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2 MAR 2007 WD 2006/014748 1 5 Method and Device to Inprove USB Fl ash Wite
Performance Field of the Invention: The present invention relates to flash
menories and nore particularly to flash menories connected to a systemibyya
Uni versal Serial Bus (USB). 10 Background of the Invention: There are a
nunber of di f WOWMORI4Rds of flash nenory; however, the present invention
relates to what is generally known as NARD flash nenory, and the termflash
menory as used herei enerally refers to NAND f h.nenory. 15 An
i nport ant #Jeat ure@?Q‘Pﬂaﬂﬁ{%%PP&W@%U@BFHSLWH@PSEHWF%ai n stored
data w thout any external source of power. Thus, flash nenory is frequently
used in devices such as "thunb drives" and in digital caneras. A flash
menory device_can be renoved froma conputer or canera and the data 20
stored in theEidldefdhe pventiont be | ost. The read .operation in a flash nenory
is perfornmed in a manner simlar to the read operation in the ol der and
| ess expensi vEh&present invention refaiey to flashonemsries-and: mere patticutariytte flagler at i on
in a flash nenory is handled in a 25 different manner fromthe way read
oper ations armepwries cornedted RAVsystenisy & tinivensal Sefikd BespusB).t is possible to
wite new data into individual nenory

10

Backaround of the Invention:

There are a number of vdifferent kinds of flash memory; however, the present
invention relates to what is generally known as NAND flash memory, and the
term flash memory as used herein generally refers to NAND flash memory.
15
An important feature of fltash memory devices is that they can maintain stored
data without any external source of power, Thus, flash memory is frequenily
used in devices such as “thumb drives” and in digital cameras. A flash
memory device can be removed from a computer or camera and the data

20 stored in the device wili not be lost.

The read .operation in a flash memory is performed in a manner similar to the

read operation in the older and less expensive Random Access (RAM)

memories. However, the write operation in a flash memory is h_andled ina
25 different manner from the way read operations are performed in RAM

memofries.

In a RAM memory it is possible to write new data into individual memory

locations that contain other data. This is not possible in a flash memory. New




| ocations that contain other data. This is not possible in a flash nenory.
New 2 MAR 2007 WD 200 610 1 4 7 48 2 5 data cannot be witten to a 7 MAR 7007
| ocation in nmenory that already contains data. In a flash nmenory, a
| ocation nust_be erased before new data can be witten to that |ocation.
Furthernore, 30 ¢ *8ual 1 ocation in a,flash nenory can not be erased.

Fl ash nenories are divided into bl ocks and an erase operation is done on an

entire bl ogk. dafiigaridot B8Ht0 B IBHARHSh Yncth &y dflat dircBdl!cBhtkind dita G ent [ r e

bl ock containing a parti ar location nust erase ore data can be
written to any fARNGAYR), alakdiof inddt e¥raldPBeittd Ak dabifodl BE finitbh 16 P! ock
of a flash nmenory contal’hs data Ich 1s be preserved, prior to witing new
data to a party o) ' | - ) . il ipn the 15
ent e bi ook d5eHhy FEhBRnR, b ARG 10@Bkn e Hbbf eid caief
rel ocated. The reaso or. this is that .the entire block nmust be erased in
order to erasZ’e %ﬁ%e‘ﬂa‘%'?§'&m%°’f9§c%{ﬁ%i%ée°i'n§’ @?P‘ﬁ ?'FF@%&E%F%?RW%‘&P%‘SM ock
whi ch one desires to r_esgr@v?g rpst .be stored in sone other |ocation prior
to the erase G&9Bf &N aENtye . thiage Tistatavas ppevieesly slosadhin ok, the called a
Solid State Fl ogpy Disk Card (SSF'DCKa’ or nore commonly a Smart Medi & A. The
Smar t Medi 40 s gabie bleek conaining 2 padiculap jesatiommush by erasedrhefonedat@gamy t he
SSFDC Forum  The Smart Medi a specifications are widely avail able. The
Smart Medi a s ppeocirfttendpianydindigigual partitilar lacatiomowithimthss bibak.e t wenty four
tenporary 25 (already erased) bl ocks available for data storage. Wth a
standard Snmart Medi a device, there is a significant difference in the

If a block of a flash memory contains data which is be preserved, prior to

writing new data to a particular location in the block, any existing data in the

15 entire block containing the particular location must be temporarily relocated.
The reason for this is that the entire biock must be erased in order to erase
one particular location. Any existing data stored a block which one desires to

preserve must be stored in some other location prior to the erase operation.

20 One type of widely used flash memory is called a Solid State Floppy Disk
Card (SSFDC), or more commonly a SmartMedia™. The SmartMedia
specifications were developed and they are maintained by the SSFDC Forum.,
The SmariMedia specifications are widely available. The SmartMedia
specifications require that a memory must have twenty four temporary

25 (already erased) blocks available for data storage.

With a standard SmartMedia device, there is a significant difference in the
operations required to store a relatively small file (the size of which is twenty

four, or less, biocks) and the operations required to store a file the size of



operations required to store a relatively small file (the size of which is
twenty four, or |ess, blocks) and the operations required to store a file
the size of 2 MAR 2087 WO 2006/014748 3 5 which is larger than twentpap og7
four blocks. In order to store a file larger than twenty four bl ocks, one

or nore bl ockWOAYI4HBr at i ons nust take place before the file wite
operation can be conpleted. The follow ng are exanples that indicate the

steps requige : [ ' e ' ' l.as ot
houl d b underaEh iefaehidh wtle Four BocRRUiPbidkPd Boft p BRI oty o
flash menory deyi ' C | |t | ndi vi dual . characteristics.
The first exar@?ég?f@ugéf%%%'to‘?%aé}é%}?mlﬂaﬁrgﬁgRﬂ%&go'ﬂ%g‘ulskF eﬁ'?‘? exactly
matches 15 thg flash mayy bl ock size. In s{ situations, this is an

unl i kel y scenag?fBEBatﬁﬁﬁWB{e?/m?qraﬁ%c%%g%QO'EBfégec{lsef ul first exanple. In this
exanpl e, no partial- block novenent occurs. The nenory controller nerely

i dentifies one of the enpty blocks and wites the data into that bl ock.
Note that the SmartMedia specifications require that there be twenty four
empty bl ocks aVig follpwing arerexammtesithabindicatedthe stepscieapired for a typicabwiiteo! | er
erases an unassigned block so that there wll be twenty four erased bl ocks

ready to rHtei operdtinrain afiashsmemady.cltahplild besindesstobthat thesesdre naerelynt  of
data is being changed in a block that already contains data. This is a

somewhat nore exahples and aSwids avariely. of lasls mexwnp devices ekist £aeh pathtitsadwibl ock
novenent operation. First the existing data which is not going to be

changed i s novpdividiaP&itaraétetistics.

