1 DEC 2004 NON- VOLATI LE CACHE FI ELD OF THE | NVENTI ON Enbodi@én;gggfgmpe
present. invention relate to a non-vol atile cache. In particular, he
present invention relates to a non-volatile nmenory to cache data for a disk
storage device. BACKGROUND Conputer systens often store data both in a
volatile nmenpry and a non-vol atile 1o mass storage device. Such data often
I ncl udes conputer instructions, for operating system and application
progranms, and data that. is accessed by these instructions. A disk drive is
an exanpl e of a mass storage device that can be part of a nodem conputer

system Non- volatile nmass sthoNyoIdeuEcAcEuch as disk drives, typically

do not Tose the data stored on themwhen the power to the conputer system
is removed or turned off.. Thus, a non 15 volatile mass storage device such

as-a_disk. drive Star. 8 ta that the conputer system is to-retain_on a
rel ativel® Ha 23 n many computer systens, a set of data _
currently bei pghpaaRsbnBoftiRtarsseMtieRtion @M&tteah&-wsﬁl@edcas,e%?@mcm be copied"
froma disk drive into a volatile randomaccess nenory (RAM because a RAM
has a 5i d¢he preseahimventjonselates iwacesyoktilgmeronntogachiesitaden adisk sfmagdonever, units
-of RAM r'redér%%{m(e.g., | megabyte) are typically nore expensive than that
anount of tory in a disk drive, and thus in the typical conputer system
the storage capacity of the RAMis significantly smaller than the storage
capacity of the disk, drive. Wien required data is not present in the RAM
menory, tBACKROROUN cessor can read a bl ock of information including the
required dat agft | YL : t l.f1aNOt enough
roomin the F N%ﬁ%?@s}%sﬁdge%%}féa%{ra%%@slﬁ(Q)r%dg@%%éﬁ %lgaa!gghfvﬁlatﬁﬁe . RAM by
witing andssstotegetleviet Subth data ofien iRAMebambputer instrectiting, Hohpexating Seteause t he.

RVt he 0 ERPUGP RGPl o HE B Gl DO RS MR on,
accessi NGin@drdple bf #atd Wortlbedevide {h‘ﬁﬂaaﬁ ¥Ppaest dmstBbooMputr Bwal. Ndian ,

accessing data from RAM because the ) |
' volatile mass storage devices, such as disk drives, typically do-not losg the data stored on

them when the power to the computer system is removed or turned off. Thus, anon-
15  volatile mass storage device sluch' as a disk drive may store data that the computer sys_teni
| is to retain on a relatively permanent basis; _ '
 In many computer systems, a set of data currently being used by thg computer '
system’s micréproccésor may be copied from a disk drive into a volatile random access
memory (RAM) because a RAM has a sigIﬁﬁcanﬂy_faster access til_he than a disk dﬁ\}e.
20 However, units of RAM memory (e.g., 1 megabyte) are typically more expensive than that
amount of memory in a disk drive, and thus in the typical computer system the storage
 capacity of the RAM is signiﬁcahtly smaller than ﬂle'storégerqapacity of the d:skdnve
When required data is not present in the RAM memory, the microprocessor can read a
“block of information including the required data from the disk drive into the RAM. If
' 25 - thereis not endugh room in the RAM memory, the rnic;dprocessor can free space in the
** RAM by writing a block of data from the RAM back to the disk drive. "
Because the access time for a disk dﬁve is generally slower than the access time
for RAM, the disk drivéris oﬁeri.a,perfonnancc bottleneck. In addiﬁbn, accessing data
from the disk drive typically uses more power than accessing data from RAM because the

30 disk drive must be mechanically moved. Known disk drives include a volatile cache (e.g. -

1




30 disk drive nust be nechanically noved. Known disk drives- iinBEQd2jja

vol atile cache (e.g.; 1 - | DEC 2004 a DRAM cache, an SRAM cache), but such
vol atil e caches are typically part of the m croprocessor's mai n nenory
address space and thereby byte addressed. DESCRI PTI ON OF THE DRAW NGS 5
FIG 1 is a partial block diagramof a conputer systemthat has a

non-vol atil e. cache according to an enbodi nent of the present invention.
FIG 2 is a partial block diagramof a disk drive according to an.

chi pset - ahR D EEAP GOt RUHEL bVl 3ol o5 N Pk en: “of the

present i micesprocessors nfain Membryaddredsepsts ki thedbypeyns adikeskddock diagram of a
non-vol atil e disk cache according to an enbodi ment of the present

invention. FIG 5 is a partial block diagramof an entry in a non-volatile

di sk cach 14O ‘ kment of the present invention. 15 FIG 6
|saflowg'g‘ﬁ§r Palirm ai ning data associated with a sector ihr

‘a disk drive H&bnumlﬂbimhdﬁgmwfﬁemmtﬂérsyhenﬂ{aeﬁaﬁratnoh%ﬁmd on. FIG 7 -
is a partial block diagram of nputer  systemthat has a non-volatile
di sk cac?ﬂEJ‘% opdinedp ag gm °‘§'€ g&‘ﬁ@“ﬁ@*ﬁ'ﬂe@'ﬁﬁodl nment of ‘the present

i nvention. FI c1‘»1(1‘:82 isSa ﬁarﬁ@ﬁfdcﬁhna%la@%lf a %sﬂ%@é@c%d@g% ﬁfen%ddﬁerﬁ Bffehas a

nan-vol atil e di sk cache 20 acc ing to an e e present
i nvent i onprefeniGnvéntiohows a net hod of storing data in a non-volatile nmenory

according to nbodi of. t he resent nvent ...1 BE C 2004 DETAILED
DESCR! PTI ON THIG: Hikgget gt? E@‘B@EM%J"‘?@E&IS& ﬁag}eéﬁgortilaga cache
for almas/@ aﬁ%ﬂb@&lﬁlent of the present invention,

 FIG. 4 is a niore detailed partial block dlagram of a non-volatile disk cache

according to an embodnnent of the present mventzon
FIG. 5 is a partial block diagram of an entry ina non-volatlle disk cache according
| to an embodiment of the present invention.
15 FIG. 6 is a flow chart of a method of obt'aining data associated with a sector ima
| disk drive according'to an embodime,hi of the present in\(ention. ' '
 FIG. 7 is a partial block diagfam of a computer sYSfem that has a non-volatile disk
" cache expansion card according to an embodiment of the present invention.
~ FIG. 8 is a partial block diagram of 2 disk drive that has a non-volatile disk cache
20 accordmg to an embodiment of the present invention.
FIG. 9 shows a method of storing data in a non-volatile memory accoi‘ding fo an

embodiment of the present invention.




devi ce. -t hat - can- be-i npl enented in non-vol atile nmenory. In paritDEGI 2004
enbodi nents of the present invention relate to a non-volatile cache that
can inprove the efficiency of 5 nenory storage and retrieval by caching
data in a non-volatile menory. FIG 1 shows a partial block diagramof a
conputer system ("conmputer”) that has a non-volatile cache according to an
enbodi ment of the present invention. In particular, FIG | shows a
conput er system 100 that includes a central processing unit (CPU) 102, or
processor, and a nenory unit 104 nmounted to a notherboard 106. The
processori1011ﬁ¢ DESORIPTION exanple, a Pentium ||| processor made by Inte

COrporat I on of, _,Sant ara a. .an i I nt egrated
circuit (ASIC); The ﬁﬁ%‘ﬁ?&g ﬁ?%%éi?sm é?cichei‘e rclaé%)[}g cfc’&lt tgﬁalﬁgrsg%idﬁglo4 t hat
nmay be_usggkideihdt @b Bipléndntdln. ﬂ&@vdl&:l@lnérﬁ&'ym@w&m aihbmdmsntsroindom access

* Al'ternati mpyesentwepﬁ@t@lﬁwp angn-velatle cacke Hahenjmproxe fhe
_ Separate printe not her board 106 The
term 'ts ﬁ'ﬁfn% Sgo %J’ir(iv‘géétggﬁlgﬁﬁére%gﬁégnaﬁl@éﬂooﬁglélgﬁﬁll direct connection, an
i ndi rect conmzm; ¢ 3hovda patidl bloekdiagzﬁm&if aﬂ:&xﬁput&r systern|(¥impoter™ tdt me@ages

i nteraction between, the processor ot her syste nents, such
as’ the meﬁ@F'VO latile cachg aeco @ﬁtageeerévf' %“tf e&FFﬂe“ZB“’Béi‘ %Pﬁﬁ'@%ﬂponents
attached §59 ,@R s%%(gn 106 1456ude 2 bl &ewsglﬁgﬁmpmpmhsz drer m

chi pset ers o a gr one or nore Integrated circuit chips that acts
as a hub @moessmpami)a rhemoxjrama 104 mnsﬂteitolammmatdwwﬁprﬁeewmsoblﬂa mg¥nponent s

he' CatpoPRbShanbh, SRSl ST G R BB Ty e o Th T 1O

(e, SOlUffoRfh, GR abflicatiti HECiORMIQRirc T ASIE), a Hibrocdtbrol@yetbeasi m | ar to,
for exarrplbg c’t hé SZ%Iﬁaﬁd 8"?0% chl%;detsln‘g}}e by Intel, Corporation of- Santa

Cd ara, Cakkduplaofa mahopyddd ﬂmlmamuss«émecomn@r ystepx ]é{?rl%ﬁ BegabYIEt or may
t FIG 3, .
ehrPles © s R e AR B OR BRH VERbD N phyRis BB A0 FLE O

