DI SK EMJULATI ON FOR A NON- VOLATI LE SEM CONDUCTOR MEMORY FI ELD OF THE

I N\/EI\FI'I ON The present invention pertains to the field of-.ihe.architecture
of conput er storage systenms. More particularly, the present -i nvention
“relates to di sk emul ation on | arge-bl ock erasable non-volatile

sem conductor nmenory. BACKGROUND OF THE | NVENTI ON Certain types of prior
personal conputer systems include a mcroprocessor (also referred to as a
central processing ISK EMULATIDNMR&Q M@NsVMlLEypes of “st orage
sy§fems - - nanely, cSE il ) 1_random access nenory
("RAM'), a hard (i.e., flxed) dISk drive for mass storage, and a floppy
di sk drwmﬁiage on renovabl e magnetic floppy disks. The
fl oppy disks are also referred to as diskettes. Those prior ,personal
conput er sysﬂ&%pteﬁpntwvﬁwlﬂ&wn@m-’ai%mf&@LﬂféhQ REG '199'€§d§m ally geared
to the stora stens that f
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stored |nt IS referre ut / out put
system 0@ gﬁem g‘%ﬁ‘_a b%ﬁﬂ’@é&%@#@% gr ed in the ROM
and used bré t he operat| ng system for certain personal conputers. The ROM
Bl 0S no@F p| cally contal ns (1) drivers for certain hardware, including

t he keybpa =RfoNe printer; (2) a power-on self-test
progr antxg outine that initializes the system and

(4) al gader ARG 6\%&@%‘1 phS?S%réd?\%l BeRIpUAEr éystsinssineluge 4 rom a di skette or
a nar

microprocessor (also referred to as a central processing unit) that is

~ coupled to several types of storage systems - - namely, a read only memory
("ROM"), a random access memory ("RAM"), a hard (i.e., fixed) disk drive
for mass storage, and a floppy disk drive or drives for storage on removable
magnetic floppy disks. The floppy disks are also referred to as diskettes.
Those prior personal computer systems typically have an architecture that
is especially geared to the storage systems that form a part of each of those
prior personal computer systems. |
A ROM in conjunction with a program called a ROM monito_r stored in
the ROM is referred to as firmware. A ROM basic input/output system
N ("BIOS") mddule is one type of ROM monitor that is stored in the ROM and
used by.the operating system for certain personal computers.- The' ROM
BIOS module typically contains (1) drivers for certain hardware, including
the keyboard, the disk drives, and the'printer; (2)a power-on self-test
_program ("POST"); (3) a start-up routine that initializes the system; and (4) a
loader program that reads the boot or first sector from a diskette or a hard
disk. o -



After the personal conputer is turned on, the POST program of the BICS
nodul e is executed, the BIOS start-up routine perforns certain -
initializations, and the | oader programreads the contents of the boot
sector froma diskette or froma hard disk. That boot sector contains a

| oader program of the operating system of the conputer. That | oader program
of the operating systemin turn |oads part of the operating systemfroma,
di skette or a hard disk into RAM The operating systemfor the personal .
conput er pr ocedAfigr therpareral computer is tyrrad am O8Toprogsam ehBPsces t he”
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new drivers are also referred to as BI'OS extensi ons or

Bl OS5 ROM egerafihg 8ystemircRirh aésds)yfsémbf i operating Iystemmont asdiskétte onput and
(0]

out put functions are driven by software contained in a 32 kil obyte or 64
ki | obyt e seharddiskiinfdCORAMd by smaller (typically 2 kilobyte) Bl OS ROM
extensions. The initialization routine for the M5-DOS BICS drivers displays
a copyright notThe opedating system tos thepersanal compuler processesew drivers. 2
commands, controls program execution, and oversees the hardware and
software res&urces of the computer system. One type of prior art opefating
system is MS-DOS sold by Microsoft Corporation of Redmond, Washington.
The MS-DOS operating system includes the loader program discussed
above, the MS-DOS BIOS, an MS-DOS kernel, a user interface, and utility
programs.
The MS-DOS BIOS includes (1) new drivers that extend and use
components of the drivers of the ROM BIOS; (2) an initialization routine for
the MS-DOS BIOS drivers; and (3) another loader program.
The new drivers of the MS-DOS BIOS are also referred to as BIOS
extensions or BIOS ROM extensions. In certain prior art personal
computers, all input and output functions are driven by software contained
in a 32 kilobyte or 64 kilobyte section of ROM and by smaller (typically 2
kilobyte) BIOS ROM extensions.
The initialization routine for the MS-DOS BIOS drivers displays a

copyright notice and adjusts the interrupt table for the new drivers.



- The | oader program of the M5-DOS BIOS | oads the rest of the operating
system- The M5-DOS kernel is a shel.l between the BIOS and the application
program The MS-DOS kernel initiates application program execution,

Fal | ocates nenory for the application prograns, provides an application
programinterface between the application programand the hardware, and
manages the reading and witing of the files. The user_interface of M5-DOS
proovi des—tnformation to the user. The user interface provides a prompt,
whMh pronpt STHe RadRe program bt the MSPOS: BIOBdoads the nestrdfdbe acts as the
manager of the system when the operating systemis in control. The utility
pr ogr anpperatiiyy Bg&tem.ovi-de certain useful functions for Ms-DOS. Those

functions include (1) formatting a diskette or _a hard, di sk d..(2) checking
a diskette orThe Médgesskemwhn@ ashell aewmmmm&mﬂagea&%ﬁ' M he
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user interface provides a prompt, which prompts the user to enter
commands. .The user interface acts as the manager of the system when the
operating system is in control.

The utility programs of MS-DOS provide certain usefut functions for
MS-DOS.. Those functions include (1) formatting a diskette or a hard disk
and (2) checking a diskette or a hard disk.

The hard disk and diskettes used with the above-referenced personal
computer system are non-volatile storage systems, which means that data is
not lost when the power to the computer is turned off. The hard disk and
diskettes are types of block storage devices, which means that data is
transferred to and from them in blocks.

On the hard disk and on the diskettes, data is physically stored on
concentric tracks. Each track is made up of a pldr;ality*of sectors. ‘A sector
is typically fixed at 512 bytés in length. A disk controller-and-a physical
device driver of a personal computer system typically always write to and

read from disks in séctor entities.



For M5-DOS, a cluster is the snall est
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hard di sks, there are four sectors per cluster. For sone other

s and for a high density 3.5 inch diskette, a cluster Is a single
sector. Each partitioned area of a hard disk forns a | ogical
can contain its own operating system A partition table in the first sector
of a formatted hard di sk contains information about the partitions.
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the cylinder/track, the sector, and the length. The | ogical
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a boot'strap oadl ng t he operating system

1ével BhRatin UNitRs eddiPirark Mo sittérs dntEplaces identification
("iD"%) sector.headers at uniform positions around the track. A high-level
formatting establishes the clusters, initializes some disk areas, and prepares
the dlsk for receiving data.

— At the device driver and the BIOS level, disk requests are described
by a "tuple” that indicates the drive, the head, the cylinderArack, the sector,
and the length. The logical sector numbers are known at the DOS level and
BIOS level. DOS reads from and writes to disks in cluster entities.

Figure 1 shows the logical organization of a prior art MS-DOS
operating system. For the MS-DOS operaling system, a disk 2 is divided
into two logical areas: a system area 4 and a data area 9. The system area
contains a boot record 3, a file allocation table ("FAT ") 5, and a root
directory area 7 that contains root directory entries. The data area 9
contains files that are used to store application programs, data, and
subdirectory information.

The boot record 3 includes a bootstrap loader program for loading the

operating system. The boot record 3 also includes information as to the

The
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ASCI1 nane of the formatting DOS, the nunber of bytes per sector of the

di sk, the nunber of sectors per cluster, the nunber of sectors Tn the boot
regordf t he nunber of copies of the file allocation table entry (or
cl'uster), the nunmber of root directory entries, the nunber of sectors per
partition, the disk type nunber, the nunber of sectors per file allocation
table, the nunmber of sectors per track, the nunber of sides per disk, the_
nunber: ©f reserved or hidden sectors, the physical drive nunber, an

ext ended BSCIname of the farmatiing BOS,; theraumiven of bitest pensedonbidheol ume
table. The root directory 7 is a table of 32-byte entries that each set
forth cer cigk thetnumberef sactenscparialusterrihe pumber of sentars irthebgotent ry
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cl uster nunber and the operating systemuses that starting

cluster ngigeature, avoRifielientification) affatvolimeadbk. Each FAT entry is a
pointer to the next cluster of the file. Thus, the FAT entry retrieved by
~that first acccFhe voot diractotyhZ isatable of 32-thde emtriehthatedchcdetfoth naki ng up
the:file. The operating systemuses that next cluster nunber to access the
FAT 5 certain attributes of the file. Typically, each directory entry making up the

root directory 7 includes a file name, a file extension, attribute flags, time
and date stamps for the file, the starting cluster number for the clusters that
make up the file, and the file size.

Each file on the disk is made up of one or more clusters. The file
allocation table 5 contains a record in the form of a chain of how the clusters
making up the file are linked together. A 1ypical FAT 5 contains a list of
two-byte entries, one for each cluster. For some prior FATs, the FAT
entries are longer than two bytes. The length of each FAT entry depends

" upon the total number of clustérs-. The directory entry for a file contains the
starting cluster number for the file, and the operating system uses that
starting cluster number to access the file allocation table. Each FAT entry is
a pointer to the next cluster of the file. Thus, the FAT entry retrieved by that
first access contains the cluster number of the next cluster making up the

file. The operating system uses that next cluster number to access the FAT



to retrieve yet another cluster nunber, and continues this process until a
special marker in FAT 5 is reached. The file structure on the disk is
tree-like. Entries in the root directory can be pointers to subdirectdries.
The subdirectories can be nested. One di sadvantage associated with the use
of hard disks and di skettes in certain types of prior personal conputers is
that hard disk drives and floppy disk drives are relatively, physically

| arge devices with a nunber of nechanical conponents. Large sizes™contrast
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typi cal ppeoial mdket irs FATTS iereathedf | oppy di sk drives hinders portable
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i nt egr at eandve pointersitoksubgditactariaser Thasubdisectories canshe aestashputer. A
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di sk drives i Oneslisadvaptaga-assoniated with:the,use jof hard glisks aed cxcessi ve shock
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afforded by integrated circuits that make up many other parts of a personal

computer. Moreover, the relatively large size of typical prior hard disk ~
drives and floppy disk drives hinders portable personal computers from
being even smalier and more portable.
Another disadvantage associated with prior hard-disk drives and
floppy disk drives is that they consume a relatively large amount of power
compared with the integrated circuits making up other parts of the personal
computer.
A further disadvantage associated with the prior hard disk drives and
floppy disk drives is that they are prone to failure if exposed to excessive
shock and vibration or to dust or other atmospheric contaminants. -
Another type of prior non-volatile computer memory is the flash
electrically erasable programmable read-only memory ("flash EEPROM").
The flash EEPROM can be programmed by the user, and once
programmed, the flash EEPROM retains its data until erased. Electrical

erasure of the flash EEPROM erases the entire contents of the memory of



the device in one relatively rapid operation. The flash EEPROM may then be
programmed with a new code. One di sadvantage of one type of prior flash
EEPROV] however, is that each single bit cell cannot be overwitten froma
| 6gi cal. zero to a logical one without a prior erasure. Another disadvantage
of one prior type of flash EEPROMis that it nust be erased - - i.e., reset
to a logical one state - - in large blocks or in a manner that erases the
entife device. Another dirsadvantage of one prior type of flash EEPROMi§

t hat“t her ghé ekidd I bRe'refEtiv b, Ofh@NASR EXROM nfayiidres for

t he flash%%?l%{ﬁ%ggﬁg tLa(la ?nghﬁggg@l%&mﬁ ?aia?. The PiMm' ta)fi ons with
respect t @eopRighatrirhéd withda Pedssdde.associ ated with certain prior flash
EEPROMs have, in certain instances, |imted the useful ness of flash EEPROVs

i n personal conPnéalisagvantage of one typSdygioY flaish EEPROM, Bewewmer, [iSVENTI ON
-One of the objects of the present invention is to provide disk enulation .
for a nonthal each singleibibeellcannotibeoverwritten framea agical zerito ngicalot her
of the objects of the present invention is to provide disk enulation for a
non- vol at iong withoubadgnar@raseiesr Another disadvantage ofone peRs typeef flash udes a

reserve bl that helps to maximze the integrity and reliabili{y of the
file struﬁoééao'ﬂﬁﬁﬁh%‘r“ gust be efased r 5 165, repe ﬁ?r%iqg\?ac‘i‘?ﬂﬂaﬂﬂ%h‘i' to

Provt 2 2 Rl blotks B h Wiahhbr st afdsss nd Shinehéibg.e Sem conducter memory
| Another d}sadvantage of one prior type of flash EEPROM is that there
is a finite limit on the number of erase and write cycles for the flash
EEPROM béfore the flash EEPROM will fail | _
The limitations with respect to overwriting and erasure associated
with certain prior flash EEPROMs have, in certain lﬁstances. limited the

usefuiness of flash EEPROMs in personal computer systems. —



erasabl e in blocks and that includes disk enulation. A non-volatile

sem conductor nenory that is erased in blocks is described. The

non-vol atil e sem conductor nenory includes an active block for storing*
first data and a reserve block for storing second data. The second data is -
a copy of the first data. The copy is nade during a clean-up operation
prior to erasure of the active block. The non-volatile sem conductor nenory
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present invention w apparen romthe acconpanyl ng draw ngs and from .
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DRAW NGS The present invention Is ustrate way o e and not

limtation in Ah6tHer @186 objedts of e pravany inventiba'is 16 provide disich | i ke
references indicate simlar elenents, and in which: Figure 1 shows the

| ogi cal cemalstiont fooa ndn-volatile semidormiucior memory thattisrerased in blotkshows a
personal conputer systemwith a flash array and with a file systemdriver
stored i rthabinciudesa reservedvipek thathelpeto niziximize theiintegsity ands a per sonal
conputer systemthat includes (1) a flash nenory array, (2) a file system
driver cdi@liabilityjofithenfile structurev Bl OS and t he ROM Bl OS ext ension, and (3) a

RAM buffer for transf r’r‘i n%,fi | es and for updating a directory of files.
Another of the objects of the present inventionis to provide a

computer system that includes a non-volatile semiconductor memory that is

erasable in blocks and that includes disk emulation. had
A non-volatile semiconductor memory that is erased in blocks is

described. The non-volatile semiconductor memory includes an active

block for storing first (_iata and a reserve block for storing second data. The

second data is a copy of the first data. The copy is made during a clean-up

operation prior to erasure of the active block. The non-volatile

semiconductor memory aiso includes a mapping table for mapping a logical

address of an allocation unit to a physical address of a sector within the

non-volatile semiconductor memory.
Other objects, features, and advantages of the present invention will ”

be apparent from the accompanying drawings and from the detailed

description that follows below.



Figure 4 shows a personal conputer systemthat includes a (1) flash nenory
array, (2) afile systemdriver stored in the ROM BI OGS and the ROM BI 08
extension, and (3) a separate systemcontroller. Figure 5 shows a
fnput/output mapped flash nenory array. Figure 6 shows a paged- mapped flash
menory array structure. Figure 7 shows a direct. nenory nmapped flash nenory
array structure Fi gure 8 shows a flash EEPROM with a sectored file

s gure 9 shows an exanple of a

% array. Figure 10 shows an exanple
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Flgure 1 shows the logical organization of a prior art operating —

system
Figure 2 shows a personal computer system with a flash array and
with a file system driver stored in the RAM of the computer system.
Figure 3 illustrates a personal computer system that includes (1) a
N flash niemory-anay, (2) a file system driver contained within the ROM BIOS
and the ROM BIOS extension, and (3) a RAM buffer for transferring files and
for updating a directory of files.
Figure 4 shows a personal computer system that includes a (1) flash
—memory array, (2) a file system driver stored in the ROM BIOS and the ROM
BIOS extension, and (3) a separate system controller.
Figure 5 shows a input/output mapped flash memory array.
Figure 6 shows a paged-mapped flash memory array structure.
Figure 7 shows a direct memory mapped flash memory array
structure. '
Figuré 8 shows a flash EEPROM with a sectored file structure and a
cluster mapping table.
Figure 9 shows an example of a cluster mappmg table for a flash
memory array.
Figure 10 shows an example of a linked list within the cluster

mapping table of Figure 9. - _ -



systemor structure 32. The file system 32 includes one or nore flash
EEPROVE that formflash nenory array 34. A flash EEPROMis a type of

senmi conductor menory. -File structure 32 also includes a software file *
systemdriver 28 that is stored in system RAM 22. Personal conputer system
10 al so includes central processing unit ("CPU') 12 and bus 18. As
described in nore detail below, flash nenory array 34 is structured so as
to enmulate either a fixed disk drive or a floppy disk drive. System RAM 22
i ncl udes spacefFigdfe 141 ¥HWS 81 eRa@Mbic et how thedustar Afapping tilstle embodi ment of
t he present invention, system RAM 22 is one negabyte in size. System RAM 22
al so i ncloperatesiace for the storage of other application prograns and for
data. In one enbodi nent of the present invention, system RAM 22 incl udes
one oper ati ng Eigureti2shaws ag expmple of ashack-up copy ofla clustarimappingodi nent s,
system RAM 22 further includes two or nore operating systens. System RAM 22-°
al so inclaOls file systemdriver software 28. The file systemdriver
software 28 defjnes the file structure for, flash’ array 34. In

per sonal corrpui:gu'gﬂg’tém"ﬁ),a"@éﬁmp °§F(§9@§%‘i W@pGan&%'execut es the
foreground-task software routines of file systemdriver software 28 in

order to handle all file system nmanagenent utilities for flash nenory array
34. The file systemdriver 28 and the file structurée for a flash nenory
array are discussed in nore detail below. Not only does RAM 22 store
application program 24, operating system 26, and file driver 28, but

-

application program 24, operating system 26, and file driver 28 are al so

stored in flash nmenory array 34 during the tines that conputer 10 is either-

off or on. Flash nenory array 34 can store ' -’
-’

10



nore than one application program nore than one operating system and nore
- than-one file driver. Flash nenory.array 34 also stores data files and
directory information. Upon either a warm boot or a cold boot, the file
‘system software driver 28 is |oaded into system RAM 22 from fl ash nenory
array 34. In short, flash nenory array acts as a nmass storage device that
repl aces a hard disk. Conputer system 10 al so includes ROM 14, which stores
Bl OS5 softuanerRoReempggoNL0: | n one enbodi nent of the present invention,
t he” Bl C6 TROM 174 rncl udes both a 64 kil obyte Bl OS:with additional
Bl OS5 ROM ext gpsj 56 REY lsysieir 10 With onetpreferndd filer e dri ver
28 is stored |r§??’g§v§<e uétflé%ﬁgléﬁ‘ﬁ?g?ﬁ r¥em)ry array 34 rather than in ROM
14. Upogy¥RESE sipiictafe SXMTREGfe Ryswm B2liAchidesronecsremerepflash conput er 10,
file dri'ver 28 and operating system 26 are | oaded Into system RAM 22 from
fl ash nEEEROMY that ffmMiastmenidty affay 84cA fiisic EERRQM is@ typerofuses '
operating system 26 to | oad application program 24 into RAM 22. The user of
conput egerhicoraiuctorsmemonyl Filestrustuker 32 also ingludes psofiwane filesnd ot her
operating systens into system RAM 22. | n the present invention, flash
menory system drves28 thal ésistofed in systemRAM;32. cBeropRbeRMPYIRL i ses a | arge

nunber of bits. Flash nmenories differ from.c i,qnal ,el e i call
er asabl 8y§iesy i Qrale® includesicentra! RFORBSHBY *"‘E&ﬁ@%"@ and uﬁ(é'tsépect t g.

erasure. 12 As described in more detail below, flash memory array 34 is

structured so as to emulate either a fixed disk drive or a floppy disk drive.

e ' Systerr; RAM 22 includes space for storage of application program
24. In one embodiment of the present invention, system RAM 22 is one
megabyte in size. System RAM 22 also includes space for the storage of
other application programs and for data. In one embodiment of the present
invention, system RAM 22 includes'one operating system 26 for computer
system 10. (n alternative embodiments. system RAM 22 further includes two .
or more operating systems. |

System RAM 22 also includes file system driver software 28. The file
system driver software 28 defines the file structure for flash memory array
34. In personal computer system 10, central prbpessipg unit 12 executes
the foreground-task software routines of file system d}iver software 28 in
order to handle all file system management utilities for flash memory array
34. The file system driver 28 and the file structure for a flash memory array
are discussed in more detail below.

