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STORAGE DEVI CE W TH EXPANDABLE SOLI D- STATE MEMORY
CAPACI TY FIELD 5 The present disclosure rel ates
generally to a storage device with an expandabl e
solid-state nenory capacity, and nore particul arly,
but not by limtation, to a circuit that includes a
controller to determ ne nenory storage | ocations

/ FS@@%@&@&?&&@J?F@@&@%@\}%@M MEdGRY

slot, and a disc storag 10 BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is a block diagramof a
particular illustrative e igrent of system
including a nenory control circuit adapted to
sel Elod presdny disclotere dielhtas pencedllyl te astoragesdaviceanith an expandable
expandabl e solid-state nenory and a disc.storage . .
SO@@E@%@@W@@%&& T B ety BPHMNMH, o 3 girewit that
incliligs a corltrd11Br B! REmiHALERT Mo pPRehddi h@fwdeh laH $kpaHduMIE solid-
enbodi nent of a system 1ncluding a nmenory controller
statpimdmany, saxh ana dbstemsmbiydwih at leastene flgshamemhryéxpgnsion slot, and
gacgess tg.a disc storage nedia; FIG 3 is a flow
a ﬁ?%@?@ﬁpﬁguh particular illustrative enbodi ment of a
et hod of  adaUEFTIESCRATIONPOPARE PRIOVINGS! at e

menory capacity via the menory controller circuit; 20
andFl. &.is 4 black aliggrawod i partigniao fllugtrptivet dngholdiment of system

. Jdllustrative e di nent, of t hod of .. sel ectjvel
inclgg i Bl oo RSt At B SFElio8yPirie B RS M i By of an
expafidhbie $HligdGstat Mea@Ry ARl disc stolabAnhddia, PEHGIR AAhh&IStiisc

| LLUSTRATI VE EMBODI MENTS Hybrid storage devices are
“m@@ﬂwféﬁb%age devices that include two different data

25 #ionage pRdferdl of o BAELAMIRGSKATR R hOR JPYRLiEn

st oragé device canhavePataises orage  media an
inclmdingGrifi¢ads @naohgevitesh expahdabideilidedtatp aeniozybhAd having access

enbodi nent, the hybrid storage device can include a
to adiscsttorage mgdidt at ¢ nenory device and a second

sol§ t: ' '

chor S 38 o Rk, 13 el e bR o PG of
adapemgioyancdexpainded raesplid stasememogssappaeyia tiramembey eatroter circuit;
solid-state nenory device. 30 In another exanple, the

irst solid-state nenory device may be faster than the

secpifl 4 is a flow diagram of a particular illustrative embodiment of a method of

an

selectively writing data to at least one of a solid-state memory and a disc storage media.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Hybrid storage devices are data storage devices that include two different data
storage media. In a particular example, the hybrid storage device can have a disc storage
media and a solid-state storage media. In another particular embodiment, the hybrid
storage device can include a first solid-state memory device and a second solid-state
memory device that have different memory characteristics. For example, the first solid-
state memory device may consume less power than the second solid-state memory device.
In another example, the first solid-state memory device may be faster than the second
solid-state memory. In yet another example, the first solid-state memory device may have

less storage capacity than the second solid-state memory device.
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solid-state nenory. In yet another exanple, the first

solid-state nmenory device nmay have |ess storage

capacity than the second solid-state nmenory devi ce.

