproximately 1.96.

[0034] The ABC values for combinations B — G may be determined in a similar
manner. The main variables that may be adjusted among the different combinations
are the b/c (including the cell quantum and the number of distributions) and the ECC
scheme. Providing different values for these main \)afiables and comparing the
resulting ABCs may facilitate a determination of a desired NVM design that will
accomplish design objectives of a given embodiment.

[0035] In combination B, the number of distributions is increased to 8 and the cell

quantum remains at 1 to provide a b/c of 3. In this sbenario, the BER becomes 0.02
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manner. The main variables that may be adjusted anong
the different conbinations are the b/c (including the
cell quantum and the nunber of distributions) and the
ECC schene. Providing different values for these nain
variabl es and conparing the resulting ABCs may
facilitate a determ nation of a desiredNVM design that
will acconpli-sh design objectives of a given
enbodi ment. [0035] In conbination B, the number of
distributions is increased to 8 and the cell quantum
and REIBRIBRERE valuemay BY hdeded to/aehielve She $ame DER sicthpwro,This
the BER beconmes 0.02 and a 164 bit ECC val ue nay be

wourber%Q@P'i L 2BGIHBVBfdrMatiSRBEs B CE biddk PRRich Thirssponds tela 49%
result in 2028 parity information bits per ECC bl ock,

parifg@:lvgme%e? FReRARGRLIbA sgstéﬁf’/zomw thenQetsifiasithal e ABC of this
al cul'ati on system 200 may then determ ne that the ABC

sceljli)eféirogg?§®t1h§/ﬁ%f\ﬁ%5qwgsgglﬁl Cérg]@maﬁhhé . 98 BC oF t@hibindtion A. Thus,

conbi nation A. Thus, the
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system 200 may determ ne that an ABC of 2.15 may be
conznitration & thespetgalbits ner gell jrare#et-esults from 6

distributions and a cell quantumof 1., [0038] I r]:tlhi B
[003ENNer , Atsimailarsffeot may be ABEN whHen sepgdening ‘iofﬁ‘éb'ib%foi”t y Inthis
costs associated wth various paraneter combinations
confayatiphpthiechalcaulation systest 20femay deteyminei that amaBEe of 2.15 may be
achieved using 2.5 b/c, which results from 6 distributions and a cell quantum of 1.
[0038] In this manner, the use of the ABC to factor 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 example, while the combinations A, B, D,
and F all rely on BCH codes, additional gains may be realized by use of a concatenated
code as the ECC scheme. Concatenated coding may be used to construct long,

powerful ECCs from short component codes. Combinations C, E, and G use a

concatenated coding scheme with a trellis code modulation (TCM) as an inner code and
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conbi nati ons may be conpared. [0039] In sone

enbodi nents, as alluded to above, the ECC schene nay
al so be adjusted to provide further efficiencies. For
exanpl e, while the conbinations A, B, D, and F all
rely on BCH codes, additional gains may be realized by
use of a concatenated code as the ECC schene.

Concat enat ed coding may be used to construct |ong, ,
power ful ECCs from short conponent codes. Conbi nations
C, E, and G use a concatenated coding schene with a
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Reed Sol onon (RS) as an outer code. |n other

codiﬁg@eﬁ’érﬁ@é‘ﬁr‘é Hatddel. concatenated coding schemes may be
uSed. [0040? Figure 5 illustrates the NVM device 100 in
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Figure 5, an interleaver, e.g., R

The outer encoder 504 may generate an outer code sequence based at least in part on

the input data at block 608. At block 612, the inner encoder 508 may’generate; an inner
code sequence based at Ieaét in pa:rt‘ on the outer ,co‘de‘ sequence generated by the
outer encoder 504. In some emb‘ddfiments, asin Eigute 5, an interleaver, é.g.,
interleaver 512 may interleave ,théQuter code squeﬁée énd the inner ehcoder 508 may
generate the inner code sequehce“ bésed at least i‘h;*pa‘rt on the interleaved outer code
sequence. |