Not only does RAM 22 sfore application program 24, operating

system 26, and file driver 28, but application program 24, operating system -
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Conventi onal EEPROVE use a select transistor for individual byte erase
control. Flash nenories, on the other hand, achieve much higher density
with single transistor cells. During the erase node, a high voltage is *
supplied to the sources of every nenory cell in a block or in the entire
chip simultaneously. This results in a full array or a full block erasure.
For flash nmenory array 34, a logical "one" neans that few if any el ectrons

Teane. nafnhng 1l 2ReE s b e S 1k eindniartan s QBN ca vt e
:s? or Eht  nitres g} Bomipifer) TRl R BY oh, FESN1REROR AFEY 3f caf ¥R, "or '
| ogi cal - onrethaRore apaRtion EroRY 8 chotethar 058 Bpe Py fBHT. A fenory

array 23 fitte tRaHOMY ﬁlel%ﬁi\lé‘t‘e;ﬁ%%h‘i‘é}nﬁffﬁ}r%g' RIS st?f%a@?tr?gfilbg%‘&a' zero,

given that this entails sinpl Ing el‘ectrons to a gate that

cont ai ns_girectory iﬁfaﬁhation.n’g.?oméitnéﬁatwm badf BF haddid Ug?i,hhbhﬂe erased

state. Flash nenory array can be programed in one three ways: (1) a

singl e bi systermsoftware (Ayer28 iis iatetbinto systent RAM 22 frbM flagtPHiemdrywor ds at
atime. Awrd consists of a plurality of nenory bits associated with a

si ngl e neaway 34 sireshortdiasismemorysamay acteas @mash storagendevide tvatds
programmed at a tine can be as large as an erase block of flash nmenory

array 34.replagesim bargrdiskons with respect to flash nmemories are al so
referred to as wite operations. As discussed above, each bit of flash
menory array 3%0apuler system d0.alspiiagludes ROM d4i which stases BIOS t o a

| ogi cal one,state wvithout prjor er asgjrde".n Thi ?t necessity for erasure prior.g

to overw PPTWES ,ﬁo(inpg&p'ggf inpne embodiment of the present invention, the
BIOS stored in ROM 14 includes both a 64 kilobyte BIOS with additional

BIOS ROM extensions of two kilobytes each. The file system software
driver 28 is stored prior to execution in flash memory array 34 rather than in
ROM 14.

Upon execution of ROM BIOS program 14 after power-up of computer
10, file driver 28 and operating system 26 are loaded into system RAM 22
from flash memory array 34 via bus 18. The user of computer 10 then uses
operating system 26 to load application program 24 into RAM 22. The user
of computer 10 can also load data, other application programs, and other
operating systems into system RAM 22.

In the present invention, flash memory array 34 is
erased in blocks, wherein each block comprises a large
number of bits. ' '

Flash memories differ from conventional electrically
erasable programmable read only memories ("EEPROMs") with
respect to erasure. T ) )

12



| ogi cal one introduces a functional operation associated with a flash
menory. “Fl ash menory array 34 stores both executable code and

non- éxecut able data. In the detailed description that follows, the generic
ferm"data"” is used to refer to either (1 ) non-executable data al one or
(2) both executabl e code and non-executabl e data. The read operation
associated with flash nmenory array 34 closely resenbles the read operation
assogiated with other read-only nenory devices. In one enbodinent, a read

operat i oGonvenfibAENEEPROMsaisead sdfbct atensistor fordndividial diytel8faseanoseconds.
Wite and erase operations for flash nenory array 34 are, however,

si gni fi ceonirgl. sFlashrmemori@ss oarthe dithemhand, achieve mush higheedensity, - er ase
times for a block of flash nmenory array 34 are on the order of one second.
Wite opwitinsiogle fransistosicells.c Dusing the drase imodevs highy yellageuist ake on t he
order of 10 m croseconds. Thus, the read wjite and erase operat|ons :
associ at sdppliechto the souieesof everymemorycell ina b T SIJ)’_WQ Gh@ - - the
wite and, erase operaé_' onhs ahe Si gnj'f i cant I% ﬁf qwer_ t han the read
oper at i ofNUltaneQusly.i Jhis tesults in adull apay or & fulkblgck efaSHIBy array 34 has a
finite endurance Jiftetine with respect.to.era L te..(l . e., progran
oper ati ons. F}r%'é&@éhdmm%a{i’ﬁyi@@o@ﬂffﬁtgﬁﬁ@ﬁl‘ﬁzﬂ%ﬂ%ﬂm 34 can
wi t hst an 11U r : _ | nory
array 3achRfir &8 bered 8n e oty Gely AEdHBiGH iREn 5 GBF K BgiealCE0TY
Thus, inw " | t 2inyt | [ - ' hEldg as to
~the nunbeir)é]@f qﬂ?ﬁ@%ﬂﬁ? i ?%ngyéc‘ﬁggé ﬁg{& ﬁbgés/‘ﬁagrtﬁggloggﬁg%dtggg B{)ﬁlg‘téﬁrough. On
the 14 with the bit cell. After flash memory array 23 has been erased, a logical one

~ is stored in e"ach bit cell of flash memory array 23. Each single bit cell of
flash memory array 23 cannot be overwritten from a logical zero to a logical
one without a prior erasure. Each single bit cell of flash memory array 23
can, however, be overwritten from a logical one to a logical zero, given that
this entails simply adding electrons to a ﬂoati-hg'gate that contains the
intrinsic number of electrons associated with the erased state.
Flash memory array 34 can be programmed in one of three ways: (1)

a single bit at a time, (2) a single word at a time, or (3) group of words at a
time. A word consists of a plurality of meniory bits associated with a single
s memory system address or a single device. The _grdups of words

programmed at a time can be as large as an erase block of flash memory

array 34. Program operations with respect to flash memories are also

referred to as write operations.

As discussed above, each bit of flash memory array 34 cannot be
overwritten from a logical zero state to a logical one state without a prior

erasure. This necessity for erasure prior to overwriting from a logical to a

13



ot her hand, there is no such maximumlifetinme with réspect to the nunber of
tinmes flash nmenory array 34 can be read from |In one enbodi nent of fhe the
present invention, each flash nenory device conprising flash nenory array

34 has multiple erase bl ocks within each nenory device. For that ‘
enbodi nent, there are restrictions on the erase/progranmm ng cycling of

adj acent bl ocks. Adjacent bl ocks are bl ocks that share either common row
connections or comon col um connections. The restrictions on the cycling

of adj acdogicall onksinodutesa funclisral Operaticts asscciatathwithca flask b condi ti onS?
A nore frequently cycled block is referred to a hot block. A block that is

not cycl gvemorys cycled |less frequently is referred to as a cold bl ock. The
i nportant paraneter is the difference between the nunber of cycles
associ at ed r esblash memoryiarray-34 stases bpthexecutable,code &” can eventual |y

[l ach ar rgn-8xOURDIAIAta.o 1 e Getaipd desproion Ihaolonsote o9neie.ci o |s
b 2 BHD 08 soushd B fetSto Bine? (P e axebuibie Bald fohgar B8R 'S (0™ *°
per i odi ¢ et ExEGTRaBi chdP IR AUP-BRECHRR Oa ° O Ci O el (0 as he

i1 o struct ur odnervedcoukivata asaditoninn Magh ofiBird drvsiae posblfy o "

r ef er encegbdamslosine! reagadph%%m §§§défat|6& witte oiﬂé’r%aﬁ%ﬁwb@t make up

flash array 34. Figure shows personal conputer system 40 w t'h one

pr ef er r eddévicess tinwrie'embotimdift] & vead operationcfor ftasharieriory arhy@4s centr al
processing unit 15. ' ~

takes on the order of 135 nanoseconds. Write and erase operations for

flash memory array 34 are, however, significantly slower. In one

embodiment of the present invention, erase times for a block of flash memory

array 34 are on the order of one second. Write operations for a single word

of flash memory array 34 take on the order of 10 microseconds. Thus, the

read write and erase operations associated with flash memory array 34

have an asymmetrical nature - - the write and erase operations are

significantly slower than the read operations.

In addition, each flash memory of flash memory array 34 has a finite

endurance lifetime with respect to erase plus write (i.e., program) -’

operations. For example, in one embodiment, flash memory array 34 can

withstand a minimum of 10,000 erase/program cycles before flash memory

array 34 begins to fail or exhibits erase/write performance degradation.

Thus, in one embodiment of the present invention, there is a limit as to the

number of erase/write cycles that flash array 34 can be put through. On the

14



12 and ROM 42. ROM 42 stores BIOS software 43 and BI OS extension software
44. Personal conputer system 40 al so includes bus 48 and system RAM 52.
System RAM 52 stores application program 24 and operating system 26.
‘Personal conputer system 40 al so includes RAM buffer 62 and flash nenory
array 64. RAM buffer 62 provides buffering for the transferring of files
between flash nenory array 64 and system RAM 52. RAM buffer 62 al so .
provi des buffering for the construction of or the updating of a directory
f oMt he étheehantipthede isind such madmugn fetime With respea to the aumbes of EEPROMVS
make up flash nenory array 64. Flash nmenory array 64 stores application
pr ogr am thmesdlashanemgnsaeay 34can beread 50Mer appi i cati on programs, and

T T S P e S S

64 via.b 48. Fil L hel '
4 i i Gt 4 S o o VIR
Bl 05 43 The .f] lge . ' i
o o, P A RSO DR S RO
SO 8 SR 1o b s hoor s iR 1 Fi oo
per sonal yegidg hkP b6Ath roW BBnfidciisiib & SSmmereoshmin édnnectionzror y

alt are ei r

bl ocks t e I rect - mapped or paged. Therefore, in the enbodi nent
shown | nThieGrasfrictions oh thiel cycliig iof djident bicokstaver mads tocprevent st ored in

system RAM 52 nor stored in the flash menory array 64. 16
electrical data disturb conditions. B : _

A mon;'e fréquently cycled block is referred to a hot block. A block
that is not cycled or is cycled less frequently is referre_d to as a cold block.
The important parameter is the difference between the number of cycles.
associated respectively with adjacent.blocks. A hot block can eventually
reach a cycle count such that data is adversely affected in a cold block of
flash array 34. One way to avoid this hot block/cold block interaction is to
place cycle restrictions on hot blocks of flash array 34. Another way to . - -
minimize the adverse effects of hot block/cold block interaction is to
periodically erase and reprogram the cold blocks of flash array 34. The
w periodic erase and reprogramming of cold blocks is referred to as the - -

N refreshing of cold blocks.

As described in more detail below, the preferred file structures of the
present invention take into account the above referenced functional
characteristics of the flash EEPROMs that make up flash array 34.

Figure 3 shows personal computer system 40 with one preferred file
structure 58. Personal computer system 40 includes central processing unit

15



In the enbodi nent shown in Figure 3, a BIOS Interrupt 13H extension is
provi ded as part of Bl O ROM extension 44. That Interrupt 13H extension is
pat ched into the standard Interrupt 13H vector during initialization. BIOS
requests not targeted for flash nmenory array 64 are forwarded to the old

BIOS Interrupt 13H handler. Figure 4 illustrates a personal conputer system

70 with yet another preferred file structure 94. Personal conputer system

70 includes a central processing unit 12 and system RAM 72. In one -
preferred dRmAnd ROM 42y ROMVh42/sions BIOS sdftware 43ard BiDS®extensignam 24 antd
an operating system 26. Personal conmputer system 70 al so includes a bus 88

and a ROV $eftware4z Patsonakeomputer system A0 also ingludesbus,48-ard s)stest t war e
merory. arr RANGE Systo A 5250165 sppicalionprogsun 24 Snd.nerainkvs, i ash
ot her app! FYstem 26 B8l camputat sbs(edh 30,4150 158566 UM Har 62 gpa .
control | or B3N THEMA By €4.0 P15 0% L8l O ext ension 30 and & por ti on
har dvar o dri ven 'RMBfler 62 BRiSEs Biferi 162 1hd Trdhsteiring(f fled befiidn ' o' Y
speci fi cal ilusﬂerﬁbﬁi&rgfar#@ 6ehnd isysneﬁmmm OhhM‘BuﬁB%éidlﬁ? p&swaés" e for

flash menory array 9 Controllef 92 includes a mcrocontrol'er 100 for
over seei ng buffering! for fhe coastnestionoidrthe iupelatidg of e direstory firithe filds | n one

preferred enbodi nent of the present invention, control |ogic 106 conprises
a 17 stored in flash memory array 64.

One of more flash EEPROMs make up flash memory array 64. Flash
memory array 64 stores application program 24, operating system 26, data,
other application programs, and other operating systems. Operating system
26, application program 24, and other programs and data can be transferred
to system RAM 52 from flash memory array 64 via bus 48.

File structure 58 includes flash memory array 64, RAM buffer 62,
ROM BIOS extension software 44, and a portion of ROM BIOS software 43.

The file system driver software that defines the file structure for flash
memory array 64 forms part of ROM BIOS software 43 and ROM BIOS
extension software 44 in ROM 42. In the embodiment shown in Figure 3, the
file system driver is part of and integral to the firmware of personal computer
system 40. BIOS 43 and BIOS extension 44 are memory blocks that are
either direct-mapped or paged. Therefore, in the embodiment shown in
Figure 3, the file system driver software is neither stored in system RAM 52

nor stored in the flash memory array 64.

16
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progranmable logic arrdy ("PLA"). Logic circuitry 106 contains the digital

- logic that control s the operation of controller 92. In one enbodi nent,
contyoller 92 includes ROM 98 that stores file systemdriver software. The
‘file systemdriver software is executable by mcrocontroller 100 and
defines the file structure for flash nmenory array 96. In an alternative
enbodi mrent, file systemdriver software that |s executable and defines the
fiTe structure for flash nmenory array 96 forns part of ROM Bl OS software 79
ant””Bl S ROMInthe esmibodiment showndn Figlnet 3,06 BIOSdpternupt il extansion RAM 102.
Buf fer RAM 102 provides buffering for the transferring of files and for the
creat i ois pravided asipart of BIO/RQMextensions.r Thatinterrupy 13H extensien

(' ansf ci% Palghed inte dhe staadeed Jmarupb R areyeatdn dufag ifietaation, c&ldS: = passed
buf for / FEREPEP D tameTes 1o 1e9h amans Aisn o4 s fwerasi ol e o
can contlst HeBRBTERR ey °TLC Fo T oui ng st andards: PC XT, PC AT (i e..
Standar d A il PLIS SHLjetdps BprpShal dputer shelam 7O YEr SREINEIOE (! c.
Virtual réﬁéwﬁlfillx?tmanw} Petsendilismputer systemn 70dntladesententralt he

i nvention, controller 92 is contained wthin personal conputer system 70.

For exarfitbeessiagiunit 12and3ystem RAM/2)elrmone prefermead émbodintent, shown)
w t hin personal conputer 70.

system RAM 72 includes an application program 24 and an operating
~ system 26. i’ersonal computer system 70 also includes a bus 88 and a
ROM 78. ROM 78 includes BIOS software 79 and BIOS extension software
80.

. Personal computer system 70 also includes controlier 92 and flash-
memory array 96. Flash memory array 96 is comprised of flash EEPROMs.
Flash memory array 96 stores application program 24, operating system 26,
data, other application programs, and other operating systems, which can
be loaded into system RAM 72 via bus 88.

File structure 94 is comprised of controller 92, flash memory array 96,
ROM BIOS extension 80, and a portion of ROM BIOS 79.

Personal computer system 70 shown in Figure 4 has a fully hardware
driven file structure for flash memory array 96. Controller 92 ié specifically
dedicated to defining and controlling the file structure for flash memory array
96. Controller 92 includes a microcontroller 100 for overseeing control. -

Controller 92 also includes control logic 106. 'In one preferred .

embodiment of the present invention, control logic 106 comprises a

17



In an al ternat

i ve enbodi ment, controller 92 can be an input/output ("1/0")

device that resides external to personal conputer system70 or within an

expansi on sl ot

(not shown) of personal conmputer system 70. For that

alternative enbodi nent, the |ogic associated with buffer/nultiplexer 104

can conformto any standard I/O interface. For exanple, buffer/nultiplexer
mto one or nore of the following I/Ointerfaces: |DE ST506,
Computer System Interface), and SA400 (i.e., a floppy"

104 can confor

SCSI (i.e., Small

di sk st andprograrnimable logic amay @PLA ) alogie cirduitly 196t containsdathal digitalput er ~70

woul d conmuni ¢

ate with controller 92 by way of one of those standard 1/0

i nt er f aces logie thaheonicalgthe apesgtion of contseller 9r e 3 and personal conputer
system 70 of Fiqure 4 each include hardware that is dedicated t

controlling th

| t t 40 t,addifi h I S RA f.f 62. F -
ber sonal _CVBIAS CriipE SIWATS. TR 1A SYslara Aaver iPRViaTe 1S SxefEPBING: oo Rav

avol ai ng.« Ruchsionty 396, S8 b Rhes fne” e falerf B B WABYRA L,

52, flash neno
respectively.

ggg a,actsoag M§?Wiﬁ%ﬂheﬁiwlﬁﬁ&rﬂérﬁﬂﬁ ﬁ?ngiﬁryir?ayoés'fb e 4 need

Mor eover,
and controll er
and system

nigne embogiment, Sontralier 83 includes RAMEE thatstores fley . For

e

AR Aferays KRASRIEN, e svtgn Sitle FRRMATHA "), .,

ers for file structures 58 a respectively.

et bNROMI BIOS EoWarke P Tdnd BIS IROMEEENSIon GRMNEre'805y'St em 40

92 in personal conputer system 70 neans that system RAM 52
Controller 92 includes buffer RAM 102. Buffer RAM 102 provides

butfering for the transferring of files and for the creation and updating of

directories.

104

also

conform to any standard system bus interface. For example, the logic

Controlier 92 also includes buffer/multiplexer 104. Buffer/mulRtiplexer
provides buffering for the transferring of files. Buffer/multiplexer 104
multiplexes data passed to and from flash memory array 96.

The logic associated with logic butfer/multiplexer circuit 104 can

associated with buﬁerlhultiplexer 104 can conform to one or more of the
following standards: PC XT, PC AT (i.e., IDE - - industry Standard
Architecture), EISA (i.e., Extended industry Standard Architecture), MCA
(i.e., Micro-Channel Architecture), VME (i.e., Virtual Machine
Environment), and Multibus.

in one embodiment of the invention, controlier 92 is contained within

personal computer system 70. For example, controlier 92 could reside on a

system board (not shown) within personal computer 70.

