; e3eYzYdFB6&Tzs~GFP- 65709- PC/ JAS/ Wit ~1 12 Nov 2002 2 tenporary data
storage devi ces, such as random access nenories or s (RAM

chi ps). RAM chi pseaadoeeciinéegtat ed circuit nenory c JHHMM«MHM 4n2aNr01V 2002
menory cells arranged in rows and colums. BLG 1 dia

illustrates a conventional buffer nenory having a pai r ©* arrays 100 105
each having 256 colum 5 addresses by 4096 row addresses The col umm

addresses are fuygh dath SRFagdeHeRicdd sEEPEPANAEM hBces hidHidsie§ BF efdnf
data to be storgéd Mml'o}fjoaéks ofgedatg r?own asnpanr‘ag(r aphs coﬁsr streng 0%6

words of 16 bit {RAM bhip$orR AMechipsare intégrated cipauitmpempty ¢HipsRhatthave 86 atrayofg a

I | add f f f
colums (col ummERPar el frAtERs uar%gh&co& Py £ %mmmwaﬂbrﬁrsﬁf“p ’
mapped to row 1c8$veﬁ9$nﬁf‘i§lﬁ‘epn{eﬂ6 éf_i pa?:‘”kﬁ“a?x‘ayé)fbo %S %Ecﬂﬂh%l g%he 4096F

the first group of columms has b en reached, for exanple, afte
par agr aply ( PARAaddresses I:SDSO%mw)edﬂressezp pEhe ctodummaddwﬂss are Herthep\divadtdrietos] 6

| oops back to row 0 a col u ncre to t econd
e b of ol orm@rouRs it Lot AAah {8 SRS RRth deRE S1ored B asksofiqagn Riaven a5
controller also f i or ed
and recovered f rpg{n}ﬁ t%@%oﬁsnﬁgr?f‘dﬁm \Qﬁrdg%gqgl?ilﬂ eg{lﬁe%%&gﬁigle%’eﬁrgtgﬁ}?gr%h
EXCLUSI VE- OR ( XZFARA[D) 166 having slopiesl iaddressabf Ois empped/sor difiistiroav (rawad)) impahfiref

data received fromthe conputer. The result _of this, XOR operation knovvn as
a parity 20 wor 80UPsObenlemaE(columan thapalyd St sscordparagraphdPABFY &} 10%iror y

and [ tgen €1 anabed B0 LPEQRRS O ARATS AN K50 WIRP o RESUMINBlelirsr,

stored paragrap data 1S recovere m t’he mass evr ce

operation is regaatpemfahdnﬁshmsbeawehc}mdﬂﬁmalemple tdftet ke 40961 parageauph (FARA d.
If the result is the sane, then the recovered dat.a |s presuped to be valid,

if not an error 49%9ﬂ@§1*‘?%@°?61§?ﬁ’@4é06% 489, thevewaddress lpershack jo gy 02gd the
correct the err %ﬁﬂﬂﬁdm’eﬁ 1Qﬁrcnt%|¥r{eﬁted%greDJeQQ{cﬁgoﬁ\ngﬁdlm\ﬁs Q%gsdio@o%st %Ghe

schene is that beéecause t occupl cal ress in
RAM chip it rendeobsgh Bk correspondrng Iogrcal address unavai l abl e for
addressing data, thus resulting in noncontiguous |ogical addresses for
sequentﬂél bl ocks of data. This is undesirable, since non cont i guous

| ogi cal addr esses incr %gratugewofg@ﬁolgpgﬁm@ﬂldgya% C@;‘%iﬁ? #gﬁé of

a COITpUt er's clock, necessar e Co er s vanc

| ogi cal addressof datahﬂofbd)@ndnecmrﬁd fyorathe dizgideiad. Mdhes&h dchemne by bit-wisedi ng
operation of the CPU. Al so noncont uous Io i cal addresses conplicate the
mappi ng pr ocess EXCLUIVE- qQpyis Re OVQ‘CNOW‘?D‘UQF ig ar@@ﬁﬂé?ﬂbgo fidata

bandw dth of th d ed
|§nt \rlrme fi eIOd of %%%Eﬁa"r%rﬂ%g gg‘neo%pﬁfaég{ ow Mw%tn O?nn%??gﬁg ngﬁe

transfer20ed to evord,isappeduded low theparagrapiy stpradrin gle‘beﬁ‘erpmmmd anB i3hen pandferedd
solution, shown in FIG 1 us ene kno as | i tudj r edundanc

code (LRO). As rmhﬁmaﬁ%starasaﬁr\ﬁ%eg eRa B yiued PHarah l e Saepver
R joperation v froRht Rkl RARR HOKOR OpdtaRAS ARRIAY iAd BRNELA Gonfh 'ty

word for the paragrap re as a L vvever

earlier data i nidgyiheystoredepueity Woed. Llﬁt}hmesﬁlﬂrs thmkarmqpbmdfhé rbcn\ateml data 1s
par agraph, but is stored 10 separately in the last group, of columms, i
col unns 241 to Prssumeghtocs valid inot ap GRAr eSrEqCLRg (Qutine Can bginvpked qonder%mdon

Preferablsy, the I e

reduce ? ommand %eaﬁr %‘\]%r ¢ l|palr ?Ese Cré%lé&%rﬁ?ttﬁ?da&%@qcﬁi@%%h? }ﬁ{gtré)that

controller to eyecduise tipdritg wond bEcupies quymcarlgdmmanﬂemhﬁi@dt tendére dlsees

t he avail abl e bandw dth, of the system for %seful tasks. Storing the

LRC-word in theceHgsponding logical address unavailable for addressing data, thus resulting in
noncontiguous logical addresses for sequential blocks of data. This is undesirable,
since non-contiguous logical addresses increase the time, measured by the number of

30 cycles of a computer’s clock, necessary for the computer’s CPU to advance from one

logical address to the next noncontiguous logical address, thereby impeding operation

of the CPU. Also, noncontiguous logical addresses complicate the mapping process,

RN
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15 row saves the tine needed to nove fromone row address to anot her,
typically about seven clock cycles. An exenplary process for carrying out
this schenme wi | Frseosdbesgaswied with reference to FIG 1. Begi nni quv\@p\/ 2002
colum 241, the columm address for a LRC-woid is increnented for' €a
paragraph in the sanme row. For exanple, the LRC-word for the first
paragraph 106 is stored at row 0, colum 241, while the LRC 20 word for the
second par agr aphediing theSbaadRsttRtofT the buffef aenitty 2¢dtemandht erm R@ndwideh for a
409p paragraph 109 is stored at row O, columm 242. Thus, the LRC-words are
noved to the topommaniyusedia theficldof 6pmpusgr memorydel denpsrinate hewymyrh igformation
conti guous bl ock o& 4ocj cal taddress&g% aﬁgljrlnabl e if of addr.eési ng data. 25 The
above approach Visls %rﬁ'E’g"'(f[fzgt 8I°§;&f’8} Ll?]u r %Wr?gévﬁgtpg% ‘having a single
tenporary storage device, such as a single RAM chip. However, a rapid
increase in recent years in both the size of conputer progranms and in the
dat a maniSpul at ed by t hédnetpagial sadution, shhwn deFEG.dpeses e sciients kyioawn asdeegitudinahass

storage devices. This in as created a demand for, faster huffer nmenory
syst ens havi ng g@iun@qngy Mﬁc%ﬁbwﬁ%‘pﬁm%ﬁ%é&%q@sirﬁ@ earlillera-glt-\mse
Traditionall'y, isK 8p&iafioh RYlcHBmEEEREahASIdRE & PaRBrpiRb Igsﬁeeskelaspﬁﬁtmsfd

a
increasing the capacity of the RAM chips or by addi'ng nore RAM chips to the
buffer nenory. Emfthetparagraphy knoven héreas e LRGrawed.s Blowevermunliks in the earlier data

FP-66709- PC/ JAS[VEN,-4- ~ 12 N 2002 conpl etely satisfactary. The first

i s unsati sf act offfeHEYieheme,the 5&(2/‘“6*’ @Wﬁ%ggﬂf%&ei Eaé?grﬁﬁwyt{“ﬁ ' Stored

i ncr easijpg capagy A i tdali] c@r t
11 o ungest - o pepetelf ielst BB ARG oMl 2D FSE e B eliHeE)
a probl em wi t h ekdusbelyforpasio) infonaatidn. ®referablylj theg Lik€}-evoRIdr aliapagraphsis stoatd t he

relatively inexpensive, unsophisticated controllers used in conventi onal
buf fer menory sisihesmefoMdpaeduse P?WP“QW@MMF‘%W thenpoesssing timefreeded-byh e

addressed by a gi r g ; LEMnWehdds th
i ncreasing the mér@é‘?mgm"&%ﬁ B‘tégllsgﬂ?hdgf lﬁé(ﬁi?mgé}[&?@?ﬁh%%% syst eemssusei ng
t he dat a i nt egr avajlable hanisvidie sfthe systend for akafuldaskisn Stdringtthea LRC-wesd infthe semd ast

f col d for. LRC-words, addi RAM chi.
Fei nt roddces nofRB ML Bigfiedio T Eam dbe ik addreslo anghen dVeiflly abou

boundary. By cre&sh I p laYy phocess 182 dtf hSbchkRB Willoe t he
| ast physi cal agdr eggogﬂ\jgylcl@éagbl éhﬁ*rggggyalpoorﬁea fi ?és}thy‘ Mochi p to the lfi rst
avai | abl e physi dedcribettiwith sefenence toddGndl. Repinoing withBadaas 24 b the célemn@ddresn

colums 241 to 256 15 of the first M 10 are reserved for LRC-words i
Toving to i he s BIGHIRRAN 5 i eenisghior SFF BIFaRaRY Melke 3G B e PR he
addresses corr egReNLRGE gxgglfsg gQE%"ﬁP‘:% iQddr&PaTowdl, chREHEe2A! GAile tl{fgﬁ%l Ing

i n noncontiguous | ogical or sequential blocks of data.

