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The present i Rygeyisesy rel ates to flash nenory, dffFstore speci f pcatusysr207
partitioning of flash nmenory. BACKGROUND Fl ash nenory devi ces are speci al

type of EEPROM that can be erased and witten t%m m Mmmmmaead of one
byte at a tinme. Sonme applications of the flash enbedded
control code and data of a cellular tel ephone so thatggdscan easily be
updated if necessary. Flash nenory may al sio be used in nodens because it

enabl es t he nodem nanuf agt AEEY MENE{DIR‘MOIPARFE’WCDN@N@GW READSY HIR FOWERITE

standardi zed. Flash nmenory may further O@ff@b iq@orrputers to provide a
basi c i nput/output system (BIGS) that can J& ed. Ot her uses are known

inthe art. Figure 1 illustrates one prior art flash nenory device 100. The
mepory 110 i nto whiHELEROF THEMYVESH an X-decoder 160 and a Y- decoder

180 associated with it. ﬂleg}%éé‘?&(?ﬂ%nﬁgxq r@%‘{]eszdj?ﬁQﬁ%?r%%gyp dMore

addressing the rows and ms of nenory user 1 nter controls
the flash menory despesdicady. torpertideningpleflage meroryi-nt erfaces with a
processor that controls access to the nenory 110. A status register 130
stores the current BAQKGROUMD ting, reading, or erasing -- of the nenory

110. The processor knowsgLhe sta degictepgre special type of EEPROM that can be
erased and written to in blocks instead of one byte at a time. Some
applications of the flash memory include embedded control code and
data of a cellular telephone so that it can easily be updated if necessary.
Flash memory may also be used in modems because it enables the
modem manufacturer to support new protocols as they become
standardized. Flash memory may further be used in computers to
provide a basic input/output system (BIOS) that can be upgraded.
Other uses are known in the art.

Figure 1 illustrates one prior art flash memory device 100. The
memory 110 into which data is written has an X-decoder 160 and a Y-
decoder 180 associated with it. The X-decoder 160 and Y-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. A
status register 130 stores the current status -- writing, reading, or
erasing -- of the memory 110. The processor knows the status of the
flash memory from the user interface 120.

Sense amplifiers 140 are associated with the memory 110. In
one prior art implementation, the sense amplifiers are used to amplify
signals for writing to and reading from the memory 110. For a row
divided into sixteen input/outputs (I/Os), sixteen sense amplifiers 140
are used for writing and reading, one for each I/O. A charge pump 150
is further included in the flash memory 100. The charge pump 150 is
used to provide the voltage levels needed for reading from, writing to,
and erasing the memory 110. Generally, prior art flash memory
devices are erased and written to as a block, consisting of a subset of |
memory 110. There is one set of circuitry, thus a user can not write to
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flash nehory fromthe user interface 120. Sense anplifi

ers 140 are 0 3 JUN 200

associated with the nenory 110. In one prior art inplenentation, the sense

anplifiers arwuee$sito anplify signals for witing to a
menory 110. For a row divided into sixteen input/output
sense anplifiers 140 are used for witing and readi ng,
charge punp 150 is further included in the flash nmenory
punp 150 is used to provide the voltage Ievels needed f
witing to, and erasing the nenory 110. neraII rio
devi ces are erased wm\cktqféhetflasasmsmrmkhﬂc@rmugt
menory 110. There ig, %thgf b%dkcw ﬁ{ereﬁﬂH§ a user
SUBSTI TUTE SHEET (RULE % WO 99/ 35650

PCTI US98/ 25217 2 one bl

nd readfPYU$SEERhe
s (1/0Cs), sixteen
one for each I/0 A
100. The charge

or reading from

r art flash nmenory

aheeusdy esagingswt of

can not wite to
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executes code dir edheﬂashmmhéyf [aistadventaggous to be ablhyin¢rageausepamtbe abl e
to erase a separat %Qﬁ@?&%l@l@&krédhlfr%ﬁa% %PHQFaestEszgedﬁttﬁe%raﬁ{@Q&eat the

One prior art solution to this problem is to have multiple flash

sane tine.

memory devices. In that case, one device may be written to, while the
other device is being erased. This has numerous disadvantages. The
multiple devices take up more real-estate. Because there are multiple
devices hardware is duplicated. Additionally, using multiple flash
memory devices may cost more, increase power use, and decrease
overall system reliability.

