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STORAGE DEVI CE FI ELD OF THE | NVENTI ON Enbodi nents of the present invention
relate to data storage. More particularly, enbodinments of the present
invention rel.ate to a nmass storage device having a non-vol atile cache.
BACKGROUND .OF THE | NVENTI ON 10 A conputer can store data both in a volatile
menory and a non-vol atil e nmass storage devi ce. Exanples of volatile nenory
i ncl ude, but ar e NON-VORATHE €4 CHE EXFEGRATEDOWIEHAMASS STARAGEDRAM) ,
“static random access nenory (SRAM, Ranbus dynanm c random access nenory
(RDRAM), etc. Exanples of a non-voM@VECE nass storage device include, but
areriot.limted to;, a hard disk drive, a 3.5-inch diskette, a 5.25-inch 15
fl oppy diskette, a ZIP disk (e.g., manufactured by |onmega Corporation of ’
Roy, Utah), a Jaz disk (e.g., manufactured by |omega Corporation), an

LS-120 Sug@'@tﬁ_.m:m, NEOWf act ured by I mation Corporation of Oakdate,

M nnesota), a rewitable Digital Versatile Disc (DVD-RAM, a Read/Wite
Conpacs Di sk (fhhddWhents 6F tiEBRM RveiBESrehidth dfie stk CRoréParigilariyal mass
storage device, a nmagneto-optical nass storage device, a 20 hol ographic

st or age d&iﬁb«fﬁgeﬂ &Fth { Beribn ffktoR s e dorafe devitehavinh @ hbd-folaeor y of a
conput er- rnclude conputer 1nstructions (e.g., an operating system one or
appl i catigﬂhgrograns, etc.) and data that is accessed by conputer
instructions.” When a volatile nenory | oses power) the data stored on the
volatile menmory is typically lost. Non-volatile mass storage devices, such
as hard disk drives, typically do 1 0 ~ ~0~ Q04 not |ose the data stored

(hereon m b b storage device | oses power (e.g., when
- power tomﬁ%’ .di‘iol &L‘m due to a power outage, etc.). ‘

Non-vol atil e nmor however eneral |l y.has significantly. ter access .
ti mes%o_r r et p‘iﬁmgﬁtﬂ'ﬁ&“&@rdﬁi 0 mag{)énféénegbo%%r}deaamina\}glﬁ&lg@%@e nenory.
Non-vol atile nmempry_is also typically le xpensi vie per, starage unit
(e.g.) peFoRgy e?x?féglesdi’fd’& eé?e"é%x !Iﬁcﬁ'aﬁg’ﬁg?gfl{’}jp’?f%?’a PR renmory such
as DRAM SRAM RDRAM etc. In addjtion to volatile r d non-vol atile
menory, araasem aecess memery PROM) gaticdendom a5eest mEneRy @%céﬁ‘%ﬁ‘@r form
operations based on instructions and data Insfrugtions %a@d data to be
oper at ed dynamyjc xandompacsessqugspory RPRAMY. . dixamplss Pt $monsyQlgilie massaRgs. vol atil e

mass storage device (e.g., a hard disk drive, etc.) to the faster) volatile
- menory ( edeyice inclmirahntiard ot Fuited i, a bayd didadrivea f-ingh disketteohtpsBR ne faster,
volatile nmenory typically has a significantly | esser nenory access tine
t han tfe foppywidkatts, e ZIP@lisk{¢.0; mgaufaptwridly lomegaCarponatipe of ReybibY aand
conput.er performance can be enhanced when nmenory access.tines are reduced.

15 Becaus gazgh@skieR manafeefed bl ilomega Worpbration), un L8120 Superdisk ¢gr age devi ce
(e.g., disk _ _
‘ ' manufactured by Imation Corporation of Oakdale, Minnesota), a rewritable Digital

Versatile Disc (DVD-RAM), a Read/Write Compact Disk {(CD-RW), a magnetic mass
storage device, an optical mass storage device, a magneto-optical mass storage device, a
| 20 holographic storage device, etc. Examples of data stored in a non-vﬁlaﬁle MEmOry 6f a
| computer include compufer instructions (e.g., an operatipg system, one or application
programs, etc.) and data that is accessed by computer instructions.
When a volatile membry loses power, the data stored on the volatile memory is

typically lost. Non-volatile mass storage devices, such as hard disk drives, typically do
, 1-




drive) is generally greater than the nenory access tine B8 HEe Ak atile
menory (e:g., DRAM main nenory, SRAM cache, etc.), the non-volatile nass
storage device is often a performance bottl eneck. Known di sk drives include
a volatile cache (e.g., a DRAM cache, an SRAM cache), but such volatile
caches are typically part of the disk drive's 20 mcrocontoller's main

o be JRFES: BPAAE B teileh e B oAU BRRL ol B e MR 210 "

t ‘ f ~aV 200k |
BRIEF DES &Fa@&@%&é‘mme IR Rd S Gl 8 B onteg gterca)r Nomlilpit or
- systemin_accordance Wthﬁrgh % t of the pres i pvention. FIG 2
shows an PISRELYMOYWEY; Esherplfychas s Y, BBeplegacces 8‘!"&?'{3]" apd StAWES n 5

accordance th an enmqho t of th present |nvent|on FIG 3 shows a
net hod in g%ﬁ?ﬁ‘aﬂ’l‘t@g& volgtile mempry dsalse typisolbrlesson. FI G 4
shows g nethod in accordance vmth an enbodi nent of the present invention.
10 DETgI L EXPSDAILE PETISIOrag UK (Sof-ciieh dnogabyim Penreigabyiosste.) than cartainvolatilent
invention; a non-volatile nmass storage device includes a non volatile
cache. Th@WWh&%DRé%M €. i nfornation that is witten to, or
can be read from the main mass storage medi um of the non-vol atile mass 15
st orage devi celn afdiiontnvolatilemneinerycamd nen-valatileancmoty, b esmputentypieslly ti me with
respect to a data read as conpared to the access tine of a data read from
the mai n incbslesd proeggeor theatl canrpecfbrh loperations baded oh ikirndiess @idalagage devi ce. A
conmput er systemincorporating an enbodi ment of the present invention can

have i ncr &mtrectiony sddadutate bé oparitsd on bjithe petRbsobéa be doied bR tRWRAt i | e mass
storage device is read fromthe non-volatile cache instead of fromthe main

20 mags shor-agatilendbsisorade debite (WOf; ¥ Brd sk Brive 8€.) 8 @6 &30, ARMtRE. FI G 1 shows
an illustration a conputer system ("conputer' ) in accordance with an

enbodi nenedioryt (8., R TSR ¥eohR Bn S@M&&ﬁé el BeSse ﬂlg%lsls&'%guiy ocessor
120 coupled to a rrermry 130 The term "coupl ed" enconpasses a direct

connect i Ofenfy ﬂy?i@bll % ocessor @&saﬁn&h&?%&c&?ﬁﬂﬁ@"ﬂﬁh&ﬂﬁ'ﬁﬁ'ﬂoﬁﬂe'&% rect

conmuni cat i on,
- storage device. Processor performance and computer petformance can be enhanced when

memory access times are reduced.
15 Because the niemo_ry access time for a non-volatile mass storage device (e.g., disk
drive) is generally greater than the memeory access time for the volatile memory (e.g.,
- DRAM main memory, SRAM cache, etc.), the non-volatile mass storage. device is ofteh a
: performance bottleneck. Kﬁown disk drives include a volatile cache (e.g., a DRAM
“cache, an SRAM cache), but such volatile caches are typically part of the disk drive’s
20 microcontoﬂcr’s main memory address space and thereby byte addressed. In view of the
foregoing, it can be appreciated that a substantial need exists for methods and apparatus

which can enhance computer systemA performance.




