Met hod and Device to I nprove USB Flash Wite Performance Field of the

I nvention: The present invention relates to flash nenories and nore

parti cul avbyodep1it4ash nmenori es connected to a system bypaTWsessnssko Seri al
Bus (USB). Background of the Inventiom: There are a nunber of different

ki nds of flash nmenory; however, the present invention relates to what is
gener 8l | y knowethodNgiDDelvicshtorhnprove USEB Flaght Whrite Pafdvmanes y as used
herein generally refers to NAND flash nmenory. An inportant feature of flash
menory devices is that they can maintain stored data w thout any external
source of pover . Thus, flash nmenory is frequently used in devices such as
"t hunb drplgfa ftﬂQ%déﬁtﬁhg'tal caneras. A flash nenory device can be renoved
froma c OTTp'UT‘ET_OT_CTﬂTET'a nd the data stored in the device will not be

| ost. The_read operation menor erforme er simlar
Lo the r<HiF BisPBl grnfioh (dla®sitadRsa ienatiet Bl heRr R RanBuR i ABRaLs ¢ Ram
menori es. However, the wite operation in a flash nmenpry is handled in a

di f f er entMBBHES CPFBﬁ?t?HéO\ﬁaWQt@H@Yo%WMr%SS%f@Bé@r Bed in RAM
menories. In a RAMnmenory it is possible to wite new data into individual
menof® | ocations that contain other data. This is not possible in a flash
menory. Newdata cannot be witten to a |ocation in nenory that already

cont ai ns Beudkaround of the Invention:

There are a number of different 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 flash memory devices is that they can maintain stored
data without any external source of power. Thus, flash memory is frequently
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 will not be lost.

The read operation in a flash memory is performed in a manner similar o 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

memories.

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



a flash nenory, a location nust be erased before new data can be witten to
that | ocation. Furthernore, an individual location in a flash nenory can
not be erweeados/Fkash nenories are divided into bl ocks amdTas2@5a33760
operation is done on an entire block.2Thus if data was previously stored in
a block, the entire block containing a particular |ocation nust be erased
bef or & dafatacgannes barwrittemtora logation i menaeryl thatalteadyl conthias alaitamniny t hi n t he
bl ock. If a block of a flash nenory contains data which is be preserved,

prior to aflashmemeny, ddbeation mupbbé ecaseay béfocahewtata chhdehhigdn tany
existing data in the entire block containing the particular |ocation nust

be t enpor et locatioh O FirérmaRe dhaRaRTUPlodalibs i & flddAtmeMenfRih het bl ock nust
be erased in order to erase one particular location. Any existing data

stored a bl apdcei BB RSerHERAE §° dificdRGS ePfl?cl@’ﬁﬁq %\ﬁmegé% 8@3@&0?\?% ot her

| ocation prior to the erase operation. ype o sh nmenory
Is called Solid St.ate,Flo L sk, Card ( SSF ,,Or nore c nly a
Smar t Medi%f?ﬁé}? #h@tgﬁéﬁq%ﬁﬁﬁisg[)@@ﬁafw@%pf%gu stored p nﬁ?ﬁj they are
mai nt ai ned b\é t'h SSFDC, Forum The Smart Medi a specifications are w dely
avai |'8| eSntf é’%‘ﬁﬁa?%ﬁkﬂ'm 3 pariqulardecalion mugtibe erasest beforedateycarust have
twenty four tenporary (already erased) blocks available for data storage.
Wth a stlmusitiendeanyNedividuabpardieylar leoationsvithis iilgmblockant di fference in the
operations required to store a relatively small file (the size of which is
t went y

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 block 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 SmartMedia 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, blocks) and the operations required to store a file the size of



four, or less, blocks) and the operations required to store a file the size
ofwhich is larger than twenty four blocks. In order to store a file |arger
t han t werwo 2b@ur4taBocks, one or nore bl ock erase oper at iPomaseasi2izake pl ace
before the file wite operation can b& conpleted. The follow ng are
exanples that indicate the steps required for a typical wite operation in
a flaskh naviiely is lpgesiban dwpatyfadeblockedin rder thetose arfide target thaexanpl es and
a wde variety of flash nmenory devices exist, each with its own individua

char act er itwenhtysfoulThlecksr site exampd bldck crasd eperativne' mestittied pRizewher e t he
file size exactly matches the flash nenory bl ock size. In nost situations,