-2- Sone hybrid storage devices have the non-volatile

solid-state nenory designed into their printed circuit

boards, which provide no opgdrtunity to increase the

size of the non-volatile solid-state nmenory w t hout

replacing the entire storage device. Sone systens

ut i Perpehyridstenage deress have tggenamedptiasalidrsiete memory designed
ARl o BEREY, WA Aol B b SRR of he
nonsyditiasolid-tthte hassrysyidioanreptbeigythe betire whoeage diaica. Ssme

stored ({n.the pon-volati]e solid-state nmenory or e
Syswg&sc}mgze E&r.d Jfﬁq&mwﬁgﬁ prd hayeithy lilcrvg@%lf SRTRLY lw&lfeg on the

. . . : _ ¢ :

molhBlEatd G hot SYAGHT 1 % fShiec, U Wpetafind st of leHost system

detaysneswheze datatisstered (iaghe nen+ivalatileantd-atapr memen)y arithe bartl disc).
board, that couples the data. storage device to the 10

Howget, b ePAlnEr S DR Sg Ui EsaHy fued B aﬁowg
deVinGepar§ifidt tbirf %ﬁfem R diRIced flat Hicflide@h host system, a
assi stant (PDA), a nobile tel ephone, another

data$terage device, dad apeintedreirany boandthatabuples the ldetastfrageTdryice to the

rinted.ciycuit board includes a non-vo]atile

hosPEyfHrE S TS Ak itsietd i BfasnBfie s Besibh 3t b sfimeptst & negponal

digit £ GediMentqHIIAY | HARbi1E RAephehd ahbiBesSabdtmsd ddviceBNdHyYcombination
devices to expand a storage capacity of the

thergof. i Bhesprinted eieqvitrbpardrineluged anerdvelatilesplidstota memary ang one or

cOo ni.cate wth the st .system.vi a.,a hi.gh speed host
mofs FPARGT s 1 bteV g B Rabm RO LGN Syl e LB o
exp@fdh kokdgelcapdtit @Eﬁ{e@éliﬂisfa@éﬂnbmbgﬁ;) ThWintéd6ikdustasoald@inC

to deternne ether to store data received fromthe, K .
COIIF{B%]?IC@P witbthe host gestem vip ahigh spreddeyi by@ @,urtg:@r, gle.pnnted circuit
oS £ BTy RO U PELLEAR i whetrr
to storedatatreceinald frbab eheHoot cither atahi¢ data owae desica ofl atscsalidistate

storage_syste to provide hyhrid 20.data storage.
MeRHED; 3@%% s o ?V"étrhﬁ’%??é‘f%et%s?g By_ﬂm ORIt includes a
conSERAMA &fa SibRigs ldi@'l(;}fztg {bgclﬁ) b4 DR driGé &ibtsh sﬁ@é}ﬁﬁtg eﬁr@ﬁde hybrid

non-vol atile So te menory capacity” can _
data storagadedcevfintionality axpl enefity. Byeprevidingeapatsidncsdots on the printed

. Fyrther., the |ogic gf, the printed circuif board js.
circiy gy the gon kil selid-syals apemary Fapasity £ be IS apeg;ighout
repRABp Y @biak€ d&Atd. dRiiiRE, ShdTRIERY of tRENHRES cirdulit Board is adapted to
particul ar illustrative enbodinent, a circuit device
dynamicsilly edivstle utiige availebledwa-wlatidg slid-gateimaneqry sewices a
hi S . S . . Q- .
e BBty SoBultiat s Af I AR s B RERE tat includes a
firstintegfact talekigh 8péadrdaietusi oTalhosies semsald Lkesbind iBte3faoé agipled to a

datz;:i set\érlacég dlg\?i\c/cla. n"lghe circuit device further includes a solid-state storage device having
at least one expansion slot to receive at least one additional solid-state memory device to
expand a memory capacity of the solid-state storage device. The circuit device also
includes a control circuit adapted to receive data from the host system via the first
interface and to selectively write the received data to one of the data storage device and

the solid-state storage device.
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at | east one expansion slot to receive at |east one
additional solid-state nenory device to expand a
menory capacity of the solid-state storage device. The
circuit device also includes a control circuit
adapted to receive data fromthe host systemvia the
first 30 interface and to sel-ectively wite the

recei ved data to one of the data storage device and
the solid-state storage device, -3- FIG, 1. is a block

