APPARATUS, METHOD, SYSTEM COF NAND DEFECT MANACEMENT 5 Rel at ed

Application(s) This patent application clains priority benefit
fromU. S WOFWSAM9dN No. 11/710,794 filed 26 February RPODTS20084102475 s
i ncorporated herein by reference. 10Technical Field Vari ous

enbodi ments described herein relate generally to non-volatile nmenory
devi ces including defect managenent in conjunction with non-volatile
menory devi ces. 15Background Menory devices can be categori zed

into two broad areas: | a il V i nory
devi ces require povvé"r Ii“g“‘?riﬂﬁ Wﬁ&(}%s i %ﬁ%ﬁ“’ﬁ%ﬁﬁﬁ@ nori es
are capabl e of maintaining data i nhig@Rsanee of a power supply. An
exanpl e of a non-volatile nenory is the flash nenory that stores

20i nformatg on in a sem conductor device without the need for power to
mai ntain the information in the chip. Fl ash menory can be built
usi ng ei ther NOR or NAND devi cesRelhmD\[ﬁplh:aﬁom(ah be eit her of

single-level cell LSLC vel cell f C
NAND flash al | ows ?IBF péte’ﬁt aaﬁﬁ?at‘laaﬁgﬁuﬁp y“%?f“’ggﬂlﬁn %%%eﬁ%on
to SLC NAND f | pgio, becmids 6 Febmhty®®7] hikick isdhagporafed hewiroby refisrencdat a
bits in each nenory cell. Various nmenory operations, when
performed on nmenory devices such as NAND flash nmenory devices, may
need to bg) perforned on an entire RAQELLkies Milgt he nenory device in a
same operation. For exanple, when perform ng an erase 30 operatjon on
a NAND flash menor Yariausgmbodiseenissdssenitiedereinyrelpsegenegliydo non-volatile

memory devices including defect management in conjunction with non-volatile

memory devices.

15 Background

Memory devices can be categorized into two broad areas: volatile and
non-volatile. Volatile memory devices require power to maintain data, while
non-volatile memories are capable of maintaining data in the absence of a power
supply. An example of a non-volatile memory is the flash memory that stores

20  information in a semiconductor device without the need for power to maintain
the information in the chip.

Flash memory can be built using either NOR or NAND devices. NAND
flash can be either of single-level cell (SLC) or multi-level cell (MLC)
configuration. MLC NAND flash allows for a higher density memory device in

25  comparison to SLC NAND flash because it allows the storage of two or more
data bits in each memory cell.

Various memory operations, when performed on memory devices such as
NAND flash memory dev1ces may need to be performed on an entire portion of
the memory device in a §ame operation. For example, when performing an erase

30  operation on a NAND flash memory, the erase operation may need to be
performed on an entire block of memory, sometimes referred to as an erase

block, as part of the same operation. Grouping one or more erase blocks
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manage the memory operations performed on the memory array.

25 Brief Description of the Drawings
. FIG. 1 is a block diagram of a system according to various embodiments
of the invention,
FIG. 2 is a functional block diagram of a memory device according to
various embodiments of the invention;
30 FIG. 3 is a mapping table according to various embodiments of the
invention;
FIG. 4 is an index table according to various embodiments of the

inveniion; and



i nventi on; FIG 4 is an index table according to various
enbodi nents of the invention; and FIG 5 is a flow diagram
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FIG. 1 is a block diagram of a system according to various embodiments
of the invention. FIG. 1 includes a block diagram of a system 100 according to
various embodiment of the invention.

20 In some embodiments, system 100 includes a processor 116 and a
memory device 160. Processor 116 is not limited to any particular type of
processor. Processor 116 may be formed on substrate 108, although
embodiments are not limited to the processor 116 being formed on the substrate
108, and/or to the processor 116 being formed on a substrate 108 including

25  memory device 160 or including imaging sensor 103. The processor 116 may
include memory 117, which is not limited to any particular type of memory, may
comprise volatile and non-volatile types of memory, and may include cache
memory. In various embodiments, memory 117 may be used to store electronic
signals provided by sensor 101. In various embodiments, memory 117 may

30  store a mapping table, an index table, or both a mapping table and an index table
as included in various embodiments described herein. In various embodiments,

processor 116 may be coupled to a plurality of electromnic circuits on substrate
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conjunction with various embodiment included herein.

The system 100 may include an imaging sensor 103. Imaging sensor 103
is not limited to any particular type of imaging sensor, and may include any type
of imaging sensor capable of sensing electromagnetic radiation including but not

20  limited to visible light. In various embodiments, imaging sensor includes sensor
101 and sensor support circuitry 144, Imaging sensor 103 may be included in
system 100 as part of a device such as a digital camera 102, a cell phone 104, or
a video recorder 106, which may be used to capture video images. In various
embodiments, system 100 includes a lens 154 to focus light 152 or other

25  wavelengths of electromagnetic radiation within system 100. System 100 may
include one or more electronic circuits provided on the substrate 108. In various
embodiments, lens 154 is formed as part of the electronic circuits provided on
substrate 108.

In various embodiments, sensor 101 includes a plurality of

30  complementary metal-oxide semiconductor (CMOS) imaging sensors arranged
in a series of rows and columns. Embodiments are not limited to a particular

number of CMOS imaging sensors, or to a particular number of row or columns
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coupled to processor 116 through interconnect 136. I/O connection 118 and

20  interconnect 136 are not limited to any particular type of device, and may be any
type of device used to connect processor 116 to an external device (not shown)
through I/O connection 118 and interconnect 136. In some embodiments, /O
connection 118 comprises a wireless connection to communicatively couple
system 100 to one or more external devices (not shown), or a network, such as

25  the Internet. In various embodiments, I/O connection 118 is coupled to a port
120 through connection interconnect 138. Port 120 is not limited to any
particular type of port, and may be any type of port used to connect system 100
of one or more extemal devices (not shown) or a network, including the Internet.
In various embodiments, I/0 connection 118 is coupled to an antenna 119 to

30  receive signals at system 100, to transmit signals from system 100, or to both
receive from and transmit signals to system 100, perhaps using a transceiver.

In operation, processor 116 may operate using instructions to perform

one or more memory operations involving memory device 160. These memory

5
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25 In various embodiments, at least one image provided by imaging sensor
103 may be displayed on display 112. In various embodiments, at least one
image provided by imaging sensor 103 may be transmitted though /O
connection 118 to another device (not shown). Transmitting images provided by
imaging sensor 103 may include e-mailing them to another device. In various

30  embodiments, the images provided by imaging sensor 103 may have additional
information added to the image, such as text information or other images or
symbols or graphics superimposed on the at least one image provided by the

imaging sensor 103. In various embodiments, text information added to the

6
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nmemory array ghdesa pluglity of argsettiedkegraunse s eyareple Ryt mod limitedite eragkied
in a nenory deyi | £ i 0N tO
fa o vabtss EeSh 21 Ea i S £, and crasg SR NIBAIAT L2l
of erase bl ockumgbarwbsrasé blocke gamps m toemoryatral i2f? isout limited 45 & pittioelkr

group 210, .erase, bl ack 250, and er.ase, bl oc rou 99.

nunber of 2%rag@ngqrggﬁra@v?%@glggToprﬁgwyé? ﬁlégfj BQtIf]f%’ ﬁ’gg’ q%in%rf -eg%g?o a
particul ar 20bRukEeupef Dettasihed8 tktvieawnse brok groay 260 ahdidasd Wock
three, four, or nore erase bl ock groups_. Dotteg I'kne 298 bet ween
erase bl ock gBGUP 292 IrPEGTaNtE PER & BPEALAYI08t 5ra80 §100K SFUWPE thal Mgy e,

more additi Ongllovﬁfeaagpm B eAbRURE VAL THMIIS eRbOWhIAE, @8seRbik Of
menory array 202. In various ertbodinents, erase bl ock
group 299, and any erase block groups represented by dotted line 298, may
25  include a plurality of erase blocks as shown in erase block group 210 and in
erase block group 250.

In order to simplify the description related to FIG. 2, only erase block
groups 210 and 250 are described in detail. The embodiments and features of
erase block groups 210 and 250 may be equally applicable to erase block group

30 299 and to any erase block groups represented by dotted line 298.
In various embodiments, one or more of erase block groups 210, 250,

299, and any erase block groups represented by dotted line 298 may be formed

on one or more separate dice (e.g., dice 166 in FIG. 1). In various embodiments,
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group 299, and any erase bl ock groups represented by dotted |ine 298,
may 25include a plurality of erase bl ocks as shown in erase bl ock
group 210 weauesmoewase bl ock group 250. | n order RGEI/$298/0L475
the description related to FIG 2, only erase bl ock groups 210 and

250 are described_.i,n detail, The ndfetures of [
bl ock groups Zfi 5%%%56%?% gb%lpégggo%%% ?@%Pge RFage %33@5
group 30 299 aRdoda@damya pase di. qﬁkzagbﬁsmﬂoddaﬁm@emm diynatetépachtd i ne

298. I n _various enbodi nents, one or nore of erflpse, %cb roups
210, 250, 299dicafybajnckided onjihcsapegubiiise (e subsirietPsyy Figt li ne

298 may be foimels epne Fhcffs éﬁ@ﬁ%fﬁl%l%{sébﬁ)cﬁ l%ﬁﬁlpéﬁﬁemoﬂ‘ &y D00 atd

FIG 1). In various enbodi ments, each of erase bl ock %oups 210
250, 298, f299fqrmcd unleeenanatqmb@weandalsermmcdlyestacb@chowb@ﬁe edlpatat e

die. Invario enbodi ne n r

i ncl uded on t éms dﬁ%’n%'a'bd;?%r%& ‘?an% ??I%o erﬁtgtegdg@égﬁilgﬁﬂ@@%ﬁfap%n
various enbodblelogpupeRtdranid oﬁah&ilﬁ’emﬁedlb,lamdlea@fﬁumsdimramedhs yrear r ay
202 are 5formed on a s at.e substrat are i call t acked
one above theplb‘{s’r?é]rlyﬁtéggig Wﬁ@?ry f"& seelsﬁcgéﬁﬁ‘l}fgéeé’#?éﬁﬁ’énts,
each of the ppm_q?ity of erase block groups is located on a different

die, and each of the different dies are physically stacked to forma
menory del ce (seelnsiasiens astodimentsidhs memep0dqvipempay, inglpde 2 BIORESSER: i ous

enbodi nent s, H&ﬁ EP%QE%OPP@&%I@HV g\%ﬂ ?elﬂb&ﬁﬂgﬁt SRE meRidA dA%ce

pr ocessor 116 n various | nent’s, e menory devi ce
200, i ncl udi n@OOrmmxdynmﬁmyr)mQy 20Rymaninclude aaommqhm:on aperosuch gsor t

quch o5 0oLt SRS, bueRbA BT g S5 58 0%l U
card. |n varigeémohbsvivediutkat 8 mep@iy stickbrae apianfes cad Ui vaicmel Seri al
Bus (USB) port. Referring again to FIG, 2, erasge_ bl group 210
i ncl udes pl W%qllpﬁntaﬂ)oﬂ 120 comprises a Universal Serial Bus (?J(‘Slé) port.
Referring again to FIG. 2, erase block group 210 includes a plurality of
erase blocks including erase blocks 212, 214, 216, 218, 220, 222, and 230,
Erase block group 210 is not limited to a particular number of erase blocks, as
indicated by the dotted line 296 between erase block 222 and erase block 230.
20  In various embodiments, each of erase blocks 212, 214, 216, 218, 220, 222, and
230 include an erase block number 211 uniquely identifying each of the erase
blocks within erase block group 210. For example, as shown in FIG. 2 erase
block 212 includes an erase block number "0" uniquely identifying erase block
212 within erase block group 210 from the other erase blocks included in erase
25  block group 210.
In various embodiments, erase blocks 214, 216, 218, 220, and 222
include an erase block number "1," "2," "3," "4," and "5" respectively, which
uniquely identifies each of these erase blocks within erase block group 210 from
the other erase blocks within erase block group 210. Erase block 230 represents
30  the Nth erase block included in erase block group 210, wherein erase block 230
includes an erase block number corresponding to the "Nth" erase block included

in erase block group 210, and wherein any erase block included in erase block

group 210 between erase block 222 and 230 would include an erase block
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erase bl ocks including erase bl ocks 212, 214, 216, 218, 220, 222, and
230. Erase block group 210 is not limted to a particular nunber of
erase bl ocwe,20e8106048i cated by the dotted |ine 296 bet weRGYE/€5284880B47dCk
222 and erase bl ock 230. 20In various enbodinents each of erase

bl ocks 212, 214, 216 8 0 lude a b ock
nunber 211 unijther PR iagN ot he Betherdr HEES ardee Bl T AT or ase
bl ock group 24fp. For exanple, as shown in FIG 2 erase block 212

i ncl udes an erase bl ock nunber "0" uniquely ide tlfyl se bl ock
212 within erase bF@ekb @?%%Fﬁuﬁ%o FlPB‘ﬁlf“'% fhEJU{ﬁhl%? ?Sgsbeoo%PH@‘éd"i‘%ErPi?ded

in erase 25bl Qo Gs0UPsA238s 258,260 béy, WQW%@M@M@B&&QS@&%@
bl ocks 214, 216, 218 220 222 include an erase bl ock nunmber "1,"

"o m m3 m § 4 limgedito @mmemmbemgﬁraamﬂqphs @ﬁnlzf\mte,d hyoidadpiteddines®dh
of these er asgethvl Ocekrgsevglé 8%1%5?*31%%1{6%%&”%@3&% l%%grﬁ %ta&%f

erase bl ocks Wt AN erase group rase represents
30 the Nth erase H]meQSE,nZSMuM 268 260;3&5& dozA0 igelodgpardr@se hibakr ei n

erase bl ock 230 jn des e blo unber correspondi nq,to the
PNCRE o ase OROERST AL REEEY g PR GE DGOt 5 PO B SIS oy
erase bl ock 'ﬁ&%hfa‘d?@'frbﬂ tﬁé&%@r&h&%cﬂt&%nﬁé’r@se&% Bue? s Fdpl ock 222
and 230 woul d"include an erase nunber uni quely |dent|g%ﬁ 8}
oup

t hese erak® bexsipde, BEEanﬁﬁsee@F%@RC@%@ inplydeszm erge biekpp

250 i ncl udes s 252,
5o, Db, agtiGidly Rlshb¥ird erfh Bi6eicso Be hBGHELAR BLANEnAlaLH:
S5limted tC)zquﬁhwmhgmmphﬁhber of erase bl ocks, as indicated by the
dotted |ine 297 between er ck 262. a

vari ous enbodi ment Vagglé%e% % eﬁﬁsgﬁl?gﬂi%gj 33@}% ééé) g%g%d 260,
262h an ﬁ?o inﬁmhﬂgfeﬂﬁb lﬂbﬂslﬁxrblbebck," nphg I':.ESindJVﬂ"ch@ie?tl\redﬁmmdfyl Eg
each of the erase ock erase 0 50 fr t her
erase bl obks Wg¥RbIdER ee“eﬁ?lb%tﬂ‘ hese stase gkﬁﬁs g@ é gﬂg’ ﬁ‘

in FIG 2 eraggsdy100&erad2401tHsiasiodn 70 i8S esdal ARK "Nihmegise bldck uni quel y
identifying erase block 252 fromthe other erase_ bl ocks included in

erase bl ock gineligedm@rase block gropp 20 whereiarasesaibiackt2d0 ingludes ap PHEk s
254, 256, 258, &nﬂﬁﬁqO%é%e+y é&ﬂ@gﬁﬂﬂ@ PRE bRR R A R Eraselblock 2

"3," "4," and respec
group 250, and wherein any erase block included in erase block group 250

20  between erase block 262 and 270 would include an erase block number uniquely
identifying the erase blocks between erase block 262 and 270.