this is arbetﬂcbl‘eithélfﬂeﬁﬁ@@pén@&ioh%ﬂ%eoﬁﬁleﬁ&ﬂ serve as a useful first
exanple. In this exanple, no partial bl ock novenent occurs. The nenory

controller merely identifies one of the enpty blocks and wites the data
into that block. Note that the Smart Medi a specifications require that there

be twenty y.. bl Qcks javai l.abl.e. ter data stqrage,is conplete, the
control | er-ﬁh%;%g@gﬁ‘éna%r? i'ﬂﬁ%&%l"&'ﬁa@@a? ﬁiﬁps[ W@Pgea/ifm aBéP'?M? f our

er aseql bl ocks ready ho recei ve data. The second exanple is one where a
smal | 19no@Rerafiondliaiiash memeyy c Meshpadd ba uadsrsierd thaithese aeaiypesaiit ai ns
data. This is a sonewhat nore realistic exanple. This exanple requires a
parti al - ble¥arpies/ene atwidpetagietyoof flashrmemoine dexices ienist,deeich with it owe not
going to be changed is noved to one of the spare (previously erased)

bl ocks. Néndividulechegacideitticd.s added to the data in

The first example is a ‘best case’ situation where the file size exactly matches
15  the flash memory block size. In most situations, this is an unlikely scenario;
however, it can serve as a useful first example. In this example, no partial-
block movement occiurs. 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 blocks 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 block 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 moved 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

another block which is no longer assigned to a file.



this block. After the storage operation is conplete, the controller erases
anot her bl ock which is no longer assigned to a file.The third exanple is an
exanpl e twetodeipasti cul arly rel evant to the present i nPemuseons/0L3vet hi s
exanple a file larger than the size o# 24 blocks is witten to the flash
menory. First, the 24 spare bl ocks (which were previously erased) are
filleddwith new data. Then the controller nust |ocate other blocks that no
| onger have data that is being used and erase these blocks. Finally the

addi t i onalThedhiad erambie idreexample thheis panticlIeseraIevant t61tRS predeinecks. Thus,
the storage operation can not be conpleted until a relatively |lengthy erase

oper at ! oniiaatioRelh B bRITBR a RSlrgdfthahe 8o 31 o4 flodld RYgfdd abl e

(FAT) to record which | ogical addresses contain data r to each

particul a ' r ' ' t f jhe fact that the
FAT is st E)hré:aﬂ sﬁrnmtgﬁgorf.l EE’EEﬁtr%éngﬁs%taﬁQIO&E&\@Q@H@&&%@X&%&M%rate,ﬁ oper at: ng
system whi ch_l ogi cal addresses e mapped to ich file At any particul ar
tinme, anyaf%@}e@gl"&léaﬁ\”e @ss't%‘?é‘tathﬁrcé)nfmﬁern'ﬁﬂﬁ%cwg %ﬂ‘?f 6@‘35? 30 bei ng
used by any of the files stored in the nenory. The nenory controller
mai nt i nslongesbree datacthat i beingusediangi erase diraeckloeks.t binady tlkespondi ng
physi cal addresses. Sunmary of the Invention: Flash nenory device generally
have a |i atidiidnalddiain tfe filede ksittehdt theseendelyrerased btboksd Thinscthear e r eady
to receive data. Afile allocation table (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 particuiar 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 correlates 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



FAT) is stored in the flash nenory and it has information therein which

I ndi cates which blocks are allocated to files and which bl ocks are not

al | ocat edwbaoda/idienis Wth the present invention the nmenoPgT/US2005/025760
controllercontinuously or periodicall§ interrogates the FAT table to
determ ne which | ogical addresses are not allocated to any files stored in
t he ménorgordinubbaly dripeeiodicallnitiboogaies the FiAcatabaltt deteanineswhichat ed that is
not allocated to a file, the correspondi ng bl ock of physical addresses is

er ased and?mar Kegreasedarafot SIRGAtSDID RHEFiILS stitbd in T metndiylR thar ger than
the size of the nunber of normally erased bl ocks can be stored in the

menory vw'tme.utlf&ardc%fﬁ%q; iatddfrégﬁe"eép%gé@%& ﬂfﬁﬁ)égﬁbpﬂlc}c%tédaﬁ)ea'ﬁheace before

the storage operation c e conp re scription of thé Figures:

1) Figur ] I flash menory oragani zed accor di o_the

Smar t mdﬁgéscﬁé{?:é?’%)[?@ﬁ"ggﬂ@?k Qmsﬁ%d@% %ﬁ 'HPERRA W&‘E&# a%he@igbodi ment
of the present invention. Figures 3A, 3B, 3C and 3D are bl ock flow

di agr ams "SROVIR FEGEIE EBE: aﬁ%‘{?na gﬁ? l@rﬁerﬁhgm éhe sge i MRRINEEWEr Of) Figure 4 is
an overall flow diagram showi ng the operation of the system Detailed
DescrlOpt i ngrmatiyerpsed blocks gaa e siared inl the ceemendwiteutdwyvimpteewhitfory wit h
reference to the acconpanyi ng drawi ngs. The drawings illustrate exenplary
enmbodi merdrserdse 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, 3C and 3D 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 invention and the operation of these enbodi nents. This invention may,
however, be enbodied in nmany different forns and the inventions should

not be corwonroediasisbeing limted to the enbodi nents set pLorushooseessm. These
enbodi ments di scl ose and conveys the 6éoncept and scope of the invention to
those skilled in the art. In the drawi ngs, the size of the boxes do not

r epr edent be kenstirued a8 beingslinied tothecrrehodimeTtie sbt focth Issrem. i Thedee figures is
chosen nerely for ease of illustration and to facilitate describing the

i nvent i onembodinhentbidjstiese ahd eonvays thefoonespeant sedpe 6f ednvsfbnie denote
the sane el enents throughout the drawi ngs. The invention pertains to

menori es ik skRiediin theBrenAtfe ewig%ggp%%é%fetglgmgﬁ ‘#e’?@pﬁmwz' s one

such type of nmenory. The specific e utl es a
Solid St . kL hri . " rtMedia(tm".
However , aglht% és'f %gf)%hgééérﬁ\&%gﬁﬁ%{t&o héép?dé%g%%%@ewﬁfag%&?% ﬁg&]%\%nt lon utilize
ot her types qf _.nmenor hat, requir erase cycle prior tog witing data. A
Smar t Medi 'Qeféy & %as(;ygftd&ﬁtre}qogsqpﬁ@%p@{ag%,dgséwweg thadvengagsinthe si ze
simlar to that of a commenorative stanp. SnartMedi a cards were defined by
an orl§ani Bgitresnthrifamne seferancesnmmeraloaigniserhie denate dhe saipsrabgnestand f or
"Solid State Floppy Disk Card". In 1996 the nanme Solid State Fl oppy D sk
Car ds wasthedugiped thedrzsvags.Medi a". The SSFDC f orum has retai ned the nane
"SSFDC forunm. The SSFDC forum

The invention pertains to 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™". However, it should be noted that other embodiments of

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

writing 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.



publ i shes the specification for SmartMedia flash nenories. The SSFDC forum
can be reached at: SSFDC Forum Bureau, C-zone, 4F, Toshi ba Bl dg., Tokyo,
Japan. ThewBraodiivetisa speci fi cati ons define a flash nmenorgTwisc@l/oewedi vi ded
into bl ocks. The specifications requife that a Smart Medi a nenory have 24

bl ocks that are erased and available to store data. That is, at any tine,
prior 30 a wite operation, there should be at |east 24 bl ocks (herein
designated as tenporary storage bl ocks) that have been erased and that are

ready f orThe 8martMepier sgddificatidndldefike difaghane@bnawhisy it Midted iftash nenory
Is showmn in Figure 1. The nenory is divided into bl ocks. The exact numnber

of bl ockspioBkd. NEhEREBENiCAEhS RYyUTEARaS Sﬁ?&fméaia%eﬁ%ggﬂ%e PRYlodiae size of

the particular nenory. A variety of different size nmenory are

comer ci a{hlaﬁgf%’gr?sl%leﬁd 4y d@igg%’@e%céret G52 TR s @t%ﬁﬁin@%,ﬁgﬂ)ﬁ%gnat ed B1to

Bx and the I'nes 1 ndi vari abl e nurber pendi ng on
the size of. the nory. That i.g, the ted lines jndicate Qhl ocks that are
not speciWf't,ea‘?ﬁ’?fggﬂ'av%'.erefﬁﬁwlgﬁeoﬂne%%%‘h@c’ﬁlf%aﬁeﬁ” §3ignaig are

desi gnated as tenporary stora%e bl ocks. The tenporary storage bl ocks are

desi ghtht elemppranestaragg blgskp)thahbavebegnenased arm thet are radydendeni ence of
illustration, not all the tenporary storage bl ocks are shown in the

dr awi ng. wstendparabienexpl ai ned, the | ocation of the tenporary storable
blocks T 1 to T24 changes as the nmenory i s operating.
A block diagram of a SmartMedia flash memory is shown in Figure 1. The
memory is divided into blocks. The exact number of blocks in the memory
15  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.
20
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
25  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.



