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EEPROM MAI N MEMORY I N A COVPUTER SYSTEM BACKGROUND OF THE | NVENTI ON
Feld O The Invention This invention relates to conputer systens
and, nore particularly, to- - met hods and apparatus for utilizing a flash
EEPROM nenory array as main menory in a conputer. H story O The
Prior Art 097 ntly, flash electrically-erasable prog 0

read- only nmenory (EEPROVM) storage devices have been used in arrays as
a new form of |l ong term storage. A flash EEPROM nenory array is
constructed of a | arge plurality of floating-gate netal-oxide-silicon
field effect transistor devices arranged as nenory cells in typical
row and col um fashion with circuitry for accessi ng i ndi vidual cells
and pl aci ng t he FTARH ¥ A I O\R STEMf f er ent nenory
condi tions. Such nenory tranS|stors may he programre y storing a
charge on the floati ng‘ gh hi s charge renai ns when power is renoved
fromthe array. BAGKGRO NB@E@HE(MVEDHHQN or programmed condition) or its
absence (a "one" or erased condition) may be detected when the device
I s read. HeldOfThelnyentioh be designed to acconplish many of the
oper ati ons previ ously acconplished by other forns of nenory in digital
systens anqHy$ e htidn )blét@s‘i&ﬁ@hibﬁfer%gﬁbﬁ@and:%oré paRRiuRany| tsh menory

IS bei ng use | a r.ea s _such’as the basic
i nput / out put st 4P UBgf %P i? @"ﬁ"%ﬁﬁ%ﬁb%%’ﬁ? mEReatgy @Sty to
program f| ash nenainynémopl incecarhputes subst anti al advant ages over nore
conventi onal EPRO\/I nmenory. I\/bre recently, flash nenory has been used
to provide a s ctional equivalent of an electro-

nmechani cal hard dISk drive Fl ash menory is useful because it nay be

read more rapi d'lz ? fashobledticaf Giash @rpregi%mrﬁaﬂelregmgﬁ
el ectromechani c r| Ve ard dr.1ve nenori
E ) storage devices have een used in arrays as a new rm of

long term storage. A flash EEPROM memory array is constructed of a
large plurality of floating-gate metal-oxide-silicon field effect transistor
devices arranged as memory cells in typical row and column fashion
with circuitry for accessing individual cells and placing the memory
transistors of those cells in different memory conditions. Such memory
transistors may be programmed by storing a charge on the floating gate.
This charge remains when power is removed from the array. This
charge (a "zero" or programmed condition) or its absence (a "one" or
erased condition) may be detected when the device is read.

These arrays may be designed to accomplish many of the operations
previously accomplished by other forms of memory in digital systems
and especially in computer systems. For example, flash memory is
being used to replace various read-only memories such as the basic
input/output startup (BIOS) memory of a computer system. The ability to
program flash memoty in piace offers substantial advantages over more
conventional EPROM memory. More recently, flash memory has been
used to provide a smaller lighter functional equivalent of an electro-
mechanical hard disk drive. Flash memory is useful because it may be
read more rapidly and is not as sensitive to physical damage as an
electro-mechanical hard disk drive. Flash hard drive memories are
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especially useful in portable conputers where space is at a prem um

antd weight is extrenely inportant. In general, a flash EEPROM nenory
array is divided into bl ocks which are connected so that each entire
bl ock of nmenyoenasiesSs My be erased si mul t aneously. SiurRBefloRSUr €
pl aces all of the cells in the block into the erased condi i on.
Thiereafter, a-cell may be individually programmed to store data. Since
all of the nmenory transistors of a block of the array are joined so
that they may be erased together, a-cell in a programed condition
cannot be switched to the erased state untd| the entire block of the
array is erased. Thus, while an el ectronechani cal _hard disk drive
typi cal |y st or esespacialaisesil in podablecompiters witere spaes isiatgaremium t hen

rewites that saamd weiRtht® exthemelysmpohant. t he information changes, this
is not possible with a flash EEP menory array W thout erasing al |

s not possi bl e i th : M e | asi ng.
"nval | nf or mat oLy a 1a8h EERRONmsfhoh) Braf lsiiady g olicks whith | |

,bn priagr-ar
i nformation at aa'@aﬁ%"@ﬁieﬂys%\t?ahé@,%’! emﬁe bipak of mepary:Galls may b prased to a
new menory area simultanedusly) Such tnrerasire pldoesdalicbfdibéd eelissindhé idookligtodat a
is marked as i nvgli " e G o bl ock has been
marked i nval i d, @hﬁgﬁ%#“?@%ﬁ%@ﬂﬁé;?&éﬂﬁﬂ@aﬁﬁéﬁgﬁﬂdﬁéﬁ er al| valid
i nformation r enaPRORYNMEta stare data. | Singp iaE'PZH'q Hemesy H’éﬂ?'ﬁtﬁfﬁ)ﬁ?@a Rlogk
I'n general, flasoftherasray arejoibed se dthtahey imay bererased egethetyaeell in a _
random access nMegiirarhied donditidn B2hRol ﬁ’é)kmtég\échﬁ%gle%e%tate untit fiechani cal

access tQ a co arra LS nore

hard di sk drives bécause ) row g_n ikjrm y )
rapid than to a PUradIegk ofithr aray js e@sed, dhygswhite,an plaghio-gechanical ¢4y ge
required to withard disidiiveltyplcatly storesinforgiatian & a fivstigreangf theedisk and an
enpty bl ock of fihgaheWRigetHat s”aﬁﬁé ared 518 didkOWRS el afbrifatidh BRarddes,
DRAM Mor eover, ec.a(ti.séi cha ge d%é'a ES’E’{B be direct I)%/ W tten, over
Cnval i d data i n D00k POFSIPR I RSH FEEHOMMRemBY aifey wihputsrasing.
area, the ol d daalbhof nh_eana'iidmfemammhemamm that blockatingdwittathe ul ti mat el y
erased, the averpgglid infSrmiation! 'é(ﬁlsbauéﬂltﬁﬁ fh prYArY afrﬁng’&ﬁé’ntgyﬁheh tHyer
than to \ertetaPRAw . o .
information at a data entry changes, the new information is written to a
new memory area rather than written over the old data; and the old data
is marked as invalid. Then, after a sufficient portion of a block has been
marked invalid, the entire block may be erased but only after all valid
information remaining in the block is written to the new memory area.

in general, flash memory may be read at the same rate as dynamic
random access memory (DRAM) and more rapidly than electro-
mechanical hard disk drives because access o a row and column array
is mors rapid than to a rotating disk. However, because the level of
charge required to write a fiash device is much greater, writing even to
an empty block of flash memory takes somewhat longer than writing to
DRAM. Moreover, because changed data may not be directly written
over invalid data in a block of flash memory but must be written to a new
area, the old data invalidated, and the block with invalid data ultimately
grased, the average time to write to flash memory is very much longer
than to write to DRAM.
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al t hough flash nmenory has been used for nmany purposes in conput er
systens, it has not been used as main nenory even though it requires

no refresh cycle and attendant power expenditure and provides
permanent storage of data. The wite tine for flash nenory has been
consi dered tWOBEIRH | ong to allow the use of flash menory P&IUSREN§970

nenory. It is desirable to be able to flash nmenory as main nenory in
a conputer system Summary OF The I nvention It is,
therefore, an object of the present invention to provide apparatus and
a nmethod for using flash nenory as main m8NOry in a conputer system