- what is. kegmiplga ROMI ANerratiegy, tlfelmsdessonBUz dnyl tHie raemmlorg 104 may tésidabput

control l er hub 312, which perforns what as "sout hbri dge
funct i18n apsq:wte-p(rmte circuit cards that arep coupled to the motherboar% 05 e term g

menory device (DRAM . Menory 104 may al so be, for exanp %)\/l
ﬁ\g‘ ﬁﬁglfé‘%‘%

“coupled” €ncOmpasses a direct connection, an indirect connection, an mdn'ect _
commumcatlon, efe.
| A chipset 110 is coupled to, and manages interaction between, the processor 102
and other system components, such as the memory 104, mass storage device 130 and
. 20 peripheral components attached to expansion bus 116. As used in this application, the
.,term chipset refers to a group of one or more integrated circuit chips that acts as a hub (or -
'core) for data transfer between the processor and components of the computer system. As
- shown in FIG 1, the chipset may be coupIed to the computer system'’s motherboard.
Cthset 110 may be integrated with (e.g., soldered on to) motherboard 106 Chipset 110
25 may be simila to, for example, the 820 and $10B chipsets made by Intel, Corporation of )
- Santa Clara, California, Chipset 110 may be a single integrated circuit or may comprise.
two or more integrated circuit chips. As Shown in FIG. 3, chipset 110 may includea
- memory control hub (MCH) 311, which performs what is known as “northbridge
functionality,” and an mputloutput controllcr hub (ICH) 312, whlch performs what is
30 lcnown as “souﬂlbrldge functionality.” ‘




1 DEC 2004 Mass storage device 130 nmay be a disk drive and rr_ayib? goz%ed to
chi pset 110 through a connector cable 170. Mass storage device g al so
be a 3.5-inch diskette, a - 5.25-inch floppy diskettes a ZIP disk (e.qg.,
manuf actured by | onega Corporation of Roy Utah), a Jaz disk (e.g.,

manuf act ured by | onega Corporation), an LS-120 Superdisk (e.g., .5

manuf actured by I mation Corporation of OGakdale, Mnnesota), a rewitable
Digital Versatile Disc (DVD-RAM, a Read/Wite Conpact Di sk (CD-RW,
optical storage device, nagneto-optical storage device, magnetic storage
devi ce, hol ogrMpssistyragetdevicé-130 maybesedisledrie;and hiag beppipledasd elgpsetli cl oses

enbodi ments in which the nmass storage device is a .disk drive. An
enbodi menthreyeh 4 cannekton eableel 100 Aaspetpragedeyiced 3@imey alsh be p 3 Sdnch disksttent i on i's

10.shown [p FlG. 2. Expansion bus 116 _may be . a peripheral conponent
interface"?ns-"éf"’?ﬂﬁagygi(ﬁfﬁt@ﬁ% ‘gstf‘(?'ﬁpg‘” t Q%BE@“QEFFQW(’F"G‘BHH“W% he .

conput er i Gk ¥\Q %mrgl es i PCl I . i fication.
One or m)rﬁgai}’(él conpfgl[g’n lb‘ga?f“g e &Fﬁg%a:'}?%rg%@n@ﬁ,c% I‘?E@ Sﬁgﬁ%gﬁgéht erface
card (N Ghaddforurd® By BRatff TMRSdr&bnlo? Oalidile MERRSHE) 2 Rt i 15 network
interface card 126 may tie the conputer system 100 to a | ocal or w de area

conput er Versatile RiscADVERRAN)eeReadOWriteConpactsRisk (CIMRWY, bystital sforgenon- vol ati | e

cache that conprises a non-volatile nenory to cache data that is stored on

a mass stdéaviggemegngtaepticalftasage devicn anagnetic staregedevice hologephicestd. FEI G 1, a

non-vol atil e gache, 150 (s.coypled to chipset 20.. 110. In an enbodi nent,

the chi psfé{“V%‘HHl°Fr&Hls\?BPl§?‘?‘?‘b‘H$Fé‘??6§ smbodipriisinhishdhe massstosgs dayes sdevi ce

130. In ag ern.e i . I i ' . di i ve and

non’ vol atiPe R ArRRRLAREL e SHPLRR i el bR AEe G Gt i° e

cache igraysheemigfRy.2ed to as-a di sk cache. FIG 2 shows a partial block

di agram of disk drive 230 according to an 25 enbodi ment of the present

i nvention. Di $kpausioncbi2@306 may bbe priphembeommaentdsterfint PCH busjetichds .30 of

FIG 1, and is assuned to be mass storage device 130 for the purpose of the

di scussi ddP®e]dgis busiofirn found in thaeompjerisystem 18&end which enmplies with #8Cor an

'nter n_aI \ca %rép\égiﬁcaﬁon. 7 One or mote PCI compliant peripheral devices, such as a '
network interface card (NIC) 126, may be connected to the expansion bus 116. The

15 network interface card 126 may tie the computer system 100 to a local or wide area’
computer network, |

An embodiment of the present invention is a non-volatile cache that comprises a

non-volatile memory to cache data that is stored on a mass storage device. Inan
embodiment, shown for example in FIG. 1, a non-volatile cache 150 is coupled to chipset

20 110. In an embodiment, the chipset and non-volatile memory cache data for mass storage
device 130. In a.ﬁlrther embodiment, the niass éforage device is a disk drive and non-
‘volatile cache 150 caches data for the disk drive, in which case the cache may be referred

- to asa disk cache. . | |
FIG. 2 shows a partial block diagram of disk drive 230 according to an

25  embodiment of the present iﬁvention; Disk drive 230 may be the same as mass storage
device 130 of FIG. 1, and is assumed to be mass storage device 130 for the purpose of the
discussion bf_:ldw. Disk drive 230 may be an external disk drive or an internal disk drive.

Disk drive 230 may store, for example, over 100 gigabytes of data. .In an embodiment,




Di sk drive 230 may store, for exanple, over 100 gi gabytes of -dhf}E(

enbodi nment, 4 - 1 DEC 2004 disk drive 230 is a bard drive. In a furt

enbodi ment, disk drive 230 is a Cheetah 18XL disk drive made by Seagate
Technol ogy Inc. of Scotts Valley, California Disk drive 130 nay conprise a
di sk controller 210 and a mass storage 220. Disk controller 210 may be an
application specific integrated circuit and nay contain a m croprocessor
unit (MPU) 211 coupled to a buffer and program nenory 215 and ECC | ogi c
218. Buffer and program nenory 218 may store a di sk drive operation
program 219 that is executed by MU 211 and may al so be used as a buffer

- to store disk arive B0 is 8 hbeli dnige.viniat finglier embotisentsdisk diye 22018 adlhdetale IRXI r om nass
storage 220. MPU 211 may process requests fromCPU 102 to wite data to or
_read dat adisk duivamads byt Spageje Techaologvline.cof SSeptte Vallewy Catifarmnise Piskalriye 120 i ne when

o 5‘*‘5‘532%220@&&% kangeler Eﬁ%ﬁxﬁékﬁ%ﬁs%zfo?ﬁ%@#@%@?“ °£%Z:Séﬁzfed
byt e (cibbiiantpERHE et it ahdlflydontite ploBlo-a6G Wi MEIRC 1OS .
di sk f?rnﬁh'&a 189 & bhef A8 e tten&#Q@K&iEC@loglc'ﬂseBbﬁ&aﬁﬂeanm e and

speci a charac ers) that ar o the mass storage 15 As used in

t hi s appl pgiaoiemolyli8ahaysbore 4 dick tide: dparatv@program®P18 thasisekecateddiyr cui ts t hat
are wired to gﬂrformoperatlons or programlogic, such as firmware that

performs bF&F mdsnayal@slw@@dﬁma@aﬁmwaﬁtbﬂ@bm@e@mw& hi-ngs, the
conputer's -operatin tem (0OS). cade on boot u y be -

| oaded i néteraghé2t G‘?‘gﬁ"@%@gﬁﬁﬁ %’g)%z %YLHr?‘E? Hf%%‘gasor 102.
Mass st or al [ % sk drive,

whi ch rrayfgetgawg%g?%é 8r§%ﬁéaga§??gm%§ 22 r?}érn@%glgp}f’g%w%?nﬂgcut lon by
(the prgces hdiCa ﬂﬁﬁés@ﬁdﬁ‘b@&&ﬁa&erﬁﬂ%@t&aﬂﬂa@%mcﬁﬂm'sé‘oiér'aﬂﬂl-eé%' th disk
drive 230. The nass storage 220 al so nay store, anong ot her things, - .
applicati fu‘am@@ﬁlmoﬁidﬂlreéathﬂdrbmiprbgammﬁ?mhnaﬂimplpdnghm The mass

storage 220 may contain platters that may be divided into tracks, which in
turn rmay smndle intetfage icm Sahidhymay mtfrfamﬂpqhehosasszsnﬂ@@mm&efm sk ni ght

have :L_OOOIsysiem 005 B co trollc% lg'laG); also com mcﬁgp toormegE gtldglcv\(get\‘onnat 3al§a