It is noted that various standard features of the nenory that are not

rel evant to the present invention are not shown in the Figure and they are
not descrwbedodmasmsn. The flash nenory 100 incl udes a speciraiS2@soerge

| ocation (determ ned by the operating8system for the FAT table and for

ot her control information. The FAT table is used by the operating systemto
li nk &r niipe flagh owimerygdiOfsinekides gospedial steragéilbeiost (detetmined be tmenory. The
FAT tabl e indicates which [ogical |locations in the nenory have been

assi gned gerating bystehs Sor (HeeF &T itgblelapd for Smep cootrbehiwaTatibAgiTi addresses
and physical locations in the nenory. This is done by the nenory

control | quTg%ﬁe mgé&%ﬁg@? geggd'rtfnpgs}%lé?ﬂ%o fifkIbE s le%athSﬂ@%Qgé Yo have

twent y-f our cks avali orary storage. e e Nenory is new

all the . : val |l abl-e f [ t t hat
initiall % eﬁ-ﬁ%@afﬁ@aﬁ@{e}eﬁﬁ?ﬁ? ®%+&ofﬁ%EAEﬁ%@Egﬁﬁﬁa§eww§nmcept for
the twenty-four Dblocks designated for te ra sforage. At this point the
menory. WP iRRe MeriENFIAE SR ARHNGY FaVBIEIPT e NETE B0 &1 | of ¢ he
avai | abl e | ogi cal addresses (as determ ned by the size of the nenory) to
par t il€ul ahappinghetwaen iegiealadssessas ant physical logations in #ig memreyh shows

whi ch | ogi cal addresses correspond to which physical addresses. There would
still be PHistiedpoes by Yhe neragy ddndolleer ased and ready to receive data. Next,

| et us assune that the operating systemerases a file. Let us assune

The SmartMedia specifications require that the memory have twenty-four
blocks availabie for temporary storage. When the memory is new ali 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



that this file covers three blocks in the nenory. After the operating
systemerases this file, the FAT table would indicate that these three

bl ocks ofwbagismah74addr esses are no | onger assigned to aPCrlus20050e%6@r, in
accordance with the Smart Medi a specifpcations, the blocks that had been
storing the data woul dnot be erased at this point in tinme since there are
al ready 2doteetesedradlaid paird in Eawysince thereiare alrebdy 24dilocis erasedxanm ne how
the Smart Medi a specifications indicates that various different situations
shoul d beadpsHdydio rAbéiveldatdiese exanpl es assunme that the nenory has been
operating for sone tine and that at sone point the nmenory was full and that
at sone other point various files were erased so that the nenory now has
sonme enpty space. As a first exanple, let us assune that the host sends a

filetot | f | covers. one block.. This file would be
stored i nﬁ%ndg@@&ﬁghﬁﬁ%@é@%ggsﬁrﬁgg@gg'af%qect'fé‘nf%@Pglj@ﬁg?tS?g%%Vaﬂ‘?éls
controller,wll assign physical addresses _of the tenporary storage block to
t he | ogi C%{ffe%?dﬁﬁ@gg@%ﬁﬁ@%@ehe\nﬁ%e&iﬁ WWH‘F@%@%@‘W?QF% €qui ckl y.
After the file is stored, only twenty three tenporary storage bl ocks
remailf. HO@EEY hasibees anesatithior slome timeAnghibat abspipapsinidhe agemesses to
the | ogical addresses in the stored block, it wll know which physical
bl ock canwae fidr arse thett @t bomegthbepointbarowss files adralgrasdcesp thatrtye bl ocks back
to twenty four. This erase operation takes a relatively long time, but it
is not a perdrgMowshals SomBenhpty paea! Asoi fifst @kagpid1ast @ hafhie pegn stored.
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 blocks of data (out of the twenty five) would be stored in