This and ot her objects of the present invention are realized by a flash
EEPROM menory armhgy, afidughi fgh Inémefchabéert used fo? ntrysurposessinof data

h ]
buf for s for st oPPRpUIS RESiogrS. 1.1 q'@&%eﬁ%‘ééé&nﬁaﬁﬁéfﬁb*f i ?*L%@@é"’
??; ts |h mé |E grROt\J/: (r)r; :teqwrm e?asb ;ynlmdw:m@ngoi;tp Bn?‘?nd'we end prexides
buffer directed é )rm @%egrlagf%dggﬁ%d'ﬂ; oy mf)p and
control ci rcuitF@ ?@?%tptqeg P g’ P Eﬂ d‘?ﬁ@serﬁeﬁg apar |cuI ar bl ock

of addr ess&LMAYnai n nenory fromthe cache buffer to a holding buffer
when the cache buffer fills or a holding buffer limt is reached whichever

occurs first, witiisidegirabié telbdaibie forfiashanemdry as smih tleouwdty drf afcoarpaterenor y
to lines of thesg& i ng buffer not holding valid data witten fromthe
cache buffer, erasing the addressed bl ock of flash nmenory, and witing

all of the Iine% I n theggﬂ d'k n% Euffer to the addressed bl ock of flash
nmenory. T res of the invention will be better
under st ood by reference to the detailed description which follows

taken toget her Wiisitherefore; e aieskiohthe Pfﬁsml'ﬁ‘f?ﬂtlpﬂ@ Previds aRPIANIS, of er r ed
to by like desi andtd method for using Maeh memoryeassmsiey mémergeinsa computer

system.

This and other objects of the present invention are realized by a flash
EEPROM memory array including a cache buffer for storing lines of data
being written to all addresses in main memory; a plurality of holding
buffers for storing lines of data from the cache buffer addressed to a
particular block of addresses in main memotry, a plurality of blocks of
flash EEPROM main memory for storing lines of data from a holding
buffer directed to a particular block of addresses in main memory; and
control circuitry for writing lines of data addressed to a particular block of
addresses in main memory from the cache buffer to a holding buffer
when the cache buffer fills or a holding buffer limit is reached whichever
occurs first, writing valid data from an addressed block of flash memory
to lines of the holding buffer not holding valid data written from the
cache buffer, erasing the addressed block of flash memory, and writing
all of the lines in the holding buffer to the addressed block of flash
memory.

The objects and features of the invention will be better understood by
reference to the detailed description which follows taken together with
the drawings in which like elements are referred to by like designations
throughout the several views.
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Description O The Draw ngs Figure 1 is a block diagramof a conputer
system desi gned in accordance with the present invention. Fi gure
2.is a block diagramof a flash menmory array designed in ~accordance
with the preagggsndzgyention for use as main nenory in the perp§oakHe of
Figure 1. Figure 3 is a diagramillustrating the storage of data in a
f Fash nenory array designed in accordance with the present invention.
Figure 4 is a flowchart illustrating a nethod in accordance with the
I nventi on. Not ati on And Nonencl ature Some portions of the
detail ed descriptions which follow are pr'ésent ed in ternms of synbolic
representati ons of oeratlons an data bits within a conmput er menory.
These descri pt i disielblescrptiond@ RQLAWIRgSr e t he means used by those
skilled in the data proceSS| ng arts to nost effectively convey the
subst ance of t héiiguredris & biock tiagears lof Bl cedngutert Systesm designed ¥he oper at i ons
are those requi rchSrd&h&éW'thF‘ﬁ?‘é%?ﬁ\}eﬂﬂén of physi cal qguantiti es.
Y, e

Usual Iy, though not necessari se quantities take the f or m of

el ectrical or e able ,of . be S e transferred,
conbi ned, conp% Eﬁ'& &R@?@ an'ﬂw%ﬁdfﬂsgt’g%fggﬁytér?é ges'g"edplpoven

conveni ent at tiaseerdapee withiae pjesest inveptiomipr e &5Mein nemgy, intthe refer
to these signal sysenbbtFiguréai.ues, el ements, symbols, characters,

terns, nunbers, or t he Ilke It should be borne in mnd hovvever that all

of these and si rpé} b 3 ré'&iaﬁfa% higsfPai Qcét&%xﬁgogvb% |Bféerll Q'h?%bﬁese

physical quantiti€s and are ni e

quantities. array, dasigne 'ﬂ@ﬁ'ﬁ%ﬂﬁ%%‘l"ltﬂﬂ@ H?Vﬁﬁﬂggre often referred
to in ternms, such as addi ng or conparing, which are commonly

associ at ed wi t h Figured is a flow ghant llustrating:a fnoethed irbgccardancarwitiptheat or.  No

such capabi lity jpfention.

Notation And Nomenciature

Some portions of the detailed descriptions which follow are presented in
terms of symbolic representations of operations on data bits within a
computer memotry. These descriptions and representations are the
means used by those skilled in the data processing arts to most
effectively convey the substance of their work to others skilled in the art.
The operations are those requiring physical manipulations of physical
quantities. Usually, though not necessarily, these quantities take the
form of electrical or magnetic signals capable of being stored,
transferred, combined, compared, and otherwise manipulated. it has
proven convenient at times, principally for reasons of common usage, to
refer to these signals as bits, values, elements, symbols, characters,
terms, numbers, or the like. It should be borne in mind, however, that all
of these and similar terms are to be associated with the appropriate
physical quantities and are merely convenient iabels applied to these
quantities.

Further, the manipulations performed are often referred to in terms, such
as adding or comparing, which are commoniy associated with mental
operations performed by a human operator. No such capability of a
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operator is necessary or desirable in nost cases in any of the
operations described herein which formpart of the present invention;

t he operations are nachi ne -operations. Useful machines for performng
the operations of the present invention include general purpose digital
comput ers or WRHEA2Y i | ar devices. In all cases the distintEVEsPAE een
the nethod operations in operating a conputer and the nethod of
conputation itself should be borne in mnd. The present invention
relates to a nmethod and apparatus for operating a conputer in

processing electrical or other (e.g. nech&sical, chem cal) physical-
signals to generate other desired physical signals. Det ai | ed

Desqritlotiont hurii@h @peraier is Neckssdry ov desitablé remest cases! ik dniy it aite at .
conmput er system . iayred.in iment o e
present inventi oiﬁ;xgm%g@gggg%@yﬁﬁ@&%’ﬁgﬁ"ﬁ%ﬁ%’? qz,gﬁﬁ‘rg al
progessi ng unit rglons are RA GRenakeng.aMsel maesinegoor BAROITNBE | ded t o
iin'tmlt the ?Fert@biotpwaudns of the phesenit Hivomtion incllse Qﬂﬁérﬁﬁbur@bﬁﬁ@@iaﬂgélu% t ]
is typically - r r . iCc
control s access @éﬁgrsb& &Pﬁﬁoﬁ'ﬂ' I(%tg%‘?}?é%u'srpﬁgc%s%ggpggkﬁ%g&é rﬁglwe:?f‘or mat i on
bet ween t he var i #hgdnethod opgralione it operating&a egmputar and theymethpgtef 1, t he bus
12 is preferabl yegmputatio R§éIPSIGLM be LHPAE BNMind)t Fiid prssehfiaventiss or ot her