“blocks (e.g., insert a preamble and special characters) that are written to the mass storage |
15 Asusedin thls apphcatlon “logic” may include hardware logic, such as clrcults that are |
wired to perform operations, or program logic, such as firmware that performs operations.
Mass storage 220 may stbre,_ among other ﬂﬁngs, the compﬁtcr’s operating system
(OS) code 231, which, upon boot-up, mayr be loaded into the computer’s memory 104 fér
eﬁecution by the processor 102. Mass storage 220 may also store a device c'lrive_,r7235 for
._20 | the disk drive, which may élso be loaded into the computer’s memofy 104 for execution
by the processor 102 to perfomi data transiation and lcomﬁimication with disk drive 230.
, | The mass storage 220 also may stére, among other things, application programs and data
- that is accessed by these programs. The mass storage 220 may contain platters that may
be divided into tracks, which in turn may be divided into sectors. For exgmple, a
25 formatted disk might hé\_re 1000's of tracks per platter. Inan emhodiment, when disk
| controller 210 receives requests from outside the disk drive to read or Write data, the

requésté,_ may be made in terms of logical disk sectors, and the disk controller may




controller 210 receives requests fromoutside the disk dri veﬁtg rﬁaﬂgﬂr
wite data, the requests may be nmade in ternms of |ogical disk Qg of$5% and
the disk controller may 5 ~- 1 DEC 2004 translate these into physical disk
sectors using a mapping algorithm Sone physical sectors nmay be |eft out
for spares, and the mapping may be hardware assisted. ----------

e -- In-operation, when the.(0S.231. (being. executed by
processor 102) receives a-- request for data froma program or other part

of the OS5, a.file system, . be used,to 5 check a file allogation table-
(FAT) to H%‘E%"r"?wihﬁ%? lﬁﬂ@iﬁ%ﬁ%‘*ﬁ&swswg apapPwselepritha. Some phgiedl y 104, and i f

can’be 1 onee i bR SELARE, 8 herfarbing vk 1GRRE w5k oas < ot i n (e

nmenory 104,  bitopefatioh SRR HIDSH 1 Kbdlid 4@citaPly }Q& etont 165 Yec R,g% 1, a request for
the data throughpchi p%et 110 to iské drive ! 0. er%eé%%‘eggl sely, OS 231 may -

- request trequestifos Katdfronea @8gramen dther gefit oftiRyON fa flld ey sWmIHaytRalsed toCONt ai ni ng

the data that OS5 231. requests. Disk controller 210 may then receive the .
request feheck pdileplloratioadably (FAT) to detsrmineivheothesthe date isonrréntlyrin thess st or age .
220, - and_send e data for that di sk sector thrgugh chipset 110 to nmenory
104. At aWETARB fotit ?‘}f@%n%‘%?ﬁmh‘é? masy orage ﬁpéfkg- 2 wrtopaddeese)dbe dathe written
from nmeno ' [ 2301 .G S l.sk _contro r 210 will
receive ,t%%l %g?%%ﬁﬁg?%hﬁﬁc@%g %%wé%;o%eggs'i?g&d?g‘?"ée&%h f nass

storage 2@fis dtbre@Bn GIER ALV} OS DIEMERSNA": rédhedt G i B tﬁi%hgﬁeiﬁ”gs%ﬁsab' e

physi cal storage unit used by the di sk drive 230, although nagenment

i nfor mat i bl tewlisk drive 230 rMers ipregiselyf ©8 231 meyreqasstihmatiskdirivy 28Rsead aBy be

accessed in smaller units. |In a further enbodi ment, each disk sector is the

si ze. 1bf 9Py objhedisksectarnoptaining thadaiaibatPHeHk requests| Bisk cpairaller2 Wupapf one or
20 -nore dj sk ese.ct rs. t’h@&. .g{}gt ai n i, dentif{.icat iﬁl] codes, error detecti-on

- codes and’8t e oCLEHF: ?riqﬁ%dl GOr, reipve thedisk srefor oy fasy siorage 2% odi nent
the OSr | i | ' : disk. ctor or ‘

bl ock of ?ﬂfgﬁ%@gé%@g@{%&@n&&fﬂéﬁﬁ%@ﬁéﬁﬁggbgpf_rg@?aé&gg‘;_ ‘ih/‘\gé‘ﬁﬁh,%ﬁ n which
case the tithglO823MBay causedl disk sectbeofdafal bOWHEE 6l MenRry 108 t9alsk Afdk essabl e) .

I n an enbodi nent of a bl ock-oriented disk drive, managenment information nay
" be . 230, in which case disk controller 210 will receive the data and cause it to be stored on a
15 disk sector of mass storage 220, |
a I an embodiment, the sector is the smallest addressable physical storage unit used
by the dlsk drive 230, although management information such as addressing information |
'aﬁd validity data may be accessed m smaller units, lIn a‘fu.rther embodiment, each disk
sector is the size of 512 bytes of data. In an embodiment, a block is a group of one or
.2'(_) - more disk sectors that may contain identification code‘s,‘@rror detection codes and/or _efror -
correcting codes (ECC) for the block. In an embodiment, the OS requests data from the
| disk drive in terms of 'ardisk_séctOr or block of sectors (i.e., it would not request a byte or
word), in which case the disk driye is said to' be block-oriented (i.e., block-addressable).
in an embodiment of a block-oriented disk drive, managément information maj( b;,
. 25 acceésed in smaller units. ECC is an advanced error detectibn and correction Iiiétocﬁl that
| -may detect single-bit and mul_ti-bit errors and may correct some errors on the fly, Inan
' embodiment, the disk sectors in a block are physically located next to each other on one of

the disk platters. Ina further enibodimeht, the blocks are manipulated as a unit by disk




25. accessed in smaller units. ECC is an advanced error detgpi%ﬂg gﬁg
correction protocol that nay detect single-bit and nmulti-bit G hd may
correct sone errors on the fly. In an enbodinent, the disk sectors in a

bl ock are physically |ocated next to each other on one of the disk
platters. In a further enbodi nent, the bl ocks are mani pulated as a unit by
disk 6 - 1 DEC 2004 driver 230, non-volatile cache 150and associ at ed
conponents. In an enbodiment, a block contains 100 disk sectors. In an-
enbodi ment of - the present invention; the data stored in disk drive 230 may
be cached giivern80) noflvalaiile@ache ¢ BE; aidbSssodiated dvimponentso di areernbodioentyl atile c ache

150 acts as a 5 special nmenory . subsystem which stores duplicates of
~ frequent | Blook eshtainsl00dliskectarsct ors for qui cker access. According to this

enbodi nent ;. when a di sk sector of data.is .bei ngﬁée%g'eggléfro |sk drive 230

into nenmory 10, ana?"%ﬁ‘?‘%‘f“ﬂ?é’“’c%ﬁ%“?@ﬁ?’bFher‘ilﬁr? V523, ol atil e

cache 150, Acco rEoRas af pat it
needs dat& ﬁ%‘?‘# "f?‘gﬁB@ufe 6%3 %t%g%g%%reﬁgifﬁeg%@elggm flén

non-vokat Biorylsal téﬂﬁﬂ?&ﬁt&@@d beles TR MreqiRntlyaiRed digk driveeseoiops 104 from’
non- vo%at=S %laggl% %r}isgosysl nst ead 5f fdrikgm sd| Skéhgl’l ve 230). In this

enbodi nentger cfuf&eﬂaaﬁes&alkccdﬂﬁﬂgtdlthwanmhmm, vaenpdisk eesctqyiof date & beingi sk dri ve
230 and non-vol atile cache 150. [f the OS determnes that it needs to store
data on-t kepied Sem diskidriva23finte memsny 10 a gensiof gre disk \ﬁéﬁ"t@'fﬁ? o‘??esé‘g?qeﬂ? progr am

St or od on nomuolallp SRR S Areoritedp SRR TigS By darpies BRER S Toon °
Simlarly, %%%‘ta%p?n%ﬂ ﬁﬁl”&r{aﬁﬁe fnguﬁ:éa :ﬁ%ds ﬁl‘@&ﬁﬁﬁ%ﬁﬁ(—%ﬁhﬁ%@&ﬁ 196fa that is

- in r_rermry ree up ‘spate In data - may: be written back
‘10 nonpVokgnithEdbAnbEbelrest inf3aRadutse mmﬂoman-vahtae tdche C500(esteal Of from

i non-volatile, the data saved on it will not be lost if the povver I's turnedl

of f to thdiskdripe230). Istiis embodident)the hoginahdisiodriveimemogwesmprissophysisala f ast er
ﬁéﬁe?ﬁ | ke aoneas ot 185 o 3% ek Bafthichs £ 245 as"e 0
| B on the dlsk, for example when the user ofa word-processmg program instructs the
program to “save” the current dqct_lment, then the data may be stored on the physical disk
" 15 drive 230 orthe non-vol.atile cache 150. Similarly, when the OS determines it to be
| _necessary to store data; thqt isin nieniory 104 to free up space in memory 104, the._ data
mﬁy be ﬁﬁﬂén back to non-volétilé cache 150. ‘Because the non-volatile caqhe 150 is
non-volatile, the data saved on it will not be lost if the power is turned off to the computer
_ rsys'tem. 7 | ,
: 26 When'non—volatile 'cache 150 has a faster acceés'fime than disk drive 230, the use
of nonqﬁrolaﬁle disk-cache 150 may in the aggregate iﬁcrease the speed with which
processor 102 execufes proérams For exampie when the average éccess speed of disk
~ drive 230 is significantly greater than the average access speed for non-volatile d1sk cache '.
| 150, then the use of non-volatile disk cache 150 may lead toa 31gmﬁcant increase in
25 overall access speed. Because accesses to the disk dnve ina typmal computer system may
| be the cause of up to 80% of the time that a user spends waiting for the system to respond,
the use of non-volatile cache 150 will lead to greater user sausfactlon. In addition, when