SUMMARY OF THE INVENTION
The present invention relates to partitioning of a flash memory
device to permit read-while-write operations. The flash memory

- device includes a plurality of partitions, each partition able to be read,

written, or erased simultaneously with the other partitions.

Other features, and advantages of the present invention will be
apparent from the accompanying drawings and from the detailed
description that follows below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not
by way of limitation, in the figures of the accompanying drawings and
in which like reference numerals refer to similar elements and in
which:

Figure 1 illustrates a prior art flash memory device.

Figure 2 illustrates one embodiment of a multi-partitioned flash
memory device.

Figure 3 illustrates one embodiment of a three partitioned flash
memory device.

Figure 4 illustrates an example of a cellular telephone using a -
flash memory device.
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One prior art solution to this problemis to have multiple flash nenor3 JUN 200
devices. In that case, one device nay be witten to, while the other device
i's being erasgg.qqtkis§ has nunerous di sadvantages. The nul tipl ep@ﬁmggse_rszlbake -
up nore real -estate. Because there are multiple devices hardware is '
duplicated. Additionally, using nultiple flash nenory devices may cost

nore, increase power use, and decrease overall systemreliability. SUMVARY

OF THE | NVENTI ON The present invention relates to partitioning of a flash
menory device to permt read-while-wite pperations. The flash nmenory

device includes a plurality of partitions, each partition able to be read,
witten, or erased sinultaneously with the other partitions. O her

features, and adva i nvention will be apparent fromthe
acconpanyi ng draw E’Wﬁﬁmm. | ed description that follows bel ow

BRI EF DESCRI PTI ON OF THB DiAk$d@GBdTappaabseftr parvididning ai BasH heshont fot by

way of exanpl e, an t t f

acconpanyi ng draw ﬁegagp %’n }’e \Aﬁ%%ﬁlr%%egrde gflghge Iggsn%ﬂrl g’%"‘?@&? a&‘n’%t%%of

el ements and in mr%prﬁe@sr@vqmqwm detpesméls sinpltppeous readinghandder yriting

device. Figure 2 ihh@?bféiﬁn?@%emldﬁﬂb lefﬂa@H'rhbrﬂb’i‘xtdé\ﬂx&neﬁ islash

nmenory devi ce. Flgkl L1l ustrat one emhodi nent ree artltloned

f1 ash urther intended a vantage of the present mventxon to perm1
updating of code stored on a flash memory device while code is being
executed.

Figure 2 illustrates a multi-partitioned flash memory device.
Partitions A 210, B 215, C 225, D 220, E 230, . .. n-1 235, n 235 are
illustrated. Each partition is 1mplemented as a physically separate
device on the flash memory device. For one embodiment, each
partition is implemented on a different physical plane. Each of the
partitions 210, 215, 220, 225, 225, 230, 235, and 240 has associated an X
decoder, and a Y selector. Each of the Y selectors are coupledtoa Y
decoder 240, that controls the Y selectors. For an alternative
embodiment, multiple Y decoders 240 may be present in the system.
The X decoders and Y selectors enable selection of a specific area within
flash memory 200 for access, including reading, writing, or erasing.
Having multiple X selectors and Y decoders permits simultaneous
access to more than one subsection of the flash memory. For example,
while partition A may be erased, partition B may simultaneously be
read, and partition C written to. Each of the partitions may include
one or more blocks, that may be erased separately. Thus, for example,
a memory in partition A may be written to, while a memory block in
partition B is being erased.

A user interface 250 permits a user to control the access to the
flash memory 200. For one embodiment, the user interface 250 is part
of the flash memory itself. For an alternative embodiment, the user
interface 250 is located on a separate chip. The interface includes a
number of state machines used to control each of the write parallel
operations. Thus, if there can be two parallel write operations (writing
to the data block while updating the code, for example), there are two

state machines. If there can be three parallel write operations, three
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menory device. Figure 4 illustrates an exanple of a cellular tel ephon@3 JUN 2007
using a flash nenory device. SUBSTI TUTE SHEET ( RULE 26) WO 99/ 35630

PCT/ US98- 521wd 9333850 Al LED DESCRI PTI ON A net hod and appar at us POF/US98/25217
partitioning a flash menory for read-while-wite operation is described. It
I's an intended advantage of the present invention to permt sinultaneous
readi ng, and/or witing and/or erasing operations on a single flash nenory
device. It is a further intended advantage of the present invention to

permt updating of code stored on a flash nenory device while code is being
execut ed. Figure gatd hushimdsesreanaiuded- p’Ehiés'etsitﬁmaedxafchﬁids arerdusyrifediige.