bus 15 chosen’ | el 0.2 meth6d oig ABPRIEALE tdronBig 4 BOBBEGE K0 1'% ([0l o
system 10, vari RI9cessing plegtrisal or other {e.g; meshaniealc ghemicalhysicghe bus 12 as

bus master and hkgignals 3y generate othet dekived physibsl sigegsint il lustration, for
exanple, long termmenory 15 may be joined to the PCl bus 12 as a bus

slave circuit. Cﬂ&m&@gﬁ/ out put devi ces such as sound boards, franme
buffers, and the Tike ~may al so be joined to the bus 12. The
cache 16 (of ten HeleHiAs b8 QG 1Yl RiisteybT s APt absiam 10°°° T3 Wi n
menory 13 is typgrosdiguiedcipraccoidance with oyeembodimeni ofitha prasent inventiamor y
(DRAM arranged The SystemMay illuStkated MBNddsOa COMFA prééddsig uriit 11 whidthe pri or
art to store infgruRldedRe WaHbHS indtrBEd R brolidt 1§ RoRPdGhe 'operations of

the system 10. The central processing unit 11 is typically joined by a

processor bus to a bridge circuit 14 which controls access to an

input/output bus 12 adapted to carry information between the various

components of the system 10. In Figure 1, the bus 12 is preferably a

peripheral component interface (PCl) bus or other local bus adapted to

provide especially fast transfers of data. This bus is chosen in Figure 1

for illustrative purposes only. In a typical system 10, various input/output

devices are connected to the bus 12 as bus master and bus slave

circuits. In the present illustration, for example, long term memory 15

may be joined to the PCI bus 12 as a bus slave circuit. Other

input/output devices such as sound boards, frame buffers, and the like

may aiso be joined to the bus 12.

The bridge circuit 14 is also joined by a memory bus through a
secondary cache 16 (often referred to as a L, cache) to main memory
13. Main memory 13 is typically constructed.of dynamic random access
memory {DRAM) arranged in a manner well known to those skilled in
the prior art to store information during a period in which power is
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provided to the system 10. In the present invention, nain nenory 13 is
afllash EEPROM nenory array designed in accordance with the present

I avent i on. Figure 2 i's a block diagramof a flash EEPROM nmenory
modul e 20  woovfb2e) nay be used as main nenory 13 of Fi guperiiseshbgemodul e
20 is joined to the nmenory bus through a flash controller 21. The
ftash controller 21 wites data fromthe nenory bus to a cache buffer
23, from the cache buffer 23 to a holding buffer 25, and fromthe
hol di ng buffer 25 " to a flash nenory grray 27. The flash controller 21
also wites data from the flash nendPy array 27 to the hol ding buffer

25. In addition to wite operations, the controller 21 reads, each of
the cache buff eProvided fa-the sYSter‘FgI‘Bi Wy thapregentjavention, Maid MEMORY fdibry array
‘27 in that orderaflash EEPROM fremsdry @rrayrdesignedin asegrdance with tie presbar of
conmponent Ci r cUijhvontion. Whi ch have been described at length in the prior

art in order to acconplish its operations. For exanple, the controller
21 may utilize &. 1 Croprqcessor .a ffer nmenory tg carry out
operations wit h?’ngure 2 éﬁ%'e@‘ 3'5‘9{5}{@ °&ngﬁﬁ%ﬁ&&“¢’8ﬁwm mejme | read only
menory or fwhicinmay . be/usest ammairememonn 23 ob rigusg Il erTheImodyle i20ds ude a

functr ons. wi t . 1oined 15018 mbaioky 53¢ Hrih & ReshEGAIer 23 Theidish! 1o var! ous
controller is c&BHB?'ie'?rq writes qai?cﬁﬂ’g'g EMWﬁ’gsgsérFa&ﬁeP\ﬁ@eEg%H@%uf fer
23, the hol di ng theitache bwifer 23 to aaheidingdutien2h, anshiso the haldimybutfier25 ng each
rray 27 once arsedieshmérifry anay 7. he flash pirfollspa1 B itge datFhoierD Y

y : it bu . 23,
hol di ng buf f er Yas ﬁ%ﬁh"‘t"ﬁ?’}’ pligy 27 to the bl W&?%%@H@Q"%&@'&%d. The
control l er 21 i opgrationsathesontrotier 21 reags sach @t theceache bufigr @dathet y of bl ocks

of the flash nempidingbufer 25) and the ﬂagﬁmt@ﬁorwatﬁ? 27 ih khdeordescr i bed
hereinafter. In addition, the controller 21 includes the logic

necessary (whet o ddin k¥R 1 sl TGS, aHumber of BBABBALA)cifegpeccOnD! i sh

t he various steps necessar ; < . ] ose steps
are described atWhighBayp peen-peggribed at length inthg prior antjig osdeyitagr am
i [ lustrating thacommplish itisiopévatibnslaFer exansple) the controlier 21emaf utifizd he cache
buffer 23, the hgblohsedddbf Shd iveal BitbritiEmblyds tar Bk Yperations with

respect to the module under control of local read only memory or

firmware. Alternatively, the controller 21 may include a microcontrolier

and state machines designed to carry out the various functions with

respect to the module. The functions which the controller is capable of

include accessing each of the cache buffer 23, the holding buffer 25,

and the flash memory array 27; reading each of the cache buffer 23, the

holding buffer 25, and the flash memory array 27 once accessed; writing

to each oi the cache buffer 23, the holding buffer 25, and the flash

memoty array 27 once accessed. The controller 21 is also capable of

erasing each of a piurality of blocks of the flash memory array in a

manner which will be described hereinafter. in addition, the controller

21 includes the logic necessary (whether in software, firmware, or

hardware) to accomplish the various steps necessary to each of these

functions. Those steps are described at length hereinatter.

Figure 3 is a diagram illustrating the manner in which data is stored in
each of the cache buffer 23, the holding buffer 25, and the flash memory
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27 of the nodule 20 of Figure 2. As may be seen, the nodule 20

i ncludes a cache buffer 23 which in a preferred enbodi ment stores |ines

of data. In an Intel-m croprocessor-based system such as one including

a Pentium M processor, main nenory 13 may be positioned to receive

| i nes of dat g"é?fﬂa?“to 32 bytes transferred fromthe secondPFEYEAMPerr])
cache. Although it is not necessary that the data be furnished from an

L2 cache, one enbodinent utilizes this arrangenent. In any particul ar

I nstance, the size of the line furnished may vary, and (if so) the size of
each line of the cache 23 will also vary B that the cache line size is
equal to a line of data in the illustrated enbodi nent. The cache

?Ef I,er I2_3 in ]Eheampmﬂbmumaaomdaﬁgﬁmlé.yAgmm'easéemthe modmal cacge_ so
at aline o i 1,40, r . nlaced in
any avail abl e s'?i g&@ gsﬁg%“?‘?g@%iﬁét 1%@@%b&f€ﬁg§e¥bbodlmem€%?@§ l@'& a has
been witten i nc%ﬂg@ imendnigl-migroprecassprasgd isystem suh as one {ngludivgir ess
\M;ijch is andozI f sePentidiii ™ probéssok, mainfrhembn/EtPRidy epssioned to redeibé 0_C|k o
address, and dat t avai |l abl e
in the cache 23 'glﬁg%r;a%a%gggwa_lﬁ??gndygé} {r%;es@%én# ?}gﬁ*@re%%&fa?# fege{ g‘é) and
bl ock address negacheoMinough iris Aot neressarydhakthg data bo furnished flam aRe

caghle or2 Oif aI ca@e@ﬁegmb&:hmhhﬁ utilizes thié&mgehenﬁemralﬁynpﬁiﬁ?lafﬁl 3, ht he
nmodul e inclu r 4 . i X ! as
EEPROM nenory 2§§§t§b§e tF% sg?y&ﬁgélﬁpé%'smd m%ri %'fa&ﬁu?iﬁafg%er _nu_nber
of flash EEPROV @achding gidhe gache 23 wilbplepivanheo thas iheieachedlingusigRis suf fici ent

to provi de what esgsal % ading®fiata in theBiustratédsembeodinant.t he system and the
nunber illustrated is for descriptive purposes only. In any case, the