Accordi 2§l y, t hevoed fos tlee seemd placagraph fl@% isstordsldft rew 1peotomy 24¥ sandrthelLRIE-worde
buffer nmenory. Therg is al so eed faor . a buffer r'Y.S e hat

provi des conti g&lﬁfs‘&}c"zﬁai’a{%ﬁ“‘%@.{ﬂ%§§t€§e %fo‘géqﬁ‘gHWWb%&Hézﬁ%ﬂk AV 8rdsdhed
to different L CHRRed MADFHRVIARESof 1841E4] addredsed UBRRAg L xﬁ?%ﬁi‘i)l@ékof
There is a further n{ede/tgég(g{ a bu fgrgén%no y saysgt em t hat g|nccl)u es a schene
f or checki ng t héogical eddressgs axfailable foraddesongdatand recovered from a nass
storage device. There is a still further need for a buffer nmenory system
that includes an addressing and a data integrity schene that increases the
bandwi dtfy of the buff erryuemaiy asedhWorks Bdquiitely Br BEFG RIS spdtbiis havin

f easi bl ei,3 it is desi rab'{e thg%/a@fe I nc? easeqi n Bﬁ@%er rrermryrgs? ouI%I be g
real i zabl e wit hal sisgle eetpporarystoragedeviee, soelpac i tsinglRARAdichip. dhalweviet,na rapid
existing controllers. 30 The res_eg;ot%nventi o] Sc%r ovi des a sol ution to,these

p
and ot her probl &HE€asgnif 1SFETE YSaLst IR e, Sz, SE Computer RgEiIMS ANd,iny the data

manipulated by them has led to the development of higher capacity mass storage

devices. This in turn has created a demand for faster buffer memory systems having
30 more buffer memory, to interface with them. Traditionally, increasing buffer memory
has been accomplished by either increasing the capacity of the RAM chips or by adding
more RAM chips to the buffer memory. Unfortunately, neither of these solutions is



1 2 NO V 2002 FP~6709- PC/ JAS/ VEN - SSummary of the Invention The present
ihvention relates to a menory system and a nmanner of operating the system
t hat sol ves t hespsi9alligsfen The nenory systemincl udes several arrays 5
arranged i n groups of colums having a col uapm address, and ro y

row address. The manner of operating the systeminvol ves stor‘i"sn%r’gpo\zm
data in the arrays in a way that provides contiguous |ogical addresses for
the bl ocks of dabamiddeld!sfidfadtbrydafid first SUBSRRMCILR beOMWsO thelcddt BPRAM 1
columms in an ar?ay.%xt,#%‘ﬁery'r ow addr ess iﬁs dlcncr?errentsecP and the pr 51csgsss
repeated until draneaticallyrwith inareasingchysadity,Aint én thethighly competitiveicomhater imesvory
reached) the process.is repeated with another arr unti|l bl ocks of data
have been st or edN&Tketdyis “P‘S%é’ng t%“m?réﬁﬁﬂﬁlvﬁg}“gg%ﬁﬂp%ﬁtywms in the
array.” The colum address is increnented and the row address reset, and the
process repeated until a colum limt is reached. Preferably, the manner of
operating the system alSimilarlych prbblenpwittetha sécond solytion itey, adding rhare Redithipspck
of data to check the intég[ity, of data 15 recovered fromthe, arrays. Mre
preferably, theli§HEdbe Featvel) inepnensiee dinsopflistigated qoproliers aised; iy cosiventipnak

colums in an a i lgﬁﬂ RARK Qfi I in
the array, ther%g@%ﬁﬁ%ﬁ%ﬁﬁﬁ éorgfyca gégélggesrfgg assgg&g%@gc%eﬂaﬁ%s&p
physi cal addr es$ga singletdoftrplieritd Ynevor tho. t Anathérroblem with inbeeasing g mimblepgf cal
addresses. 20 In one enbodinent, the invention is directed to _a manner of

operating a di s&AMichigs isdhat &or buiTer meraory sestesasusing Shedata intestity seherse descabed
arrays abl e tari t S i V] ] r oups
o oo urish.”eacRop i iR rBus OF e RS Eiths BE e A BEREAGoR P
data is divi ded aidih®mbteRAM chipsaeiftrediRtenidricontiguviug fogidaheddrbyses whén adskigsses
of the rows and groups of columms are associated with 25 | ogi cal addresses
so that (i) a fthesehippopndapr Bergssing the shipdoundagy jtds mepnsthefransitipnofiom she
colums in a fi -3y, i J: b . i i cal
addr ess conti guits PRESGHaBi3Es bdbui? GEERRn A B RO BIKE ke S,

row of a corr es phystal@idegsooa sdcofdRAND 8hip N Bac&ise allthexiohd)in céinho D4l to/256
third block of data is stored in a |ast row of the correspondi ng group of

col unms 1n the SEHeHrstRAN, 10 areresarvad fag LRG-wardsiin gwvinggeithe secand ¥Png a
| ogi cal addresscont.i . the. thi ' '

row of a secondtlger %Aﬁ%ogyzr%\tsﬁ rsr%'EaJc\)'F PE%&%&C&I&J&%&@%&&T& °‘§ﬁ’ﬁ\%\‘}§ I[&t]fﬁR@S[calt

FP- 66709- PC/ JAShtifisesses Of thies@ ahd) eésubihgdn hohdvdtipi e dodicdl adérekded forl seqaéntiact ed
to a menory system having several arrays capable of storing data. Each of
the arrays are 8logk#iefidatsto cells identified by a range of physical
addresses. A controller associates |ogical addresses with the physical
addresses and accesses the cells. The controller is adapted to 5 associate
physi cal20addr esses for Acotdingly tHerefica need for 4 &ster buffer mandrygystem wittgmosd
addr esses. Pref %r&bly, the control |l er in%“ldes s&veral out puts, each of

whi ch represent bBfer femopy. Jhgfenisralsont, peed forrmbuller pemena syt ihatdfovides he
arrays so that Al shi o] i | ogi cal on
t he out puts acc%gé@@sgg#ﬂhg&\}?%%e{Eaew%?é@g‘g)ﬁ%?ng p a;?asi"(‘:ot‘gg(}afaeigé&ﬁﬁ/bre
preferably, thetempgdratystorage deldcessuck asi nomber’df RANMhipsf Ttheredb @ firtlieg need of
the arrays. The rrermr%qrsystem is particularly useful for a data storage
syst em havi ng afera bufler srempry aesiere that Bicludes,p sehgmeforcherkiag the iategriby offlata
devi ce n be a ' ' LV, ' . di i Ve,

magnet o-ngpti cal s@%@ﬁ%&r fe\g@l_z&%ﬂ‘%@e@gags%&@gér ?%%e' 0 ééj{sfaesg{“u@ég&ansee% 2 as

advant ages whi cbuffeamesiosy systent that ickdenin addredingtahdi ddta hite@itp 3tiednie thapn
reading of the follow ng detaj] ed description and review of the assocji ated

drawi ngs. 20 Br ingreasestheibandwiitlypf theduermengsy fistsm. 1 Finglly taibsommeseially
conventional b Ufféa?lf)le,nf Weguagﬁ\{hzﬂ thelilRedlE m)tgt}ﬁ'e?‘ﬂe%?y should be realizable with less

expensive, smaller capacity RAM chips and with existing controllers.

30
The present invention provides a solution to these and other problems, and

offers other advantages over the prior art.



FIG 2 is a block diagramof a conputer coupled to a nass storage device by

a' buffer nenory system according to an enbodi nent of the present |11\Q3W0V12002
25 FIG 3 is a fresabiromedwiN ock di agram of an exenpl ary SDRAM havi ng an

array, a row decoder, and colum decoder. RS5G 4 is a functional block

di agram of a preferred enbodi ment of a buffer nenory systemaccording to

the present invention. FIG 5 is a diagramof a buffer nenory of a

preferred enbodi ment of a 30 buff eguiRiaRy ¥f BeSInCentiGYI Ng two vertically
stacked nenory arrays according to the present invention.

FP-66709- PC/ JAS/ VEN 12 N OV 2002 FIG 6 is a flowhart show ng the process

flow of a nmethod of opetating. an enbodi ment of a buffer nory system

according to the prese eP_FR?%HH"SPP%g‘a&?ﬁ&ﬂW&“ﬁ%ﬁ?%ﬁﬁ’ﬂﬁ%@%&&f/?%w&ses

to multiple arr geSeystanihapbdfed t%?rbm&menrﬁé fremry SV thehides kevdtafairayy of

a host computer 110 coupled to a nass storage device 11 S, such as an

opti cal , Smagnet errengedcial gronpsrefjcaluinos Hadng drdolamn bddresshafid eswsrbaning agpet em

120. The buffer nory. stem 1%0 cap be part of the --: uter, 110 or
m@s B

the mass st or agBITEY cES maines,of pperating fhe Sxsiemdryalyss sipring gdRthero
0 Separat e Ngiaihg VAR RCRbYider PRGN Iofichldidrciacs T5e Mebleiks BEUREY A

system 120 is enclosed 1| ng 130 wth the mass storage device

115. The buf f er bloekmf\datayis tstored #0a row lofid @soup ofiédlemnsyinnar arraly2 NEdy the row
tenporarily storj data being transferred to,or .from¢{he, nas tqra

devi oo 115, angedireks s papmEHedany thepropss FRprsied MRt roNEUBI inyeamedu ABRY feom
| ogi cal 1gddr esSpgy fific ABY bdeh FoachBlllii BidReds s feBEat B hith anBRBLAYay kit BRCkS e
buffer nenory 1 I ncludes a plurality of tehporary data storage devices
140, such as r adatarhase bessstoredin alésovw ofreecarregpatdingsgrop\b coliumas in tRéktrapi ps

are integrated circuit nepory chips that, have an array of penory cells for
storing 20 datalh¢ ?%\WB%GNTPFSF%&EC'&?IH&Q%!"G W gddeass theprocesssepnatedof
being identifie W | : b cal | [ . I
number . her e adaitze S B BRNELEE PARKIES the Rahiof Gplali URNNER ML
t he present i nvinohidesgenerating wpariyy vwotd fopteathi bibtleof data todgheekite inepdigrofalamess
menory (DRAM type |, fast page npde al so known as DRAMtype 1],
synchr ofdus DRAmc?gmlegmm the,arie) Moger er%‘e/,t SPESF@&MFGE'IIX‘)'WWFV‘%%JI KW i ¢
random access ! ' I itop
faster than either [a%éty%‘é%%?w fﬁ&%ﬁﬁﬁﬁﬁwwﬁ%ﬁdg gFgéggtggszeﬁngﬁw\?tgftd taan
SRAM Ref erri ngstoredfin the adrayathSiapbhiftdiy the jvigocal dddressed asseciatedhwith tle/physis@ of

30 nenory cells ot sh , .a col.um decoder, 160, a o ecqder 165, a
dat a i npﬁt acgcpresses ofo t\ﬁlg)panty words to a top end of the range otr log\{ca adgresses.