18
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RAM 72 need not act as 3cratch pad areas for the file structures for flash
menory arrays 64 and 96, respectively. RAM buffer 62 of Figure 3 and
controller 92 of Figure 4 allow file structure 58 and file structure 96 to
tach be recogni zed as contai ning a bootabl e storage area that is part of

t he basic system hardware for the respective personal conputer system The
result is that RAM buffer 62 and controller 92 serve to inprove the overal
performance of the file structures of the flash nenory arrays forthe

respective pengiphérnanvé ¥miSodint, contfolidy bbesanbe @inpaybatpuens of

personal conputers 10, 40, and 70 shown in Figures 2-4 result in different

. Charact el %Qﬁv@ée that residestexternal fo prsonalipompluterysystamIZ0 of withjure 2,
file driver 28 is executed by central processing unit 12 as a

f or egr ouast-éxpansiar slot(rotrshavwnjeoftpersomelratineputer system 70 Eomthatgement
- utilities for managing flash array 34. File systemdriver 28 takes up a
portion altemmmunenbmhe ﬂagcassocated;ym‘ebummplﬁ@mﬂ(l%mn mt ed.

For exanpl e, operati ystem 26 of personal conputer system10 is
VB- DCS, maforayta any mtgaﬁd lmerﬂacmt ‘example, h@e&ﬂw@ xer 04 node”

Chat edef B L é}rﬁﬁgiﬁfﬂ@ggﬁ s flowing bt Btertacees RaSTEPRs “part of - Row
of st or agiC ST SManGPmBUIRL SRR iR A St fe  Atam bk "o
by 11 meara A Sﬁﬂ’ﬁ'ﬁsfyﬂ%aﬁﬁfﬁ"‘?%?@éd&%ﬁERG%’P%@W“ 0 o
__B' G5 ROM\gaiiig ’b%'n%%niéfaté With'¢dithbie? 226)f Way B¥orld ofthtSe standard 1/0

interfaces.

Personal computer system 40 of Figure 3 and personal computer
system 70 of Figure 4 each include hardware that is dedicated to controliing
the file structure of the respective flash memory array. For personal -~ '
computer system 40, that additiona! hardware is RAM butfer 62. For
personal computer system 70, that additional hardware is controlier 92.
RAM buffer 62 of Figure 3 and controller 92 of Figure 4 provide means for -
avoiding the necessity for storing file system control code in system RAM
52, flash memory array 64, system RAM 72, or flash memory array 96, -

.\.« respectively. |
' RAM buffer 62 and controller 82 each also serve to buffer data, so
that system RAM 52 of Figure 2 and system RAM 72 of Figure 4 need not-
act as data buffers for file structures 58 and 94, respectively. Moreover, the
inclusion of data buffer 62 in personal computer system 40 and controller 92

in personal computer system 70 means that system RAM 52 and system -
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systemdriver software m ght exceed the space available in ROM 42 if ROM 42
is small in size. In contrast, hardware controll er 92 for conputer system
70 stores the file driver, and this reduces the nenory requirenents wth
respect to flash array 96, ROM 78, and system RAM 72. Mboreover, hardware
controller 92 sinplifies the file systemcontrol commands. For exanpl e,
hardware controller 92 converts the file systemcontrol comrands to high

| evel procedure calls that are software accessible by a |abel referring to

code resi RAM 721n§a?§ao_@%fhsr§ambh pathafoas! for e fiR@nstiorisifopfiatie preseTit
invention, the sinplified file systemcontrol commands or file driver

control congmors afragsB4and 96) reepblively. hardware controller 92 as
conventional BIOS-type control code. This in turn allows the solid-state

file system 94 RAMobufferc®? of Figluras3 andaxontrotieo S ofFigers 4 allowtfile results in
sinplified file systemcalls. Each file systemcall results:in the .
execut i on Stucture 58 paddije stctiire\ 9 19 eachibe ecappizedasceal@iniBg & the file

e e eloa R el Sk R e b5 e SR the Sy
175 | S ko g i B T i
O™} TR 82 S 9 AprohThe o R, 06 e BAeY

o cont e Ty Sy e Uy Rl Wt ahpie i BRe
reduces each fiTe iieroRticoRfigurations Bf PBFSORABIMSUEFT0, 4B, ARSTOCPU 12,

which helps to increase the off |oading of the host CPU 12. Controller 92
accepts i rghowmin Figures 2-4 result in different characteristics of the computers. in

the computer system 10 of Figure 2, file driver 28 is executed by central

processing unit 12 as a foreground-task software routine that handies all the

file management utilities for managing flash array 34. File system driver 28

takes up a portion of system RAM 22, but the size of system RAM 22 might

be limited. For example, if operating system 26 of personal computer system

10 is MS-DOS, then system RAM 22 may be limited to one megabyte of

“real mode” space.

For computer system 40 of Figure 3, the file system driver software

that defines the file structure for flash memory array 64 forms part of ROM -’

BIOS software 43 and ROM BIOS extension software 44 in ROM 42. The

amount of storage space in ROM 42 inay be limited, however. For example,

in certain MS-DOS compatible personal computers, all input-output

functions are driven by firmware contained in a 64 kilobyte BIOS section of

ROM with smaller BIOS ROM extensions of two kilobytes each. The file
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data at RAM type nenory speeds by holding the incom ng data in-local RAM
buf fer space 102. Hardware contToller 92 conpletes each given task
autorfatical ly, but only handl es one operation at a time. In addition,
tontroller 92 allows host CPU 12 to interrupt any file systemtask for a
I medi ate data access. This requires the additional RAM buffering of any
valid file Information that m ght otherwi se reside In an inaccessible

bl ock. An inaccessible block is one involved with a wite or an erase
operat i asystéhedrivot software Sightexceed thbespacesavailableankROM 42 ROMhe
Interrupt. In one enbodi nent of the present invention, control hardware 92
. cues up 424 smalhiardize. of sinultaneous wite tasks. Furthernoré, in one
enbodi ment, controller 92 continuously nmonitors the main_fl ash nﬁgnry

A Nl v e gl espstpcephrgih st

B e R e i g
v sk S L ST e
Har dwar es@%ﬂm‘% 4"&“'@%”%@%‘3%@@'@ @;ﬂq&f ) ?ﬁ%@“&ﬂ%@# up operation
with "o gSfitrofigr 61 BRRVERE Y filY EysteftPobritral diifimiadE8higRfgvel f or storage in

flash nmenor he dean-up operation is initiated by hardware controller

92 as negpssbdiite dallsdhabaresoftivile BcbeesiBleoby @-labskreferingao. codee cl ean- up

operation is describedin nore detail below. In order for file system
control tesiding in sbiné otlermemony spaceroin one érmbodimentof thespresenb6 f or

guai f 2ol ien\;ern?i%n? I;)I(;Iec' iin?&%iiego}llle Cs(;ls?en? lo%%l{ro? )égln?mgr%ds or file driver control
commands are stored in ROM 98 of hardware controller 92 as conventional
BIOS-type control code. This in tumn allows the solid-state file system 94 to
be recognized as a basic bootable device. This results in simplified file
system calls. Each file system call results in the execution of the file system
driver (which is also referred to as the file system control code).
in one embodiment, each file system call for a computer system 70 of
Figure 3 is executed directly by CPU 12 fetching instructions from the main
BIOS and direct-mapped BIOS extensions stored in ROM 78. In another
Ny embodiment, each file systefn call is executed by CPU 12 from memory
pages residing at BIOS extension memory blocks stored in ROM 98. In yet
another embodiment, each file system call is executed by microcontroller .
100 from the file system driver stored in ROM 98 of hardware controller 92.
In a preferred embodiment, hardware controller 92 reduces each file
refated task to a single command from the host CPU 12, which helps to -

“increase the off loading of the host CPU 12. Centroller 92 accepts incoming
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I nbal ances, and for controller 92 automatic initiate clean-up or

redi stribution operations,

a storage
be securel
menory arr
menory arr

flash menory 96 should either (1) be resident as
device within personal conputer system 70 or, alternatively, (2)

y physically interlocked to personal conputer system70 if flash '

ay 96 is renovable. For the alternative enbodi nent wherein flash
ay 96 is renovable, personal conputer system 70 includes an .
indicator light-enmtting diode ("LED') that is lit when a background task

i nvol vi ng dataséit RANbtypeamemoryGsperdsdnuholding thehiacoming datepir lbeakl conplTer

70 is inst
and, accor
controll er

“enbodi nent

ructed not to renove flash nennré array 96 when the LEDis |it
r&2ccompletes each givamiashi nent
92 is coupled to a snall batteééathat provi des back-up power to

cont r ol | eragiematicaliyvbut enlyhandies one ARk
hel ps to ensure that data transfers. .to flas r 6 from buffer RAM 102
ar epcorrpl et eg eln:additiop, GRAtre 'tqeéaammﬂ Efﬁﬂgﬁ?ﬁgteﬂé‘ﬁ’?ﬁgﬁ.ﬁf'

®n anot her

BAM buftenispace 102: kjardware: comtrol

n gy aitiMe.70 i s renoved. This

e desatetn fask(Tar BamifeciBfy' Gt pociSs” i€ Fequitds i ckinr ' 7 ° -

Figures 2-
either fix
the interf

mapped. Fi
circuitry.

In

Eﬁ to repl ace
enbodi nent s,

 nput/ out plEeePPREY bidtic AR ITBSCLSeha bISKTE ngibived WithCa WHERT, {1 ror y

Byrer 33 on BRYSRE TG et el mRE otierbibel sk

& gg?aée idperatiorit TheontrollERORirBSumBBRE origind! iEsK BIRWiIRS ©
the interrupt. ' In one embodiment of the present invention, control hardware
92 cues up 5 given number of simultaneous write tasks.

Furthermore, in one embodiment, controller 82 continuously monitors
the main flash memory storage array 96 for available free space and
hot/cold block cycle imbalances. Hardware controller 82 also
automatically initiates a redistribution operation with respect to flash memory
96 as needed. A redistribution operation evens out the cycling among
blocks of flash memory array 96. The redistribution operation is
automatically initiated by hardware controller 92 as needed in a fully
background-task fashion.

Hardware controller 92 also automatically initiates a clean-up
operation with respect to flash memory array 96 in order to free space for
storage in flash memory 96. The clean-up operation is initiated by hardware
controller 92 as needed and is done in a fully background-task fashion.
The clean-up operation is described in more detail below.

In order for file system control hardware 92 to continuously monitor
flash memory array 96 for available free space and hot/cold block cycle
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The I/ 0O mappi ng scheme shown in Figure 5 uses an 110 pl ane 85 conpri sing
serial transfer 1/O ports that maps.to fTash nenory array 81 and | ocal
buf f é&r RAM 83. Because the the 1/0 mappi‘ng scheme shown in Figure 5 uses
the separate 1/ O nenory plane 85 instead of a main nenory plane, (nmain
menory is also referred to as system RAM, the |1/O mappi ng scheme shown in

the J/ O mappi ng scheme consumes none of the host conputers system RAM The
| / O“devi 'Bﬁgi@%?ﬁ»@ﬂq preantralier 8zraytematicdniliste sle@n-up Aot , - however

§:€P822 BetAinbHEdR pparaies) ndst Fahan Qégﬁgﬁ%fﬂm‘ﬂhie?g%%&ﬁn Bt Those 110
! ! : s o

Y Lot 8Tl BA0le a6 kbhgted Radis? sHEleR o 61, sBETAIN Lk oy
el desgirelphydedtifeBisd e pertonafmpcher SysaD Nt 0 00 ) o
93, and m&v?i difay ¥Blis eMOVADIL: For helRihailid BmbodimbhtwhbRAR Nt

invention, main nenory plane 89 has 'a one negabyte address range constraint

101. Theflaste meraohyanan@8ris yemovadie, rialicomputer spstemZ0unslugésine 89
nmeans that the protected node of a U or mcroprocessor is used to address

por t i onsanfindieatorright-emitlingrdiode (LED?Y thatisditewinery altyackgrodnd taskconst r ai nt
101. In other words, the protected node of a CPU is used to address the
expansi civoidng flaEAvnemesy amrayO6nisi ocausring.y Thieaseras personal
computer 70 is instructed not to remove flash membry array 96 when the
LED is lit anﬁ, accordingly, when a backgrouhd task is occurring.
in one embodiment, controlier 92 is coupled to a small battery that
provides back-up power to controller 92.if power to personal computer
system 70 is removed. This helps to ensure that data transfers to flash array
96 from buffer RAM 102 are completed even if power to the computer
system is removed. _
In another embodiment of the invention, however, no battery. back-up
of controller 92 is included. :
It is to be appreciated that for the embodiments shown in Figures 2-4,
flash memories arrays 34, 64, and 96 could be used to replace either fixed
disk drives or floppy disk drives. o , _
In preferred embodiments, the interface circuitry to a main flash -
~ memory array can be either (1) input/output ("I/O") mapped, (2) paged
memory mapped, or (3) direct memory mapped.. Figure 5 illustrates a VO

mapping scheme for the interface circuitry.
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Typi cal early generation and | ow performance m croprocessors did not

I ncl ude a protected node. Moireover, typical early generation and | ow

per formance operating systens for personal conputing systens did not have
the capability for handling protected node addressing. Therefore, those |ow"
performance m croprocessors and operating systens could not address the
areas above the one negabyte address. Neverthel ess, certain high
performance and | ater generation m croprocessors and operating systens can
address areas afthecl/Omaappingrscheioye showdrinFigurenS bisgsan BO plane 85menor y
array 105 is conprised of snall pages 107, 109, and 111 and flash nenory
array 105 ogmmmalew transier YOrposts that/maps to| flash-mamasy eseay 81 8rdodi nent

ﬁﬂmﬂﬂf or g pufie 'hw[b% B3SsuEs Hop iuq"i{;b%plgﬁww TR SN PO ppod”
hS??réSfo oAl B o Bk o fie*a%géﬁ‘\' @eﬁéﬁﬁ#é’opﬁgfﬁt
Shove L_agiﬁ'“??'r PGB 6 1853 ST AR, SO pPOR e 0,

Paged i rg R4 ks ﬁ%%&ﬂéofﬁb?hoéj&mﬂggr&?ﬂam@ figy erbodt ment

of the present I nvefit 1 on, pagl hg w ndow I nterface IS use oint to

paged firmgpa eelQ&hannmmmdfm: i 86l comuities! ForR8ethd hesmar e 103

al l ows expansion to t he | ar ger mvar e storage space 103. This gives the
conput er sydhepoteddisystom/RAMor age space beyond a single (typically 2

kil obyte) BI OS/ ROM extension |ocation 95. 25

The 1/O devices coupled to serial transfer I/O ports 85 cannot,
howéver, suﬁport direct execution by a central processing unit given that
those /O devices (not shown) are serial rather than random access
devices. Those VO devices must download code files to system RAM for
execution.

Figure 6 illustrates a paged memory mapped interface to a paged
map flash memory array 105. Figure 6 shows main memory plane 89. Main
memory plane 88 includes main system RAM 89, paging window 97,
BIOS/ROM extension 85, BIOS 93, and expansion system RAM 91.

in one embodiment of the present invention, main memory plane 89
has a one megabyte address range constraint 101. The one megabyte

- address range constraint for main memory plane 89 means that the
protected mode of a CPU or microprocessor is used to address portions of
main memory plane 89 above the one megabyte address constraint 101. In
other words, the protected mode of a CPU is used to address the expansion

system RAM area 91 of main memory plane 89.
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Figure 7 illustrates a direct menory napped interface to a main flash

menory array. ‘In Figure 7, main nenory plane 135 includes flash nmenory

- array map 149 and | ocal buffer ‘RAM 147 in addition to main system RAM 137,
*Bl OS/ ROM ext ensi on 139, BIOS 141, and expansi on system RAM 145. The nain

menory plane 135 shown in Figure 7 has a one negabyte address range

constraint 143. Flash nenory array map 149 and | ocal buffer RAM map 147

reside above the "I"TWegabyte address range constraint 143 of nenory plane

1357 This ”E'Wﬁ‘iaéd?%tar rg&ﬁ%@ﬁbﬁ%n@ﬁw périamiatéamisiopropessorsslid i s used to

address fl as nory ay-map 149 and | ocal buffer:RAM map 147. In

cont r asot Irud®d srtectdd'made! Morsover,1yploaeavp/igEheration aBISARON
extension 139, and the BIOS 141 of main nenory plane 135 w thout using the

pr ot ect pdrforrancéloperatingrsystesns foy peesonid eonhputiog systeps did noke 1 ash
menory array of the personal conputer system Therefor the flash nenory -
array nhave4beicapabilily fohhandling proteciedimede agdrassing.or zﬂf@&‘ﬁay of the
personal conputer system NMNoredver, the local huffer, RAM map, 147 is

]Eii Irlect | thagey pﬁf’ﬂmlé"FBgfﬁiprwpﬁﬁs%ﬁ"QfORQ@ ing, systems coMid, pet s?/st elm | t
. RAM 147 i WAy :
bEf for Rfﬁa?éﬁsf { le afkas.afive s e edaiid pdis: dhekBnhbls) §°ﬁ§‘§‘peécichem
L | el .
ronory it BeRteciatte MR RheCbet@talio TiRidpo60ktrs dhedpbia, 10, C! roc!
addr ess%ﬂgﬁ?ﬁ% %ﬂ%&%lﬁ?gﬁ@hﬂo@m ¥né mMiéGatite waidréss.l megabyte address

range c
In Figure 6, flash memory array 105 is comprised of small pages 107,

> 109, and 1 11 and flash memory array 105 is coupled to local buffer RAM .
113. In an alternative embodiment of the present invention, flash memory
array 105 could be comprised of any number of pag_es; _

In Figure 6, paging window 97 is the paged hemory mapped
interface that allbws direct host central processing unit access to pages
107, 109, and 111 of flash memory array 105. Eaéh page is changedto -
point to a different flash memory array 105 segment as needed.