The first example is a ‘best case’ situation where the file size exactly maiches
15 the flash memory block size. In most situations, this is an uniikely scenario;
however, if can serve as a useful first example. In this example, no pattial-
block movement occ:urs. The memory controller merely identifies one of the
empty blocks and writes the data into that block. Note that the SmartMedia
specifications require that there be twenty four empty biocks available. After
20 data storage is complete, the controller erases an unassigned block so that

there will be twenty four erased blocks ready to receive data.

The second example is one where a small amount of data is being changed in
a biock that already contains data. This is a somewhat more realistic '

25 example. This example requires a partial-block movement operation. First
the existing data which is not going to be changed is maved to one of the
spare (previously erased) blocks. Next, the new data is added to the data in
this block. After the storage operation is complete, the controller erases

ancther block which is no longer assigned fo a file.



spare (previously erased) blocks. Next, the new data is added to the data in
this block. After the storage operation is conplete, the controller erases
anot her bl ock which is no |longer assigned to a file. 2 MAR 2007 WO 7 waR 2007
2006/ 014748 4W§2(;5%14t7 ird exanple is an exanple that is particularly

rel evant to the presen invention. In this exanple a file larger than the
size of 24 blocks is witten to the flash nenory. First, the 24 spare

bl ocks (whigh were previously erased) are filled with new data. Then the
controller nmust |ocate other blocks that no 10 | onger have data that is

bei ng used an I ' I, ,tional .data in the file
IS witten tod'{ﬁéeg@%r%a e‘rg.’aés?g%’%rp@éa@t '#Ré’?‘?”‘?ﬂggé'é‘(%ﬂzaé“%f&?ﬁ?ﬁ on can
not be conpl et il . Lvel ¥ _l.enqgt ase ration h been
perforned. 15 ﬁg%#mbyg?%%%b ?ﬁ\eéa@r%r%ﬁf’%ﬁﬂ?&g%tﬁ I8 WIeBABr d whi ch
| ogi cal addregs ontain ta related to each particular file. The present
i nventi on tak@?ﬁéaﬁmﬁn&%' %ﬁsﬁﬁlée £4 spareRipcks{whishiwere previeusly ierasedd 1 ash
menory. The FAT table indicates to the operating system which | ogical
addresses are arﬁﬁ@ﬁ@&mf‘d‘%‘i’@ﬁ- fieadhe pentsalier pust losatesnther blocksitiwat hogi cal
addresses that are 20 not mapped to a file are not being used by any of the
files stortd ilangerhavesiata that Ehbeing visey and etaselthese biacks.aFinallptiteabl e whi ch
correlates | ogical addresses to correspondi ng physical addresses. Sunmmary
of the I nventiadditional data in the file is written to these newly erased blocks. Thus, the

storage operation can not be completed until a relatively lengthy erase

operation has been performed.

15 Host systems use a file allocation table (FAT) to record which logical
addresses contain data related to each particular file. The present invention
takes advantage of the fact that the FAT is stored in the flash memory. The
FAT table indicates to the operating system which logical addresses are
mapped to which files. At any particular time, any logical addresses that are

20 not mapped to a file are not being used by any of the files stored in the
memory. The memory controller maintains a table which corretates logical

addresses to corresponding physical addresses.

Summary of the Invention:

25 Flash memory device generally have a limited number of blocks that have
been erased and which are ready to receive data. A file allocation table (the
FAT) is stored in the flash memory and it has information therein which
indicates which blocks are allocated to files and which blocks are not

allocated to files. With the present invention the memory controller



A

25 Fl ash nenory device generally have a Iimted nunber of blocks that have
been erased and which are ready to receive data. A file allocation tablf

(the FAT) is stored in the flash nmenory and it has information therein MAR 2007
whi ch i ndi cat‘g§23®0? 49l ocks are allocated to files and which blocks are

not allocated to Wth the presentginvention the nenory controller 2
MAR 2007 WO 2006/014748 5 5 continuously or periodically interrogates the

f11es ot or 80 ki tﬁgb‘ﬁhﬁp?&@?d“ﬁgt‘%}’°§r€@“?éWﬁ%@'ﬁw?’eﬁog. e é?egggs s
| ocated that .BQFacPerQs%%t ntoPaﬂ’o tafto aw?gg{opﬁﬂ%ggg&pgboé‘t{k at a.

physi cal addres es 1s erase and ed as rea

Th file | f mal, | d bl ock

can be stored Tt Hé%%?@@%ﬁ%‘ff{’e%% RPERE et il S0 15 5 Bher at i on
Kk I f h

Descri pt | on of e onERRRIiaa BIpgk of PRYsieA! 0dsene B arabed B2 FHarked A3 Peing

organi zed according to the Smartl\/e ia specifications., 2) F| gure 21is a
bl ock di agr am '6Rdyfo mesiveidata: Thes affie largardhan thesize pbie mumber ofi gures 3A,
3B and 3C are block flow diagrans showi ng the operation of the preferred
enbodi ment10 4)ndzinglly erasedsblocksoasrhe $tofachiv thie apreony stithwiuhbaving topaitder on of
the system 25 Detailed Description:

an erase operation to take place before the storage operation can be

completed.

Brief Description of the Figures:

15 1) Figure 1 illustrates a flash memory organized according to the SmartMedia

specifications.
2) Figure 2 is a block diagram of an embodiment of the present invention.