[0042] The inner code sequence, which may be referred to as “encoded data” in
Figure 5, may include both parity and non-parity information 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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interleaver 512 may interl eave the outer code sequence
and the inner encoder 508 may generate the inner code
sequence based at least in part on the interl eaved
outer code sequence. be referred to as "encoded data"
in [0042] The inner code sequence, which may Figure 5,
may include both parity and non-parity information
bits. These parity and parity and non-parity be
witten to cells, non-parity information bits may then
108 at bl ock 616. respectively, of the cell matrix -10
[0043] The reader 112 may include an inner decoder 520,
[0043] de- i nkherreaderct125nay inchidg aarinrRidecodR PP p dedpterigaver 524,
operate in a conplenentary nmanner to the conponents of
and eheutsr dgcedardi2810 opedteina tamplementasy meaderto1he cemporrnts of
briefly described in accordance with an enbodi nent with
the prefnemere1 04 Operafibroofthereadsi 1F2 maydestyieflyG@sajbeatin
bl ock 624, the reader 112 may receive the inner code
accaragneaneith ae embodintént with cefdemhcd 4o thedfownbadaf Eigitre$bcode
sequence, fromthe cell matrix 108. This may be done
[004ay r eaditrgodike24p e repdemf1@ may rezeivkiths irneonodenseqpentce.ye.g., |
cells and reading the non- parity information bits from
the MDJBA HaRPSH dovicehhted oBte Bbqudnce 2Bomtthe célnmetrixdid8o diis may
520 of the reader 112 may decode the inner code
be dOREWSHESIAG tHY Satitfl Mfetmalibh Blts foMiehs patitgelts ard readimythbaon-
provided to the outer decoder 528. In sonme enbodi nments,

pari gﬁflom?gtﬁﬁ %t\%gf&w% gr%ql?)ﬁlg?it?gﬁlgég ie%tgﬁodkmw treadest dacoder 520 of
the reader 112 may decode the inner code sequence to provide an outer code
sequence. This may be provided to the outer decoder 528. In some embodiments, the
outer code sequence may be de-interleaved by de-interleaver 524 prior to being
provided to the outer decoder 528. The outer decoder 528 may decode the outer code
sequence to provide input data at block 632. The input data may then be transmitted to
a digital sink 532, e.g., the host device.

[0045] The concatenated coding used in this embodiment may achieve high
reliability with reduced complexity. The inner code sequence generated from the inner
encoder 508 may be a short TCM sequence that is decoded by the inner decoder 520
with a soft-decision decoding algorithm, e.g., a Viterbi algorithm. The outer code
sequence may be longer than the inner code sequence and may be decoded by the
outer decoder 528 with an algebraié decoding method, e.g., an RS code.

[0046] The effectiveness of this combination Acomes 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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provided to the outer decoder 528. The outer decoder
528 may decode the outer code sequence to provide
i nput data at bl ock 632. The input data may then be
transmtted to a digital sink 532, e.g., the host
devi ce. [0045] The concatenated coding used in this
enbodi nent may achieve high reliability with reduced
conpl exity. The inner code sequence generated fromthe
i nner encoder 508 may be a short TCM sequence that is
decoded by the inner decoder 520 with a soft- decision
decodi ng al gorithm ,~a_Viterbi algorithm
codeyloes this b cog\ém@@n@é}yra&& D11 BiRAY %VPWH@?G' Cages with
sequence and may be de oged by the outer decoder 528
an Mviamsiamalabg@bﬂ%tioa (Mee 8@* g 2t s, a waythat gpdipg daisde achieved
[0046] The effectiveness of this conbination conmes from
withbtitindraasing Heet ratehat whiple symbels areharsnmitigd s Intoteercwendg gno
channel, e.g., the progranm ng and readi ng of val ues
addmbmlepdrltyrchebb celtd dremeedec. Td) theeiermodeyby warkingsema setter
the inner code, e.g., the TCM -1.1 code, does this by
chamErbgtomgs vedi eféactive Ht“erdﬁchinb” all mleﬂmatn'ingaelyors. The
convol utional codes with an Mary signal constellation
effebtMeneds s bp farttr axplatiediwith neferendeatd Figuifend gain is
achieved wthout increasing the rate at which synbols
[oofrje tr GFI?[II'é 1 @fa gtdphatoteshowingdsrroriprobaitlifies ioba &2 byt EGC
check cel'ls are needed. Then the outer code, by working

blocR"in Qc&ﬁ&érﬁfe w@hé’d‘rﬁ@ embbeREIES Meyarticidregiaph @00 harts signal-to-
crunching" all the remaining errors. The

f ( 73 IAZ! E0T e6wl
nms% rEE&st{”e 1§ 004%p8rFr%5€5r gﬁ?Rslf)S aﬁ%’fﬁiﬂﬁ 7or%‘nghovv| ng ®9

sch&%é? b @QQIQ@? thé isRRs%ha n%‘bé 1 atfe¥ %6 tHeGumbdras Kistributions and the