Figure 6 also shows paged firmware 103 that is used as an
expansion for a device driver. Paged firmware 103 includes pages 115,
o 117, 119, and 121. In one embodiment of the present invention, paging

window interface 97 is used to point to paged firmware 103. - Having paging
window 97 point to paged firmware 103 allows expansion to the larger
firmware storage space 103. This gives the computer system additional -
storage space beyond a single (typically 2 kilobyte) BIOS/ROM extension

location 95.
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The direct mapped schene all ows direct code execution fromall of the flash
menory array. On the other hand, the paged mapped schene all ows direct code
execution froma portion of the flash nmenory array. The direct napped

schenme requires a CPU and operating system capabl e of addressing beyond the -

one negabyte constraint. In contrast, the paged mapped schenme works with a
CPU and operating systemincapabl e of addressi ng beyond the one negabyte
constraint. Figure 8 shows file structure 400 of flash nmenory array 401._

File structure 4Figure Zillustrates adirect memcry magped itedacé 6 @ math faglyi des™
disk enmulation. File structure 460 is also referred to as a sectored file

structure. memorycartray.cdn FiguresZ,rmainumentorg plarve 185 inclides flask méiflorcode or
data is stored in sectors. Each sector is a fixed length. For file
structure 48Uaydnap 149-and leeahbufiee RAM A 47Hinsadditiomia eain BystemRAMs ar e
anal ogous tg irerﬁ‘%%? n_prior art hard di sks and diskettes of a gersonal
computer sy$® BgM extension 138 BIOSK141,rand-expansionisystem RAMsect or s
per track. E§$ the M5-DOS operating system a cluster i s a smallest

| ogi cal | y addYessabl e storage unit. For sone prior art hard disks, there

oot et O TR bl o081 dh 1 £ Finds B Slibire o 5o
Oho U7 Sed8ARS finka Sonatbi1 44! PR RRri rfa Wl 15 Bk pBasL ot ¢
Bothor ol t oe ot FYBNIAR | FoReide HERA it 1 THeFabie HadriRs FERRE chngirlint ™.
sectors. 143 of memory plane 135. This means that a protected mode of a CPU or
microproces;éor is used to address flash memory array map 149 and local
buffer RAM map 147. In contrast, the CPU can address the main system
RAM 137, the BIOS/ROM extension 139, and the BIOS 141 of main memory
plane 135 without using the protected mode.
Flash memory array map 149 directly maps to the flash memory array
of the personal computer system. Therefore, the flash memory array map
148 is equal in size to the flash memory storage array of the personal
computer system.
Moreover, the local buffer RAM map 147 is directly mapped to the
local buffer RAM of the personal computer system. It follqws that the local
buffer RAM map 147 is equal in size to the local buffer RAM of the personal
computer system.
The direct memory mapped scheme thus employs a large amount of
main meméry space. In addition, the direct memory mapped method
requires a CPU and operating system capable of addressing portions of the
main memory plane above the 1 megabyte address range constraint 143.
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27 In yet another alternative enbodi nent (discussed below), a |ogical
sector rather than a cluster is an.allocation unit for the file structure.
The sectored file structure of file structure 400 of Figure 8 provides for
‘enul ation of conventional disk file structures and is simlar to the
sectored file structure found on hard disk drives and floppy disk drives.
Settored file structure of file structure 400 all ows random sel ecti on of

efase blocks for clean-up. This In turn helps to reduce file noverment when =~

gucti file m—*?ﬁsr@érgbf ridpiRCShRime allbWé diretPcbdd Breb@idrefioaralotess

#cycling. A secto tructure cannot, however, support conplete
conti guQHg fRashCiwel igtrayl. 200 thé otiterchdrnid, the phiged mhapped schemeont i guous
sector-paged nenory file schenme does allow | arge conti guous portions or

smal | er alloves Hireetscode execution fromd porionrafrthe flasbtroesry idri@yst ruct ure, the
cycling of individual blocks nust be tracked to support the active .
managenent of Thetditect mappedesahieowxrequinesta CRY apd opearating sysl8M up. This

o mesn e o s o A o1
the ter hecRGed mapnecLHAEMe BorR g GFLhgRd SpBrlinfistentic oy o
ctruct ariBeapaple;oh Sndiastcpevi e fr g BRIl U Torl owing o
LS Po2Ee! B R e Uiy’ 008Y RS oy AL e oy 01 ore
structure 400-is a file structure that includes sectors and provides disk
emulation. l;'ile structure 460 is also referred to as a sectored file structure.
In a sectored file structure such. as file structure 400, code or data is
stored in sectors. Each sector is a fixed length. For file structure 400, each
sector comprises 512 physiéal bytes. |
' The sectors are analogous to sectors on prior art hard disks and-
diskettes of a personal computer system. On a prior art hard disk, there are
typically 17 sectors per track.
For the MS-DOS operating system, a cluster is a smallest logically
addressable storage unit. For some prior art hard disks, there are four
-t sectors per cluster. For a hard disk and for a high density 3.5 inch diskette,
a cluster comprises a single sector.
For file structure 400 of Figure 8, each cluster is an allocation unit
("AU"). For file structure 400, a cluster is made up of a single sector.
in an alternative embodiment of the present invention, each cluster is
made up of two sectors. In yet another alternative embodiment, each cluster
is made up of three or more sectors. '

—- - - .
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28 reserved bl ocks. Reserve bl ocks are bl ocks that provide tenporary
file back-up during a clean-up operation. In one enbodi nent of the’

I nvention, a clean-up operation can be triggered either if (1) the
avai l abl e fl ash storage capacity drops to a certain (configurable) limt;
(2) a user explicitly requests a cl eanup, wherein the cleanup is perforned
by a special clean-up utility program such as a term nate and stay
resident programin RAM of the personal conputer system or (3) a

(configurabl e) [qiyg dribthévalterative BHBOdIMENt (HlccGSEEFbEIbW)C ecogicap. A
cl ean-up operation is also referred to as a reclamation cycle. "A cl ean-up

oper at i on seictort rathercthansa elusterlis @ncalicsationaunit forthe flle stgctare.cal | ocati on
operation, all currently active files are noved out of blocks that wll

eventual |y be eFbesdctored file structare lof filecstructute 468 of Figure\@ provddesser ve
bl ocks. Each flash nenory block to be erased is erased all at once. For

file strudouemuiation ofieonventional gisk-ile sirugturas andds simitar to theavai | abl e for

reall ocation during a clean-up ,operatiopn. Reserve bl ocks,k 416, 424, and 428
hus pr oviSREORAHIR SigsotaTBoURE G hars Sisk e anch logoy Sisk GEveR-ock t nat

RIS b 7 AoBlnd il B e SGAE 8e reB Bie o

F ' ' [ ' 420
ForLhe, gl o i 0p) YA el 8 asihe Bevet lh 120 o
future st Oélf’&leg@‘;%xgggﬁng‘rﬁi géggﬁ@%oﬁﬁéégem 8iso ﬁbc]bé'f@rééﬁé&h&ééé‘sd In Figure

8, the data an are stored 1n active sectors of
bl ocks 40%eyciffy. 412, 418, 426, and 430. During further

A sec;iored file structure cannot, however, support complete
contiguous execution in place of code files. Nevertheless, a contiguous
sector-paged memory file scheme does allow large contiguous portions or
smaller code files to execute in place.

For a sectored file structure, the cycling of individual blocks must be
tracked to support the active management of hot/cold erase block
redistribution during clean-up. This cycling of individual blocks is
intrinsically managed by the clean-up/reallocation rules discussed below.

Flash memory array 401 includes a number of data blocks for storing
code or data. As used herein, the term "data” is intended to include either
executable code or non-executable data or both. Figure 8 illustrates an
example of the file structure of flash memory array 401 in the state
immediately following a clean-up operation.

Blocks 416, 424, and 428 of flash memory array 401 are

"to-be-reserved” blocks, which are also referred to as reserve blocks or
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29 operation of the personal conputer system data or code Is
additionally placed in Sectors in the free bl ocks 404, 414, and 420. Data
bl ock*430 i-'s a partially free bl-ock. A portion 464 of block 130 contains
code or data stored in active sectors. The portion 462 of block 130 is free
space avail able for storage of code or data. During the further operation
of the personal conputer system code and data is also placed in portion
462.0f block 430. As the sectors within the free and partially free bl ocks™
ar e ¥i | Iresenvadhbloaits. dReserviehlocks: areibloeks dhatopronide téraporarydilen free of
data or code di m nishes. Wien the nunber of free, usable blocks reaches the
al | oned bagloup during aceleantip ©perations| ean- up. operation i.s initiated. The
sectors within bl ocks 402, 406, 412, 418, and 426, togeiher fth the

sectors wit hi {0 9aeabodigemofithedrvention, an4p pperalion Gan BBd del et ed

il d subdirectories. Sect 3 405 409, 411, 413 415 417, 423, .
425, - andriggsres eibr i G1 ihe avaladle Jbsh morsge cabacty draps 1A 08t and 453

B ocke alpSnfigutabigh i oPs et b Fattiedis A Gletiip. WiRSRIA T ot or y
356, g ciB8RUB"S peNormibtPy & dnedéigeditp ity phbdrard'Suot{43,9,2", 2% o)
subli raciE mindte i Gtel reRickRA iRogret i A P I pBIhal coRfputel’

| denti T eestiaii; O (8) laqbénﬁg&auh)hﬁnslir_ﬁew hbS'padsedtRatRYers g i te. In

ot her words, upon clean-up the ‘personal conputer systemidentifies the
bl ocks heteaneup. A clean-up operation is also referred to as a reclamation cycle. -

fad A clean-up operation first involves a reallocation operation. During a
realiocation operation, all currently active files are moved out of blocks that
will eventually be erased. These currently-active files are moved to
reserve blocks. Each flash memory block to be erased is erased all at once.
For file structure 400, the reserve blocks 416, 424, and 428 are available
for reallocation during a clean-up operation. Reserve blocks 416, 424, and
428 thus provide temporary file backup.

Block 408 is a to-be-free block that becomes a free block after the
next -clean_-up_ operation.

- Blocks 404, 414, and 420 are free blocks that are usable blocks for
storing code and data. For the moment in time shown in Figure 8, free
blocks 404, 414, and 420 are not active blocks. Instead, blocks 404, 414,
and 420 are to be used for future storage of code or data. At the pointin
time illustrated in Figure 8, the data and code for active files are stored in

active sectors of blocks 402, 406, 412, 418, 426, and 430. During further
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files that are to be reall ocated and noved upon cl ean-up. The

I dentification 30 of bl ocks to be cleared upon clean-up is governed by
two rules. The first rule is that the | east cycled block is selected. This
reduces the cycling inbal ances between hot and cold blocks. If there are
not |arge disparities between cycle counts of blocks, then the second rules
governs. In other words, where cycling distribution is not flagged as a
Pprobl em by the personal conmputer system then the second rule governs. The

second r ulopesatidredf tha petsonah icomputer systeir, data be codeusiatiditivnallgl eted “

sectors are the blocks that are selected to be cleared. The reason for this
second r ulpiaded irhsectonsinthe free biocksi404,414icand 4805 i | es or del eted )
subdirectories do not need to be noved out of a bl ock grior to erasure. The

ggl g;\e/gdr,‘ | !sgst ?ﬁ?@%ﬁﬁpm'br'{ﬁzg@gtgﬁ F:)gicptnofl 2 ¥hat sgglsgs .
E:gf I gzzai iﬁg oifegdel ete traltﬂepf)r del \meezeztg?;s% bOI’I e%é%&oa’r%‘;%iéar ul e
Eﬂgserggﬂlr@ 166.SRAGR ﬁr’%ﬁb'%g% 9%)9?%"5 &m&@e&&‘%s pr: or to
random pr oﬁrgﬁh\zﬂ% ‘ﬁgﬁfﬁ“ﬂr@ﬁ&@f’gg@%ﬁ?ﬁ"ﬁ”‘ﬂé"ﬁ@&@ﬁ%&* ?‘I | e
sectors Tgf'd,ﬁaﬂ Bﬂpgéﬁqsgeqj rul e means that the clean-up schene results

inalarg ran ection with respect to the blocks to be

ol can- uir ZP% ei é%?@‘ﬁbr‘*sr”%‘?“ﬁ@QZ%WES!*‘%{%%?}'%?‘@%%@ g

di spariti esode’@Adata stheliMbene! biddks tNatirefriif ee Bixta drivodeyc! i ng
diminishes. .When the number of free, usable blocks reaches the allowed
number of reserve blocks, a clean-up operation is initiated.

The sectors within blocks 402, 406, 412, 418, and 426, together with
the sectors within portion 464 of block 430, comprise the active and deleted
files and subdirectories. Sectors 403, 405, 409, 411, 413, 415, 417, 423,
425, and 427 within block 402 and sectors 431, 433, 439, 443, 445, and
453 within block 406 are examples of active file and subdirectory sectors.
Blocks 412, 418, 426, and 430 also include active file and subdirectory
sectors. Sectors 407, 419, 421, 429, 435, 437, 441, 447, 449, 451, 457,
459, 461, 463, 465, 467, 469, 471, 473, 475, 477, 479, 481, 483, 485,
487, 489, and 491 are the file sectors containing deleted files and
subdirectories.

When clean-up is required, the personal computer system identifies
which blocks are 1o be cleared for a subsequent rewrite. In other words,
upon clean-up the personal computer system identifies the blocks having
files that are 10 be reallocated and moved upon clean-up. The identification
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distributions within flash nenory array 401. Rules one and two together 31
hel'p to mnimze cycling differentials. It follows that the clean-up of
file structure 400 is essentially random A conpression operation occurs
during the clean-up operation so that the three bl ocks 406, 418, and 426
can fit Into the reserve blocks 416 and 424. During the conpression
-operation, files previously deleted by the user are not rewitten into

Conbae i ot B Tg e e RlRGH SRl GOVerBol MO S B W, sy
465, 467, : : 7 e : d 491
resi di ng %@% Hﬁéfttggﬂé&%é%ﬁ%&@ﬁ)é}dé}%&e ' g%’t gﬁﬁéa%ﬁ‘g%esdﬂ% %cgﬁgndan

bdi tieHH t itt Into bl ocks 416 and
324 Bl oo ode e e ks el de i the next area to be
- conpressed. Af {qhefd &R noPlarge Aisparifies butedn tyeleecoantd éfblocksthent of the

conpressed space. The anount of “conpressi bl e space for bl ocks 406, 418, and
426 is t htheagaoorid niles goverrnsakimother imordbewhere tyclingedistributiohts nd5, 437,
441, 447, 449, 451, 463, 465, 467, 469, 471, 473, 475, 477, 479, 481, 483,
485, 487,flaged asd pablemibyctheppersbaakcmmputes systemtherathe saoopdessed | nto
bl ocks 416 and 424, then bl ocks 406, 418, and 426 are erased. After bl ocks
406, 418 BHe governs.c The sesand fule statasdihat the; blogkswitlc the highesk 428 remi ns

a reserve bl %% ) ck 408 renmi ns ee. b] ock. ur e ,400 uses

cluster nBim g of E’lﬂ?@egﬁﬁqqﬁtarﬁﬁb% %I"{Fréﬁséﬁﬁt ETQJ§?EP£GGQ ts?} g’g %‘%991 cal
sectors of {1l Tha feason 16r 1 S seSBnd b ig?l%}itﬂg ste%?ér%_gontaining_ deleted
'-Q..._« files or deletéd subdirectories do not need to be moved out of a block prior
to erasure. The deleted files and deleted subdirectories contain no
information that must be saved, so the deleted files and _delete_d:
subdirectories can be erased as part of the clean-up operation. In other
words, there needs to be no reallocation of deleted files or deleted
subdirectories. The second rule thus results in a minimal amount of moving
out of active sectors prior to the erasure that is part of a clean-up operation.

It is an essentially random process that governs which blocks contain
the most deleted file sectors Therefore, the second rule means that the
ciegn-up scheme results in a largely random block selection with respect to
the blocks to be cleared. This essentially random block selection helps to
increase the clean-up efficiency while, at the same time, minimize overall
cycling disparities. _ _ _

The above rules one and two together manage the cycling
distributions withi}l flash memory array 401. Rules one and two together

31



446 provides a |link between the physical sectors of file structure 400 and
the outside world. Cluster mapping table 446 makes file structure 400 32
appear to the outside world as if flash nmenory array 401 were a
conventional fixed disk or floppy disk with adjacent sectors. In reality,
of course, flash nenory array 401 differs froma conventional fixed disk or

f1oppy di sk lgalpao rmirdmizetydiing differeritials: mtrfgliows thatA6é cleanwp of file er ased
in blocks and that file structure 400 includes a clean-up operation.

Cl ust er nmappstnectued 46048 @sseatiatlyrranddmse di f f erences by mappi ng | ogi cal™
sectors called for by the personal conputer.a%ften1to t he physical sectors
of flash nmenmory afregmprassian opesatiompecurs duringthe:claansupaperalion §0bl ock

422 of flash nenory arr 401, Block42 Is referred to as t cl uster
mappi ng bl ocdkhabth he tares a%ﬁkaﬂyﬁ 418, apd 42 Eﬂnmmrqua ocks:A18i ns

342, 11 ash R 42 g 8, FImereRsIast BN fas eVl Haleod by Tiece
ool o 446, (ET AN RRLEWIRICKGE BodS 41 Bby 3245 "The SoniirEYR dherdBeR, "
I ndi cat es mg%sa'raﬂ?{%%#%@@ﬂer mappi ng table for file structure

400. C uster nmappi ng ag 440 stores a uni que non-random data

pattern that indi ﬁﬂﬁb}r&@%é&&rs%ﬁ“%%“&@? MJ‘QW{JQ‘%#QB'?GA&& 550 the

bl ock cont ai ni ng ust'er nappi ng t 'For 'exa n-one odi nent ,
CMI flag 4404g7 0469 47$S8785475, 4?‘P%79MBW§5¢85|34@7 489 ,26%d 49N

enbodi nment flag 440 stores sonme ot her non-random s sequence of data.

residing within blocks 406, 418 and 426 contaln deleted files and
subdirectories. Those deleted sectors are not rewritten into blocks 416 and
424. Blocks 406, 418 and 426 are said {o reside in the next area to be
compressed. After clean-up, blocks 416 and 424 are said to form part of the
compressed space. The amount of compressible space for blocks 406,
418, and 426 is the amount of space taken up by the deleted sectors 429,
435, 437, 441, 447, 449, 451, 463, 465, 467, 469, 471, 473, 475, 477,
479, 481, 483, 485, 487, 489, and 491.

After blocks 406, 418, and 426 are compressed into blocks 416 and
424, then blocks 406, 418, and 426 are erased. After blocks 406, 418 and
426 are erased, they become reserve blocks. Block 428 remains a reserve
block. Block 408 remains a free block.

File structure 400 uses cluster mapping table 446 that maps logical
clusters to the physical sectors of file structure 400. Cluster mapping table
446 provides a link between the physical sectors of file structure 400 and

the outside world. Cluster mapping table 446 makes file structure 400
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I n one enbodi nent of the present invention, a supplenental check Is done to
determne if a particular block is, .in fact, the cluster mappi ng bl ock. The
check®*is done to help avoid an error in locating the cluster mapping 33

bl ock that m ght otherw se occur if a block other than the cluster mapping
bl ock had a begi nning pattern of data matching the pattern of data of CMI
flag 440. HEppearjpltbemutside warldas if fiashampmnaty @staydPwere@&sum data fiel d
residing In the flash disk enmul ation boot record 442 of cluster mappi ng

bl ot‘:kt 422 qqmvg{m%ioeﬁbﬁﬁw@iﬁk,bort ﬂ@me@kfwm tataxa&ent.;éegtﬁrﬁgmealitxfe d 442 is
FOE boot 94 esh mafuRl a5y 401 it P & cPnVeniSRL X 8HIRH Rert - (e
check (" cralopey) Gigk aifer Bl B o Heiitmpimanarfy ) EBbriny e SlsB ™"
the. checksDIPER éﬁ?ﬁ@ﬁ&ﬁ%@%ﬁtﬁe@l #0p 36085 Rforhde RRERGE. PR LoCiccl
Fact, has fLaRETE, Bt 4@ idiaifos feod dMiientos thinapbhi el seclore, 1
array 401. ciiled vy megsé}ubﬁal?ootﬁ arer syseim W%Eh sicBPSéctors of flash 2

resides within block 42Z next to flag 440. F oot record 442 contains
i nf or mat i ormesasydrray 40¢. particular file systemtype and the particul ar

file systemrevision of file structure 400. FDE boot record 442 al so

cont ai ns cert ai nChister mapping {abledd6 aesidesiwithin ock422 of flash Imemory
formattabl e capacity-information, reserved bl ock Information, appended
cluster mapfpray 401b BlockH422-aretatred tor a8 the clusteranapping blecker theiflastist er
PPl ng disk e_mulation block. Block 422 also contains cluster mapping table fiag
440, flash disk emulation ("FDE") boot record 442, flash disk emulation
configuration block status table 444, and free space 448. Free space 448
provides room for expansion for cluster mapping table 446.