20 3) Figures 3A, 3B and 3C are block flow diagrams showing the operation of the

preferred embodiment.

4) Figure 4 is an overall flow diagram showing the operation of the system.

-

25 Detailed Description:

The present invention will now be described more fully with reference to the
accompanying drawings. The drawings illustrate exemplary embodiments of
the invention and the operation of these embodiments. This invention may,

however, be embodied in many different forms and the inventions should not



The present invention will now be described nore fully with reference to the
acconpanyi ng drawi ngs. The drawi ngs illustrate exenplary enbodi nents ('Bf t he
i nventi on and the operation of these enbodinents. This invention nay, MAR 2007
however, be enb e% LN, many different forms and the inventions should not 2
MAR 2007 WO ZW PYLAYAE 6 5 be construed as bei ng limted to the

enbodi nents set forth herein. These enboglnents di scl ose and conveys the

concept ands scageonlinidiad BYRA'iHMABA1E hééiﬂﬁ@durﬂé{rxﬂ{'%fbr@h hef ”i‘p]eéé“ the

drawi ngs, the size o represen Si cal
conponents. t r
Il lustration aﬁr{ﬁﬂp g%@%’ ?’ﬁd 58 %gséglrnlgﬁsetﬁe Sﬁfgﬁﬁ%ﬁéeﬁm’ ¥e€tg’?‘fi°gur es,
t he sane refergnce S a ed to de ments thr ughout
t he drawi ngs. %?3 .Sﬁwgﬁ i hﬁ?)% '["gt?'ﬁgr?‘ﬁ'nﬂ%':lﬁ? isgg ‘ﬁﬁl& &9 Boﬁrﬁpéﬁsggg cycle
before witing, A fl rrermr I S gne ype of The specific
enbod ment 15 etz pESERL Y pnwtie;ﬁa%&#«sﬁwsﬂah%?wresﬁomqn Card whi ch
is also known as a "SmartMediaT it should be noted that other
embodi nent's of Mergfg f¢rrﬁﬁ@|etqfdlu8tratwn aed mfa@mfett@gegcrm@medwentnat In&uire an
erase cycle prior to witing data. 20 A SmartMedia card is a small flash
menory car 0 whfigirebatbesapte/eferance numeral$ aie used to danate the sameelementsat i ve
stanp. Smart Medi a cards were defined by an organization known as the SSFDC
forum The i ni thrabghouSHteftawdngend for "Solid State Floppy Disk Card". In
1996 t he

The invention pertains o memories that require an erase cycle before writing.

A flash memory is one such type of memory. The specific embodiment

15 described herein utilizes a Solid State Floppy Disk Card which is also known
as a "SmartMedia™". Howsaver, it should be noted that other embodiments of

the invention utilize other types of memory that require an erase cycle prior to

wﬁting data.

20 A SmartMedia card is a small flash memory card which has a physical size
similar to that of a commemorative stamp. SmartMedia cards were defined by

an organization known as the SSFDC forum.

The initials “SSFDC” stand for “Solid State Floppy Disk Card”. In 1996 the
25 name Solid State Floppy Disk Cards was changed to "SmartMedia”. The
SSFDC forum has retained the name "SSFDC forum”. The SSFDC forum
publishes the specification for SmartMedia flash memories. The SSFDC
forum can be reached at; SSFDC Forum Bureau, C-zone, 4F, Toshiba Bldg.,

Tokyo, Japan.
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been erased an

State Fl oppy D sk Cards was changed to "Snart Medi a". The
SSFDC forum has retai ned the nane "SSFDC forunt.

The SSFDC forum publishes

ion for SmartMedia flash nmenories. The SSFDC forum can Beyp
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7 5 The Smart Media specifications define a flash

s divided into blocks. The specifications require that a
that are erased and available to store

at any time, prior to a wite operation, there should be at

$hé Wﬁmﬂ&%@g@%ﬁ%@%eﬁﬁe hYEBR finiory WHIGPR dilifél ot Nt have

d that are re r-a wite operat

Snmart Medi a fl aﬁﬂc@nﬁ

bl ocks. The ex
bl ock depends
different size
menory bl ocks
vari abl e nunbe

of the bl obks

15

20

25

into

diragram of a

BIBGHE [P soetftAf (et Smaffenia Bichiry biuf 24 Hifks.
P B R A abalabia REFbICoeS THRI R o uniermrintedy (e

are designated Bl to Bx and .t dotted lines indicate a
Writs; oRarg tﬂaee's ngbeoﬁtaleaﬂ 2@@?@f(hew fiesigngted pBat is, the

dotted lines indicate bl ocks that are not specifically shown. 20 Twenty-four

fempararyfierage blackshthat have beprerasedipad iat ase seadydor a

write operation.

A block diagram of a SmartMedia flash memory is shown in Figure 1. The
memoty is divided into blocks. The exact number of biocks in the memory
and the size of each block depends upon the size of the particular memory. A
variety of different size flash memory are commercially available. In Figure 1
the memory blocks are designated B1 to Bx and the dotted lines indicate a
variable number of blocks depending on the size of the memory. That is, the

dotted lines indicate blocks that are not specifically shown.