the twenty four available temporary storage blocks. There would be no



Next, let us assunme that the host sends a file to the nenory, the size of
whi ch covers twenty five blocks. In accordance with the Smart Medi a

speci fi cavpanas/018138 f ol | owi ng operati ons woul d t ake pl aeeT/Usemsys7bour of
the bl ocks of data (out of the twentylofive) would be stored in the twenty
four avail able tenporary storage bl ocks. There woul d be noal ready erased
bl ock & o alteashhedsed oek tovmsvoynmodate the dwentyffifthablack dhdata. t Freuss tioe age
operation could not be conpleted until the controller |ocates a bl ock that

i s not asstogagEloperatiohidogldanet behcompletakuhtil the @8atfolldmechtesat sidcl! ock is
erased (a relatively slow operation) and then the twenty fifth block is

stored. |fhat & MOtRBiGHRRL tol MleCad thitl bIBEK IR eUhi lekﬁ@& HiScks. | onger

assigned to a file since the host is witing to a bl ock of previously used

| ogi cal t ' ' d igned tq this

bl gck of a 5?@3?%’3@%’35@%@%%@5? af#ﬁﬁ@érgg'lei %rﬁgﬁﬁﬁ%ﬁcﬁg%@r dagEordance
with the Smart Medi.a specjfications an eration to store a file which has a
si ze equaf '106“?/&@{396 FPQ&OIIﬂﬁrg@WSVW@FB%?%N@nIPHQe‘F assignedhip %?‘@ps and tine
periods: 1) Store twenty four blocks in available tenporary storage

| ocatlifonssincethe Besitis vyitisgdela blagk ot previnusyt usediloghal Bddessesbandk (whi ch
takes a relatively long tine) 4) Store the twenty fifth block of data Wth
t he pr esethe peviods physicaf addresses esdigoed td this block of agdressdcdronstvdee a file

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 block 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 embodiment 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 s, 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



| arger than twenty four blocks is shortened. In this enbodi nrent of the

I nvention, when the nenory controller is not in the process of reading or
writing awbi2b@/014148i nt errogat es the FAT tabl e, and er asesTamnsgoosiooszke of
menory that are not assigned to filesll That is, it erases blocks that are
not bei ng used, even though there are already twenty four bl ocks erased
bl ocksb av itidaaisee nbdrartreimptbearoymsat oowrge of dpemtionnaref it eohsiderablpspsed he
Smart Medi a specifications, butit causes no harmin the normal course of

oper at i on uprtie iopeeatitsi sfthal¥ysteppeed up the operation of the system Figure
2 is a block diagram of an enbodi nent of a nenory system which includes the
present invention. The systemincludes a controller 101 and an Uni versal
Serial Bus (USB) interface 102. A conputer program 101 P controls the

operation I 0 nection 103U connects the USB

i nterface F%I)Uéyaﬁ ﬁcc?g@&]‘iggtaedfﬂé ?&o%léfggglﬂf%ﬂiog&mﬁmoéy SXSERRWRSRor y and
reads data fromthe nenory 100. Is normal , the host 103 provides data
and reads 'Qf&f‘f?sft&‘&ﬂr?%%ﬂtdéye'g% é@!’?e%YSt@Wé“ﬁm*e? agtantipligy it 95@%&?@
correspondence between | ogi cal addresses and files stored in the nmenory
100. wlnivessalfeyial BysdUSBidntasiace di02erA computereprogram riéi1 Podontrodgyr am 101
P has access to and mani pul ates the FAT table. The controller 101 incl udes
a m cropr teespanativhaf thaoopesiferrit opeUSE connetion 103 ohnatts tHee progr am

101 P. Naturally, the m croprocessor in the controller 101 perforns various
ot her nor EB PReTadd PO2 BGost 8D8Y e Hddt 4D8 provides data to the memory
and reads data from the memory 100.
(
15 As s normal, 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. Naturally, the microprocessor in

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

present invention and not discussed herein.