0Ss~0~~ ~ 120 can be, for exanple, a PentiumllIl processor f by
Intel Corporation of Santa Clare, California, an applicati gﬁggpgg?#@g
integrated circuit (ASIC), a microcontroller, etc. Menory |30 enconpasses
devi ces that store digital information such as DRAM RDRAM SRAM read only
menory (ROM, flash nenory, etc. In another 5 enbodinent, a system bus can
provi de a communi cati on path between the processor 120 and system
conponentBRIEFHESGRIPFION (X EDBAWINGS | pher al Conponent, | nt erconnect (PCn
‘bus, an Extended I ndustry Standard Architecture Bus (ElSA), etc. In an
embodi ment, a FIGi bshewsen Hlusication asomputensystamdn awamigecs Witk asembodignbet ween,

- the processor 120 and ot her system conponents, such as the nenory 130, nass

st or age 14f thheyweseat iddhtiomer i pheral conponents attached to an expansi on bus,
etc. The term chi pset enconpasses a group of one or nore integrated circuit
chi ps that actRIGasstwsah ilfustrationrof thetovganizatiaf ofia ndavelatiletawhein t he processor
and ot her system.conponents. Exanples of a chipset include the 820 and 810E
chi psets smetdadve withtaglenmbodinerrifitipresindifivarie. can be a single integrated
circuit chip or can conprise two or nore integrated circuit chips. A .
chipset can 1FjGNeLHAR adndiRIUOh ¥cdofitnbdWithallembodindit éfthostessant i ncl uding a
PCl bus, "a nenory conhrol hub can performfunctionality known as
"northbriggasbgnctionality.” A chipset can include an input/output
controller hub.- In an enbodi nent including a PCl bus, an input/output
controller hu a f J i KW t SAkd hflge

functionali ty&flé%st&%géﬁéé&{d%@%&o?dgﬁg@g coupl g%%ng nasg}egétngrage devi ce 140
via a co : %‘{3@“ on path 135. In an enbodi nent, conmmunication path 135 can
be an Int 8& 'd Device Electronics (IDE) bus, an Enhanced 117E (FI DE) bus,
an AT Attachnment (ATA) bus, etc. In a further enbodi nment, the conmmunication -
pat h 5 can be an expansi on bus such as a -4 A 8 Nab' Z 4 small conputer

system i &M@ an |1 EEE 1394 bus, a Universal Serial. Bus
(USB), et® storage device 140 include a hard disk drive,

a ZIP drive, a daz, drive, RW.drive, .a DVD- RAM dri.v an 1.S-120

Super di sk dri vaccowlinglg ﬁ%F?EOdac“?E’}B?té’ég‘ed’éW@é‘?W&%%f)fl?‘b'g?latgl? B}agsgsio Nice, a

. magnet o-optical storage deyice ol ographi ¢ st orage .dgvice tc: An
exanpl e ofleviperinglydeyp agn- ClPt!}%"?"@e't 79 %’IIF qmﬁfed“ﬁ’f@ﬁnqﬂ‘r@és

manuf act ured by Seagate Technol ogy Inc. of Scoffs f\é/&l‘l | ey, qu i-fornia. Mass
storage dwifterdojonyag herend Epmeihe mapmassstomeg edym ofihe NI BES 141 a mai n
mass storage nedium 148, and_a non-vol atile cache 149. The nass storage
devi ck 10stowege deyicee The aan-volatile prche gan haven lessst agresssimedyithyespectiogdag, v 143,
interface logic 144, main mass storage nedium ECC (error control and

checki ng) reades eompatsd teithe acsss tirne of 4 data read frem tisanain mass storaee Mediyn 6t her

enbodi ment of the present invention, mass storage device controller 141 can
i ncl ude othe non-volatile maS: erageqevicre it dampufen sistenbineorpasatingansmbogdiment oft or age

-device 140 (e.g., a first ASIC incorporating a processor, a nenory and

i nt er f acethkprdsagiinventih can havednetead& §stenppesfopnance wherGRts igted on deaon-

M crocontroll er 142 can execute instructions stored in nenory 143 to
control t helatilp aiasd sicrage delicebasadsfran digmotd evolatite chd® ifistiead of fronvthe maind3 can

i nclude read only nenory that stores programinstructions to initialize and
oper aj@ MaRss sidradeafaings vf e ndr-Soluiile masosamgadeviceenory | 43 can store

instructions to performreads of data from mass storage 20 device 140,

germr y 143 canpgi, 9skovs intilusthiigScdmpt@Rystah (‘compmer’) gcodrdapelivith wri ting
ata

an embodiment of the present invention. Computer 110 can include a processor 120
coupled to a memory 130. The term “coupled” encompasses a direct connection, an |

indirect connection, a direct communication, an indirect communication, etc. Processor
-3.




to mass storage device 140, etc.). The nmenory 143 can al soﬂ@ngpyd@gg buf f er
(e.g.) a volatile nmenory buffer, etc.) that can tenporarily hold a that
is being witten to, or read fiom mass storage device 140. -5 0 8 00~ ~
M crocontrol l er 142 and interface |ogic 144 can process requests from
processor 120.to read data from or wite data to, mass storage device 140.
I n an enbd20membe, forexample s Peptium @ illqrock40r imamdachaedbydinkek Caporatiorpoftl - -
interface logic 144 can be IDE interface logic, EIRE interface logic; ATA

i nterface Saa@) ClaraSCalifoni & dpplication gpezifichitbiredBiRNREASIQ) £ f ace | ogi c,

‘Infm Band interface logic, etc. |In another enbodinment, nass storage device
140 is a GhicRAAHJINE el MertdfP1 5 Mceinbikses AbblcdsMat binfeafigital Alrmatidituble ATA
Packet Interface (A'f‘APn Logic. The term "l ogic" enconpasses ﬁar war e,

firmare, YRR RDRAM XFUN Ao 1§gg&9&f(§g§hmash%e%r§ggoﬂ% . the nass

storage device 140 is a hard disk drive, e haln mass storage

T ocor sl STRRRAALS <98Em Bl SRR doRfmich i bl Rk IR S, 0L, 2 ©
n

particul ar ' urfa n.oe,divided into a plurality of
tracks; anaaﬁ%ﬂ#@gﬁmﬁgﬁﬁ?ﬁﬁééﬂnﬁ%@ﬁywﬁfl‘gmpfm}eng ~5T‘P>9§?‘%al ‘sectors.
When a har, sk drive . h a_ plurgl ity .of recor I urfaces, the ,
col l ecti or(pgﬁbﬁ’lm%@?@@ﬂ@F%ﬁgdmm?%%%@%n on all 15
recordabl e surfaces Jjs.called.a cyljnder. The |ocation of each physical
sector of a ha arﬂ‘?lgll?gdﬂ'?‘?% cg'éﬁﬁett?é“ %W?ﬁ%%@%ﬁ@?@ﬁ@%&s

speci fyi nghthe cg/li ﬁSjer %tgead surface); and physical ,sector. In an

embodi ment®® Eﬁ"élg gadsather system, GRrapaneRts, suchyas e memoly 4 30 masestorge r equest
does not specify the physical address of the data but rather the | ogical
addr edd of‘ie‘["ﬁ%l%)al"é??h? epangts gitaghedds anexpansion bysfite KThederm dipset ncl ude

| ogi cal sector addresses, |ogical_ block addresses, etc. Wen a hard disk
drive i s FBPQPR2SEH 2 STOWR OR BIkePT AROSK ingperajes cirovit ehips that agis as abuln(er ebreitek dri ve
can organi ze all of physical sectors into |ogical sectors (e.g.) assigning
each physiteensfersiatn beiweenthegirocessos aud athersyitene samposents.) Exzanpliesaf anlipsen g

al gorithm can map each | ogi cal sector address to a particul ar physical

addr ess. \tiduderthedPOvenid 840E chipsststnsadt by IntélGotpor@ion. Achipset cBapéasinglk dri ve
specify a logical sector address, the hard disk drive can be considered
sect or or iilgegrated ¢ircuit. chipsrctmconamlide tesathaey intoirdtad eredit shipsir A ehipsspedn ol | er
can al so map col l ections of physical sectors into particular |ogical block -
.addr ed$es inclfiera mesaty eonittob hute fuesdnsbddiment naluding ia PICI B0, venedp@Eidnyroh | 0gi cal
bl ock address, the hard disk drive can be considered bl ock-oriented (i.e.,
bl ock addheb saipeeirm Baetivraligtknoen ag tivethBrddbefarttionaing” doélipsehah is typically
stored on nain mass storage nmedi um 148. Non-vol atile cache 149. can cache
data read idchftidan dipat/vtpiticomrdlier ibR IR aff&EBodiment including a PCI bus, an

=

input/output controller hub can perform functionality known as “southbridge .
ﬁmctionaiity.” |

20 Proqessor 120 is also coupled to mass storage device 140 via 2 communication
path 135. In an embodiment, communication path 135 can be an Integrated Device
Electronics (IDE) bus, an Enhanced IDE (EIDE) bus, an AT Attachment (ATA) bus, etc.r

In a further embodiment, the communication path 135 can be an expansion bus such as a