Twenty-four of the blocks in the memory are designated as temporary storage
blocks. The temporary storage blocks are designated in the drawings by the
labels T1, T2, etc. For convenience of illustration, not all the temporary
storage blocks are shown in the drawing. As will be explained, the location of
the temporary storable blocks T1 to T24 changes as the memory is operating.
It is noted that various standard features of the memory that are not relevant
to the present invention are not shown in the Figure and they are not

described herein.



o — S s

bl ocks. The tenporary storage bl ocks are designated in the drawi ngs by the

| abel s T1l, T2, etc. For convenience of illustration, not all the tenporar
storage bl ocks are shown in the drawing. As will be expl ai ned, the Iocaﬁi%ﬁ 2001
of 25 the tenporary storable blocks Tl to T24 changes as the nenory is

oper ati ng. Itwpgo‘%@f‘gﬁsthat vari ous stangard features of the nenory that

are not relevant to the present inventioh are not shown in the Figure and

they are n | ' 0 006/ 014 8 . he flash
menory 100Q‘%|: ncf'ﬁ%ﬂéé'ﬁ’ﬁg%@@f i?%%‘r%? gpgggql ?@%éd@?@&%ﬂ %ﬁeiefﬂy"‘?%gy ﬁ@per ating
Ea R N B L e el
is used by the (0 es o

ticul fil t dinth . Th i pdi ' [
ocat fone. i n AT TR RS e perailioaiem b Ik Girna [oica sAareseStal 0q o
10 mappi ng bet)l\;a{ergaélap %g&rﬁﬂgéﬁ%andﬁhgﬁf%%&ationshjg the menory.
This is done I oryTHde indicatrscwhich degieals require
that the menory have twenty-four blocks available for tenporary storage.
When t he rrermrécatiomemﬂhﬁ memosy haverbeerk assigredbopihich figsaviherals alsé ar
storage. Let us assunme that initially datais witten into all of the

bl ocks i n the meapping betwamt lobival addressesrdnd ghysicablocgtions iddhe gremery. f or
tenporary storage. At this point the nenory would be full. The FAT table

woul d have entThigss doritkbytheahbmety édtrolgpi | abl e | ogi cal addresses (as
determ ned by the size of the nenory) to particular files. The nenory
The SmartMedia specifications require that the memory have twenty-four
blocks avaifable for temporary storage. When the memory is new alf the
15  blocks are empty and available for storage. Let us assume that initially data is
written into all of the blocks in the memory except for the twenty-four blocks
designated for temporary storage. At this point the memory would be full.
The FAT table would have entries linking all of the available logical addresses
(as determined by the size of the memory) to particular files. The memory
20 controller would have a table which shows which logical addresses
correspond to which physical addresses. There would still be 24 temporary

storage block erased and ready to receive data.

Next, let us assume that the operating system erases a file. Let us assume
25 that this file covers three blocks in the memory. After the operating system

erases this file, the FAT table would indicate that these three blocks of logical

addresses are no longer assigned to a file. However, in accordance with the

SmartMedia specifications, the blocks that had been storing the data would



20 controller would have a table which shows which | ogical addresses
correspond to which physical addresses. There would still be 24 tenpora%y
storage bl ock erased and ready to receive data. Next, |et us assune t hatMAR 8l
operating Syst &l St S @ file. Let us assune 25 that this file covers

three bl ocks in“the menory. After the opeaating system erases this file,

the FAT table would indicate that these three bl ocks of |ogical addresses

are no |onger asidisraded &t fhid b&iﬁ‘ in(;"tﬁri_@%iﬁg? td}%ﬁﬁ%@ﬁ%‘f? %Eﬁ%&ggg a woul d 2

Smar t Medi a specifications, the blo en s | Ng

MAR 2007 WD 2 % ; t be erased at this point in tinme since
there are al regﬁs{- é?g%%swezcr‘éa}géd and ready to receive data. Let us now

exam ne how the Smart Medi a specifications indicates that various different
situations should be handl ed: Al of these exanples assune that the 10

menory has been_.operating for,_so i d that. aL sone, poi t he, nenory
was full and t E%ttlpsd?o"% Sﬁ%“@ﬁﬂﬁw ﬁ\eﬁ %gﬁﬂﬁaa@%ﬁ%@owﬁ&ﬁ%&%@ @loURat t he
menory now has sone enpty space. As a first exanple, |let us assune that the
host sends a f fifferand sityations gheyld heandieds Al of fhese exarmples assumeitbetthe Thi s
file would be stored in one of the blocks designated for tenporary storage.
15 The cont@ ol memaiy has heen gnefsting ifergomegitime anddhaffattseme peipbthamemoor age
block to the logical addresses and the file operation would proceed rather
qui ckly. Aftewas fidl drid that st sonoe ether poingy vanerst files Wereetasep sodhat theéor age
bl ocks remain. However, since the controller assigned new physical
addresses to ttmemargnodhas some empty space. As a first example, let us assume that
the host sends a file to the memory, the size of which covers one block. This
file would be stored in one of the blocks designated for temporary storage.
15  The controller will assign physical addresses of the temporary storage block
to the logical addresses and the file operation would proceed rather quickly.
After the file is stored, only twenty three temporary storage blocks remain.
However, since the controller assigned new physical addresses to the logical
addresses in the stored block, it will know which physical block can be erases
20 to bring the number of available temporary blocks back to twenty four. This
erase operation takes a relatively long time, but it is not a problem, since the

file sent for storage has already been stored.

Next, let us assume that the host sends a file to the memory, the size of which
25 covers twenty five blocks. In accordance with the SmartMedia specifications,

the following operations would take place.

Twenty four of the biocks of data (out of the twenty five) would be stored in

the twenty four available temporary storage blocks. There would be no
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addresses in the stored block, it will know which physical block can be
erases 20 to bring the nunber of available tenporary bl ocks back to t 5%%!]&7
four. This erase operation takes a relatively long tinme, but it is no
problem since the file sent for storage has already been stored. Next, |et
us assume t hat PHEHYH8 sends a file to the nenory, the size of which 25
covers twenty five blocks. In accordance With the Smart Media speci fications,

the foll owing | wdnent 0 f th ocks of data
(out of the tulreiderd8d Mt BE-FoBbaas e Wigtey it ok cs tatea, Hiten e
tenporary stor | ocks.. Ther uld be po, P MAR 2(107 WD 2006/014748 10
5 al ready erasgtg O%H?r?%o'h%%ﬁﬂﬁ 8°'PH'8P%%€HH {he controllpr lgeptesra blagla. Thus,
the storage o egati n c_ouleg not, be cé?‘nm)l eted until the controller locates a
bl ock that is bl nasgigaed to.a filg andthishloclniserasest kThelosategdilocknise | ocat ed
bl ock is erased éa relatively slow operation) and then the twenty fifth

bl ock is storc®fased (a rajativshesiownperation) and thest thedweniy fifihiockisistared. its no

| onger assigned to a file 10 since the host is witing to a bl ock of

previ ously usei@ noted that thedehrdrolesknossdvhich bleckisro trgepbysignad tealfileesses
assigned to this block of address can now be erased. Thus as indicated
above, in Hrcositenthe hast is whitingSioe b%ﬂbﬁpmpmsl?rim‘dil@gléal abdrédsesp@idat i on to
store a file which has a size equal to twenty five blocks would involve the

fol l owi ng st epheqnevibisTphysitdl @darestds S55§ad WRAIIDIGAUST SUdPEdeScdnnay B! abl e

tenporary storage | ocations.,
erased.