di dfCahivf block diagram pha particular Hivstraty esimhodiai of gystem 100
o Y S T G584 5 oo
an eaapamdquamsmts olehmbrg mai ®dise storage andlig sukihsas ashagretje disc

rec@r‘égllgéﬂq(ﬁ% gjllhq.]a%fs%ggi&gmﬁbg?sd zlbﬁq)sa BQS L(?Z{ tﬁgtt commumcatlgs with the
meﬁelglmwﬁémnmbw D8at2 HIETHY. YT fﬁﬁi 18 Fu?tﬁbxt indiddesd disc

a data bus 105. The system 100 I ncludes a disc
storsgomadie 106 dha coffrunitates catinthai nwuto&fs conttdl cirbeit h@2rolnya particular

emifeBnedy g GoStfies A1 haede BRL B ShrmSTaRBIT Bt 4R, ane
the Gis& @t«blratgelﬁedla 806 mal, BE vﬂ'ﬂh%?a A6 5796 "Ridh 8s 4 08mPEtér, kaqmrtable

hin a host system such as a conputer, a portabl
medm Qlaa(elp Rayahile telephsie) aepctreonabdumtel assistont; enother angqutlag device,

assi s Ut n ice S
or 5 i Rlion AtRiaretn SBFRELSE Spbiitne: oo diptrol gguit 102
incleesd $61idsidté Blentory iddtilcUOB thit ichattieslatile2ad kitht Sichid®s one or
menory nodul e 108 that is non-volatile and that
morefXPafsien defe tQ)feCCIN@) pdditienad Alestomenjont @ewczs:s teextapd the data

solEBNP 6L TS 56T 0, YA b o

solitlsstase maﬁioryﬁmlodﬁle 0B eah Mehide flaliemefoky,d- rﬁi@feﬁc radomyaccess
nodul e 108 can j nclude flash nenory, a magnetjc random
megey(MRAN)np HBels of mwayela@l HEMETYp anwh?rttm ahnan-yolatile solid-
mmﬁﬁﬂﬂ&%y<ﬁQﬁg@&&bﬁM ffcrddpn-vol atile solid- state
Mmenory; ’ ny co Inat1on thereof. The nenory control
ci r'’the herh6% dontrbLiclecsital Oﬁomludnss'a Host mrsfintesfadel Y 4 thattis ceupled to
oupl e 0., the data contro
the GRABYS 105054 PmAGH ConMiET cErS! LO2CBHER ORe oS PRgnthler 110 thatis
couBRHRS Bt Hodt Bili8niRFate PUSIndNS i RGE-slalédmRAdri P04, NEhe controller
solid-state nenory 108. The controller 20 110 is al so
110ds alsp eounled to &st@naag devdewintrefacnl b, fveieh b rouplash e theidssc storage
Shora ul ar .
medif B ot Pori o SR B EIES ctolfie P e Bigh b a3eral
advaided dchnaldy f A8 fhnicR€ (BY0T APinterfaca e i@dter @A bdlween the disc
interface to transfer data between the disc storage
storggeimgdiad 66 and thersemenymoptrelircui| 108 it anather particujar embodiment,

the %PJQQ %révi@élfr{tér‘f’éélequ 6 %QP 895 UL esal serial bus (USB) interface. In other

implementations, different data transfer interfaces can also be used.

The solid-state memory 108 includes expansion slots, such as a first expansion slot
118, a second expansion slot 120, and an n-th expansion slot 122, which slots are adapted
to receive solid-state memory devices to expand the data storage capacity of the solid-state
memory 108. While only three expansion slots 118, 120, and 122 are shown, it should be
understood that the solid-state memory 108 can include any number of expansion slots to