ACcordance with some embodi ments. In parti cuI ar, graph

distitliof v@@{h%sof{r%g:,raéllgto‘f’%hae@llgffatggﬁbé’swr(u@@é'? _ mg,?gedé%ggy
‘ ' SN be rel ated he number of
proé‘ang?r}’q?tqﬁﬁ%o@éﬁgnd tRﬁefTHy e related to the nu er o

[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,24b,12b,and 0 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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di stribution widths of the cells of the cell matrix
108, while the WERs may be directly proportional to
the BERs. [0048] The vertical dashed |ine 704
represents a first SNR, the vertical dashed I|ine 708
represents a second SNR; and the horizontal dashed Iine
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 val ues 164 b, 80 b, 66 b, 40b, 24b, 12b, andOb.

[00%049] I-%vs‘/&)%rtﬁﬁerﬁ%ﬂn%’&oﬁ%ﬁ;t%ﬁéﬂdo@é& #hashedccddene. g7, R4TCM

may correspond an enbodi ment havi ng 8

cod%'rﬁat\ bl%Vfdb%s%ﬁﬁrqaﬁ\ &feiyf(ig)ﬂﬂat'é@cz MB'OHQhé’Eoéhﬁ% channel. Thus

esent ed may "be used to achieve the

o843 e DB e e
daslﬁ‘%ﬂ?\j\é]eg ﬁst %;ﬁf?offgﬁgé tHeQ e {ngﬁédqme% ]T%sl§ﬁﬁﬁ}rowdes the

g convo Ional an I nner cod

outeéﬁ%pgqﬁrég&ﬂyi@ tge glgx@ﬁ&tcﬁ é"%\cﬁggiﬁ% g@ gﬁégﬁﬁgf’ép‘?er%nted by line 724).
S R e e
o ERTeGe oo GRS B AE AT )
crabo S3niiten ard e B9 cubeRT SR o e g e

per SNR for an uncoded S|p/?nal and a onvol u

aftec epligationypigonvpiufienat £9des e §aHPE SEEH 'a*? conMe ‘Hag‘l'yl doded
condition and |ine 748 represents a channel conditions

sigred srassyciateB@rithclower BERﬁé’rVe%\ﬁb‘ﬁlf?%%ﬁ ?i*NB$- convol uti onal
codes. As can be seen, the convolutionally coded

[0052]gnal Resfeadpagain taithaitatle HQeF FREWS dotherconingtigng dhaiuse

consol\:ljfi’onal codes as an ECC scheme, e.g., combinations C, E, and G, all are
associated with ABC values that are greater than 2.2, while the ABC values associated
with the‘combinations that only use BCH codes aiire all less than 2.2.

[0053] In some embodiments, referring agaiﬁ té ?igure 2, the system 200 may
include a selector 220 that receives parameter cdmbina’tio‘ns and associatéd ABC
values and selects, based on the ABC values, dej‘Si'red pérameters. [t may be that the
main variables of the parametef combinations may‘be ECC schemes and nominal bits
per cell. Thus, these parameters and/or the unde}rlyihg 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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[0052] Referring again to the table 400 of Figure 4,

the conbi nations that use convolutional codes as an

ECC schene, e.g., conbinations C, E, and G all are

associ ated with ABC values that are greater than 2.2,

whil e the ABC val ues associated wth the conbinations

that only use BCH codes are all less than 2.2. [0053]