Thus as indicated above, in accordance with the SmartMedia specifications
15 an operation to store a file which has a size equal to twenty five blocks would
involve the following steps and time periods:
1) Store twenty four blocks in available temporary storage locations.,
2) Locate a biock that can be erased.
3) Erase a block (which takes a relatively long time)

20 4) Store the twenty fifth block of data

With the present embodirﬁent of the invention, the time required to store a file
larger than twenty four blocks is shortened. In this embodiment of the
invention, when the memory controller is not in the process of reading or

25  writing a file, it interrogates the FAT table, and erases any blocks of memory
that are not assigned to files. That is, it erases blocks that are not being used,
even though there are already twenty four blocks erased blocks available for

temporary storage. This, in effect, violates the SmartMedia specifications, but



2) Locate a block that can be erased. 3) Erase a block (which takes a
relatively long tine) 20 4) Store the twenty fifth bl ock of data Wthzthe
present enbodi ment of the invention, the tine required to store a file? MAR 2007
| arger than t { bl ocks is shortened. In this enbodi rent of the

I nventi on, \/\h\gﬁ?’t%&éowﬁ%ry controller is pot in the process of reading or 25
witing a file, it interrogates the FAT table, and erases any bl ocks of

mermory  thaly ang.dieks A3 HatRGH tI{;]ée)pEéljnllé? %oufgggg 8b§ratibﬁ aﬁﬁ%@&sﬁe@%@i sé are

not bei ng used, even though t are alr twenty four rased

bl ocks avai | ablu%thgrope aﬁi%oﬂﬁﬁé’ﬁfﬁt\téﬁage' This, in effect, violates the
ons, '

Smar t Medi a specificatl 2007 WD 2006/014748 11 5 it causes no
harmin the nornmal course of operation and it considerably speed up the
operation of the system Figure 2 is a block diagramof an enbodi nent of a

menory system whi ch _ includes, the present invention. The system includes a
control | er 101V34i9fefea%+s 31W°%F1$'@SF%"&PF%P Pdmf@f@ﬁssslemﬁweﬁwvsm A
conputer program 101P controls the operation of the controller 101. A USB
connect i on 103Unelydasdbepresant inyeption: Ehe sreemdncludesacontygllertifd ansan 103
provides data to the menory and reads data fromthe nmenory 100. 1 15 As is
nor mal , t hdOhoddnivarsalerial Bus (USB) intedacectHl?s Alsomptiteyprogranci01P confrads ses.
The FAT table provides the correspondence between | ogi cal
the operation of the controller 101. A USB connection 103U connects the
USB interface 102 a host 103. The host 103 provides data to the memory
and reads data from the memory 100.
{
15  As is hormal, the host 103 provides data and reads data from logical
addresses. The FAT table provides the correspondence between logical
addresses and files stored in the memory 100. As will be described, the
controller 101 under control of program 101P has access to and manipulates
the FAT table. The controller 101 includes a microprocessor that can perform
20 operation under control of the program 101P. Naturalily, the microprocessor in

the controller 101 performs various other normal operation not relevant to the

present invention and not discussed herein.

Program flow diagrams of the operations that take place with the present

25 embodiment of the invention when various size files are stored in the memory
are shown in Figure 3A, 3B and 3C. lt should be understood that these are
merely limited examples to illustrate the operation of the system. An overall
program flow diagram of the relevant operation performed by the system is

shown in Figure 4.



addresses and files stored in the nenory 100. As will be described, the
controller 101 under control of program 101 P has access to and nani pul at es
the FAT table. The controller 101 includes a mcroprocessor that can pérM‘ABrZW
20 operation under control of the program 101 P. Naturally, the
m'croprocessorwpr?mﬁ(%‘é”ﬁontroI | er 101 perjforns various ot%er nor mal

operation not relevant to the present invention and not discussed herein.
Programflogv di agranms of the operations that take place with the present 25
enbodi mrent of the invention when various size files are stored in the nenory

h in Fj A 3 Cealt _shoul d deyrstood th h
merely | m ¢ el @nanpiBEBrfPEo B fic ofsiati i e srAmelsdiuat,
Oyt o 1 SR ek R BB e A S aR B8 e 5 Wit Bl e
under st ood that the o‘fper tio:l‘%gi_shom i n the exanpl es i strated herein

|

|
occur after thBlOgEHRR gagy qsia stpred thegein gaedime;  Ehe ﬁﬁéﬁ"‘&l thatgata e

bl ocks have at | east had data stored therein one time. The first time that
data is writtisiwitiendnte dbleek, thereeisdo needdona previays erape epetationer ase

operation. 10 Figure 3A illustrates a sinple wite operation. In this
exanpl e al10bl ocks in the nenory have previously stored data therein, but
overall the nenory is not full. The operation proceeds in two steps. As

i ndi cat ed by r Figuen8A dlusfratestahsimple write operation. In this example all blocks in the
memory have previously stored data therein, but overall the memory is not
full. The operation proceeds in two steps. As indicated by rectangle 301, the
data is stored in one of the temporary storage locations. That is, the physica{

15 address of one of the temporary blocks is assigned to the logical addresses of
the new data and the data is stored in this newly assigned block. Next, after
the sforage operation is complete, the controller erases the block which has
the physical address previously assigned to the logical address of the newly
stored block. After the now unused block of physical addresses is identified

20 as indicated by rectangle 302 and the block is erased as indicated by
rectangle 303. It is noted that the second and third operations take place after
the file has been stored in the memory. It is also noied that after the
operations are complete there are twenty four temporary stored locations,
which are erased and ready to receive data.