From each of 1o adhe 6ifer 23 in e effielaffiértshoir 19 MY Besdcitvel) 0 @
Drarb7d of 11 asrDRBMRache S {pabAaR of deta b frEnSieted te mADTEREY be seen i n
the enbodi ment imayberpiaced inrary auailabld,storage positiopadhstorade positkh fos a ful |y
associ ative cachgnigh dra{'@f\?é‘%eﬁ witteRlindilifes among ofHY? thiRYs AQlAidbit @ Witten

to any address. ,(Jn the illusttatio see.the V 0 entries in
cache buffer 23)td %qufﬁtwr&iﬁ'é ISAn PR%e vy agfoc&?ﬂf gaﬁﬂiﬁ%ﬁ Mem9Bhe are
val i d. Consequera blpck addeessdand datad A storage pesjtienithr @dinexnfdiata is

available in the cache 23 and may be written by the controller 21 if a tag

and block address match occurs for a line of data aiready stored in the

cache or if a cache line is invalid.

As may be seen in Figure 3, the moduile 20 includes in the array 27 four
individual blocks of flash EEPROM memory 27a-27d. in any realistic
array 27, a much larger number of flash EEPROM blocks would
probably be provided, a number sufficient to provide whatever size main
memory is used by the system; and the number illustrated is for
descriptive purposes only. In any case, the cache 23 may be seen {from
the BLK entries) to store lines of data from each of four blocks 0-3; these
may be any of the four blocks 27a-27d of flash memory array which are
illustrated. As may be seen in the embodiment illustrated in Figure 3,

. the cache buffer 23 is a fully associative cache so that any line of the
cache may hold data written to any address. in the illustration (see the V
or valid entries in cache buffer 23), all but one of the lines of data in the
cache are valid. Consequently, data addressed to the tag address and
biock of any of the valid lines could be stored in the cache 23. Thus, a



bl ock of any of the valid lines could be stored in the cache 23. Thus, a

WO 97/ 13204

PCT/ US96/ 15970 - 8- wite
to-tag address 00000000 in block O would cause data to be stored in

pl ace of data presently stored in the data portion of the uppernost |ine

in the cacRpdgmags Mlarly, a wite by the controller 21 78sb¢n&he t e tag
and bl ock addresses prefixed by a one in the V entry posi%‘?l(.)n at t%e | ef t

of the line in the figure would be a cache hit and woul d cause data to be
stored in the addressed line in place of the data presently residing at
that line position. In order to better understand description of the
operation of the nodule 20, the flow chdt of Figure 4 should be -

consul t ed. In case of a _cache m ss bﬁ the contraller 21 attenpting to

wite to the WwritetglagaddressD0G0RA0Q in biaek Dwould gause data tobaftpred t he | i ne

(2); dat ?_ COS' g ineplace of datapresently Istorbd in the datapottiomofithe ubpbmmih% the cache
prefi xe Vi ; 0. ndi cat 1 ng
Zhal the ot 2indng Sabhe 23, siliidr a Wil kg S3htoIRF 23'o g ot Hd 1o

t he cache 23 iand biock gddresses prafixad bygene inthed entry pesitionatthedeft

addr ess ;a? t obtdsfethbllmekn e/ figure wotiid be @atichs Winkxetd whullicaese i:satattbet?ecac he
are wi en : d S+0T a
Yerbitd A} ?%L%%Péﬂigé%E‘é@s%,t*‘%ﬁ%t@&%%&?k;@@éﬁther ke up

h
plurality of N

t he hol difﬁﬁth@""gE In orger topatterjundersiand.descriptign.ot i@ cache buf f er
23, these operhtiomaf thefrhedude 120y thel fiow biearDBfRigures4 shobidtbdee bl ocks of
flash menory, ~gnsynbf§e nunber of holding buffers is a function of the

i ndi vi dual sys?em and the nunber three is used for illustrative

pur poses only., However, i . _.sShoul d be nQted that each holding buffer is
of the same si'?é’aégcﬁmbe mlssbylﬂp e%m(é’?'ﬁﬁ%éﬁe%#’gﬁ'q Fﬂag’f'tegt?t @ch of the

bl ocks of f| astecherfs, singletiine is illustratedfte which thetlingiotelatg colid beont rol | er 21
i s designed t owtdr, 2hél foLath Iheifom the béticHh @8 thecathe 2 srefixed by Beefd ash array

to one of the . ndivyj | L di . buf f. | C nt al n ata or

i nval i d data. "I‘ﬁge ya?'ﬁﬁjl g&ﬁiﬁ'q"{ %ﬁﬁet'?ﬁ &nﬁg:ail% ﬁm‘%“)& g%‘%gqr%gédﬂ@ sé%ﬁay hol di ng
buf fer. Since atibatpesitionsisdnyaliflddr essed to one bl ock of the flash
menory, any holding buffer stores data directed to only one bl ock at

any tine. Ondé theataphiel 23vis fulh bt valdadsta, thesalines dfehé caché BB cache buffer

23 to a addressed to the block having the largest number of lines in the cache
are written by the controller 21 to one of the individual ones of a plurality
of holding buffers 25a, 25b, and 25¢c which together make up the
holding buffer 25 illustrated in Figure 2. Like the cache buffer 23, these
holding butfers may also be DRAM. As with the blocks of flash memory,
the number of holding buffers is a function of the individual system; and
the number three is used for illustrative purposes ohly. However, it ¢
should be noted that each holding buffer is of the same size (contains
the same number of lines) as each of the blocks of flash memory. In the
preferred embodiment, the controller 21 is designed to write data to be
stored in one block of the flash array to one of the individual holding
buffers which contains no data or invalid data. The data is written to the
next available empty holding butfer. Since the data is all addressed o
one block of the flash memory, any holding buffer stores data directed to
only one block at any time.