In some enbodi ments, referring again to Figure 2, the

system 200 may include a selector 220 that receives

par anmet er conbi nati ons and associ ated ABC val ues and

sel ects, based on the ABC val ues, desired paraneters.
prodessora\B0#esystem conteol logis BO§ apuried tsatdrast Ree PhingrRIPERSSOr(S)

conbi nati ons may be ECC schemes and nomnal bits per
804rsistem Trensqry B 2seuplad smtheesysteaneagrdiol togic 80%i e NV gdevice 100

paraneters that have an effect on these paraneters
coupled ¢o thetsysfendtsitrdl bngid 808; and ®ne oF Mmogesomuunioation ingerfase(s)

sel ected paraneters of these enbodinents. [0054]
820fogpled tBthd dyssim abmsteol dodimw808.devi ce 800 that may host

the NVM device 100 in accordance with sone
[0058]bOdi NByKtem cbhgolegit 808Vorameditbotiyientmuayiteludre@ngrsuitable

nore -13 processors 804; systemcontrol |ogic 808
inteRAPEGHroliBrsab pr&Agd foP ARy silitdbReinfrace 36 thie(compdd@ats with which it

menory 812 coupled to the systemcontrol |ogic 808; the

is c{ﬂ?f%d]!e"i ce 100 ' systemcoupled to the system contr ol
gl c 808; and one or nore conmuni cation interface(s)

[00%0 Cou@{éﬁ??‘gﬁe'ﬁ‘ggﬁ SVS5hEYHE 8844 & 10h@8h&/oBSBre HAAARStructions,

stem C c 808 for one enbodi nent nmay incl ude

for g%@%: fé%le%osi Hé\%% gtﬁfh§§§?éﬁ1 %érﬁgr? ﬂ@.ﬁ%ﬁ%ﬁ@gﬁfaﬁg s@i:ﬂééble

Intertace €” conponents wt

v SEER S, SATRETIETR Na Pl skt
D )ttaglegl ce 800. System nmenory 812 may include any

[0057] The NVM device 100 may also be used to load and/or store
datalinstructions, for example, for the host device 800. The NVM device 100 may
include any suitable nonvolatile memory, such as, but not limited to, NOR flash memory,
NAND flash memory, phase change memory, etc.

[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 programming, reading, 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 control logic 808.

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

modules of calculation system 200 and not the programming/reading operations of the
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vol atile menory, such as, but not limted to, suitable
dynam c random access nmenmory (DRAM. [0057] The NVM
device 100 may al so be used to | oad and/or store
data/instructions, for exanple, for the host device
800. The NVM device 100 may include any suitable
nonvol atile nenory, such as, but not limted to, NOR
flash menory, NAND flash nenory, phase change nenory,
etc. [0058] In sone enbodinents, |ogic nay include
instructions 824 that when executed by the
processor(s) 804 result in the host device 800 and/or
NVM Hevipe/ip@dtselfe In these pebpgimanty the NVbbdeviesoh0 Hay npkbe
~progranmming, reading, and/or calculating operations
inclutiesldn thechbshdewic@ 800he i nstructi ons may be | ocated in
the NVM device 100 and/or the systemnenory 812. In
[0080)e enbardimumitation interfacets) B30 Mayrwowda apdiyterface for the host
additionally/alternatively be located in the system
deviee1800 @ comgiunicatBover @AB D} mane setverkendrutomwitit any other siiieble
device 800 may be used to i npl erent the nodul es of
devieal CohphicatRyiShteracsls) s2maypinciude amycyitabieihagiwaredndipr
operations of the -14 NVMdevice 100, itself. In these
firm@aRo At sRRMuBicatibeintdAdcday isae foriheramybatirhetitemay mcluddefdr i n
the host device 800. [0060] Conmunication interface(s)

exafidfe. FBELRER\YdABteR N WittIBES ASIOHOAJdMET, Besiephal@vinoderBOdhd/or a
t O communi cate over one or nore networks and/or with

wireg% ROQSH, FP(‘ WROESs coRMURRatiéARMBbMMuAIdaitn intdreiceas) 80 for one
may I nclude any suitable hardware and/or firmare.
emiSRTUA 8] LODoALLEIbRF G20 Tor one enbodi ent nay

incla E, or exanple, a network adapter, a wreless

t Wor t Hé i IS

00§ “ERE O bl SERSBE ISR Rak skt o
packggt;eeJt%Sgt%grsevitﬁ?o%ig f3F oRE%r more controllers of system control logic 808.
For one embodiment, at least one processor of the processor(s) 804 may be packaged
together with logic for one or more controllers of system control logic 808 to form a
System in Package (SiP). 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
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
controllers of system control logic 808 to form a System on Chip (SoC).
[0062] In various embodiments, the host device 800 may be a desktop 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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SRR AR

enbodi nent may use one or nore antennas. [0061] For one
enbodi nent, at | east one of the processor(s) 804 nay be
packaged together with logic for one or nore
controllers of systemcontrol l[ogic 808. For one
enbodi nent, at | east one processor of the processor(s)
804 may be packaged together with logic for one or
nore controllers of systemcontrol logic 808 to forma
Systemin Package (SiP). For one enbodi nent, at |east
one processor of the processor(s) 804 may be