25
Figure 3B shows what occurs when the host merely want to change the data
stored in one sector of the memory. First, as indicated by rectangle 321, the
data in the block which will not be changed is transferred to one of the

temporary storage blocks. That is, new physical addresses are assigned to



data is stored in one of the tenporary storage |ocations. That is, the

physi cal 15 address of one of the tenporary blocks is assigned to the?7 MAR 2007
| ogi cal addresses of the new data and the data is stored in this newy

assi gned bl ockW %(i%h“ ter the storage operation is conplete, the

control | er era%@s ock which has thg physical address previously
assigned to the | ogical address of the newly stored block. After the now

unused bl ock theQBgﬁhFé’ddréﬁé_%Q:EW% difa a:s&mblcrdt@gerﬁé}bs?&rém wated by

rectangl e 302 and tThe block is erased as i1ndica rectangle 303. It is

noted that theag@eessh ae! (Ho'ribwPBREdE WiltEn 1G4 Biribfard Eidtage biitildnde has

been stored in't menory. It ted t the operatlons are

conpl ete there&rﬁ\?@%%ﬂrggé Eb%%h%@edﬁé§éﬁg pﬁ@k'agnﬁ’dl 'b?h are erased

and ready to recel occurs he host

2e i ndi cated b ARG srEads i, Thel .ggqng?,ﬁps 7Blobieeiabe WWBQ%B? " “t_
hys el addr cbTmrancstaBoR Hedk A B et deth R 308 BPOIPRSS PamPEte no
| ogi cal addresses of this data and the data is transferred to the new

addr esses. TRexNext amindicatesdhuractanglas 3%3@%3?51@@ eanirplier pragesthg blaskock and

the tenporary storage block is marked as a used block as indicated by
rectangl es 322peavipusiyassigned tp $he logical adgresses oidhe nawedaia eod thai bieck isnger a
tenporary storage block. At this point the data storage operation is

conpl et e. marked as a temporary storage block.

Figure 3C shows the operations that occur when the host sends a file for
15 storage and the size of the file is larger than the size of the twenty four
temporary storage blocks. It is assumed that the memory is not full and that it

contains sufficient space to store this new file.

Figure 3C shows two steps that occur prior to the time that the host sends a

20 file to the memory. These steps take place whenever the memory is not busy
performing read or write operations. As indicated by rectangle 331, the
controlier 101 interrogates the FAT table to ideniify blocks that do not contain
data currently assigned to a file. That is, the controller looks for blocks that
are not assigned in the FAT and it compares this to the erased area in the

25 memorty. ifa block is unassigned in the FAT, the controlier knows that such a
block can be erased. When such a block is located, as indicated by rectangle
332, the block is erased so that it is ready to receive data. This violates the
SmartMedia specification; however, during the normal operation of the system

it causes no harm. In the event one tries to recover an erased file, this may



10 Next as indicated by rectangles 324 and 325, the controller erases the

bl ock previously assigned to the | ogical addresses of the new data anziMM%m
block is marked as a tenporary storage block. Figure 3C shows the '
operations th en the host sends a file for 15 storage and the
size of the fﬁ%g(&?@}d?“g)r‘%er than the size @of the twenty four tenporary
storage blocks. It is assuned that the nenory is not full and that it

ra ks. e ’ . _ t
contains suf nﬁmsﬂtthélr@]@fo??fxghﬁw@m fhliy@d&@%ﬁé;&&ed'fbggrafe?cf@%s%tubw Steps

t hat occur prior to the that the host sends a to the nenory.

These steps t al@ghPkpsigmhenever the nenory is not busy performing read or
write operations. I ndi cated by rectangle 331, the controller 101
interrogates the FAT table to identify blocks that do not contain data
currently assigned to a file. That is, the controller |ooks for blocks that
to,the erased area in the

are not assig Ln the EAT and | res this.
s monory. 1§ G iR impartane 8 s fagf A eS8 ehotations GrRIAE PERr Birbvs 1 hat
such a block can be erased. en such .a block is |ocated, as |nd cated by
oot angl o 55 M ABIAperRst. hetioe: AP GOk IDpRESE Ihe amp Uy Il Herdsaser Bat a
This violates the SmartMdia specification; however, during the nornal
operation 1§ twdeaperatlan.it causes no harm In the event one tries to
recover an erased file, this may 2 MAR 2001 WO 2006/014748 14 5 inhibit
the recovery; however, this is not considered to be a normal operation of
the system O prinme inportance is the fact that these operations take pl ace
prior to a When the host sends a file containing twenty five blocks to the memory as

indicated by rectangles 333 and 334 (this is what this example illustrates), the

first twenty four blocks are stored in the temporary storage locations. The

15  final block of the file is stored in one of the already erased locations. Thus,
the store of a file containing twenty five blocks is accomplished without the

system having to wait for a block to be erased.

Figure 4 is an overall flow diagram showing the operation of the system, It is
20 noted that Figures 3A to 3C merely showed individual pieces of the operation

of the system,

Rectangles 401 and 402, indicate that while other operations are not being

performed, the controller 101, under control of the program 101P, interrogates
25 the FAT table to identify blocks that are not assigned to any current files. If

any such blocks are identified, the identified blocks are erased and marked as

ready to receive data.