20 In one embodiment, the invention is directed to a manner of operating a disc
drive having a buffer memory system including several arrays capable of storing data.
The arrays are divided into rows and groups of columns, each row of a group of
columns having a physical address. The data is divided into blocks of a predetermined
size, the physical addresses of the rows and groups of columns are associated with
25 logical addresses so that (i) a first block of data is stored in a last row of a group of
columns in a first array, and (ii) a second block of data having a logical address
contiguous to that of the first block of data is stored in a first row of a corresponding
group of columns in a second array. Optionally, a third block of data is stored in a last
row of the corresponding group of columns in the second array, and storing a fourth
30 block of data having a logical address contiguous to that of the third block of data in

a first row of a second group of columns of the first array.



12 NOV 2002 FP~6709-PC/ JAS/VEN g buffer 170, and a sense anp lég @ VdZUUZ
particul ar SDRAM 145 in the buffer nmenory 125 is selected for ar '3 ID
write operati onrbssr@pchiyswegn a signal to a chip enable 180. An address bus

(not shown) fromthe controller 135 is divided, with sonme address |ines
applied to the row decoder 165 and |latched with a row address strobe (RAS)
185, and 5 the rest of the lines applied to the colum decoder 160 and

| atched with a col um gddnether aépedehe(frésentl dention iWdirected ialal tﬁerﬁbgf‘%'kteﬂag5
enabl es data to be witten to the SDRAM 145, and a out put enable 200 al | ows
data to be readhaviegiseveral arrysierppble efstosingdatprEnsh afshe peraystase divider dnte cellsher

vol tage inputs apdl.er,control si I i e ar t. in the
enbodt ment of - FIEMGed 67§ e of bERaPaddhil, £ romBRE bespils Rl Riltessf
description, andviﬂpttﬁs%ﬂyekalt RIdPREEUER] ddeesses IRNELIIRN. THY cortiuldt ieidapid tohe
present invention can be summarized with reference to FIG 4 which is a

function@ bl ockssdiciate physidal adgdresses for gellsninodiffersnt aghysawithf dastiguasisological
system 120 according tq, the present inwvention. shown in the .djagram the
L cont ol | or 1 adirpes. Prbtehc Pe Eonal R euire ety gutl SLBCh Bt
by signal buseshobifdFa® RMfbdraa®ig oufjfoléte B8uplediotthe RIrBFEDRAL ﬁxﬂﬁs‘?ﬁ{g‘é‘ce

210, a systeminterface 215, and an interface to the mass storage devi
105, for exanpl @ bimafyommbet repregéhfing aiogichbardresoorathd ostputiraceessgsraotell hlaving the The

225 whi ch has vaPFETROTIE, AP RGAFEER MRS BTGRRS sthe chigaRe 17l 3t JRR onyg

thereforng are nehiphbRMelettidgd Ghe®TRIROATRR! of FIG 4 or described herein.
The systeminterface 215 provides for comunicati on between a system bus
230 in the conputer 110 and the MCU 205. External signal lines to the

system 25 interface 215.include a bi-directional,6 data bus 23 5 having.a
nunber of data lines ( MGMARAFYStehis pé?%‘["’ﬂﬁl&‘mlrfaobf‘dmisé‘?{aéeeﬁ'éﬁeg} "M%mg

depends on the fusiicidrloefiopfor MafngYith CThOUSa 2R0sg IO XATBE E masdic disc
communi cation with a system bus 23 aving a Smal? Conmput er System

| nt erface (SCSI iriee, @hiopécél dise driveeordahagnetoso@Ral diypdriad. | y has 16

input/ogt put data lines D<15:0> to sinultaneously pass 16 bits of data. The
system S interface 215 is coupled to the MCU 205 through a signal bus 240.
12 No~ 2002 FP~-6709- PCHas/ diiNarihis Diferfe4tiRp hOHEH ﬁ?ﬁd\}aﬂfagéﬁc Whigh €fdtacterize
general ly includes a hardware and/or software protocol that transl ates

| ogi cal bl ock athir psssert invBionuwall beyappatephtupah neadice i thg folpowingOltthileda 5
in the conputer ,110 f.or a dressitn data into virtual or |ogical addresses
for use by the FpiSrpHen VI®¥ T c‘g‘i’aséﬂﬂ?t@gg@é’“ﬁgse stored 5 sequentially in
a |l ogical address register 255 (shown in phanton) in the m croprocessor
interface 210 and coupled to the MCU 205 by a bi-directional, multiplexed
addr ess/2@at a bus 260. By nul t i pBrief Mes¢riptiomefghe Dramniingsone or all of the

lines in the bus 260 trgpsm.t data and address in alternate tine periods.
The ni croprocessor int ﬁ&a?é”? igetam &ﬁﬂ"@ﬁﬁt°8§@w§%b%m%ﬁadwga%'ﬂ ory

bi -di recti onal, aﬂ’ﬁfst.i pl exed 10 address/data bus 265. A chip-sel ect signal
on signal line 270 enables the controller 135 for either a read operation
or a wite operation. KlGea-addock dagramlof arcomipgtealkcouplertbta28Mass storagnilemicst i on
with the chip-select _signal, causes data to be . myved fromthe nmass .storage
devi ce 115 to t Fb s CUFFMEROnSSIER RReIAIEHR SRTLIBment oL IAF PEFERHIRVESFighal on
si gnal ljsne 285, in COVFIGU@tikQ'Eild@ti&ﬁhl%h)%k(aliﬂglpmﬁ%k‘%?Exe?ﬁ;ﬂ&'l?'SDW&%ir%a&na to
be noved 15 to the MCU 205 and to subsequently be mapped fo the buffer
menory 125. Theaiviy) a20% decoderdasl eoldme décodencessor 290 (shown in phant om
having a primary cache of.shown) wifh an instruction reqister 0 own)
and an accumul at or (notﬁéh%)% m%g’ﬁk?’fﬁfﬁ Hfamerf\ﬂélf 1 %é’gf‘g“&@r

i nstructions an : i i a | ogi cal address, fromthe
conputer 110 vi &%ﬁﬁ%&ﬁgﬁ%&%@ﬁ@ﬁeﬁﬁéﬁ@é&g% and the systeminterface
215 and stores them i n Rie 5iipatdiagram of arbaffes memoandf agebfasal embodiméerstt afra
The MCU §05 di V%’d s the data intq bl ocks or paa:gf(graphs of a predeterm ned
size, and execubuldermemoryiskyierhaypa ave erticallystacked memonpafraysiaceridingds the a
physi cal addr es?résa“?}l\%n?%fer menory 125. These 25 paragraphs can include
any nunber of bits o ata, froma single bit to several thousand bytes
depending on the architecture of the buffer nmenory. For exanple, for a |6
Moit SDRAM having an array of 4096 rows and 256 colums grouped into 16
groups of 16 colums each, the data is divided into paragraphs of 16 words
of 16 bits each. One paragraph is stored in each row of a group of columms.
Optionally, the MCU 205 30 includes a conputer readable nediumwith a
conput er program product stored therein for checking the integrity of data
stored and recovered fromthe mass storage device i12 N OV 2002

=~ ATy nosSI T AeST Y AT



-10 115. For exanple, in a preferred enbodi nent, the MCU 205 perforns a
bit-w se EXCLUSI VE-OR operation on each word in a paragraph to progécﬂﬁv 2002
parity word forrplske-pasgaemph. More preferably, to provide contigubus
addressing for data stored in a single SDRA¥Y the parity word for a
paragraph is a LRCGword stored in the sane 5 row of a LRC-area 300, which
includes all rows in the |ast group of columms, i.e., colums 241 to 256,
as descri bed above. Re rd s : j blagt
and second SDRAMs 3051?%061?gﬂ¥>ﬁg ﬁh?ﬁngm%%étdﬁrﬁgﬁgwgﬁ%%fn iagnal
|l i nes. These siemimidirhénhefa buffer fr@moncdystehn aacarding tqothe peedertt iinvénti@cfor amgabing
address/data bus 315, chip select line 320, and the row address strobe
(RAS) 185 and cANHERO eglgglsadgfe,s%éo le aWYSdescri bed above. The
address/data bus 315 is divided into three groups of one or nore |ines
each, and each group is connected to one of three sets of address outputs
on the |\/§U 205. Each set of address Utﬁééé can have one or nore individual
address dutputs. | S According to tH2et8 BICTIRPBnt i on, a first group of
signal lines 325 couples a first set of address outputs 330 to the chip
enabl e 180 of the secobHG.Shébaws3blocindiagramsefiaskast compB8BRIN ¢oupledstio@myssi

. Inth mbodi t .sh in FIG t put. 330 L by.
Gl anal 1 ne a25H0aRE et Loh e opficel Rastelaintss an gty SGIrY Ree a3
5 coupl es a SeqateIkmly X195 T QUL rdory tyRRHRLA Lai e FAr dFihe