Prqgram 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. It 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.



present invention and not discussed herein. Programflow di agrans of the
operations that take place with the present enbodi nent of the invention
when var iwooeim@ersBi | es are stored in the nenory are sheemtsaoosiogiree 3A, 3B
and 3C. It should be understood that ©hese are nerely limted exanples to
il lustrate the operation of the system An overall programflow di agram of
the rél evant operation performed by the systemis shown in Figure 4.1t

shoul d be understood that the operations shown in the exanples illustrated

her ei n ocl¢ sho@ifithey undesiveatthyt ihasogaratidrBishows irnthededahples Slisratdat al | of
the bl ocks have at | east had data stored therein one tine. The first tine

that dat andrainbédur @tel meom@n%rg%s dreﬁbﬁsly%t&%drt?a%g d@ih ﬁ\aPF\FFY)%‘ erase

operation. Figure 3Aillustratés a sinple’wite operation I's exanpl e
all bl oc d t overal |
t he rrermf@o#'@s Fﬁgfe Sﬁggqu%@wg%%tgf qoﬁgté/%?i‘gcﬁg?'nﬁ%ﬁgﬁgﬁg nh%s t?ldl cat ed
by rectangl e 1 | S store I n one . of the tenporary storage
| ocat i onsIg WI"H%[” into a Bﬁ{& hﬁ?é%f‘oé‘ﬁﬁ dQ52 previpus BraserPeralifor ary bl ocks s
assi qned to the | ogical addresses of the new data and the data is stored in
this18ew y assigned bl ock. Next, after the storage operation is conplete,
the controller erases the block which has the physical address previously
assi gned Figuteh2A lilhgiratds adingplesviite dpeeatienM n thisoexaimplecaikbloéitd mrthehe now
unused bl ock of physical addresses is identified as indicated by rectangle
302 and thendrpalive préVieeay sisted ats Hep&inblut 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 physical
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 storage 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 asindicated by rectangle 302 and the block is erased as indicated by
rectangle 303. ltis noted that the second and third operations take place after
the file has been stored in the memory. It is also noted 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



rectangle 303. It is noted that the second and third operations take place
after the file has been stored in the nenory. It is also noted that after

t he oper avoOane/asmsconpl ete there are twenty four tenporarysstsneiico

| ocations, which are erased and readyl3to receive data. Figure 3B shows what
occurs when the host nerely want to change the data stored in one sector of
t he ménor the Ipgical add@sswpgﬁiﬁ%daﬂ@ancb hds Bansferciddodhe aeivn t he bl ock
which will not be changed is transferred to one of the tenporary storage

bl ocks. Thddreisses.ndlexplilysnesl datdds asitten tatise asap@Red stovhde bloekizmal
addresses of this data and the data is transferred to the new addresses.

Next , thetﬁéeté’nﬁiﬁrary' Stoiget 166k h%tah@d@é@%@ﬁ%léél@é@ﬁ@é&t@&bgand the
terrporary storage bl ock 1s marked as a used block as I ndicatéd by

ectans ok g B04z 2 R Thhis BB L APREAT SR NG RURtabicAe, om0
d 2 d 325 h t II

compl o=, MR IO M EIEE A oA ST o

d dith bl ock ked t bl ock. F 3C
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size of the file is larger than the size of the twenty four tenporary
st orage bpreyigtisly assignedstoutiedogicat addressesiof thei rewdats amd treidblddikas it
contains sufficient space to store this new file. Figure 3C shows two steps

that occumapkedas adeimperdry Storagaiblédle host sends a

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
controller 101 interrogates the FAT table to identify 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 memory. If a block is unassighed 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



file to the menory. These steps take place whenever the nenory is not busy
performng read or wite operations. As indicated by rectangle 331 , the
cont rol | ewO20ds/a1mt48r r ogat es the FAT table to identify blrothks2a0sas7do not
contain data currently assigned to a #ile. That is, the controller |ooks
for blocks that are not assigned in the FAT and it conpares this to the
erase® arighibitrthe tieconaryrlyowgverathis isoloticonaidessd tplee ai nortiad opamtionhe
controll er knows that such a block can be erased. When such a block is

| ocat ed, efthenrystemed by rectangl e 332, the block is erased so that it is
ready to receive data. This violates the Smart Medi a specification; however,
during the normal operation of the systemit causes no harm In the event
one tries to recover an erased file, this mayinhibit the recovery; however,

this is ng Pgﬂ@ﬁ%ﬁg@ﬂc{eﬁ]’satheetf%cm%mes%pﬁie%{i%gk ltﬂfgcé%ﬁéretg'% O prine

i nportance the ese operations ace prior to a wite
operation, .hence, ..th do pot increase the anount of .tine needed for a
wite opeVdEi ?ﬁﬁraW%ﬁYetrW@’ td%%ﬂggc@aﬁﬁﬁge@mﬂ%tﬁfﬁﬁ‘eﬂﬁff F'fe bl ocks

to the nmenory as indicated by rectangles 333 and 334 (this is what this
exanpPe iWitgsanafatiay. the first twenty four blocks are stored in the
tenporary storage locations. The final block of the file is stored in one
of the already erased | ocations. Thus, the store of a file containing
twenty five blocks is acconplished without the systemhaving to wait for a
bl ock to Wwhenrths ¢dst 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. |f

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

ready to receive data.