The aigorithm which controls a write from the cache buffer 23 to a
holding buffer 25 is designed to write, not only when the cache 23 is full

Once -



* read.

hol di ng buffer 25 is de5|gned to wite, not only When the cache 23 is full
WD_97/ 13204

PCT/ US96/ 15970 of valid data, but also when a threshold | evel of
li-nes-is reached for an i ndi vi dual bl ock of flash nenory. As a general
rule, the threshold value - is equal to the nunber of I|ines which may be
stored in a single block of flash menory. To allow the algorithmto be
carried out Pﬂpgﬁﬂﬂﬁt ei t her the greatest number of lin ’H%W"ﬂ“ﬁck
when the cache is full or a t hreshol d val ue before the cache is ful

the controller 21 includes a menory 30 storing the nunmber of valid

| ines of data presently stored in the cache 23 for each of the bl ocks
of the flash array. The menory nmay bega data structure in |local nenory,
a set of registers, or any arrangenment for storing data used in

carrying out a pf v4lRbSatalbit &iSo hieh a threshoRl RVEDSTNINGS id rezched 6k @it ed by

the val e for aMalidal Eboyfilsh mdthaly, As o deRial I, e hfdsndle g Por | 29
stored in the cifcéqualto the numberof liges whichmayibeystetedriaassinglg blogkof and 25c
is designed to haérdnfelm Toelew thi ragoTitir 10 ibecsanisd eutab&elecp bithérash

menory. When i e o a hol di ng
buffer, the hol ﬁ?%?{gﬁlﬁ?QPﬂbgf°?f"%¥?{%$'ﬁw %@éﬁgﬁlﬁgﬁ -hand corner
of hol di ng buf f thresimig valye beforerthip cache isfullgthe; gantrolierc2 s ingludesian t he

buf fer; and thenehtaryiF0 stafingthedturhbér of vali@linek opdathl prese nedtm whi ch

{he ?ohsa?dﬂgfé Fhtthe 23 B 3%%?8 5 e ot 1B S T8 ey Tl
witten to the maﬂaﬁg sHuetuEs in '9ﬁ%ltm$mﬁ@- RSetf I&S&F‘%’él pHan¥nd then the
line of the cachmange rfuéﬁlnfov\/éloﬂh idataBSed\n ddreing outnproedss Bueh aglthis.  and

by one s wiiTHE! é"é@??‘ of QP[*@E@’E ?ﬁ@“én%@%%ﬁ%’f 0 It a ey °0"c
mai nt ai ned. Accblogk may be sat by hctrmmenting:tha yahie far gparicardlock  addr ess

directed to thewhhevarenéw line dor thatBloek is storain the caétiea2d.r om the cache
23 and stop so long as the line remains valid in the cache. If t he

- cache line is ipygh Bf‘ﬂ}é"hél&%ﬁ Béﬁtle?é é@é@@d gzbbﬁ‘s B%n%hé@tcp%lﬁ%efor the

bl ock addressed; 'S I on successf ul
O e o haRMA e of Inesrs Bk of fash Seman. WEeq InstotGas; ne
hol di ng buffer anmraitmfram/mmache 23 tata hdiding daffes she holdingdbixfies s2d bl ock

of flash is reagharkdy \AlidS(s88UPPEr letIfarlPéctibr SRididihg LREPESaeCessed on a
indicate valid lines are stored in the buffer; and the identification of the
block of flash memory to which the data is addressed is stored in the
holding buffer {(see BLK# indication at upper line of holding buffer 25a).
As each line is written to the holding buffer, that line is marked valid; and
then the line of the cache 23 from which it was written is marked invalid,
and the number held for that block in the counter memory 30 is
decremented by one. As will be seen, this allows the appropriate read
order to be maintained. According to this order, a read of a particular
address directed to the main memory module 20 will read the data from
the cache 23 and stop so long as the line remains valid in the cache. If
the cache line is invalid, a read is attempted in the holding buffer for the
block addressed; and if a valid line is found, the operation is successful
and stops at that holding buffer level. If neither the cache nor the
holding buffer contains a valid line at the address, the addressed block
of flash is read. In this manner, the latest data is always accessed on a
read.
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all of the valid lines of the block having the greatest nunber of

li-nes'in the cache 23 have been witten fromthe cache 23 to the hol ding

buffer and validated, the I'ines witten have been invalidated in the

cache 23, a unter nmenory 30 has decrenented to zer

bl ock of flggﬂbﬂgﬁgfy, the controller 21 tests for invalidpfpﬁggh%ﬁbthe

hol ding buffer. If any invalid Iines remain in the holding buffer (for

exanple, line 7 is invalid in buffer 25a in Figure 3), the controller 21

reads those invalid lines in the addressed flash nenory bl ock 27a (or

27b, 27c, 27d) and wites the data read O m each of those lines to the

sanme invalid line of the holding buffer. In this manner, the hol ding buffer

is filled with @Mcealinithe valid linesyfibe Hlackdtavingdhe igreatestrnumiengs| di ng

%f f ﬁr t Eavg ?ee_nnés' inl 1he caich® 28Have been wiittsreiromtRe Bhci2®to fHeaﬁcﬂdi:TgerPr y to
ic e data : T ofejgim L utilizing

the. appr opr | at e PBabAAE Vafed, 18 SRgE wrtten vV bEn TVEaRYTh i . o %\ 1F

erasure has occGrehei23and theicouaterimemary 30 has degramented torzere farithatdat a

addr esse?ht oblt hbldekcvfmlaﬁﬁ rr:fdmy. therubntroller 21 testscfoninvalid fies’ih thes CO_rrPI eE ﬁd
erasi ng e o} . . y wite e
data fromthe hg'Fl | B%f?ﬁ%f éﬁ&{%ﬁﬁg%%%ﬁmém n @P(%{i&hé‘? bfefééggglii ne is
written from t hexa®ple. fige Fus frvaliddn Phﬁeﬁg%lﬂ frigurei3). the contiolier 21 ne i s
\éa: ijdat egl i nkt hﬁeédmbf@imidid&iheﬁm Vadtitgsdedeiashmmémbnetiotk 2va (or  t he

ol di ng ock. n I, en
conpl etely i nvap?gﬁ_ﬁ%g@&g“ﬁ&’%‘%%?fﬁ? ggl’k%l {s?&%n?ragg(?? %‘%gllﬁngggﬁﬁay be
used to store d&ameripyiciine ofiba doldingbyffers dathis manner.ithe delding, byffer In

one enbodi nent ¢ filidgewitmvalid data, before the data from a hol di ng buf f er
has been witten to the addressed bl ock of the flash nenory, the

brding eﬁﬁﬁﬁé?%a{fmgfé?agsvbﬁ’%q?ﬂ“‘“%?ﬁ?“ E‘éw b filed wibdald’ Lhe
ar e nval | G8ts e plogk of tiash,mepiary i whish e daf3 igadgreseRas eraskd val i q

| i nes now by théy sontzelles 2tudilizing the @pprapriate procesmwhether softwareaddr ess i n
[hE ol 0170 i thkaag B iAng e monining biarc i1
the line i g t he "ﬂ%‘ﬁg‘sitget"aﬁd dPMﬁﬁ%{Lgdogh?dhﬁgk?’ﬁgéﬁht Q%Fémvﬁ'i tten, to the
bl ock of flash sentreller 2ithas compliptedeerasingdbe blogk ptflashmemaryed, theta) is
ultimately storegnirdldri2a rmapwhitdthecdata from the holding buffer to the empty

block. As each line is written from the holding buffer to the flash block,

that line is validated in the block of flash memory and then invalidated in

the holding block. When all of the lines in the holding buffer have been

completely invalidated, the holding buffer is marked invalid and may be

used to store data from the cache 23 addressed to any flash block.