Cluster mapping table flag 440 stores a pattern of data that indicates
which block stores the cluster mapping table for file structure 400. Ciuster
mapping table ("CMT") flag 440 stores a unique non-random data pattern
that indicates that the block containing CMT flag 440 is also the block
containing the cluster mapping table. For example, in one embodiment,
CMT flag 440 stores a series of repeating AAh/55h data. In another .
embodiment, CMT flag 440 stores some other non-random sequence of
data.

In one embodiment of the present invention, a supplemental check is
done to determine if a particular block is, in fact, the cluster mapping block.
The. check is done to he;p avoid an e_rro_f in locating the cluster mapping
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table, and information relating to the current cluster mapping table. The
formattabl e capacity information is the size of the area of flash nenory
array 401 that can be fornatted to store code and data. The reserved bl ock
information identifies which blocks are the reserve bl ocks. 34 As

di scussed above, the reserved bl ocksare bl ocks used during clean-up and

real | ocat i obloglettat imight offferwigepeceiadf alblodicothentipam the ahister miappimgf i on i s
“the location of any additional blocks that are being used for storage of

addi ti onal bllegk bad eebegingingpatterniofiatamaichingtherpatternafidataof GMT ~
appended cluster nasplng table stored in one or nore additional blocks S

used if the hecsupplemental &Wtﬁﬂ@%‘?\tﬁh%“'?ﬂ@e@@‘@%ﬂﬂ N .
?—E‘Q”Bér et 8 PR RS B ik briiebin o recsed AL olonABP Raings The
For _exanp! ¢ DRK &#&?a%%'b@%ﬁmﬂhﬁﬁﬁé&%%ﬂﬁ@%ﬁﬁ&% ored
Nthin £ ask %Lv??é'?'?ﬂ‘a&m?ﬁ% nib3Bpfsd YAk pdliAR] OYUdigtide ot clfary®>! ' O"

status 444 95%5'%9“"“2 vx/m Ckaw\ggewdmléz?mlwém S, which

bl ocks are reserv ocks s are ective or failed blocks.

I n addi tionthgldhdekeatmn datalfeidinFDE bbbt record 442 Y |dodicated dyefeor mat i on on
each block of file structure 400. The block status table 444 reserves the

cl uster mapredgntanck chéek {TCRCEF or eerdr icoraction codea ("ECCT)datatfisld! | ow
subsequent clean-up. This prevents the conputer systemfromattenpting to
overw ite tHeiest, eocomputerisystem lloakssfonthe SMT flag0|3mm1dharoempmecat ed in
bl ock status table 444. FDE bl ock status table

system checks the checksum data field. A correct result from the checking

~
of the checksum data field in FDE boot record 442 tells the computer system
that it, in fact, has found the current valid cluster mapping block for flash
memory array 401.

As shown in Figure 8, flash disk emulation boot record 442 resides
within block 422 next to CMT flag 440. FDE boot record 442 contains
information regarding the particular file system type and the particular file
system revision of file structure 400. FDE boot record 442 also contains
certain file system parameters. Those parameters include formattable
capacity Iniormatfon. reserved block information, appended cluster
mapping table information, information relating to an old cluster mapping
table, and information relating to the current cluster mapping table.

The formattable capacity information is the size of the area of flash
memory array 401 that can be formatted to store code and data. The

reserved block information identifies which blocks are the reserve blocks.
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444 resides within block 422 next to FDE boot record 442. C uster nmapping
table 446 resides in block 422 next.to FDE bl ock status table 444. C uster.
mappi*ng tabl e 446 maps | ogi cal cluster addresses sent by an operating
system of the personal conputer systemto physical..addresses within flash
menory array 401. Custer mapping table 446 all ows 35 flash nenory array

401 and it sAgsgigeuséed abole, tHe teuerved Hisksoarebbloeks used duiing Tlewm-up

conputer systemas if it were a fixed disk drive or a floppy disk drive.
Figeies 9, afd reatloddtion bpetations. t Tiee @ppendediclustennapping sablenof cl uster
mappi ng table 446. Custer nmapping table 446 Is a table that correl ates
~logical cl uinfermation és theslogation iof\anyi addiionaldlocks that @me beling used feridr esses
listed In colum 521. This correlation is also referred to as an, .

associ at i onslorage@fegditional chisieramapping teble infeunation. 1 l.ane @mbedimenty ar e
the | ogi cal addresses, that woul d be nt, b di sk operati S of a -
per sonal cofPLRRRE elystes 'HaPﬂQGJaEF%ﬂ%&i' &OBP of 'ﬁﬁﬁ)ﬂ?gﬁpﬁéfémﬁ _
storing code or for the pérsonal canmpyt S - Lgr art
conputer sy$ Eﬁ?‘g ?'tagﬁdwm%?’u%f@s%& cﬂ’%@%‘ggqgﬁg ‘Jéﬁ%grg%gg&g? %C‘F{@Qr s of a
fixed disk lve or ' b V.Ee. i | ne or
nor e sector gh#ﬁ'ﬁ?thd\’& h@@ﬁ@ﬂ?s%quchésccgﬁgﬂttﬁéna |t fg"aﬁ %ﬂp}?‘wg (%%'y
di sk. The n i - (T=P¢)
cont gurat | dTRparRmSIEFisforindiin f1fid fo #REGEGUREdriing 1o 8 the |
menory arr ayocHtibn withipf flsshumefory Grrdy 407 witisreahal okl GMT 18 béing'stéred.
conventional floppy disk. Flash imenory array 401 i's conprised of flash

For example, in.Figure 8 the old CMT 445 is stored in block 410. The

parameter information relating to the cluster mapping table is the location

within flash memory array 401 of cluster mapping table 446.

FDE block status 444 contains information as to which blocks are

active blocks, which blocks are reserve blocks, and which blocks are —
defective or falled blocks. ‘In addition, FDE block status table 444 contains

cycle count information on each block of file structure 400. The block status

table 444 reserves the cluster mapping block 422 and reserved blocks as
inaccessible to allow subsequent clean-up. This prevents the computer

system from attempting to overwrite these blocks. Failed blocks are also

avoided and are indicated in block status table 444. FDE block status table

444 resides within block 422 next to FDE boot record 442.

Cluster mapping table 446 resides in block 422 next to FDE block

status table 444. Cluster mapping table 446 maps logical cluster addresses

sent by an operating system of the personal computer system to physical
addresses within flash memory array 401. Cluster mapping table 446 allows
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menory that can only be erased in relatively |arge bl ocks. Moreover, each

single bit cell of flash nmenory array 401 cannot be overwitten froma

| ogical zero to a logical one without a prior erasure. For the enbodi nent

shown in Figure 8, file structure 400 has one sector per cluster. For file
structure 400, sectors containing sequential data may be scattered

t hr oughout drjqf,sh%emrpI@ﬁwofahdqmwatbamu@e&hmurémmugpApeéﬁ tBRReOf
code may be i'n“sector” 409 of block 402 of flash nenory array 401 of Figure

8, and the qpetsowall computer system asiitit were anfiyed diskdrivecora flbppydisiol ock ~
406. In a conventional fixed disk drive or floppy disk drive, bits of data
can be overwriv&en without a prior erase cycle. In contrast, for flash
menory 401 of Figure 8, each sin%le bit cell cannot be overwitten froma

t

| ogi cal zero to Figues 18 andiiHdustrateshenrganization andhoperation ot or | ash
401, dat g4 .d ' | d dat i t hout [ -
o houl o ( ex SHStaHMAPRIRG tablg 446, Glyslrmepping table 436 ds 8 R thala | ogi cal
0). Instead d Cor i s, i.dentifj.ed a.diJt t Thi
i cat ot IEATeIA@sCloglca chisiet AddreRps S2Rcsoun 13 Fiodsd Wl e lsca. The
dirt t | : [ - | { ,
ity seot oIl HRFOEE bl 1 Boflrin B2 ErGRiTluich 1t Bicd| flbrrifhe™
cl ean-up Qpe&ggh%wggtmm ngector 407 of file structure 400 shown in
Figure 8 is a dirty sec&or coritaini ng ol d unwant ed code or data. Instead of

new data or code PRé NSgiedPéINElier eRitiroSdel undInIRt 520 dfo'theRyicde or data
Is sinply witten into avail able space in a free block or a reserve bl ock

wi t hi n fl ashaddressys thatayodidbe sent by ardisSke operatingpsystem ofoa persorial be
witten into one of the avail able sectors of reserve bl ock
computer system to a fixed disk drive or a floppy disk drive storing code or
data for the personal computer system.

For a prior art computer system, logical cluster addresses are

‘addresses of clusters of a fixed disk drive or floppy disk drive. Each cluster
is comprised of one or more sectors making up tracks of the conventional
fixed disk or floppy disk. The number of sectors per cluster depends upon
the size or configuration of the prior art fixed disk or floppy disk drive.

Flash memory array 401 is, of course, not a conventional fixed disk
or a conventional floppy disk. Flash memory array 401 is comprised of flash
memory that can only be erased in relatively large blocks. Moreover, each
single bit cell of flash memory array 401 cannot be overwritten from a fogical
zero to a logical one without a prior erasure.

For the embodiment shown in Figure 8, file structure 400 has one
sector per cluster. For file structure 400, sectors containing sequential data

may be scattered throughout different blocks. For example, the beginning
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416. In spite of the differences between the characteristics of flash
menory array 401 and a conventional fixed disk drive or floppy disk drive,
cl uster mappi ng tabl e 446 makes flash nenory array 401 of Figure 8 appear
to the operating systemof the personal conputer systemas if flash nenory
401 were a fixed disk drive or a floppy disk drive. Custer mapping table

446 37  |ipSof Gbde May'Beh ector SBocH! bleek 482 cldibishsmemd 4otlof

—sectoers within flash nénory array-401. C usfer napping tablle 446 is a table

comps i sed FEigure B, andltheyerding ilinks &f thattsaané icode. may dd incsedtont4Sloist er
mappi ng table 446 contains linked lists allows cluster mapping table to be
. added to ddeck4i08e. (1 asconvendiopahfixadidisk drive ehtiappy wisk drive, bitsraps _

| ogi cal addresses found in list 520 to physical addresses found In colum
521. Col urtlatazanbatoverwpitien: withouta pdecarage eyale.: dnicontnast,ifek flaghnu |
~pattern of all |ogical _ones stor ' icular entry qQf cqlum 522

i ndi cat es mﬁmown&\oaf Figure 8, d?“&@%iggg ganpet he qvegwhitendroma | |

ot ter - orlogical 287, fo aRalcan oie wiNgous @ eidc Siasue, Frateloss( B AR, nowh | »
ol ows. " cRBMPHSrh aty , Bbw it odichotayerwile o Hetk WibE &t Cs,

case of doshfe SERCuft wnowbirling™d Clrigte bitrof g loghl oFRyRI M 1agkAY <01 T
are the 53{@0? Ih&t8alChR" %gggiir?@ﬂénﬁiﬁﬂ éd"ﬁtdrhybﬁéﬁrpf'l’ﬁiyiwiéé{e‘sm ure 400

In Frgure 8. Thus, p Ysica ess 403 of en 551 corresponds to sector
403 of filthat the sector contains data that is no longer to be used. The dirty sector is

g then erased during a clean-up operation. In other words, a dirty sector
contains data or code that is to be erased upon the next elean-up operation.
For example, sector 407 of file structure 400 shown in Figure 8 is a dirty
sector containing old unwanted code or data. '

- . Instead of new data or code being overwritten into dirty sector 407,
new code or data is simply written into avallable space in a free block or a
reserve block within flash memory array 401. For example, new data or
code would be written into one of the available sectors of reserve block
416. :

in spite of the differences between the characteristics of flash memory
array 401 and a conventional fixed disk drive or floppy disk drive, cluster
mapping table 446 makes flash memory array 401 of Figure 8 appear to the
-operating syétem of the personal computer system as if flash memory 401

were a fixed disk drive or a floppy disk drive. Cluster mapping table 446



structure 400 of Figure 8. For entry 551 of Figure 9, the pointer wthin
colum 522 contains the F null pattern of data. This indicates that there ™
are no further linked-list entries for |ogical address zero. This inplies
that sector 403 of file structure 400 Is not a dirty sector. This neans
that the sector found at physical address 403 in fact corresponds to

| ogi cal cl ugbes thitdby nrapping clusteSiogicel rdddressessteephysioal sectbabWwithint46
entry 553 maps cluster |ogical address one to file structure physical
addr ess 405flasihynémary attdya04.405 corresponds to sector 405 shown In Figudre
8. Entry 553 contains the F null pattern of data in the next |ogical

I

HEE e i rricpipaiv potagidiulolyagbisisintibing

luster |oohSheddBlne i il onidion Aol ned . -
s, sobbl ol dhooel b DNIRD o oL - o e
reans- it sectoClb RO SABRTEIR oL pnded Raf ARdbped.
t hat has g &@@E’Qﬁ%ﬁ%ﬁ@%“gﬁﬁhﬁﬂ%h%%g‘éwg‘ %‘uﬁgneég%'o (g?'g'r'gﬁg%?a. An

FaTE] o SRR RIS NS pnabivinits, AApaRi irbey

floating gate cell's ut an error.

| ogi cal addippes Storédin aPrriculanefty ONtohinn 522 indicates Hatthe partic@apddr ess
S. The address S |Is a remapped (i.e., appended) |ogical address pointed to

by the poi nigntryfisrthergnd/ oba finked-iist. JArmulbpattérn dfdll logical dnes isapferredht s t he
nunber of |ogical sectors .

to as the F null (hexadecimal) pattern of data. ~
For the embodiment of cluster mapping table 446 shown in Figure 9,

there is only one sector per cluster. CMT 446 operates as follows. Entry

_ 551 in cluster mapping table 446 maps cluster logical address zero to
physical sector address 403 of flash memory array 401. For ease of
discussion, the physical addresses listed in column 522 of Figure 9 are the
same as the reference numbers for the sectors of file structure 400 in Figure
8. Thus, physical address 403 of entry 551 corresponds to sector 403 of file
structure 400 of Figure 8. For entry 551 of Figure 9, the pointer within
column 522 contains the F null pattern of data. This indicates that there are
no further linked-list entries for logical address zero. This implies that sector
403 of file structure 400 is not a dirty sector. This means that the sector
found at physical address 403 in fact corresponds fo logical cluster address

zero.



per partition of flash nmenory array 401. S al so equal s the nunber of

| ogi cal sectors per partition of a hypotheti-cal fixed disk or floppy disk -
that file structure 400 enmul ates. Logical address S corresponds to entry
563 in cluster mapping table 446. For entry 563, physical address 421 is
stored in colum 521. Thus, physical address 421 of flash nenory array 401

corresponds to..r ari ' . - §gq§% menory
array 401 is foun' %%kﬁtggrﬂﬁmg&g%@gg& gr 4 |i)iss—‘ar—tglt' Pé iéé‘gctor.'

Thesnext | qgidraks M@Sﬁe%ﬁuduieoﬁh%slbéwa&frés@ﬁoﬂ UPhpsicapaddregst4us e 446
contains the address S + 1. Entry 565 of cluster mapping table 446 maps the

. remapped | agrosspondsrtossector-405 ishophyin Eigurex8drienisy 683. cdtitainsahe Rddiless

- 449 corresponds to sector 449 of flash nenory array 401. Sector 449 of

Fi gure 8 i patternafydatadn the nextlogioal addgessior auli coksmr 522y This indicatess65 | s
the | ogical cluster address S+2. Entry 567 of cluster mapping table 446
maps the | datthere i aaisuther lieked-list @ntiys and therefera,nbysical addrass 45143,
Physi cal address 443 in colu 521 of cluster mapping table 446 corresponds
to sector APIrasponds;te ﬁugwgggicaéeggmssm@e-is found In block 406 of file

SCructure 400, Sy Bk e R in i RSl o TR o hREAREE 13,7,
(1 mked- i s e PEpdHans SGEIGH IBgidaT andfes ¢ 1o PlcRlBU6REadR o’ 11
LT ustrat esgdg1 hask fiembiy afray B idVatPHysicaP address™457. Beetor 407 of
flash memorii array 401 is a dirty sector. That means that sector 407 either
(1) contains old informéﬁon that is to be deleted upon the next clean-up
involving block 402 or (2) is a bad sector that has a physical problem and is
~no longer to be used to store data. An example of a bad sector would be
one that has one or more defective floating gate cells and thus cannot store
data without an error. - R
- The next logical address or null entry in column 522 for entry 555
points to address S. The address S is a remapped (i.e., appended) logical
address pointed to by the pointer for entry 555. |
In Figure 9, the letter S also represents the humber of logical sectors
per partition of flash memory array 401. S also equals the number of logical
sectors per partition of a hypothetical fixed disk or floppy disk that file
structure 400 emulates. |
Logical address S corresponds to entry 5§63 in cluster mapping table
446. For entry 563, physical address 421 is stored in column 521. Thus,

physical address 421 of flash memory array 401 corresponds to remapped
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and 567 of cluster mapping table 446. Entry 555 maps | ogical cluster
address 2 to physical sector address 407, The ™next" pointer entry of 555
points to entry 563. The "next" pointer of entry 563 points to entry 5865.
The "next" pointer of entry 565 points to entry 567. The pointer for entry -
567 contains the F null (hexadecinmal) pattern of data. This null pattern of

dat a i ndi catlegicahatideass'S. Sectors421 of flash momoyy array 401 isfeerdldtst chain.
-40 As di scussed with respett to Figure 9, sectors 407, 421, and 449 are

all dirty sephysical atidress 4213 Ssclon 42d4tis\ecdirty seotor.oThgaektdegical . That M s
why the linked-list chain ends with sector 443. In other words, the
| i nked- | i st agddipas entry far entryrk63 of clusier mappingtablie 4d6rcontainsithene

| i nked-1ist chain. The end result of the linked-list shown in Figure 10 is
that cl ust erdaddtgss Sy+tlabl e 446 naps logical cluster address 2 to physical

s b i
finked 11 siEedeby S TR AL i . aﬁwéY%rie%m?%t@r@ 1 ca
| hked- i st 1B 6 A48 of fésh WGy Birely 401, SE6iR a0 GiFighke Bp B gl | o
That prior rscidn Thoinkia todiedl agdieds GRE Grbrl 566 16 iy cladter A

physi cal addgegrasé®/+@d the pointer for entry 555 contained the F null
pattern of data. But at sonme point during the operation of the personal

conput er system Entry86746fclustarrmapphig taple dd6mapsithe logicalappehted:cane a
dirty sector, the pointer for entry 555 was changed
cluster address S + 2 to physical address 443. Physical address 443 in

~
column 521 of cluster mapping table 446 corresponds to sector 443 shown
in Figure 8. Sector 443 is found In block 408 of file structure 400. Sector
443 is not a dirly sector. Instead, sector 443 is an active good sector. The
next logical address or null entry for entry 567 of Figure 9 is the F null
(hexadecimal) entry. This indicates the end of the linked-list that begins
with logical cluster address 2.