Figure 4 is an overall flow diagram showi ng the operation of the system It
Is noted that Figures 3A to 3C nerely showed i ndividual pieces of the

oper at i orwofoddna4mgst em Rectangl es 401 and 402, i ndi careTiusatosii7ee ot her
operations are not being performed, ttse controller 101 , under control of
the program 101 P, interrogates the FAT table to identify blocks that are

not as5i gAedndicateayb\creatangled #045408 anddP8swhibnlthe hlsst aitateglanti fied, the
identified blocks are erased and narked as ready to receive data. As

i ndi cat edskyag®epandions i fist e%rmn%tﬂﬂ&hawmﬁa&@% \&ﬁétth& Bt hbfdhepe @ Storage

operation, the first determination that is made is ether or not there are

h I Lf. this is not
The oase the>naith ShacdBned bleRe TR HepRry R RokIRg RN ey 1 S ooy m nas o
i ndi k 408. Nat | i t .shou be un erst at sone o
??lel gp'e(r:gﬁﬂﬁ’ﬁ‘?@%&%ﬁeéﬁﬁm&%ﬁarﬁr@a'Eﬁ'ﬂéhe fi (#ﬂlfu IPRIS “%‘b%ﬁ@nces t han
the particula ces shown, menory can hoI d the file, a
det er ni na@® '?%teaity lgek ﬂQSMW@Hde Sh@ildtbﬁeundqrétopg thak speme Oh e 24
bl ocks. If the file is smaller than 24 bl ocks the operation proceeds as

speci 14 edopgratings ShawnMsdilch bgpeciofedtin wadous diffenentfsdomenses Hrapethet han 24
bl ocks the operations shown by rectangles 412 and 416 take place. That is,

the firstpadichlarsegueneessiaswd. i n the nornally open 24 bl ocks and the
remai ni ng bl ocks are placed in other previously erased bl ocks. Wth

If the memory can hold the file, a determination is made as to whether or not

the file is larger than 24 blocks. If 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 to 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



t he present invention, the blocks beyond the initial 24 blocks can be
stored without having to wait for any erase operations to take place. It
shoul d bewonrdevasnsd t hat ot her enbodi ments of the invemrCirars2eosiobi7ae ot her
types of nenories other than the speciéfic Smart Media nenory shown in the
above enbodi nent. The invention pertains to all nenories that require an

er ase Scycspiribandseons of thegnventiado Bhe s¢opesof theribvgntibevis dieditednily 8yt he

i nventi on has been shown and described with respect to preferred

enbodi menthe agpemeet],claitmsnm | | be understood by those skilled in the art that
various changes in formand detail can be nmade wi thout departing from

t hespirit| @amnscope of the invention. The scope of the invention is limted
only by the appended clains. | claim1l) A flash nmenory subsystem i ncl udi ng,
a flash nmenory which is divided into blocks, a fixed nunber of said bl ocks
being maintained in erased status and ready to receive data, a File

Al l ocation Table (FAT) being stored in said flash nenory, a nenory
controller operable to interrogate said FAT and to | ocate and erase nenory
bl ocks whi ch have no sectors therein assigned to active files, said
interrogating-and erasing taking 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 witten to said nenory without waiting for an erase
operation to take place.