Partitions A 210, 1 n 23
illustrated. Eac hmg)grgt(? tF%C)r‘nl%l < J%l%% n{%@é?’?éd rela ysF?gl Cahg% eé\?ﬁféle devi'ce
on the flash nenoPeridewWee__Eor one enbodi nent, each partition is

i npl enented on a diffe bkh O 215,
2r2rg 225, 225 230, 23%%?19 @ﬂa‘i@hr@&&\gggcligte gﬁ QISE&%SE%E ma@ezi%“s

s
sel ector. Each of regigtess 2a) indigate tg‘leéta&}éﬁ’l f each pagtitron. There are n

partitions, and for one embodiment there are n status registers 260.
The status of each partition is one of the following: idle, being read,
being written to, or being erased.

Sense amplifiers 270 are coupled to the user interface 250 as
well. The sense amplifiers are used in the read, write, and erase
o‘peration.s. For one embodiment, the number of sense amplifiers 270
is determined as follows. For a sixteen bit wide flash memory, sixteen
sense amplifiers 270 are needed for each parallel executable operation.
Thus, for example, if a first partition is read while a second partition is
written to, 32 sense amps 270 are needed. For example, if two
partitions may be read in parallel, 32 sense amps 270 are needed for
reading. The number of sense amplifiers 270 is a factor of the width of
the output row of the flash memory (X) times the number of parallel
executable operations (Y). For one embodiment, for a three partition
flash memory, for example, one partition may be read, another
partition written to, and a third parting erased uses 3X sense amplifiers
270. Sense amplifiers 270 used for erasing use a very low percentage of
the total erase time. Similarly, sense amplifiers 270 used for writing
use a low percentage of the total write time. Therefore, for one
embodiment, a single sense amp 270 is used for each parallel
executable write operation and each parallel executable erase
operation. The sense amp 270 is used for verifying each bit as it is
written.

Additionally, redundant sense amplifiers 270 may be included
for other operations, such as a redundant column access. For one
embodiment, for each parallel read and/or write, two redundancy
sense amplifiers 270 are included in sense amplifier block 270.

Furthermore, charge pumps 280 are included in the circuit.
Charge pumps 280 are used to set the voltage level for reading, writing,
and erasing. For one embodiment, the voltage level used for erasing is
approximately -10 volts. For one embodiment, the voltage level used
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decoder 240, that controls the Y selectors. For an alternative enbodi nﬂn’ltJ,UN 20:
multiple Y decoders 240 nay be present in the system The X decoders and Y
sel ectors enabl e sel ection of a specific area within flash menpeyysher
access, incl udY@& i ng, witing, or erasing. Having nultiple X sel ectors
and Y decoders permts sinultaneous access to nore than one subsection of

the flash nenory. For exanple, while partition A may be erased, partition B
may simultaneously be read, and partition Cwitten to. Each of the
partitions may include one or nore bl ockses that nmay be erased separately.

Thus, for exanple, mennry in, partifti ; Li.Le while a
menory bl ock in parfgflr?%%né qr%d @e‘l“nét‘éfa% 58%%@%&?%'& gg’é\eZSO permts a
user to control therabodissentpatsinglé ichargenpumipy28Dthat hes ronkipatleatistnt, t he
user interface 250 eare%nﬁ@ga{aieltabgeos&!taﬁﬁarfrﬁangys Lisg! hltéﬁatiaaxakﬁlﬂrtﬁgél ve

enbodi nent, the us I nt ace 2 s |located on a separate chip. T
i nterface incl udes SgPatAtB&harge RYRPs 28Ny es ‘{§§€d°tP6°E’6lr?t§\9l Vel wvelhe

wite parallel Operﬁéeid@aﬁforﬂwéssmigf tHeh@iffereapeitione shaiddahebuslyl t The
operati ons (uri 10, oot 15,950 A ook, UL By HRCPLBR IS BRIEor AE |
wite operations, tpureitioBiSB&TtaisrtheSHEERe(IREE®XB)e appropriagd B5el 50 read,
PQUS98/ 25717 write, Or erase.