provide increased storage capacity. The controller 110 is adapted to dynamically adjust to
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the storage device interface 116 can be a universa
serial bus (USB) interface. In other 25
i npl enentations, different data transfer interfaces
can al so be used. The solid-state nenory 108 incl udes
expansi on slots, such as a first expansion slot 118,
a second expansion slot 120:4-and an n-th expansi on
slot 122, which slots are adapted to receive
solid-state nmenory devices to _expand. the data stor.
avaglahje glempry pt the golidsptats merery 108 Al m/sel%fél.velxmtli?lée amlf?gﬁ data
. Lot _ S
S B o s et D o U R ibaid oo,
108ncgparticuddredebodingentythb erenmiry ecrgeod sirowit $0Dissidepsed to determine

rovi.de increased stqrage, capagity. The caontroller 1

a sthlg OL e bt A4 b LA atho HE sl g mefory 168
basEBHPIE RiermiRdSRltd. dFcHRhBpFRRREY thQ§staMd 00Gs operating on battery

selectively utilize available data ~storage resources
povest, tho nfemdny cemstal dirswind @2 easratory da@go drecsolidstate memory 108,

st.or age di 06..ln a rticul ar enbodi , L he
allofif i SR 10 1R Fsctubt pSu B30 Mhe i Bae Rso ol h Aoty
parididrexaiple) e Sth@N cbARo1didult 202 ehiepinl ﬂ’e@lh&‘ntleﬁ&@ééie&j file in the

to the solid-state nenory 108 5 based on th )
soligestase memesy $@&toeenhmne pexigrminse ofthersystem K3Ps il pagiulas

e ¢ A SPBSS U goBQUSE p o SIS gt

condrfiéhds rédelv@divigtht hestbos isrfddd0 140 reduce power to the
di sc storage nedia 106. In another _particul ar
ex dipnalternatveemrbedimenh thegixpandaply solid state mgmery 108 can be

L s s
FIGa),tallowirgy a ddr exexpahd avdilableshadsta stordge e apacsty efithitolidatate

be determ ned by the control]er 110 based ¢on. commands
memeryet (et ngPdedrigharh Beving o replags thedatersiorags ¢evage-

al te N3t ¥ 810 RRLE IR BF a m%ulﬁf‘gﬁgﬁﬁifveeen%hirgérﬁto?ﬁ@ystem 200

menory 108 can b |ncopporate Into a data storage
inclddingaleta(starege devite202dmitlaa steorony eordmiliec 21 @R expandable solid-state

illustrated. i 2),. all ow t d .
metgont (0 R B T30 o s BB BR S 255 The PaBY BPtieg dgvice
202%iAcliBésoyh 4188 stdfagB %@éa@ﬂ%% b fieke Midds 156) bkl Sl ase stoeze

data storage device. FlI 2 is a block diagram of

mediarurl 68 & Hssil memoryavias (dsfh Sasii, flosh Grmuy s aR8200). The
hybE ST 18 20258 RS R StrE e Wi S0 1o

parficilffengndinen] the hoashisterd 204 can Bt § compter aproameior, Zpésonal
. The hybrid storagg device 202 includes both disc
digigal gssagjant (BBA), quefsT glectionie deyiee or amysombinatien thgreef. gnea

N

204 via a serial Advanced Technology Attachment (SATA) interface, a universal serial

bus (USB) interface, another type of communication interface, or any combination thereof.
In another particular example, the hybrid storage device 202 can be a stand-alone device
that is adapted to communicate with the host system 204 via a network, such as via a
network cable using a networking protocol.

The hybrid storage device 202 includes recording subsystem circuitry 206 and a

head-disc assembly 208. The recording subsystem circuitry 206 includes storage device
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hybrid storage device 202 is adapted to conmuni cate