[ooeiszt egr 3 fbugh cERSinTRBdIhént¥hhle bedH usteite®ard Gesanbed herein
controllers of systemcontrol |ogic 808. For one

for @BQ&%&? Eés?rﬁﬁioh Bk cfﬁé‘l‘érre&i QAaRierfit wiln® Pe&sEeanyihose

tegrated on the sanme die with logic for

or o7 e SRR B SRR Prlccbodin Sarr
or iq‘?@‘g&%b%gﬁ%ﬂ%@gt’&%tacﬁiiSVé fie SH% PR g%olﬂaf}l 88 sLBRitGHed for the‘

a server, a set-t X, a digltal

em%Pgi@ﬁéqq}grﬁP?ﬁ%%ﬁggF%%%%ﬁé’ﬁ@?&a&) T 2o present
2 i _
crsltre S BIpORERED datliRs e AT RiEnah st BB o @t St
nos! g VTS GHFRF SIGRISHHBE ok GPRICRE) SpTIDREaL 67ver any

description of the preferred epbodi nent .. it will be.

adagigipee PEYAPIBYS DHBSETRCIBETF ARPYSSRITErn TPRETUPL ihat
a wide variety of alternate and/or equjval ent, . b

manifeistiylintendes th@irembqﬂ"@ﬁ%tﬁt"a?m?ﬁ@ar@&l%&t e Bresest dispiPgye e
the same purposes may be substituted for the

limitsabod bethesclaimsanddhel edeiyelentsdde®Pk hout departing from
the scope of the present disclosure. Simlarly, nenory
devi ces of the present disclosure may be enpl oyed in
host devi ces having other architectures. This
application is intended to cover any adaptations or
variations of the enbodi nents di scussed herein.
Therefore, it is
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mani festly intended that enbodi ments in accordance with
the present disclosure be |imted only by the clains
and the equivalents thereof. -16 Clainms Wat is
claimed is: 1. A nethod conprising: receiving input
data; generating, with an outer encoder, an outer code
sequence based at least in part on the input data;
generating, with an inner encoder, an inner code
sequence based at least in part on the outer code
sequence, the inner code sequence including a first
plurality of parity infoCmhison bits and a second
plurality of non-parity information bits; witing the

Whatiis ¢Jaindigal ity of parity information bits to a third
plurality of parity cells of a nonvolatile nenory

1. defimashochp@mpkising:ng t he second plurality of non-parity
information bits to a fourth plurality of non-parity
cetdcsivolg inpg dataivol ati |l e nenory device. 2. The net hod
of claim1, further conprising: using a non-binary code
i ngeradraltirge méthani cwderodncober, antogter code sswmacb@,se@aéleast in part
using a binary code in said generating of the inner

on te@fpusestdence. 3. The nmethod of claim 2, wherein the
non-bi nary code is a Reed Sol onon code and the binary
CO?@nérétiﬁg,t\Aﬁtﬂdd isn&gheotod ah e Bodosequentd based hleast in part
method of claim11, further conprising:

on the outer code sequence, the inner code sequence including a first plurality of parity
informéfic)n bits and a second plurality of non-parity information bits;
writing the first plurality of parity information bits to a third plurality of parity cells
of a nonvolatile memory device; and
k writing 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.
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witing a nom nal nunber of bits per cell of greater
than two; and using fifteen percent or |less of a total
nunber of cells of the nonvolatile nmenory device as
parity cells. 5. The nmethod of claim1, wherein the
nonvol atil e nmenory device is capable of storing a
first nunber of non-parity information bits and the
first nunber divided by a sumof a second nunber of
parity cells of the nonvol atile nenory device and a
third nunber of non-parity cells of the nonvolatile