The multi-partitioned flash memory illustrated in Figure 2 may
be used for a number of purposes. The number of partitions depends
upon the function of the flash memory. For example, a three
partitioned flash memory device is illustrated in Figure 3.

One example of using a three partitioned flash memory device
is as follows. A first partition may be used to store data. A second

_partition may be used to store code, that is executed by an apparatus
that includes the flash memory device. The third partition may be
used to permit updating of the code. Thus, for example, if the code
changes as a result of an update, new code is written to the third
partition while the original code in the second partition is
concurrently executing. When the new code has been written and
verified, the third partition can become the partition used for the code.
Thus, seamless updating of flash memory devices is possible. Another
example of a three partitioned flash memory device is having code
executed from a first partition, while updating data in a second
partition. Thus, for example, if the code execution results in an
updating of data, this can be accomplished seamlessly.

Figure 3 illustrates one embodiment of a three partitioned flash
memory device. Partition A 310, partition B 315, and partition C 320
each have an associated X decoder and Y select, and can be accessed
separately. The layout illustrated in Figure 3 corresponds to one
embodiment of an actual layout of a flash memory device. The X
decoder 307 and Y select 309 and 312 are associated with Partition A
305, 310. For one embodiment, partition A 310 is split in half by Y
selectors 309, 312. The splitting of partition A 310 is for layout
purposes, such that a first part of partition A 310 is aligned with
partition B, while the other part of partition A 305 is aligned with
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4 state machines are included. These state machines are described in Adr8IN 200;
detail in the concurrently filed related application entitled Serial No.

Status regisHgynradéss coupled to the user interface 260. The StraTAgsS9825217
regi sters 260 indicate the status of each partition. There are n
partitions, and for one enbodi nent there are n status registers 260. The
status of each partition is one of the following: idle, being read, being
witten to, or being erased. Sense anplifiers 270 are coupled to the user
interface 250 as well. The sense anplifigrs are used in the read, wite,

and erase operati pﬂﬁltlcﬁ"?c OR6r @ﬁ@@mmmennhmmypmrnooéf p@m@oxarmlsubl ers
270 i s determ ned

t t
sense anmplifiers 93@“&?%5 H%ﬁﬁ@ﬂa’f‘%er f‘%féﬁ r?EFﬁTii ﬁ%géfiﬁchS%D %a/%lﬁgérgen
Thus, for exanpl ecoupled thiY siecqdartd2bi ciddisiaredly, \aknthmsaegsmﬁBaomrt ition is

itt t 32 . t
\r?ﬁaly b:nr eg e ;gg%%lc?ﬁ@& @Z}Q %gtgn&?%egyg s?ﬁtu‘%’&%@ggtgr ?33( 1&3?9%&%&%.%&@
nunber of sense agpphrtitter Ap7ddis balrfgmréterofo,tbmngnrm frgmy ﬂébgmatasc@w

of the flash memosyn{iiy!f &?ﬁrixﬂ@n@”ﬁh@fe i@farpxr@ééoﬂaer@wcvts%mc@ﬁpeaﬁalaons
(Y). For one enbodi nent;

e. pagtition flash f
one partition mayS$BE% E%EiSteé hg tH:’a‘?"\ {:ﬁlﬁ?l IWIPpﬁéﬁanDS%e a’)p Jma‘r)\g sElect
parting erased ussz2 @ﬁcsersmuamagxsfelréﬂs Fo. orffeesoalimknf,iesingly Qsersed f or
erasing use a ver '?ﬁ"’ 5&?”&&%%&’ ho 1€ sta28 8 ke SEASE 338, B0, ShEkbPELh oFENSE

anplifiers 270 use
the partitions.

Sense amplifiers 350 support all of the partitions. For one
embodiment, the number of sense amplifiers is eighteen. Sixteen
sense amplifiers 350.are used for a read operation to one of the
partitions. One sense amplifier is used for a parallel write operation
from one of the partitions. The interface includes a number of state
machines used to control each of the parallel write operations. Thus,
if there can be two parallel write operations (writing to two partitions
simultaneously), there are two state machines.