W th a host system 204. In a particular enbodi nent,

t he host system 204 can be a conputer, a processor, a

personal digital assistant (PDA), another electronic

devi ce, or any conbination thereof. In a particular

exanpl e, the hybrid storage-®evice 202 can conmuni cate

with the host system 25 204 via a serial Advanced

Technol og AttachnentdquSATA interface, a, universal
rea@éfﬂteawnms girquisey 1§ prdqiserhead assromiiy contiglgirgitry 220. The

o r

rec TR Qe REEOC A Tor ol SORRAEE LOQUE D Slch includes
a dadebuffe faﬂﬁénmararbgbaffeirgﬁhtaafeoﬁeedjemnlt@mtdrfmt cireuit 212 and
whiEh R s b SR T i b e B of et chatndt 276 and
the Bx%ta W LS orm&ingcaa{a trﬁlgfemﬁeramsl @hétu%ﬁg& cﬁlﬁ:‘dit 212 20oupled
I ncl udes recording subsystemcircuitry 2
to tlmaw sliystam 284 atcbﬂoya @080l filoecssexcili8divhighgs b@psﬁdetmcontrol

circui ncI udes rage device -5- read/wite

OPG%‘ﬁProéﬁh‘%}}yﬁE‘g lcﬁébgdi sc- head assenbly control
Ci I'epdl dodoR ces'sf&ensrl@ eI SRRV EiRIN0D &19&4 '1§ zIdép?e@@o
further includes an interface circuit 212

contrakthe gesitiomofieneorimdre e¢adf’\mnteth@nqlm25drnelayvg icf 11he pnn gr uharediscs

recelv d via.the i circuit
256 RHEE sE BT SH S ohf PipofSiEe S Ere IR 25t The one
or 1idi€ réadARlyiterHchds T93a0aR Bk nickitedng aFofaheaddianasbdrhbl@to #hith a coil
during data transfer operations. The interface circuit

252pfa wosce@@dpn@er (Y@M freattgglad. skhet \EaMbipglugderda pair af magnetic flux
potfBAL P R0 25T 50 o Bt 8BS Br R Bhouan

coil@3tcamdes magﬁeﬁsmteré?ch%n ibstwieet [heeebil 25 2eand @hey magmetieflux paths,
222 that is adapted to _control the position of one aor
resulinginthe ponialled rofatiensoftha agtustar assembly and dhomevemertof the one

or n‘?(?] re 8ads Y8428t AStoRAE %ur@i‘ce?oﬁt aéfs?e élglggreﬁgﬁgcﬁ blsk ShRE sthVo circuit

e one or nore read/wite e one or nore
222rigasbdvio icomtrd] ebalapplib4tianeof coeremtto theecbik ZﬁZaamd)hency the position of

t nb wh | i il
the figpds 25T vedrecub s ST HE Genr s fea2b pai 1 of
e disc- lﬁéaﬁ&sseﬂﬁﬂﬂ SortRl ‘éﬁ@LﬁtrWQQ hdlbRs g §er\%'i_@rc'uﬁ 222 and

di sposed so that the passage of current through t

inclydgs|a sphRlle eineyets? 2ethatds couplost terawpmddmmp@mé&tp ¢dmsrot thielrotation

and th fl.ux, pat hs in the.
of R e tncs Gt 207 o e oo etbet dvdes LB g ehn Aitiary
powdBMeVIEA 22 hhat B3RoGHIEd td¥oliiRE gbm&&lﬁﬁﬂryrz%&tﬂm&dlwh&&ae
surfaces of the one or nore discs 256. The servo

assqambly gpntrol pirouifry 230 and thet isidepist ta piRETRlS 35 P PAWFLIPUSFE When
pov&a&J td & thyfn(?d Etla?ag% Qi'el/icg 582 isqgg. Iﬂx? A f)grtltcnﬁr %ﬁb&ifn%ﬂt, e auxiliary

power device 228 can be a capacitor or a battery that is adapted to supply power to the

hybrid storage device 202 under certain operating conditions. In a particular example, the
auxiliary power device 228 can provide a power supply to the recording subsystem
assembly 206 and to the disc-head assembly 208 to record data to the one or more discs
256 when power is turned off. Further, the auxiliary power device 228 may supply power
to the recording subsystem assembly 206 to record data to the data flash 234 when power