.-4—



storage nmedi um 148. Non-vol atile cache 149 can have a fastef] g BROYSai e as
conpared to the access tinme of main mass storage nmedi um 148. Accor gly,
data reads &m and data 10 wites to, mass storage device 140 can be

conpl eted faster as conpared to data read/wites to main mass storage
medi um 148. 1n an enbodi ment, data read/wites to non-volatile cache 149
require | gsh do) %%teﬁ?ﬁ'if&‘fa@éj Scendiak, an MEREH 307ibs, % Uni¥eréat SEraeBusil gori t his
(i.e., wite ba ks from the non-vol atil e cache 149 to the main nass st or age
medi um 1 éﬁ Q%F af, be inplemented to increase cache performance. In another
enbodi nmen I te-through 15 caching is inplenmented. Non-volatile cache 149

can store a duyplic 0% igce data and
~ provide reduc mg@eéggrqa?s\rq%%ﬂ&g Jesﬁﬁ?@#ﬁg%@uﬂgﬁ{@%g@% %?g‘ﬂﬁér'[f an
~ enbodi ment, gwhen data is read from di um 148 and sent
over  comisk? date 8 kP-BaY Arives DVD-Bang ave, fics-dh Sretiied e, et
- non-vol atile cache 149: 20 When data is sent _to mass_storage deyjce 140
over chmstoagedavisssanertical siBageslewies, aimagaeio-optiral Herage @eawewlqmr 3hn to
non-vol atile cache 149 and witten to main nass storage nmedium 148
accor di ngstbragedenice; ete.bAn kexathpjo of 4 bavd disk dviveristhe Kheetain] a5d disk driec.  Because
t he nonvol atile cache 149 is a non-volatile nenory, the data saved in the
non- vol at inh@ifsohabeby SedgueiTeahrojogydnc. bb Stottsfaticy, Kaliftonier (e.g., power to the
mass st orage device 140, power to the -7- . 0 8 NOV Zpp4 conputer 110,
etc.) is turnedasisforagdaevice 40 éanénohalehanaidorageddvivezontrdllgpbilod manory t hat
can be read fromwitten to and retain its data when power extental to the

non- vol at juh& skidddGnekthiin i1 58, 8B VG vslatil tache 90 fThe nidesstwrapeddvice cache 149 can
"be, for exanple, a flash nenory, a battery backed-up DRAM a battery

backegl UpcciRplir 1317 c2d aeluae b i GBcdREBINS 198 W hidmor 145 G ics 1944 amain
ferro-electric RAM a ho ographic nmenory, a storage array, etc. In an

embodi ”E‘n}nf,s (\éﬂb@éoh{r@i asaeﬁe%hﬁgﬂ 8145 and ei-valailé dehe eads.
Non-vol atile ca e 14 can bl ock-orien cache where data is accessed

(e.g., Ebb(?@li!ltgﬁacin afibther embddinfiit Sithe uﬁlsé%ﬁl!‘aﬁvenﬁ@ﬁ ﬁd&@&@fa@e dsvien ness

st orage devic recelves a data reque a data request to 10 read

data f t retelRas
dgt Zr e(rq(tjreng‘? er\?\I/r‘ﬁte glaﬁl%bﬁf’e ljhng&errgs@g@s@gr age devi ce 1%61%‘% om 54

t dd
o kbR g ebIoe o B abne [y @8%5?%%’% Bogailedly 2001 o5
nmbod t t he dat t t d
non-vaF ot loe s0daretond 9SG PRERRIE B RER A8 or o0 at a T ogi cal addr ess. of

t d 148 1 t t
Gevi co 1401 o SReRrBBRnLAg o seod RBP A Ramiiibrf 45 b iR ek 0 20°

‘system perform because dat rea ites fr t he no voI at he 149 do -
not requi PRErRtiqBs RB?‘H%S&EPWE" g’?@” ’gfeqoﬁ' ‘iaflr'i‘bc’}? ydﬁ?ugaf?r om bar d

di sk drive platters (e.qg., .spinni n atter i onal speed,
posi ti oni Hy %@)WE@EV“WW‘E‘CH@% B% éfﬁﬁfl ge'%ﬁ%‘g? ‘ﬁotte 1PPRquired for
~system boot -up of conputer 110 can be redu ed e\ga 8”&?& up i nformtion
(e.g., opeprueriupgmeperyeldssan storedasgugtions tq Pf TR A SO/ ¢ ) i s
read froma non-vol atil e cache 149 as opposed to hard di drlve | atters.
Keyst 20k e/deviess 6] ineworyak4d ey steseinstiugiinns & eypitrgl fgrasttipg o can al so

“be reduced: g Q ~ ~QV 204
to mass storage device 140, etc.). The memory 143 can also include a buffer (e g.a

volatile memory buffer, etc.) that can temporarily hold data that is being written to, or read

from, mass storage device 140.




In an enbodi ment, cache managenent instructions can nanage data reads

fromwites to non-volatile cache 149. The cache nanagene{tg st ggfa i ons
can be stored in nmenory 143, can be part of a mass storage devicé d
etc. Cache managenent instructions can make deci sions regardi ng what data
can be cached, what data -can be 5 evicted $omthe cache, what Vita can be

written back t §itfoBomilIer MRSAA HiaE0BgERal LR ﬂ&&%ﬂﬂ&ﬁ'g\e@i r&ef@f ks occur,
e a

etc. Cache managenent instructions cah al so .determ pdata can be

pre- f et chqdp idVed A4t FORNoMAR Hath & ﬁﬁss%r%g%%ewgﬁg{q? R £, mass

~determinations, such as whether cértain data s cached’in
- non-vol ati AeNiEe 14 -k deRd “ﬁl!; WAy t. :
‘algorit hnss{.O?al’—ggrE@xanﬁlg?(ﬁ%hae(%%a cagnne ﬁ&ﬁg%gem%ﬁggpg%wa%r m nes -
- that theregumhd; sk €Yt QEE .t read from.mass.starage device
140 wil | %’g) gé@edk %&4’%&%@}?‘% -neglgélﬁﬁ@g&%%??g‘%ﬁ’gw@l“&“é?%' of an MP3
audi o il . . Vv fil.e, t. of an Ayl file, part of, a_ stream ng
dat a fI§| e?o%‘g@thﬁ%%@ﬁ%ﬁﬂc@ ‘%%ae‘ﬁg’r@dn?%?f %ox%ﬂtﬂl.asslsfpr%ﬁfdlﬂ‘%kfo Bhen it
becones ady Qus -t i ta fromnon-volatile cache_149 to main mass
st or age nﬁmﬁ‘ﬁg%ve ?&%ﬁ@%&mﬂr%ﬂ?ﬁ#w’aé s AcBasketdnterfagene whi ch
data to wrj ck using, for, exanple, -a | east recently used (LRLI)
al gorit hn{kﬁ?ﬁi‘(ﬁ?ﬂu’f@g@be‘%ﬁtm&wﬁ?ﬂsfeﬁIl?ﬁﬁdwé{ecﬁrﬂ%ﬁp & nent, ‘a mass
st orage deviﬁig driver for-the mass storage device 140 .can be a typical nass
st or age dEQUBANIgRIEOL @C.y  ATAPLSYS in a WN98 environnment, etc.), and
the cache managenent instructions can be stored in nmenory 143. In such an-
20 enmbodi ment , Mapembedineat the ragss somey davice; 140 idunddigudrivecandtbarmpiar ent t o
the operating system In a further enbodi ment) the cache nmanagenent
i nst r 4@t i B8ss tarpgcyecdiumil4$ inchidesnee onmargaiatiers. [Bagh plaitdr carsliave sheorage devi ce
controller 141. Data read from nmain mass storage. nedi um 148 can be -
pr ocess edmgge menrdablesisfacespandgechmectirdablemstfateonn be tedf/writtani bylapaticwdad from _
~non-vol atil e cache 149 can be -9- . 0 0 0~ 200 processed by non-vol atile
cache ECCrdadfyirite He2d, Ebchoturfade cambadivided insd oplagditynefiiads, mdGatiogiock cdd5 and
non-vol atil e cache ECC l.ogic ‘146 can detect errors at the bit or nmulti-bit
| evel andbedivided inte h pluealitoofphpsical beetotlat Whérsa il disk 86w has @ plupdlityiaf cat i ons
path 135. FIG 2 shows an illustration of the organization of a
non- vol at recerdatle herfices, thecolictaon of all thérirahs arde sinadialdbeatiBieoPalE s ent
i nvention. A non-vol atile cache 200 (e.g., non-vol atile cache 149 of FIG 1)
may si9r eresordhble sirfdcys is talled aloeliniet, 'TiRJo0206n ofAcHpiHARRGGH drY RRPdiIgaN
include a table entry field 210 and a data entry 220. Data entry 220 can
i ncl ude adrivdat bé sedciiied B a physidatiaddread spebiyidy #:8 4ylisier, Rl @Rfach) &l 226, a
data field 208 and an EORTHI R i #yifg foé Ly e, e e B 10 of a
cache ent physik@Fedtan) correspond to tag/index information for each data entry
220 of the cache entry 205. The plurality of table entry fields 210 can
conprise a cadhandinb8eirh/ whétbd frodcbir réifieed s £65 3G GG \E %otidp DC
a2 mass sto