The number of charge pumps 360 also parallels the number of
parallel operations. For another embodiment, the number of
connections to a single charge pump 360 equals the number of parallel
operations. Each of these connections may be held at a different
voltage level, permitting multiple operations using different voltage
levels. For one embodiment, a separate connection is coupled to the
decoders associated with each partition. Thus, a first connection is
coupled to a first partition, a second connection is coupled to a second
partition, and so on. Thus, each connection outputs a variety of
voltage levels, corresponding to each of the operations that may be
executed on the partition. For another embodiment, a first connection
outputs a first voltage level for writing, a second connection outputs a
second voltage level for reading, and a third connection outputs a
third voltage level for erasing. In this instance, switches couple the
appropriate partition to the appropriate connection for the operation
about to be performed.

Figure 4 illustrates an example of a cellular telephone using a
flash memory device. The cellular telephone 410 includes a flash
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use a |l ow percentage of the total wite time. Therefore, for one 0 3 JUN 200
enbodi nent, a single sense anp 270 is used for each parallel executable

write operativenosssdsieach parall el executable erase operation. HEEUSWASH7 anp
270 is used for verifying each bit as it is witten. Additionally,

redundant sense anplifiers 270 may be included for other operations, such

as a redundant colum access. For one enbodi nent, for each parallel read
and/or wite, two redundancy sense anplifiers 270 are included in sense
anplifier block 270. Furthernore, char ge bunps 280 are included in the
circuit. Charge punpmorgdeniee d30d Altheugh the fl\aahtragmolrp\dav1cfeo430 &sadi ng,

wriling. ang erasiidsuffid gAaneiRadidIohond B0 MPLL ARHANEH HaPleldyy
erasing i s approxi Eﬁfﬁ(%mlso vol éevxg@ﬁé@one errbeo I1nmza1nrece e W1thm e vel
used SUBSTI TUTE SHEE IsEwstved P e body
PCTIJUS98/ 25217 5 fairtheeasllulgr edlepMond UDQ i S apprOX|nater 7 volts. For one
paral | ol atcess (o Sa?[‘ﬁ%ﬁl@“ﬁ? ey 418 BU8RalR, i Bl TR b iBBaran e
charge punps 280 rapchingswdiet dhprpartitiont4td thalt tinglides\the sunmeddadtive
accessing the di ffgfgant Rang ekéQlid S TR JLEOURNY codd'® known in the art.
Another partition 450 includes dialing or voice data. For example, the
cell phone 410 may include a dialing director, or similar data in the
data partition 450. A third partition 470 is receiving new code 440 from
outside. For one embodiment, the third partition may be updated
remotely. Thus, while the cellular telephone is active, the code in the
code partition 460 may be executed, while simultaneously new code
440 is written to the new code partition 470, and the data partition 450
is used to recall dialing data. In this way, the cellular telephone
permits seamless updating of its code, and concurrent updating and
use of the cellular telephone. Other applications of such seamless code
updating may be similarly implemented.

In the foregoing specification, the invention has been described
with reference to specific embodiments thereof. It will, however, be
evident that various modifications and changes may be made thereto
without departing from the broader spirit and scope of the invention.
The specification and drawings are, accordingly, to be regarded in an
illustrative rather than a restrictive sense. The present invention
should not be construed as limited by such embodiments and
examples, but rather construed according to the following claims.
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charge punps 280 are coupled to the Y-selectors of each of the partiti@®asiUN 200
to raise the voltage level to the appropriate level to read, wite, or
erase. The multi-partitioned flash nmenory illustrated in Figure 2 may be
used for a nunmber of purposes. The nunber of partitions depends upon the
function of the flash nenory. For exanple, a three partitioned flash nmenory
device is illustrated in Figure 3. One exanple of using a three partitioned
fl ash nmenor Whdelvclemedss:as fol l ows. A first partition may be used to store
data. A second partition nay be used to store code, that is executed by an
apparatus that includes the flash nenory device. The third partition may be
used to peridt updBdsh ngmofy debice omgpeising:hus, for exanple, if the code changes
as a result of a t w code.is wi.tten to the.thir artition while
the origi nal cod%p@%ﬂﬁhogpgﬁg%nﬁtf nﬁglpfri(iff’?}h&‘fné a@Sﬁ“chrWﬁP’l’ %egreeéﬁf ng. \Wen

t he new coddgmhimetssbn witten and verified, the third partition can becone
the partition used for the code. Th eam ess updati of flash nmenory
devi ces is possi %%gfgegﬁglpﬁg)p%&ggrygqréﬁ%?fsvgﬁqgﬁ PRBULSEA¢ %0?‘%%?&% 5 AUIREHRE v
devi ce i s hawdltage foorbediey eitihgshdfetitpaandi r st partition, while updating data
In a second partition.  Thus for e I 1§ the code execution results in
an updating of a%P1§£Vﬁ}§°“86a%?ﬂ3‘§ef&§€°gﬁ’ﬁﬁﬁ%ﬂ ngeggwggggf%pprﬁnéagiéstgﬁmhty

i || ust r at esoferse empliftfrnfonéachfimaltinaeusly epatutablt reat eperdtion ahd sTsaBr onie Sivé C€.