Figure 10 lllustrates the linked-list formed by entries 555, 563, 565
and 567 of cluster mapping table 446. Entry 555 maps logical cluster
address 2 to physical sector address 407. The "next” pointer entry of 5§55
points to entry 563. The "next” pointer of entry 563 points to entry 565. The
"next" pointer of entry 565 points to entry 567. The pointer for entry 567
contains the F null (hexadecimal) pattern of data. This null pattem of data

indicates that entry 567 is the last entry in the linked-list chain.



fromthe F null pattern of all ones to a new pattern that represents the
~appended | ogi cal address S in binary. This change fromthe F null pattern
to the address S is done by overwiting (wthout prior erasure) because for
.a flash menory array 401, each single bit cell can be overwitten froma

| ogi cal one to a logical zer.o. The F null pattern.(conprised of all |ogical
ones) was changhsl discusseadenith pspectteFigute ﬁgsgﬁ'@r%ﬂoh@‘o?"gﬂégbﬂ% from
a lragircal one to a logical zero.n order

Entry 563 alldirtyrectersor SaCtor 443dsan active ;ﬁg!ﬂ%lr‘ﬁ?f Egbsgsei:g%t :@ﬁ%ﬁlﬁegpped
(e DR b EaBRGR ARhom s HRS R TP
hot ead,  diket iy B oRgs il e e aciye' Ghod Spotdf willih 1 inkpatusec o
20 gl SIS R M 108 e o, 1

point Tnt er napping ta us mapped | ogi cal address 2

Lo sector. fgnirigiibié 4B mABS8HIcAPAIERATIRSSI2 to/pRpsicalrsadidrer of or e,

another lin tothe linked list tor |ogical cluster

address 2.addressi4u® whéreim physieal Eector443/ isHan autiveciclean®deatamn t he nul |
pattern of data to the.remapped address S + 1. Entry 565 was then stored in

cl uster mappi ngAtimK is addied to limked-listochaips aithin dlustad mappingstable 446
physi cal address 449. Physical address 449 corresponds to sector 449. The
poi nter fosachmtime &dlitysectoats praatedior remaveshnimothes wordsreaeh finke@+ ern of
data. Sector-449 was at that point in time a good sec or anq ng&rdaopi rty
sector. THist chain within gluster mapping-table 446-teprgseats a historical re
S the creation and removal of dirty sectors. .

For example, for thé linked-list chain made up of entries. 555, 563,
565, and 567, at one time sector 407 was an active clean sector containing
valid data or code. At that prior point in time, logical address 2 was
mabped by CMT 446 to physical address 407 and the pointer for entry 555
contained the F null pattern of data. But at some point during the operation
of the personal computer system, sector 407 became a dirty sector.. Once
sector 407 became a dirty sector, the pointer for entry 555 was changed
from the F null pattern of all ones to a new pattern that represents the.
appended logical address S in binary. This change from the F null patiern
to the address S is done by overwriting (without prior erésure) because for a
flash memory array 401, each single bit cell can be overwritien from a
logical one to a logical zero. The. F null pattern (comprised of all logical
ones) was changed to address S by overwriting one or more of the bits fro_m
a-logical one to a logical zero in order to create the address S.
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446 mapped | ogi cal address 2 to physical address 449. Then, at a later
point In tinme, sector 449 becane a dirty sector. Once that occurred, the
pointer for entry 565 was overwitten fromthe F null pattern to the
address S + 2. Entry 567 was then stored In cluster rrappi ng tabl e 446.
Entry 567 contained the F null pattern of data in the "next |ogical address
or null" positioEnty563rwas thenistered inthewmiystegmepping tatlle#6ids as shown in
Figure 9. 42 - AS di scussed above, |ogical address S - 1 is the |ast

| ogi cal cl u&maPMKiegsapmede@thﬂamappemgdm@s vammoad i® t hrough
X shown in Fi gure 9 are all addresses usied to formli nked i Entry 571

maps the | z@iusiesgnagpingtable; 446 to physical addressifiels Ahysical 9$§ 42ds an F
0 5 i A KA A A By
;ch;ahFazu::l é t%ﬁoﬁf "ﬁfg?gé" @c?? ﬁ%ﬁg gg;?@md &j@}ai oﬁﬁﬂgg émgm In';]er ]
tabl e 446 oper ét esbﬁ#ﬂeﬁgr%ﬁ@ era ng sys Hedm#g@e'ﬂtﬁé“rm\“ag%l clﬂ{ijastt ePp :

addr esses W) fndpba& Ebya ppi ng
tabl e 446 Sngﬁgﬁ?ﬁg‘ggh | ogi égle%?i%%?':sses Bﬁl%l%@?ﬁghfﬁléggﬁ sec?@r]gﬂ\?\ﬁ thin

fl ash nmenorgddrass)2 d sectds 424t ed above, for file structure 400 there is one
sector per cluster. As shown in Figure 11, cluster mapping table 446 nmaps
clusters 0 throuves timd, setier 421 becaniena dity sectorS Tharefore; anothes fink| ust er
Is that the clusters-begin at |ogical address zero and that there are S

cl usters pepeeded to bé agded to the linked iist for logical cluster address 2.

Therefore, the pointer for entry 563 was changed from the null pattern of ~
data to the remapped address S + 1.

Entry 565 was then stored in cluster mapping table 446 in order to
map appended address S + 1 to physical address 449. Physical address
449 corresponds to sector 449. The pointer for entry 565 at that point in time
contained the F null pattern of data. Sector 449 was at that point in time a
good sector and not a dirty sector. Thus, at that point in time, cluster table
446 mapped logical address 2 to physical address 449.

Then, at a later point in time, sector 449 became a dirty sector. Once
that occurred, the pointer for eniry 565 was overwritten from the F null -
pattern to the address S + 2. Entry 567 was then stored in cluster mapping
table 446. Entry 567 contained the F null pattern of data in the "next logical
address or null” position 522. That left seclor mapping table 446 as It is

shown in Figure 9.



partition. Logical cluster O Is mapped to flash nmenory sector 403. Logi cal
cluster 1 mapped to sector 405 of f|ash nenbry array 401." Fl ash sectors 403
and 405 are within flash block 402 of flash nmenory array 401. Flash sectors
403 and 405 are both active good sectors. As shown in Figure 11, the

| ogi cal cluster address 2 was originally mapped by .cl uster mappi ng table
446 to flash secAsrdig@isset abavel logicalrgddress S arlriythedast lagicah clusteor 407
then:became a dirty sector. Dirty flash sector 407 resides in flash block
402~ Li nks Q@YQSSh&m%&!&PRW (i.eccappendad) iasddressas & through Xishown iappi ng

ble 446 f I .. Th I h | j pked i h | ogi cal
cluster 2 |EOHERS ABAIAderseusediq lormiliked Usifn BNIBLS7 bas Bedastrnor o
b | i | n,t.he ,linked |ist, t t t s that c¢lust
2"1's mappedogisel FAGTRSSLX IE, Py Bcres RSk and GonbiinG LS niRAttEn g "
mapped to n%gﬁq Eﬁghﬁl 407. In oqe:enbodinent, up to two gi gabytes of .
menory 401 B 'ggSed. In an alternative enbodi nent, the maxi num

dd bl Da leRL.Cler _ . S _ b
tended to shovfgieting e FOGHE'o, iuRER mdpoihd dabieypud bgRaE Gener 817 ¢ © 1
variations ghtfieBOCIuBle? ent Whﬁdﬁg?gféhﬂékﬂemg 8 a4l phiical! v shows

a portion of the |ogical cluster sses, appended addresses, and

entries. Nusddress 453, ''Ties pointer fopenty 561dsahe s nall pattermndf datayafor addr esses
2 and addresses S - 1 and al so between appended address S + 2 and appended

address X. entry 671, appended address X has a pointer with an F null pattern of data.
Figuré‘ 11 illustrates how cluster mapping table 446 operates. The
e disk operating system sees the logical cluéter addresses 520 stored within
cluster mapping table 446. Cluster mapping table 446 maps those logical
addresses 520 to the flash sectors within flash memory array 401. As noted
above, for file structure 400 there is one sector per cluster.
- As shown in Figure 11, cluster mapping table 446 maps clusters 0
through S - 1. The reason that cluster S - 1 is the last cluster is that the
clusters begin at logical address zero and that there are S clusters per.
partition.
Logical cluster 0 is mapped to flash. memory sector 403. Logical
cluster 1 mapped to sector 405 of flash memory array 401. Flash sectors
403 and 405 are within flash block 402 of flash memory array 401. Flash
seclors 403 and 405 are both active good sectors.
As shown in Figure 11, the logical cluster address 2 was:originally

mapped by cluster mapping table 446 to flash sector 407 of flash memory



In one alternative enbodi mrent of the present invention, file structure 400
has two (or nore) sectors per cluster. A cluster is still the allocation
unit. In one variation of that enbodi ment, the physical sectors for any
particular |logical cluster are witten into flash nmenory array such that
t hose physical sectors physically follow each other within flash nenory

array 401. amapi40y. FlasHsectdrodghitsrcbécamet® dirtyosector.uDidy flask seldter cal |y
grouped together "and are conti guous.” The cluster mapping table for that. 44

- al t er nd@7 resides daifiashtbloclp402.w0 (or nore) contiguous physical sectors
per | ogical cluster address. In another enbodi ment, there are two (or nore)

Con Do sbat 10 1 ou (e L, O ot arca oh {1 g MMy ol o

B i SR AR, s o St SR
The cl usterzhif)‘ﬂ?‘h qugﬁgof'%%ﬁt °'a€ﬁﬂaﬁ?@g'a§ﬁﬁﬂaﬁé§§' maps two (gr nor e)
Cnyoat ment ot naNBre cBBerkeyBryte i e o Bin SR oA .
Tanr e epe TSI t SRR IR Bl ats S thiugh Supliet REORUIENTP. 7

physi cal adﬁf@gggsmoﬁas?\egéc%,uofpr that alternative enbodi nent, a | ogical
sector is the allocation unit. The sector mappi ng table otherw se operates

in a manner sim (mbnt®rmbediment, & tc' ko gigabytesof mémonps0y canbeodi nent ,

the sector mapping table resides in a sector mappi ng block, which could be
bl ock 422, addressadpl(a.arFalternative embodiment, the maximum addressable space

can be larger or smaller than two gigabytes. ~

Figure 9 is intended to show an example of cluster mapping table
448, and other variations are possible. In addition, cluster mapping table
446 only shows a portion of the logical cluster addresses, appended -
addresses, and entries. Numerous entries and logical addresses are found
between addresses 2 and addresses S - 1 and also between appended
address S + 2 and appended address X.

In one alternative embodiment of the present invention, file structure
400 has two (or more) sectors per cluster. A cluster is still the allocation
unit. In one variation of that embodiment, the physical sectors for any
particular logical cluster are written into flash memory array such that those
physical sectors physically follow each other within flash memory array
401. In other words, the physical sectors per cluster are physically

grouped together and are contiguous. The cluster mapping table for that



alternative enbodi nent, CMI flag 440 and CMI space 448 are instead referred
to as sector nepping table space, respectively. In one enbodi mnent of the

. present Invention, a copy of cluster mapping table 446 |Is stored as a
backup copy in a free or reserve sector within file structure 400 within
Figure 8. In one enbodi nent.of the present invention, backup copies of

cl uster nmam@rAgtiveehtbotihhent maﬁsolwaowrlmdtegaidnn?uaﬂl&‘-lmsidal segfors papdi nent
of .the present imnvention, backup 45 copies of cluster mapping table 446
are~nade #&bgieal elustecaddressp operation. |In one enbodi nent, ‘the backup copy
of cluster mapping table 446 Is a conpressed version of cluster mapping

- tabl e 446. |n Hianathepembadiment; theremredwa (or mare)sectarsperalysten of
cluster mapping table 446, Table 650 includes only the cluster |ogical

addr ess‘esftm temr%]hwi@i@esmgstf%apnwrﬁ%g%e@sww be m'fgd'S'Zl. The

Pcl uded. tﬁéoa%gw%eﬁﬂé bt BE o546, ergax, Pt st oy ey BT S J5 ot er?s‘i‘sg 3{332?2
2dr 6sses Wargln for A BmiBci MRt 118 dhhich KbtorE Bar Sﬂ&&*ﬁéﬁ&iaﬁ&?ﬁﬂogdm
For ¢ abt'e DEsfE] fRRRfieridf s do fiof AG06 16 B poHliduiads; The Cildier | 1CT Bos-
stored ar gnapging@bfeiorthatalimative ertbodmabAt imaPs B¢ (BPiforépphpsigaless ends

of link list chdins and also entries without |inked lists. E&Prles 651 maps

| ogi cal clgggrers pdﬂr@caﬂbldstephddiml address .403.- Entry 653 maps cl uster
| ogi cal address 1 to physical address 405. Entry '

In yet ‘another alternative embodiment of the present invention, file
bt structure 400 includes a sector mapping table that replaces cluster mapping
‘table 446. That sector mapping table maps logical addresses of sectors to

physical addresses of sectors to physical addresses of sectors. For that
alternative embodiment, a logical sector is the allocation unit. The sector
mapping table otherwise operates in a manner similar to that of CMT 446.
For that alternative embodiment, the sector mapping table resides ina
sector mapping block, which could be block 422, for example. For that
alternative embodiment, CMT flag 440 and CMT space 448 are instead
referred to as sector mapping table space, respectively. |
W In one embodiment of the present invention, a copy of cluster
mapping table 446 is stored as a backup copy in a free or reserve sector
within file structure 400 within Figure 8. In one embodiment of the present
invention, backup copies of cluster mapping table 446 are made

periodically in time. In one embodiment of the present invention, backup

N



655 maps | ogical address 2 to physical address 443. Conparing Figures 9 and
Figures 12, it can be seen that the conbination of entries 555, 563, 565,
and 567 ultimately map cluster |ogical address 2 to physical address 443.

Those four entries 555, 563, 565, and 567 conprise a linked-list chain. The -

conpressed table 650 only stores the begi nning and end of that |inked-Ii st
chain. In oteepiesmidiysientmgpping tablecd46 ateomexie: after each iclearrup bet ween

cluster logical address 2 and physical address 443. --46 Finally, entry
661 of tabl cOB8M@Y@ps | ogi cal address S- 1 to physical address 453. |In one

enbodi ment, cluster nmappi fable 446 or a co essed versjon of cluster
mappi ng tabl e 446?’3' Q"Q&Bgd!'“emm%mm wggéﬁpslﬁfrfﬂﬁpﬂf“% &f4618 the

§?2E”&?{VZZ?,%%Z>‘@$%9&%9| felRiolr it ltstef meneitd fatle 49486 GincEiguie 1o falis eBol
ttgﬂ h i Sbrskgitsy cBifireRid 98islon bP Bl sfH fBRG GRS a5, Thije ® ;
P qure 8 canohid6E ol He'ofistit logieaf ddaressas i HeRininBag kritihe PifTed)
system suchaddrégsesdiccolmnUS2E.d The pointef fitiedch éntoy endithel dppitfied

enbodi nent, the flash disk enulation file structure 400 supports all
exi sting ver fii@premiappéd) BGGresses d€P/ridt (ncleded.Oper at i ng Systent 2 of

I nternational Business Machines of Armonk, New York) and g) UNI X operating
_systens. Flash di Slablen®58tincludes|ibe Jogicaladdresses 8dbsough Siejdwherein S
represents tfie number of sectors per partition) and not the appended
addresses. Each address stored in column 621 is a physical address of an haed
active good sector associated with a corresponding cluster logical address.
For table 650, no linked-list chains are stored. The only things that are
stored are the logical cluster address beginnings and physical address
~ ends of link list chains and also entries without linked lists.

Entries 651 maps logical cluster address 0 to physical address 403.
Entry 653 maps cluster logical address 1 to physical address 405. Entry
655 maps logical address 2 to physical address 443.

Comparing Figures 9 and Figures 12, it can be seen that the
combination of entries 555, 563, 565, and 567 ultimately map cluster logical
address 2 to physical address 443. Those four entries 555, 563, 565, and
567 comprise a linked-list chain. The compressed table 650 only stores the
beginning and end of that linked-list chain. In other words, entry 655 merely
stores the relationship between cluster logical address 2 and physical
address 443.



upon a specific version of DOS, OS/2, UNI X, BICS, or other disk resident
data structure. Low | evel disk ut|||t|es for DOS and OS/2 are al so
supported by file structure 400. In one enbodi ment, direct disk access for
‘read and wite operations defined by the int errupts 25H and 26H and t he
standard DOS device driver interface are supported by file structure 400.

In one enbodi mﬂ’inal?‘ lentry 881 8N fabié 650aHapy Ié@éaﬁh@&ds’%tsr "ILtBtp eﬂr €.

su ported by flash sk enmul ation driver structure 400. 47

di ment adfitessh4s®nory array 401 is used | n conjunction W|th an I\/S—DOS
operatlng system Referring both to Figure 1 and Figure 8, file structure
400 is divided imonetembodigient) clastex map;ﬁﬂgﬁahle%@onaminarmed area 9.
The system area contains a boot record 3, a file allocation table 5, and a

root dir ecvesisjomptelustermapping: tables446is stored in RAMafitheqersonal data area 9

contains files that are used to store application prograns, data, and _
subdi r gct OPYMPHIGNS¥#OMn. The boot record 3, the fil'e allocation table 5,

e st ructure ToOnSHGTEY sysipm, e sirugnre A0 anHaures ol s il *
or gani 2 at | 9 B UER AR R abBav oK e FIE BB 400RRE P01 1 d
eta o oy doRERE it o bbbFreRord s P BIOcoR (Bble. 1ot dibEory shuflb and ., T0C,
a boot strapidtadiea vﬂﬂpﬂ'feaﬁétﬁ'@rlogféaﬂbﬂ&ekgés %eét%H aibasyw PGIB hdye boot

record 3 also includes information as to the ASCI| nane of the formatting
DCS, the nwekethey sidred onietiskadrive. . Intdther words, flash memory array 401

~ shown in Figure 8 can be used with, for example, a conventional MS-DOS
operating system, such as the one discussed with respect to Figure 1.

In one embodiment, the flash disk emulation file structure 400 -
supports all existing versions of (1) DOS, (2) OS/2 (i.e., Operating System/2
of International Business Machines of Armonk, New York) and (3) UNIX
operating systems. Flash disk emulation file structure 400 does not depend
upon a specific version of DOS, 0S/2, UNIX, BIOS, or other disk réesident
data structure. Low level disk utilities for DOS and OS/2 are also supported
by file structure 400. -

| In one embodiment, direct disk access for read and write operations
defined by the interrupts 25H and 26H and the standard DOS device driver

interface are supported by file structure 400.

S

In one embodiment, all functions defined. by the BIOS interrupt 13H

are supported by flash disk emulation driver structure 400.



nunber of sectors per cluster, the nunber of sectors in the boot record,

t he nunber of copies of the file allocation table, the nunber of root
directory entries, the nunber of sectors per ‘partition, the nenory (i.e.,
enul at ed di sk) type nunber, the nunber of sectors per file allocation
tabl e, the nunber of reserved or hidden sectors, and identification nunber

for flash nenmory dnrene étbodiment filashdrembop araycd®r issusedin tonjunctiohune.
identification, and a volune table. The root directory 7 is a table of

32-byt e ent r iwith andvScROS operatingtsystam: Refeming both to Figurehtand IRiguea8h ~
directory entry naki ngéjdathe root 48 - directory 7 includes a file

name file extfééstipelurer4Q0 isdivideddnto two legical argat a sysiemarea4 and & dala

e si ze. LATRAR. SNGFYEIAM 3ren COISIRRIB HPIJECBL Sof 118 aloalian e Brne
ol Ust or s maki9N BTOPRETPFPEY P48 7 ToRERPTIBISg: it chierAcTy SUABETHE REIE, e FaT
erbodi ment s, 7RE S:Aenialls Pk nfChfs fifhy REprR neiAiEangh Wrbiifamsrudle) ShB" ' ©
i oct o Sntifockfletdn g rBABHE T bEY Richis 41906 8 ebcdFii6®, drke
the file all %Etwﬂ@% Wen ry%ar et'gmw ; ;/,ﬁpﬁgiw@gm bRistére ofante cl uster

of the file. Thus, I eved irst access contains

the cluster rARAGr@U0DDBegiARIngWithtlegicahkhusterig. the file. The operating
systens uses that next.cluster nunber to access the FAT to retrieve yet

anot her cl ust er nuApain, dhel organizations showe with sespectrtoi Figure fdsialogiealker in
the FAT 5 1s address organizatlon. The actual physical sectors of flash memory array ~
401 that store boot record 3, file allocation table 5, root directory entry 7,
and data 9 are determined by cluster mapping table 446.