' ﬂlari-volatile cache 150 uses less power per access than disk drive_230, thﬁ;ri the use pf non-




processor 102 executes progranms. For exanple, when the averdgBEgdcegis speed
of disk drive 230 is significantly greater than the average access speed
for non-vol atile disk cache 150, then the use of non-volatile disk cache
150 may lead to a significant increase in 2s overall access speed. Because
accesses to the disk drive in a typical conmputer system nmay be the cause of
up to 80% of the tine that a user spends waiting for the systemto respond,
the use of non-volatile cache 150 will lead to greater user satisfaction.
I n addition, when non-vol atile cache 150 uses | ess power per access than

di sk dri Vﬁ)l&ﬁ@ﬁ;aché‘ﬁmhﬁﬁeh@ﬁsﬁ %Hﬂ:hgamouht tﬁlgs%dbglgie . gAche 150 may

| ead to saving in the-anount-o ower - used- ﬁ addi tion,
non- vol ataddam;mmmalmwysmammeeémaaemnfamcﬁwéltﬁ«h drive, thus

M ni mi zi nrglmmmtﬁm@nwmwntthecmm systensyrashesorbeemhssnaperablec oes
I noper abl e. an eHb diment, the disk drive's device driver 235 contains
cache rranage imggt; the disk drive’s devicseiverPa containg eashemaggemsich cache

cache, ”mﬂéf‘?%‘?ﬁsr%%%‘”' YRR T St caShegPaperia B Rsente o sk 1n
it has o8 ’aﬁ’%“@ﬁﬁgﬁ%ﬂhﬁgﬁaﬁgﬁ%@@e ﬁat@%‘f B S ] o e,

hit has occurred and wh exanpl e,

t he cachewriwibagketeiret diskn Ih addition 85che AhnimRhertdh@nbice 29 slapalko 2 desired di sk
to sector of data should be read into nemory 104 from non-volatile cache

150 (e.g. etql'mmteh‘élend&@fé}ehﬁhpswmedandwhahdmme-femMamhmchﬁm Fot from di sk
drive 230. enment determnations, such as whether data should be -

_c?c hed i rPxﬁB"He ?ﬁalc ? aE%EGW@ntrl:BW“l“HW B’ﬁmazré@terrmm Wbethﬁd\m&ﬁddkﬁk I
21 00 b Btk an AR B el 10 BP0 P S B e M e 5 f he data
is for anjalsispR %n@iﬁcﬂoﬁ-vfolalhfe)oacﬁM? B%rﬁlafsﬁdmegjﬁb Abh Gk E'e%[ e cache :

addition, when it becomes necessafy to wite ta 1n non-

150 back determindiicas, sich sewlRBikr data sheuldBAgIRAER hori-Aelhtily 64dhe 150, iRy bdet er mi ne
‘which data to wite back using, . for exanple, a known l-east recently used

(LRU) "al deadetuping rovn q»aahrcaimrrtbtpas aBarewsmple, ifibe alghrithm determines that there
is a low likelihood of the data. bemg used again in the near firture (e.g., the data is for an

15 | MP3 audio file), then the data might not'be eached. -In' addition, when it becomes
necessary to write data in nbn-izolaﬁle cache 150 back into disk drive 23 0, cache
management instructiens may determine which data to write back using, Ifor example, a
known least recently used (LRU) algorithm or a random replacement algorithm, |

In an embodiment, the device driver 235 for the disk drive appears to the 08 231
20 asifitwerea nonnal devxce driver (e g ATAPI SYS ina W1N98 environment) even -
o though it has cache management instructions 237 In this embodiment, the existence of
non-voletlle cache 150 is U'ansparent to OS 231. In a further embodiment, the cache
. | fnenégement inStmctiohs are pert of OS 231. In another embodirﬁenn cache management
is performed by Ioglc on chxpset 110, In'a still further embodiment, cache management is
25 performed by a combination of OS 231, the device driver for the dlsk drive 235, and/or
cache management logic on chlpset 1 10
FIG. 3 is a partia! block dlagram of a chipset 310 and non-volatile disk cache 350

aceordmg to an embodiment of the present invention. Chipset 310 and non~volatile disk




I n an enbodi nent, the device driver 235 for the disk drive appp®t{ 2604 he
CS 231 20 as if it were a nornmal device driver (e.g., ATAPLSYS in a W N98
envi ronnment) even though it has cache nanagenent instructions 237. In this
enbodi ment, the existence of non-volatile cache 150 is transparent to OS
231. In a further enbodi ment, the cache nmanagenent instructions are part
of OS 231. In another enbodi nent, cache nmanagenent 1is perforned by |logic
on chipset 110. In a still further enbodi ment, cache managenent is 25
performed by a conbination of OS 231, the device driver for the disk drive
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.*non-vol atile disk cache 350 is referred to as a disk cache because it ,
~caches i deddofrdm endawrditarktodnd thet willeetaindls adriténts whanlallpowkesoBf0s exigthae any type
of menory that can be read fromand witten to and that will retain its

“ cont ents” vinde rmmorpmpmgtﬁdroc%ﬂﬁéﬁf%Mrvoktllecﬂlﬁwliﬁe:’r?ﬁwyépéw emoved or

t d of f tile di be, f f. | h
rorory, o SAPHE: %ﬁﬁﬁékee@%b%ﬁﬁﬁ el REANE Saendle KAPLE blbmPRte honor y.
ferro-el e%ér}uﬁ-{),y% eﬁgic rétc,e rﬂ}gﬁi I?Eer ed%o%a%kdﬁié did dlbikase 330 may

store 500 i ment, non-volatil'e disk

cache 350 gtaye 560 R6kabMes ema@@l,mWﬁmele@mdm@gIﬁomahalemsngmaesms more

|'ogi cal disk sectors that 10 correspond to | ogi cal disk sectors of a disk
drive. | n Hduksorienteddivithecach bledcéontiinikg eeor more logical dbkcscfkorethahon vol atile
~di sk cache 350 are the same size_ as .in the djsk_ drjve. I}FH% cache 350
‘i s bl o¥k cﬁoﬁ‘éﬁﬁ’PE‘H 01%9%1 diskgeriars pRadskedivie H&@’@H@‘HF“FFFF 799 may be
read or ter d sec I r n-an
embodi nent® 85?@) qq%'[%éﬁlﬁ%w%o%%% éﬁtag%?glssgﬁﬁ (}fdlflﬂa further
| (1|5 enbog:) [Eagﬁggsggs;\sxxa&aﬁén&ea &w@me@m&?céﬁ@mmma&t hifbrafatib) ﬂéﬁ&(}-@ﬁﬁ to
5 h ~ or'stored in terms of a disk sector or block of sectors

L

In an embodlment, non-volatxle cache 350 i 1s coupled to chipset 310. Ina further
| 15 cmbodlment non-volatile disk cache 350 may be dlrect]y attached to (i.e., not cabled) or
| may be part of cl-upset 3 10. Inan embodlment, shown in FIG. 3, non-volatile cache 150 i is
stacked on an integrated circuit in chipset 3 1'0, In this embodiment, ICH 312 includes disk
cache interface logic 315, which controls access to non-volatile disk cache 350..
| As discussed above, chipset 310 may bea siﬁgle integrated circuit or group of
- 20 rintegratec.l circuits that c_ohtrol communication betweeh ;Lprocessor and associateri devices.
I embodiment, chipset 310 comprisés mult'iple‘ integrated cimuit#, which may be
referred to as a first :chipset integrated cifcu_it and a second chipset integrated circuit, and
‘the non-volatile &isk cache may be cdupled to one of the integrated circuits in the chipset. |
| Chipset 310 may include memory control hub (MCH) 311, which performs vhat is
| 25 | known as “ﬁorthbridée functionality,” and an inpﬁt/ou_tput controller hub (ICH) 312,
} .whic-h' performs what is known as “southibridge finctionality.” As shown in FIG. 3, the
memory control hub 311 and inputlbutput'cOnfroI hub 312 may be separate chips, Inan
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may be part of chipset 310. In an enbodi ment, shown in FIG 13DEQopggyol atil e
cache 150 is stacked on an integrated circuit in chipset 310. In this
enbodi ment,. |1 CH 312 includes disk cache interface |ogic 315, which
controls access to non-volatile disk cache 350. As di scussed above, chipset
310 may be a. single integrated circuit or group of 20 integrated circuits
that control - comruni cati on between a processor and associ ated devices. In
an enbodi ment, chipset 310 conprises nultiple integrated circuits, which
may be referred to as a first chipset integrated circuit and a second
chipset integrated circuit, and the non-volatile di sk cache may be coupl ed

(o one of el 0o BhE ket dete 413 hIF pERbATE b PERLPBE g, Aol ! U0 @

"nor t hbr i éigie3 funahd igset. Phe noAlSlafil: me}.w..ﬁﬁy bRstupfad. fh@ lchiBéet 'ﬂ%v( | CH) 312,

whi ch perforns what i's known as "southbridge functionality. “shown in

FIG 3, th'snnanmdﬂgepmcmhirmﬁenhuinnﬁjtbeasedwxﬁhrauytypelbmlﬁpse@riﬁm Shﬂh 312 may be
separate chips. an -1 DEC 2004 enbodi nent, the cache interface |ogic '
315 and an?fU’Fcfl%,t%le B’f@‘)ﬁfr’é shern stepked pietopefithe jnpubentpus control hub 312, Hi!lb 311 on the

chi pse non tile nmenor be: coupl ed t.o-1he-chi In. any.
-manner,% i qﬁ"ﬂ&“b?’@%@ﬁf’wf’f?@éﬂﬂ’g?\veﬁé’ﬁ epyire GRip 4pef Wich fiis ngds ‘EffPﬁEtI?ifpset In
FIG 3, tﬁ%cﬂ@n vol atile menory is shown stacked on top of the input/output
control hu 2. The 5 stacked non-volatile menory may cover the entire

chi p upon whi o ahemb6difilet k @6h-06lafl@tich® Ean Bl aRocidtive @cH8TROdI MENt, A
non-vol atil e cache can be a fully associative cache. In another

enbodi mensnotter erobedimérntt 4 han-viattle cachicdnde a ssiatssoaiatioctaahé.ve cache. FIG 4 is
a nore detail rtial bl ogk. di aqr f a nan-vol i sk cache 350 io
according to ;[ﬂG MW&HF@@P@B@"@@%@W@NPH&aﬂk&lﬁﬂmhst 3BPe di sk
cache 1850ad¥biing$6 &4 EmBodihbiitF tHeYpréibnt HivektisiA Aih-vlitid @S 400 ?ﬂqugﬂnage ment.