Partition tit. B 315 _a partition C 320 each, haye an
associ at ed%}??pé'elglb%g%adé% ?"&a"s?%lfs}c ecu%ﬂlﬁ e?ﬁ%“ﬂ&'ﬁ%@@?@% & mimber of sense

amplifiers used for a read operation differing from the number of sense amplifiers used for a write

operation and an erase operation.

2. The flash memory device of claim 1, further comprising:
a plurality of x decoders, each x decoder associated with a partition; and

a plurality of y decoders, each y decoder associated with a partition.
3. The flash memory device of claim 1, further comprising a plurality of sense amplifiers.

4, The flash memory device of claim 1, wherein the first plurality of sense amplifier

comprises a plurality of sense amplifiers for each parallel read operation.

5. The flash memory device of claim 1, wherein the charge pump comprises a plurality of

charge pumps equal to the number of partitions able to be read, written, and erased

simultaneously.

6. The flash memory device of claim 1, wherein the charge pump comprises a plurality of
charge pumps equal to the plurality of partitions, such that each partition has a charge pump
coupled to the partition to provide voltage levels.

7. The flash memory device of claim 1, wherein the plurality of voltage outputs
corresponds in number to the plurality of partitions of the flash memory device, thereby providing

a voltage output for each partition.
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separately. The layout illustrated in Figure 3 corresponds to one 03 JUN 200
enbodi nent of an actual l|ayout of a flash nenory device. The X decoder 307
and Y select 309 and 312 are associated with Partition A 305, 310. For one
enbodi ment, partition A 310 is split in half by Y selectors 309, 312. The
splitting of partition A 310 is for |ayout purposes, such that a first part

of partition A 310 is aligned with partition B, while the other part of

partition A 305 fTge fdsh feReyWetibe o' dBEA h Thuither SbiEh: 51I(M§a@t?)of statu.y\@gi%@453565o
PCTf US98125217 6 partition C. For one embodi ment, the splitting of

partition A 310 optim zes performance for read speed. The Y selectors 309

and 312 arg, COUp’i"ﬁcdﬂJsE)megﬁ%Q@er of $tamn 8ARIHdih B8 Rlurity & seinAlrbifstérS Bbrids nd?’35

is associated with partition A The status register 335 indicates t

status of patheipluality of paditiprs of theiflashygempry devdee- t o, being read from or be| ng
erased. Simlarly, for partition B, there is an X decoder 317, Y select
319, and a status register  340. Partition C also includes an X decoder 323,
a Y sel ect 1822, Apsystem amprisiagy egi st er 345. For one enbodi ment, a single
user interface 33fsi s coupled to the status registers 335, 340 345 for

each of the partitions. Sense anplifiers 350 support all of the partitions.
For one a processor coupled to the bus;

a memory coupled to the bus and accessible by the processor, the memory including a
flash memory, the flash memory comprising a plurality of partitions, each of the partitions
separately readable, writable, and erasable; and

a plurality of sense amplifiers, such that there are enough sense amplifiers for each
simultaneously executable operation, the plurality of sense amplifiers comprising a first plurality
of sense amplifiers for each simultaneously executable read operation and at least one sense

amplifier for each simultaneously executable erase and write operation.

11. The flash memory device of claim 10, further comprising:
a plurality of x decoders, each of the x decoders associated with a partition;

a plurality of y decoders, each of the y decoders associated with a partition.

12. The flash memory device of claim 10, wherein a number of sense amplifiers used for a
read operation differ from the number of sense amplifiers used for a write operation and an erase

operation.

13. The flash memory device of claim 10, wherein the first plurality of sense amplifier

comprises sixteen sense amplifiers for each parallel read operation.