Wi
col um decoders 160 of tﬁ,e SDRAMs 305, 310, V\/nerllg % IS an integ
representing thempudrdi0 of theinyist storiage devizerl45,yor itoatvbe a digorate dssenbily emalodedr of

groups columns in the SDRAMs, A third grou ignal lines 345 pl es
2 Thrrafet of % aeamathassngy Cengay.a sawah 8. 2ae Rubrnpriay swgrn L,
where Y is an 'iﬁ%ﬁ&@ie]griﬁﬁrc%ﬁﬁmd lﬁgxsifn 30 Wiithothe MasslktBidgs deticé 198 Mhy/birtrDer

equal to the nunber of rows Iint S Ms 305, 25 310.” Thus, the specific
nunber N of totmémanydystens 180immitdes abdfferf memonyall2S| fornempoorarilnstosogidats beidgt a

bus 315 depends onfth nunper .and the cagacit of ,SDRAMs 3053, 10 isF 1 he
buf fer menory 1929SfeEEY t-0rHm the mast storage dqvise Liandy cpagroller 13540t Hanstasingn; ¢
SDRAMs as 30 desiqrdpg (ROGNE from Mpical SiRdss@fto Phikied addrB&Ss inthé B

addr ess/ data bus Sf?ﬁllgst e‘g‘uafmt(r)w%l. 155 Noz’v éoo%Jl |£P~657(519-P J?&&WE -11
Twel ve b thesel2dignal lines 345 are used to provide a 12-digit binary
nunber to select one of the 4096 rows. Four of the signal lines in the

second group of X signal lines 335 are used to select one of the 16 groups
of colums, and another 4 signal lines are used to select 1 of the 16 words

within the group of co The r hok Lanal _l.in i S,.U o]
coupl e an address out pEH g@égﬂt g‘%mgng%fb@ﬁ%%ﬂ%eaﬂ@yyo& Eeﬂﬁ)%gae c‘)i'r%l%f %@%&kﬂ
310. Thi s addr edeviced!140ysuchd3 raeddnbEccagymemeriesfor initgncrgl Ships (RAM ¢Hips). RANN t he
MCU 205, and need not, be multipl exed or bi-directional. In addition, the
addr ess out put YIS aggintegratedircuibmemarycships that havegnaray efenemeryseligdor sioging

t hr ough,gi gnal \J . ' it o) .

menory %it erf ac%dt{]ﬁgglgéﬁéﬁg‘?pW?d}]%@C(%%éﬂ%‘g&?hcgu %?%sb genwe% éﬁ%@gﬁ?b he
MCU 205 utili Z%urﬁ%mﬁedl adereiinefhdingaao®w and column ahmber OrHeheark 8evesdItypes
addresses to the si cal addresses which provides contiguous | ogical

addr esses for s@f'dgéﬁ( chips thap aressuisablel farusaapithebie presentfinvention, impyding butmot

onbodi ment of - amisd oy tytbuli? cdBl A (SKARR) el oy BRL BRECORAM .
two vertically gl§@kliean ¥ DRAMBHAYE s &ous DRAM (SDRAKY), éx@énded dafaf &t

menory 125 having first and second 16Moit SDRAMs 305, 310 as described
Rbove, 3511 rst PRANG(ENR BRAVS, anbamic Gndem asest mermors SRAMIo A shese SDBAM s

each, is stored r Q_and. Q.thro t i M.305.
The row address® ﬁéefqrﬂe?’[b%m 'ég‘%ﬁa“&‘;&%ﬁ@%%%’%“&?ﬁ) é M&ﬁf,lgﬁss
stored at row lexpehdivethad SRAMS of the sanme SDRAM and so on. After the row
limt has been reached, i.e., row 4095, a 4096'" paragraph 365, PARA 4096,
is stored in row 4095 colums 0 to 15 of the first SDRAM 305. The row
address is increnmented and the next paragraph 370, PARA 4097, is stored at
row O colums 0 to 15 of .the sei__i)(gd SDRAM 310, This continues until_ _the

| ast row of the 25 | asReforpogte edch ol r 143« tymisally inslydesan agry 4 58efond
SDRAM 310. The ' ' t t <0 .

col umaV; e HEHE AP ok, o\l GESHELLEE 58w diSaBé sk AR fpur
first row, row O, of the first SDRAM 305 and continues as before. In this
manner, the LRC-area 300 is effectively noved to the top or the end of a
range of |ogical addresses, leaving a |large uninterrupted bl ock of |ogical
30 addresses avail abl e for addressi ng data.




~ Z Nov 200x FP-66709-PC/JAS/VEN ' 12 Steps of an exenplary pr q1e25NOV 2002
carrying out the mapping scheme will be described with reference to

In a first steprR&Rosttegasiiays are divided into rows and groups of coI urms

as descri bed above. In an addressing step 385, each row of a group of

colums is assigned a physical address having a row address and a colum 5
address. The data is then divided in step 370 into bl ocks of a

predeterm ned Siafer ﬁqudg' Fi‘#?' & pafiichiRl SBRHNN19Y irl theDuBeNBbRofROY¥sOf @
single colum. In step ck of 'data 1s stored in a row of a“group

of col ums in ais selectay forawadd orramtelepeatmnrtgtappiwnghe;gn& t8@ chip emablddBOr Minned

if arowlimt h been rea hed t ha t he | ast, addressed r.ow
corresponds to P&‘g'ef%l@ts (rots ﬁ@"‘éﬁ‘?ﬁ?“t\r’\‘l{ﬂ lsr W‘F‘fil’f‘f‘fhsr?&%e es5 %"?‘f‘ 10
reached, the rogy, @&31@

repeated. I|f the T OW l{(Fﬁérép@has Eeen%gg(%gd,%tﬁltgrg gf%?m ned I n steb

if an arisay |i mthe i‘BSobdmﬂufeeapﬂﬂ&sd tottlmtolumn\dleeddeerlédahdildndmdba&na fsbh)rrmd in
all rows of correspondlng s of colu in all array rray

linit has not b@ddressstie Ohr By engl aﬁ'ﬂf’éU?%e'lah’ésﬁ@ﬁthPmteﬂﬁogteep
395 d 3
reacﬁgd, Sit'? p?s §e§ er mq%g’gm ?%%gﬁ;%ger&ggQ??‘igo\%J ﬁiat“be? %ﬁg{slmbgne%d%r‘t@%egen

that is whet her SHRAMNAS alse has vatiousasthdr voltale ugmmums/dwfcoﬁ@blwimﬁlsnmoadnlm the
arrays. If the colum limt has not been reached the process advances to

the next group 8ft tusnghshowmingthe gmhodimgpolklss3d orrdesenhed hgrein by the sake of
repeat eqy, If th a e s ends. 20 The
above ngppl ng sg'ﬁ'g)%m@h&%%émmr gr}#é%ta{e}d{ o?ﬁ&é‘tgsg%lﬁegﬁe 9\9?@?0?}161“ ve ways

i ncl udi ng a hardware prot ocol, a software protocol, or a hybrid

har dwar e/ sof tware protocol. In one preferred enbodi ment, the controller has
a hardware architecture adapted to directly map the | ogi cal addresses to
physi cal addresses, theheémbddimamﬁthgplzsentimeemima@dnhadummhﬁmdanidyraﬁérendee
buffer nmenory sys 20, More particularly, th ad ress uts 340,
350 of the MCU g‘bﬁ‘?réwgtﬁh & fprictional Bloghs agta ﬁb ﬁ"ﬁ’ ?e\/gyff?fhat
provi ding a bingy fn [2BREERERE IdWe preb A iRRhvicH! nttn@dlgg%eae
out puts selects t propriate co resp ndi ng p y5|c ress

exanpl e,15dat a hamtmgjlealBi)gu made wdafraarsemaorfy @nirs! ureipd4AU) 605 bennfected by wignal of
PARA 0 by provi 30 binar zet 05, .. or l.ogi cal |aws,.to.ihe address

out puts, and dag‘é§e I8, Yargusinte ﬁfg?eéénc alaraé@e'%pfocasgowwfewzé@a system interface
FP-86709 PO/ I ASHIYEN ahinfefab15HR rhiss SRARRLIHL0!108, K Shatiflech RhmRRRA20095

by provi ding the binary equival ent of ., binary
"11111111111111 inktérface tadaldise slrlml(rpnltshowﬂb Tihe Ifosnattet 220 hﬂactamevted dio thecmass

mappi ng met hod, the connec ns necessa 5.for _a buffer stem 120
having two |6 l\/ﬁﬁ"t" \tﬂsc{?y %W%iuﬁlgg% hffg\(}mas;(ap%qua E‘f)ﬁ%?

array 0f04096 r epswind tﬁéﬁnc Qhd TGO bRekbt AbRn LR 18 em%dm{ena@f mum&
each. Thus, a buffer nenory system 120 having two | 6 Mdt SDRAMs according
to the present Wdesceihed bereinequi res a MCU 205 havi ng 21 address outputs
nunbered from A20 to AO (hereinafter A<20:0>) connected as follows. 10

Address out puts A<3:0> are coupled in parallel to the four |east
significant bits (LSB) of the colum decoders 160, C<3:0>, to select 1 of

the 16 words within a r
coupled to the row deco i“%%g‘?%% Wg‘% %?coﬂé&%ﬁ @B%&ggiﬁsys gﬁs’ueﬁ ect
1 of the 4096 r Q@ ihthé cSMpitet 1T0and ek MTIS 20S| Eitéringlbgignddilihes {SHe sybtemhe
address outputs, Al6, is coupled to the chip enable 180 15 of the second

SDRAM 325 to selnsesface RS inshdaa bedmwosalcﬂatMr@s’i&amgpummbAzgfzdalehn@sr(eot