Boot record 3 includes a boot strap loader program for loading the
operating system. The boot record 3 also includes information as to the
ASCII name of the formatting DOS, the number of bytes per sector, the
number of sectors per cluster, the number of sectors in the boot record, the
number of coples of the file allocation table, the number of root directory
entries, the number of sectors per partition, the memory (i.e., emulated disk)
" “type number, the number of sectors per file allocation table, the number of V

reserved or hidden sectors, and identification number for flash memory
array 401, and extended boot sector signature, a volume identification, and
a volume table. .

The root directory 7 is a table of 32-byte entries that each set forth
certain attributes of the file. Each directory entry making up the root

48 - : -



reached. Wth Ms-DOS, the logical structure for the files of file structure
400 |Is tree-like. Entries In the root directory can be pointers to .
subdirectori es.. The subdirectories can be nested. The files storing code
-and data are scattered in physical sectors throughout flash nenory array
401 of Figure 8. Again, the cluster mapping table 446 is used to map the

| ogi cal aditeeorgy ineluddsas tild haswm, file bkiensiorsiathibutel flagsstimeoénd atesect or s

storing those files. 49 - In an alternative enbodi nent of the

i nént i on stémpe fart thediie, the4tartingoviusten nemherdosthérlusiess thatymake Updes a

header. The header resides, for exanple. In block 414, which no | onger then

is a freethe e andibefdesize.is a file that contains information about flash
nent, the,header cont tion as to

the un or it ocEachfloan heiakis da U Bt ABRsHmare G s, ARG, e

Iz A 01 - A | Lt )
vemory. ar @lpoatin tahia el oo d 1o ET Biotiin ?Z?'.%ﬁ“g“’@o&%gﬁ nemory
renory ar| . & PO ! .
"t o mat | SYAE L EE A5 Mokl oGRRF CREBho hiSaNITRM, HEFTATS f (e

and wri t e GATIIRR SIS dwRrENS @ifel! Ohé 16Y GAEH Cliuter. | aNémaaveand ful |

chi p maxi mum cycl1 ng speci?ﬁcatlons; and read, wite, and erase performance

char act er igrhbsdinfints| the' FATF @itles arélonget or ishorter thdretwabiytes.c¥hedi nent ,
the header additionally includes information as to the | ocation of an

al ternat e di éntrpidrad filet coritahnicthe. stiiting cluster aiunebertartbe dimandhent
wherein the header is stored in one
the operating system uses that starting cluster number to access the file
o allocation table. Each FAT entry is a pointer to the next cluster of the file.
Thus, the FAT entry retrieved by that first access contains the cluster
number of the next cluster making up the file. The operating systems uses
that next cluster number to access the FAT to retrieve yet another cluster _
number and continues this process until a special marker in the FAT 5 is
reached.

With MS-DOS, the logical structure for the files of file structure 400 is
tree-like. Entries in the root directory can be pointers to subdirectories. The
subdirectories can be nested.

. The files storing code and data are scattered in physical sectors
- throughout flash memory array 401 of Figure 8. Agaln, the cluster mapping
table 446 is used to map the logical addresses for those ﬁlés‘ to the_ physical

addresses of the sectors storing those files.



of the blocks of flash nenory array 401, for exanple block 414, the header
nmust be periodically refreshed. Refreshing of the header entails conpletely
erasing and rewiting the header periodically: This periodic refreshing ‘of

t he header is necessary because the header typically is a cold block with
respect to the other blocks of flash menory array 401. In other words, the
header resides i nimap atamativea embadjmestiof thesinvestionnfileystrictare 400 ot her

bl ocks of flash vy array, 401. Therefore, the header nust be refreshed °
pe(r)icozi cal ygﬁ%‘ﬁmm‘%ufﬂ 8 dditionallyJnsiudes s beadar T&edheadessesides, for -

onter ooy oP%aMiddh tock 33 WRATRE Tavder thands & Er%e&'a%éféza?%{é‘fiii - :“e
i i t t he nunber o
the. eraselvr it o cybPaiaser it 8e waodiiging i fHeyolAoid Heknanemply e
of the headen Y AG1E! oS SnitiifNGfiE the tivacer BhES Iohnaion e85 e, “P0
stored in bl onforddttedidize obtticontiie fissh wmartdry HrRiy°401 ,th@! fefthatted siz® of

tenmporarily used as the header while the refresh’operation is occurring. In

yet anot her Haskemamoncarayd8iythe totalwurberiof bideks within flashdremoiyi n 1 ash
menory 401. Instead, the header resides within a nenory array on a separate

integrated cRMayi401and detaileddavice information selating do fiashememory amay The
array. The niGhedn/the mbRgimaat 6 hecorasantinyapion: the datallsdiedga W h
this shadow ﬁ{r&‘%}{;}%‘# 2(’&2‘&% ’thg ri\eea e?iir%!u&gsu Ie(rjlasneman %ﬁleteollba%es; erase
and write commands; and erase and write algorithms; individual and full ~
chip maximum cycling specifications; and read, write, and erase
performance characteristics of flash memory array 401.
In an alternative embodiment, the header additionally includes
information as to the location of an alternate header or alternate headers.
With this alternative embodiment wherein the header Is stored in one
of the blocks of flash memory array 401, for example block 414, the header
must be periodically refreshed. Refreshing of the header entails completely
erasing and rewriting the header periodically. This periodic refreshing of
the header is necessary because the header typically is a cold block with
respect to the other blocks of flash memory array 401. In other words, the
header resides in a block that is cycled less frequently than the other blocks

of flash memory array 401. Therefore, the header must be refreshed
periodically.



refreshed given that the header would not reside within flash nmenory array
401. It follows that the header would not be a cold block and that the
header woul d not need to include a cycle count paraneter relating to
‘hot/cold cycling. It is to -be appreciated that use of a header is optional.
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can be erre omt se partic

uster mappi ng arrangenent for file structure 400. For the

~alternati Vecﬁélé@ﬁﬁ‘iﬁ@ﬂieaﬁbﬁﬂﬁd'dl thé blocksladjagent tv theeheader.t abl e 746 is
used I n place of cluster mapping table 446. C uster sector mapping table

746 is al so ref eln ¢histaitemativecsmbediment, aasaltaraative (ke., backup)eopy okr nat i ve
enbodi ment shown in Figure 13, there is one sector per cluster for file
struct ure 4Ute headeulisi stored intanatherblock of flashanemeory 404, farexamplech chain
has four sectors that have |ogical addresses that are sequyential. The
Tnbias 4t s

| ogi cal secstareddndlieals420.o{his-akernative er stpred

d in colum

72 f Fi . [
0 of Fi guEeem;l)granﬁ)? rusgéaaréptlh%’hcaeargerrywt'?iF'elth%c réltes °6p8.%?¥’6nt:’§‘%'c8u7n‘h%. contains

in yet"another alternative embodiment, the header does not reside
within flash memory 401. Instead, the header resides within a memdry array
on a separate integrated circuit card that is part of a personal computer
system. The memory array storing the header would be a register number

accessed memory array. The header would thus be stored in a separate

| s__hadow array.

With this shadow array embodiment, the header would not need to be
refreshed given that the header would not reside within flash memory array
401. 1t follows that the header would not be a cold block and that the header
would not need to include a cycle count parameter relating to hot/cold
cycling.

It is to be appreciated that use of a header is optional. One

embodiment of the present invention avolds the use of a header with the

chain 0.
25

following structure. Flash memory 401 has manufacturer and device
identification codes stored within the memory array. In one embodiment,

those manufacturer and device identification codes trigger the software of

51



Chain O |Is accessed when any of the four |ogical sections O, 1, 2, or 3 are
retrieved. In other words, chain O IS conprised of sectors with |ogical
addresses 0, 1, 2, and 3. Chain 1 Is conprised of sectors with |ogical °
addresses 4, 5, 6, and 7. Chain 1 Is found at entry 753 of sector mapping
table 746. Entry 761 in table 746 contains the F null (hexadecimal) pattern
of data conihe petsanel gompuiarnsystamdea g tora loak up tabje thahstorestheademndi cat es

that the chain associated with entry 761 is current not bejng used.. As -
Shown 1 i DR&ISmatt el o biniaes Lo 17685 PANIUATDanGlagturer ndal o-
t he nunber qf sector artition. The last entry In sector hash 52
tabl e 746 iget‘ﬂ% ff%?m%ﬁ{‘?@"? Sis the |ast entry in sector hash table 746,

ogi cal ' addr ossod G0 TH iR e %ﬁh’%@g@hﬁaﬁé@ﬁﬁéﬁi@#@%ﬁi? "
ero. Each EPHUEEASUNG, (PR DB SNy B e el AR oS 132 e

list of ent "sbéﬁ)rfrﬁé?ﬁﬁé taBle P46 I92656d I pRiteVoft duster mapping tabcddent r y
maki ng up a chain stored in sector nmapping table 746 i's al'so referred to as

a sector haglustersectorimapping lablel 748 Isogiso referad tsag flaghrgettor leash | es
making up the linked list for chain O of sector hash table 746. The entries

shown in Fi ¢abble B4&re entry 731 and entry 741. Entry 731 shown in Figure 13
illustrates what makes up an entry within a chain stored in sector napping
table 746. Entry Fmﬂhpgamwn@pemxmgimem shown in Figure 13, there is one

sector per cii:ster for file structure 400. In addition, there are four sectors in
a chain. Each chain has four sectors that have logical addresses that are
sequential.

The logical sectors addresses of sector mapping table 746 are found
in column 720 of Figure 13.

For example, entry 751 of sector hash table 746 contains chain 0.
Chain 0 is accessed when any of the four logical sections 0, 1, 2, or 3 are
retrieved. In other words, chain 0 is comprised of sectors with logical
addresses 0, 1, 2, and 3.

Chain 1 is comprised of sectors with logical addresses 4, 5, 6, and 7.
Chain 1 is found at entry 753 of sector mapping table 746.

Entry 761 in table 746 contains the F null (hexadecimal) pattern of
data comprised of a pattern of data of all logical ones. This indicates that
the chain associated with entry 761 is currently not being used.

As shown in Figure 13, sector logical addresses go to address S-1.
S equals the number of sectors per pariition. The last entry in sector- hash

52 .



di sk sector entry 733, a flash sector entry 735, and a pointer entry 737.
Di sk sector entry 733 stores the | ogical address of one of the Sectors
conpfising the chain. If entry 731 is the first entry in the linked |ist
‘chain 0, then the sector |ogical address stored in 733 would be the sector
| ogi cal address 0, which would be the |ogical address for sector 0. The

Dy e gL ok G aLng ot i e el S0 Gt o et ar The
adaress LAY iﬁdfigzwgeofiﬁsu!rq gl Ms 'glfx ﬁggﬁﬁﬁseigrataﬂdwéﬁem hi

| ogi cal ggeé'SPi Pﬁﬁfe% g’n“ Eﬁg?gﬁg it gﬁ@d'ﬁ‘i%éﬁ{qﬁagg%l W%%épr words, a
s v ¢ etiioh 35 S 0ocuse WD Eicr Pofal edREdas Belin diR RRKasET. o

correl at es,ggol 0gi cal address of a sector to a physical address of a sector:
| f physical sector address 731 |Is for an active good sector and not for a

dirty sector, “tgaghhalry stotéd M sédlor napping tables746'is madd up of @diriked nal )

pattern of data. If, however, physical sector address 731 is for a dirty

sect or, t Hist of @nties or the sectorg assbcoiated withthabchaim Eheh entryt imakingdr ess of
a next sector hash entry. As shown in Figure 13, pointer 737 points to
entry 741 up acthsin stored insactor mapplnggab&ous si1alsoreeferreditoias &isggtar 13,
entry 741 stores a sector logical address of 2 in location 733 of entry
741. Entryhash ealyo stores sector physical address 405 in |ocation 735 of

O T e e Wikl AR an o SRl bk Feidng 05  srka"
Tt list for chain 0 of sector hash table 746. The entries shown in Figure 3 are
entry 731 and entry 741.

Entry 731 shown in Figure 13 illustrates what makes up an entry
within a chain stored in sector mapping table 7_46. Entry 731 is made up of a
disk sector entry 733, a flash sector entry 735, and a pointer entry 737.

Disk sector entry 733 stores the logical address of one of the sectors
comprising the chain. If entry 731 is the first entry in the linked list chain 0,
then the sector logical address stored in 733 would be the sector logical
address 0, which would be the logical address for sector 0. The logical
address of the disk sector stored In entry 733 is the address as seen by the
disk operating system for the personal computer system.

The address stored in entry 735 of Figure 13 is the physical address
within flash membry array 401 (of Figure 8) of a sector associated with the
logical sector that has an address stored in entry 733. In other words, a
sector having its physical address stored in entry 735 is a physical sector
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maps sector |ogical address 2 to physical address 405 of physical sector
405 of flash nmenory array 401. Entry 741 of the linked list for chain zero
has the F null pattern of data stored at |ocation 737. This indicates that
physi cal sector 405 is an active good sector. As discussed above, for the

T L MRy o 3 B B35 B B " o
ek 10,92, BScited R edile bR ol UL USSR 4 ol -
data, New chal 1 FBiy SR 8666PaORAh RO i 6 o o ilad bl g o

sector hash atéiW&Gr.'lggﬁAentry 7@1‘6’1 BHEY '7)31bs{'bhs te Fﬂﬁtinli p?éﬂadebﬁn&lfﬁ ors

avai l abl e for storing code or “data have® been all ocat ed. a sector hash

entry has apafiesh &1 'deRac if howbler sphyiiical @eeiorcaddrées 731 is for auditypat tern of -
data at location 737, and if that physical sector identified by that

physi cal  segeotorativere entriycz3Thokentry 731 stdres & peinterthial isthie address ola a at

| ocation 737 is overwitten to becone a pointer to an address of a next
sect or hash next sectorrhasmentrysect or hash entry would be a newly added
sector hash entry and woul d _contain the physical address of an active good

sector. For exanphe shownhinEiguse 13cpeolsier. petiisdo gnny: 74t et chain Q pkn o

new sector hash entry woul added to chain 0. The F null pattern of data
at location Ww%wﬁ#ﬂ_&_tﬁﬁm d be overwitten to point to the new

sector As shown in Figure 13, entry 741 stores a sector logical address of 2
in location 733 of entry 741. Entry 741 aiso stores sector physical address ~
405 in location 735 of entry 741. Address 405 is the physical address of
sector 405 of flash memory array 401 shown in Figure 8. Thus, entry 741
maps sector logical address 2 to physical address 405 of physical sector
405 of flash memory array 401.

Entry 741 of the linked list for chain zero has the F null pattern of data
stored at location 737. This indicates that physical sector 405 is an active
good sector.

As discussed above, for the embodiment shown in Figure 13, there
are four logical sectors per chain. Thus, at a minimum, each chain would
have four entries, one for each sector making up the chain.

Sector hash table 746 is constructed on the fly as additional sectors
of flash memory array 401 are used to store code or data. New chains and
new sector hash entries are added as additional sectors of flash memory
array 401 are used 1o store code or data. The sector hash table 746 is
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hash entry. The new sector hash entry would contain, for exanple, sector
physi cal address 409 in, location 735. and sector |ogical address 2 In

| ocation 733 if logical sector 2 was to -be mapped to active good physical
Sector 409. The overwiting of the F null pattern of data can be done

wi t hout a priar erasute because.each bit of flash nenpry 401 cap. be

overwritteg:opﬂBH?gyi’U&'UBIU'@EQEQBeée $ @ypilable Jopst cQoe of fatd; asur e.
The_ponput Y e edly traverses the chains of flash sector hash
t abt’e 746 E':la\vlal B%EHH'@%?@&& each al |l ocat ed l'ogi cal* sector ‘a sector hash

entry that cont gi Bsgddibr ﬁaﬁbhhrgﬁ{g%ﬁéljppﬁ%igﬁfé@d@* ?HgFégsi &ofallon agh_valid

sector hash entry containing t ern o ata at [ocation 737

maps a | ogiaprl a FRUM paRer Bﬁﬁa(asét%édtiéﬁ‘7b?9§gg;iﬂhl-é]§§hg§i%aﬁ§eélﬁifi ve "cl ean”

physi cal sector address (stored in location 7 : n the other hand,

the F 55 identifiechby thaiphysicaltsettor sddress lbecohies diny/ thérhthe Fhsulbhysi cal
address stored at location 735 is an address of a dirty sector. In one

al t er nat i vpatteno of data at idcation 737 i dveraritten torbecdmeca pointeptd anl uster. In”
one alternatjve enbodi nent, there would be 4 sectors per cluster. For those

al t er nat i v@dgressiphamext sectos hashandry. hEhat nextisectorchashentrywoulhbelagi cal

sector addresses fo fhe sector physical addresses. |In _yet another

al ternati v@e@\ﬂmﬁﬁﬁectar ﬁﬁﬁg I‘?“&&c@ copiain the physicahaddiassf c| ust er
addr esses gﬁ;t or ﬁaysi al addresses. To avoid having to repeatedly
traverse | Ong X5, 90RY Yor frequently changed sectors, a conpressed

SEctor hash | aoiristAel ARl sl JRe6aRREa n AREPIGr R B0

sector hashewrBeétor HashYritty%dlid be added to chain 0. The F null pattern of data
at location 737 of entry 741 would be overwritten to point to the new sector
hash entry. The new sector hash entry would contain, for example, sector
physical address 409 in location 735 and sector logical address 2 in .
location 733 if logical sector 2 was to be mapped to active good physical
sector 408. The overwriting of the F null pattern of data can be done without
a prior erasure because each bit of flash memory 401 can be overwritten
from a logical one to a logical zero without a prior erasure.