14. The flash memory device of claim 10, further comprising a charge pump for providing a
voltage output.

15, The flash memory device of claim 14, wherein the charge pump provides a plurality of

voltage outputs.
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enbodi nent, the nunber of sense anplifiers is eighteen. Sixteen sense 03 JUNZ
anplifiers 350.are used for a read operation to one of the partitions. One
sense anplifier is used for a parallel wite operation fromone of the
partitions. The interface includes a nunber of state machi nes used to

control each of the parallel wite operations. Thus, if there can be two
parallel wite operations (witing to two partitions sinultaneously), there

are two stage NerHY MESmerhbf dRVIBDES clah 16 olicgkin B PRSaLGHEE valtse obgam! | el s the
nunber of parallel operations. For ?nother gﬁggdlnent, t he number of.

connect i on$CHEPeRds ingimbet RAheRluralthoT rastyiqns ahihe Tieshanamprndavicss theyehyrpaging
oper at i ons 5 vERdeR offpul HE&Eh pARARCt i ons nmay be hel d at a different voltage

| evel, permtting nultiple operations using different voltage |evels. For
one enbodi nent, a separate connection is coupled to the decoders associ at ed

with each partitTiRMasi Meorydeticd SftcldR 10 Shithed eoﬂaﬁisﬁ@ugmﬂity Of Stathd regibters.
partition, a second connection is coupled to a second partition, and so on.
Thus, each connection outputs a variety of voltage |levels, corresponding to

each _Of thQS.Ope_r’ﬂieifﬁ%mEﬁ&ty_d@ﬁMe &Rléﬁm\kbﬁv&&iﬂhebﬁ@alil%adﬂs{atds%gistdfpf anot her
enbodi ment, a first connection outputs a first valtage |level for witing, a

second conREESPHs tthgpiuslity of grHenswhihe dlgth memery deee. r eadi ng, and a third

connection outputs a third voltage level for erasing. In this instance,

swi tches cqupl e the apprqprtg;e Bg&tition to the appropriate_connection for
s

the operatil®n ap®ethod ofimy cesinganderaging p flash meheny. e flash MHOE of a

cel lular t glcRiAH@RAGIrstphrtition a second partition, and a third partition, the method comprising:
accessing the first partition or the second partition using a first plurality of sense
amplifiers; and

simultaneously erasing the third partition using one sense amplifier.

20. The method of claim 19, wherein said step of accessing comprises reading from or

writing to the first partition or the second partition.

21, The method of claim 19, wherein said step of erasing comprises the step of:
applying a first voltage level to the third partition.

22, The method of claim 21, wherein said step of accessing comprises the step of:

applying a second voltage level to the first or the second partition.

23. The method of claim 22, wherein said second voltage level is higher than said first

voltage level.

10



flash nenory device. The cellul ar tel ephone 410 includes a flash SUBS‘?ISTWD’?
SHEET ( RULE 26) WD 99/ 35650

PCTI US98/ 252%%9% JIEJTOrYy devi ce 430. Although the flash nemrycaW?%zyso is
illustrated fe-cel 1 ul ar phone 410, it is understood that generally the
flash menory device 430 is received in a receptacle within the body of the
cellular tel ephone 410. The cellular phgpe 410 illustrated is active. That
is, it is executing code. The partition 460 that includes the currently
active code is being executed. The use of such code is known in the art.
Anot her partition 450 includes dialing or voice data. For exanple, thg cell
phone 410 may include a dialing director, or simlar data in the dara
partition 450. Athird partition 470 is receiving new code 440 fr,

out si de. For one enbge+aert—th i ftion may be updated renotely.
Thus, whil e the cel lullar tel epho e partition

is.active

460 may be executed, {while sinu nesidslsy SeRslEAficE] | $ OMatdet N tO the
new code partition 470semarnterfane LR dyPdtéd N 4%{k)i s jusedpu@pr ¢cal |
dialing data. In thig wayl2@he ¢el ljul agot 4l ephongqperni t4 sganl ¢ss updati ng
of its code, and congurrent updti se 6f-the—cdl | iar ‘ephone.
O her applications off such seanless—code
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—
Y
S
e
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180
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updating may be simlarly inplenmented. In the foregoing specification, the
i nvention has been described with reference to specific enbodineg&% .

t her eof . It\%ﬁﬂmshomever, be evident that various rodificaPFERS YmY
changes nayKb ﬁaé% thereto without departing fromthe broader spirit and
scope of the invention. The specificatiZdi and drawi ngs are, accordingly, to
be regarded in an illustrative rather than a restrictive sense. The present
i nvention should not be construed as limted by such enbodi nents and
exanpl es, but rather construed according to the follow ng clains.