The erase blocks included in erase block groups 210 and 250 are not
limited to any particular size of erase block. In various embodiments, the erase
blocks within erase block groups 210 and 250 each correspond to a page of

25  memory in memory array 202. In various embodiments, each erase block within
erase block groups 210 and 250 each correspond to several pages of memory in
memory array 202,
In various embodiments, each of the erase block numbers 211 uniquely
identifying the erase blocks within erase block group 210 matches one and only
30 one of the erase block numbers 251 that uniquely identifies the erase blocks in
erase block group 250. In various embodiments, memory array 202 includes a
plurality of erase block groups 210 and 250, wherein each of the plurality of
erase block groups comprises a plurality of erase blocks 212, 214, 216, 218, 220,

9



15uni quely identifies each of these erase bl ocks fromthe other erase
bl ocks within erase block group 250. Erase bl ock 270 represents the
"Nt h" eraswOesc6U98cl uded i n erase bl ock group 250, WhECEURIR MBS
bl ock 270 includes an erase bl ock nunber corresponding to the "Nt h"

erase bl ock i d i I I -0 y erase
bl ock i ncl udeg%’%@a@gﬁlz@%@%r%{#82%3%20"‘2“@%783%%‘\g}gégé‘@i’ggk 262
and 270 woul dpiafbingdeique phirabe dfleaed blRukrhembers 2 usid/2 5 1denduefwithig thehe
erase bl ocks between erase bl ock 262.and 27%e ) ¥he egﬁsg bl ocks
i ncluded in ePRElityphemsediocksand mytching aseqss tedivrglity| ot §Fasg §lock STRRS
particul ar sizg afq &oase bl ock. In various enbodi nents, the erase

bl ocks within erase bl ock groups 210 and 250 each correspond to a
page of 255 menory Imemidiments inchidineonore|thaniziojesase blask @pupenite, each
erase bl ock w_.t hj . f ond to
Several pagesBPf SEASE Hodltol BRI, SRRl GRAR ZRELETR
enbodi nent s, eaaberdbr ¢dok emsablecbimthk phuatiie pfer2sblonk growpsthatdmiduielyyi ng

the erase bl ocks .within erase bl.ack gro 210 t ches e.and aonly 30
one of the er gégtleggfség?(eﬁqﬁﬁﬁg? "2@‘1‘1 F%é‘t&@?ﬁ pé\ﬁrgﬁsf q(i%gﬁf ;Bolclég?"'ﬁ’é’ aé’?éase
bl ocks in eragft RhRGKs &re¥dRackdT thd ﬂlui»haﬂt)i SfeFase Bledish@its svitheiothey erase ay
202 includes a plurality of erase block groups 210 and 250, wherein

each of tHhe pblaeknymberdn eaghofdhentheneleabiyif crsnplers 89UBS pl ural ity of

bl ocks 212, : en . : ,
35, 260, 262,  and DT8O EaTR e 1 cpSgHoaS IRIANA 1 sfse SRk stod

plurality of 2imey bt esskeintgdivethsa Ratts mdibatien 2 1 in anflidiewrashblockhe

I lit f bl ock d mat chi .ol i1V .Qf.:
Dl ock or oups FeeEndt 56 DER T AN ey PEERGrba il sPlenia Bl 2o
erase bl ock gesiipas stdwe iplRIGa2 Fdrpugiosey S Budnhtiak egasoblosks2h2, |20 a

mat chi ng uni que, erase bl ock number ] rase bl o I n e
pluralitylof aadsd IBFIHS?(S%WBHﬁlécaflﬂlé%?{]ﬂfgﬁg@é’ iaﬂgﬁﬁsf’ gE?l“f %lteg]aé’rdaeszg
bl ocks wi t hi njRark aQfanishBdiPhiinad 13tof "BADET 23Q1!sAskn & PIRS, foRpétpbdeat
mat ches across each of the pl urzlslé%ﬁof erase bl ock groups wt

anot her er aseofiidlugraiior. eraseddecks , §1d 258 earsh 200rngInds $t21y of erase
bl ock groups. indication 253 of "GOOD," and erase blocks 254 and 262 include a status

indication 253 of "BAD."

20 Status indications 213 and 253 are not limited to any particular type
phrase or value to be used as a status indication for an erase block. The
designation of "GOOD" in a status indication 213 or 253 may indicate a non-
defective erase block, and a status indication of "BAD" in a status indication 213
or 253 may indicate a defective erase block. A determination as to whether a

25  particular erase block is "GOOD" or "BAD", or non-defective or defective, may
be made on any basis deemed appropriate for the memory array 202 as the
memory array 202 is tested and used for memory operations in any application
using the memory array 202.

It should be understood that erase block 230 and any erase blocks

30  between erase block 222 and 230 may include a status indication 211, and that

erase block 270, and any erase blocks between erase block 262 and 270 may

include a status indication 253.
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In various enbodi nents, the erase blocks included in erase bl ock
group 210 may be associated with a status indication 213, and the
erase bl ocWe® viiloede@d i n erase bl ock group 250 nmay be aRGHUP2A088W247Ft h
an status indication 253. As shown in FIG 2 for purposes of

illustration, erase bl ocks 214 . i.ncl ude

i ndi cation 213 of s e‘gﬁ%‘ﬁ@reﬁgs Bef% 1o ﬁ"flséaq'é igafier as E?CI%é@WL{ﬁ
status i ndi catteasé Ja%cﬁé in 34¥2. blookSeral @ 16 ABIVR50 ﬂlafbestoeedfmnthuaqma”es
of illustration, erase blocks 252, 256, and. 258, and 260 include a

status indi catheswassbipcks asseped withihe siptys éldﬁﬂaHEWcsInmo‘é%ﬂn P&l ude

a status indi gatd.on 233, as ted '?vgﬁrtlfbtéﬂ%e'b’f&kEﬁ:ts'td?éﬁmzall%eﬁﬂﬂ/ 253
are not limted to any particular type phrase or value to be used as

a status ifHdi taefionndtonchadedén alsaee blbdsiassorinteddeish hearasohlosk srampsDn i n
a status indication t

bl ock. and s SCAETPRAERES 1o 0F wsopiled it B e it

253 may i ndi cahether sedraetblyck leﬂafaeu\kumlbn défed&i‘zemmy bad bimarydsit t 0

whet her a 25 partjcular e ,ck's"GCED'.or "BAD', 0 :

non- def ect i ve 5HudiRg 2wl F‘?/‘éfﬂ I8y (bé‘SFfLESearb‘H lﬁﬁvﬂfﬁfég%gﬁ%ﬂéﬂpamwlar
appropriate fgpsdpgcrenory array 202 as the nenory array 202 is
tested and used for nenory operations in any application usi ng t he
menory ar k@y 202. Invasiesspabedimeniges ety efraesedloskamsy g igraungd and

any erase bl og éé%ﬁ)%g#atsg@c d.«n CLARG é@qugeéima&@er%g dlaﬁgeyﬁlscl@of

status indicat at eras 270, ahd any erase bl ocks
bet ween er ase nizhmck as26datad itk ibe gmyp iaddressddn varitua embodimtntsathie Eroups 3.

I n various enbodi nents, . al. for the stat di catlon at ed
nt b e ey sa oo epifey Bl SutrSin Adifesd RS, e PSR hRO AL o
wi thin each obldckecredtesiardet bloklss (&I&ﬁﬁﬁnb@ttm nysiythle opli@tedlioatinassociation
indication, In various enbodi nents, ﬂgﬁg &éﬁ\&% cation soci at ed
with the & as®iththegeup addpss, £gr memer TREHEE YREF uded i n
erase bl ocks ags0e) iéstions bl ﬁe?ﬁnﬁé@é&a Bio@ﬁ Kevel, @tRSample ba@hbtQisited
enmbodi nrents, a value associated with a status i nducti on and

i ndi cati ng whét hblockerass eishe NIANER flpsh memeint heEreipitiR cirse &lacky withiay
be a binary b dié]ﬁ&rgq{m[‘}»%r e HIbAE O?Bbrnjo ¥%d3%£ th férrf"l%vél@ndn’ﬂ irfiétei On

of the status of I cuFar erase |ous enbodrnent s,
a plurality ofassema&é whthaplemtiony pdrforgped op de: mcrgwyhém varols ggbodimentsd

2 OO AR B0 e S Rt 5l S B Y,
address is asgoghiheebam dfrcipQidatesses dicht Q&&Jeﬂigﬁbﬁfagecﬂ'h&i tgdil(uimynge of
the erase bl ocks creates |arger bl ocks of mor y htug?éduce Yo over% e ated
on in associ afysssms having the larger groups of ease blocks, and t

associated with managing and tracking memory operations performed on the

system including the larger groupings of erase blocks.

25 In various embodiment, performing a block erase, write, or read function
may be performed on all the erase blocks included in a plurality of erase blocks
grouped together and associated with a group address by providing the
commands to perform the desired memory operation on the group address, and
thus reducing the number of commands and addresses required to perform a

30 memory operation on the system including the larger groupings of erase blocks.

In various embodiments, memory array 202 includes one or more

possible groups of erase blocks 280, 282, 284, 286, 288, and 290, with each of

these one or more possible groups of erase blocks associated with a group
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15 with the group address. For nenory such as NAND flash nenory where
menory operations are performed on a block level, for exanple but not
limted tow® WsWkuver ase of the NAND fl ash nenory, the BEGUTRHORYODITS
erase blocks within the nenory into | arger bl ocks of menory reduces

the system |l ev e t associated wth erat | on
the nanory. | AR Baraiiat s cdsh vty BERARLORoaR LRk IRE Vo
into |arger gagupsngHdnlgeaseblotioglsap B0 dnd@30 ard teingoaoasidkled fember  of
group addresses that are bei n&scgtﬁgaged and tacﬁﬁd by th s%zltlems
having the | ailJEaERnaHERosss cachel th SRR MOR BOISHIE BIOURYLFTeSTPIfEr head
associ ated wi bBo MRNAEHANGsANYS (@Gl RAnfRAR % iRNIAIncQA8 oRTdneleiBE ON
the system incl udi ng the I'arger groupi ngs of erase blocks. 25In

vari ous endodblaskiionpeach of thepduralityiof etaseblaglegroups 110 andr25Pe Iheriiet i on

may be perfor i h&h dgpl Al dddoof
erase bl ocks gg‘%u"gghaﬂa ‘%Ac?goté oégﬁgs'%gﬂé;%@gg %flteg%%nﬂ)t%ﬁs %ébgr ou’pﬂ;abl ress by
provi di ng t he tlzoaeaotially formed irchrietivesatdesbaboumiearof yraspeloeksi on on t he
group address, and thus re j t he r..of co nds..and. addr esses
required to perfor &Ség%*b“Wgﬂﬁg%@w&?ﬁ@)ﬁaﬂﬂﬂ@@?%@% YA the
| arger groupi fgse Blouf bASAsBIBEEDI0 it IvdRE eABSHIBEILRH Bftesase BRITR Ryoup
array 202 includes one or nore possible groups_of erase bl ocks 2(?38

| e

282, 284, 1286210 aw crasedloak@52\fram ez Blogh 2ot ¢, 3 endiratsigheAriss €
groups of eragg s%ﬁggﬁlﬁﬁéwu@éﬁ%ms&ﬁﬁé’n SO 1inARE S &S iA8drdan! e ng

a group address nu n vari'ous enbodi nents and assuni ng onlé
erase bl ock groupsmk@renpio25Be htoskdhigcludensiraierbéerki2dd fram ergse Bleglon

pur poses, each of e _one_or i r. ks
a0 252, 2842388 03nE sE o EE® ROARAL Flodk BORP 23p, BIRSERBLBEC |
one erase 5 bhkack 204ahe enchr mbretghauppdflerak blogko?84einelndesuraselblagpkifs

210 and 250. Therefore, .each of the one. o r.e possi.hbl rou of
erase bl o@:gs }861, er%i’?"%‘?“‘hﬁ& aé‘g(?”lsﬁ locgtzgg g@Pﬁ‘ﬂ?ﬁV?‘fcg‘rﬁ%ﬂj ?@Claﬁde
the sane t ot alydiardaesy Rfowe2ES ndihe ks or more groviBoSdisdbldcks EdGnchidey
way of illustration and not limtation, the one or nore group o

f
erase bl ocks 2Bee blaek 2PeBomezase black group2i Orpd frags bleek BOGLERMGFFEp 10
210 and erasebmcfg%}é)u%\% fd qmi@%@({sgyglr&glgogroup 250, as indicated by
n 21 é 2 by way I

arrow 203. As sho of Illustration and not limted
to this illustrati dsshewreindrl. 8y erassridogks U 230, 2dased 220uvs azgpus

sl v =g LR ot S A PR D SOt
more group of gRIugsef drhedisckd 840,232 28k and23sthatireadtudlyGormed.
As shown in FIG. 2, each of the one or more groups of erase blocks 280,
282, 284, and 290 that are actually formed includes one non-defective (as
indicated by a "GOOD" status in the status indication) erase block from each of
25  the plurality of erase block groups 210 and 250, and therefore each include the
same total number of erase blocks. This arrangement allows the formation of
groups of erase blocks all having only non-defective erase blocks and all being
of the same size, wherein each of the grouped erased blocks is associated with a
group address. Such an arrangement allows memory operations to be performed
30  on these grouped erase blocks by designating a group address and knowing that
any of these group addresses correspond to a portion of memory array 202

having all non-defective erase blocks and of a known overall size. Thus, the

overhead associated with performing the memory operations and the overhead
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15from erase bl ock group 210 and erase block 256 from erase bl ock
group 250, as indicated by arrow 205, and the one or nore group of
erase bl ocwe 2080106098| udes erase bl ock 222 from erase bl REKUSPP@NH2230
and erase bl ock 260 from erase bl ock group 250, as indicated by arrow

206. h ] bl
ot ue oo mssshigtgg wif SRR (G BrasSien Atine AMpAT RS °

of the one orisFefiredr oups of erase bl ocks 280, 282, 284, and 290 that
are actually formed. each of the. one or

more groups of er aéés}lﬂ“ﬁb%‘ﬁ8§ atg]é‘ét OI’?@ﬁ%eaﬂ’Fa ObB9TE HFRPPLPETEE val | y
formed incl Ud@%cl&ﬂz%o“m ded %HQ?@xr(cﬂﬁiekﬁJﬂfo%ﬁﬁl@%fBMlyaer AS0ks Bhahgis i N

the status indicati on) erase bl ock from eac the plurality of
erase bl ock gsamgrsaiphiog aniguesese blaek nwabas Hpreexample, thecngde mase 84Ae

total number %geégsg ckQEQ& R mas@tsls rﬁatzgaygg@rbwﬁokefa tion

of groups of avi ng non- e erase Dbl ocks
and al | bei ngbletkstd1e asaaéz mchm,e avsiameerase bbchnmﬁbﬁf?dlgliiuﬂmdbe’ngs ed

bl ocks is associ ated , ! Ss. Such _an ar ra
memory oper at?ré?é’? E’b?rfog? e’ot © PREINYP HPPPLE F%Eﬁ“ﬁk&?’ks by
desi gnat i ng amgru%boera&dﬂ@:ﬁcsz 18ngdkBeWRGkih Bath oTithes ErabiBiaeksahelude a
addresses correspond to a portion of menory arra?/ 202 havijng, all

0O

non- def ectd vesaﬁr%@éseﬁllwlé%mﬁ’ﬁﬂzblf 2al, I{fh%f\hﬁmé@éﬁsﬁp ck F‘E’é‘bel‘l'l?'u Thesge
head
overhead asso glﬁﬁd@g 8%&@%@8%1&% ﬂEgrefelPx%d%a -tQRﬁE?[- u@ﬁ% 120hst R&ch

over head ass nagenent o ese e ock during
menory oper at ofithe etase bledsae the ohs- tema@rquplrlglk@ a 8amematchingtunigwe epfset he

one or nore groups of erase bl,ocks 3 and 290 i ncl udes a
gr oupi ng of 8?}9@?59!52@5 aBF}S%Kglt’ls?é\/raﬁezﬁga%lnglggr%dzwg eﬁroﬁﬁlngm que erase
bl ock nunber. For gxaRpkieowrd REFIGNL, abﬂeaﬁmj’neogﬂmume@fmagmubd aftdtase280
i ncl udes erase bl ock 212 and ﬁ52 v\,h rein both o ﬁe blo s 212 and
252 i ncl utfe ablegkse288y 2% 28158 2%%’ e?ﬂoup?‘ﬂo 5?%

bl ock "0". I nyAnps Méasmis% 1b160ﬁ%‘1~dﬁ9@ra§HblHQd’ &olip QS{pth/ﬁn§£ Ske ah@c k
284 includes erase block 216 and 256, wherein both of these erase

bl ocks i ncl udelogk nonbei?d 1 es aserr¢spordingeratrdylockinumbes 211 beigg dpegned
bl ock T
erase oc n&@@gfe I%B or Ig'ﬁﬁe ek HBEQE) tme gl%rle.lg?ﬁ e%%é)@ﬁgk @ég 2‘?& g?:rks

referred to as ‘one-to-one grouprng becaus
i n the one-t cexanplgtheupicrng nhms gﬂ)up afrerapmltlotlis?§2 umilufles emsabloch Rt k

number aSZOeveErgm%E'aggrblo%{: ag?o%pbi 1‘6 and Ierr]agtla gl%%l?Z%@frgr?leihgérgge%lg& group 250,
wherein erase block 258 includes an erase block number "3" corresponding to a
same erase block number "3" of erase block 218 in erase block group 210, and
wherein erase block 218 includes a status indication of "BAD" indicating a
defective block. In another example, the one or more group of erase blocks 290

25  includes erase block 222 from erase block group 210 and erase block 260 from
the erase block group 250, wherein erase block 260 includes an erase block
number "4" corresponding to a same erase block number "4" of erase block 220
in erase block group 210, and wherein erase block 220 includes a status
indication of "BAD" indicating a defective block.

30 These grouping of erase blocks may be referred to as a "re-mapped”
grouping because at least one of the erase blocks in the grouping has an erase
block number corresponding to a defective erase block not included in the

grouping and therefore not all the erase blocks in the grouping can have a same
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As also shown in FIG 2, at |east one of the one or nore groups of
erase 15bl ocks 280, 282, 284, and 290 include a grouping of erase
bl ocks i ncwodoesgobiryi ng at | east one erase bl ock from erGRBES2NISHOKITS
group 250 having a sane erase bl ock nunber 251 as a correspondi ng

as. a defective or "BAD' erase

erase bl ock nu r 211 bein esi

bl ock in the W%E‘W‘%‘F%@gbﬁ’tﬁgﬁgﬁ'ﬁ% By 1§ In LRTAE0 49PEOPA% one or
nore group of %@m gtmqsgs%azsa shif€ gt gamagie chlsolock hdmBer for evergr ase
bl ock group 2 erase bl ock 258 fromthe erase bl ock group 250,

wherein er aseC%F%@RCI'QE'SIUFI%WLIH@EFOHHI“& ase bl ock nunber "3" _
corresponding to ap 'E@ﬂ‘ﬁf mﬁdﬂlf’ﬂ( 2”Hﬁ@ﬁfm' Eoﬁﬁbl@éﬁ%@bl@gﬂ&uﬁé8 in

erase bl ock group 2 erein efrase i ncl udes a status
i ndi cat i onS of assB#iEred mﬂilecmbt@km&ﬁadr@lc&&&ﬂee mt(f@medlaﬁ agmenphefrerasranpl e,

t he one or p._of er S cl d ck 222
from erase bl é@ﬁ %Bdﬁnﬁfng’ﬁg gs?‘%fsgj%ﬁgug%gl% F%gn%f%g Igﬁlgsegés | ock
group 250, whploek groapass-}grhﬂtapds tREPask REdseltidsk gnaup,naslas bisemke aasder " 4"
corresponding to a sane

bl.ock nb "4 220
erase bl ock gP9gpsEp, 213%‘2{6}%?1%538&% Iﬁﬁr‘lg&gése l%Wé‘“cPlO?'@SOZ rf‘c‘?ﬁ&ggg’cg‘ I?t"%f‘hg

i ndi cation of staﬁé\%dldaﬂéh%é bﬂﬁB@Dd%@@é hé’ﬁro‘ﬂb PG lassoBRIWHIR BSOS dig Of
erase bl ocks nay be referred to as a "re- maﬁge gr oupi ng because at

| east onel®f mioee growseofisrase klpckmistiprnegr dings, rh&sﬁ%ﬁo'éi-‘rla&e HRECk
nunber corres @Hnéc?to%?&iﬁ{ e&% | Mo ﬁ%eag{b' é& gt th'ﬁ RGL YpRdd n the
er e a O t

groupi ng and orée no e erase I'n the ‘groupi ng can
have a same pessibi ergsethiodkugrogr 288 aid tiete in uor‘gmupmgtmfsra'ssbionka:fonncchst

bl ook number  POPCE Py e e B A F UL e of R BBl R 2

illustrated igmﬁﬁggoz one or nore possible erase bl ock groups
5associ ated wth erase bl ocks 286 and 288 are not forrrglg as a group

of erase b!ocks. |HOVAYST @6 geserbosiaborptade of Foge sraselecks daving @ saiRg e
bllock in the grags %9@% egars@Ui%cﬁ'ﬁ%gaaés%die?e%nw@raMsc@mﬁ@ka@pése

group, in this i1nstance erase bl ock group 210 for illustrations
pur poses, er ablechbwuk 210 86ydnde-2BBp¢sbicHoma g engosrencgsouns dif eeast biecks) 3

of "BAD," andwﬁg a n%ngffepc%ﬁbgeg'a&soﬁg&' ﬁérﬁ tl)ﬁé &e'ElgBE&SE §as®fas@block group. In

various embodiments, the matching unique erase block number of this erase
20  block from a erase block group other than the base erase block group and having
a same matching unique erase block number as a defect erase block in the base
erase block group is remapped into an erase block grouping to include a non-
defective erase block from the base erase block group.
In various embodiments, the one-to-one and re-mapped combinations of
25  erase blocks associated with the one or more groups of erase blocks may be
formed as follows. A determination is made for each of the erase blocks
included in erase block groups as to whether the particular erase block is
defective or is non-defective. For any of the plurality of erase blocks wherein
each of the plurality of erase blocks having a same matching unique erase block
30  number across the plurality of erase block groups is non-defective across all of
the erase block groups, a grouping of erase blocks is formed including one each
of the plurality of erase blocks from each of the plurality of erase block groups

and having a same matching unique erase block number. This grouping of erase
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10 nore groups of erase blocks is formed. Thus, there is no grouping
of erase blocks fornmed to include erase block 218 associated with the
one or norwoposs&be erase bl ock group 288, and there iECTS20086MBITH(Q
of erase blocks fornmed to i nclude erase bl ock 220 associated with the

one or nore p%qus‘ijl e Era e %Itoclé glrlg_E&oZeQO.uliISIHo#\{evenr @8 ges&urg ed
above, one or BMAY QR EFHEIRE ARVT MgOR SRR Frat ' chT g AT U PERase
bl ock nunber amer tHEEREPD aidegmMBHeblsahksante dshike Bagking aRk@e Biage logk oup
210 may be re-én%gped to forma one or nore groups of erase bl ocks
with a non- defe@pety theerass blosk gumberighrpshandatldhe praseogkadr theronedon| ock
group. In varij ' E REmBBL &hhd hftEss BLABE:, B Bakngunber
of this erasebg%éﬁ)lﬁg%@g*gg%gagr ase bl ock g?%p ot rs1er t han thenbase
erase bl ock groppingndrehaividig oades@méetminmwﬂ@h@msth@clewm inchidgd kn the
nunber as a defeot eerageirl?l ock in the base erase block group is
remapped | nt o °8F B ESE O Ok grouping to include a non-defective
erase bl ock from t bpebate eersadchigomips (i degignatbd ayabdase emsehlooklgroept s,
t he one-to-one, and re-pmapped conbinations of 25 erase bl oc .
associ ated wi tHiStdeggpAionds nﬁﬁv@te&rtaawmw@?fa%seﬁ%?@w%ﬁ@%#%d
as fol lows. Agfghes Kbadbess tetndBIRnhRd 2086 Dakf erdB B 1Rk ASAUPR) BKA
included in erase bl ock groups as to whether the particular erase

bl ock is d@f exeatious emboflgnansrmatehedsisrydnedryr seleningihic ermse plogk groupfhass
o mat ohi ng Or i BEEDePiadiipaERHaR fctesllle BlRR o e bRy "o
erase bl ock gdesspbed lsereion- def ective across all of the erase bl ock
groups, a grouping, of erase, bl.ocks is fornmed includi ng each of
the plurality of elh@oyp FRRAIFERR, %‘i%ﬂmdggltoﬁés Wﬁﬁer%ﬁq?twg‘eg\‘erer ase

bl ock groups addltibm crttipihgodAEn-defectiveadsblahie i Rstady, sakingbiyber .
Thi s grou?l ng of erase_  blocks nay be referred to as a og_gho-one
groupi ng. 1§ n" dpcaties ros-dafectiyr StAse h'é“lﬁ&fér‘%e base cpsobigclaggre St Rayanat i s
the same as theenrfgélﬁ 419 HBkGHRe SHasiRed! MG ariBeReSodithéis, #eas B! OCK
nunber for any and all the erase blocks in the one-to-one groups may
be the same ndefoetiveasasetocks Gom thelbirseseasablvgk groupovarhaet induddepsi ng
the. one-t o- ondngic6als sl BB ML heBh A8 Bonk B ERH A hu G 1
desi gnat ed as emsdbisek groapeothérahén e buge. erdseibdock gsdpramtiihaning & samt

limted tg_any ticul ar erase block group in the pluralit f erase
bl ock gr ode eRagoetiabe e eqonrdiietn e 4 lel e s biske Slon' 7
10 various en‘gﬂﬂbrwatdateﬁﬁme@a) sled2Edtive e Hodanyoak O thefidsubh Gogdaeetity ock
group that wll enable the nost additional groups of erasable bl ocks
to be formed ssebloeksiipder dse eape bipek graﬁpmgtfémmﬁpm%\yh%her there is
det er m nat i onf G dTBAECAS. §i0ARhIFSE AEHaL ABA! eBLARGIAT the base

F'oc e made, ng by

non- def ecti ve erase S can starti )
erase block group that is both non-defective and is not already included in a

25  grouping of erase blocks across the plurality of erase block groups is made. If
these conditions are met, an additonal grouping of erase blocks is formed to
include the non-defective erase block from the base erase block group and one
each of the non-defective erase blocks from each of the plurality of erase block
groups other than the base erase block group that were not already included an

30  erase block grouping. These types of groupings of erase blocks may be referred
to as "re-mapped" groupings.

In various embodiments, the above described process for forming re-

mapped groups of erase blocks may be repeated until no additional grouping
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15l ocati ng non-defective erase blocks in the base erase bl ock group
t hat have not been included in one-to-one groupings. In various
enbodi nent w0 Bwerwnon- def ecti ve erase bl ocks from t he PEBBS280849BI75
bl ock group were not i ncluded in a one- to one groupi ng because at

| east one erase ck fromthe a rase k oups
other thant naRedEIed BT BgPR RS e Hadhe o 1% BEEE Sergh Gl

bl ock nunber @t hfldGionAReadg fareiel o efthaa dakasknt peopinger s @ refmapped

bl ock group was determ ned to be defective. For any one of thsse such

non- def ect | ve SEUAEE: BR beRAISERbPREePs RO additonaligroppingmay, pe fogme
det erm nati on F{(VQ r ¥R Deho }]egéreangsnoﬁldefe%ﬂ\?é er2th16dkase tHlvasderhse each

of the erase b groups ot n the base erase bl ock group that

is both noh- dbfoek:grcmp tbaridtavsncrt@treaﬂyrb@aMywlud@tﬂ indeelithen agnesypeipi ng of

erase bl ocks across the r [ . oI f

these conditi BITSPREST /L agﬁ XQI ‘Uhaﬁl ‘%?%B%%Iﬁ%&é e@%%@eddgrtgg sis

formed to inClgwﬂglntghﬂaWOdﬁécﬁwhmﬁﬁclera&smebirWe howdefebitvetmsse bbucks e

bl ock group and_ one each f t he npn-defective, eras cks from each
b e ineiBe

of the plural ftie Bﬁseeﬁf%?gé’ ok gERpgRE e Betbarn ing IR )
bl ock group t El%h? WeTof aR&hapdel %ﬂﬁ)ﬂlﬂgﬁﬁ't Wﬂ@t‘élr@tﬂel%(?s £41a$ aftlode hon-

groupi ng. These pes of groupings of erase blocks may be referred to
as "re- nab%edﬂefgﬁbtwmmﬁg block remaining iy gaohef éhed?JfW@Hi}’rﬁfﬁ age blagk SEBPY e

e ent oo w38 GERIALIL GRS RURF. O BRSSO
non- def ect i veemlteasenb—lt@oksgnonpmgerb&smam%igo@mg;k group that are not
already forned intp either ne-to-one gro n into .a . e-nmpped
grouping. In vario V%%%ﬁ?ﬁ%‘ﬁ?“&ms 8§ P?)‘ﬂg‘lo éf‘%&ﬁF‘ﬁ&e‘F}aJ‘ﬁe f or med
whenever ther @ss@éi@teﬂ@nihQHQE{ oup BYdre@ Mtk eGirbueaddras aulibaakssdnte dshe
base erase 5 bl ock %roup t ha

t have not al read een i.ncl ude% {]%o
ei ther a bhe- t5-cme Dlpckapmigr igentfving t%%ﬁ%&@%ﬁw#& bapergsg blg
enbodi nent s, g%ﬁdeﬁﬁﬁ he%rﬁbﬁfﬂeﬂ%rm}’ngb%)f Qﬁi‘@ﬂll‘ﬂél%oh hes 8ndée one
or nobre non-défective erase blocks i n bas€ erase bl ock group that

have not beenmommwfimaselbimk$ 282 mnbdmﬁméb@cbﬁ%ﬂ%@d&%an%%napped
g oupi N9 but Whgkigl 868, Ml dbel G350 BREA d0-ASL 66
erase bl ock remainin lurar

erase groups
across the pl ummbertayso@fatar\alsleerb&ajﬁkclglwshet Hmt eﬂaac/blonlogroapr eady been

Included Jp either a one: tobodiSemts Bl 3aiBbndt grup P BES: AOAHRY-
formed until no additional groups of erase blocks may be made based on the
requirements for forming these additions groupings of erase blocks.

Once the one-to-one grouping and the one or more groups of additional
erase blocks are formed based upon the remapped groupings, operations on the

25 memory may be performed based upon the group addresses associated with these
one or more groups of erase blocks.

It would be understood that one of these plurality of groupings of erase
blocks may included erase block 230, and may include one or more erase blocks
between erase block 222 and 230, and may include erase block 270, and may

30  include one or more erase blocks between erase block 262 and 270 in any of the
various combinations of groupings of erase blocks as described herein. The
described groupings of erase blocks including the one or more groups of erase

blocks 280, 282, 284, and 290 are included for illustration purposes.
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I n various enbodi nents, the remapped grouping of erase block is
associated wth the group address having a group address nunber the
sane as 15wbheotev@e®sbl ock nunber identifying the erase btousobéiomrs hhe
base erase bl ock group included in the remapped groupi ng. By way of
illustration, the [_nore grou f erase bl ocks 282 includin
erase bl ocks 214 aﬁﬁ‘%?ggﬂ%@afsgg@é‘ﬁﬁﬁcgmﬁ%“%%&63888}"&%%058‘@#0%?”1%1"
cor r espondi ng of erakdBloEX ﬁﬁ@i&l@@\l&o BHEDBloCIREH0pY. TAH oié-tdiosy @ Hbdkek
214 of the base erase bl oc groug. 20 In various egbodineqts_ t hese
log vraliiyA

addi tional gr GUPPs 8nd ErBaRpesicssr $logk€Tupe MY bEARTICINSINEdAR
groups of era%&aébﬁekgrdagyima cDBRE o8 BIDE £RU AfiTeRapddQirase
d S Once the

formng these additio roupi ngs of erase bl ocks. t
one- t 0- ones gr digekeoups dadchh@nymisingrongsrase lodk femafackndek of thapluraitnee

bl ocks are forned,pased upon the,.renma d groupi i
Phe e abmor y cHES bRER SBR Mk STROREE FRRHPLANSHIAPELRM BPRAEN
associ ated W tihtHephaelitgRE eke BREER g@upsi PRorekaraplastast bbolikied to this | t

woul d be under stood that. one of. these plurality o oupi n f _erase
bl ocks may i nEKiARG: EPURBELNERRing sERse hlogksgm s B@Eﬂ SRS 0o

erase bl ocks bebWealn§eAIELRLIOEIouseBetdBth #3R bIcUREroEK 250ahadeo er ase
bl ock 270, and may 30 i ncl ude one or nore erase bl ocks between erase

bl ock 262 18ind rgresented Asiyotied linp2SFanpybemedsrdn additiong cHRPRAASIASE RSk of
erase bl ocks iRegher ginedine £l I LN Si@fon8hase

bl ocks i ncl ud%ﬁodggﬁgag’g%e or%hgrpgssé%ig’uap?g%gc %g@g@ﬁgﬁggﬁ%ﬂzg ,on282,

284, and 290 avalabiiity uftesh-fefectivielersst bhcks by pompiogmsan erase block from a
Enbodi nents are .no imted to formng,the one or re ssihl e
oroups of - er aCE BRI Frce BRFY Sl VA iebE e ek FRfse R BE i
one-to-one er asfalith Q€ Kragd BIOPIS gidfs stBeBRPBE devigrecdlaee kragy llugisgioay be
formed using a plurality of erase bl ock oups incl uﬂlgg\g one-t 0-one

erase bl odR giuslysingerass Rpdpganrset Ps&5% 2%%6‘8 Ay BEYs BB e g

one erase bl ogfsf HRBK %@ﬁgs 95 ¢arf 299N epRLdsiclbyldbtted 1ifE BoLarldl £ %dasHRUPS
wherein there are thrée or nore erase bl ocké)?roups included in the

plurality of eftheeriskdlockyfrompbe patlitgaberpiedlodkgroypsotharfhangbe to this
exanpl e, gr OUHEJ}%? téd-'ﬁsygllapgblgﬁgg%ugklgg&ﬁtc%ihg\%}élg{l@éﬁs%lgg#g 4 D&PS

210, 250, 299, a any erase oups be n erase gr oups
250 and 299 l1@dendfyiesedéfective\craoblat it theda@OBasedjodkezromde. | n

addi tion, .remapped. erase bl ock groups. ma e formed,. if_ possible, as
descri bedzébove an&“H@l?élﬁﬁfnﬁ@glg%nfshgnﬁ‘\)’aﬁ‘/’fﬁ%ﬁsﬁ‘%&e%gffo%ﬁ&ydree BRPFY
erase bl ocks, ghyupaidTichisd §loaks. EF@RambREH tHer@imonlyduridghtieeetassttock

erase bl ock group with one erase bl ock fromeach of fhe plurali of
erase bl ock gdeigpisd 8t Hurofithmpluralisy ﬂ%"s’f‘sﬁrﬁ’é‘t@@%’é’ééﬂ%‘i‘]&géﬂ ﬁweﬁﬁe&ﬁ%ﬁp

grouping, it would not be possible to form a remapped grouping of erase blocks.
It is not necessary that a remapped grouping of erase block be actually formed in
25  order to unitize embodiments described herein in a memory device.
Embodiments are not limited to forming the one or more possible groups
of erase block using a single set of erase blocks groups to form all of the erase
block groups. For example, a plurality of erase block groups may be used
wherein two or more sets of erase block groups may be organized into separate
30  pluralities of erase block groups, and wherein the groupings of erase blocks may
be made separately within each of the separate pluralities of erase block groups.
These separate erase block groups including the separate groupings of erase

blocks may be associated with a common group address number, thereby
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15i ncl udi ng erase bl ock groups 210, 250, 299, and any erase bl ock
groups between erase bl ock groups 250 and 299 represented by dotted
i ne 298 awe 2ae8/106®sSt one of the erase bl ocks from the ptTiusdobsop286
erase bl ock groups other than the designated base erase bl ock group
has mat chi ng uni que erase bl ock nu ek i denti fyi a defectiye.erase
BB%P ‘!}’”tﬁ

f
block in the FHEANSAHASOHMEd RS AR eIt

not be possi blegmhdnfR6up /fdvesk aampaed groupi ng of erase bl ocks. For
exanple, if there is onI%bone defective erase block detected in any

of the plurality ofAseyedebepedsrstepdotpane af ordiaay siil 1p e ash uthep| ock

grouping, it ' ; feéﬁ% [ f
erase bl ocks. \é‘?(%upﬁlﬁ %g%ﬁg%%gggg%gﬁt%g{i@B%Hg%{)pe 93%5%‘?%’%@ eHréase
bl ock be a6t udbimedfinordedtd aref2&biedechita sets of the essenistedisete of 8 pHealgy vbed
herein in a nenor

devi ce. . Enbodi.nent s _ar ot limited 1.0
form ng the oﬁéasﬁigloﬁgl%ou%sg‘%feg'e(fﬁrnglﬂfﬁglS ﬁsn&yi'ggu‘%heégﬁsoﬁ]él{eﬁd’v 1E’;thasi ngl e
set O}‘ eraseI tpﬁgmlek&vg@uﬁﬁf addﬂes{;) lﬁﬁﬂi’fﬁ@dss&iatémiﬂeéa%ﬁ@fﬂiﬁc@tﬁm ofFor
exanple, a plurality of_ erase block groups may he used wherein two, or
more sets of é‘?ea&léra[vﬂydtf@fﬁ‘j‘%l?ﬁg gﬁ%spsbérhﬁr”@gw_fﬁz‘étﬁe‘f%B‘t@éﬁléf’r%‘?’é‘mé’écal
pluralities ole@iARR IiRleA%K a SRS ardEhbP6f Bl dls, LRE il BLRiAABS, Of erase
bl ocks may be nade separatel’y wthin each of the separate pluralities

of erase BPoclkeepréanpe withiagy eorsbination of leyelsdechl appkopgiatpups theppligiing
the separate %%H{%h’i!&sh@ ard ﬁc%fget%}%%%s%}{ 9@;]1%&30‘3' ated with a
conmon group address nunber, ereby creating an associated set of a
plurality of eraselblaiusgmbudineasstheinsdppthgwi§ hbn-anearomengrgnmugs may
addr ess nunber . . As woul d .be understood by one of ordinary skill
in the art, fE?F’f‘tﬁé‘?d‘@rad’EﬂﬂpH@a “these associated sets of a plurality

of erase bl ock gropps. WY epiigaakiedcididiap @evariols emBadifchisf @feChi cal
sets of the associated sets of a_plurality of erase bl ock groups.

These hi edar cHveations dnyarays gsabadifpenis mappigdabie 00 cludeyropisgi@ant ey el

group addressoﬂgsﬁbﬁsreac% 15308 B30, BH4, &6 A8 N8 BERAC bALEEANRALS Of
the plurality of erase ock groups. The nunber of levels wthin the

hi erarchi cal ~selugni31 inxludes medw mombay fop aachi df thearowa diB ercluledievel s,
and may be nagn%pllafﬁg table 300. In various embodiments, column 301 includes ascending

integers beginning at zero arranged sequentially to identify each of rows 310
20  included in mapping table 300.

In various embodiments, rows 310 include a predetermined number of
rows, wherein the predetermined number of rows sets a maximum number of
mappings for combinations of erase blocks that may be stored in mapping table
300. In various embodiments, the number of columns included in mapping table

25 300 is determined by the number of erase block groups included in the forming
of the combination of erase blocks. In various embodiments, mapping table 300
includes a column 302 associated with the base erase block group, and additional
columns 304, 306, and 308 associated with one each of the erase block groups
other than the base erase block group. Column 308 is associated with an "Mth"

30  column associated with an "Mth" erase block group. Column 306 is associated
with one or more columns between column 304 and 308 as would be associated
with one or more erase block groups between an erase block group associated

with ¢column 304 and the Mth erase block group associated with column 308.
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10 accordance with any conbi nation of |evels deem appropriate for the
application to which the hierarchical set schene is being applied.

I n vari ouswérdbesdionwmt s, t he mappi ng of non-one-to- one gRCUPSAERAOREY
be stored in a mapping table. FIG 3 is a napping table according to
vari ous enbodi nents of. the. 15invention. | ari ous, enbqdi ne

mappi ng tabl e 300 ?ﬂ%ﬂﬂﬁ&ng%ﬂﬁpgfﬁ‘Qﬁﬂn%ﬂgyﬁfﬁﬁB?§%88ﬁU#ﬁSﬁégﬁ?cﬁoz,
304, 306, and gaiid-210MotaFI® RS ciha 30 Ussocited With ed@d blotic bivdp 256 r ow
nunber for each of the rows 310 included in nappinghtable 30Q. In

various enbodifieBhFIS. 2 end sahumies06red 48R areassastedyith ARy ey ERASANI ng

at zero a”a”%ﬁﬁk%%]}?@'fﬁcilﬁeh?i’n hembAeRtdyfa02each of rows 310 20
i ncluded in mapping table 300. I'n various enbodi nents, rows 310
i ncl ude a predet er WissbowvmimiBér 3 ofow Bids inclides @ nwmbérd' 1) ineepduran Aphaidl 2

nunber of rows sets..a-: i ubber of _mappi ﬁEI | pagLons of
erase bl ocks Pﬁlélggrngylggo)i% o?gg ?ﬁe %Ilg?ﬁrgg ?‘a‘% e %&r%?%p‘%/arl Ica)us
enbodi ment s, wiachinghiqueairase blackmambacasssieated witheppe hipck abd ;m Bl 300

i s determ ned by the nunmher. of er bl ock groups. .included in the
formng of thé® Wﬁ@ﬁ?&] “bfolgma@%%%gﬁgﬁs%m lalfl%aglq&ﬁsf&a?n‘aﬁeﬁf s,
nmappi ng tabl e 3Q0er REdciQBwaRh 6akdBIBCISEE ATIGCL ATRES, Welehtried tn RASE12
erase bl ock group, and additional colums 304, 306, and 308

associ at ed0wi represaet amanping ofthe org ergeoms|zap ¢ficksp Blosk A8 andassogised

base erase bl Qg y 08. i i i Y " 30
col uim associ %Jé&g (\E/\n]t Edaegghm%ﬁég%fg@ug?%@k%@%g# (%@lug%nmgtgg is
associ at ed w tiapping tabde B dt wolldrvesinterstned that viriows e@dddimedts308ldas

woul d be associ ated wi t.h one or re erase, bl ock ou tween an
brase i ook oniseE kit U e FRES pEHAS Setm Ao fod R P AEE B
group associ abrdk widup aclclarad willBegroup address "FOEoild béisdded into iew PUZ poses,
colum 302 is a&;oci at ed gvltcP t he erafﬂe bl ock group 210 fromFI G 2,
col ui nn 3b% i ¥ndeEsplumps 340 ap }Pgetnglél_P [OUR PBEE- 250 from FIG 2, and
col ums 406 and 408, ﬁﬁﬁpiﬁéﬁgﬁzlﬁb%m1t4hnélﬁblesaaqﬂi_niﬂaﬂa§" if kamend @ Gkd
groups included in nmenory array 202. 5As shown in FIG 3, row 312,

i ncl udes a nufbember*d" imcalen APA. 30k ripbeg "HUisseunB302 represantiitie 304.
The nunber "1!_ iR . - i i .

b ock monber  Raiir R e bl ERAERER BpddfeT B HapdhlBt BERIASS,
nunber " 3" i nambthammBe'4' @pcoderen 884 tdpecsamts tei myching guqueerasebibdlock

nb i at ith. £ bl i . T th trd
T ow 3130 107 VB SRR ARG B 1RIEId e THEr BCGPETH bV oo
bl ock 282 andrepssefiaahmhing dthhgsmeg nastd pRAS spasabiick 290 asd as3edisded in

row 312 and col um 302 of
witlL{ group address number "5", as included in row 314 and column 302 of

mapping table 300. It would be understood that various embodiments could
include more than two erase block groups, the mapping for each additonal erase
25  block group associated with group address number "5" could be added into row
314 under columns 306 and 308 to complete the mapping,
Rows 316, 318, 320, and 330 represent one or more additonal rows
included in mapping table 300. One or more of rows 316, 318, 320, and 330
may or may not include additonal mappings of erase blocks as shown for rows
30 312 and 314 but including different combinations of erase block from those
shown in rows 312 and 314 and from each other row.
In various embodiments, mapping table 300 provides a place for storing

the mapping of the non-one-to-one grouping of erase blocks across a plurality of
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mappi ng: tabl e 300. It would be understood that various enbodi nents
could include nore than two erase bl ock groups, the mapping for each
addi t onal WP2RAE/MW68EK group associ ated with group addr e&S/USROSHOLH7S
be added into row 312 15 under colums 306 and 308 to conplete the

T PR N s SO AR AR S et

302 repr esent gpéagonishis ghoupg ob Brasiidokis g einl kiecdaneusideand desanicaniedeni t h
erase bl ock 222 in FI 2, and. the nunmber "4" in_ col %Es-‘l’ 38_14
represents t hef ﬁ@%wp% a5 52el Rf the eneatorns grouping R fEse blpcks tatmayalip ¢

erase bl ock 268,id) ikhEmety op&dfon S8 s tb@RSry frayQa3die hRRIoRpENt @
mappi ng of the one or nore group erase block 290 and associated with

group addr &ss davinddn varous emboilimesnisd thg mappingtalde is sierdd dod exsiennaysa of
mappi ng tabl e rst ' ' S
coul d incl udet%oogé%%%&t% \/\‘/Z!Ilé)n (ge}ggg@gﬁl%’cvggg?%%ﬁﬁﬁs?dr?hlggﬁg%gi ngrgérg!r(agfeach
addi tonal er asiee RAND fiask rgemary i9fs exdngile chewdoi 1 6 imtthe meohoessippomber
"5" could be added into ro.WF?Ié4 under colums 306 and 308 to conpl ete
the mapping. Cweuiry g showmig FIgek 320, and 330 represent one or rore

addi tonal rows i nclpggathuk BmBBHRIAG, WRS £mMQry Spreatidn STy e fRiforBvd a
316, 318, 320, and 330 may or may not include additonal_ mappi ngs of

erase bl oéRs Hsseiegsnp adsress BumbeIosderatiepds ilhettrget HevRAAdGS aHPET ent
conbi nat i ons Q%rgeﬂé%éjérgﬁﬂ(?{]cﬁ%agggl é ofh Bf 4 &%0%\(%%1‘%14 and

from each other row. I'n vari odi nents, mappi ng tabl e 300
provi des a pl awendryparrsy on whighttheemempyy apgratipn isie begarfomeed: A ssaech of

groupi ng of er,ase_ bl.ocks, across | Mral i f_.er. I oups.
TPl Tovs o T et Ee, AuRRE) el BB rdRtd Pohs o
groups of er agembbaiftandreheisiig: taipet sranpaddres nandet i3dnchaded imtheheappafg

crase blogks a5,cad ol LA anectoione ol oupl e, of erssefl ocks, hat
menory 302, the column in the mapping table including a matching unique erase block
number associated with the erase block from the base erase block group included
in each combination mapped in each row of the mapping table. The number in
column 302 corresponds to the group address number, so the target group
20  address number may be compared to each of the numbers in column 302 to
determine if any of these group address numbers match the target group address
number.
If a match for the target group address number is found in the mapping
table, a mapping of the erase blocks including the grouping of the erase blocks
25  associated with the group address number matching the target group address
number may be read from the mapping table and used to perform the memory
operation using the erase blocks included in the read mapping in performing the
memory operation.
If a match is not found in the mapping table, the plurality of erase blocks
30  associated with the group address number is assumed to be a one-to-one
grouping of erase blocks all having a same matching unique erase block number
and a same group address number as this same matching unique erase block

number. Therefore, the memory operation may be performed using the erase
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5devi ce. In various enbodinents, the mapping table is stored in a
system area of the NAND flash nenory device. In various enbodi nents,
t he syst enweanes/wéosshe NAND fl ash nenory i s for exanpl ePGEVSEpYE/DEGS | N
t he nenory support circuitry as shown in FIG 1. In various

nbodi , o] f
SroﬁpI gggﬁ Zss\gﬂ%gﬁlé‘fn%e? @ﬁ%&lﬁ& tslt?%nefh%c%lggﬁlglﬂ B up a d?%g%egﬁ%%get

represents theargétQuibagoitRos respftieng réddmgpﬁhﬁplﬁﬁg of a rrem)ry devi ce
or a nmenory array on vvhlcr}the nmenor S to be rmed. A

oper at i o
search of the mappifhifaff éherfﬁﬁpﬁ'%ﬁg}ﬁégg%tﬁ%? dherg Isfge Prf“ °$f a
group address QpEbehalchd tﬁ%@aﬁgrohﬁﬁd&ré{sgﬁhbw@%t BEIEH RSy Parh@rlari S

I ncluded in the mappi ng I5table. "I n various enbodi nents, the search
i s performbd, tymrofesaepbieto 20K pasiculanssanR, teahhigque o MadivIerPsEChabpi ng

tabl e includin ET%? W th
the erase bl oc%?hro H %a’ggég%gsgagﬁ %%?%ﬂ%“%? Udgég%lfdr?até%g
colnbl nag IO (2)n magheding gneﬂ?ﬁhct)r’c(bmgei of @eummnemgunnxgbﬂsandimﬁiawdbéﬁsetsn
col um cor.responds to nunber, .so the target
group 20 addr &¥8 am&gtﬁ%%@ gtgﬁ%aﬂ?%rgh?gtigg}?ﬁpl&st%‘ﬂ% nunbers in
colum 302 to dEtemnﬁslah1§d&tﬁﬁleh$&$cﬁn§fd3&éﬂoﬁﬂ&ﬁ&&ﬁm%tﬁbﬁﬂﬁ mat ch
the target group address nunb a match for the tar

group adddBss imvgaten index @QWWHHQ]P@SWF%Ofﬁb’l’%‘uodnﬁlﬁﬁ‘ﬁﬂﬁ@”%f‘l?t he
erase bl ocks igig! 4@l Bfs, UbE B50URIAG Ak cLllEmE AR A0D] AAL2ASARAL AL ed

with the group addréss’ nunbeéer’ natching t ardet group address
nunber may be embadinfentsyraelhmnrp michyles aln¢we namblerlfgechctl@f gerbwe € he

menory operat g %&] ﬁéﬂg}dtﬁhga}giertg@e (}ﬁ Ivgﬁg:%(u% elm%%lflyde%gs c&uﬁnﬁ%ﬁ? JIpPPi ng

in performnglf $“hot found in the
mappi ng t abl e asdeh@inplintegdrs bagimfingitase dtangkdsedleniniip o aitemmlfy\mmoit he

o oub 205 PTDE eLoaSEaUIEd L0 hepa one-{o-one oroupt g of erase

In various embodiments, column 402 is associated with ranges of group
address numbers. In various embodiments, these ranges of group address
numbers are associated with the ranges of group address numbers associated
with the mapping table for which the index table is being used in conjunction

20  with in order to speed up a search of the mapping table.

In various embodiments, column 404 includes an offset into the mapping
table associated with each one of the ranges of group address numbers. By
determining which of rows 410 includes a group address number associated with
a target group address number to be searched for in the mapping table, the index

25  table provides an offset value into the mapping table before the searching of the
mapping table begins. By using the offset into the mapping table as a starting
point in the mapping table, the search of the rows of the mapping table may be
started in a row closer to a row in the mapping where the target group address
number would be found if present, as compared to a search of the mapping table

30  where the search is started, for example, at the first row or the beginning row of
the mapping table.

For illustration purposes, column 402 includes a range of group address

numbers including group address numbers 0-1 in row 412, a range of group
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and a sane group address nunber as this same nmatching uni que erase
bl ock nunber. Therefore, the nenory operation may be performed using
t he erase wpblzogskosnysbers all having the sanme mat chi ng uPETUEIEABES
bl ock nunber as the target nunber without resorting to reading a

mappi ng. A sear ch of e mapping table to detfermne if there is
a group addre?ﬁldﬁ’%‘[‘}ﬁ?cbeﬁ%‘t“& H’rﬁl&gﬂ"ﬁ ‘icgfejgtsnﬁ ﬁﬁ%é%ﬂirr(gg’s fuhdmes 0
not |inmed to apyupPRkitdss Hhaberdin¢RRlif groGREdiilese huinBerd 2YS MAbivi416] @fange
search techni que. Any type of search or search techni gue, may be used.

Vari ous embodiodgrrug adrepranbexs ingluding: saenpaaddres BEmbRys Brande™ b eind
ranges of gro of| \ _ in
g g glr}fﬁﬂ%dasfg@gh%ﬂt&g RuAbds ARARG l@;& Qi‘dfrcé?himb&%% FinFBRPI Ng

table to spee -h of the mapping ta . FI i's an i ndex

t abl e accofdi g0t Howaryi sives tergobatidmss hvmbérs beiavesn) aue it 4 enresponding
tabl e 400 i ncl yudes plur.al i f or 10 incl udi 4 4,
416, 418, 420,°lfl€‘i§‘2",aﬁ‘§ﬁﬂay4‘%b ei%@?%eo R 80 Rg’f,‘*%%gﬂ*d%%&’b%o“@“ tign'ﬁr\l/dg.r ous
enbodi nent s, ¢k weNin4bdindectablie®0ahdt dnehndestrethe rorge edgloupfadidess r ows

410 included in index table 430. hn vari ous ggbodi nts, colum 401
i ncl udes ascefYMPESi A RUEEF BasaHIE AT KRESch£rPR 8IS % sequentially

to identify each OfThéﬁbﬂ%oﬂdiQ%bﬁ%t WARE nay théndusb@l) ®tdhfthe thBentry

various enbodi nents, colum 402 is associated with ranges of group
addr ess ndfbemsint for searehipg theantrpingigblesand ghiaypating Hapaccefsity toepgreh

addr ess nunber 1 ] .

nunbers assoc irg %glet\l;l\ngfrﬁ Bﬁlhgtt%g%\#rtn%a{[lggl %@5 ggl&\ﬁ%ﬁ&? [?1{% : ?ﬁ%@‘???fat]%? e

i s bei ng used groupcaidjasnotrhiper ni2iching theitargetrgieup dddrespredberp mvaeasch of

E)P . Sg?pf)in? 0 E %gllbﬁgiﬁliﬁ%ﬁ\g/ﬁ{ei oS SIRRIITENL S 1apfPlodil o3¢ «d (S R8RS A"
row number of the mapping table. By way of illustration, the offset values in
15  column 404 of index table 400 in FIG. 4 may correspond to the row numbers in
column 301 of the mapping table 300 in FIG. 3. Thus, by way of example,
offset values "0" for rows 412 and 414 in index table 400 would indicate that a
search of mapping table 300 should be initiated at row 312 of mapping table 300
corresponding to mapping table row number "0" in column 301. In another
20  example, offset values "1" for rows 416, 418, and 420 in index table 400 would
indicate that a search of mapping table 300 should be initiated at row 314 of
corresponding to row "1" in column 301 of mapping table 300.
In various embodiments, the offset values included in column 404 are
determined based on the span of ranges of group address numbers and the results
25  of populating the mapping tale with the possible combinations erase blocks
mapped into the mapping table 300.
In various embodiments, the offset values included in column 404 of the
index table are calculated by taking the target address number and dividing it by
a span to obtain a quotient. The span is determined to be a number equal to the
30  number of group address included in each of the ranges of group addresses
included in column 402 of the index table. Once the quotient is determined, the

quotient is truncated so as to include only the integer portion of the quotient
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tabl e associated with each one of the ranges of group address
nunbers. By determ ning which of rows 410 includes a group address
nunber asswoi2asadéonst h a target group address nunber toPERUSWew OGS
for in the mapping table, the index 25table provides an of fset val ue

into the mpp!rgﬁltgn%ghgﬁge ra?pr?%%ﬁ? ﬁng e?.h‘rﬂé’zé?{, 0 &itmgéeg% ;ﬁo?r?%?gnds

begi ns. By using pping table as a
poi nt in the nappingl rbatihehe ihbex taklaron induditpearnr affist vflud ineolmmp40dg

tabl e may be start in.a rowcloser to row in the mappi ng where
Lhe target group adeELBe Ao G EAeR FanE e B Ju & por
conpared to0 a c3eRk¢ ht@ihelh@piRRN1Pdssbaialed with b fidex tdbe. %@fcﬁﬁlfgltﬁe
started, for exanple, at the first row or the begi nning row of the

mappi ng t abl e. mapping tabla Serragrpenadsiesp aymber way bagin ache ra¥ep{ e s1appingnge
of group addr [ udi r 2o ., [LOW
412, a range g?lﬁ%{r}/g%ﬂ{gﬁh{r} gé@ Q 'rtlét}%%glrc glldlgsn@ﬂg%?(ﬁgeéé %%%E%ggrﬁé%ég (rahs1 2
nunbers 2-3 i nlescendidd 4r aswending@raigement X hackdore ssymowibefase theabwdi ng

group address .n e -5.1n row 416, a range of group address . ..
Bumbar o i not udr G B e 2Rl it Eorh B usthaiis ArheSRyaine
of group addr egstarpétBRirsssindfbetdi Ng group address nunbers 8-9 in row
5420. For any given target address nunbers between 0 and 9, a

correspondfng of f s& ehPUiErcRigy2aE the SPWR #ikess PBRPES PUAREeA0R 25ending ex
table 400 by foqgi mgf A riah iﬁgh[gblleﬁgaﬁgsetta%ﬁaté@&haﬁ@khek DGl dEsy | N

the range of group address numbers a er matching the target dgroup
addr ess nunbemumbheis foundes rdied iamgatelfing semberbemgraprisdito the tygeld t o

determne the entry 10point. for. searchin he i I and
el imnating tﬁgdrﬁﬁ%@%lcws%%h%géapgﬁe %6%%9‘?&6‘3?#@%@5%9? rtlltéea gg?de, for

exanpl e rows Rahfion] Hgropp aédressatunibes idatohingahe tahget gddvess nagdbeeis qonunber
mat chi ng the target FSﬁroup 'adgaliaﬁecs)s nunber. | n various enbodi nents, the

of fset inte tHEOreipiNnEaPRIBE rresponds to the sequential row

nurber of the mMappPiFag;fudRlifn pfa¥pdaey féa thigbtisidrat bpms”, ddvefopieSidex
values in 15 colum 404 of index table 400 in FIG 4 may correspond

to the row nurdhde 40Q having arpen 862 awchﬁéﬁ?manae elbgieuBeddesserion 3.
ndox tabl o gt iy Flual AP e aimarcts 1 AoV, Ao @2 200
shoul d be i ni rémesedt AR, andwih2runtatedipividgs & slbe o800Using tlastoowrdiedg t o
Mapping t 38 e vral?l\évoﬂjg?gﬁ ir;d?c;atoirgf Lgo%sll ??quin?dg)g' tablen40%,ne(1)1;[ Qf%et into the mapping
table is determined to have a value of zero for row 414 of index table 400.
Using the offset value of zero as the entry point into mapping table 300
of FIG. 3, the target address value of "3" is compared to the group address
number "5" in row 414 (row 1) in column 402. As the target address value "3"
25  does not match the group address number "5" for row 1, and is less than the
group address number, the search of the mapping table is complete without
having to compare the target address number to the group address value of row
412 or any of the rows 416, 418, 420, and 430 of the mapping table. The time
required to determine whether a group address number is included in the
30  mapping table is thus reduced.
FIG. 5 is a flow diagram illustrating several methods according to

various embodiments of the invention. Method 500 at block 510 may begin by
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20exampl e, offset wvalues "1" for rows 416, 418, and 420 in index
tabl e 400 woul d indicate that a search of mapping table 300 should be
I nitiated wio20mn0804 of corresponding to row "1" in col pCmUS0B/ 475
mappi ng tabl e 300. I n various enbodi nents, the offset val ues

i ncluded in col um, 404 are determ ned based on the an of .ranges of
group addr ess dsifBENRS KA ferefere ¢SS o eﬁ)%%ﬁ?}laf‘?l%gsstsﬁ%e‘}rﬁ‘papi ng
tale with the nQ;g%ﬁ{thtﬁe.COWbi nations erase bl ocks nmapped into the
mappi ng tabl e 300. ] I n various enbodi nents, the offset val ues

i ncl uded in col um \épmuwmbmmiewaeﬁmﬁn@ﬂéoﬁmh@w&thpma@amsgatﬂ%&m%@r
the target ad = TaTe o IVE Mol ' : -ahfa a
quoti ent. Theqllgcgl?i%e é}gﬁg&g& m n%gaicgﬁ(ggfogg%cﬂ%ﬁ%‘ra%gggérf&%dggﬁﬁgﬂ%o
nunber of §r owuralitgrof smsé blotkigredps imcldlg adfas¢ tresea Hogesroas, the Hatps

addresses included.in colu 402 .of. the ind tabl. e.. ce. fhey, .
quotient is deRBFHICASEVINE ﬁﬂdﬁfe@hf’e P ?%‘ﬁ%ﬁctné’ﬁ lg%ca%ntv 8ﬁ1|e'n(\:/ e
only the integafboRRfdntOfrtAér ihdl8dSluaitingAtplura RS W tetdt@ adBresses efofeddn tise
positive integer. The zero or positive integer corresponds to a

singl e row i n Mappingiakls, \nelpdias MeeEroyaddutsfdo AMAHHYBMURPELe i n col umn

404. The of f SELnAPA P IR STOTIn A, dRRAGAREL Bkt G pldaRED oY

for a point of entry into the mapping 'table associa W th the index

tabl e. SedPchinngbeherSspandpigtg atgadipeadilmass pumbasidendifidng s plwnialiy ef erassy
begin at the row,0f the nmappin I 21 n .t h ' ahl

I ncl udes gr ou;??%cgﬁl}neasglerr?ﬁr gervéééatr\%glﬁgseg\hi%nﬂgeﬁ%?%gWﬁﬁr}g?‘tﬂggggaﬁdi ng
arrangenent . Thdzxeié inchaling « slutalief erengeh ef growp bddiessas, sxhebsin tévh

of fset value will not contain the group addrgess nunbe t chi t he
Carget madr as S AGouD AT G TR do ARG PEEP PR el e B
nunbers arrangged thdmasi®n@brg order, a search of the mapping table

may be term nated when elther a matching .
15 Method 500 at block 514 may include determining a first offset value by

dividing the target group address number by a span.
Method 500 at block 516 may include retrieving a second offset value
from an index table based on the first offset value.
Method 500 at block 518 may include searching for the group address
20  number among a plurality of group address numbers in a mapping table to
determine if the target group address is included in the mapping table. Various
embodiments may include the searching for the group address number beginning
at a point in the mapping table determined by the second offset value, wherein
any of the plurality of group address numbers in the mapping table corresponds
25  with a mapping of one each of a plurality of erase blocks from one each of a
plurality of erase block groups including a base erase block group, wherein all
the plurality of erase blocks in the mapping are non-defective and at least one of
the plurality of erase blocks in the mapping has a matching unique erase block
number identifying a defective erase block in the base erase block group.
30 Various embodiments of method 500 may include wherein for each
mapping of one each of the plurality of erase blocks from one each of the
plurality of erase block groups including the base erase block group, the

corresponding group address number for any one particular mapping is a same
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nunber is found or when a mat chi ng nunber being conpared to the
target address nunber is higher than the target address nunber. In
t he secondweizesalswn, a group address nunber matchi ng tREX/US0ERAN2475
address nunber is not 15stored in the nmappi ng table. For

il lustration purposes, for a target address of "3", and.far the index
table 400 haviTHGPE Spinmgichine e cxtve d IRk PHMRek OmsepORing th ap dFese

addresses for Ra&kTrdmR We Yas€&hidBlodOZoup 11t i MBRfed 36 He QRS ondparéibiiaeed
by the span of 2 represent 3/2, and when truncated provides a val ue

of 1. Using t Heappingncéareds embedimgets of methed S48 maydadedeovhatinr ow 1 in

I ndex table 4 : ' | ' ' o]
have a val ue %teﬁ%@%ﬁ%&g@&i?%ﬁ%? y?ﬁ@@@?ﬁ% gét%%&p %?}“%éﬁ},ﬁgg % fset
val ue of zér o imduddsdruacdting tpen integenvalueroluiding zewh He RO0eofpréduged By
the target address value of "3" |s conpared tq the gro addr ess
nunber S5+ | n SamEDe esheoys pidEsEiTRe o, et Bl Wi
val ue 113" 25 MiaeFfsBotaiygat ch t he group address nunber "5" for row 1,
and is less than the group address nunber, the search of the mapping

table is conplete Warksuembedimens pfmetiof P@ mapdnqludegukereindetesamingrber
to the group agldiess Yidledea1d in'&f?l\ﬂ’efll#ﬁzgﬂltﬂgi i theé iﬂtflex_ttli'ﬂa BB cShlib rrdd 8,

420, and 430 of the napping table. me required to determ ne
whet her a 1§r owplugddrrespondingtrethe infegen s hlude ¥ aripustembodimenype fyethead @0 i s

s, reducet |yl iyBabSh A PR PR e
bl ock 510 nmay geagi dddhygs olehihnimemgryidpeatib@isge be gerdormedddfagioss mat ches
a group address b%&%e%(tjs c;frI mcathoraaﬁoﬁ%i rrqu fn%ﬁldg wherein determining if the target
group address is included in the mapping table includes finding a group address
15 inthe mapping table that matches the target group address.

Method 500 at block 520 may include if a match is found, performing a
memory operation on a first plurality of erase blocks indicated by the mapping
table and having a first group address matching the target group address.

Various embodiments may include wherein the first plurality of erase

20  blocks is selected from a plurality of erase block groups including a base erase
block group.

Various embodiments of method 500 further include providing a status
indication for each erase block included in the plurality of erase block groups
including a base erase block group, the status indication having either a defective

25  or anon-defective indication value.

Various embodiments may include wherein each of the plurality of erase
block groups comprises a plurality of erase blocks each identified by a matching
unique plurality of erase block numbers unique within the plurality of erase
blocks and matching across the plurality of erase block groups. Various

30 embodiments may include wherein the first plurality of erase blocks includes one
non-defective erase block from the base erase block group and one non-defective

erase block from each of the plurality of erase block groups other than the base

erase block group. Various embodiments may include wherein at least one first
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Vari ous enbodi nents of nmethod 500 including the mapping table further
include providing a status indication for each erase bl ock included

i n the S5plwpabisiyewd erase bl ock groups including a basECrRVEEEs/M02408K
group, the status indication having either a defective or a

non- def ective indicat.ion valu Vari ous, enbodi ment s..f urt L ude
" ting a pl BRI SRS B o A eeSoBb BEP BT et Mt % .

i ncl udi ng t he bR WPoRAHEIRGS, a fir6t BatORX Thiue srabellockMeatning tAnrtashl ock
512 may include determ ning a target group.address .10 nunltP)er )

cor r espondi ng MACANGYHaNS epRerbbeck nhse epyYme & datsrve egpqbigrls inth
erase bl ocks ibgsfergggrgq)(f&gql j ce. Various enbodi nents may include
providing an index table ncluding a plurality of ranges of group
addr esses, Swher ei n Viagiohs erabrgkémerits gf wathod §6¢ Bwy dncludsrwhespp Hipslisterowe

of a pluralit f val f_offsets.jnt i t hod
200 af bl ook SiFeraBhER BlmalhBE)Ridul Lhst BERARGDD W bl

di vi di ng t he tiengt bgsetamscdlstkessupnivoihded inythafispplorality of erasdetbidukel 500
at bl ock 516 y. include retrievin secon ffset value from an

"ndextabl e baGUBuBTbHLTPH of TERPASD0 P dudi 7B B8 e BFBER 518
may include segimdihe tREetighipHdaris RIAIEET iR thaTHaPpl BB WerBrming
plurality of group address nunbers in a nmapping table to determne if

t he t ar getlOgr @npperadereesthe snanpry dendee psing e crapplorls inelsted ivdg i ous
enbodi nent s ' | el dalx, &ggw‘oer
begi nni ng at @%ﬁ%@%ﬁpkﬁge%@%%ﬁ%gﬁgt er rhaﬂng%ﬁ’by ?ﬁ?s cond
of fset val ue, addressei n any of the plurality of group address nunbers

in the mapping tab o] S d with, a pi of e _each of a
plurality of er aseﬁ?tﬁ%%&faggﬁcgr?gégggﬁn%'fdeg%%l%@g‘f 1|Stn3?Pg°Pn§’r ase bl ock
groups incl ud'Eagomaibgs ehefoR$ Spdrhtskorgd Sedpnd pheiliei of erdsk bldeks havingd ity
of erase blocks in the mappi ng are non-defecti and at | east one of
the pl uralfty sefond geug agfigesaatching the RegsheREP ARYECSS: mat chi ng uni que

erase bl ock nunber vidigi dridddibedts Ha) BlideyIRIGS el Qi plitaliffdrRASE
erase bl ock group. 30Various enbodi nments of method 500 may i nclude

wherei n for ealseksispplerigd §omdheplizdity of erasecblprk gravnstipclading thedase)| ocks
[romone each gl bl glloﬂpgka Iné1.es SIARR. e S0 BBl RVitE Bifind e
ck group,

base erase blo e correspondl ng group address n er for
any one parti eatchingnepiertgasedlaksmmber form each of the plurality of erase block

20  groups.

Various embodiments may include wherein the second group address
matches the matching unique erase block number of the erase block from the
base erase block group included in the second plurality of erase blocks. Various
embodiments of method 500 may include if the target group address in not

25  included in the mapping table, performing an operation on the memory device
using the erase block from each of the plurality of erase block groups that have
an erase block number matching the target group address.

The accompanying drawings that form a part hereof show, by way of
illustration and not of limitation, specific embodiments in which the subject

30  matter may be practiced. The embodiments illustrated are described in sufficient
detail to enable those skilled in the art to practice the teachings disclosed herein.
Other embodiments may be utilized and derived therefrom, such that structural

and logical substitutions and changes may be made without departing from the
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nunber as the matching uni que erase bl ock nunber corresponding to an
erase block fromthe base erase block group that is included in the

any one pawbi2eesiia609srappi ng. Vari ous enbodi ments of met h@r/G00sIwa3A7s

i ncl ude wherein determning a first offset val ue by di vidi ng the

target group addr es trun

val ue i ncl udi f§°EA gnsﬁﬁé 8@ Fgﬁgj %ﬂ E@H“BVH Bgﬁ ‘%Q°P§%§g$
group address jRY lihinSake, aﬂdlﬂlelé&ﬁég)ftvaﬂousr&x%ﬁfméﬁﬂd iseleﬁﬁedtdmy by thet
of fset val ue. Various enbodi nents of method 500 may i ncl Lide wher ei n

det er ni ni ng t ePended alairps anddhe {l rapes crfcqquwé@nq%wﬂ%hgwm £ A Hdex

tabl e the secqpgyqf fset 10 value corresponding to the integer value.
Vari ous enbodl nents of nethod 500 may i nclude wherein determning a
target gro6p addressch nmbodiesnﬂefélenmrﬂnngcalbgﬁcmyaﬁ%rddﬂé@ﬁsrefﬁﬁf%? ch a

500" mayF et udgreim Bt RE PRV by @ RIRRRL BRI RE, os P s
i ncl uded in thkenveaRpcdand abh@t el dirgte® vfoﬂmﬁhrhgllﬁmghostmpadﬁt}n'zss 15i n

t he mapping table that matc¢hes, the tar roup address
500 at bl ook SPRRGHIGN FERREIS IAVeRifRE vegg*feo%ﬂﬁlaeptﬁémoaﬁwwnes%my

operation on gdigtssfos@, Uriids dithoRdn Heeit eﬁibgﬁﬂﬁ%ntsr}ﬁw%&ﬂllbéﬁatéaemd
mappi ng tabl e and having a tirst group address matching the target

group addrl@ss devaibpd bereuvriciraagenseniwgiclated folachipiesthe sRMaRBIPIsE Y
plurality of gf %ﬁﬁgﬁﬂ.’?& RE 5 4 §c1ﬁ91=,1%8%{i efs 3 PHAS Bldofoluhs lcAag
ock group. Vari ous

bl ock groups inc a ba erase
enbodi nent s ofto rmtehardy ZRalf adapﬂaéonsi archuateny Dﬁv:iriﬁuagm@omus

bl ock o1 oups. IGFOTTHTGE 8 A28 & beoi ot St PRl ey

i ndi cati on havdesigibed hé¥ei willdRf@piremeao e oasmmnrmehmpweevievdhgmei on
val ue. Various enbodi nents nmay include wherein each of the
pluralityl8f ebPaslessriiongr oups conprises a plurality of erase bl ocks

each identified byvg @Bt mAbAGdEM oA URWPIbEB kichis @hd &fi elogﬂcquﬁaraméoers
unique within the plurality of erase bl oCks and matc across the

plurality of eworsaly @@Rﬁ@d@mﬁg theysen baee a variety of relatlve va ues including
negative voltages and positive voltages. “High” and “low” logic signals are

defined only by their relationship to one another in representing binary values.
20  Typically, a “high” logic signal has a voltage level or potential higher than a
“low” logic signal, or the “low” signal may have a different polarity or negative
polarity than the “high” signal. As those skilled in the art well understand, in
some logic systems, a “high” logic value may even be represented by a grouﬁd
potential when the relative “low” logic value is represented by a negative voltage
25  potential in reference to ground.
The Abstract of the Disclosure is provided to comply with 37 C.F.R.
§1.72(b) requiring an abstract that will allow the reader to quickly ascertain the
nature of the technical disclosure. It is submitted with the understanding that it
will not be used to interpret or limit the scope or fneaning of the claims. In the
30 foregoing Detailed Description, various features are grouped together in a single
embodiment for the purpose of streamlining the disclosure. This method of
disclosure is not to be interpreted to require more features than are expressly

recited in each claim. Rather, inventive subject matter may be found in less than
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30enbodi ments may include wherein the first plurality of erase bl ocks
i ncl udes one non-defective erase block fromthe base erase bl ock
group and weewwsHteMef ecti ve erase bl ock from each of thRCTUSRORHGOZNS Of
erase bl ock groups other than the base erase bl ock group. Various
enbodi ent S N ileydPs WG Aha bLERRHMBNC Thil e roRbing lals 4
erase bl ocks froman erase”bl ock group otRer ‘than the bage erase

bl ock group i netebgidscoapdrated intortitedbataipd Dvscripgioay with eldhoddimmutiaridang arhe
same as a matchi ng uni que erase blogk nunber identifying a defective
erase bl ock iﬁmfwg”ﬁé§%p%?§§@ﬁﬁp8FW'group. 5Vari ous enbodi ments of
met hod 500 may include wherein the first group address matches the
mat chi ng uni que erase bl ock nunber of the erase block fromthe base
erase blocR group included in the first plurality of erase bl ocks.
Vari ous enbodi ments of nmethod 500 may include if a group address
nunber matching the target group address is included in the mapping
table, performng 10 an operation on the nenory device using the
erase bl ocks included in the remapped group address fromthe mapping
tabl e matching the target group address. Met hod 500 at bl ock
530 may include, if a match is not found, perform ng a nmenory
operation on a second plurality of erase blocks having a 15 second
group address nmatching the target group address, Vari ous

enbodi ments may include wherein the second plurality of erase bl ocks
is selected fromthe plurality of erase block groups including the
base erase bl ock group and i ncludes one non-defective erase bl ock
havi ng a sanme matchi ng uni que erase bl ock nunber form each of the
plurality of erase block 20 groups. Vari ous enbodi ments may

i ncl ude wherein the second group address matches the matchi ng uni que
erase bl ock nunber of the erase block fromthe base erase bl ock group
included in the second plurality of erase blocks. Various enbodi nents
of nmethod 500 may include if the target group address in not 25
included in the mapping table, perform ng an operation on the nenory
devi ce using the erase block fromeach of the plurality of erase

bl ock groups that have an erase bl ock nunber matching the target
group address. The acconpanying draw ngs that forma part hereof

show, by way of illustration and not of limtation, specific

enbodi nents in which the subject
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30 matter nmay be practiced. The enbodinments illustrated are descri bed
in sufficient detail to enable those skilled in the art to practice
the teachings disclosed herein. Qther enbodinents nay be utilized and
derived therefrom such that structural and |ogical substitutions and
changes may be made wi thout departing fromthe scope of this

di scl osure. This Detail ed Description, therefore, is not to be taken
inalimting sense, and the scope e; m@_{s ous enbodi nents is defined
only by the appended clains and th ange of equivalents to

whi ch such clains are entitled. 5Such enbodi nents of the inventive
subj ect n¥bhets chimedie: referred to herein individually or collectively
by the term"invention" nmerely for conveni ence and w thout intending
to vol unt prd] yphiaflslcolpsiagope of this application to any single

i nvention or i nv ntlve{htcorllcbgt |1fra§%(§fthaﬁoo SN f?ct rase

di scl osed’ TROY, “AlF13 (}ﬁ%‘%ﬁ 8y g par S HIEE BEFRS BT 3 RASE PRP%d
and 10 dedesk gewp.ndicesimcacknf thermiwabiead srase blogk sroppycameprisen: phealithel
sanme pur paose bieoksxeclsofitbe phurliyl of @nsetthecks pieotifiedbemmogthimg mnsjus hown .
Thi s f'? S ChIeSUREnHes tHaPisMARE vithi Q¥ PlurdRy ofbdset1bckadallidiht @RSe Block
vari ation | : 1]l e, above

enbodi ne g%a%ﬁéﬂgiﬁgﬁlaﬁ%ggmﬁpth%p rlluc??q@ 0?%&%%6?@%1{%1‘0%%%1?{?% herein
will be abPaPRIRg 1aPts CHRIS e BRI Pt S ERINiiE SFPRIRE (7Pl foestore
15above didensi preigsenp address nwobar sguespanding tedws of the matehing heigieplviaginal s
and " hi ghof erazgiblock ngmdk:s idenayind Mhdil-Yefanive deké Biodk i the badelteite ROk have
a vari et y,gf, Lgkh %ﬁééﬁoﬁ@ﬁﬁlﬁ%e{/é}@ HHNGaBBIRLhYEe VRl A06SrARbIRRS L1 ve
vol tages. . td i, andhoc Qo] 00l fepslgnal.s. ng, dehingdy o v DY of ekr

rel at i onsHPPTOIGHLYERSoHE 1o ToEpTiES €3PS Heinsark oy plute

20Typi cal lgck groupsi ofper thagghe base grase blegls sup.ovhesgia af keget pngef thepevistal al

hi gher t hadludes'dnowf tHeogrtchisg gmghg ploralityha etdsolock ngmhbérs ideptifdngea a

di f f er entepakias bla¥e BoclRIRE bMe e Blotk ¥roupamdtiRreilh@Mll oFiig hse As

those ski ﬂlb&(q \?gﬂaﬁgﬁdlgé fo 1€ lgtouﬂ NA&SL 1‘?0%3&1‘1 esd%eln%g%(fn %%%Lfe{%?sesme N

"“hi gh" | qql may- even-be ' represente y a groun

the rel a?tﬁQ‘g(qu‘ | ogic value is represented by a negative voltage
25potential in reference to ground. The Abstract of the

Di scl osurZ Ths appaausieftliio ovhplen thictniapdihg@alie R.to to¥24 frpup ediliessi ng an

abstract hhalinghid orglhl ArdsBBumeader to quickly ascertain the nature
of the technical ngSC| osure. It is submtted with the understanding

that it will not be used to inte_rPret or limt the scope_or meaning
of the clhilhg arpaatihel Ayl rar hospuprs 4o escampsiseoh VAN flaths

f eat ur es memonyrdsuised t ogether in a single

4. The apparatus of claim 3, wherein the mapping table is stored in a system area of the
NAND flash memory device.

5. The apparatus of claim 1, wherein a total number of group addresses, including the at
least one group address number, to be stored in the mapping table is limited to a
maximum number.

6. The apparatus of claim 1, wherein the memory device comprises a plurality of NAND
flash memory cells including multi-level cells operable to store two or more data bits in

each multi-level cell.

7. An apparatus comprising:
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enbodi ment for the purpose of streamining the disclosure. This

met hod of disclosure is not to be interpreted to require nore
features than are expressly recited in each claim Rather, inventive
subject matter may be found in less than all features of a single
di scl osed enbodi ment. Thus the follow ng clains are hereby
incorporated into the Detailed Description, with each claimstandi ng

X R ;:)B afvwm%o &Sf&grcgﬁﬁgu‘%m@é)s‘é Ofalit ity @gﬂg% q\%% UE? érﬁg@'ﬁrg%d?ajsé eriascl
of o hoe BP0 ﬁ SHSEStS Freh ST ISl oL G@F%E@CIBEFSBRS oot Y
each of t#eseplqskalgaelyolghe plusdisy pf erase Whecks frlenebediry as@gtcamg [UGIGHE exage of
erase bl ddésk nuadeh thaf istunequp Muthid iht pluedlite o Acesdil ok svithilethe iefaseblobly a
mat chi ng 4phIMRl B4AS ﬁlatzhﬁfgkacfuém Mrm of &a%l%@gl%ﬂshhﬁﬂ t he

%?Lﬁ: :,];yaOf §1r1 af ﬁle coﬁ}ﬁl V\éthg hiu{alg era So(?o %‘g%osgtﬁg%ﬁ gtabll]eato s!toge

ase
tabl e cmﬂﬁ%‘ﬁt s gF‘PPé’ W%P‘Ffl?ﬁf&f’”%ﬁpa %Focf&s of s u%c ltl&wﬁﬁepwﬁg y
tabl e to dftesse blck hembers advatifinypnerddefegiyc mmbblock orthebpeordisajloch one
of the nairel}, Agd btk @d@igm)a;kvdxm Fkheah@AsEnp Lfighe fﬁﬂl%f@fdr&’s@fbldcf{yi ng a

non- def e an%rsei'a@xﬁﬁ Fgghﬁ;é}wﬁ%f&ﬁ§ I%E@lﬁgclpikl%ﬁ & tﬂéfjpt of crase

correspo tO Se 1 N unl ura erase
ook PR, A Jian e ast SiPabldeh SauP QAT TR PP AL ane S bR st ach
of the pllmaladfrswe@f theppatening weRuplBGEY dicrmse blonhnumh@s blsblvings e

bl ock gr odefectivk erasd iloelkt inl thabdse erage bibcit h@up.evietrdh notnadl afdkserasecbladkst he
mat chi ng mewdﬁkﬁ% el é&ﬁdd%@ﬁﬁﬁ&%& Qmﬁchlggﬁﬁhﬁyéﬁ& Hock

gler eg]'E I ;/ﬁ %{brag%n RIS il & ﬁrslf'one (?fstﬁe ura?"?y oil[ei%ase bﬂ)cﬁ&pduga%segé\g?%d ?ﬂ)n not

have a s erﬁﬁ&f&ﬁth@g a&ﬁmd@népg Pmr%&?kor%erﬁﬁeboc POUPPhe appar at us of
claim1, wherein the mapping table is to store a group address

i ncl udi ngg.trie appRatls SEIAIESE whérddeeach oB the PhgrakpRaeateBlot gioh ldkated
wherein the, E‘iﬂ%%h Yaidevi ce conprises a NAND flash nenory device. 4.
The apparatus o cﬁialmS wherein the mapping table is stored in a
system area of the NAND flash mem)ré device. 5. The apparatus of

claim1, Swibeepprraus of daimnlymthsreineachobils rhealiyf ewse blagk eigrpijs dovatedt
| east oneory difipreatidieesd eacindfghe difierdnedist aregiysicallytseackabipifogn thabl e i s
limted t@efofyBieiidbm nuber. 6. The apparatus of claim1, wherein
the nmenory device conprises a plurality of NAND flash nmenory cells

i ncl udi ng, nu t|-IeveI cells %p able to store two or nore data bits
in each mfl dhe prpptusRdiclaim 771 W5REMEE us conpri si ng:

an index table to store a value for each of a plurality of offsets into the mapping table.

11. The apparatus of claim 10, wherein the value corresponds to a range of group
addresses included in the memory device.

12. The apparatus of claim 10, wherein the mapping table is to store a first group address
including the group address number, and wherein the memory device includes a second
group address not stored in the mapping table.

13. The apparatus of claim 12, wherein the second group address includes a group
address number corresponding to an erase block number identifying a non-defective erase
block from the base erase block group and one erase block number identifying a non-
defective erase block from each of the plurality of erase block groups other than the base
erase block group with a same erase block number as the non-defective erase block from
the base erase block group.
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a nenory device configurable as a plurality of erase hl ock groups

i ncluding a base erase bl ock group, wherein each of the plurality of

erase bl ock groups conprises a plurality of erase bl ocks, each of the
plurality of erase blocks identified by a nmatching unique erase bl ock
nunber that is unique within the plurality of erase blocks within the
erase bl ock group and that is matching across the plurality of erase
bl ock groups; and a napping tabl e coupled to the plurality of erase

bl ock gro t he Lo st Loy ddr
nunber “cor ats e Btim 3Rk RBLE fied er igfqoug %fw%ﬁ “?9‘%811% 5 2se
bl ock nunis&? 3‘6‘&1%‘1%?"3?? ﬁ Y BNRRAIETSE sioEddn Hednypigdabln s las thanse

er ase bl owlal guokgy of arade tlocksas geridsneratedledvgogl. of t he mat ching

uni que plurality of erase block numbers identifying a single

non- def ectd ve. eLaseQek. in each of the plurality of erase bl ock
groups ot her an aSe erase bl ock group, wherein at |east one of
t he sever&POFHEIIHELBHA PHECSAE B hi ng uni que plurality of erase

bl ock nunbEeBoTyETyicPypladtosthe pogessory thegneeay Bitay korfigurshle dsapdurelityoé

bl ock gr osifse bidvkreeoups iodludihg a bdse e Bloals groap Oclkseif eschagplonslungitst t he

g; guah Z‘rjdérﬁ‘s%fbl&'k@?&f sQamsnéeséqmamfo@efagwbluéus%a%h%fee@&m lor Bragder,

U
ocat ea QPR RS giten Rt Bt ook puShaify & Bt 5%
erase bl olpraliiyofsease bh’cksrﬁéhlaﬁlpfa%%e&éoqlﬁgrwaqwlw iymaeking aggdsih ‘E")f t he
pl ural i t yplofalisredsesbblock ggupsipsdi s | ocated on a different die. :
The appar ainbspind taﬁle&bﬁibl@d tdﬂl@pﬁkﬂltﬁaﬁ&a&fblédk%r&l I't@k bfa lﬁ ta@aﬂ@t%%tore

bl k t t
bl oc agreoméasﬂ e ﬁgsaegrc Qlalﬁng:'r {,)I?Wﬁlg%@ o c]emcﬁ Guclibfofhen
bpar at e IHRE Pk b eis F R S R P AV B e Eiosk it Ean)&re fogk

val ue f orgrewsandgorzespensing torsgvesdl ofthegmatehingveiqudelurplipmficeese Alsick. 11

The apparmaimtgrsiflertifgingakhglerMvardefantivbarasedlock ia@actesiphaplaralioy &f erange
of group @gdr gﬁ&ﬁ%%tl&é?%a‘ﬂ%é’bds@ efa@@blﬁaﬂ'g%ﬁ ONEGE at leds? oneT HanhéRRakat us
of claim; 18?.1(16&' one %%" ﬂ’le mzﬁchqué) B QL% eph?rginS/ ngnfsérasg bﬁ)&ﬁ) V%mﬁlers Heplinfgﬂ{rggUp

address ifi¢

devi ce i ritafrHES erésesléledwa t 56@&1‘? laciserenp, aad syherein potaHof thessishg
tabl e. 1BockFleerresppuading tosthggromp aildresshiumblech®icn shie nygchorlrgqueLepase
addr ess iuedkERsHher group address nunber corresponding to an erase
bl ock nunber identifying a non-defective erase block fromthe base

erase blo roup and .ane se. bl ock er .identifyjng a

on- et eolth 78¢ SplreB Otk £ baRRuTR e Bttty o g s efuwsa ock
groups otlneated ¢remdiffiseenpdis candrvehpeein pashiof dheoli eW‘tche arcphpscadly staskesl enek
nunber asabbhetheothed ef fochiausenmoradevibd.ock from t he base erase bl ock
group. 14. The apparatus of claim 12, wherein a total nunber of

gr oup add c dress. up
address s ﬁ?ﬁ%g}fsl[e #lgémglé %efe tﬁ%gg}eg{oﬁjégewg%comp ns?oa?N? Sgr of
erase bl JBKEOYHSYKE base erase bl ock group. 15. A systen1conpr|5|ng:
a processor including a processor nenory;, a menory array coupled to

t he procemssThe syshen SRITEIRY1 G FhastircB bid@edsabis @ocated@nRnt bathe dyff@ént dicas e
bl ock groups including a base erase bl ock group, wherein each of the
pIurallty erase b S co |se lurality o

bl ocks. s mEmsin ot i, SBE i S a e adipietsel o aRe te a
mat chi ng lam EURSTEVR f%ﬂsdék’leM?dbéﬁtOmﬁldﬂ thesmappigg tablgiit lwrlﬁecmea

pl ural i t ynafimamasentel.ocks within the erase block group and that is
mat ching across the plurality of erase block groups; and a mapping

table co to the |.ur ase bl ock groups, the mapping
tabl e tOQRigreﬂg edg?nbﬁ%ﬁnﬁgﬂumﬁﬁdwess nunber corresponding to one

of the na%ndﬁii%gta'a}ﬁmﬁerea%m Pltlﬁa%Pn%?fé%eél%fr Bernapgipgdtde.i dentifying a
non-def ective erase block in the base erase bl ock group, and
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16. The system of claim 15, wherein some of the plurality of erase
bl ock groups are located on a different die, and wherein each of the
different die are physically stacked one above the other to forma
menory device. 17. The system of claim 16, wherein the nmenory device
conprises a NAND flash nenory device. 18. The system of clain116
wherein the processor is located on one of the different die.

The syst eg, E yHetiee sARE HistudichOUAL WHITBRLuRM L9TaGhBkead) dﬁ?f%ﬁﬁa

i ncludin east one group address nu er to"be stored 1 n the
mappi ng t F(smlfl?sr‘ﬁgred to a maxi mum number. 20. The system of

cl ai m 15, deteiminiag ifiarpngeicaraep address patches aioep pdress stagedhiniananpimedable;

| east oneardf fset into the mappi ng table. 21. A nenory device
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one non- and one
non- def ectfs¢ ﬁ%@mrﬁe s &rrﬁ I’é%‘?‘ﬁ“%?‘“‘ﬂﬁ“eerﬁrerh as Wﬂv&r thgh 5 867BF ock
groups oteaber Apnmaishingagaue erseblotlonkmbar adgntifyines défective crasablockine
first pl uhabadeyrat bReagaup) adkshetdio Avtail driasaade iedks g59esporiifeto thdran
the base g6 S‘%l‘?és@ﬁﬁmgéﬂ{ége h%yﬂeehﬁgfuhr Bt offBd GRLNRHS que erase

bl ock nu t IS a sane nunber as rsrlat chi ng uni que erase bl ock
nunber identifying a defective erase bIock in the base erase bl ock
group, antk-Wherethedgbelaim 21.gvher¢ie therfisteronnonrddiess arcaepbp aiatrginggnique
group addresdleaviimoebehafitbe erasarecknindio herpseienaspidods grew inklndéd muhber .
22. The nekh@aralfy dtlepdsBbEks. Wherein the first group address matches
t he mat chi ng uni que erase bl ock nunber of the erase block fromthe
base erase ock uded in the first plurality of erase

bl ocks. ‘Tﬁ’éﬂ’l%étog ’éi‘ogﬂ’ﬁlﬁlﬂ conprising: if a match is not

f ound, pelrf f mamhng net fmrﬁa pyfopersa memoBnoREratien ond sptandpluralty of erepaase
bl ocks haMbcEkg haviag e efudnd paup adddssensiclimg dikitnget dieud Aldges, viifepdip the

?‘?S ;n ets ﬁ s mtaﬁ@%f%eee%cr@ iy gé}édtécwr&% ﬂ%;ﬁ&ehw &fera%e m%c@ gloapd ed
bl ook or daHiRe th%@r%%rsssea%%% e BB e pe s ook b e e

mat chi ng WAIEARAChiREEHEY Gose birrkmamber Bomeagholghe plhealipy efresase plpckt
erase bl ogkugr oups. 24. The nethod of claim 23, wherein the second
group address nmatches the matchi ng uni que erase bl ock nunber of the

erase bl O%fﬁlé R{&htoﬁ%ﬁpﬁﬁa%? ‘?ex h%%%co}ﬁ%&’&c;}f f e‘é?ﬁﬁl}ggﬂ& 41931[ %ﬁ&%”d

plurality of eras
i ncl udi ng”m‘ﬂi'}ecf\?‘?SB% BAmPficRd,hg %rmeilﬁ ARy e Pase PRt frqhgrommflaﬂ@ee

of group heskcendplyraliphelasiss bdaskh range of group addresses corresponds
to one of a plurality of values of offsets into the mapping table.

25. The method of claim 21, further including:

providing an index table including a plurality of ranges of group addresses, wherein each
range of group addresses corresponds to one of a plurality of values of offsets into the
mapping table.
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26. The nmethod of claim 21, further including: providing a status
indication for each erase block included in the plurality of erase
bl ock groups including a base erase bl ock group, the status

i ndi cation having either a defective or a non-defective indication
val ue. 27. The nethod of claim 21, further including: limting a
plurality of group addresses stored in the mapping table, including
the group address, to a maxi num nunber. 28. A nethod conpri sing:
determ ni ess .nunmber corresponding to a group
addr ess nﬂﬂg@Fn}e % ggggf“ﬂr“éﬁl?‘f ‘of erase blocks jn

devi ce; d&e %ﬁgms@u@n ptaqn 1gF pacherasa plgek mgludpd indhe glurdisy 9%@*@8@tblzf¥oup
addr ess ngminarinddydiag 8 pase;erase bidck \grouy, the swos nelicitios ébtviug kbitler b defecidve

i ndex tabd:e RasRe:cade IHARafibk Silu®f f set val ue; and searching for the
group address nunber anong a plurality of group address nunbers in a
mappi ng tabl to determne i he tar.get group address nunber is

i ncl uded ¥ | ﬁ@’eﬂgﬁgﬁ’?ﬁg}miﬂ)’lé{"tﬁ%éﬁ‘il?f{ig%g at a point in the mapping
t abl e detléniinge@lisglityloé goap eddressks steted vmthgenapningrtaile inglyding the lgeoup
pl ural i t yaddfesgnou maaai®asmbbers in the mapping tabl e corresponds
with a mapping of one of a plurality of erase blocks fromeach of a
plurality, ﬁpf erqa“g bl ock %groups i ncl udi ng a base erase bl ock group,
wher ei n RecYMRIFM&ty of erase blocks in the mapping are
non- def ecdqt%maﬁgiaé@rgqtéw aggiesorunghigs cIraspending togf sremaddrass penRkeri n
t he mappiidentifainga pheblithiofi grasmbloele ie r asedoy dokcapunber i dentifying a

def ecti vededra®fin bﬁ@éﬂofﬁbtﬁr@l@eb?ﬂﬂmﬁﬁ@ﬁﬁ nhgacéfo AAdFoss mzrﬁberBE»% sp&t;hod

g: a(s:leaiolmoléﬁ'lev S%!:({I!ld O?stte?ﬁE f@x‘? P’x%{i)? ab?erfisé?i tg'? ﬁp%‘ggff?ét'v 1¥16

i ncl udi ngse?rﬁEmS et %E‘é’é‘@ ag r&‘ﬁkn BhﬁmrtgrPeP EBHPeYEoRR 3igress BE}B eéi%l’c!ilrf’ess
nunber f onapping @ble tpdeteingoé Hithatarpst grgup sddyess anmbmummluda irt the mapping
mat chi ng tdbleheRirRirRse a bt kn the aeping Mblesnamthicddytihe a0t st Bk
fromthe Qﬁéﬁn%ﬁ?%ﬁh@%ﬂﬁﬁltg LP %Q@&reés%uh’fﬂ&ls‘ﬁqﬁfi rfvlﬁg fa@@)fm% onds

|
P ot AR RS of 50F of My et hPGRY TP Shrh g pruakS et e by o

span i ncl tleeksgrovnsindadinga bass ea#mbmcté@@upmhﬂélne@llmjéhq Rppliprdetised by
di vi di ng hlbekstimthgetappingiaee acddefssivaandatrledsyondd thpplnralignet cusi blpckhim

i nteger vk uRpping hikea ﬁhfcﬁhg%hfqﬁ@%ra‘é@-ﬂ)l’d@( nurdber iden@fyigl Nasfefveelaaé m 30,
wherei n drleS{ tﬂél’ﬂa@e[& ?el?l? ffset value includes: locating in the
b

i ndex ta € secon il ue corresponding to the integer
value. 32. The met hod of clalny28, wherein determ ning a target
group adddt%dbe metiod@éshaim @8t whansiniforgach yepnine allehead shenivwisbivy cddsraghi ch
a menory Kpeisdicdnoeach of the phaalerof eras®block groups including the base erase block
group, the corresponding group address number for any one particular mapping is a same
number as the matching unique erase block number corresponding to an erase block from

the base erase block group that is included in the any one particular mapping.

30. The method of claim 28, wherein determining a first offset value by dividing the
target group address number by a span includes:

truncating to an integer value a quotient produced by dividing the target group address

number by the span, and using the integer value as the first offset value.

31. The method of claim 30, wherein determining the second offset value includes:
locating in the index table the second offset value corresponding to the integer value.

32. The method of claim 28, wherein determining a target group address includes:
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33. The nethod of claim 28, wherein determning if the target group
address nunber is included in the mapping table includes: finding a
group address nunber in the mapping table that matches the target
group address nunber. 34. The method of claim28, further including:
if a group address nunber matching the target group address nunber is
included in the mapping table, perform ng an operation on the nenory

devi ce Usidignliflfs §5A%P aBREKRnURE b d&tth! s nénd:§ TBAREGH B1OUPpAAESS 35

fromthe mapping table nmatching the target group address nunber.

The nethod of claim28, further including: if the target group .
address marer medhod of clafe L& dwiaprein detsamining il g 1arag|czoupFderess IPRET i
oper at i oninclnd¢die themeppinglabledecludisng t he erase bl ock from each of the

pl ural it yfigfin®s a%ap Bi@eds @hdePs thddkpplay &bRIh&mASched iRGkrg A
mat chi ng t el %rggér_ group address nunber. 36. A systemconprising: a

cell phone inc I'ng an inmagi ng device and a lens to provide an inmage
to a sensor included in the cell phone; a flash nenory device to

st ore t he34. dhgaethodeof tlags B3 mrheryinadedinge configurable as a plurality
of erase ifh@edap@derepsminitadh ttdhghgahd asget groas addesakuneoispnclidedieihe

each of te, i dhaBlel fotfoRhire AP RliOS bn HeQkior§ QBREL 385 Me BlagE Blobilsyy Of

erase bl ocks ach of the plurality of, erase b ks 1.dentiftied by a
i ohi ng. TFAET BRRPRS GRSt o R4S TP O T I e e ey
pl ur al i t y2dgfesepgslerpl ocks within the erase bl ock group and that is
mat ching across the plurality of erase block groups; and a mappi ng
tabl e coup. ade htHoli®f Blakth aB] fupth@fin@id@sge bl ock groups, the nmapping
table to i?hﬁ:ﬁ% Blorh &dr%gﬁurﬁﬁé}q?n qguesa i@ Ap tﬁlﬂé,%%@n% LR one
of the matchin %léeue u({al . Oof eras ck Thu ) ent | yLng a
non- def 6COHFIASOR A 3IE BFBBIY GeRice FEInG HEETRE Blagk OB sae Pgﬂﬁﬁ}’ Wiy of crase
cor r espondpelggreepsdbatdpsd anfraserdogkenuattiengatshingulks iagt alopp yddessapnmber.
bl ock nunbers identifying single a non-defective erase block in each

of the pliy al {k¥mfonfiRR@: bl 0Ck groups other than the base erase
[ several. . i ncl udes one_of
n

bl ock gr oup,; WNGT &1L, AL 4833l 00 0f JIhe.sever aliad ACh RsoT
mat chi ng ‘uni (fug p1 Gral |gtg SF58F SEE DOk SHUMET'S T et lg?yq Ei"'@e &
def ective dpchidedpn deiecil phenge pase erase bl ock group, and wherein not
al | of thefllshasendsy dekise potore $pomdge ghe ash nengnpdevieeddmnbéigerablember
have a sagBraliBtsriiddg blédk HRpeInRRRINY ke BdEdIbck Fdup, WiRrehy SicB B tHe
cl ai m 36 bpl&%ﬁﬁﬂﬁ"e ASQHOUQ Rfhps ¢ g%@?ﬁ@ﬁﬂré{ﬁg PRSI &s [ 51?&1@ Fﬂu}alﬁ he
i mge stored | t[ile. TenDr devi Ce. 38. e st.em of . clal. %6,
further i HEFHEPIGSS HepUndy 41p8 ?‘P%HP‘&E%P“"?‘%H%‘E TR ikt Wse Wlibe
stored i nthe prglitagherpssrdocks sathirciae eragoblogingrogy skl meatehing ®ess the
wher ei n tpjleraligns erse beBbsdpgrnd same substrate as the sensor.
a mapping table coupled to the plurality of erase block groups, the mapping table to store
at least one group address number corresponding to one of the matching unique plurality
of erase block numbers identifying a non-defective erase block in the base erase block
group, and corresponding to several of the matching unique plurality of erase block
numbers identifying single a non-defective erase block in each of the plurality of erase
block groups other than the base erase block group, wherein at least one of the several
includes one of the matching unique plurality of erase block numbers identifying a
defective erase block in the base erase block group, and wherein not all of the erase
blocks corresponding to the group address number have a same matching unique erase
block number.

37. The system of claim 36, further including:
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40. The system of claim 36, wherein the sensor includes: a 8
conpl enentary netal oxide sem conductor inmaging sensor. 41. The
systemof claim36, further including: an index table to store a
value for at |east one offset into the mapping table. 42. A nethod
conprising: performng a nenory operation on a flash nmenory device
included in a cell phone including an imaging device to provide an
el ectrica trérﬁ@&?ﬁ%ﬁ%ﬁﬂqun? snftthb TRER stfePfh BE ﬂﬁs%qnérﬂogyra%wt:{: ash
menory devi ce eln perforining the nenory operation includes:
determnin % if a target group address matches a group address stored
in a mappifaghe aystean obglaing 36, Auther #kludingt ound, performng a nenory
oper at i ona ktypad foi alletv yktinphtiihgludihg mxamd)etst@erkm therflashabe@dbrigyletihe
mappi ng table and having a first group address matching the target
group addf%f%‘%e %)%%{ gf E’nh% uheﬁeﬂn @-l %(Ito)fatgc{ o h &% s%é&?alﬂ? as thie sensor.
selected Trom ura of erase roups 1 nc ing a

erase bl ock group, mhereln each of the pIurallty of erase bIock
groups cothiThs exstem pf ddaial 36, yhefeirethgsensbt weldes: each of the plurality
of erase btaekemémdannididledideeRicoBdiRiri@aging stgorer ase bl ock nunber
that is unique within the plurality of erase blocks within the erase

bl ock gro p-an hat hi,n [0SS the plurality of erase bl ock
gr oups:; Tﬁﬁ@@ ein?'nogﬂ%m'f ?‘fﬂfﬁ?w’ﬁﬁ y of erase bl ocks includes one
non- def ec%q ipgextabls &0 HPAYatyedy etH@aSb%‘@f@Prazg@ the¢ BeRriag 8- and one

non- def ecti ve erase bl ock each of the plurality of erase block groups

ot her thasp, gmgetggd;gmﬁ- -bl ock group, wherein at |east one first
I I h
Eagreae'r;ée{) %glrlég%&% ﬁexfaﬁg‘{%@yﬂghalﬁ%mﬁé{%ﬁcg (iR rle‘aeéeerlf 3 |toek

nunber t Hat “ii‘é‘g an é“&?ﬂé“%\ dvsito Qé"" St ??F‘?ﬁj ’ifﬁie&%atlé’ﬂlé’g én HPWO tnber
i dent i f yi stered g Eeth memeryalsuich| wskein petferenihmthe meanzs e opiraiide igelodgs;
and wher eddﬂerﬂlﬁmn@ifla t@et dioueidlsss Manbksa goup esdrendiond e hippigy tablp,

_?_ﬂgr ren;s h”alHa’t? mARH & ﬁuﬁ@ rfgﬁﬁﬁi 'a'?&n’,tﬁi‘y Bbratid) fls lﬁraﬂ ase 43

P O ocks 45 G e STRE i ing oy e T et ) ool Mg e o
having a @@@bﬁ@uxg?%?ﬁa\a%ﬁr@% %mbw%tm{@l%sab@éks@ﬁ@@cﬁe%&ameagﬁmahty
wher ei n tdferase bk gplups alcludyngof base asee flbdegreup, svissdiecichaf theqrinrblity of

pluralityerge bwc&sgeodys%ﬂﬁ ﬁzEe@H@ﬁmhlﬂ?'o!ﬂQﬂaB@blb&l@ &@ﬁef%qemamw@lsmgé OUD

o e er e TR ST AT 02
groups. Rturalitipl epase Rigg S()‘F“”&‘Pé}?erﬁ‘ﬁsf a%ﬁéﬂ%%tﬁlﬁgg??roas &r get

group addreslitynftertsebloahgrovns aod at | east one group addresses stored
in a mappwhgeihald frst plofalides crae bixks mthgesonkinbAideRbfivedrased otk fiym the

di vi di ng Ea@@elraéera@ék Bﬂ%@aﬂrn%ﬁaﬁeryam%&a@u@ck%@é}n@ftﬁ@f)ﬁke@w Bﬂerése

second off s val u

val ue: ardoges i ﬁ‘g, PR BsE P bRE Prob SR bk ifsw(’la@fy %,
of group AeRgdasks Fampdreagaseklag @rwmﬁh%gh@ém Rase grageblasiagiqup inclydgea
target grimspmatdiing ssiqis craschlocehniber tHaeismespmie ngmbatdse, mijegngnnigge at  a

Poi Nt i N &hR HIGRRIuAbe ABETYHELTHceserh: 1B 18 8R0de ShiSRbIVAbIS and
45. The ”@flé}&ﬁ n8f al]f&ﬁhé‘le ﬁ@e bliﬂ‘@l& CGH?Spgﬁcling&gl}hgg&gp TRERLIn B g? RlJeQ

i ncl udes eras corresponding to a
sel ect ed Stag’ted’éattcrlgﬁ‘ 'ﬂqu'é‘g?i nﬂJ‘H}hFT on of the image. 46. The nethod

of claim42, wherein performng a nenory operation includes: reading
from a pl4s. ght inethoti o€tlake 4D alpsisings r espondi ng to a sel ected target

group addifgsfud iPREHARY, Rbrfdiitfngd FRAGnRIrPbfdatidh dl st bR luTBAR hrase

devi ce. blocks having a second group address matching the target group address, wherein the
second plurality of erase blocks is selected from the plurality of erase block groups
including the base erase block group and includes one non-defective erase block having a
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same matching unique erase block number for each of the plurality of erase block groups.

44, The method of claim 42, wherein determining if a target group address matches any
one of at least one group addresses stored in a mapping table includes:

determining a first offset value by dividing the target group address number by a span;
retrieving a second offset value from an index table based on the first offset value; and
searching for the group address number among a plurality of group address numbers in
the mapping table to determine if the target group address is included in the mapping
table, beginning at a point in the mapping table determined by the second offset value.

45. The method of claim 42, wherein performing a memory operation includes:
writing to a plurality of erase blocks corresponding to a selected target group address a
portion of the image.

46. The method of claim 42, wherein performing a memory operation includes:

reading from a plurality of erase blocks corresponding to a selected target group address a
portion of the image stored in the flash memory device.
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