2) The systemrecited in claim1l wherein said nenory is a NAND fl ash
menory. 3) The systemrecited in claim1l wherein said nenory operates

consi st enwownadnittie Smart Medi a speci fications except foPCIAiSdoOSNLET6EE ogat i on
and erase operations. 4) A nenory syst’emincluding, a nenory which requires
an erase operation prior to a wite operation, said nenory being divided
into Bl ocks, a fixed nunber of said bl ocks being maintained in erased
status and ready to receive data, a File Allocation Table (FAT) being

st ored i n1pAifishenengnesubsystem gasliidiay) er operable to interrogate said FAT
and to |l ocate and erase nenory bl ocks which have no sectors therein

assigned to achifugh Hérﬁényf\imlaabﬁ i$ AhVRIdPRES bra)agé,fwﬁ%c?tﬁitjme%kwia pl ace

during intervals when no es are being read or witten to saird nenory,

uher eby 1 bbegs hanaShalihed | & ted e oaly B ACknveRn e i tten 10

sai d nmenor or an erase operation e. 5 ) The
systemregjted. i |, ai wherein said ry is a flash nenory. 6) The
system reé{lchglopﬁagal%‘%'ﬁ) W‘fagéit‘?feadi‘ &aﬁ%FQ‘o&y’NAND flash menory. 7)
The systemrecited in claim4 wherein said nenory o’&er ates consistent with

the 9f%rt Medi a2 SH5801Y; AtIOYRE OpRIEHIA tor itersegate salder A bgudi torlocate amdase

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

memory.

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,



operations. 8) The systemrecited in claim6 wherein said menory operates
consistent with the Smart Medi a specifications except for said interrogation
and er asewopescatidTa®s. 9) The systemrecited in claim4 ROBUS20058237d0 menory
has at |east twenty four previously eBased bl ocks, ready for a wite
operation. 10) A method of operating a memory which is divided into blocks
and wh ch requiaresmohatordaalier paetabie tantétrogatelmic FATeshdtd lotatecand i t i ng
into eachparticul ar block, said nmenory having a file allocation table (FAT)

stored t herfiemeRfirgl bigukE adhich Bl nBGBelchsts $haRmh 8dsighed & 4ewalfilgg, sai d FAT
when no read or wite operations are taking place t0 1dentify bl ocks not

assi gned %QidQerrr%TatiB%:a%’erﬁaiﬂgitﬁﬁ{)bﬁ)zér'%ééél%;nﬁfbemk&%gﬁ YRR nBRIdLAR OF Write

operation are taki'ng ace, reb S cah be st |;1 Sﬁ.i d hod
menory w t it far an, erase operation to take place. 11) The netho
recited ihgﬁ]be{?ﬁ?fgv&ﬁ@f@loﬁ%é%ﬁ?ﬁ%%ry is a flash menory. 12) The rre}]hod
recited in claim10 wherein said nenpry is a NAND flash nenory. 13) The
system reci ted""lhﬁr%qy\é%“ﬁ? as9Rhied sadshieg HHIRberoldyeeka ean b@r\{\éﬂtérbt@t with the

Smart Medi a specifications except for said interrogation and erase
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.

6) 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



operations. 14) A nenory subsystemincluding: a nmenory which is divided
into blocks and which requires that each particular block be erased prior
to witingoiznteniensh particul ar bl ock, said nmenmory havi rgTaiskeos@2%k0 ocat i on
tabl e (FAT) stored therein, nmeans fori%nterrogating said FAT when no read
or wite operations are taking place to identify blocks not assigned to
currend fpRdiculardrieck maicmesnory Hadaw a filecalidzation tahlb§FATPstored or write
operation are taking place, whereby large files can be stored in said

nmenory w therein, waid ine¢hddinchidirgy eestepebati on to take place. 15) The met hod
recited in claim14 wherein said menory is a flash nenory. 16) The net hod

rect ted i cl abAdouies sk et GHERTRY dedoo AN LASIL Sl 1) A

system i ncl udi ng a host™ conputer 1 n conbi hation menory subsystem

i i i . . ,d h Uni | Serial Bus. 18
The. momor §essap ReMIRRRESIRY abSioRB toRbrE el o merory control ler
i i | . i.al [ f ..19) A temincluding a host
compter | coRGIAE IBTUHRY BIG0Ke WHATLRG 144 PENT IR Bbeibon are taking 15 sa

host being connected to said nenory system
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,



by a a Universal Serial Bus. 20) The flash menmory subsystemrecited in
claim1 wherein said nenory controller includes a Universal Serial Bus
i nt er f acewo 2006/014748 PCT/US2005/025760
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20

means for erasing identified blocks when no read or write operation are
taking place,
whereby large files can be stored in said memory without waiting for an

erase operation to take place.
15) The method recited in claim 14 wherein said memory is a flash memory.

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

memory.

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

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.

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

controller includes a Universal Serial Bus interface.