The computer system iep_eatedly traverses the chains of flash sector
hash table 746 until it finds for each allocated logical sector a sector hash
entry that contains the F null pattern of data at location 737. Each valid

~ sector hash entry containing the F null pattern of data at location 737 maps
a logical sector address (stored in location 733) to an active "clean"

physical sector address (stored in location 735). If, on the other hand, the F
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sector hash table 846, all sector hash entries in sector mapping table 746
that do not contain the F null pattern at locati'on 737 are not witten Into
RAM Only the sector hash entries containing the F null pattern of data"at
| ocation 737 are witten Into RAM Thus, only the sector hash table entries *
of sector mapping table 746 that map | ogi cal sector addresses to active
good sect or snall pattern isnot stavedalliodationszas, dhem theh physical addreiss storfed aton.
the fly as sectors are read or witten. RAM sector hash table 846 |s used.

for a perf orlogatien 73h is,an@ddress ot adity,pectef. RAM sect or hash table 846 I's
Stored In f1ash mimong Alerdaivg smbgiaent theriuoaoTe 2 B e safioss bas
hel'p ensur e Cistern: EEond ehafiiatvaCelbeamidild woilld be A SRR Pef; e
TS it gt Wi, M st b

sector or sectors w a reserve nmenory array

401. In an a%w%é;m&@é&m&?a bs 16 aectbafab sicatladdigsyelsl Y maps

| ogi cal sector addresses active good sectors woul d stored in RAM (and

in a free sector qp yet ambtheratiermativeembodiment: aftagh sedtor haghtable3 al so
shows flash sector allocation bitmap 881. Each bit in bitmap 881 is

associ at ed wwould map dogieal clusterraddressessto sector physical adddessBsr exanpl e,
bit O is associated with physical sector 403, bit 1 is associated with
sector 405, etc. A m‘avoidwgaving ta repgatadly traxersedopgthashachaips feector. A bit
frequently ct.fanged sectors, a compressed seclor hash table is stored in
RAM of the personal computer system. RAM sector hash table 846 shown
in Figure 13 is an example of a compressed sector hash table. To form RAM
sector hash table 846, all sector hash entries in sector mapping table 746
that do not contain the F null pattern at location 737 are not written into
RAM. Only the sector hash entries containing the F null pattern of data at
location 737 are written into RAM. Thus, only the sector hash table entries
of sector mapping table 746 that map logical sector addresses to active
good sectors are written into RAM.
RAM sector hash table 846 is buiit on the fly as sectors are read or
written. |
RAM sector hash table 846 is used for a performance improvement. [f
the copy of RAM sector hash table 846 is lost from RAM, that event has no
impact on the consistency of the data stored in flash memory array 401.
This is because sector hash table 746 would still be stored in flash memory

array 401.
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that is a |ogical zero |nd| cates a dirty sector. Thus free sectors and
dirty sectors of flash. menory array can be quickly deternined by an

i nspéction of bitmap 881. Moreover, any :pattern of contiguous free or dirty
Sectors can be easily determ ned from an inspection of bitmap 881. In one
enbodi nent of the present invention, flash sector allocation bitmap 881 is

cached in the Rdevefthelesster belpansuvetihe integnityt sintile systet 4000 ionhe t o
i nprove performance of the personal conputer system. Figure I3 also

i | st rat e%mspeme@tt@!ttbs inventioma bagk-up cepy ofsectpt hashytable1 7464ds di scussed
above, the C%’e{é unt of i ndi vi dual BI ocks Is kept In block status table
444. Bl ockS® @aﬁeqmor secioms within.a fltqeeb'eﬁls ofa easenve blagk flash
operation. gﬁ%bl ockl\fmft us table 844 is a tenporary RAM copy of bl ock
status tatfr1 ‘'ock status table 844 |Is used during the

one. enboct rent Sret Raereve ot Soctot HEbeTRA lste hptRiedcly s  orm o 5o
el udes QR dioASeciof SMBIdRshe loldRi) edaoagsééi GGy B esaaayq sion in

conj uncti on atron e struc ure state
i nversi on RARY @mnaé 1:%6|ééatﬁroﬁla?§hdﬁkﬁ1 gss&ba operations
for prior art Tixed disks and dlskettes to c aII bl ocks of

the prior art fFigare d3siso shdwdlﬂdshtsmoﬁﬂldt:ahlowbiﬁhaﬁw SEQélﬁbit%SO
physi cal sectors of prior art fixed disks and floppy disks are typically

mar ked updmmap 684 is mslseci(algd Mtheaaphysicdcxaﬂo( ot flash memolyf acay YOX. (2)
"bad," (3)_"reserved/unused," or wi th the standard, default

condl ti on g Q@mpﬁebg&)lf aﬁmtedrwith thcabseﬂletléﬂasbﬁﬂplsm%@ciaipdc| fy a
00" code fy ﬂ{ se ! k'43% eié( eﬂ lﬂ‘ t?s a logical one indicates a free sector. A bit

that is a logical zero indicates a dirty sector. Thus free sectors and dirty
sectors of flash memory array can be quickly determined by an inspection
of bitmap 881. Moreover, any pattern of contiguous free or dirty sectors can
be easily determined from an inspection of bitmap 881.

In one embodiment of the present invention, flash sector allocation
bitmap 881 is cached in the RAM of the personal computer system in order
to help to improve performance of the personal computer system.

Figure 13 also illustrates block status table 444 of flash memory array
401. -As discussed above, the cycle count of individual blocks is kept in

- block status table 444. Block status table 444 is updated at the end of each
~ clean-up operation. RAM block status table 844 is a temporary RAM copy
of block status table 444. RAM block status table 844 is used during the

reallocation operation during clean-up of flash memory array 401.
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In contrast,
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hardware is
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| ogi cal stat
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| ogi cal inve
i nvert from
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tors (or larger "cluster” allocation units) as being free/good.

the cells of flash menory array 401 are pre-erased to the

state. Therefore, In one. enbodi nent of the present invention, _
added to the personal conputer systen1to Invert the output from?-

.

n%%nbn‘?nt‘?%ﬁ ISHfVili’h't h'digk ﬁﬂbdlélidrim %ﬁ'f‘ﬁ& RSABDS L mﬁ}}éaIFDE

requires ree er as space pbe aval OI’ maxi

ia?emrgim%é‘fa{gs as tbliswg)r esent invention, the flash disk

ntrol firmvare perforns re-wite mnimzation. This Is

fol | ogtandeid priorirpdisk formatopérations mm arbfixéd diskeG@nd
e "00" data as the default, active code. In DOS, for exanple,
diskettes dredefined te wlear alkblooks ef tive pfiof aa,fixedrdisks andl agged
ata when the entry has been logically deleted. The above
diskettes 40 alogival zpms ata&enwso.apghwcaussmm prior @astfixed:s es

irst filenane byte to be succeSS|veI overwitten Iron1 to

ckerancfopoy sk are piealy mared ypo fonnehtq be-(E5Hee apg
th 401 t

ORedn (e Renaelgclvl: , (o rady ) heterRiusBaoht Y t hour

an al gqri t hmhﬁeeﬁgmé(g W(Et%tclﬁg @BEHQ@;[ lglfcsmﬁl‘aﬂ ‘mlﬂﬁ iired/ﬁ‘o&’@eifrm?%ﬂ i

format procedures typically specify a "00" code for marking fixed disk and
diskette sectors (or larger "cluster” allocation units) as being free/good.

In contrast, the cells of flash memory amray 401 are pre-erased to the
logical one state. Therefore, in one embodiment of the present inventlon._
hardware is added to the personal computer system to invert the output from
flash memory array 401. By inverting the flash device output with the FDE
system hardware, the erased state of the flash memory array 401 will appear
to the system as logical "0." This makes the data of erased flash blocks
logically consistent with the prior art initially-formatted and free/good
descriptors. How the erased space is treated is important because the FDE
file system requires that free erased space be available for maximum write
performance.

In one embodiment of the present invention, the flash disk emulation

control firmware performs re-write minimization. This is explained as follows.
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central firmvare, and that algorithmis used in conjunction with the above-
described | ogical inversion hardware. That al gorithm mininzes the nunber
of ré-witing operations that are necessary. That algorithmfirst checks
sector or cluster re-wite operations with respect to what |ogical data
state transitions are required. Wen small sections of data are to be

re-witten (e. g Pnd?/aTt eperatmlgnsydtemst socts ps DOS, typically useJoOtdatzras
accoppl i shed by "1 " transitions in the physical flash nmenory, which
inYurn rratheadeﬁawbmwg mdeb)ﬂﬂdD@SAMItexajnplG.@n Uiiised direciory filename ve,

ctaor, or cluster. This would avoid unnecessary

valid data stora e
re-witi ngeﬁtrytﬁg'l‘%'iﬁpr"@"br%t then 1%"@9&:@%&1‘ Eﬁﬂ]t%@ir when lﬁhﬁ/@ﬁtfyon file
Q0 t
ver 11 cat i ORS BRRN fadkall d&sﬁgé’ﬁpfre{rﬁrm 1 on woul 4 al | ocat o dZFS tor age
[ DOs .
:z'ctzrgfeggm S Aot DSB8 o A9 il .
exact |y  irniodf cab aNGHARR ﬂs??’lhan%’r@'ﬂ?fé 7 b8 sulceBSAvER BerwAltbRY 201

Many syst em environnents owever requli e ca orage upon

write, andfrbRe"0o™toithe mglaaaadnﬁﬁdndmeﬁafﬁe-erfm eC?tfdrﬁor'*E!}!-I‘da”Cy

check ("CRC') or error correction code (" dat a whi ch can be

used to deﬂ'hetlogimdimwoblqausesnhGWyM alam in thenfiasl semohpatrayes. | n
one enbodi nent of the Invention CRC or ECC data fields woul d be added to

sectors or 401 dodavest frony theone state do éhet@6ro Stateswhich @rObedoneywithoutake t he
m ni rum data al | ocatjon unit 2N + Min size, where Mequals the extra CRC
or ECC byt Ea-writingsther entire\bleck to gnatharprererasedblockast not a 2N

N In one embodiment, an algorithm is added to the FDE system's
central firmware, and that algorithm is used in conjunction with the above-
described logical inversion hardware. That algorithm minimizes the number
of re-writing op_érations that are necessary. That algorithm first checks
sector or cluster re-write operations with respect to what logical data state
transitions are required. When small sections of data are to be re-written
(e.g., FAT entry modifications), that re-writing may be accomplished by "1"
to "0" transitions in the physical flash memory, which in tum may be
accomplished by overwriting a few bytes within an active, valid data
storage sector or cluster. This would avoid unnecessary re-wﬁtlng of the
entire cluster. - | |

In one embodiment of the invention, file structure 400 would also
include error detection and logical sector veritication'

The minimal FDE |mplementat|on would allocate data storage units
(sectors or clusters) in regular 2N partltions (e.g., 512—byte DOS sectors)
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multiple, of data allocation units per erase block. This increases the
conplexity of the FDE systemfirnmware but hel ps to Inprove overall flash
menory sub-systemreliability by providing the capability of detecting or
possi bly even correcting nedia errors. By expandi ng the nunber of extra

(abl ¢ mapp nHIGH el BB Gvan] mHRs Al otags.nls CopCE i,s°€>,é<?x£ye§"gﬁft%§ ve.
fficient t | e | o t W

by the gi venSeoR et BRAcHdingiesiey, faeh BeTRh8rly 4. Blardiiideh &, O
the gi ven FEE™ ! LoV, or -

Thus,  whon t FVEDTUBRR: Hobeva?: (diifd p Baichibiipnrang s1opelypdh Wi, 00

| ocation, t hénﬂ‘lﬁbfpyssﬁibcb&ék 8poh TBEENbI HAP OF YR b{féusqgabﬁaahggbgpew si cal

| ocation is actual accessed. This provides inmediate detecti errors

that may ari (CRO")t dreefféieomaction bodé {"ECEPPdata fieldsswhidls cas be 08ed @ t
errors in the RAM nenory devi ce. Because flash nenory array 401 does not

i ncur soft edetect (and possibly correct) médiadd transmisslon failubgs.r eadi ng t he
fl ash-based |inked-1ist version of the cluster nmapping table 446. The data
in the extra | ogi émpneambodimant of the &B’PMJQ"\Q]_BC(PMEG% datavfields wauldbeen or
Subsequont | vaAGeHAPeElaPR o8 Chslprer & IR SRR ALD. s Tos gt GRGIECG hytes
B N
F € poLr uct UpGALRESY HERDBE! THIEBReh §lel 88 6t uifBer br #h Wadl ot 260
multiple, of data allocation units per erase block. This increases the
complexity of the FDE system firmware but helps to improve overall flash
memory sub-system reliability by providing the capability of detecting or
possibly even correcting media errors.
By expanding the number of extra "overhead" bytes per storage unit
to M + L, error detection for cluster table mapping 446 is provided. The
number of extra bytes, L, needs to be sufficient to index the total number of
formattable logical sectors allowed by the given FDE system. The data
contained in L is the logical sector number that is assigned to that particular
physical flash allocation unit. Thus, when the cluster mapping table 446
points to a particular physical location, the logical sector assignment can
be verified when that physical location is actually accessed. This provides
immediate detection of errors that may arise in the RAM-image cluster
mapping table arising from soft erors in the RAM memory device. Because

flash memory array 401 does not incur soft errors, these errors can be
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Enbodi ments of the present invention help to mninize system RAM

requi rements by (1) enbedding control code in firmvare and (2) using
reserve blocks for direct block-to-block file and directory transfer during
<l ean-up. The bl ock status table 444 supports uniformflash device and

bl ock cyclreagyendd by reading the flagh-basedniinked-list viessiohi ofytheh¢lusteri ni i zi ng
hot spots that m ght cause erase and wite performance degradation relative:

to ot her degpping '@Mﬁ #h6c KEhendatd in the\exdea lqgigalsadtestable byles, &l ock st at us
i bRt bg ONEVEHOD PriheBe R abRteH I SERG A W e
eed?t 09 188 5bice] SbrBmimale " YiNdchfprt relFEPrYRORld Bretblé ) | ohnt T '
Fom the TYSIE SOABIBIMENT00"2 0¥\ he vention as set forth in the®
appended cl ai m*rﬁm{ HRriRBRNESHE ?%iﬂp Tﬁﬁaeémunmaﬁemse@mm@%lmacmre beNB

regarded in an | ustrative r restrictive sense

1. A noohsips! te irfprove tiie! réliabiiity ob flash imemory araye401.n Thedaktthat

conprising: (A) an active block for storing first data; (B) a reserve

bl ock for filé strutturec40d dnclades prévisiens fohbaskup copias alscshelpsdpy of ‘the
first data, wherein the copy is nade during a clean-up operation prior to
an erasur enm?oveereaabnlme bl ock; (C) a mapping table for mapping a Iog| cal

address of an
Embodlments of the present invention help to minimize system RAM

l_'equirements by (1) embedding control code in firmware and (2) using
reserve blocks for direct block-to-block file and directory transfer during
clean-up.

The block status table 444 supports uniform flash device and block
cycling, which helps to improve memory reliability while minimizing hot
spots that might cause erase and write performance degradation relative to
other devices and blocks within devices (when they exist). Block status
table 444 also tracks reserve blocks, which helps to improve the reliability
and speed of clean-up and "background-task” erasure.

In the foregoing specification, the invention has been described with
o reference to specific exemplary embbdimenls thereof. It will, howéver. be
evident that various modifications and changes rhay be made thereof
without departing from the broader spirit and scope of the invention as set
forth in the appended claims. The speciﬁc'aiion and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.
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allocation unit to a physical address of a sector wthin the non-volatile-
sem conductor nmenmory. 2.7 The non-vol atile sem conductor nenory of claim
1, wherein the nenory is a flash electrically erasabl'e programmabl e '

read-only nenory. 3. The non-volatile senco u I claim1l, -
further conprising: (D a block status table r ﬂmmmml“ |Ormation as
to whether a block is (1) an actiygagMs @ reserve bl otk," (2) *free or In
use, and (3) defective or not deféT,TI‘V'é 4. The non-vol atil e

S e Pt YA Sl o Eb AL b i e FareBgd 5ok, e~

non- vol at icogn g)nductor menory; (2) a maxi mum nunber of erase cycles
reconmended for the non-volatile sem conductor menory; (3) erase and wite

\5/0I ta_?_ﬁs (4) erase(ANd ahidRivetIoerIS: storih fgﬁ?%ﬁaﬂta"‘”d wite algorithns.
: e non-vol atile 'sem conductor memory of claim 1, wherein the
allocation unit is aBjectarreserve block for storing second data, wherein the
second data is a copy of the first data, wherein the copy is made
during a c;lean-up operation prior to an erasure of the active block:
(C) amapping table for mapping a logical address of an
allocation unit to a physical address of a sector within the non-volatile-
semiconductor memory. | .

2. The non-volatile semiconductor memory of claim 1, wherein
the memory is a flash. electrically erasable programmable
read-only memory.

3. The non-volatile semiconductor memory of claim 1, further
comprising:

(D) a block status table for providing information as to
whether a block is
(1) an active or a reserve block,

(2) free orin use, and

(3) defective or not defective. —

4, The non-volatile semiconductor memory of claim 3, further
comprising:

(E) a header containing information comprising:
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6. The non-vol atile sem conductor menory of cl an—m L—wherein the
allocation unit is a cluster:” 7. The non-vol atil mﬂi@monductor menory of

claim1, further conprising an inverter for | ogl C "MM' h bit of
data read fromthe non-volatile sem conduct or voI atile
sem conductor nenory of claim1l1, further corrprl sing an error correcti on

code data field. 9. The (qpn- \ga,l @ﬁfbhﬁaggmsq:ﬁlg;%qﬁommue of claim 1,
further conprising a sector allocation bitnap. . A conputer system

corf“prl sing: (A) . a csemiconguctorm@nmarypnit; (B) : a non-volatile

sem conductor nenory that is erasable In bl ocks, wherein the non-volatile
seni conductor nenory is afRksséedmayxinum mmberaoiwasewclesg unit, and
wherein the non-volatile menory conpri ses: an active block for storing
first data; (2) _recaremendsddppihe ﬂ@ﬂ"&'@iﬂ?ﬁ@’%’@@@‘ﬁmémﬁmﬂﬁbr ein the
second data is a copy of k@e first data  wherein the copy is nmade during a
cl ean-up operation prior an ©5aSg gnd Write, Yoltages; e 1l ock: (3) a mappi ng

Lol for PRl g 2 100 S USRS off e BABRBHAD, UL 10,3, YL
T o e ot cms o1 19(BF ghike BAAAbI Gy O voL ot e memery. 11

5. The non-volatile semiconductor memotry of claim 1, wherein
the allocation unit is a sector. |

6. .The non-volatile semiconductor memory of ciaim 1, wherein
the allocation unit is a cluster.

7. The non-volatile semiconductor mémory of claim 1, further
loomprising an inverter for logically inverting each bit of data read from the
non-volatile semiconductor memory. B

8.  The non-volatile semiconductor memory of claim 1, further
comprising an error correction code data field.

9.  The non-volatile semiconductor memory of claim 1, further
comprising a sector allocation bitmap. |

10. A computer system comprising:

(A) a central processing unit; -

(B) - a non-volatile semiconductor memory that is erasable in
blocks, wherein the non-volatile semiconductor memory is accessed
by the central processing unit, and wherein the non-volatile memory
comprises:

(1) an aétiw)e biéc_k for storing first data;

- - - — b ‘b — . —



Is a read-only nenory. 12. The conputer system of -cl ai~rrr1(T wherein the
storage neans is a random access nenory. 1 stem of cl ai m
12, wherein the random access nenory is a 3!!!”‘ mgjstem

random access nenory. 14. The conputer sy al na wherein the
random access nenory is a buffer nenory. 15. The conputer systemof claim

10, wherein the non-vol atil €)emaoesend dblodkele storirlg 868 darn 'wherwed.
16. The conputer system of claim 10, wherein the non-volatile

sem conduct or nentiveysecord datatisraaoopyotrup@adst dala, whemir theooopy is pretden or
claim 10, further conprising a hardware controller for executing the code
for controllng thduringa/cleaniupeoperationnpuer tor anerasyre aidhe activerblookat i | e
sem conductor nenory substantially as hereinbefore described with reference
to the acconpanying drawi ng€3) & mapping table for mapping a logica!l address of
an allocation unit to a physical address of a sector within the
non-volatile semiconductor memory;
(C) storage means for storing code for controlling the
non-volatile memory.
11. The computer system of claim 10, wherein the storage means
isa read-on.ly memory.
12. The computer system of claim 10 wherein the stiorage means is
a random-access memory. |
13. The computer system of claim 12, wherein the random-access
memory is a general-purpose system random-access memory.
14. The computer system of claim 12, wherein the random-access
memory is a buffer memory.
15. The computer system of claim 10, wherein the non-volatile
semiconductor memory is paged-memory mapped.
16. The computer system of claim 10, wherein the non-volatile
semiconductor memory is direct memory mapped.
17. The computer system of claim 10, further comprising a
hardware controller for executing the code for controlling the non-volatile

semiconductor memory. .
18. A non-volatile semiconductor- memory substantially as
hereinbefore described with reference to the accompanying drewings.
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