information. In an  enbodi nent, each of the disk cache entries ored in
non- vol at fiPr& ad’ilgﬂéltbaﬁﬁ@k%be¢I§Il@9n"@0§n¢mamememnﬁbnmwh@n mass st or age

27 e or G, ORI OGN BT BT SRl R 380 (o 2 P ock

size of a disk sector on mass storagc 220. In a further embodiment, each d:sk cache entry

corresponds to a block of one or more disk sectors (e.g., 100 disk sectors).
5 Non-volatlle disk cache 350 also ‘'may contain a cache directory table 410 that has a
table entry for every disk cache entry. Cache dlrectory table 410 may be used to
determine whether a speciﬁc disk sector or block of data is present in non-volatile disk
. cache 350. Inone embodiment,'the cache directory table indicates Whethér data
| corresponding to a disk drive sector is stored in the disk cache. There may be one. table
2 entry in cache directory table 410 for cach valid dlsk cache entry that contains, for _
o ‘example, a logical disk sector of data, Each table entry in cache dlrectory table‘410 may
| contain a sector address for a 'logical disk sector storéd in -non-voiatile disk cache 350. To
7 detennme whether a d1sk sector is present in non-volatile disk cache 350, the cache
directory table 410 may be searched using, for example, a known search algonthm
25 Alteratively, the table entries in cache directory table 410 may be sorted using a hashing
~ algorithm. In an embodiment, the presenée of a disk sector in hon-yolatile disk cache 350
may be confirmed by compz‘tringltheI desired sector address against the isector address
stored in the cache directory table éntry. Because cache directory table 410 is stored in -
10




15 Non-vol atile di sk cache 350 al so may contain a cache direck 8E% 2804l e 410
that has a table entry for every disk cache entry. Cache directory table
410 may be used to determ ne whether a specific disk sector or block of
data is present in non-volatile disk cache 350. In one enbodi nent, the
cache directory table indicates whether data corresponding to a disk drive
sector is stored in the disk cache. There may be one table 20 entry in
cache directory table 410 for each valid disk cache entry that contains,

for exanple, a logical disk sector of data. Each table entry in cache
directory table 410 may contain a sector address for a |l ogical disk sector

L LECtO ALY . 2 : ‘ : _
o pr esertOi il Abaps e dpitadt oo Britl SR AR Mot T, 2C, T,
~may be_sogiyfelffiht!sbmuter s95teRiPiRbfed o nitRQMUEE. IR 8 SiibcdiHt talliRs - 29 ,

- Alternatively, the table entries in cache directory table 410 may be sorted
usi ng a hz800,008 diskl ol dnlvies in monavolatitdodiski caelret3501 there pre@si90,060 tablea di sk sector -
in non-vol atil e di sk cache 350 may be confirmnmed g)élconpari ng the.desired

sect or adentréasdn eaghe Aisectony tablecdlOo fn thiscembediment; ench gblepniry may he A di rect ory

tabl try. .B he di tahle 41Q is st i.n 10 1 DEC. 2004
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directory table 410. In this enbodi nent, each table entry may be four

byt es | ondjskeadhd énirycache directly tabl e nay use ei ght negabytes of

"non-vol atile ‘rrermr(é. . I.n an enbodi ment., the size of the cache directory
e

table is redud¥s-y disk gache d50alsanayontainfonisel spgisers suchgea surpmand |

i d) by includi bl f . myl t.iple disk t LN h disk

cahe T gsin el it et 362 g EtoripRi ot BB 0T COMRRID) 1 egi sters
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Zggt [ ﬁ:.t ?rg poi nﬁg%}psrt{gglq?tﬁ %ﬁﬂgg%‘m%dﬁﬁS%f%é%ﬁﬁé%y tlorfe1 a command:

recei ved doriand HohDroceiRiri 102 to tiehe 24islk Qitopthanpktered in Aakvalatle dilom pr ocessor
102 to retrieve a disk sector that is stored in non-volatile disk ,
cache 350. Address register 402 may store the sector address for the disk sector being -

read from non-volatile disk cache 350 or written to non-volatile disk cache 350
15 Destination pbintér register 403 iﬁay store the location, for exampie adevice such asa )
RAM,‘ where fhe disk sectof is being written. |
FIG. 5 is block diagram of a non-volatile disl_c cache entry 500 according to an
embodiment of the present invention. Non-volatile disk cache entry 500 may be o;ie of
the plurality of disk cache entries 400 shown in FIG. 4 and may contain data fora dilsk |
20 seotor or block of disk sectors. ‘Non-volatile disk cache entry 500 may have a valid field
| 301, a modified field 502, a se_dtor address 5035, a data field 510, and a ECC ﬁeld 520,
| Valid field 502 may be set to “valid” when cache entry 500 contains valid data and may be
set to “invalid” when cache entry 500 does not contain valid data. For example, when the
data in cache eritryr 500 is written ba_ck into disk drive 230, valid field 501 may be changed
25 from “valid” to “invalid” to si'gn.ify that the cache entry no longer stores the logical disk
sector. Modified field 502 may be set to “modified” if the data in cache entry 500 is not

' identical to the data in the conespohding disk sector(s) on disk drive 230. For example, if -
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cache 350. Address register 402 may store the sector address LﬁE tﬂﬁ'disk
sector being read fromnon-volatile disk cache 350 or witt % 4
non-vol atil e di sk cache 350. 15 Destination pointer register 403 may store
the location, for exanple a device such as a RAM where the disk sector is
being witten. FIG 5 is block diagramof a non-volatile disk cache entry
500 according to an enbodi nent of the present invention. Non-volatile disk
cache entry 500 may be one of the plurality of disk cache entries 400
shown in FIG 4 and may. contain data for a disk 24 sector or bl ock of disk
sectors. Non-volatile disk cache entry 500 may have a valid field 501, a

nodi fi ed #idisk secED2f data dewiitten bacidiras mefm6ry, 104 inta hon-tolatilelcdshO 150paei a ECC fiel d

520. Vvalid field 502 may be set to "valid' when cache entry 500 contains
val i d_dat Hakdisk $eaipr pentaingdata thatwag medifigd while in mereors 184, thep tisonodifieds not
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di sk sector(s) on disk drive 230. For exanple, if 11 1 DEC 2004 a di sk :

sect or of stoeed in the cavhe ettmnaridaady berefamredetoes y “skoidr idantifien® dnwwl ati | e cache 150,
and that disk sector contains data that was nodified while in nenory 104,

then the $BRANMEN sepiPRAdfrass,?03 qontaims e stasiaddressior the bloek.asdeashiblogkt o t hat
data will, he.set “nodified.," ified.field 502 be ref dt
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I'nanienbiRdi steesierros ectrextingchdee s tHe@bchs @ity | INSn ehBodifasit] earR Blogiel for the
bl ock, . and each bl ock has a known fixed size. Data field 510 stores the-
data for asseeiatedaitfeaenorgorrdctingeodenbodi ment, data field 510 may contain a

di sk sector of data.(q(,e.%., 5?;5 g%;es). ECC field :0 520 stores error
- correcting cp&%gp?rﬁ'im RRoesserie2 . ﬂ%@%@ﬁtmibﬁhPfdﬂiﬁ@Wﬁpock i s
associ at efombd; N of Bndliaf bigh? EhiES b W80 988ine if the data is in the non-volatile disk

-cache. Disk cache interface logic 315 may be used to determine, based on cache directory

15 fable 410, that the block of data is in the non-volatile disk cache. In order to read the
~ block of data from non-volatile disk cache 350, processor 102 may then send a “read”
command to command register 401, the disk sector address for the block to address
register 402, and a destination address in memory 104 to destination pointer register 403.
Based on this command, disk cache interface logic 315 may write the data found in the
20 comesponding cache entry (e.g., the data in data field 510 of cache entry 500) iato buffer
318. The data in the buffer may then be transferred to the location in memory 104
specified by the destination pointer register 403. In another embodiment, because. ofthe
‘_ speed of the memory, a buffer 318 may not be used. In an embodiment, disk cache
interface logic 315 may check error correcting codes aséoci_ated with data stored in the
25 non-volatile memory (¢.g., ECC codes 520) to correct errors that may occur whén reading

the data from the -npn~volatile_ disk cache memory into Buffer 318. In an embodiment, the
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I n operation, processor 102 nmay determ ne that a certain bloﬁk[BFCd?@E S
not in nenory 104 and may signal chipset 110 to determne if the data is
in the non-volatile disk cache. Disk cache interface |ogic 315 nay be used
to determ ne, based on cache directory 15 table 410, that the block of data
is in the non-volatile disk cache. in order to read the block of data from
non-vol atil e di sk cache 350, processor 102 may then send a "read" conmand
to command register 401, the disk sector address for the block to address
regi ster 402, and a destination address in nenory 104 to destination

poi nter register 403. Based on this command, disk cache interface |ogic

315 may vwmon-wldtiemembey i blocidornientetlaad thé chipset eissokswiton correatifecodas foy (e. g., the
data in data field 5 10 of cache entry 500) into buffer 318. The data in
t he buf f evachhlpck pEfptarsad from thernopvelgtileanempsy.l ocation in nenory 104,
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codes assocCl a ored’ 1 n the non-v e meno g., ECC