SUBSTI TUTE SHEET (RULE 26) What is clainmed is: 1. A flash nenory
device conprising: a plurality of partitions, a nunber of partitions able
to be witten, read, or erased sinmultaneously; a charge punp providing a
plurality of voltage outputs, each voltage output for outputting a voltage
for reading, witing and erasing; and a plurality of sense amplifiers, the
plurality of sense anplifiers conprising a first plurality of sense
anplifiers for each sinmultaneously executable read operation and at | east
one sense anplifier for each sinultaneously executable erase and wite
operation, a nunber of sense anplifiers used for a read operation differing
fromthe nunber of sense anplifiers used for a wite operation and an erase
operati on.
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2.
of x decoders,
of y decoders,
menory devi Y8
anplifiers. 4.

sgfesy

aim1,

and a

The flash nmenory device of claim1, further conprising: a pLuré]%HgNZ(
each x decoder associated with a partition;
y decoder associated with a partition.
further conprising a plurality of sense
The flash nenory device of claim 1, wherein the first

lurality

3PCTfUSgSﬁ§%1"f | ash ™

plurality of sense anplifier conprise3/4&a plurality of sense anplifiers for

each parall el

6.

conprises a plurality of charge punps equal

read operation.
wherein the charge punp conprises a plurality of charge punps equal
nunber of partitions able to be read, witten,
The flash nenory device of claiml1, wherein the charge punp

to the plurality of partitions,

5.

The flash nenory device of claim1,

to the

and erased sinultaneously.

such that each partition has a charge punp coupled to the partition to
The flash nenory device of claim1l1, wherein

provi de vol tage | evels.

the plurality of vo
partitions of the fl
for each partition.
conprising a plural
of claim@8, wherein
plurality of partiti
conprising: a bus;

7.

tage—output S _corresponds in nunber to the plurality of
ashusenor Y| i thereby—troviding—a—wol t age out put
8 InterBace ThetafusRHg. renStausd@ag. e dbtaaisedBeg L, furt her
ty 3ot atjus fegfstlrs . for BThe fljastiom@nofy device
e plurallitylof 335t Uk rlegi rsicorlresitidsito the
orfs of the flash nmenorygggevi cgys 10. A system
' ~_ <
Partition A RAARS Partition A
305 alll A 310
L X decoder (Partition A) 307
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a process@r coupled to the bus; a nenory coupled to the bus and accessible
by the processor, the nenory including a flash nenory, the fJ y
conprising a plur hity of partitions, each of the partitiongmgzgggggg?y

r eadabl e, vWPt%BP%, and erasable; and a plurality of sense anplifiers, such
that there are enough sense anplifierg;§or each simnultaneously executable
operation, the plurality of sense anplifiers conprising a first plurality
of sense anplifiers for each simultaneously executable read operation and
at | east one sense anplifier for each sinultaneously executable erase and
wite operation. 11. The flash nenory device of claim210, further
conprising: a plurality of x coders, each of the x decoders associ ated
with a partition; a plurality pf y decoders, each of the y decoders
associated with a partition. 1. The flash nenory device of claim 10,
wherein a nunber of sense anpl{fiers used for%&%read operation differ from
the nunber of sense anplifiersfused for a wi/te operation and an erase
operation. 13. The fl ash ry device o claim 10, wherein the first
plurality of sense anplifierf/conprises sixteen sensg anplifiers for each
paral |l el read operation. 14. T ry devi ce of claim 10,
further conprising a charge jpunp fer —previ-i #g{ a voljtage output. 15. The
flash nenory device of claim 14, wkerei f-thke—eharge |punp provi des a
plurality of voltage out put s 9
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JUN? 16. The flash nenory device of claim15, wherein .:-_- I°Jrvavt|b|>t*§ B
ol tage ou corresp DDE erdiRr v RcRlndAdN tY Of R MId ons of
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(57) Abstract

A method and apparatus for partitioning a flash memory dev
pattitions, (210, 215, 220, 225, 230), each partition able to be read,

ice (20) is provided. The fiash memory device includes a plurality o
written, or erased simultaneously with the other partitions.
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