~accessed to determ ne whet'her a specific set o ata o nma rage

- device (eggs not%p?@iﬁhﬁ 51 ddfirefs P Hatl %ra@lﬁﬁrg@ IP@ce{é Qgci]rgs_%lof R, of @ hard

disk drive, etc.) I's présent I n the non a n-an-

T R

address (e.q., sector address, ogi ¢ etc.) of
Lhe 7 SRRs A0, Whot P8R BuE0% DS b eFF Y BASAIRHESE G Soore ¢
sear on o 150 SRS b Brkeliee bR pEApE B0k i ToelE) Bpr B BP0 t ed us! ng
Par d i o eagh PSelonl ot gl PR adifist, s e MARLE et 0 W Ayl at | | ¢
cache cagwbs confirjed the .sector address of the requested

b i ng, ,
di sk agai RgelSRdo eé?”étﬂ%%é‘%%@‘ﬁ% Vhen read/weitegpquests r a/hardp| e 215,

I n an enbodi ment, a non-volatile cache_¢l0 a 0 ~~~ 2Q04 can be a fully
associ ati ve cache. |In another errbodi nment, a non-volatile cache can be a set




associ ative cache. In an enbodi nent, each of the cache entﬂﬁeﬁﬂg%pgt or ed
in a non-volatile cache of a mass storage device corresponds to a gi cal
bl ock of a mass storage device. In another 5 enbodi nent, each of the cache
entries 205-stored in a non-vol atile cache of a mass storage device
corresponds to a sector (e.g., a physical sector, a logical sector) of a
mass storage device. In an enbodinment that has 2,000,00& cache entries 205
in a nondissidsive srecify e iegical sesioeaddress, shedatd diglodrive sHbesops eé%‘??eﬁto’f'he cache
directory table 215. 1n this enbodinent, 10 each table entry of the cache
di r ect or yrientbd §.e2 Sectoraddigesablel A ayd disk drivepontioller W@Mé"’h%@’éﬁ y table
215 can use ei ght negabytes of non-volatile nenory. 'fhe size of a cache _
- di r ect or \phiysitd! sechir§ imtapartienlar dogicelhlogkaddressos s Wherreadiweite requesth 0 &aver age  cache
~access increased) by including a block of nultiple disk sectors in each :
cache enthay ditlndrive spedifyci logicdl bloek alfress, éhrethayd dislodrive can beeomsidered ry 205 may
have a valid field 15 222, -a nodified field224, an address field 226, a
dat a fsi elglookdfdienet ¢i.c bidcCaddressabde)229. Valid field 222 may be set to "valid"
(e.g., one of a logical one and a | ogical zero, etc.) when cache entry 205
contai ns val i fygaaolatié\Chcheb49an Gehe datn thatiy fipically eredion mhimemass storagef a
| ogi cal -one and a | ogical zero, etc.) when cache entry 205 does not contain

valid d_atrﬂeqi]fxﬁrlmmamv@laﬁl%&ﬂe 08 cain icch® Mhth k@ fotrpand Wettencro, miath adaiss e cache
to all ow other data to be cached 20 in the non-volatile cache, the valid

fields ofgthe eviichads IRERvARIS LRRe £BTah SarPRgadeSaMiny 8l dottipated 181 nval i d”

to signify thhat such cache entries no | onger .store cached data. Modified

fiel d 224,60 cRSinele ity maRLiokdes hediukn 148S ALBRInk, G0 RA1TRSrh ond Bl S o

i dent.i cal a store t he correspondi ng location on the mai n nass -

P ao T e B i e e L e o 2 g cal

‘address qf Lbe, IRSESOLANG HAY 166 Ifdisiel dod ERAGK I RRIRRAIBISS St or age

device 1 i'n € non-vo e cache 149, and that data was

?ﬁ%ﬁ%ﬁ?f&?@&%@%ﬁ%ﬁ ”ﬂiﬂ%@gmﬁaﬁeﬁ%ﬁﬁﬁﬁ@“@ﬁﬁ%@é@%ﬁ%@% “E?gligih o
| 0gi cal - cwdeDeckRdteEt 6 mprroibe o TR oy b Beo G ERRRAIG Al bb 1

data corresponding to that |ogical address,ston i e mass st or age
- medi um 148!?@%?‘%&%5‘_%&@ e IAngGs Pg?%tp?reeﬂlb? %mggt’ %&dﬁﬁ“@’ bit" and can

be cleared when t hf datgq is successfully witten-back to the main nass
st or alfe reeghingisimplemfgeet ai ned in the non-volatile cache '149. 10 Address

field 226 can contain th dress (e, q.., .logic address ., .bhysi addr ess)
for the data %%Pé&a‘#ﬁwﬁ%?%a%@@rﬁ#‘@h%%?&m?ﬁﬁq“ AR R RareRy 20 e
mass storage device is _a hard disk.driye, the address.field 226 can store
the sect odevipgdlatassd RrRyide spruerd aﬁ%ﬂs%?'in@ﬁ%f glaﬁgefﬁ‘e‘(&g'e'ﬁf‘ifm? ifier." In such
-an enbodi nent where | ogi cal bl ocks of data are cac? i.,n the non-volatile
cache (e.embodiment, Wi data/is ispdEnm Mmain Bass Shuagsgnedpm, ‘quﬂdéﬁttc\}'erw of
sectors), address field 226 can contain the starting, ,secto %dress of the
I ogi cal ~ béanukunitesions pasle k33, & gony#f the| dstaicap he stared iign-yol tcaehs [49°0at o 1 el d
228 can store the data of cache entry 205. In an enbodi nent in whjch the
nass 20 or Wihen daiw issent to mashwioragedievice Qw,rc@mmamﬁat@pﬁpaﬂz@%*a&emﬁ?dai n a disk
~sector of data (e.g., 512 bytes), a logical block of data, etc. ECC field
229 can stherdeta can bowritiemioaob-volgtile 0ache 4% anidhwrittendo gneinmass stomge ppditm ent r y

205. In an enbodi nent, each |ogical block of data is associated with an
error cor |148idcodingao @ write-back algorithm, a write-through protocol, etc. Because the non-

volatile céche 149 is a non-volatile memory, the data saved in the non-volatile cache is _

typically not lost when the power (e.g., power to the mass storage device 140, power to the
, 7.




FIG 3 shows a method in accordance with an enbodi nent of orﬂeNBUeMt

i nvention. In an enbodi nent of the present invention, a mass storage device
receives a request for data (e.g., a request from processor 120, a request
froman operating systemof -12 o~ ~dQ@f 2Q0 conputer 110, a request
froman application being executed on conputer 110, etc.) (box 310).

Whet her "t BsniiRG4as! &6l) Hafried off, JSH-G8lardie o) opGF Tl e mass
st orage. de'vilge is 'det)erm' ned&%box 32%§.c%ﬁggénye&ghgo itﬁ%érclt, t_ogi'ﬁgguest for
data incl H%r@ﬁ&#%ﬁn&ﬁt% e ' S T, a cache hit
or cache mss i ndicatli onl?tﬁggétgiﬁg?ﬁg@ﬁ%%%‘?%&%?&daﬂggc g‘@%&rgg’ct ory

. i ncl udes @&?ﬁ@g@g%ﬂ&ehlapmﬁgg%gcached in the nonvol atile cache, and an
at™ St ed da

i ndi cation he reques ta is cached in the non-volatile cache can

be generated > A th he.digectory and.the address of .the requested

data. Wen th2ﬁ§rg %@@Fé%?ﬁﬁi‘?%ﬁ“s"% 5?’5@3“%‘ a?ﬁ@rﬂ%‘l%b}?tf’r}y%“@‘ﬁaﬁ& the data

is read f h onvpl.ati | he (box ,330),. error checking. and correction .