- codes 520)npkddticta1y.CThis Ak Séckr, Fhtakanifldy, iPHE Hon-Véistlle diSRebichYis ilPlemedAda from the
non-vol atil'e di sk cache nenory into buffer 318. In an enbodinent, the 12 1
DEC 2004 meoredogiet In thisembodimentsdikk ache interfecet logic atfimasheppénkt peitetbackecks error
correcting codes for_ each block of data read fromthe non-volatile nmenory.
......... T I o PRI B o =1 o
enbodi men® be Pl bk heteRi feisforng e 4ith frithe Py RIS pEOTHor y are destructive
_reads, in that A ©f I ' [ .t aentry to
be | ost or chﬁ%ﬁ“@%ﬁ%@%?@? %%?359@?";553%292 g@%ﬁ?@&? %iﬁiqléé(%r?p‘f@%m?f the

. non- vey atdibiecadhe & reyfaed Coritte dppipAare Bloekl of dafa B8 1R MAb Gisk HAv4 180s g odi ment ,
di sk cache interface logic 315 may support wite back of destructive
reads. Thiveild0 naly sicitethe bleck of datafta owmoggl 0. 3d &ddition, it mayevriththedaha that- is
read -to he witten back, thereby restoring the data in the entry to its

~prior st é‘ﬁ%‘?k of dpfato,themppsvolatile disk fache By wriging the Slockip bt 383 bY02" i s not

-present ip. - til disk cache, .a.r es Qr .t he,,appropri ate
e SR ot B o P 4. R B

SR may then create a riew disk cache entry 500 and may copy the block into the new disk

15 cache entry. In addition, cache interface logic 315 may create a new entry in cache _
| directory table 410 corrésponding to fhe‘ new disk cache entry. The valid field 501 for the -
néw disk cache entry would be éet to “valid” and the modified field would be set to
“ynmodified.” In an embodiment, the blocks iﬁ the non-volatile disk cache have the same -
sxze and structure as blocks in the disk: drive; so that a block can be copied into the disk
: 20 éache without modification or with onlylminor changcé.' IOnce the block of data is stored
.‘ in the nqn-volatilé disk cache,’processor- 102 may read the block of data from the non-
 volatile disk cache instead of from the disk drive.
FIG. 6 is é flow chart of a method of obtaining data associated with a sectorina
disk drive _according to an embodiment of the present invention. For purposes of clafity,--‘ .
25 the illustrated method is described in connection with the exemplary embodiments -
| described above. The procgssor 102 may need an item of data and may defemzine that the

data is stored_at, or associated with, a location in a disk drive (60 1). The most current -
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drive 130 may wite the block of data to nenory 104. In adstLcUE iiﬂ {;ray
wite the sane block of data to the non-volatile disk cache v& p g the
bl ock to buffer 318 and by witing the appropriate. command to conmand
regi ster 401. Cache interface logic 315 may then create a new di sk cache
entry 500 and may copy the block into the new disk 15 cache entry. In
addition, cache interface logic 315 may create a new entry in cache
directory table 410 corresponding to the new di sk cache entry. The valid
field 501 for the new disk cache entry would be set to "valid" and the

100 11 €0 Yo bflo b o2kt PlocasB RIS HRM drivd a6l ST ERAM drhe bl ocks

in the non-volatile di sk cache have the sane siZe and structure-as bl ocks

in the ditkdigk cache. m&mlsao&tm(mmmmm@ﬂssbﬂm@édm:ﬂihs&ké‘lo cache
wi thout nodification or with only mnor changes. Once the bl.ock of data is

~ stored. ithecdshe disertargitabls to detdimife whethes datarassooisted withale dislydrivedatatioe bl ock of
data fromthe no volai,le, I sk ¢C e_instead of fromthe disk, drive..
FIG 6 |S‘S gored it mszmvogr e@%&%&@ BSheasiata 1§ glorpdhia ths aepvel a‘elsﬁrsh th a
sectorg V.8,8C sent .
i nvent | on o&bajth ]c])sllihesdao rEa Ibglf? ﬁo?n%gngﬂggﬁhﬁns% §%h83g@éf‘?ﬁ’§?{ I-s descri bed .

i N connecidn@iting dolled Sy BEEHILHB%] BHIRAI P ALSIs 963 HohPBE ndRiAile dide Processor

102 may need an itemof data and nay determne that the. data Is stored at,

or associtiegand éfors may b€ edrieoted (605). aTikiduta iy @n b6 Odijten (HIRAMES06)cUr rent 13
-1 DEC 2004 version. of dataassociated with a location the disk drive may -
be storedIfﬂwdaﬁesmmndmm@@nghlaamcache(ﬁﬂ&tlialn‘énemumddwgnad in the

RAM the processor au e the cache dir ry table to .
determ n ﬁ%%ﬁé“ﬁ%@%t@&%%ﬁtﬁﬁnm‘ﬂ%w 8 A9 stored in
the n 0

non- vy at et il i SRACHEE el erley 1) BR BBl %%&%2%&5@?

non- vol atyeleentty i the 36612 déx@&&z;tablféﬁlefbe &%té@@éﬂeﬁ%nﬁﬂﬁ&ﬁthﬁﬁé’w&ﬁ%ﬁinbe checked

for the data as it is read fromthe non-vol atile disk cache, and errors nmay:
be correothenbd—ﬁﬁﬁjlediﬁheacﬁa(@%my then be wri tten to RAM (606). If the data
Is not stored in the non-vol atile di sk cache 60%; hen the requested data

may be read ﬂ@rﬂ tstaepatiak kloel diggsarp obz pommper sysfem a&m-v@@nm tten to RAM

and to t h%c Al expansmn card according to another embodiment of the present invention. In thls

15 embodiment, a non-volatlle disk cache is contained on a PCI bus expansmn card FIG: 7
| shows a cornputer system 700 that may be similar to the computer system 100 shown in
FIG. 1. FIG. 7 shows a motherbpard 706 that contains a CPU 702, RAM 704, chipset 710,
and disk drive connecfor cable 770 that may be the same as CPU 102, memory 104,
chipsef 110 and connector cable 170 of FIG. 1. Computer system 700 also contéins a disk
20 drive 730 which may be the same as mass storage device 130 of FIG. 1. Uﬁlike in FIG. 1;
' hoﬁevér, in the émb‘odiment of FIG. 7 & non-volatile cabh_e is not attached to chipset 771 0.
| In this embodiment of the present ‘inventiori, compﬁter system 706 contains a non-.
. volatile cache éxpanéion board 750 t.hatlis attached to a PCI bus 716. A n&work interface j
card 726 is also attached to PCI bus 716. PCI bus 716 énd network interface card 726 may
- 25 bethe same as expansion bus 116 and network interface card 126 of FIG, 1, In other
| embodiments, non-volatile cache expansion board 750 may ba-attachec_l o another

expansion bus in computer 700, Non-volatile cache exﬁénsion board 750 may be plugged
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1o volatile disk cache, thus creating a new entry in. the ngn-vol atile disk
cache (608). Next, a newentry in the cache directory t abl é %@& 24 cr eat ed
corresponding to the newentry in . the non-volatile disk cache (609). FIG
7 is a partial block diagramof a conputer systemthat has a non-volatile
cache expansi on card according to. another enbodi ment of the present
_invention. In this 15 enbodi nent, a non-vol atile disk cache is contai ned
on. a PCl bus expansion card. FIG 7 shows a conputer system 700 that may
be simtar to the conputer system 100 shown in FIG 1. FIG 7 shows a

T L
g 2 Ian:)Z |e£1 < ltéogtc?lﬁﬂ%oﬁ ggﬁ@@tﬂ\%ﬁoﬁb Iﬂe ShildthSihe l'non-gﬁﬂiﬂb' hmoRyainem. 700 al so

may_be the sane _as nmdss_storage device

130 of Flyglatile dislobdeke3son Eﬁbﬁs;oi.bomvmﬁfay als6 céringin diglbedherinmirfac logicG. 7 a
" nor-volatile cache is not attached to chipset 710. In this enbodi nent of

- the preseBemputardifl inmp cache dpte fandiskydsive 737G sixoitar fshion as deseribedwbevet i | e cache

expansion board 750 that is attached to a PCl bus 716. A netwrk interface
* card #26 Wﬁh@If%’@ﬂ‘-‘ﬁm%mr%ﬁmoobdghmlt@Omt‘nBWe’?‘l‘B°8‘HH“tﬁ'é 'rk i nterface

card 126 el aBial do Ry be SRR S dd PR e b ] O
Non- 3073%?*%"%%?%%%‘?%5%??%% B iRl R RRt oBu Ta 1S ST o

i n-or - r ergayeflay BOWHentt RAM 761D tnofi-vélafile expansion board 750 instead of disk
Non-vol at i I e-cache- expansi on- board- 7-50 contaj ns-non- voI atile nmenory that