In one embodiment of the invention, before the data from a holding
buffer has been written to the addressed block of the flash memory, the
controller tests the cache 23 to determine if any valid lines in the holding
buffer are also valid in the cache. Since lines in the cache are
invalidated after being written to the holding buffer, any valid lines now
in the cache must be newer than the data for that address in the holding
butter. If so, those lines are written from the cache to the holding buffer,
the line in the holding buffer is validated, and the line in the cache is
invalidated before the data is written to the block of flash so that the
latest data (rather than stale data) is ultimately stored in the flash block.
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time, a read may be directed to an address in the main nmenory nodul e
20. The controller first attenpts the read in the cache 23. If a val i d
line with that address is found in the cache 23, the data is read from
the cache 23 and pl aced on the nenory bus. Even though the data in that
line may haJEOPUEEWbeen witten to the holding buffer and PCT/USSREEH val i d
in the holding buffer, if the line has not yet been invalidated in the
cache 23, the line is read fromthe cache 23. Since t he sane data
resides in the addressed |lines of the cache and the hol di ng buffer, the
data remains valid; and read |atency is -fgpt as short- ‘as possible. If
the search m sses in the cache 23, the controller conti nues by reading

t he hol di ng bUfAEény fifhe, & redd mayde dirstied foi arsaddress in the mainanémoandr ess

rarked val1d. 1 fnebllod, STOUrolbbfief BRSPS G relifhe'cHEnd 98, na 20% ot

t he addr ess of f ound,

the.line is rea\’ﬁﬁ'&rl!!‘em" 69 rass isfawpdyn the caghe 2 dhe data is "93% sses in
t he hol di ng buf frem,thé leactie 28 rapl| pacedont iheunemohebus aBvémtidugh the addr essed

Vi i o read frSBafh hek iR e have’fost Gber Vo [ theddihG Butier ahd [0 0L 11
time any indi vi @aafedovaligiin ghe holging buifesif/the line hasrotygt Bp8Red and data is
being witten fmoa!iddwd imothei caghb 2B the line ishread fromthedache23erSinger at i ons of

the rodul e Y 5 deifd GhartbiiBs e aparo SRS of 44 LAUD Bl Hae Pr ocesses

run by the contral g 8 8 second erase
process with rcQiding huer1he data mmrins valid; andiread fatenacy,is\kephas 8het pe
occurring. Readasipossible: ¢ thp@eatchanissesin the caohe @3cther¢controller t he | evel of

the cache 23 anghanls b 'rgéélﬂ?'ﬂ'x’éﬁﬁla Pgiler. THBICBRESIGHodH e fPEDT Y not

engaged in the erase . an roc under st ood by

those skilled itloghaddress masked, valid, 'ftﬂh%'ﬁfﬁva%he contgolier eﬁ'ﬁfthedescru bed
herein, a nmodul ageitstithe kddresg of the lehbeiagoead. |If a validaaddrgsses linggabl e of

responding to bfehnur:ﬁe%ne@érdgd 41 BBE] oh P memorbl! I thigedd M L5 2l whi ch

a present day ceptr ro, rating. The read
operations procBE3e&{n ﬁ'l‘?ehé é%mmm‘!%@ﬁ so‘ﬁ@r’ﬁgéﬂhg‘el n a DRAM

mai n menory. Siaddressed black oﬁlashgnamety 27a,87be7e briayd HyheRavhatebhe buff er

23, these al SO jghyRE B i isl B8 #BFthe flashiseis W th DRAM main memory
until the cache buffer 23 fill

It will be noted that during the time any individual block of flash memory
is being erased and data is being written from the holding buffer to the
block, other operations of the module may be taking place. For
example, certain of the processes run by the controller 21 may be
duplicated so that a second erase process with respect to another block
of flash memory may aiso be occurring. Read and write operations may
be occurring at the level of the cache 23 and with holding buffers and
blocks of flash memory not engaged in the erase and rewrite processes.

As will be understood by those skilled in the art, because of the unique
arrangement described herein, a module 20 including a flash memory
array 27 is capable of responding to both read and write operations
within the limits at which a present day central processing unit is
capable of operating. The read operations proceed at the same rate as
do those operations in a DRAM main memory. Since initial writes are
directed to the DRAM cache butfer 23, these also may occur at the same
rate as with DRAM main memory until the cache buffer 23 fills
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conpletely. Qther menory capable of fast wites m ght be used instead

of* DRAM for. the cache buffer. Wth a cache which is relatively large with
respect to the size of the holding buffers and bl ocks of flash nmenory, the
cache buf f eryd ﬁgﬁh less likely to fill than it is to enp ' onse to
a 'blocgw? Kes ol d size being reached. Consequently, tﬁ%”3§¥@§ﬁg of

dat a fromthe cache buffer 23 to the holding buffer 25 will typical
occur as a background process which does not slow either reading or
writing the cache buffer. . Moreqgver, as will be noted by those
skilled in the art, the process for 4ﬁkiting to the holding buffers is
designed to elimnate, in so far as is possible, the need to wite
back valid |i neSompigtelyhOtheropmepneapable etiast writes might be uged insteadhuf f er

?ﬁf ore ;ar afsi ng bhDRAM ot tthé @tﬁbhe biifférh 4vieh alache whichlis psiaNely large!Rith ihgﬁgr S
e wite rom sno
value is chosen%%@@ﬁ&%@%@%’%%%‘wé% & blocks °?*!9$§a{?9f°4%§ Fill
ei ther a bl ock 6Rchehaufferds mughiess likely:tg filliaar itdeita emplydn fesponse t®af fer, t he
Pﬁl d; Ing EUL }‘erkbiok:k thrieshbkd! sizb béihg readhied. | Corsbgaantly) thavwiriting o alita ] bf ][]g)m
e as ocC cne u er
tigh thetachf BiBES3 to the noigHi BLfibr 25 Wi tyHie cdlf oE 2

does fill so tha ] er OCC! e troller 21,
the overal | spebackaround procegs which-gdaes not sigw eithairegging enweiting:\het | v

pl anned centr al cactaecheftarng units for personal conputers. This occurs
because wites fromthe cache buffer 23 are directed to a second | ayer

of DRAM buf f er s pppb i Killed inYhé i bR the wites
to the flash EEM%%VI rﬁéﬁ g%ééﬁ?%gﬁﬁg%%ygt;iaed :n".ifﬁ.%%é er;gfgngégsgxt hat they
typically do noWndng 0jping hutfers is desigiediis elimin 'gﬁe 8h8S Iventi on has
been descri bed passiblegtherieed to_wﬁtefhwkaaﬁdzﬂnﬁmnithelﬂash memory bldoks
appreci at ed t hafg {3 Rl 'H&ﬁbfbﬂal?é §faSing the fiaBK bick £11ahé Btk ght be nade
by those ski IIe&gl r}?tae rt, Wt gut e 1 degartlﬂg fﬁwe thl’lt and
scope of the i nJURERAIA valpgdriggrrs ihe wrte from 18 cache 1, RI P asured in
terms of the ¢l singe thénthrashiald veliwe is chosen to be equal to the number of lines

required to fill either a block of the flash array or an individual holding

buffer, the holding buffer will be filled with valid lines and no write back

trom the flash block will be required.

However, even when the cache buffer does fill so that writes to the
cache buffer occupy the controller 21, the overall speed is still sufficient
to keep up with presently planned central processing units for personal
computers. This occurs because writes from the cache butfer 23 are
diracted to a second layer of DRAM buffers which may be very quickly
written. Finally, the writes to the flash EEPROM blocks occur only in the
background so that they typically do not slow the process.

Although the present invention has been described in terms of a
preferred embodiment, it will be appreciated that various modifications
and alterations might be made by those skilled in the art without
departing from the spirit and scope of the invention. The invention
shouid therefore be measured in terms of the claims which follow.
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- 13- Wiat |s dained |s: daimil.. A_mmin nmenory nodule . .
conpri si ng: a cache buffer for storing data being witten to all
addresses in the nmain menory; a plurality of holding buffers each
for storing data fromthe cache buffer addressed to a particul ar bl ock
of addresses in main nmenory; a flash EEPROM nenory array conprising a
plurality of WOYARW o menory cells storing data from a Puf f er
di.rected to a particular bl ock of addresses in main nenory; and

control circuitry for controlling the Wiww
to a particular block of addresses in main nmenory fr he
buffer to a hol ding buf f er vvhema-thresholgdluﬂ

for controlling the witing of valid data from an add

the flash EEPROMMBIT Glafhéchls:t © t he hol di ng buffer ! nof %Mﬁmﬂmlpﬂllll

valid data witten fromthe cache buffer, for controlli ng*the
erasing of the sed 9\%1'&1 iainy: EEPROM nenory array,
and . fagfr;ﬁ@g'ﬁtroﬂ I'Ng %@Wi@éﬁggﬁmgwmgéta in the holding .
buffer to the ddressed bl ock .of the fl|lagh EEPROM ngnory. array.
Glaim 2 oA i hoAR Py Aanag dafeibeiRy wiienta Al aares AL Ine, mAn
threshold for theemom,rol circuitry is the size of the cache buffer.
Claim 3. A main nmenory nodule as clained in daim1l in which the

threshol d for theplpdlity 6f héldingUditfers bach e stdrfg diita o cdaehbWuker -
addressed to a particular block of addresses in main memory;

a flash EEPROM memory array comprising a plurality of blocks of
memoty cells storing data from a holding butfer directed to a particular
block of addresses in main memory; and

control circuitry

for controlling the writing of data addressed to a particular block
of addresses in main memory from the cache buffer to a hoiding
bufter when a threshold is reached,

for controlling the writing of valid data from an addressed block of
the flash EEPROM memory array to the holding buffer not holding
valid data written from the cache buffer,

for controlling the erasing of the addressed block of the flash
EEPROM memory array, and

tfor controliing the writing of all data in the holding buffer to the
addressed block of the flash EEPROM memory array.

Claim 2. A main memory module as claimed in Claim 1 in which the
threshold for the control circuitry is the size of the cache buffer.

Claim 3. A main memory module as claimed in Claim 1 in which the
threshold for the controt circuitry is the size of the cache buffer.
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-14- Claim4. A min rrerrory%duLeaS\daigvirn Claim 1 in which
t he cache buffer and the hol din ffers may itten at the rate of
dynam ¢ random access nenory. mm n nmenory nodul e as
claimed in daim1l in which the ; l’"”m, t he hol di ng buffers
each conpri seobAsdEsC random access m‘-:m)f'y « O al MggrmsodisgR N
menory nodule as clainmed in Claim1 in which the cache buffer and each
of the holding buffers includes storage positions indicating a valid
entry after a data entry is witten and indicating an invalid entry
after a data entry therein has been witten therefromto subsequent

st or age. Claim?7. A main nmenory nodlle as clained in aim1l further

conprising contr CII‘CUItI‘ for control]in he wr i of , valid data from
t he cache bufferelaﬂ“t%e hd %"qurﬁlm%%gﬁﬂm’ﬂﬁqﬁ‘b’?%h‘e'"n‘ﬁ\“&\"%e buf f er
i s indicated to éachedufiér andl thehotding bulferd may decwiittert acthbodwdiofg buffer to

t he addr ess ROM nenory arra Cl ai m 8. A
By faftiorh Aosqs hBmioly: i

met hod of. i ncrea he spe operations to a menory array
whi ch includes flash nenDr eV| arr block whi ch are
I ndividually era é%ﬁﬂ‘ B'f’ca"ﬁeg'q/ﬂaﬂmng inWhich the,
directed to the m!nsrt;uf&naad thohaldm:mfferafeaeh comprise dynamic randemg written
at a speed fast efcdeaindhiéryb! ocks of flash EEPROM nenory devi ces,
witing data addressed to a block of flash EEPROM rrermry devi ces from

t he cache buffer e of Sy
sufficient to st a N dénf ﬁ'%meﬂldr'r%%@ %rg'e méﬁ@c‘ﬁmo‘?hﬂ'g%
EEPROM nenory decﬂqbesbuffer and each of th elﬂeqs imﬂqm Y s|sQfraniPR§tigReN a
threshol d amountindicating & valid entry aftepddats erity isowritten ahdirdicatinglansh EEPROM

memory devices ifvaiid entry afterd G4tabritry thBfir ASL Gedl ihiften therefrom to

subsequent storage.

Claim 7. A main memory module as claimed in Claim 1 further
comprising control circuitry for controlling the writing of valid data from
the cache buffer to the holding buffer when all data in the holding buffer
is indicated to be valid before writing the data in the holding buffer to the
addressed block of the flash EEPROM memory array.

Claim 8. A method of increasing the speed of write operations tc a
memory array which includes flash EEPROM memory devices arranged
in blocks which are individually erasable comprising the steps of:

writing all data directed to the memory array to a cache buffer capable of
being written at a speed faster than the blocks of flash EEPROM memory
devices,

writing data addressed to a block of flash EEPROM memory devices
from the cache buffer to one of a plurality of holding buffers of a size
sufficient to store all data which may be stored by a block of flash
EEPROM memoty devices, :

the step of writing beginning when a threshold amount of data
addressed to any block of flash EEPROM memory devices is
stored in the cache buffer,
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-15- filling any data storage space containing invalid data in the
one of a plurality of holding buffers to which data has been witten
with data from t he bl ock of flash EEPROM nenory devices to which the
data in the one of the holding buffers is addressed, erasing the

addressed bl ock of flash EEPROM witing the data
in the one oWQ¥AZMI di ng bufferﬁ[@lﬂ?ﬂﬂﬂmmﬂo Fbl ock PCT’B?’%FF%'Qh
EEPROM nenory devi ces. i ncreasing the speed of
wite operations as claimed in daim8 in V\:hl ch t he threshol d anount
of data is equival ent to the size of the cache buffer. Cl ai m 10.

A nmet hod of increasing the speed of witefgperati ons as claimed in
Claim8 in which the threshold anmount of data is equival ent to the

size of a block fifind bAg datEiBrddeErave)contathinginvalid data A tiedrielof a A met hod

i 6h 1 he-t hecs PRI forb R0 R ihish Ko s veen WrieiTSil dufind 1201

buffer if data oineraieckeef flashEPROM mesiory daviges to whichphedataindhg opevi ces

has not reached émeam]mng mffeﬁagadamsaaed to fill a block of flash
EEPROM nenory devi ces. Claiml1l2. A nethod of i ncreasi ng the speed of
write operationsg ?ﬂd?é gqﬁ@ énHonaI st eps
of : wWiti ng'%gmxg pe moggsquobr'fqvﬂa%h ch MtﬁIb ‘ten to the
cache buffer nd to,the din uf f vaI| g each
data entry wri ttgﬂ ng e dala "&Q&@"%ﬂ? g hald) gibpgﬁ{sttﬂéhe adg Fg?’h’é;ﬂbuffers
after the data eOftﬂgﬁhf%PlﬁeMmmqrr cavicesr ef rom Caim13. A nethod
of increasing the speed of wite operations as claimed in Caim1l2

conprising the aQgiimignal Ahwehed of increasing the speed of write operations as
claimed in Claim 8 in which the threshold amount of data is equivalent
to the size of the cache buffer.

Claim 10. A method of increasing the speed of write operations as
claimed in Claim 8 in which the threshold amount of data is equivalent
to the size of a block of flash EEPROM memory devices.

Claim 11. A method of increasing the speed of write operations as
claimed in Claim 10 in which the threshold amount of data is equivalent
the size of the cache buffer if data addressed to any block of flash
EEPROM memory devices has not reached the amount of data required
to fill a block of flash EEPROM memory devices.

Claim 12. A method of increasing the speed of write operations as
claimed in Claim 8 comprising the additional steps of:

writing a valid indication with each data entry written to the cache bufter
and to the holding buffers, and

invalidating each data entry written from the cache butter and from the
holding buffers after the data entry has been written therefrom.

Claim 13. A method of increasing the speed of write operations as
ciaimed in Claim 12 comprising the additional step of:
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- 16- witing a valid data entry fromthe cache buffer to the hol ding

buf f er when al | datainth#hﬂl—ﬂi_ﬂg_wﬁ_dindicatedto be valid
before witing the data in the one of the holding buffers to the

addressed bl ock of flash EEwmmm §ES - Claim14. A flash
EEPROM nendw 631528 nodul e conpi i ’""ﬂ" n”n[;h speed GReRRedisote’ NMeans
for storing lines of data being wifteh " stoxall addresses In main

menory;, a plurality of high speed hol ding buffer neans each for
storing |ines of data fromthe cache buffer means addressed to a
particul ar bl ock of addresses in nmaing_nenory, means for witing
| ines of data addressed to a particular “Bock of addresses in main

menory fromthe cache buffer neans to a haol di&(’; buf f er neans when a
threshol d i ni tWfiting a yalid data entry fzorp the sache byfferip thea Boidingriguttor EEPROM nai n
menory for slt orv‘vhlqn lail lata i the holding buffélpimiﬂdibmbdim@ab&aﬂiﬂmmaﬂﬂind} rect ed
to a particul ar . ; or
witihg of 11 el i itne ong drifié SoRf bildfR 8 wiFEiirksseg biplBfln O
to lines of theERBROMPUPHHevieeEins not hol di ng valid data written

fromthe cache buffer neans, neans for erasing the addressed bl ock of
flash menory whlaimrid. A flashiEEEROM mameny@artayymbdule cooiprigiaga addr essed to
that bl ock of flash menory is filled with valid |lines, and means

fg(rj Wi tgngl al | a hight spredd meiumﬂbhmebaédémol ﬁﬁ: Mb&%g&%\ﬂmen
addr esse ock, 0O A aim 15, as nmenory
array nodul e al;toc “a%@é%‘%%%%&%?wwﬂf in which the cache buffer means and

t he hol di ng buffer an are each conprised of dynam c random access
menory dev?ce s.a plurarrlﬁy of high speed ho?c(fing buttbr means each for storing lines of

data from the cache bufter means addressed to a particular block of
addresses in main memory;

means for writing lines of data addressed to a particular block of
addresses in main memory from the cache buffer means to a holding
butfer means when a threshoid limit is reached;

a piurality of blocks of flash EEPROM main memory for storing lines of
data from a holding buffer means directed to a particular block of
addresses in main memory;

means for writing of lines of valid data from an addressed block of flash
memory {o lines of the holding buffer means not holding valid data
written from the cache buffer means,

means for erasing the addressed block of flash memory when the
holding buffer storing lines of data addressed to that block of flash
memory is filled with valid lines, and

means for writing all of the lines in the holding buffer means to the
addressed block of flash memory.

Claim 15. A flash EEPROM memory array module as claimed in
Claim 14 in which the cache buffer means and the holding buffer means
are each comprised of dynamic random access memory devices.
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A flash EEPROM nenory array nodul d i n Cla|m14further
conprising neans for witing lines data addr esse a particular

bl ock of addresses in main nenory f‘fJ ﬁls" fer to a hol di ng
buf f er neans_when the cache buffer ﬂm' lﬂm CI al m 17. A corrputer
syst em conpr "9 3204 a central processi‘ng®unst s GHUSIARTP Ut

bus; a bridge circuit joining the central processi ng unlt to the

I nput / out put bus; mai n menory conpri sing: a cache
buffer for storing being witten to all addresses in main menory
conpri si ng: a plurality of hol-dfpng buffers each for storing data
fromthe cache buffer addressed to a particul ar bl ock of

addresses in mai 0iarm16 A fi8SHEEPROM memory arr rﬁbdulé'dstdfarﬁfedlhOCkS of

i roctod 10 a po BT hBEeahBjeiRg means for wihf s Sped adkrinshl g .1,

control circuitrg partlcular block of addresses in mein memam ffontibe\gachp hyfier todat a

addressed to a pghbiding Biffer means when the cachel iffter dleam@ds @gges in nain
menory fromthe cache buffer to a holding buffer when a

threshold limt pgimegche ik controlling the witing
i .
of valid data fr%%'gn add?\egomautersystem compnstﬁg? bl ock of flash nmenory to

t he hol di ng buffer ot hol : valid data witten fromthe
cache buffer nival processu% unit;

an input/output bus;

a bridge circuit joining the central processing unit to the input/output
bus;

main memory comprising:

acache buffér for storing being written to all addresses in main
memory comprising:

a plurality of holding buffers each for storing data from the cache
buffer addressed to a particular block of addresses in main
memory;

a plurality of blocks of flash EEPROM main memorty for storing
data from a holding buffer directed to a particular biock of
addresses in main memory; and

control circuitry

for controlling the writing of data addressed to a particular
block of addresses in main memory from the cache bufter
to a holding buffer when a threshold limit is reached,

for controlling the writing of valid data from an addressed
block of flash memory to the hoiding buffer not holding
valid data written from the cache buffer,
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- 18- for controlling the erasing of the addressed bl ock
of flash menor y,—ane- for controlling
the witing of all of datalnthe holdln to the
addressed bl ock of flash nmenory; MJB“H@ ry bus for transferring
i nf or mati on the central and

Cl ai m 18. v@%ﬁn%ﬁler system as clal ned in Cla|m17 in whic /{3{9@&9%
threshold Iimt for the control circuitry is the size of the cache buffer.
Claim19. A conmputer systemas clained in Claim217 in which the

threshold Iimt for the control ci rcwtry Is the size of a holding buffer.
Claim?20. A conputer systemas clainedil® Caimi17 in which the cache
buffer and the holding buffers may be witten at the rate of dynami c
random access nmenory. for cpntrofiingi the exasing el the addressed blockphflashd in C ai m
17 in which the cachembiohgrangnd each of the hol ding buffers includes
storage positions indicating a valid entry after a line of data is

1L G TR o R Ay ol g Bl Do

witten therefromto tb
to the a dressed lock o flash memory; and

and a memory bus for transferring information between the central
processing unit and main memory.

Claim 18. A computer system as claimed in Claim 17 in which the
threshold limit for the control circuitry is the size of the cache buffer.

Claim 19. A computer system as claimed in Claim 17 in which the
threshold limit for the control circuitry is the size of a holding buffer.

Claim 20. A computer system as claimed in Claim 17 in which the
cache butter and the holding buffers may be written at the rate of
dynamic random access memory.

Claim 21. A computer system as claimed in Claim 17 in which the
cache buffer and each of the holding buffers includes storage positions
indicating a valid entry after a line of data is written and indicating
invalid after a line of data therein has been written therefrom to
subsequent storage.