4. ERRE eloH Srecldim ‘Q"f@rﬂﬁe@ﬁ:o?ﬂbﬁéin?:- 2. 6. The nethod of

claimb, erel n each cell "includes eight or nore

S: ﬁl?lglilé)?bbgﬁ%l nu%'beﬁofg@fsr}féﬁj cEPBPYrkSiePthant@adhmg a first

parity irnformation bits froma second

| ur.al i ' | ;
e bl BBl Py oo Rl 1 BB merr

information bits froma fourth plurality of non-parity
devgglalssoagﬁy (ﬁﬂg' nonvol atile menory device, the first

plurality of parity information bits and the third
plurality of non-parity information bits correspondi ng

5. qoZbRaiethd el TR e Soe e R A MErElY et s dfape of

and code sequence; decodi ng, outer de sequence. t
storc AL B or gt B Rl iBE il PR v oy a
8. The nethod of claim 7, further conprising: . .
sumies o awiTRg OREaBY CBlS SR neRipiAliR Beparbfetice and g thir
decodi ng of the outer code. C
number of non-parity cells of the nonvolatile memory device is greater than 2.2.

6. The method of claim 5, wherein each cell includes eight or more distributions.

7. A method comprising:

reading a first plurality of parity information bits from a second plurality of parity
cells of a nonvolatile memory device;

reading a third plurality of non-parity information bits 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-pafity information bits corresponding to an inner code
sequence;

decoding, with an inner decoder, the inner code sequence to provide an outer

code sequence; and

decoding, with an outer decoder, the outer code sequence to provide input data.
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sequence. 9. The nethod of claim?7, further conprising:
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 conputer-readabl e
medi um havi ng stored thereon, conputer-executable
instructions that, if executed by a nmachi ne, cause the
machi ne to performa nmethod conprising: receiving a
nunber of non-parity information bits that a

nonvol atile nmenory (NVM device is capable of storing;

8. ! CFRE HleMbPMUMTREY, i@itnd? eBmpREiGY Cells of the NVM

8
device; Trecelving a nunbe parity cells of the NVM

FogeiifeneRp HELSHELRREEDeRE i (O bioREoiRy bf ! dlfer coce

s non-parity information bits, the nunber of non-parity
ql&eé]c]es, and the nunber of parity cells. 11. The
conmput er - r eadabl e nmedi um of claim 10, wherein the
instructions, if executed by the machine, further

cayse the chi.ne to perform.the nethod conprising:
9. de#@‘? meﬂ?%ﬁgfeﬁ‘?' g%*d‘éﬁtﬁeéicf’mﬁ@?mg'el | value for each of a
plurality of possible copbinations of parameters for
t hesiRg/Mbinasy cege ingald desANNGEST the KAShFIGRRAUSAES AN ai m
11, wherein the instructions, if executed b%qt he
aB$iNg 8, nonchinan coge inseaid Hecoighpiihe putep EPHR FRAYSREe:
met hod conprising: selecting a first conbi nation of
‘paraneters for the NVM device based at |least in part
on the actual bit per cell values of the plurality of
10. poAgionipeitererabilaiie mmeium having stored thereon, computer-executable
instructions that, if executed by a machine, cause the machine to perform a method
comprising:
receiving a number of non-parity information bits that a nonvolatile memory
(NVM) device is capable of storing;
receiving a number of non-parity cells of the NVM device;
receiving a number of parity cells of the NVM device; and
determiniing an actual bit per cell value for the NVM based at least in part on the
number of non-parity information bits, the number of non-parity cells, and the number of

parity cells.

11.  The computer-readable medium of claim 10, wherein the instructions, if executed
by the machine, further cause the machine to perform the method comprising:
determining an actual bit per cell value for each of a plurality of possible

combinations of parameters for the NVM.