.......................................... atil e disk cache

350, B(p%h%ﬁa‘ﬂcf‘éﬁthe q"Slﬁd"H’&yalﬁPB@“ Wdhis 3‘?1h°4ﬂ“§’ﬂ" ﬂl‘?aF@P@ 1§ Pﬂ“é?tlfaé‘ce | ogi c.
g(e)grgﬂ Eég@gﬁﬁya@%@ﬁtﬁ ;l%ﬁtgh}%l%h@gét\ég 8. 1 n a simlar fashion as

ence orrpu er system 100. \Wen the '
operating Systﬂ‘@si%a%ﬁﬂ%l@ék&%mﬁ%ﬂ%skqn%aduas@Iaérﬁvdlitﬂédmaysadne stored on

di sk drive 730, a determ.nation may be nade
according to an embodiment of the present invention. FIG. 8 shows a disk drive 830
- which may be similar to the d:sk drive 230 shown in FIG, 2. Like disk drive 230, disk
15 drive 830 may have a disk controller 810 and a disk spindle 820. Disk drive 830 also has-
a non-volatile Vcach'e 350. Mass storage7220 may store an operating system 831 and a_disk
drive device driver 835. However, disk spindle 820 does not store cache management
instructions. Disk controller 810 has a MPU 811, buffer and program memory 815,
. interface logic 813, and BCC logic 818 which may be similar to MPU 211, buifer and |
20 | ‘program memory 215, disk spmdle interface logic 213, and ECC loglc 218 of FIG 2. In
| -addltlon, disk controller 810 lias cache interface loglc 815andi 1s coupled to non-volatlle
_ | cache 850. Non-volatile disk cache 850 may be similar o non-volatile cache 350 of FIG.
3, and cache interface logic 815 may be similar to disk cache interface logic 315 shown in
FIG. 3. | '
| 25 Disk drive 830 may be used in a computer system such as that shbwn in FIGS. 1
and 7, except thatnon—vcl,latile caéhe 850 may be the only _non-volaﬁle disk cache in the

coﬁlputer system. -The émbodiinenf shown in FIG. 8 operates similarly to the

15




that the data is being cached in non-vol atile cache expansi o,n @fd 750. |If
so, then the data nay be witten to RAM 704 from non-vol atile &aﬂaﬂ%n
board 750 instead of disk drive 730. Thus, this enbodinent is simlar to
the. enbodinment of FIG 1 in the way it 10 caches data for the disk drive,
al though in this enbodi nent the cache is part of an expansion card rather
than attached to the chipset as in FIG 1. FIG 8 is a partial block

di agram of a disk drive that has a non-volatile disk cache according to an
enbodi ment of the present invention. FIG 8 shows a disk drive 830 which

ey be si ghb&fimbiits bITIGH B kndH inRe hA0t SRR Live 230,
di sk 1s dri vengéo may have a d:&gel:( con‘?‘?ol I e?%%%ﬁgddm)&&ﬁgﬁ sg{ﬁtﬂfe 820.

"Di sk dri vmeBidry0 Inkiipehbmliment/tmwevea) tht disiecbengy dyfilsesdisit @ivegth £20 may
store an operating system 831 and a disk drive device . driver 835, :

‘However, BRi&Rr @Eh‘ﬁﬁll@t Mlmhmaﬂaﬁmﬁm&mm@ﬁm byipmegramict i ons. .
D sk cont Ier .810 s a WJ, 811, buffer and rogr menory 815, - interface’
logic 813 ?@P tghedi aﬁh?weﬂ’éanég Véheqlnglﬂfmb‘lﬂffer and 20

proogrgam ﬁ@%g‘m‘%ﬁéem%ﬁl%rés%ﬁ@ %mﬁal ogi c 213, and ECC. Iogl c 218 Qf R

FIG 2. In dir'sk™con s cache interface logic 8.15

and i s coupl eomogemwsvmaw@fst&aghstawmmumhawg ndig fARNe 850y

be simlar to non-volatile cache -3 3, and terfaceloglc

815 nay  bemisadiméntof the petissit imvantion. iAnéanihadeo btagldﬁtaiiliﬁoxﬁhﬂ&ma tanoir_yl i 3. 25
Di sk drive 830 f/ be used in a conputer systemsuch as that shown in FIGS

1. and 7recaixesdP1) ﬁ"&t exampley o bser whe isaditing agBOmrenYinsevart grasassingnon- vol at il e -

di sk cache in the. B%Eter £stem The er‘rpgdl ment shown in FIG 8 operates
similarl foP%faP‘HBayl%n tResrve” Be deugnt Agpnother gxample, ¢ hat - i t

 Soche <@l i 4 Rlofh ool B ROEMM BT B 1,
e e o st e g g F R
contr ol | eysiShinzgrgndamcomenand anseadaninté o dish &'Ne&ﬁ'totlﬁf' nbieolgi@put er system
| ' memory, for example to free roém in the RAM. A determination is made whether to store
| 'the data in a non-volatile cache (902). Sucha determination may be made using 2 known
15 da,chi_ng algorithm. Data may not be-cached, for examplé, if it is not likely to be used in
: thg'nea.r, future In addition, a detennination may be méde not to'store data in a non-
‘volatile cache if a non-volatile cache expansion board is not conpled to an expansion bus.
When a determination is made to store data in the non-volatile cache, the data is writien to
a 'non-vqlatile cache (903). In one embodiment, writing data to the non-vola_.ﬁle cache
20  includes updating a cache directory table in a non-vo.'latile. memory on the non-volatile
' cache (904). When a detennmanon is made not to store data in the non-volatile cache, the
- datai is wrxtten to a disk drive (905).
Embodiments of the present invention relate to a non-volatile disk cache to cache
data fora disk storage device. Several embodiments of the present inVen'tion'are '
25  specifically illustrated and/or described herein. However, it will be appreciated that
‘modifications and variations of the present invention are covered by the above teachings

and within the purview of the appended claims without departing from the spirit and
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FIG 9 shows a nethod of storing data in a non-volatile rrerrﬁri'[bﬁz&(ﬁ{]ﬂ{ng to
an enbodi nent of the present invention. A command to store data in

non-vol atile nenory is received (901). For exanple, a user who is editing
a docunment in a word processing programmy send the programa comuand to
"save" the docunent. As another exanple, 10 the programmay on its own
determ ne,. for exanple based on a tiner, that a backup copy of the docunent
bei ng edited shoul d be saved. As another exanple, a part of the operating

non- vol at PYARERARor DA @ Rhe il ML Spé Rhef e T nat s on

i s made whglBEfard & St Gor usB8s tﬁ@aﬁﬂe, ran,atyqoafﬁoawataﬁleenmmay 80@ed. Such a

S
determ.nation“may be made using a known 15 caching algorithm Data may not

be cachedAgshadthet srample althdugh theipgesanttinventionl disciosesinadatassiruictime fotdmennear future.
" In addition, a determnation may be made not to store data in a non-

vol ati | e. velstile disk cache and fovs disk pashe ensryethe eashp sndnachepaiies M8y B8t coupled to an
‘expansi on_bus. Wen, ,a detergringtion,.is de st or ata in.t :

 ohevob ot Imdlasnisigisingagy cenipRon o ety WorRE Be SRk B 003 11
one enbodi nant e : Sﬁtﬁﬁ 7 bdrPofSBE Mgk &fvel HGhudes updati ng
a cache d Ié’%‘f’%‘rte\)?f%s;%ﬁgf?%}l e%gsnéx{]/o at?ﬁlg&bﬁggng%:goon t-he non-volatile cache
(904) . Whenyker g5t 6f thb BMpufi? ssfeniTBéh AaithinG &dlirive daiimctoncablee Imon-vol atile
cache, the data is witten to a disk drive (905). Enbodi nents of the _
present i additidn, while the atbodiments desaribedlahdvie|disculs 9sing themen-volatilactbettat a for a

di sk storage -device. Several enbodi nents of the present |g;/t§?(;tri n are 25

speci f i carche fats fosedisk deive ey non-volasile aghe anayalseibp Useddqearhp f be
appreci at ed t hat odi fi.cati.qns and,vari ation e i ntion are
Gover at byREHTES AT AT TS BRI p R R e A RIS 3 bad SHEC
clalms W LhgeliafleRfbhd B8 hLRMHIRrRAR tloadhlds dfisk drivd 6, 2 cdchipnded scope
of. the invention. For exanple, although several types of non-volatile

MENDry ar gheGppiatisad rheftiods dRciosedinhy also bb ascdadyachy geta fil othertypssiofiti | e menory
may be. used. As anot her exanpl e, al t bough thepresent ivention dscloses a

dat a st r untasy sorfigerdesiiceson . e
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may . b& 's i npl enented using any configuration of data structure.
tthe di sk cache may be inplenented as part of a chipset, as an extension
card, as part of the disk drive, or in another part of the conputer
system such as within a disk drive connector cable. In addition, while
the enbodi nents descri bed above di scuss using the non volatile cache to
cache data for a disk drive, the non-volatile cache may al so be used to
cache data for other to nmass storage devices. Thus, while the enbodi nents

vol atil e disk cache and for a disk cache entry, the cache and Cqu entries
B ottt

shown such as ixn. |§§is 3.4 and 5 for conveni ence discuss the cache with
r”eferencet?to c§6‘{$as ge&%@%@??'ve (i.e., a disk cache), the apparatus and

met hods di scl osed maynéthethdxedused to cache data for other types of mass
storage devices. 15 17 7 DEC 2004 1. A conputer; conmprising: _a

not her board; a cni p3&NiRsslgPepleddo the matherdopetir d; a di sk st orage device
| ed h hi : - i ) d h hi
coche data stored " auish 3Bindy 88Ylcy Bodbich So FERABSSEARECL Ol or Tor St i 1.

cache data stored onputer of claima1,

further conprising dednseoldiilevaemons stasked @msthiechigéattd dizha dia tshsredi sk
storage device and read data fromthe di sk storage device, said device
driver i_ngf'lﬂ&%msgrﬂoriaﬂ& 1%y cache nmanagenent instructions to nanage
caching of data in the non-volatile nenory. 3. The conmputer of claim 2,
wherein the device driver instructions include instructions to determ ne
whet her tBe daTheimmpéseot claimt hefunther wohgirisirey devioe ydriviey indtaationg ta cache

cdirectory_gtabl.e stored i he nop-vol atile nory. 4. The conputer of claim
1, wher ei ROfRE3HAT W Qtsﬁsiorﬁﬂ lGesand [eadkdalpi i dhe disk stordge device,

said device driver instructions including cache management instructions to
manage caching of data in the non-volatile memory.