can b?peb%%@%ﬁ%’@gm%m{m e pemoRy £ ?’ﬁ@eﬂﬁ%ﬂg&n be sent

fromthe sslswmdﬁvi ce (.box .340). Wen the requested data is not
i Yorat

‘stored i R plastaphis BemoOry, 2 giorage ampy, Bls. roanembodimeat, seds nass

st or age ”&Ei um of t_ggcpnass st orage devi ce ((box 360), error checking and -
correct i ofoRAqNyelagls: @Fﬁéﬁ"ﬁb@?ff’%ﬁﬂﬁ'&uﬁ%%@ an-yaladile caekp 149%cambeiat a can be

sent fromthe nass storage device (box 370), ‘and the data can be witten to B

t he non- vopel-prientedcaphe whemdatais pocessd 9.6, writtera tad, ete.rindogias! blacksc cor dance
with an enbodinent of the present invention. A request to store data in
non- vol at For&xampls, wheprmasestorege deyidesl40 exreivealditbmruesti(®)g., aldota reastpd e, a user
editing a docunent in a word processing program can instruct the word

pr ocebdi nigaghdasefram mass starage déviced40 wntrromnAmicationsipath 18%,2ndatarequesicto wor d
processi ng program can include an auto save feature that causes the
docurent witehigtadatednostprags delicedl4D from sonamatidationspatintd5cete.; theodagy at i ng _
system can instruct that data stored in nmain nenory (e.g., DRAM be stored
to a har drequeskcaticonteinan addrésarthat dse dogicall blbok adtieEy, ¥ logitabsectoi Midfds§@tep room i n
the main nmenory for other data, etc.). A determ nation can be nade whet her

t he dat a Insntembbdinenbofdht present inesntivn) cath bEthe aahentidctord?ia non-Yoitilea :
determ nation is nmade to store the data in the non-volatile cache, the data -
can be stakel49torréspondsio dath) Srored G a Idpical diirdsd bfthhih 1a68@heed BOKuA30) . 1 n an
enbodi nent, storing data in the non-vol atil e cache includes updating a
cachejgdire@t ory table of the non-volatile cache (box 440). Wen a .
-determnation is made not to store the data in the non-vol atile cache, the
data can' be SURBRemboUihbR iWhith FRSSstSlagd Al TRB i MR dibh&vAoRayR! ati | e mass

storage device (box 450). 5 In accordahce W th an enbodi nent of t he present

Nt O SN R S RSN BN MBS B o Pt 07 2
edi Um i oAV dofiRldd B Sanfll ol kB AN liieRhe SARERC. 2

conput er - r eadabl e nmedi um I ricl udes a as I's known i or storing
sof twar e : ' e; e . - e medi um.
can 10 be@gdgéclggs%%‘tfrﬂ%ﬁ gﬁ%%bclsessoglh%ﬁ %aégﬁq}é) ¥ §P&%§°%%#%%{g p'|Ssﬁts ructions
adapt t execht i . . e, "ol S nt to
enco rr%gs srg%‘%?nfé)rifg?&réhgt?'?'o%% %ﬁggélg’]aﬁrl %ﬁ@g g%&u%‘g fq% gysg%a@%ﬁtg@ OF }ﬁm?lﬁ%%r pr esent
form (e. g, hj ode). by a.processaor, or require further ni pul ati on
(o g« o Sram PR sfocf 880 et GRS ERATF e SPsap il S il EVp BBVErE, ) ' 0o
be ready to.be executed by.a processaqr; | hods and ratys in '
accor dan(?@pwaﬁﬂn éﬁﬁ&&fﬁf@ﬁ%g %'83‘ at’i‘f@?‘fﬂq@%ﬁ?"ﬁﬂ , ?’thPB?Fegé?]ﬁl%ga'ﬁEfj’é‘&eousl y
cache dat rea(k%om fr vvr',ttfn to, a hass storage device_.in a non volatile
cache. THRatkEh Reysimke n@’“&@i‘ﬁ'& BienRy pfesieRcedby apserof eqmputehIdA canler bal  power
to the non-volatile cache and the nmass storage device is funed off.

Enbodi rrerl‘F%u"S‘F- the present invention can reduce the access tine for data
read from or witten to,” a mass storagey 20 device and thereby increase’

system performance of a system having a nmass storage device. Enbodi nents of
met hods and apparatus to store data in a non-volatile cache of a




mass storage device have been described. In the foregoing ﬁi@s}@@ym‘en, for
pur poses of explanation, nunmerous specific details are set forth provi de
a thorough understanding of the present invention. It will be appreciated,
however - by- one skilled in the art that the -14 = o ~ ~~~v z present

i nvention may be practiced wthout these specific details. In other

I nstances, structures, and devices are shown in bl ock gi agram form
Furthernore, &nengrbqdiraent, cacheppangpement msiryctignscan Manaeg of ? hat the

'speci fic sequences in which nmethods are presented and, perfornmed are -

i | | ust r atfrome/waites to por-volatileeash 148 cEhercache ManageRenf IBTTNERONS AR PRSIMEY i ed and
still 5 remain within the spirit and scope of the present invention. In the
f or egoi ngnaemwry ¥43, cascherriapiof 8 masspragsdeyise driver. ekt ({sgke mARagERBdance with
enbodi ments of the present invention have been described with reference to -
speci i ¢ instawtiorsrcan makodtcisions gandingoviut dejh ¢an be gached, sdatdataeradies i cati on and
figures are to be regarded-as illustrative rather than restrictive. 10 -IS
0 8 ~G' Qfiddedfiti theSadhie W Dath San be writterdpplatodhe mmain mass seregemediumy he

appar atus conprising a non-volatile mass storage 5 device including a
non- vol atvhen datioite-backs boeur,aqq aCzhe mandgembutiinstrictionhemeailse detesmiseon- vol ati | e
mass storage device is block oriented and the non-volatile cache is bl ock
ori ent ed. wikt ddth earobRe-Aitted dito eeaiomvblatilhvaceilng.t Gacheomnagsheni | e nass
storage device is sector oriented and the non-volatile cache i's '

sect or - or jfsHnRftionsOsidh ad WhethdtRamih dsta Sliould 1 cazhikd indvewwlatile beehebd9; vol ati | e
mass storage device is a hard disk drive. 5. .The apparatus of claiml1,
wherei n tHe yaedkdy flifg kdownBasHe SiraEanent Bipuitams. Fotleksmste,avirniatachess st or age
medi um having a first non-volatile. storage medium the non-volatile cache

i ncl uglps 1@@@%@% a%gﬂﬂlﬁ‘p&e@éﬂnlirﬁs HaPHRAGs TR [KElihdod el tHeSlatatent fram at i | e

st or age Ing a different type of non-volatile storage nedi um
than the gecQpghelQBvice 140 will be read again in the near future (e.g., the data is part of an

MP3 audio file, part of a WAV file, part of an AVI file, part of a streaming data file, etc.),
| th:_n the data need not be cached. In addition, wheﬁ it becomes advantageous to write data
from non-volatile cache 149 to main mass storage medium 148, cache management
15 illstrUctibns can détennine which data to write back using, for example, a least recently
used (LRU) algorithm, a‘random replacement algorithm, etc. |
In an embodiment, a mass storage device driver for the mass storage device 140
' ﬁan be a typical mass storage device driver (e.g, ATAPLSYS in a WINOS environment,
etc.), and the cache management instructions can be stored in memory 143. In such an
| 20 embodiment, the exiétence of non-vélaﬁle cache can be transparent to the operating
system. In a further émbodiment, the cache management insﬁ‘ucﬁons can be part of cache
management logic of mass storage device controller 141.
Data read from main mass storage medium 148 can be processed by main mass

storage medium ECC logic 145, and data read from non-volatile cache 149 can be
| -9




vol atil e storage nedium 6. The apparatus of claimb5, where@g @@& mai N mass
storage nediumincludes a platter having a recordable surfa stlllife
data. -16 0 a ~0~ ~00~ 7. The apparatus of claimb5, further conprising:
first error correction logic to process data read fromthe main nmass
storage nedi um and second error correction logic to process data read

li'omthe non-volatile he. T9i e apparatus.of claim 1, wherein the
non- vol at i PR l@"f%(’:‘f“@%i"s hﬁ%écm“alt“ﬁi E?@’tqgff@&emﬁﬁ ptatage medinmd&n ut er -

- system conprisjng: .a praocessor; _a menory coupled to the processor; and 10 a
non-vol at i %%@&@P%@H@@@MEE%&@F é%/f qap detpet epyprs ebthe bit or mpli-hiton- vol ati | e
‘mass storage device having a main mass storage nedium and a non-volatile
cache coupleyel ang comret theicprorss theglata,inbring seuti to semmuanicativhepatiolddut er  syst em. of
claim9) wherein the main mass storage medi umincludes 15 a first -
non-vol atil e stBiGagshenshniliystation ofdhe arginivatioreofmaohevolatitel cackesn a second
non-vol atile storage nmedium the first non-volatile storage nmedi um being a
di ffereht acppedange withanasibedintent ff the prgeentinckintion.t A aon-yéletils eache d00e(g:,vol ati | e
storage nedium 11. The conputer systemof claim9, wherein the
‘non- vol at i hen-velsiile sache 34EofiidGi13 emay stokd plirakity io€ ichelertrich 205 Endhreaste! ati | e
cache is block-oriented. _1~_ 08 NOV 4 ' o
entry 205 can include a table entry field 210 and a data entry 220. Data entry 220 can-
include a valid field 222, a modified field 224, an address field 226, a data field 228, and
an ECC field 229. | |
10 . Thetable entry field 210 of a cache entry 205 can correspond to tagfindex
information for each data entry 220 of the cache entry 205. The plurality of table entry
fields 210 can comprise 2 cad_he directory table 215, and the cache directory can be
accessed to determine whether a specific set of data of a mass storage device (e'.g., adisk
sector of a hard disk drive, a logical block of a hard disk drive, etc.) is present in the non-
15  volatile cache. Inan embodiment, the table entry field 210 of a cache entry 205 can store
an address (e.g-, a logical sector address, a logic block address, ete.) of the data entry 220
of the cache entry 205. To determine whether a specific set of data of a méssl storage
. device is present in a non-volatile cache, the cache directory table 215 can be searched
using, for example, a known search algorithm. Alternatively, the cache directory can be
20 sorted using a hashing algorithm. In an embodiment where the mass storage device is a
hard disk dﬁve, the presence of a requested disk sector in a non-volatile cache can be

confirmed by comparing the sector address of the requested disk against the sector

addresses stored in the cache directory table 215. In an embodiment, a non-volatile cache

-10 -



12. The conputer systemof claim9; wherein the non-vol aj Igg%m st or age
device is sector-oriented and the non-volatile cache is séc - %ent ed.