wite operation, hence, they do not increase the amount of tine needed for a
10 wite operation. Wien the host sends a file containing twenty five gocks
to the menory as indicated by rectangles 333 and 334 (this is what thi AR 2007
exanpl e iIIustrates), the first twenty four blocks are stored in the
temporary st or@a08Ha8 ons. The 15 final _block of the file is stored in one
of the already erased | ocations. Thus, tfie store of a file containi ng

twenty five. bl ] compl i she i 1 hout system having to wait for a
bl ock to be’ erggﬁ'gqul‘%@ﬁ)’é@a'i‘ e%ﬁO%fV@%aqqd M%W@atb?g'}?ﬁgﬂﬁ t he
operation of the system It . is not ed..t hat . Figures 3A to 3C nerely showed
i ndi vi dual pi e 0%@'%@?6&@@%&9@@*"@‘%’3 @%tse’%ﬁdﬁ&waﬂfgﬁéef Q‘Eflt;‘%lfﬁd 402,

i ndicate that while ofher operations are not being erforned, the

control | er 1013TeRNesehdimassigned placke inthegremenyde hold theinaw Blgaditbis is5 t he FAT
table to identify blocks that are not assigned to any current files. If any
such bl ocks ar bofithe case theamemosy carenef Hald thetfile ard the openation i temdinatedked as
ready to receive data. 2 MAR 2007 WD 2006/014748 15 5 As indicated by

rect angl es 404a¢dicatet! BBlockio8. Naturalls tit should bé esderstoptthalgmnepef thki on,
the first determnation that is nade is whether or not there are enough

unassi gned1d! ooperationg strowreesuly be@ehfohtled hevardusidiffetent dequehsed haniied t he
case the nmenory can not hold the file and the operation is term nated as

i ndi cated by bpstibul4PSequinics shéwn, 1t shoul d be understood that sone of the

[f the memory can hold the file, a determination is made as to whether or not
the file is larger than 24 blocks. [f the file is smaller than 24 blocks the

15  operation proceeds as specified by the SmartMedia Specifications. If the file
is larger than 24 blocks the operations shown by rectangles 412 and 416 take
place. That is, the first 24 blocks are stored in the normally open 24 blocks
and the remaining blocks are placed in other previously erased blocks. With
the present invention, the blocks beyond the initial 24 blocks can be stored

20 without having to wait for any erase operations to take place.

It should be understood that other embodiments of the invention utilize other
types of memories other than the specific SmartMedia memory shown in the
above embodiment. The invention pertains fo all memories that require an

25 erase cycle before writing, as do all flash memory devices.

While the invention has been shown and described with respect to preferred
embodiments thereof, it will be understood by those skilled in the art that

various changes in form and detail can be made without departing from the



10 operations shown could be perforned in various different sequences than
the particular sequences shown. |If the nenory can hold the file, a

determ nation is made as to whether or not the file is larger than 24 T MAR 2007
bl ocks. If th i I mal | er than 24 bl ocks the 15 operation proceeds as
speci fied by 5Hézghgh&ﬁidia Specificationg. If the file is larger than 24
bl ocks the operations shown by rectangles 412 and 416 take place. That is,
the first 24 bb[ﬂﬁt‘%ﬁ'ncﬁé&p%td?‘tt@wv@nﬁ&? THY §8ipe mfmrhvagnm ”9 tecpm,r]we
remai ni ng bl ocks are placed in other previously erase

pr esent '”Ve”tH@Q:&%H§e¢EBﬁK§ beyond the initial 24 blocks can be stored 20
w t hout having to or any erase operations to take place. It should be
under st ood thaf gﬁp enbodi ments of the invention utilize other types of
menories ot her' Thah t he specific Smart Media menory shown in the above
enbodi ment. The invention pertains to all nenories that require an 25 erase
cycle before witing, as do all flash nenory devices. Wiile the invention
has been shown and described with respect to preferred enbodi nents thereof,
it wll be understood by those skilled in the art that various changes in
formand detail can be nmade w thout departing fromthe 2 MAR 2007 WO

2006/ 014748 16 5 spirit and scope of the invention. The scope of the
invention is limted only by the appended clains. | claim 2 MAR 2007



WO 2006/ 014748 17 5 1) A flash nenory subsystemincluding, a flash nenory
which is divided into bl ocks, a fixed nunber of said blocks being 2 MAR 7007
mai ntai ned in erased status and ready to receive data, a File AIIocatiom
Tabl e (FAT) being stored in said flash nenory, 10 a nenory controller

operable to iHWQ%W%ﬁ%f@ﬁsaid FAT and to LBcate and erase nenory bl ocks

whi ch have no sectors therein assigned to active files, said interrogating
and erasinggtaking place during intervals when no files are being read or
witten to said nenory, whereby files larger that said fixed nunber of

bl ocks can be | ' . W t hout waiting for an erase
operation to tﬁé%ﬁ@&e%ﬁ%yﬁ@s%@ﬁﬁ@ﬁg@ ted in claiml1l wherein said
menory i-s a NAND flagh , nenory. 20 .3).The systemrecited in claim.1 wherein
sai d menmory oper at egﬁgghg\egpé%whlc% I3y '§¥Pa‘?|9%ﬁﬂia§'x§§éﬁﬁ"frheﬁé’?ﬁﬁ'ﬂs except
for said inter tijon and erase operations. 4) A nmenory system i ncl uding,
25 a nenory \mf’@ﬂéﬁ b%fﬂg maintained,in %t%WF@Hdﬁéﬁwtqu%%ﬂﬂyﬁf% 3(%‘[% ation,
said nenory being djvided into blocks, a fixed number of said blocks being
mai nt ai ned i n Aleeatign Jiakle & Ad) deingsigreddn saiddiash raemary,a File Al l ocation

Tabl e (FAT& being stored in said nenory, 2 MAR 2007
1 a memory controller operable to interrogate said FAT and to locate and

erase memory blocks which have no sectors therein assigned to active files,
said interrogating and erasing taking place during intervals when no files are
being read or written to said memory,

whereby files larger that said fixed number of biocks can be written to

15  said memory without waiting for an erase operation to take place.

2) The system recited in claim 1 wherein said memory is a NAND flash

memoty.,

20  3) The system recited in claim 1 wherein said memory operates consistent
with the SmartMedia specifications except for said interrogation and erase

operations.