3. The computer of claim 2, wherein the device driver instructions include
instructions to determine whether the data is present in the non-volatile memory

by checking a cache directory table stored in the non-volatile memory.

4, The computer of claim 1, wherein the non-volatle memory is
block-oriented.

5. The computer of claim 4, wherein: _
the chipset includes disk cache interface logic to control access to the
non-volatile memory; and
the disk cache interface logic is to check error correction codes
associated with blocks of data read from the non-volatile memory.

6. A method of obtaining data associated with a location in a disk memory,
the method comprising:
determining in a device driver for a disk memory whether data associated

with a location in the disk memory is cached in a non-volatile memory, wherein
18




5. The conputer of claim4, wherein: the chipset includes disk1c@§ngﬂ4
interface logic to control access to the non-volatile nenory; and the disk
cache interface logic is to check error correction codes associated with
bl ocks of data read fromthe non-volatile nenory. 6. A nethod of obtaining
~data associated with a location in a disk nenory, the nethod conprising:
determning in a device driver for a disk nenory whether data associ at ed
with a location in the disk nenory is cached in a non-volatile nenory,
wherein 18 -1DEC2004 -the-non-vol atil e-nmenory is-stacked-on-a-chipset

the-chi psege héﬁ%ﬁﬂ&&{e%’%&?%tes{”ﬁ%kegﬁﬁaﬂ Fpg%qyftt &'&ﬂips‘ebb%aga%eﬁpléeeﬁqfh%g—;

..... data associ ated wt ocat1 on e --non- e nenory when -
sai d dat adisk meuotoeygt and t he non-vol atile nmenory. 7. The met hod of claim 6,
ted with the location fromthe disk

further comprising. reading data assogia
menory when sal GPOIGGREA SAOERIGH NG 115 |95@tRB QD) REI PR HBIRHIS Mamomhe
met hod of mﬁieﬁiéai@da%%rc%icﬂeﬁ% %@ﬁéﬁ_ﬁma@iigg]ﬁewri ses checking a cache

directory table stored in the non-volatile y. 9. The nethod of claim
8, wherein said reading data fromthe non-volatile nenory includes sending
a command-to cgghe interface loagic, located within the chipset, the command
to direct 't eadﬁﬁa rgf'atnhpﬁeof& ey @%Hﬁi‘%%"'HBH@O& atile nmenory into a random

access nMenory (&g dath addiisel Mith Ble 16batidh RomVAB B4 nidiSoriyornaPkali | e

menory is block-oriented, and wherein reading data fromthe non-volatile
mermory f ufgkeis naegehedin the non-volatile memory.

8. The method of claim 6, wherein said determining comprises checking a

cache directory table stored in the non-volatile memory.

9. The method of claim 8, wherein said reading data from the non-volatile
memory includes sending a command to cache interface logic located within the
chipset, the command to direct reading of the data from the non-volatile memory
into a random access memory (RAM).

10.  The method of claim 9, wherein the non-volatile memory is block-oriented,
and wherein reading data from the non-volatile memory further comprises
checking error correcting codes associated with each block read from the
non-volatile memory.

11.  The method of claim 7, wherein said reading data associated with the |
location from the disk memory further comprises storing said data to a random

access memory (RAM) and storing said data to the non-volatile memory.

12. A computer readable medium having stored thereon instructions to be
executed by a processor in a computer system, the instructions comprising

device driver instructions to process requests from an operating system for the
19




checking error correcting codes associated with each block read fromthe
non-vel atile nmenory. 11. The nethod of claim7, wherein sald-TéaHEGQZMMta
associated with the location fromthe disk nmenory further conprises
storing said data to a random access nenory (RAM and storing said data to
the non-volatile nenory. 12. A conputer readable nmedi um having stored
thereon instructions to be executed by a processor in a conputer system
the instructions conprising device driver instructions to process reqguests
froman operating systemfor the 19 - 1 DEC 2004 'processor to wite data
to a disk storage device or read data fromthe disk drive, the device

driver inPIOGRSEPoEEWit fald tog@ skt stomgesiryvies obrrast ﬁﬁTrfﬂeTmeethﬁ@SIGatl‘ae,L o0 be
ot noked ot EyPe HveF inefuhals GG IR0 S 18 BiaBuR b Bt o ' ©

i ncl udi ng bei wtten ¢ itiha sliskoddesd ehouldebaveathed ohoh adrovdigtieeadniorpihatie di sk
drive is C%]Cgﬁa] on the non-volatile nenory. 13. The conputer readable

medi um of S orpa qhiRsedit theyeompuiesesysisethe dadredeyer fgthaideeluding: o
it o shoufRictions RS Rkttt WhdRaNta B35 o 1Ry ufiPLRKRRR! lsOPhdnadl L e

data shou be cache wherein't evi ce
dri ver i nohubesonnstiatilememnsnto read data fromthe non-vol atile nmenory
based on the determ nation that the data is cached on the non-vol atile
menory. 14. The conputer readable mediumof claim 13, wherein the

| NSt UCt i 4BS  Thel Eipgek Aohaatia! HEARAR-OfOUAT 112, TRIEREI RAURVRA Arjgom the

non-vol atile menmory 1 n disk blocks and checks an error, correction code
for each icides instructians toswriEheatrtputher no&ardhahﬂle memouynt[a‘sedl annthe2,

wherein t ermnt data t fro e di sk drlvels
cached o RSHEHSEIL e e il 5R6Ha e Zatfed o ERCachRClA steshgni B¥e. t ha
is stor edvm&rélhﬁhé@év}c@ @Wér@ndﬂﬁﬁ@é Yhstructions to read data from the non-volatile
memory based on the determination that the data is cached on the non-volatile
memory.

14. The computer readable medium of claim 13, wherein the instructions to
read data from the non-volatile memory reads data from the non-volatile memory

7 in disk blocks and checks an error cotrection code for each disk block read.

15.  The computer readable medium of claim 12, wherein the defermination
whether data to be read from the disk drive is cached on a non-volatile memory
is based upon a cache directory table that is stored on the non-volatile memory.

16. The computer readable medium of claim 12, wherein the instructions in
the device driver to determine whether data to be written to the disk drive should
be cached on the non-volatile memory and to determine whether data to be read
from the disk drive is cached on the non-volatile memory are transpare'nt to an
operating system that sends requests to the device driver.’

17. A system comprising: 20




16. The conmputer readable nediumof claim 12, wherein the insqugg@qﬁﬁ in
the device driver to determ ne whether data to be witten to the dis %rive
should be cached on the non-volatile nmenory and to determ ne whet her data
to be read fromthe disk drive is cached on the non-volatile nenory are
transparent to an operating systemthat sends requests to the device
driver. 17. A systemconprising: 20 1 DEC 2004 a chi pset, the chipset
conprising logic to interface with a processor and logic to interface with
a disk drive; and a non-volatile cache stacked on the chipset to cache data
for the disk drive. 18. The systemof claim 17, wherein the chipset further

conpri ses cache managenent logic to analyze a request for data fromthe
disk drive that was sent fromthe processor to the chipset and to provide
the requested data to the processor fromthe non-volatile cache if the

data is cached on t \/ j ; - T ' :
wherei n the non-vol gﬁh e E’atgﬁz&{'és tIcggrﬁﬂgmi[%pgd{&qﬂ%ﬂfﬁe%@/gtcéa@qb%%éozl aim
19, wher eand idgec thinpesréacd with edisk dripg;ises | ogic to check an error
correction code for _each block of data read fromthe non-volatile npenory.
21. The system of c?aﬁ%“i@?t'l\ﬁh‘é@@ensﬁaﬁbe‘i&ﬁ'-ﬁb@l ehipsel foaearhe datapfasttBee a
cache digpeiHpiy table to indicate whether a block of data is present in
non-vol atile cache. 22. The systemof claim 17, wherein the chipset
conprises an input/output control hub chip and a nmenory control hub chip,

222,[ \r’\'gfrﬁ{ljﬁ. EEfBe n%%ié’rﬂl 0 Icla?m ??C r\,]'\1 elrgins aeCléﬁi%sgp fttjgfﬁ)erogor%wgﬁsclag pc%tc 8Ut put
management logic to analyze a request for data from the disk drive that was sent
- from the processor to the chipset and to provide the requested data to the
processor from the non-volatile cache if the data is cached on the non-volatile

cache.
19.  The system of claim 17, wherein the non-volatile cache is block oriented.

20. The system of claim 19, wherein the chipset further comprises logic to
check an error correction code for each block of data read from the non-volatile
memory.

21.  The system of claim 19, wherein the non-volatile cache is to store a cache
directory table to indicate whether a block of data is present in non-volatile
‘cache.

22.  The system of claim 17, wherein the chipset comprises an input/output

control hub chip and a memory control hub chip, and wherein the non-volatile
cache is stacked on top of the input/output control hub chip.
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