13. The conputer systemof claim9, wherein the first non-volatile storage
mediumis a recordabl e nmedi um sel ected fromthe group consisting of a
magnetic recordable medium 5 an optical recordable nmedium and a

magnet o- opti cal recordabl e nedium- 14. The conputer systemof claim9,

wher ei n tdag b 8 GlllychsiRRtivotahe.| 1a andther agbodimentyamdnsvolatite @ckegenibediseim sel ect ed
-fromthe group consisting of battery-powered dynani c random access menory,
bat t er y- pusi#tide 84chk] C random access nenory, flash nmenory, atom c probe
.storage nenory, ferro-electric nmenory, and hol ographic nenory. 10 15. A

‘met hod of IOr0‘1?_%1%Eﬂ%&n&ﬁ?&@ﬁbfﬁ@éacﬂ@énﬁrﬁestzbsstﬁﬁﬂhﬂdnmﬂlsmmoﬂaecei ving a
request for a first set of data stored in a non-volatile nmass storage

devi ce; dﬁ%}:,grsn;) '@gw&é‘%&ﬁuﬁdﬁo%ﬂ&g&aﬁzoaéoﬁhﬁ@s&téra'géa&vﬁﬁ. TRarbtheen- vol atil e

cache of t at1l e mass storage device; 15 reading the first set of

dat 2 1§ Ot SRR 4l Fhd Suchifis 208088k Il i ofaGhaspliofig 2. -1

~ ~OVv of clarm15, rein: reading the first set of

data f h - | LG ti n a
cubset of MYRE PREPURISE § pgTEE SO S Ror P LopRal TRl BE Rhptisgpr ' on On @

non-vol atjl e cache includes sending the error 5 corrected subset -of the
first set®¥®data. 17. The method of claim 16, further conprising:

e o S Bosk el SRR L MR R Lol B e
A non- e A 3 oG8 b1 Cartichn 2 A atredSHY bl 2135 Tn A URiAARY ©©
| 10  each fable entry of the ‘cachc diredtory table 215 can be four bytes long, and the cache
o directory table 215 can use eight megabytes of -no'_n-'volatile memory.. The size of a cache
: diféctory table 215 can be reduced (and thus the speed of the average cache acoess
| ih_creased) by inclu&ing a block of muttiple disk sectors in each cache entry.
| In an embodiment, a data entry 220 of a cache éntry 205 may have a valid ficld |
15 222,a ﬁbdiﬁed field 224, an address field 226, a data field 228, and an ECC field 229.
| Valid field 222 may be set to “valid” (e.g., one of a logical one and a logical zero, etc.)
when cache entry 205 contains valid data and may be set.to “invalid” {e.g., the otherof a
| .logical one and a logical zero, etc.) when cache entry 205 does not contain valid data. For
example, when data is evicted from the non-volatile cache to allow other data to be cached
20 | in the nﬁn—Volatile cache, the valid ﬁelds of the evicted data entries can be changed from
| “yalid” to “invalid” to signify that such cache eaﬁiés no longer store cached data,
Modified ﬁéld 224 can be set to “modified” if the data in cache eniry 205 is not identical -
to the datﬁ stored in the corresponding location on the main mass storage medium of the

mass storage device. For example, and referring to FIGS. 1 and 2, when data
-11- .




readi ng the second set of data froma main nmass storage nedi um of the non
vol atil e mass storage device; witing the second set of dah% %@gtm‘%
non-vol atil e cache; and sending the second set of data. 15¥- . e met hod
of claim 15, wherein the request for a first set of data is a bl ock
oriented request. 19. The nethod of claim 15, wherein the request for a

firsi ' i ; .. =19 2004 20. A
d : ; it c Zgﬁlg&gﬁgﬁ% Eilﬁg :tﬁ 8 t e%dra(%e-sg?%tg?;rn?% s{ogs%g glr%lg%g@slg %&Vygéh% ache dat a

for a dis ' M@E hd, L j.zg of the.Ferro-electric random access .
menory ishlg%yslwé%"t . g{'d;aa“é‘??"éédm eApn-Y ﬁgﬁmﬁgﬂgﬂ@?dﬁﬂﬁn 20, wherein
- the Ferro: bC ol M access nmoty 1S block qriented. 22. The disk
cache of gﬁ%gﬁ%%h@%?h&ﬁggg?eﬁrﬁ%@En@ﬁ%ﬂ@smﬁgﬁ@?‘:&%}%ﬁig‘% PO logic to
check error cor ' des associagted with data stored in the

Ferro-el eﬁlﬂjﬁigd ﬁ@ﬁé@ﬁ?ﬁgﬁwg‘w@ﬁ&v&e&%?ﬁe@ Seidp smedified”aipdiseleur when
r eadi ng ,d@i{ﬂgtpfromtf e Ferro-el e&t}ri c. random access nenory. 23. The disk
‘cache of ffopy o correspandingto that dogical addrese atored dn the sen-velatilens t o

det er m ne igeg]abt,a,t at was requested froma nass storage device is stored
on the Fefache Lods different tham tedate semespending to that bgicat address sterepowthede t-he dat a
- fromthe Ferro-electric random-access nmenory instead of the mass storage
devi ce. 2mainmaspsiorags pedigm 148y Modified 6irldi224 carybe 2 Brred tredsia “didty-bitBemt | | e mass
- storage medi um and a Ferro-electric random access nenory to cache data for
the main $f@bee when theglatads aceagefulipewiition-back ¢ the mairhmassistomgef t he
Ferro-electric random access nenory is at |east .5 gigabytes. 25 25. The
mass st ormediumd 48 and rstainet n the Bag-voliside eache 148 mai n non-vol atil e mass storage
medi um and the Ferro-electric random access nenory are integrated into a
nmass 3 orage deldrasefield@26 Fncomainsthsadiray . glSopicsl adiress, physicaladdrelkyr ei n t he
Ferro-electric random 30 access nenory is block oriented.
for the data stored in the cache entry 205. In an embodiment in which the mass storage

dévice is a hard disk drive, the address field 226 can store the sector address and can be
~ referred to as -a “sector identifier.” In such an embodiment where logical blocks of data
are cached in the non-volatile cache (e.g., each logical block corresponding to a plurality
15 of séctors), address field 226 can contain the starting sector address of the logical block
where each logical block has a known fixed size. |
Data field 228 can store the data of cache entry 205. In an embodiment in which
' 'the mass storage device is a hard disk drive, data field 228 can contain a disk sector of data
(e.g., 512 bytes), a logical block of data, etc. ECC field 229 can stores errc-)r correcting
20  codes for the data of the cache entry 205. In an embodiment, each logical block of data is
| associated with an error correcting code. |
FIG. 3 shows a method in accordance with an embodimeﬁt of the present |
invention. In an embodiment of the present invention, a :ﬁass storage device receives a

request for data (e.g., a request from processor 120, a request from an operating system of
‘ «-12-




27. The mass storage device of claim 26, wherein the rrassﬂﬁ ﬂﬂﬁg evi ce
further conprises a nass storage device controller. 35 -20 8 2004 28.
The mass storage device of claim 27, wherein the nmass storage device
controller conprises logic to check error correcting codes associated with
data stored in the ferro-electric random access nenory to correct errors
that may occur when reading data fromthe ferro-electric random access
menory. To@Puter i), raspes fomspepplivaiicebadg eleaited @omphier Hidpetthborass st or age
‘device controller further conprises logic to determne if data that was

r equest ec1dy. ownéther fiefeguestedidag ¢ Heed ihea nca-wimileadcipvi tiandsestorage | ect ric -
random access nenory and, if so, to provide the data fromthe

ferr o- el qRbib fs deRMHIRI WHKE). TR BRS dtbobindf, thiiequesppdad inciags aevi ce of
claim 24, wherein the nmass storage device further conprises logic to

control t3ge@ind ﬂﬁf\adaiz&sﬁslukma‘g&ﬁm% DERAS B Labli® riindibiche I 0- el ectric

random access rrem)ry . A Ssystemconprising: a chipset to nanage ,
i nteracti ¢ A3 g SRIRAARA P ihe fosl! Sk drive
coupl g’gl tag e C |ps§r%t’p£{é'&e aﬁ%g@lﬂ Patl I%r% (E%cache coupled to the

chi pset. Joilgid\Gn Indhd hnfioichth iﬁg}sﬂé&ﬁ&gms'caa irPthd RS- PofIEGkRd ¢ T andom

access nenory ¢ ereln t e sl ze of the

oyst om ofteh ph EetSASP TLBF GRS (U Bk BARs Pl S5 0
ronvol ar e @P xR I OB PUR SRS @%éﬁéi%‘g%é “4‘@5 Rt 33,
Lo, OBERHe SoSABd SSolB BAE AL  cocn
sk Mhoriat (oo 335, andh s 2 8 oo Som e g a%d%wfs Pt é%ﬁ Heth ™ he”
disk dr thei\e Ee(c)lﬂés?édndsataals gétssléorgdriln the non-volatile cache, the data can be read from a main.
| -mass storage medium of the mass storage devme ((box 360), error checking apd correction

can be performed upon the read data (box 365), the data can be sent from the mass storage

device (box 370), and the data can be written to the noﬁ-volatile cache (box 375). |
15 fIG. 4 shoﬁs a method in accordance with an embodiment of the présent

invention. A request to store data in non-volatile mass storage device is received (box

410). For example, a user editing a document in a word processmg program can instract

fhe word processing program to save the document. As -another example, the {vordr

processing program can include an auto save feature that causes the document to be saved
20 | periodically. As another example, an operating system can instruct that data stored in
: main memory (e.g., DRAM) be stored to a hard disk drive or other non-volatile mcmory

(e.g., to freé up room in the main memory for other data, etc.). A determination can be

made whether the data is to_bé stored in a non-volatile cache (box 420). When a

determination is made to store the data in the non-volatile cache, the data can be stored in
| ~13-




controller to control the disk drive and the non-volatile dﬂikN@#b ME 36.
The system of claim35, wherein the non-volatile disk cache further
conprises logic to determne if data that was requested fromthe disk drive
is stored on the non-volatile disk cache and, if so, to provide the data
fromthe non-vol atile disk cache instead of the disk drive 37. The system

of claim t he ferro eI ect .
destructi \g}{ese'nr miﬁl‘g@@&a& It‘#g P’é’gﬁlimﬁﬁ 5t {ﬁ‘ gé"’%?@(?é‘?h&t ed with
a di sk neno et ho&ll 8 ng) a)@ receivj ues read a bl ock
of data f M5 S ing B fge, dirce |"HEJ'V é?q bl ock of
data is cached. |n a ferro-electric, random access rrermr wherein the size

‘of the fefFEmupaionl ?E‘aﬁ%?ﬂimt%feé@égmﬁa%mwela@p cpchedhe dai‘ﬁ @ngesipreds; and

readi ng the requested block of data fromthe ferro-electric random access
menory i n&t BaMa mpssstRrageancdiugiofiimngvolpilamassisigraga devidedbaedi9pd on t he
ferro 20 electric random access nmenory. 39. The nethod of claim38, wherein
sai d det er ni ni Hpceendance svth ag webrdimgntof theqiesentiinvention; ipstrickibes adaptedts on t he
ferro-electric random access nenory. 25-40. The method of claim38, further
conxpi si nfe exestied hy aprsesserio et dhetbed art sideedan b compitérereatiable menory i f

sai d block of data is not cached on the ferro-electric random access -
‘menory. Amedipme Thetdooutsf-reedablermetiiym vivcheai devivatielt staragidigital Hiformationim t he di sk
30 nenory further includes storing said data.to the fetro-electric random

access neforexampl, a Chreputeirbmidble mediumi inclddes altGMas 13 knbwn FRthdadfdrur t her
conprises storing said data to a second random access nenory. -22 8 NOV

2004 43. gthringetiivade afd/ovifieh waré Ze.g.)aireiode)s The corgastrfeadaisie melinfivah he di sk
menory. further includes updating a cache directory table on the
ferrol@l ebd adcessedbyld prodesser3aitdbRBF dkecuting instructions adapted to be executed. The
term “gdapted to be executed” is meant to encompass any instfuctioﬁs that are ready to be
executed in their present form (e.g., machine code) by a processor, or require further
- manipulation (e.g., compi!atibn, decryption, or provided.with an access code, etc.) to be
ready to be executed by a processor.

15 | | Methods and apparatus in accordance with embodiments of the present invention
can advantageously cache data read from, or written to, a mass stérage device in a non-
volatile cache. The non-volatile caﬁhe can retain its data even when external power to the

“non-volatile cache and the mass storage deillice is turned off. Embodiments of the present
invention can reduce the access time for data read from, or written to, a mass storage

20 device and thereby increase system performance of a system having a mass storage device.

Embbdiments of methods and apparatus to store data in a non-volatile cache of a
mass storage device have be;en described. In the foregoing description, for purposes of

explanation, numerous specific details are set forth to provide a thorough understanding of

the present invention. It will be appreciated, however, by one skilled in the art that the
| -14-




5 44. A disk cache conprising a non-volatile ferro-electric ra S

menory to cache data for a disk drive, wherein the size of theﬁ%wg%cﬁﬁﬁ%

ferro-electric random access nenory is at |least .5 gigabytes. 45. The disk

cache of claim44, wherein the ferro-electric random access 10 nmenory is

bl ock oriented. 46. The di sk cache of claim45, wherein the disk cache

further conprises logic to check error correcting codes associated with

dat a st orgpekentrinvdneio may be piaetived withew thtsaspaciBedstailie ronther drstangess ect errors

~that may.occur when reading data fromthe 15 ferro-electric random access

Menory. Afucthite afd ddviceasteahavin ia lbidckndibgram/form cFurthedmore] ok skiestia thenc| udes

- instructions to determine if data that was requested froma nass storage

- device i Saréséaﬁrr@dail? Bppréiaié taf the Secificsbquencan thovhichoneibls srerpresentedhand i f so, to
provi de the data Trom 20 the ferro-electric random access nenory instead of .

~ the mass siRLAFaE Atskative 48 it Feonwinplated Ak theiquercas eanbé varibdandistill t he
ferro-electric nenory stores a cache directory table. - 23 .Aui.A AF8 . AXO

A LAZ AN D e Yavditidh. AX. A A. A. AB?VS$' s| dXG
)8 e PP s

"a] ca] ca] ca] ca] ca] cOa] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

A " A : d ith .
]zpﬁ!’/(goa/;/%?%g" %?ﬁ%@%@%% ca?g%@g]])%gi c$al] C%{gl{l}etéxgﬁlg]ag%o]rca%cigi ca] ca] cOa] ca
]' [ca] ;ﬁ}&z%@%@%ﬁﬁ%ﬁ@ﬁbﬁ%ﬁ} &?&1{&\# ﬁﬁ#%}ﬁ%@%ﬁ%@?ggﬁ%grca] ca] ca] c'é] c

"l b TSRS S el e v d Raks akasbe ) oal oa] ool
i oo ca EipleR AR EhaR Gl Akl v, 21, ot " el cal cal cal cal cal calcal cal
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calca]c"aU c"a] ca] ca] ca] ca] ca] ca] c$a] ca] ca] ca] ca] ca] c"alU]c"a] ca] ca] ca]ca]ca

] ca] caJ ca] ca] ca] ca] ca] ca] ca! ' ffgh™hhi hijkjj*k, k5kl | *m~-mmnnnnOnno8oRoUooop}

- wgl fa] U gb] XU] cal] ca] cal] ca] caU] caU] cal] ca ,

U c”a] c"alU] c"a] ca] ca] ca] ca] ca] ca] ca] ca] cOaU] cOa] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caJca p(p}pp(ataqarrr o
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~a] ca] ca] cal] ca] ca] ca] ca] c2al] c2a] c2al)] c2a] cal] cal] cal] cal] cal] caUl] cal] cal] c -

alU] ca *vgvovr vXVvWwx TxxxCyyyy;
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1. An apparatus to store data, the apparatus comprising a non-volatile mass storage |

5 device including a non-volatile cache. |

2. The apparatus of claim 1, wherein the non-volatile mass storage device is block- |

oriented and the non-volatile cache ié block-oriented.

3. The apparatus of claim 1, wherein the non-volatlle mass storage devme is sector-

onented and the non-volatlie cache is sector-onented

10 4. The apparatus of claim 1, wherein the non-volatile mass storage device is a hard |

disk drive.

-5. The apparatus of claim 1, wherein the non-volatile mass storage device includes a
main mass storage medium having a first non-volatile storage medium, the non-volatile
cache includes a second non-voiatiie storage medium, the first non-volatile storage

15 ‘medium being a diﬁ‘erent type of non-volatile storage medium than the second non- -

volatile storage medium.

6. The apparatus of claim 5, wherein the main mass storage medium includes a platier

having a recordable surface to store data.

-16 -




10*r
10*r610%r& ()-! @' 10%rjr& ()-P/ 6| aB~_@! *10%r& ()- Y10 1 10% r &
()-=10%r& ()-<HGLO% & ()-s< 10%r& ()-=y ! "["“dE~_ @?ﬁgﬁgﬁl gg”(r)&'()
YLO% r & ()-6HCIOW & ()- J 10%r& ()-P3"10% & ()- 11091 & ()-
'i#ot_##$q$$dE~_@:!*33#10%r&' ()-cl .

W& ()-=\7&10%r& ()-=V-"10%r& ()-=P+10%r& ()-<,)10%r & --$$$$$$$
bC:!'*10%1I&'() S10%6& ()-) Owlo%d&' ()-<"109%a& () - 101 10*r 0

é%g/gg‘(%): 3¢5 /;ﬁgf’l;'z?’%t?‘i‘mf”g;?g_ ﬁ‘{‘@'%%%‘éfl%) 10%1&' () -
. r | P" 100 L -
10%&! ?)-- b ‘ﬁw}é%}fégl Qp’ﬁ&gs?é’gﬁj@%‘g#ﬁ%%#% éé%( _</10%1&' 0)-

10%&' () - % 0%] - 10%& ()-=H010%& ()-. /d//0q00”?dV7=!)l 10%&
- _ll#p#lo%)b'&e ‘)‘mt‘m 0%&' ()-n 10%W& ()-=!10%>& ()- , ) -
0% & Z014111&2{ 2dEdV7=] ‘() - %& () - ' () -
<cy@_0cy§] 2& ()- S#e i;goq gorrectlolzrﬁég]ig éﬂ gfoéegs daQ r%:gd/ g'gfn Qﬂe-nog-v]opaoél]egéaéﬂe.
0! 10%& () -<{22=4CADAEAFA4AS4A(5uV7=! L10%&' ()-W10%& ()-\ 108 8 108 8
108 8 !H@!1098 o
5 8. The apparatus of claim 1, wherein the non-volatile cache includes a non-volatile

storage array.

9. A computer systém comprising:
| a processor; |
| a memory coupled to the processor; and
10 - . a non-volaﬁle_ mass storage deyice coupléd fo the processor, the non-volatile mass
sforagc device having
a main mass storage medium, and

a non-volatile cache coupled to the main mass storage medium..

10, The computer system of claim 9, wherein the main mass storage medijum includes
15  a first non-volatile storage medium, the non-volatile cache includes a second non-volatile
storage medium, the first non-volatile storage medium being a different type of non-

* volatile storage medium than the second non-volatile storage medium.

11. The computer system of claim 9, wherein the non-volatile mass storage device is

block-oriented and the non-volatile cache is block-oriented.
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14, The computer system of cIalm 9, wherein the second non-volatile storage medium
isa storage medium selected frqm the group consisting of battery-powcred dynamic
random access memory, battery-powered static random access memory, flash memory,

atomic probe storage memory, ferro-electrié_ memory, and holographic memory.

10 15. A method of processing a request for data, the method comprising:
- receiving a request for a first set of data store& in a non-volatile mass storagé
device; |
determining tﬁat the first .set of data is stored in a non-volatile cache of the non-
voiatilé mass storage device;
1S reading the first set of daia fom the non-volatile cache; and

sending the ﬁrst set of data.
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correction on a subset of the first set of data; and
sending the data read from the non-volatile cache includes sending the error

5 _corrected subset of the first set of data.

17. The method of claim 16, further comprising;
| recetving a request for a second set of data s_torcd in the non-volatile mass storage
device; -
| determining that ﬁe second set of data is not stored in a_' non-volatile caéhe of the
10  non-volatile mass storage &evice; |
reading the second set of data from a main mass stbrage medium olf the non-
vo[atile mass storage device; |
writing the second set of data to the non-volatile cache, and

sending the second set of data,

15 - 18.The method of claim 15, wherein the request for a first set of data is a block-

oriented request.

19. The method of claim .15, wherein the request for a first set of data is a sector-

oriented request.
20
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Tovi & () 1aa" Tovs & CHCSHRG SORURR) W 40 atre At do e, () -
C 109658 () eqh@%iaks (Or- h]{ﬁ@l@&n@ wﬁﬁeﬁnOth'EXSiX@bﬁ)thElf@ﬂ electric random access
memory is at Ieast .5 gigabytes.

21, The disk cache of c¢laim 20, wherein the ferro-electric random access

memory is block oriented.

22.  The disk cache of claim 21, wherein the disk cache further comprises
10 logic to check error correcting codes associated with data stored in the ferro-electric
random access memoty to correct errors that may occur when reading data from the

ferro-electric random access memory.

23. The disk cache of claim 20, wherein the disk cache includes
15  instructions to determine if data that was requested from a mass storage device 1s
stored on the ferro-electric random access memory and, if so, to provide the data from

the ferro-electric random access memory instead of the mass storage device.

24, A mass storage device, comprising;
20 a main non-volatile mass storage medium; and
a ferro-electric random access memory to cache data for the main non-volatile
mass storage medium, wherein the size of the ferro-electric random access memory is

at least .5 gigabytes.
25 25.  The mass storage device of claim 24, wherein the main non-volatile
mass storage medium and the ferro-electric random access memory are integrated into

a mass storage device.

26. The mass storage device of claim 25, wherein the ferro-electric random

30  access memory is block oriented.

27. The mass storage device of claim 26, wherein the mass storage device

further comprises a mass storage device controller.

35
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29.  The mass storage device of claim 28, whercin the mass storage device

controller further comprises logic to determine if data that was requested from the
mass storage device is stored on the ferro-electric random access memory and, if so,

to provide the data from the ferro-electric random access memory.

10
30. The mass storage device of claim 24, wherein the mass storage device
further comprises logic to control the main non-volatile mass storage medium and the
ferro-electric random access memory.
15 31. A system comprising:

a chipset to manage interaction between a processor and other system
components;
a disk drive coupled to the chipset; and
a non-volatile disk cache coupled to the chipset, the non-volatile disk cache
20 comprising a ferro-clectric random access memory to cache data for the disk drive,

wherein the size of the ferro-electric random access memory is at least .5 gigabytes.

32. The system of claim 31, wherein the non-volatile disk cache is
integrally coupled to the disk drive.
25
33. The system of claim 32, wherein the non-volatile disk cache is block

oriented.
34,  The system of claim 33, wherein the non-volatile disk cache includes
30 logic to check error correcting codes associated with data stored in the non-volatile

disk cache to correct errors that may occur when reading data from the non-volatile
disk cache.

35
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5  comprises logic to determine if data that was requested from the disk drive is stored
on the non-volatile disk cache and, if so, to provide the data from the non-volatile disk

cache instead of the disk drive.

37. The system of claim 36, wherein reads from the ferro-electric memory

10 are destructive reads.

38. A method of reading a block of data associated with a disk memory,
the method comprising:
receiving a request to read a block of data from a disk memory;

15 determining whether the requested block of data is cached in a ferro-electric
random access memory, wherein the size of the ferro-electric random access memory
is at least .5 gigabytes; and

reading the requested block of data from the ferro-electric random access
memory instead of from the disk memory when said data is cached on the ferro-

20 electric random access memory.

39.  The method of claim 38, wherein said determining comprises checking

a cache directory table stored on the ferro-electric random access memory.
25 40.  The method of claim 38, further comrpising:
reading the requested block of data from the disk memory if said block of data

is not cached on the ferro-electric random access memory.

41. The method of claim 40, whercin said reading data from the disk

30  memory further includes storing said data to the ferro-electric random access memory.

42.  The method of claim 41, wherein the method further comprises storing

said data to a second random access memory.
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45. The disk cache of claim 44, wherein the ferro-electric random access

10  memory is block oriented.

46. The disk cache of claim 45, wherein the disk cache further comprises
logic to check error correcting codes associated with data stored in the ferro-electric
random access memory to correct errors that may occur when reading data from the

15 ferro-electric random access memory.

47. The disk cache of claim 44, wherein the disk cache includes
instructions to determine if data that was requested from a mass storage device is
stored on the ferro-electric random access memory and, if so, to provide the data from

20  the ferro-electric random access memory instead of the mass storage device.

48.  The disk cache of claim 44, wherein the ferro-electric memory stores a

cache directory table.
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