13. The conputer-readabl e medi um of claim 12, wherein
the instructions, if executed by the nmachine, cause
the machine to performsaid selecting by: selecting an
error correcting code schenme; and selecting a noni nal
bit per cell value. 14. The conputer-readabl e medi um of
claim1ll, wherein the instructions, if executed by the
machi ne, cause the machine to perform said determ ning
by: dividing the nunber of bits of the NVM device by a
sum of the nunber of non- parity cells and the nunber

12, Of TR@E%}SU% réa?dabi'e'smea—l'i]ﬁw SFUEmLAr g/h@?é?@me%ﬁﬁ%lkiﬁt‘?fexecuted

the i nstruction execut ed

by tﬁ%ﬁﬁgﬁﬂgb%{hgpggusfﬁHé ﬁ'catcn‘ﬁe q@?ﬁl’f&ﬁ'\ {8 rR@tﬁ%:&’ H%bh&n

recel unber of non-p ?ty

R B Rga@éméﬁ%r&w&wf%% 15 5 e
e ST SRRl BB B RO Y,

nunber of non-parity information bits and the nom nal
bit per cell value. -20 16. The corrputer-readabl e
medi um of claim11, vvhere the zlgr uc ons

13. exdbacampuigy-readablgPrAe ORI WhSIRIR Q%‘QS%C&'RPM‘ ppcuted
Berform the net hod conprising: recej wg& a nunber of
by the stachivet caee the mashing teperfAEn RIINISBISFHIREDY ' ecei vi ng an
error correcting code (ECC schems to be used in
pr sgleating anyeronearacting codriseheas AGd dat a from the NvM
devi ce; and determ ning the nunber of parity cells of
theemngjembmabhﬁedr eell vadusst in part on the nunber of
di stributions and the (ECC) schene.
14.  The computer-readable medium of claim 11, wherein the instructions, if executed
by the machine, cause the machine to perform said determining by:
dividing the number of bits of the NVM device by a sum of the number of non-

parity cells and the number of parity cells.

15.  The computer-readable medium of claim 11, wherein the instructions, if executed
by the machine, further cause the machine to perform the method comprising:

receiving the number of non-parity information bits that the NVM device is
capable of storing;

receiving a nominal bit per cell value of the NVM device; and

determining the number of non-parity cells of the NVM device based at least in

part on the number of non-parity information bits and the nominal bit per cell value.
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17. An apparatus conprising: a matrix of nonvol atile
menory cells; and a programrer coupled to the matrix of
nonvol atile menory cells, the programrer configured to
receive input data and to generate a concatenated code
sequence based at least in part on the input data, the
concat enat ed code sequence including a first plurality
‘of parity-information bits and a second plurality of
non-parity information bits, the progranmmer further
configured to wite the first plurality of parity

16. | NfI¥ E@ﬂ;tﬁ@r-matd%bfe%@dluhmf lefhiR 14T @hédeth Bk uﬁ’ﬁfdcfldné?ﬂ"dx%cuted

and to ite the second plurality of non-parity

by tﬁeﬂ%gamii fﬁﬂq%rbdatu% b ﬁ\amr@ E&Pawmhéwﬁe&d B&ﬂFMg ty

e apparatus o alm 17/ ereln

DY QLRI nif ctf nbLﬂi'anQUt EIs R EROGUMEQIidgur ed to

recel ve ata and to generate an out er code

oo agh%gof;ecf&rggﬁ@qséod o ERR schtink Bk RS irf b Granftifly

gure genera
cat enat ed u based .at least in part on
datat'ﬂ r@Pd'@gd{é @e{ugﬂ%ﬁwﬁ vicg and ~ The apparatus of
aim 18, ere er. _encod further
co etemn@g%nu ot o Reill Bl hecul deyigLiaded oL laagtin part
ter code sequence, and %t}&s i nner encoder is further
on f'&%ﬂ'ﬂmgﬁrr@‘cﬁ'ﬁfﬂblﬂwsénﬂ|“Pﬁ.1§ RFEEMS: generate the i nner
code sequence. 20. The apparatus of claim 17, further
conprising: an inner decoder configured to decode the
concat enat ed code sequence to provide an outer code
17. sefn@pparatugwepreprisig er decoder configured to decode the

out er code sequence to provide the
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.

18.  The apparatus of claim 17, wherein the programmer comprises:

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

an inner encoder configured to generate the concatenated code sequence based

at least in part on the outer code sequence.
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i nput data. 21. The apparatus of claim17, wherein the
apparatus is an integrated circuit. 22. The apparatus
of claim 17, wherein the apparatus is a non-volatile
menory device. -22

19.  The apparatus of claim 18, 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.

20. The apparatus of claim 17, 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.
21.  The apparatus of claim 17, wherein the apparatus is an integrated circuit.

22.  The apparatus of claim 17, wherein the apparatus is a non-volatile memory

device:



