21 DEC 2004 WD 02/03388 PCT/ USO /19505 BLOCK- LEVEL READ WH LE \f{%l‘]TgElyEmﬁm:)
AND APPARATUS FI ELD OF | NVENTI ON The present invention rel ates flash
rrenory, and nore specifically, to partitioning of flash nenory. BACKGROUND

NTION Figure 1 illustrates one prior art ry device
100 2"l)l\l}'n%rmry 110 into which data is witten haspéjr@g@/ﬁg@gder 160 and a
col um decoder 180 10 associated with it. The row decoder 160 and col umm
decoder ‘};”%—;r nory. A user
I nt erfacé%%zdu [L%]Lﬁ‘&‘??z”@% ash %%%%w user interface 120
interfaces with a processor that control s access to the nenory 110. The
processor knows the status of the flash nenory fromthe user interface
120. t ister 130 stores the current 15 status -- progranm ng,
rea@MM@- of the menory 110. The nenory is programred when a -
cell's state is electrically changed from a one to a zero. In a typical
prior art ?P&ﬁﬁ’“ﬁ'@ﬁ%’ﬁ?%ﬁﬁ?%@@?ﬂt%ﬁ'%@@ megspaeiieally, ¥ a single cel |
%bl t). Programmng is typically performed by applying high positive
ol pagiéiopipgafdagiemement drain of a flash cell. The menory is erased by
electrically 20 changing a cell's state froma zero to a one. In a typical
prior art flash nmenory this operation has a-resolution of 512K cells
(bl ock), and may be acconplished by applying negative voltage to the gate
and BAOHGROUNDDOE it INVENTOSour ce. These two operations, progranm ng and
erasing, are also called witing. Thus, witing is 21 DEC 2004

Figure 1 illustrates one prior art flash memory device 100. The memory

110 into which data is written has a row decoder 160 and a column decoder 180
10  associated with it. The row decoder 160 and column decoder 180 permit
addressing the rows and columns of memory. A user interface 120 controls the
flash memory device 100. The user interface 120 interfaces with a processor that
controls access to the memory 110. The processor knows the status of the flash

memory from the user interface 120. A status register 130 stores the current

15  status — programming, reading, or erasing — of the memory 110.

The memory is programmed when a cell’s state is electrically changed from
a one to a zero. In atypical prior art flash memory this operation has a resolution
of a single cell (bit). Programming is typically performed by applying high positive

voltage to the gate and drain of a flash cell. The memory is erased by electrically

20 changing a cell's state from a zero to a one. In a typical prior art flash memory

this operation has a resolution of 512K cells (block), and may be accomplished by
applying negative voltage to the gate and positive voltage to the source. These

two operations, programming and erasing, are also called writing. Thus, writing is



WO 02/ 03388 PCT/ US01/ 195105 performed by electrically altering tzhg Qggt gﬂuc!)'f
*a cell (or cells), including both programand erase operations. Sense
anplifiers 140 are associated with the menory 110. In one prior art

i mpl ntation, the sense anplifiers are used to anplify signals for
Wi t‘?ﬁgz"?%ssand reading fromthe nenory 110. For a roWH%/’W‘éFgﬁP-‘i nto sixteen
i nput/outputs (1/0O sixteen sense anplifiers 140 are used for witing and

readin one faor ea /O A char pu 150 is further included in the
flas Heﬁ%fmﬁﬁsbyl%ﬁ”*f%@ %ﬁHP%@eﬁl}%ﬁ%&%fB@ﬂRgr ??g'éii "i%“‘{ﬁ’?%@‘i’tﬁe the vol t age
| evel s needea for readi,og{g from programm ng, ? and erasing the menory 110.
GenePOr3M apHiEERSEPRETPYUEh nenory devi ces. have two 10 partitions with
mul tiple blocks in each partition. Typically, a group of blocks forma
partiti or>ensearpeiifers 14¥herg@yserdatgd aithitbe maneng 1dgt & oagarierast her partition
may be used to store code, for exanple. However, a user can not wite to
one PiRRIRerdptiomdhe sense areplifers athiused ta amplify signaissfoy writiagita@npdanot her bl ock
of the menmory within the sane partition 15 using the prior art read while
- Wi treadipgdiom tharoemery tils dabr amowgiividéd trite sixtesdiibpuiivatputsdDs)hi le wite
“menory is that the nunber of blocks within a given partition is fixed. For
exangbtteen sénsenampificts 14marei sed dsediting aidoeadingdene fon@aempOhex partition is
used to store data, and if the user does not know what the storage

r equiheRfEsUap fI60 i furtheoideiudéd In the flasth mepddry HDDOMhE @hargfe fungp code may
contain nore blocks than are necessary. Thus, a portion of the mnmenory wll

“be uBsBsedsedteproviae theoRbe VA ReEdetSbr RABINGSYHSE Drodrafrvingt € by  provi ding
many partition options, but this increases |ine-item count which also
3 NCIA8 ePssing HeSmemory 110. Generally, prior art flash memory devices have two
10 . partitions with multiple blocks in each pattition.
Typically, a group of blocks form a partition. One partition may be used to

store data, and another partition may be used to store code, for example.

However, a user can not write to one block of the flash memory while

simultaneously reading another block of the memory within the same partition
15  using the prior art read while write memory.

Ancther disadvantage of the traditional read while write memory is that the

number of blocks within a given partition is fixed. For example, if one partition is
used to store code, and another partition is used to store data, and if the user
does not know what the storage requirements for the code will be, the partition for
20 the code may contain more blocks than are necessary. Thus, a portion of the

memory will be unused. The supplier or manufacturer can reduce this waste by

providing many partition options, but this increases line-item count which also

increases costs.



2 1 DEC 2004 WD 02/03388 PCT/ US01/ 19505 BRI EF DESCRI PTI ON OF THE2 I:BRWN%%M
" The present invention is illustrated by way of exanple and not limtation
in the figures of the acconpanying drawi ngs, in which |ike references

i ndi\ﬁ@%?/{)ﬁ%ﬁfﬁ lar elenments, and in which: 5 Figure %gwﬁgﬁﬁgri or art

flash nenory device. Figure 2 shows an enbodi nent of e read while
wite nmenory. Figure 3 shows anot her enbodi nent of reading while wite

meno i yAaent of reading or witing through a | ocal
bi t EE EREREIONETA 'égl ine. 10 Figure 5 shows an enbodi nent of

reading t I . in.,0n antltion whi WLt ther block in the
sane par tﬁ(?%'%s 8&%8‘1’1&&'88 ?Ssﬁ%%/\t}sat%éngyewgg & # %ﬁaﬂ{' plgfa ng%ro}t E’Qﬁ%ﬁéﬂﬁl ock
partjtioning. 1 DEC 2004 02/03388 ,PCT/ USOL/ 1950 TAI.LED DESCRI PTI ON
N el RIBURE 4P APFIIRDEE QSFURRS BIRIC! WS e SIP e SO scr | bed.  An
adva tﬁ\%fe\ of glocg_cl_revel read while wite is a nore efficient use of all
bl ocKEMESARY M WBICP] ash menory. There is al so a cost savings to the
manuf act urer, because the 5 manufacturer does not have to support as many
p? oduct s Figurgebehews g prighat flash MEEYE devikd-e i s a tangi bl e cost savings in
"not having to keep an inventory of a |arge amount of different products.
In one e ergpltowss am poeRdi pf 2 Bexiblatiead wile wate memerwol atil e nenory
Figure 3 shows another embodiment of reading while write memory.
Figure 4 shows an embodiment of reading or writing through a local bit line
) by enabling a global bit line.
10 Figure 5 shows an embodiment of reading to a-block in one partition while

writing to another block in the same partition.

Figure 6 shows an embodiment of a flexible block partitioning.



device conprises a first block and a second bl ock, where each ch;clpEle Zg% e
*'to be 10 read while another block is witten. The device may further

include a first row decoder and a second row decoder. Each row decoder nay

be i.aied with a correspondi ng bl ock. Also, a rp%a[?” 13l col um

deco e?z%é;g&c? a wite global colum decoder are associa esgl”\?\n&‘tah t he bl ocks.

A set of global colum read lines and a set of global colum wite |ines

are gesafirg pEtdprihQ corresponding 15 gl obal colum decoders and each
bl oc%e—gevrcv‘rmy—further have a first local colum decoder and a
second | ocal_..co dec . Ea | ocal , col um decoder . i g.associated with
a corresdzg&'&lﬂ}‘%J %ﬁ@é%aﬁﬁg if?rsbﬁ)qﬁg%vfl?r%‘ﬂ Wétgdﬁé?scérhg%l 8" circuit and a
second | ocal I ecoder. enabl.e circuit, assocj d wth.their
cor raanfae s etk IPvel SR ish R s a g Siciast PRE L AL W fevi ce. Ench
| ocal 20 col unm decoder can be enabled to select either the read gl obal
col JH%”%W;H@P"QW- Theee ijaisea epsbpRMngsolodhe mangfasturenpeeidssdhient of t he
bl ock level read while wite nenory is shown in Figure 2. The nenory has
B odRanfeciyer slogs nphbave e 8RPYIL BT iapY Proditcthie megstd eHStATMRITber of cells that
- can be erased at one tinme. The cells of block 210 2 1 DEC 2004 WD 02/ 0338S
PCT/rgseds./ Tbeess stiangibie eoshsmyingsdu netchawinieto keepain ineepiorye@iaal | cells in the
bl ock to be erased sinultaneously. Each nenory bl ock 210 defines a nmenory
sectarga ambunbobdiiffemant gagodisr 220 is associated with.each bl ock 210. Each
bl ock 210 is further associated with 5 a wite global colum decoder 232
and a remdorgl exdpbbdiount phbldecledd reBéhild tveiteg lactamhvolatileunamadrrcoder s el i m nat e
" the need for duplicating separate read and wite
3 device comprises a first block and a second block, where each block is able to be

10 read while another block is written. The device may further include a first row
decoder and a second row decoder. Each row decoder may be associated with a
corresponding block. Also, a read global column decoder and a write global
column decoder are associated with the blocks. A set of giobal column read lines
and a set of global column write lines are associated with the corresponding

15 giobal column decoders and each block.. The device may further have a first local
column decoder and a second local column decoder. Each local column decoder
is associated with a corresponding block. A first local column decoder enable

) circuit and a second local column decoder enable circuit, associated with their
corresponding local column decoders are also included in the device. Each. local
20 column decoder can be enabled to select either the read global column signal or
the write global column signal.
An embodiment of the block level read while write memory is shown in
Figure 2. The memory has block arrays 210, where each block 210 is the

minimum number of cells that can be erased at one time. The cells of block 210



col utm decoders for each bl ock 210 within the menory, because m3l {ipke 2004
" bl ocks share the global colum decoders 232 and 234. An advant age of using
t he gl obal decoders in flash-nmenories is saving 10 area. Each gl obal
,decqggrzﬁgggnns signals which are used as input signals to the |ocal
decod®”*" X% ocal decoder is provided for each bl ock ¥hEFEHE%%e gl obal
decoder is shared between several blocks. Thus, the global colum decoders

redu he ampunt of area on. the inteqgrated circui{ chip needed to
i mpl gﬁ%’tﬁta cHERR solirs) ”‘%“%aﬂﬂkxhir‘?"é”ﬁﬁ iaﬁégﬁsl’ﬁ “ﬁ%F”OF‘Iﬁé) BRI ent shown | n
Fi gure % each block 210 has a |ocal colum decoder 240. The |ocal colum
decodBuiBRECYSY.-needed to elimnate a disturb situation, which may arise
when a gl obal colum decoder is shared anong } nultiple blocks- A disturb
occurs whedrsmsMery blagk g1@ definas megrssctiaye Aderal Faw dgeader drain, or
source node while witing to other cells. D sturbs are a 20 consequence of
shar 2¢fyisrasociatsdusith earh Rotk 26). Haghdilecki?dOvie dntheekssociatekwisBsi ve di sturb
times will alter the state of the flash-cell. The effects of disturbs can
be rewitedobyl colimiy decerter 282 @pderrsad Jlobal cobanin deleacted @84.piTbei des bl ock
isolation to limt disturb time. For exanple, wi thout the |ocal colum
dec oglelval 2eRynmtecodenselbhinate the need for daplicating bepavateaeadbnd ksitevi | | be 21 DEC
2004 WO 02/ 03398 PCT/ US01/ 19505 exposed to a high drain voltage, which may

negadoluneh Yetadeas forteaeh iRk 12 0 wittinfthe iRteey Obedalige Aiulthile Blbeieks. However,
with | ocal colum decoding, when a block is being witten, the | ocal

col wmareddeqfistial boluntdsvdaess 23rear@l xdaal col um  decoder only with the bl ock
‘that is being witten. The other blocks will be isol ated
‘) An advantage of using the global decoders in flash-memories is saving

10 - area. Each giobal decoder outputs signals which are used as input signals to the
local decoder. A local decoder i.s provided for each block whereas the global
decoder is shared between several blocks. Thus, the global column decoders
reduce the amount of area on the integrated circuit chip needed to implement
block level read while write.

15 For the embodiment shown in Figure 2, each block 210 hés a local column
decoder 240. The local column decoder 240 is needed {o eliminate a disturb
situation, which may arise when a global column decoder is shared among

.) muitiple blocks. A disturb occurs when subjecting a cell to high voltage on the
gate, drain, or source node while writing to other cells. Disturbs are a
20 consequence of sharing row, column and source signals between célls;
Excessive disturb times will alter the state of the flash-cell.
The effec-ts of disturbs can be reduced by using local decoders. The local
decoder provides block isolation to limit disturb time. For example, without the

local column decoder 240, when one block is written to, the other blocks will be



5 fromthe high drain voltage, thus inproving their perfornmance.? Th@EICOZQde

" colum decoder 240 provides electrical isolation so that only one bl oc
receives the wite signal fromthe wite global columm decoder 232. In one
enb%(;% g8 the local colum decoder 240 can be twQ transistors for each
colunn 1n a given block 210. A read address is the dddf&¥¥'& ™ the word to
be read, and a wite address 10 is the address of the word or block to be

Wi t&eRsed fo #nBHES; L5 el | or,.read, the |ocal colum
decoder 240 %og tcﬁemg)io\% 6"?’6@&%%8%%&%&3%1"88 tb?/ MEMAYgnal fromthe | ocal
col i LI eui .. Eac obal columm decoder 232, 234 has a
set 0 Oﬁgﬁéﬁe"ﬁ %gs. r@?g&ésj‘e{—'m(%?‘?eri Wﬁé@cgéc‘gu@gldefi‘?d'aﬂld’ﬂ%ﬁ" fead |lines 260,
and . i et of global wite |lines 15 270. Thus, the gl obal
col u%%dgégﬁér\%rﬁ?gnﬁﬁri%\:ﬁlﬁgm ecader Wil cgeprt hesplghali@iumne for the bl ock
to B]e r(gad, anﬂhhgemo%&gr for the block to be witten. The two sets of
gl oB%FOdsT Sk wi jadfBat i® beingayitero s athey kieskswill be isefatefing t o anot her
%I o&k. ‘Lhﬁ\‘éﬁw sets Of.k(?ll obal signals provides the advantage of being able
o rEgHe BHevaigR K imRIovipg theifgparteraateshefhelosekeolams two set's of
" gl obal si %nal s al so 20 provide the advantage of having the read while wite
r es GPeRUE K48 BrRYIdescelectdeal ifokatiop|sediat osly eneablockeedetvendizr writeet ween code and
data partitions is flexible and can change at the block | evel. The read
gl opanaldeinthe wilediehal salumnglesoderstde dn voe sermeliraent| tHeilecsd  circuit 282.
The sense anplifiers read data froma cell by testing the cell to 21 DEC
201 0dump de2e 3 339 ROTEUSOL 18505 feteachicaknirf intehgivereblockiRads current, or
conducts. The write global colum decoder 232 is connected to program
D ci rcui t AR6&hd afldesysris thecaddiesscafithe poaddodesreadhigda write address
10 s the address of the word or block to be written. If a given block is being written
or read, the local column decoder 240 for the given block 210 is enabled by a
signal from the local column enable device circuit 250.
Each global column decoder 232, 234 has a set of signat lines. One set of
lines is a set of global read lines 260, and the other is a.set of global write lines
15 270. Thus, the global column decoders can provide two sets of global signals,
one for the block to be read, and the other for the block to be written. The two
sets of global signais are needed to read from one-block while writing to another
) block. The two sets of global signals provides the advantage of being able to read
from one block while writing to another block. The two sets of global signals also
20 provide the advantage of having the read while write resolution comprise a single
block, so that the boundary between code and data partitions is flexible and can
change at the block level,

The read global column decoder 234 is connected to sense amplifiers

circuit 282. The sense ampilifiers read data from a cell by testing the cell to

6



vol tage needed to wite to a cell of a nmenory block 210. Each raofv JddibdQ0}
"220 and each local colum enable circuit 250 receives 5 address signals
from bl ock decoder 290. Bl ock decoder 290 provides wite address signals

to the f being witten and read address signals to the remaining
bl OCE?. Jcojo%&grm enable circuit 250 receives |ocal col BAHVaHdY&Ss signal s

© 253 from bl ock decoder 290. Columm enable circuit generates a set of } read
| ocal deSdreiet! it HH &S . [ cal,enable |ines 252, for

enabl i ng "0 t he |§§§f’3§% urﬁ’n Segggcety ?hgwggee&%a'a‘???%ﬁp%‘? ®te signal from
one Ghof I ggqul A Oror gl obal .w.jte |ines 270_ Row decoder
220 regté"liﬂg%rg]lete et‘rj\%v a #@Q@Z’é{ﬁgﬁﬁ?g PP LI PYides @digller 290. Al t hough
t he | i n Eigure 2 has t | ocks, alternative enbodinents
may ?nc|qgJe%%?%?/wﬁ’ﬁ%e%o?e”g#&dﬂ‘é@a’ﬁ‘HO%ﬁ%f ore, have any nunber 15 of
partitio Fiqure 3 s n odi ment of the row address generation
portion o aChbrPg'c 8 ‘E'b%grg %?C%%\Eg cglvpngnable gienitaidreseives gnal s 291 and
292 ar, receiyed froma central processing unit (CPU and input into

m‘%l tF%‘ff8%<%?‘9‘2§8¥’°"\/9'%'%d?ﬂ088k2%‘adB@E% d§¢<§1$5890 poyidesewnitecei ved by bl ock

" det ecé(j on circuit 295. The 20 block detection circuit is designed to

det eBU eSS f-the dlodk heing wiktereand reed eddeasedighialsitoithe bl ock. WWen t he

-mat chi ng bl ock address is detected the block detector outputs a high-Ievel
si gn&EManingsbigeks. Heolkmtansbleiicuit 350 repsivestiodah eohwrirt addressv addr ess si gnal s
to row address signal output 221. If the matching address is not detected

“t herSignas 2&hliomdipckdiscedsr 290y Ghlemarepableairsait gemstates 4 Hst gput put . .2 1 DEC
2001 WO 02/ 03385

- ) read local signal lines 251 and a set of write local enable lines 252, for enabling

10 the local column decoder to receive an appropriate signal from one of the global
read lines 260 or global write lines 270. Row decoder 220 receives the row
address signals 221 from block decoder 290.

Although the embodiment shown in Figure 2 has two blocks, alternative
embodiments may include any number of blocks, and therefore, have any number
15  of partitions.
Figure 3 shows an embodiment of the row address generation portion of
biock decoder 290. Read and write row address signals 291 and 292 are
) received from a central processing unit (CPU) and input into. muitiplexer 296.
Write block address signals 294 are received by block detection circuit 295. The

20  block detection circuit is designed to detect the particular block address

associated with its block. When the-matching block address is detected the block
detector outputs a high-level signal causing the multiplexer to transmit the write

row address signals to row address signal output 221, If the matching address is

not detected then the read row address signals are transmitted to the output.

7



_ _ _ 2 1 DEC 200
PCT/ USO01/ 19505 Figure 4 shows an enbodi nent of a portion of the | ocal

" col um decoder shown in Figure 2. If a nenory block has a rowthat is 1

kbit w de, then the local colum decoder will have 1k |ocal colum Iines.
I Wded:68d gl obal colum decoder has 256 gl obal i -and the wite
o] c\)‘{)a@ gﬁ%urm decoder has 256 global 5 wite Iines?e?ﬁjeshhgﬁg' gl obal read

| ine and one global wite line will be associated wth four correspondi ng

local ciyiime 4 5&Ps ah ehfbRdlnfGlor 8 QbMIBR of #2981 collfh dR%Rkr €Ol UMM enabl e
circuit will enable the appropriate one of the four local colum lines to

recsi ; i j i ; o f e global |ines
by ok i MRS O & otk tast 13t 9B WA loggs TP hon Tor

0T B S Al SR ot L R el 51, Pl ook
A I . d i d w fi bl ock i
T o el el 98B b SRR RO gble 1151 Plock L

iated with t d bl ock i led t | ect. the global writ
7 R Tack. v s o e 8L B bRGSI e ik S5 eriell i oma o obal

col um& decoder tqu tgﬁéli rst bl ock, and sendi n% a colum wite signal from
a dY55aur copieshandieg cqldmp fes iR iPopl eRlwmn depedesoThrrics@ad signal s
sent through the first |ocal columm decoder to the first block. The col um
vvricf’@”g"i%ﬂ@g’le ciEcu il enabigiimharrierdate gnel of hedpurdesal salugstio®sr to the second
bl ock. 20 Figures 5 and 6 show another enbodi nent of a block |evel read
white eeceive the appraprgtedend eewritgsigna) remoonesef theeglebal lineadyi ons 620- Each

"partition 62n has several blocks 67n and 68n. For block-level read while

)

wr enabling opeof gxseightlanal codunneenaplalinesbl ock whil e readi ng from any ot her
bl ock.

10 A method fo: performing block-level read while write includes reading a first

15

20

block of a nonvolatile memory while writing to a second block of a nonvolatile
memory. A first local column decoder associated with the first block is enabled to
select the global read lines. A second local column decoder associated with the
second block is enabled to select the global write lines. The method includes
sending a column read signal from a global column decoder to the first block, and
sending a column write signal from a global column decoder to the second block.
The column read signal is sent through the first local column decoder to the first
block. The column write signal is sent through the second local column decoder
to the second block.

Figures 5 and 6 show another embodiment of a block level read while write
memory device. Memory 610 has several sections 620. Each partition 62n has

several blocks 67n and 68n. For blbck-level read while write, a processor can

write to any block while reading from any other block.
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21 DEC 2004 WD 02/03388 PCT/US01/19505 In Figure 6 the boundary b%th@eﬁg th]l]a

‘code and data partitions of Figure 5 has been redefined at the block Ievel
in order to increase the efficiency of the nenory. For exanple, if only

.one nmenory is needed to store code, then this code_c_an be stored
inb gg@%égf The other block in partition 621 of Fi §Gr&sel/Bsean becone a

part of partition 722, as shown in Figure 6. Thus, the partition 721 which
bl ock 671, and the of her

cont ai ns Q@Piﬁﬁg%%lbggﬂﬁgs 8*@%%3@?@%2? | date pagtiianp Pk igure Bar ti ti on 722,

Thie Y ereneios Sl || efficj f 610. One exanpl e of using
t hus i ' over ficjiency of nenory : )
a :‘JI gsaﬁrb%ﬁo?%/ ’ 8@%?@%@9%}’5" hPGEKLq iBGepse teeficienaytitee wi t e Spgfir aLus
[ 0 first bl ock may be used to store data. A secon ock may
132 SZ%%R %r& f?&?’@"ﬁ%'ﬁe'tfpﬁé{torﬁeé?'%iéﬁme@wrw naedag pastaraisode)dhen i ncl udesf t hﬁ
fl . r evice. The third block may be used to permt updating of the
COSZ'?‘"%%% e/af”g?e %‘?%1"23?09'?%%5 hegdierditohde paftitiombah otfidere 5 new code i
itten, to the third block while the original code in th_e second bl oc_k i's
13 c5HLBRTOmR P Pa’,0f Parlitig 72Rsrshowe indvgurede Trass, heaurtitlontzzen and verifi ed,
" the third bl ock can beconme the partition used for the code. Thus, seanl ess
upda‘f’F’ﬁé coglains|the Kode will gniyibavecene msmpogisiodit 671, ARatiesthexanpl e of a flash
menory device ? having a block-level read while wite apparatus and method
i s HAYMARY Rledleb¥keaube tised tmstarefdata totxdaniple, Wiph@tiew das itAGs data in a second

- bl ock. Thus, for 20 exanple, if the code execution results in an updating
of dagraasingithe evenalbefficieocpairhémbedsi9eant essl y.
,\) a One example of using a flash memory device having a block-level read
10 while write apparatus is as follows. A first block may be used to store data. A
second block may be used to store code that is executed by an apparatus that
includes the flash memory device. The third block may be used to permit
updating of the code. Thus, for example, if the code changes from an update,
new code is written to the third black while the original code in the second block is
15 concurrently executing. When the new code has been written and verified, the
third block can become the partition used for the code. Thus, seamless updating
of flash memory devices is possible. Another example of a flash memory device
) having é block-level read while write apparatus and method is having code
executed from a first block, while updating data in a second block. Thus, for
20 example, if the code execution results in an updating of data, this can be
accomplished seamiessly.
In the foregoing specification, the invention has been described with

reference to specific embodiments thereof. However, it is evident that various

modifications and changes may be made thereto without departing from the

9



In the foregoing specification, the invention has been descri beg LMQ%C 2004
"reference to specific enbodi nents thereof. However, it is evident that
various nodifications and changes may be nmade thereto without departing
fromthe 21 DEC 2004 WO 02/ 03383 PCT/ US01/ 19505 broader spirit and scope of
t hd"? RR/EHES on. The specification and drawings are, PCIGEOMEING y, to be
regarded in an illustrative rather than a restrictive sense. The present

i nventi,on shoul,d not @ constru as |limted by such enbodi nrents and
exaﬁfBFg%r,Spgﬁ?”?éf‘?Peero g‘ﬁg\t"m‘é‘%ﬂa CIPGLHERYRY FHEIRRYINGSABg cl ai ns. 10 21 DEC
2004 11.V\ha3fa' s clained is; 1. A nonvolatile nmenory device conprising: a
me e rainaly; L?\Qegf“??q'§'ta’U|“b‘i§’I@t'%ffﬂl€r§'éﬁfbﬁdeﬁf'@ib’@,seéa@thﬁock able to be
read while another block is witten; a first row decoder associated with

t hePTp$57e veniipnshogidpt beconstrsd asfinitgd kit sughorrrbodimentsamd r ow decoder
associated wth the second block to address only the second bl ock; a first
| ocRMPEsUbHE raldebernstraad agcarding tel thedolidwinaclamsdecoder, each | ocal col um
decoder associated with a corresponding bl ock; and a first |ocal colum
Senabl e circuit and a second | ocal colum enable circuit, associated with a
- correspondi ng local colum decoder. 2. The device of claiml further
conprising a global colum decoder associated with the nenory.
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3. The device of claim2 further conprising a set of read gl obal ¢gofjuBBC 2{{
lines associated with the global colum decoder and each block. 4. The
device of claim3 further conprising a set of wite global columm Ilines
associated wth the global colum decoder and each bl ock. 5. The device of
claim1 wherein a colum read signal is sent over the read gl obal colum
lines fromthe global colum decoder to the first block through the
correspondi ng | ocal colum decoder that is enabled to read the colum read
signal. 6. The device of claim5 wherein a colum wite signal is sent over
the read gl obal colum lines fromtMfe global colum decoder to the second
bl ock thrgugpﬂ%ae correspondi ng | ocal columm decoder that is enabled to
read t N2UEHPORA'Siw i t e signal, such that the gl obal col unm decoder is in
the read node and the wite node simul taneously. 7_ A method for reading a

LlrStlblQﬁ&w&ém@maﬁ&yQQﬁkb&ﬁmEﬁaDry whil e mmltlng to a second bl ock of the
onvol atile ne n
col urm drée&s)a( é?clu[dgn% ta&ésn?]f’?}(satnd %Isecoeci1 gock h gl kuam t:f geargaé %Q@%Lotﬂérom a gl obal

a colum wite signal fromthe
gl obal bdtigprittadecoder to the second block, 21 DEC 2004 12 enabling a first

local %QiPsum o@&ﬁ@%‘éocﬁaﬁbdﬁﬁtﬁ@ie\fﬁtblbﬁ t@&ld&ﬁoﬁjﬂdéﬁ&ﬁbl&ikgnal and electrically
| sol ate %FY?&J Clzea(rtjer assoc:|a %(P éﬁ theasrégon% %%Qllqo gss%%ﬁ%dseéé?lﬁ%locﬁ:()l umn decoder

to recé'lv um wri rlca ate onythe
s econd alifsblokel camTIseodes cEBeBInadIcal AT BeRopslesact %S’ﬁ‘fi £Plymgecoder

associated with a corresponding block; and
a first local column enable circuit and a second local column enable circuit, associated with a

corresponding local column decoder.

2. The device of claim 1 further comprising

a global column decoder associated with the memory.

3. The device of claim 2 further comprising
a set of read global column lines associated with the global column decoder and each block.

4. The device of claim 3 further comprising
a set of write global column lines associated with the global column decoder and each block.

5. The device of claim 1 wherein
a column read signal is sent over the read global column lines from the global column decoder to
the first block through the corresponding local column decoder that is enabled to read the column

read signal.

6. The device of claim 5§ wherein

a column write signal is sent over the read global column lines from the global column decoder to
the second block through the corresponding local column decoder that is enabled to read the
column write signal, such that the global column decoder is in the read mode and the write mode

simultaneously.

7. A method for reading a first block of a nonvolatile memory while writing to a second block of
the nonvolatile memory comprising:
sending a column read signal from a global column decoder to the first block;

sending a column write signal from the global column decoder to the second block;



sending the columm read signal through the first [ocal colum de eRERO 2
the first block. 9. The nethod of claim@8 further conprising sengfﬂ #FeZUU
colum wite signal through the second |ocal columm decoder to the second
bl ock, such that data is read fromthe first block while other data is
simul taneously witten to the second block. 10. An apparatus for reading a
first block of a nonvolatile nenory while witing to a second block of a
nonvol atil e menmory conprising: neans for sending a columm read signal from
a gl obal columm decoder to the first block; nmeans for sending a colum
wite signal fromthe global col umi? decoder to the second bl ock; neans for

enabl i nlgabfir, I If[rs% oc?l%ﬁlﬂljn %) oH&%Woelggé‘}\%qﬁé‘%)?u%n aggrgé nglhaﬁd ngé:tm @ﬁﬂ&' signal and

el ectrrca Irst ock; nmeans enabl1ng a second
| ocal e@Ymﬁﬁmﬂéﬁbd@ﬂ to receive the colum MWIte signal and electrically

i sol at endigya debehdseaiapmb deier td feceikie apparataisgral andlegbmvallpisblatet her

conpri sin r sending the columm read signal through the first |oca
colunnoﬂﬁﬁe C%mfu&%he first block. 12. The appa?atus of c?ain111 further
conprising means for sending the colum wite signal through the second

| ocal egoihewRthde elttah 7 fbthedempssgond bl ock. 13. A non-volatile menory device

conpri §énﬁ%g}h% 8@9@??6%&%@!1% lhﬁ&gﬁs ?:e%?sﬂ!%&l Ecﬁlﬁilﬁvdeéc?degto‘ﬁ%qﬁst BR&l ition having a

first nu | ocal row decoders and | ocal
col um decoders, each decoder being aSSOC|ated with a correspondi ng bl ock,
and a B.iThemetddbidiaid B flrbeabmeiddingnn enabl e circuits. each | ocal col um

enan esenﬁ!n§ lcbuRf WA B35 BE4h 8 DLl 0B Ol P aRORTIG. LBGRI bRl uMm decoder

a, sai d ata artition n
Of b| O&qgg thaéqﬂ? 15_ re§g érarﬁ @e flrst block while other data is E imultaneously wnt?en to %e secong ond nunber

block.

10. An apparatus for reading a first block of a nonvolatile memory while writing to a second block
of a nonvolatile memory comprising:

means for sending a column read signal from a global column decoder to the first block;

means for sending a column write signal from the global column decoder to the second block;
means for enabling a first local column decoder to receive the column read signal and electrically
isolate only the first block; and

means for enabling a second locat column decoder to receive the column write signal and

electrically isolate only the second block.

11. The apparatus of claim 10 further comprising
means for sending the column read signal through the first local column decoder to the first block.

12. The apparatus of claim 11 further comprising
means for sending the column write signal through the second local column decoder to the

second block.

13. A non-volatile memeory device comprising:

a code partition to store code, said code partition having a first number of blocks, a first number of
local row decoders and local column decoders, each decoder being associated with a
corresponding block, and a first number of local column enable circuits, each tocal column enable
circuit being associated with a corresponding local column decoder;

a data partition to store data, said data partition having a second number of blocks, and a second

number of local row decoders, and local column decoders, each decoder being associated with a



number of local row decoders, and local colum decoders, each decpder]fgeixg
associated with a 21 DEC 2004 13 correspondi ng bl ock; and a second nunber
of local colum enable circuits, each |ocal colum enable circuit being
associated with a local colum decoder; and wherein each block is able to
be read while another block is witten. 14. The non-vol atile nenory device
of claim 13 wherein the first nunber of blocks in the code partition can
be redefined to include unused bl ocks fromthe second nunber of blocks in
the data partition. 15. The non-vol atile nmenory device of claim13 wherein
t he second nunber of blocks in the'data partition can be redefined to

I ncl ude unused cks) oM L0S f'ohﬁéal &%ed’natgg CIR?LI Cga%hlldEalthIﬁmFrOde

partit FERPLE 0?79?'1"?3 kel om a section of a
nonvol atablessireritbeing asspeiztedswititd losel efuneieardp: ??ﬂ:l ud| ng first and second

bl OCkSm&d,néhdh?oﬁoca@dblsmdadmabnm btk ieateder s, each to electrically
isolate only one block; simultaneously witing data to the section of the

nonvol atil e nmenory; pIaC|ng a gl obal decoder for the section in wite
mode;  14iTheihereveiadia siepop|dsdser) clee! yrisrsin thejstgympernohbletks nthecpdfmnde:  sendi ng
a col UpEHitioRash i rBdAhed tb heu@urlube! didcksftord 1€ sdcondiunbar delocddr the data he fir st

bl ock; a d sending a colum wite signal through the second | ocal colum
decodeP*t'5™ he second bl ock.

15. The non-volatile memory device of claim 13 wherein the second number of blocks in the data

partition can be redefined to include unused blocks from the first number of blocks in the code

partition.

16. A method comprising:

reading data from a section of a nonvolatile memory, the section of memory including first and
second blocks and first and second local column decoders, each to electrically isolate only one
block;

simultaneously writing data to the section of the nonvolatile memory;

placing a global decoder for the section in write mode;

simultaneously placing the global decoder in the read mode;

sending a column read signal through the first local column decoder to the first block; and

sending a column write signal through the second local column decoder to the second block.