305 310, 1o seemay pap it G SERRY R Sn v pepisRyeiok oG

now be descri bedumw Rt Rk&hiple, fo? chingiiiitaftort WithGh §ystens bia D30 Rdihg AeSnadiove
exenpl ary architecture achieves the mappi ng schene of the present

invention. A fi C@npml’csystﬂnalﬁtelffme (8&S ralp;tﬁc(umnhe dpta M\mlﬁqyalcﬂb’gllla@alIG

address of 0, is u rovi Zer os

| ogi cal | ows, tg‘péf Hb”géi‘"ﬁiﬁ m %5‘ égnetoﬁslggp%sclfg l?'%v#ép g Iwyéteg‘f
the firsp SDRAthRé@aceEhs liéwé)féd%(iﬂéwﬂmﬁdﬁﬂﬁmsa sgg&l biesyd. at ched by
applying a RAS 185 and CAS 190, and 16 25 bits of data witten to the first
SDRAM 305 t hrough the nultipl exed address out puts. The next word, having a
| ogi cal address of 1, is mapped to buffer nenory 125 by providing t he

bi nary equivalent of 1, i.e., 0001, to address outputs A<3:0> to sel ect
colum 1. This continues until the last word in PARA O, having a | ogical
address of 15, is mapped to buffer nmenory 125 by providing the binary

equi val ent of 15, i.e., 30 1111 to address outputs A<3:0>, to select

T T T T T NN NS N A=y e~ = AesT vy A=n 1 a A



10 "111112111111111111" on address outputs A<16:0>. Increnenting thg Zdﬁ(ﬁﬂ2ﬂﬂz
address by 1, logical address of 131,072, provides all zeros to addre@éss

out put s A<16: O>Fr-Garnd-Pe/JAlS/MEN addr ess out put Al7 causing the physical address

to |l oop back to the first word of the first-9paragraph (PARA 8092) in

colums 16 to 31 on the first SDRAM 305. 15 Optionally, the controller 135

i ncludes an additional circuit (not shown) having separate connections to

the MCU 205 to map LRCTWerdRrdprodeestsiintetfaceddlICegamsaliyi inbludest ) BadR@readimilor300

of the SDRAMs 305, 310. Cenerally, this is accomlished by applying the
appropri ate si géefiware protecolothat tvmmiatest logical blork addigssss (bBA) aised gy acgeatrl t he

| ast group of columms. se i he.row on f 1 SDR%VF oupl 1 ng
20 the appropri RROSCSING g@t@%&i%tpgﬁpgﬁgeﬁ/g‘ipg'%r‘r)ac{'dgestswg. raoay\}%_yeg'(%&gﬂrorlﬁ
and the chip enpiyicil ddress¥3cfof Qise | bynthet RECINE205, f Qe 16BicAl &ddiedséd eRNStored
outputs to the four LSBs of the columm decoder to select the colum. For

exanmpl e, Sfor a saqbentiallyninedegical adiress vegister 25p showafin plganiasn) in BRmIGEOBOELSSF10

d i bed ab the,Gjircuit i t || ows, First,, the,.hi
aqu val ent of - 1EvAres {0 AR, doupled “RORE WEEL 205 by o i dibtetidher el ¥
C<7:4> to sel echddré/dhtdbhs 2600 By Mitiflexed s nieantithe sSRROMEI 3Pfhe lidddin the Bus

colums 241 to 256. Next, address outputs A<15:4> are coupled to the row
decoder 165 and2é@ drapsmsit clatapend addresses ¢m ajiematet ime iperiotls.p Eheamiogopracessdr t he

econd SDRAM 310, cri bed, above, t in.the,same.r as.t.hat, of
f he paragraph fwe'aﬁsﬁfgﬁ H'e%%?'m@@vﬁ‘emé@”;@*?gﬁ&@'@&ﬂ‘eﬁﬁ’ﬁglf Fi",ongl;lvd?‘ag%lexed
out put s 14<20: 17z44redAded b§P2@fr@cNﬁ-§Qec@§gl\f£ oﬁﬁbﬁﬂtﬁn&ﬁﬁ) EraBIR tiRf confoemBs are

coupled to the four LSBs of the col um decoders 160 C<3:0> to sel ect the
appropri ate col fomeitherainéad aperatiomert a writegperatioh. M ®adtaopsigmal 67 signatding 28, VEN
-15 of colums in which to.store,the LRG-wqrd. Alternatively, {hi arity
mappi ng can be 'é‘cwcflgﬂéﬂahg‘f’ﬁ&pése%f F'ﬁﬁaecwa @gﬁlto&ﬁi'ﬁq%fimmmsst he
address out put ssteifagte Vi1 £ Eothie RofiphEr 1Y0 tﬁﬂigﬁh R MOEr 204 DA wiRé dad digRas
out puts A<3 :0> and A<20: 17> are switched, and then 1111 is output on
A<20:17>. 5 As ossigrhlind 285ainmanjencticnovitntheship-sedatt signalheauaestdatatol beghovedf
the descpiption oyi erein, .the ahove sche a e adapt to buffer
menory g%/st ens e*ﬁ&ﬁ%&g% “%Fq‘l‘}f‘ﬁ)ége E\aﬁgﬁoﬁﬁ? g‘é&%fr%?'%&,)ryjqéﬂf Mbi t
SDRAM has an array of 8192 rows and 256 col ums grouped into 16 groups of
16 colums each. Thus, a buffer 10 nenory system 120 having two 64 Mt
SDRAMs according to the present invention requires a MCU 205 havi ng 23
address out puts A<22: 0Xhe d0UI206 igduded allouat prodedbe S0 @GHbwH s piihtorPhaving
coupled to the four LSBs of the col umm, decoders 160, (C<3 ;0>, to select 1

of the 16 wor ds2iirimary eache dogf giovay| withan ingauaion Fgistert onshownpsnd ran

coupled to the f e : 4> . 1 of
the 16 15 gr oupé&gﬁug%ﬁzrr‘rﬁssh B@d@&%@%ﬁ%ﬁ?@ Xﬁe mggg&&%sdfaﬁggﬁb?%%e
row decaders 16%,blokl 3f Qdatd, oinslatimgt a logitalt akirdss 3 &b ale .coAgpdtes Skl owiaptiie Al8

is coupled to the chip enable 180 a second SDRAM 310 to enabl e the second
SDRAM 310 when M#Eopiogessariinterface 210 andthe systum inderdace 23;Snandasteses therp i ther

menory system 1 i i U i .

addr ess out put Sﬂl?t&ﬂ%ﬁmgggl{s %3&%?@‘5%%5% lfBﬁAﬁi}&eli@ gﬁ%dj d%ge:sgﬁé/g&g “J“%
coupl ed to the blokksor faagABhS oflH Bredeterftined kizk,dhdogxetteOh nfagbmgl‘]ﬁo@ﬁdl fohe
word within the group respectively, and address outputs A<13:4> are coupled

to the row decoHapslatedhe logicgbaddeess o aphysical addsgss in Apribuftes mamqsyd 23 Theses

| ed h ' . d
Sortur 518" e AR DerpEcRats SRR E, SERIY it
enbodi nent, not b)&émggeRrkdi'\h{geoxh% hrehitedriT® b the baffenmémBrofF ot @Rarfplefod & d 6Mbit

i ncl ude addi ti onal M and is limted On%&_' t he nunber of address
out puts avai | abPPRAM havingamanay 96409 raws gnd mnstgrougeddntopiftgravpsefr$ of

the MCU to k i th,t i NG b | tiple S . di
paral el ot hecdimiesths e R fadd TR FRasipih brdoias oF (8 Bug BRA TR 11
nmappi ng for thi garﬁgﬁgmisesiored, in2adh fAW 8P grdup- SN OAHNARN thd dMbufdosr

menory system 120 can be achi eved using a hardware or software protocol,
and any 38t her wi includesascompaittd readablomedivm witharromputen pragramipsodict storadrtherging

nmet hod are appl pcabl e.to,any nynber, .of neppry devic i.pcl uding a .
plurality of RA r(?ﬁ?%é".g tgeﬂpﬁggrﬁy é’gg‘ﬁf s&?ﬁ?‘#mﬂ}dyrﬁ‘é%f V‘eﬁ%‘f‘ﬁgﬁmﬁﬁcﬁ%ﬁg‘? g?ﬁ“f“leave
several advantage over conventional designs. One of the advantage of the
present buffer menory nethod and systemis that it provides a higher
capacity buffer nmenory 125 and a schene for ensuring data integrity which,
because of the contiguous }ogical addresses for sequential blocks of data
stored within a single SDRAM and in different SDRAMs 10 all ows data to be
accessed quickly. Mreover, by elimnating the need to skip |ogical

o . oy o



25 of colums in the array 150. The col um address is increnent ed{tr@lN@V 2[]02
row address reset, and the process repeated until a colum limt i
reached. Pref er EB6Y09-PERLSMENhner of operating the system 120 al so i ncl udes
generating a parity word for each block of -8&ata to check the integrity of
data recovered fromthe arrays. Mire preferably, the procedure includes
reserving all rows in a |ast group of columms in an array for parity 30
wor ds gener at ed 115r Ror exkmplef indapeeferresk erabadimentotherMEY) 205 perfarmsrachiy-wise
shifting the | ogigcal ~1 =~ N OV 2002 FP-66.709- PC/ JAS/ VEN - 17 addr esses
associ ated wit h%‘bﬁ%‘é&@l’&f&ﬁ?’&%‘s@f’f hé pﬂ’éﬁgﬁpﬁ QBTOGYCE %Paﬁl{wf@ﬁ%{ of
the range of | ogj ggﬂq‘r L ; n

i ncl ude perfor mﬂ{ﬁgﬁga It - \?vléI ségespg(fcg{%gl? Qlcgﬁr&gf dgﬁ:%@ﬁ%lﬁ{ug{ﬁg%rﬁs%}gfggtﬂzg‘&?g&e&ﬁ
gener ate a | ongatsinglerSIDRAM]thelparity woodi toreqradagraphl is a AiREC-svood stionaglrin the faeme
invention is directed a mapner of operati a disc drive ot, shown
havi ng a°buff er r%r?gﬂyiggsﬁr%gqozdvmﬂb‘lnglmjﬁgﬂ r‘ﬁltﬁea‘aﬁta?é’uﬁg’gceléfﬂ‘aﬁl‘é)"of
storing data. TB&u%E?X?t(?‘E% %Eﬁe&.ﬁﬁédjﬁ)%v. nto rows and groups of col ums,
each row of a group of colunmis having a physical address. The data is
divided into 10 bl ocks of a predeterm ned size, the physical addresses of

the rows and groups of colums are associated wth |ogical addresses so
that (i) a first block of data is stored in a last row of a group of

colums in a first arr Referdog todfi6. 4,ithg MELE 20508 doupletto first andtsgcand SDIRAMs

| ogi | add j h f fi . bl k of d is. .ed
2P Tat Tow of  A6SHAEIHR ke mibers 125 Vs htricts Nehelingha heiegEiEhsE 11
Optionaljpy, a t Qichide Ja?m('i:’lgﬁﬁked)ﬁi_-d#&ﬁoﬂﬁ addredsRidtd Bus3 1528 thip Q¥e&fline 320, and

correspondi ng group o ums in the second ar;r% 150, and storing a
fourth bl ock of theatosv addressgtrabé RASR1 8 Saandrcobunrcaddresystrabe (CAShER0 descritied

third bl ock of ta i i d f I f t
frst array 1508006 | Aoatihsialiscts s ARGl R sdoums asihr o flore Bisa < o
a menory syst e”kzi]cg,omﬂ%%lgﬁ'ioﬁfié%ﬁﬁecéﬂ'i@b{& Jriles SRABE Sidedss DuRPuksh BethdcuEach

of the arrays are divide o cells (not shown) identified by a range of
physi cal addr es2@e$. Eachk settofadtiress dBputasambivetans dr mapre irdividichl eddress anitputs.t he

hysi cal, .add d the.cells. . Th troll 35 | ted t
P oct atld- phye: Asrordia o e FRRTinVIEHPE 4 fretarpre PERETL PG 2 SoubBe SRR
contiguous | ogi gahd@dsy Bapas: 330 f Be ahipYenablBa 80 ATithOkdcBhd SBRAMCE 104 to

several outputs 330, 340 and 350, each of which represent one bit of a

bi nary nunber. Nhsequent{SDRAM,(not shoven)rifigny. 1IBGh¢ ambodimenteshowal in FiGdénane
access nenories 145 dth ut put s 0 0 d 350 C ed to the
arrays 150 so t AUPYf 33ﬁ|°§ﬁpﬁa%¥ ‘ﬁ\eﬁhﬁﬂgﬁﬁl‘f@érw?ﬁ%%?%@w #Jlgfgi ‘gaffwo“d
address on the grupéfsigAsldRESTSS coupRksla sBednidniet 6fe adfle S VuERAPIMTlinarMay e cal

address. In one enbodiment, the arrays 150 have rows and n 2 N o v 200
FP- 667020PC/ | AStherniunigiegodens E60udf theo$ RIRANs 3853 10hwhese Xisiar ingeper repasenting 3
SO are divided %nto ets.af. out put s incburdi n%lta ;i rstbse% 330 OE at Ie{';tst
one out put coupHEd e(riog&jggs haty PEEOECIBRAEO P PHROY f SERHPSE QL &QUmns I
menories 145 f ofheSSORAMET A hﬂdr%}(a@&m PGizAfIgine® IBS t&plesry Bir@Is8DOHY addiess
out puts include a second set of outputs 340 for selecting a group of 5
col ums, and a othiputs 36@in parallel @ub@mfwrs bas, sdieeeck israg integesvrepmepanging the

f bly, the first t of t puts 330 | d tl et I
Pext “mast ”si gn: Prebstor iets Bre i Biber sioal b M erords 7 wpSRECAAE0Ey °
the thimng set 0f1QUIAUS Sthd3pecifidRintRPN &H tof addtess dudfut@hiPof sﬁ'gﬂaygl‘iésan the

conput er readabl e medi um (not shown) with a conputer program product (not
shown) stored t hddressfdatabusctidalepenylsionithgnumber ahd thet capadityraf S DRAM3803,0310
arrays 150. In é‘(e‘b %n%t her aa})leét, the present invention is directed to a
data storage sySt@mOYSef MEVPRG'<Y}- data storage device 115 for storing data,
and several arrays 150 capable of tenporarily storing data for the data
storage device. Each of the arrays 150 15 are divided into cells identified
by a range of physical addresses. A controller 135 associates | ogical

addresses with the phy%o:adxam@ GsSebuffl tertig 336 hatihg twe!l6MbitTSBRAMS as
controller 135 is adapted to associ ate physical addresses for cells in

di fferedQ arraydestd e, dkarnumbgpoksignadliresiin henddepsydata bue3 Haisequalde 3de
device 115 can be a magnetic disc drive (not shown), an optical disc drive
(not shown), or a nagneto-optical disc 20 drive (not shown). In stil

anot her aspect, the present invention is directed to a data storage system
130 having several arrays 150 divided into cells identified by a range of
physi cal addresses and a neans for associating |ogical addresses with the
physi cal addresses of 25 the cells, the neans adapted to associ ate physi cal
addresses for cells in different arrays with contiguous | ogical addresses.

~ 1 o r S o



~2NOV240~ FP~6709- PC/ 1AS/WBI -19 to the arrays 150 so that providfn@ NOV 2002
bi nary nunber representing a |ogical address on the outputs accesses the

cel | havi ng t herppbipg-Peomsvatidr ess associated with the | ogical address. 5 It

is to be understood that even though nuneredds characteristics and

advant ages of various enbodi mrents of the present invention have been set
forth in the foregoing description, together with details of the structure

and function of Twélé ofthese RigAdilinEy 43 aed usel) €o prowhieta Padigit bifardhaibersoseledts
illustrative only, and changes may be made 1n detail, especially_ in matters
of structure anenesfihef9oaeews. Jfoupafthe signal finas in the sacone groypiohesignal linasd3S

resent invention ta.,the full ' ' e ; ni n
P CThe terme i ritaHied Bt She of e 76 brokBE bE & Ynd Bouf el A e (A" N0
al though the prefieed of MROTE Words wittif ted@dup of 6olimhs Thé eshAfing eighalllinef er
menory sgsten1for a nmass storage device, 1t will be appreciated by those

skilled $n the 32% is used torrouplegntaddepss ertpuh33Grathership enablet | 89nofthe segond
applied to coup er 1.0 other er i pheral .devi,ces s a
printer, a mdemgm aéfgéeﬁf &Y ptgrﬁgcgq%ee%yiom 8{:&'3@8‘?”% ?Lﬁéﬂtg %f?gbg'?ti ng
fromthe scope oy 205 add AdediddR bRmAdEplExdd ot idirebtional. In ddditdriOvheftiifess
FP-66709- PC/ JAS/ VEN What is clained is. -20 1. A nethod of storing bl ocks

of data in a ploutputi33P can eitheracouplerdiggetlyitothe second SPRAMPBH 0gbrouigh sigasl line

| ogi cal address bet.ween uenti.al bl oc of data stored.in, b different
data storage d e@%f’h%ﬁbﬂiﬁ&' ?’h(%r 'Ef%‘r%gef(eﬁgﬂﬂuégé "FF&%H‘HQ‘%S“&KP%S&“WRL
arrays arranged in rows and groups of colums, the rows having a row
addressl@nd the groups of colums having a col unm address, the nethod
conprising steps of: (a) storing a block of data in a row of a group of

colums in an array; 1fh @bdordaweetie presegt inventicny thel MEVSs 205 dtiliggemtspegdal st ep
(a) until arowlimt is reached; (c) advancing to another of the plurality

of data stor agemapRing sehemedn tapdatingthe lagigs! addressayito thy phyniqal addresspswhichqat a

apeating ot eperpehRRE (calhdiftidel KRl BloPkPpNou FapiliTo ditertl)
all rows of corSBRmﬁinrmxfarmaﬁ)rpﬂzs:onmmsiduih@madﬂaamambletdfea preferredi ty

of data storage devijces; t(e i ncrementing the col utm address and resetting
t he rowl&ddr essembggiment)ofy megnosy 43 agegrding tothgpresent innention hayigg ke

B ki i s T e
data storage defistcand sésowd N1GMbh SDRAMSs 86) 30 as déscabel dboge, defirat parigrapies Sid
conprising st ep?Al%]:&: 0, consisting of 16 words of 16 bits each, is stored at row 0 and columns 0
through 15 on the first SDRAM 305. The row address is incremented and a second
20 paragraph 360, PARA 1, is stored at row 1 columns 0 to 15 of the same SDRAM, and
so on. After the row limit has been reached, i.e., row 4095, a 4096™ paragraph 365,
PARA 4096, is stored in row 4095 columns 0 to 15 of the first SDRAM 305. The row
address is incremented and the next paragraph 370, PARA 4097, is stored at row 0
columns O to 15 of the second SDRAM 310. This continues until the last row of the
25 last SDRAM is reached, for example row 4095 of a second SDRAM 310. The column
address is then incremented to the next group of columns, i.e., columns 16 to 31, and
the row address loops back to the first row, row 0, of the first SDRAM 305 and
continues as before. In this manner, the LRC-area 300 is effectively moved to the top
or the end of a range of logical addresses, leaving a large uninterrupted block of logical

30 addresses available for addressing data.



(a) dividing the arrays into rows and groups of columms, each row of 25 a
group of colums having a physical address conprising a row addre s?aN@\thOZ
col um addr ess; rda)os@chAsAvElg data i nto bl ocks of a-predeterm ned size

bl ock of data capabl e of being stored in a-I»w of "a group of colums; and

(c) associating the physical addresses of the rows and groups of 30 coI ums
with | ogical addresses by: 12 N O V 2002 FP-66709- PC/ JAS/ WEN -21
(i)storing a block of @gdR of ih &ehBlinPhrodesdfor ¢Brrihg seimmpamgr;cwnr@m be .
(ii)increnmenting the row address and repeating step (H)until "arowlimt is
reached; 5 (iii )dekcdmdrwngl referamnotoidG. 61 Int dfirshbtap 360 the anfaysialteadmdcﬁmg:edmsr ces

d t ti, |.ock f d h bee d 11
Fous. of a corr cEBHON SRS es dEreTpLaE) FopL ARG APURI
(1) unti || bl oglipacibhns RUSABERBASAN Bk afihe S RV

groups of col um the arrays lurality o ata storagedevi ces;
(v)increfenti ngaddncssc'cb‘hcrdatmsahhxirdasidedamstep 8%@inte bigckshaf a predet eimesest sxm;ldédh

(vi)repeating s rough ) until a cqlum, Ii reac r eby
cont i guous | ogi IS capate oLhen e%ﬁaw Sadlegay éﬁlfe@q@@rrra SR 1% 2osat o

stored indiffer g%e,, arm
4 conprising a urtﬁgtrsa)srté%g{o g%?&?ﬁﬁégguﬁ‘gﬁﬁ{/ﬂ*@d W%ﬂgﬂgﬂ‘f]g%t

data. 7. A met hstdp 3800it &8 detetntined ifiavoww timitpas beawy renched; thetris sthethenthe last

reserving all rows in a last group of columms in an array f r wor ds
generated for bpdksssedrovearEespandsite thedastiow therareay, iherew m%lﬁ@sea?'b
words h e physj thlJ Qi cal p
end of '? e rangeesa*ed’latgg:} gglﬁﬂﬁ r%grs&gésm&gedI&S& %a‘ﬂﬂ Sté}g%aggr?&??@eﬁgm&g
(a) a pluralitylfike datlimishazibagereaehed deis deteanilned)fn sttJE]BBMQn strmybnge hdelmmes
havi ng an array capabl e of stori n? bl %gks of data, each of 12 NOV 2002
FP- 66709- PC/ JASTepghad, thad s er%efé’ra en staksd 1n Al Bowsokcosreapqyidingrarowns of
columms to for &hhﬁ t he
cells, each of n%cﬂe p ys?\é‘gﬁ resse Qfmpﬁgré?{ggﬁéen%%h%amrwe*qgvgb%gé%tgl

address; and 5 te)net a;tmytm@tdpa%fand sﬁe@ee%tlﬂgug}hwocablrépeatebe Ifthaarray limit
confi gured to associate | oqgical addresses with the physical addresses to

provi de leont i gubRsdeenigached, 1h s detarmined pp stqp 400 g@cﬁ%‘%‘i it hagpbgen reachedtthat
stored in di ffei?ﬁ%ﬂiﬂ%?td?to‘ﬂﬁ'b tgﬁ\i'cr)r? r&'ﬂg oH?&uﬁR?fr{aﬁf Ar?arlysf Wth?@{i:lg n

configured to: re a tarnarow

in an array; (ilinit hasoio beed rehﬂedrtbmpmdeksaﬂsamadtdmeﬁaﬁ giblqpoi((to)umﬂi’stmbtep row
limt is reached;_ (iii) advance to another of thtemi)l urality of the data

storage 15 devi 8Q%anditeps & prthroughdBo erejrepgated jIf the gofymn ‘HP’(S(‘ER% esn reached ey e

been stored in s, 0f a corresponding group of columns; (iv) repeat
steps (i) throug‘#l'flil 'until bl ocks of data have been stored in all rows
of corr éponding groups of 20 colums in the arrays of the plurality of
data stoOlage devices; (v) increnment the colum address and reset the row
address; and (vi) repeat steps (i) through (v) until a colum limt is 25
reached. 9. A menory sglb@ebnvammgn@\emc@rlzﬁlmpipmqn@adenne\terrd aljernativel ways

conprises a plura ut s represent i n bi
bi nary nunber, lﬁ'dWée"r %Fﬁ epr8tﬁ°8ﬁtass°§ B’L?f)‘?cg’ii cfr(?nlﬂli’@gd]afff‘%“}rf:}ts??%?mdat a
storage devi cespgRoddlalin %Qe Bfék’r'réii &bdliMER2h% JOHITEr HaS RMBRRIMré BithRedt@l Cal
address on the pIuraIrty of
adapted to directly map the logical addresses to physical addresses, thereby improving
25 the speed and efficiency of the buffer memory system 120. More particularly, the
address outputs 330, 340, 350 of the MCU 205 are coupled to the buffer memory 125
in such a way that providing a binary number representing a logical address on the
address outputs selects the appropriate corresponding physical address. For example,
data having a logical address of 0 is mapped to the first word of PARA 0 by providing

30 binary zeros, or logical lows, to the address outputs, and data having a logical address
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the physical address associated with the logical address. 10. A me'hQrNﬁV 2002
syst em accor di nEp-asIeCAIWEN wherein the plurality of data storage 5 devices
conprise a plurality of random access nenorldes, and wherein at |east one of
the plurality of output is coupled to a chip enable on one of the random
access nenories. 13. A nenory systemaccording to claim8 wherein the
control | er conpof65536ds ipmedn® tedist WoRTSHH AR AE00S6Y prbiibing tieobinaty @quipslegr am
product stored therein for checki ng intelgl;}hty of data stored in the arrays.
14. A data st or 85@5.836 d.exbienprlild i by 1t hE id hotoadsdyess spinyts. cl ai m 8, the data
storage system further conprising a mass storage device for storing data.
15 17. A data storage systemaccording to claim 14 wherein the nmass storage
device is selected froma group consisting of magnetic disc drives, optical

di sc drives, and_magnetifikiaithe Shse dlfekt @pping method, the connecti
CAF. AA % Aus. A AF. AT . AbCA A, X%&‘CAH%. Ae A AR AR E AT AVY Ay AY R Ay

. A3' * AJO§nebeh S@r akuffer memory system 120 having two 16Mbit SDRAMs will now be described.
el Z0eelcl ol pad el eRRlERlCal sobeabie sl sl oshes banherhaghs o
8| K8] D59 id S :

ob] ob] oa] oa] caboupeof 16 FALARL Ak MR EOIRT RRHET sfuf 106 Bhify Bk 6o o2
)))-)1)x)) (*y** 8DRAMd actording topthé predért dmjentipre segor¢scaMCL) 203 hazs}imgall:aclldregsc aj c
ol cal cal ool o( g el oa] cgd oo 8b% A6 hheah i hesl 69 SohealeihBhons 1

IR | /1138000001 '\Jﬁxﬁﬁk{’jﬂ@fvﬁ %Eim A :
] ca} cal gg] cal caiqéé%%s( al'cal] ca cgﬁ%ﬁf a c%acnall ]cfg]q]gg c@#&agf%g?ﬁgﬁ?%gﬁcgﬁ@%g?
LLZ{778?8~§3\% ; <]6f ﬁa%]ﬁgﬂﬂ?kla@]ﬁ%ﬂ]@o,(ﬂkﬂ:ﬁ& ﬁo se}ect 1 of the 1]6 W?Jl]'ds vi'ithin z]a group of |
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. 0 calc

OaU] c0a] ca] Ca?ﬁtﬁéi cai cal\;l ca;’ ggw\%:%{féég]oﬁé?%g@ar%%?@g?ca ca gﬂaﬁ%?gh: l%gt
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e i i kl mPoooooot ukwwzt oj e ca].ca] ca] calcal.caU ca]lc(al] c(a] ca] ca
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A write operation will now be described with reference to Figure 5 to

20 illustrate how the above exemplary architecture achieves the mapping scheme of the
present invention. A first word in a first paragraph (PARA 0), having a logical address

of 0, is mapped to buffer memory 125 by providing binary zeros, or logical lows, to all

address outputs A<20:0> to select row 0 column 0 of the first SDRAM 240. The row

and column addresses are then latched by applying a RAS 185 and CAS 190, and 16

25 bits of data written to the first SDRAM 305 through the multiplexed address outputs.
The next word, having a logical address of 1, is mapped to buffer memory 125 by

providing the binary equivalent of 1, i.e., 0001, to address outputs A<3:0> to select

column 1. This continues until the last word in PARA 0, having a logical address of

15, is mapped to buffer memory 125 by providing the binary equivalent of 15, i.e.,

30 1111, to address outputs A<3:0>, to select column 15. Incrementing the logical
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(PARA 4095), having a logical address of 65,536, has been written to column 15, row
4095 on the first SDRAM 305 by providing the binary number “1111111111111111"
on address outputs A<15:0>. The next sequential logical address, 65,537, provides
all zeros to address outputs A<15:0>, and a 1 on address output A16 to select the first
word of the first paragraph (PARA 4096) on the second SDRAM 310. The mapping
then continues as before until the last word in the last paragraph (PARA 8091), which
has a logical address of 131,071, has been written by providing the binary number
“11111111111111111" on address outputs A<16:0>. Incrementing the logical address
by 1, logical address of 131,072, provides all zeros to address outputs A<16:0>, and
a 1 on address output A17 causing the physical address to loop back to the first word
of the first paragraph (PARA 8092) in columns 16 to 31 on the first SDRAM 305.

Optionally, the controller 135 includes an additional circuit (not shown)
having separate connections to the MCU 205 to map LRC-words to physical addresses
within the LRC area 300 of the SDRAM:s 305, 310. Generally, this is accomplished
by applying the appropriate signal to the four MSBs of the column decoder 160 to
select the last group of columns, selecting the row on one of the SDRAM:s by coupling
the appropriate address outputs from the MCU 205 to the row decoder 165 and the
chip enable 180, and coupling the next four most significant outputs to the four LSBs
of the column decoder to select the column. For example, for a buffer memory 125
having a pair of 16Mbit SDRAMs 305, 310 as described above the circuit is connected
as follows. First, the binary equivalent of 16 is applied to the four MSBs of the column
decoders 160 C<7:4> to select the last group of columns in the SDRAMs 305, 310,
i.e., columns 241 to 256. Next, address outputs A<15:4> are coupled to the row
decoder 165 and address output A16 is coupled to the chip enable 180 of the second
SDRAM 310, as described above, to select in the same row as that of the paragraph
for which the LRC-word was generated. Finally, address outputs A<20:17>, which
were used above select the group of columns, are coupled to the four LSBs of the

column decoders 160 C<3:0> to select the appropriate column within the last group
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of columns in which to store the LRC-word. Alternatively, this parity mapping can be
accomplished using a software protocol which transforms the address outputs of the
MCU 205 internally. That is the output of address outputs A<3:0> and A<20:17> are

switched, and then 1111 is output on A<20;17>.

As is readily apparent to one skilled in the art in light of the description
provided herein, the above scheme can be adapted to buffer memory systems 120
having SDRAMs of other sizes. For example, a 64Mbit SDRAM has an array of 8192
rows and 256 columns grouped into 16 groups of 16 columns each. Thus, a buffer
10 memory system 120 having two 64Mbit SDRAMs according to the present invention
requires a MCU 205 having 23 address outputs A<22:0>, coupled as follows. Address
outputs A<3:0> are coupled to the four LSBs of the column decoders 160, C<3:0>,
to select 1 of the 16 words within a group of columns. Address outputs A<22:19> are
coupled to the four MSBs of the column decoders 160, C<7:4>, to select 1 of the 16
15 groups of columns. Address outputs A<17:4> are coupled to the row decoders 165,
R<13:0> to select 1 of the 16384 rows. Address output A18 is coupled to the chip
enable 180 a second SDRAM 310 to enable the second SDRAM 310 when the row
address is greater than 8091. Similarly, a buffer memory system 120 having two 4Mbit
SDRAMSs requires a MCU 205 having 19 address outputs, A<18:0>. Address outputs
20 A<18:15> and A<3:0> are coupled to the column decoders 160 to select the group of
columns and the word within the group respectively, and address outputs A<13:4> are
coupled to the row decoders 165 to select 1 of 1024 rows. Address output Al14 is
coupled to the chip enable 180 the second SDRAM 310 to enable the second SDRAM
310 when the row address is greater than 1023,

25

In another embodiment, not shown, the buffer memory system 120 of can
expanded to include additional SDRAM, and is limited only by the number of address
outputs available from the MCU 205 and by the ability of output drivers of the MCU
to keep up with the loading imposed by multiple SDRAMSs connected in parallel to the

30 RAS 185, CAS 190, and the address/data bus 315. The mapping for this expanded
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The present buffer memory method and system have several advantage over
conventional designs. One of the advantage of the present buffer memory method and
system is that it provides a higher capacity buffer memory 125 and a scheme for
ensuring data integrity which, because of the contiguous logical addresses for
sequential blocks of data stored within a single SDRAM and in different SDRAM:s,
allows data to be accessed quickly. Moreover, by eliminating the need to skip logical
addresses between sequential blocks of data, the present invention also reduces
command overhead, increasing the bandwidth of the buffer memory system 120 and
simplifying the operation of the CPU 245.

Aspects of some embodiments of the invention will now be set forth by way
of review. The present invention relates to a memory system 120 and a manner of
operating the system that solves these problems. The memory system 120 includes
several arrays 150 arranged in groups of columns having a column address, and rows
having a row address. The manner of operating the system 120 involves storing blocks
of data in the arrays 150 in a way that provides contiguous logical addresses for the
blocks of data. A block of data is stored in a row of a group of columns in an array
150. Next, the row address is incremented and the process repeated until a row limit
is reached. After the row limit has been reached, the process is repeated with another
array 150 until blocks of data have been stored in all rows of a corresponding group
of columns in the array 150. The column address is incremented and the row address
reset, and the process repeated until a column limit is reached. Preferably, the manner
of operating the system 120 also includes generating a parity word for each block of
data to check the integrity of data recovered from the arrays. More preferably, the
procedure includes reserving all rows in a last group of columns in an array for parity

words generated for blocks of data stored in the array 150, thereby shifting the logical



f &F10%W& 10% & ()-&10% & ()-F S#10% & ()-F 110% & ()-f N;UV 2002
s10% & ()-s10% & ()-$.j.r.. /R |/dErPL f&F10% 0 10% & ()-.#10%812)
9-10% & () - S+16B46R09(PLaNSEEN)10% & () -fF(s10% & ()-|///2000000dYNC f &F10%

10\ 10\ 10\F 810% & ()-37#10% & ()-f510% &-{J~F 3 10% & ()-f, 210% & () -

01j 1111N2dEYNC f &F10% 109%6& ()-,t1096& ()-&10%& ()- 109%B& ()- 109%& () -

f z#1096&' () - N222H333D4dEYNC f &F10% 1096& () - 109%6& () -

310%& () - #10%8ddr¢ss¢slﬁaﬁ>&t4d)mﬂ@:emcébadwsﬁﬁé paiyNeoriigtolOtop end of the
*10968& ()-,)#109%& ()- ' 109%&

vd096& () -, 95t 10an88' ¢f) osrc&#eédmﬂ&s () The step ofsaensetiog o PRGLY: Weld capdnclude

performing a bit-wise EXCLUSIVE-OR on each block of data to generate a

longitudinal redundancy code word.

In one embodiment, the invention is directed to a manner of operating a disc

drive (not shown) having a buffer memory system 120 including several arrays 150

capable of storing data. The arrays 150 are divided into rows and groups of columns,

each row of a group of columns having a physical address. The data is divided into

10 blocks of a predetermined size, the physical addresses of the rows and groups of
columns are associated with logical addresses so that (i) a first block of data is stored

in a last row of a group of columns in a first array 150, and (ii) a second block of data

having a logical address contiguous to that of the first block of data is stored in a first

row of a corresponding group of columns in a second array 150. Optionally, a third

15 block of data is stored in a last row of the corresponding group of columns in the
second array 150, and storing a fourth block of data having a logical address
contiguous to that of the third block of data in a first row of a second group of

columns of the first array 150.

20 In another aspect, the present invention is directed to a memory system 120
having several arrays 150 capable of storing data. Each of the arrays are divided into
cells (not shown) identified by a range of physical addresses. A controller 135
associates logical addresses with the physical addresses and accesses the cells. The
controller 135 is adapted to associate physical addresses for cells in different arrays
25 150 with contiguous logical addresses. Preferably, the controller 135 includes several
outputs 330, 340 and 350, each of which represent one bit of a binary number. More
preferably, the arrays 150 include several random access memories 145, and the
outputs 330, 340 and 350, are coupled to the arrays 150 so that furnishing a binary
number representing a logical address on the outputs accesses a cell having the

30 corresponding physical address. In one embodiment, the arrays 150 have rows and
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5 columns, and a third set of Y outputs 350 for selecting a row. More preferably, the

first set of outputs 330 includes an outlet representing a next most significant bit of the

binary number after that represented by the third set of outputs 350. The controller

135 can also include a computer readable medium (not shown) with a computer

program product (not shown) stored therein for checking integrity of data stored in the
10 arrays 150.

In yet another aspect, the present invention is directed to a data storage

system 130 having a data storage device 115 for storing data, and several arrays 150

capable of temporarily storing data for the data storage device, Each of the arrays 150

15 are divided into cells identified by a range of physical addresses. A controller 135
associates logical addresses with the physical addresses and accesses the cells. The

controller 135 is adapted to associate physical addresses for cells in different arrays

150 with contiguous logical addresses. The data storage device 115 can be a magnetic

disc drive (not shown), an optical disc drive (not shown), or a magneto-optical disc

20 drive (not shown).

In still another aspect, the present invention is directed to a data storage
system 130 having several arrays 150 divided into cells identified by a range of physical
addresses and a means for associating logical addresses with the physical addresses of

25 the cells, the means adapted to associate physical addresses for cells in different arrays
with contiguous logical addresses. Optionally, the means for associating the logical
addresses with the physical addresses is further adapted to access the cells. Preferably,
the means for associating the logical addresses with the physical addresses includes a
controller 135. More preferably, the controller 135 has several outputs 330, 340, and

30 350, each output representing one bit of a binary number, and the outputs are coupled
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5 It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set forth in the
foregoing description, together with details of the structure and function of various
embodiments of the invention, this disclosure is illustrative only, and changes may be
made in detail, especially in matters of structure and arrangement of parts within the

10 principles of the present invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are expressed. For example,
although the preferred embodiment described herein is directed to a buffer memory
system for a mass storage device, it will be appreciated by those skilled in the art that
the teachings of the present invention can be applied to couple a computer to other

15 peripheral devices such as a printer, a modem, a network adapter or a video interface,

without departing from the scope and spirit of the present invention.
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5 different data storage devices, each of the storage devices having an array, the
arrays arranged in rows and groups of columns, the rows having a row address
and the groups of columns having a column address, the method comprising steps
of:
(a) storing a block of data in a row of a group of columns in an array;

10 (b) incrementing the row address and repeating step (a) until a row limit is
reached;

(c) advancing to another of the plurality of data storage devices and repeating
step (a) and (b) until blocks of data have been stored in all rows of a
corresponding group of columns;

15 (d) repeating steps (a) through (c) until blocks of data have been stored in all
rows of corresponding groups of columns in the arrays of the plurality of
data storage devices;

(e) incrementing the column address and resetting the row address; and

(f) repeating steps (a) through (c) until a column limit is reached.

20
4. A method of operating a disc drive having a buffer memory system comprising a
plurality of data storage devices, each of the data storage devices having an array
capable of storing data, the method comprising steps of:
(a) dividing the arrays into rows and groups of columns, each row of
25 a group of columns having a physical address comprising a row

address and a column address;
(b) dividing data into blocks of a predetermined size, each block of
data capable of being stored in a row of a group of columns; and
(c) associating the physical addresses of the rows and groups of

30 columns with logical addresses by:
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until a row limit is reached;

5 (iii)  advancing to another of the plurality of data storage
devices and repeating step (i) and (ii) until blocks of
data have been stored in all rows of a corresponding
group of columns;

(iv)  repeating steps (i) through (iii) until blocks of data have
10 been stored in all rows of corresponding groups of
columns in the arrays of the plurality of data storage
devices;
(v)  incrementing the columns address and resetting the row
address; and
15 (vi)  repeating steps (i) through (v) until a column limit is
reached, whereby contiguous logical addresses are
provided between sequential blocks of data stored in

different data storage devices.

20 6. A method according to claim 4 comprising a further step of generating a parity
word for each block of data.

7. A method according to claim 6 comprising a further step of reserving all rows in a
last group of columns in an array for parity words generated for blocks of data
25 stored in the array, whereby the parity words have physical addresses associated

with logical addresses at a top end of the range of logical addresses.
8. A memory system comprising:

30 (a) a plurality of data storage devices, each of the data storage

devices having an array capable of storing blocks of data, each of
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having a range of physical addresses to identify the cells, each of

the physical addresses comprising a row address and a column
address; and

(b) a controller for accessing the cells, the controller configured to

associate logical addresses with the physical addresses to provide

contiguous logical addresses between sequential blocks of data

stored in different data storage devices, and the controller further

configured to:

(M)

(i)

(ii)

(iv)

™)

(vi)

store a block of data in a row of a group of columns in
an array,

increment the row address and repeat step (i) until a
row limit is reached;

advance to another of the plurality of the data storage
devices and repeat step (i) and (ii) until blocks of data
have been stored in all rows of a corresponding group
of columns;

repeat steps (i) through (iii) until blocks of data have
been stored in all rows of corresponding groups of
columns in the arrays of the plurality of data storage
devices;

increment the column address and reset the row
address; and

repeat steps (i) through (v) until a column limit is

reached.

9. A memory system according to claim 8 wherein the controller comprises a

plurality of outputs, each output representing one bit of a binary number, and

wherein the outputs are coupled to the plurality of data storage devices so that

providing a binary number representing a logical address on the plurality of

10
10 10
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13. A memory system according to claim 8 wherein the controller comprises a
10 computer readable medium with a computer program product stored therein for

checking integrity of data stored in the arrays.

14. A data storage system comprising the memory system of claim 8, the data storage
system further comprising a mass storage device for storing data.
15
17. A data storage system according to claim 14 wherein the mass storage device is
selected from a group consisting of magnetic disc drives, optical disc drives, and

magneto-optical disc drives.