4) A memory system including,

25 a memory which requires an erase operation prior to a write operation,
said memory being divided into blocks, a fixed number of said blocks being
maintained in erased status and ready to receive data, a File Allocation Table

(FAT) being stored in said memory,



——

WO 2006/ 014748 18 5 a nmenory controller operable to interrogate said FAT

and to | ocate and erase nenory bl ocks which have no sectors therein 7 MAR 2007
assigned to active files, said interrogating and erasing taking place
during interv mﬁ 29 files are being read or witten to said nenory,
whereby files rger 1ﬁat said fixed numbgr of blocks can be witten to 10
said nenory without waiting for an erase operation to take place. 5) The

system reciged 11 chibdmd Uairbid RbISTRisdghid sk dat ARIRS Kpateind™e

systemrecited in claim4’wherein menory |

The syst em r ecl & hinbhAbiBkd WAEh Bale 18'sLoRMeroARRERKES 15 QB e iER ! i

t he Smartl\/bdl a speC| I'ONS excep or sai errogatron an ase

oper ati ons. | Rl SR [y operates
consi st ent | P%'h %%ﬁgaéﬁ% §Fa§}ngggktﬂg§)qacgaﬁsu§lgy“§ls{vaﬂ% gg "ﬁ?ﬁ Br ogation
and erase ope ations ﬁ% stem recited in claim4 wherein said
nenory has @'é“gtreﬂ\@ﬁ\”{) %Eﬂsa'é sl y erased blocks, ready for a wite
operati on. 10) A nmet hod of operating a, nenory which is divided into bl ocks
and which requir eswhﬁr&bYé'&SHan%&ﬁE‘rf)@ﬂd&m% of plogks cpn bgrwhttendei t i ng
into each 2 MAR 2007 WO 2006/ 014748

10  said memory without waiting for an erase operation to take place.

-

5 ) The system recited in claim 4 wherein said memory is a flash memory.

8) The system recited in claim 4 wherein said memory is a NAND flash

15  memory.

7) The system recited in claim 4 wherein said memory operates consistent
with the SmartMedia specifications except for said interrogation and erase
operations.

20 |
8) The system recited in claim 6 wherein said memory operates consistent
with the SmartMedia specifications except for said interrogation and erase

operations.

25  9) The system recited in claim 4 wherein said memory has at least twenty four

previously erased blocks, ready for a write operation.

10) A method of operating a memory which is divided into blocks and which

requires that each particular block be erased prior to writing into each



19 5 particular block, said nenory having a file allocation table (FAT)
stored therein, said nethod including the steps of: interrogating SaiZChAﬁAfﬁ[l?
when no read or wite operations are taking place to identify bl ocks not
assigned to current files, erasing identified blocks when no read or wite
operation are VORPMSG144D pl ace, whereby Igrge files can be stored in said
menory wi thout waiting for an erase oper1 tion to take place. 11) The net hod

recited in glai Qs i n..sal i se@ flash nenpry..-.15 12) The

met hod recited plg]r']tljcglaai ﬁ“‘f‘ogﬁ'ﬁg‘@%@ﬁﬂﬁﬁw@% tﬁ%ﬁﬁ@gﬁ)m nory. 13)
The system reci 0.l ai rei,n said menory operates consistent 20
with the Smartk%egglg' g%@ﬁ?ﬁeé?’?cmn%%e%@% r said interrogation and erase
operations. 14) A nepor ubsys including: a nenmory which is divided into
bl ocks and whi ch relﬂ‘ﬁ?rf‘éai'ﬂﬂ%'ctggt”’h?ﬁ rl?d'ﬁgfjé"&l“ﬁite pp@@kiopeams gkiBg prior to
witing into ea’cagepar_ti cul ar bl ock, said nenory having a file allocation
tabl e (FAT) st 8fasg toidaniifnblogksnet assigned tecvisentiflesy sai d FAT when no read or

wite operations are taking place to identify blocks not assigned to
current files, 2 MARrasgwridentifiezidmorsiemivereno read or write operation are taking

10 place,
whereby large files can be stored in said memory without waiting for an

erase operation to take place.

11) The method recited in claim 10 wherein said memory is a flash memory.
15
12) The method recited in claim 10 wherein said memory is a NAND flash

memory.

13} The system recited in claim 10 wherein said memory operates consistent
20  with the SmartMedia specifications except for said interrogation and erase

operations.

14) A memory subsystem including:
a memory which is divided into blocks and which requires that each
25 particular block be erased prior to writing into each particular block, said
memory having a file allocation table (FAT) stored therein,
means for interrogating said FAT when no read or write operations are

taking place to identify blocks not assigned to current files,



Rt I —

20 5 neans for erasing identified blocks when no read or wite operation
are taking place, whereby large files can be stored in said nenory w_thout
waiting for an erase operation to take place. 10 15) The net hod r eci €WR; 2807
claim14 wherein said nenory is a flash menory. 16) The nethod recited in
claim 14 wher V20 ¥ Hfenory is a NAND flash menory. 15 17) A system

I ncl udi ng a host conputer in conbi nati on®i th the menory subsystemrecited

in claiml4; connect id. |V I ial.  .Bus. The
menory sysflsem reci trﬁ aﬁé;fo?feégﬁﬁﬁﬁﬁqgﬂeﬂly% ‘ﬁﬁéﬁ%?%dc%w% ?peqr%f?c}fbaﬁgncl udes
a Uni versal Se{i F\I h{ggs interface. 19) A systemincluding a host conputer in
conbi nation w aﬁqg ?ﬁam)ry systemrecited in claim18, said host being

connected to said nenor St by a a Universal Serial Bus. 25 20) The
flash menory subsys‘f’ggfﬁhﬁ%zﬂsﬁ%b& sipred in &aid memenywithawlwaiting for @g) | er
I ncludes a Universal Serial Bus interface.

erase operation to take place.

10 15) The method recited in claim 14 whersin said memory is a flash memory.

16) The method recited in claim 14 wherein said memory is a NAND fiash

memory.

15 17) A system including a host computer in combination with the memory
subsystem recited in claim 14 connected to said host by a Universal Serial

Bus.

18) The memory system recited in claim 4 wherein said memory controller

20 includes a Universal Serial Bus interface.

19) A system including a host computer in combination with the memory
system recited in claim 18, said host being connected to said memory syétem
by a a Universal Serial Bus.

25
20) The flash memary subsystem recited in claim 1 wherein said memory

controller includes a Universal Serial Bus interface.