is turned off.
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the heads 254 with respect to the tracks of the one or
nore di scs 256. The di sc-head assenbly contro
circuitry 220 includes the servo circuit 222 and 20
includes a spindle circuit 224 that is coupled to a
spindle notor 258 to control the rotation of the one
or nore discs 256. The hybri@ st orage device 202 al so
i ncludes an auxiliary power device 228 that is

coupl.ed taq oIt e .regul at or [ Cuit 226 0 he
oi sadgigpallys dedpl nig Stog#&er%ivwe%b% u?%lv{ﬁy ﬂﬁﬁ%ﬁ Sﬁlﬁa?m?@ 234,a
Ay BARP ol doORE LELRETORARB SN, BAH{ &% 298 RBuchRS Halach Bromory),
othemerdoryed#0, ot :imy c@mhlﬂlatmnyhez&fp due padieulac empo@nmeat) thefimmware
capaci t. er i s ,adapt to, su
2315 st iRl B et 0BTl Sglesh A1 8umd 3o bhiza 0 Siofs TR XA st

meﬂB{%f@h&)hél%r &é@ésﬁlohu@giéms{rﬁctﬁme@ntl cul ar exanple, the
auxiliary power device 228 can provide a power supply

t o Inrﬁepar@@darohmlg)dguwy@e data fhsk mebioyy Zﬁ)fsmhmles ong ¢rgmore flash

208 . t d data th
exefiion HPCAS0 RN ot 0 EheefE rfhBlrtgnd orBihrf REstmemery
devades itd bajard B AMRI st1BYd EPaciBBofMBY dsib PIRSY meM w? 2380 ThQ gabgeular
recordi ng subsystem assenbly 206 to record data to the
embpgdiment, tigipng 91 mm@ﬂaqbcgmansmrssleta 2he Q}the accggsible via openings
26 ﬁ%@%@%ﬁ% % ﬂﬁé Jr;:lge n(%?/n?&% glixg‘ﬁ %Ep%%%gl%e éébtrgg ggﬁnggrg la&'(ﬂﬁgnal flash
meﬂiliefmd@h((eE)BﬂMthe?s'B&agé ﬂmmioa t8 féﬁpz(xﬁlttﬁél daa s@r:fgeaﬁbamty of the data

menory 240, or g conbi nati on t her eof,
ﬂaShﬁn%n?ré(ﬂﬁﬁc Ji Pahere%@an%lmroceﬁm 2 israpted o bdithe cxpansion slot

meﬁ%ﬁﬁ&gw{f &&tbR% 9932 ﬂ|om%g BGsiSRmware 238 qn& B alentet
e exp a ron s menory capaci
expdadie slobmemogy capamy ddﬂﬁit]loﬁ hegi@ 4422 td ctynampxaaﬂlyldewbalme presence of

embo nt, the data fl 234 i ncl ud one or
aadfigral higgpem PNEPYFP S Tt eapansia %@a‘é?@aﬁlﬁﬁcmml
prof 858 18 1S ABRRAE Uy EnRaly AT o SANHITRIRIY cpfity R o
selewandyywrﬁe data Itqn atlepsione ofithadatactash diemeny 234 fiilizme the detected
e fIa ots 260 ccessi ble via

avalJ IR dhly SRot SRR b7 Pe S GB R F S e, o rore 11 ash

ex pmrwpa@n@lﬁl cHBodaféht! Be olé 6F moAAHbdsI236@kn bt Asphlaced with a
menory devices into t he storage device 202 to expand

secembsqﬂlétsaatgmm)gbﬂ@ab@sca qhg?femmt péréorananee claragidiistie fignythe data
o e Y2502 b AP BB G B PP e

and/@@ofisuzdeles oW dr iganf the sétohd wmaetemn@@plwhﬂe théaettnd solid-
the expansion slot nenory cap aCIté detection |l ogic
stato J3eMQsY GFhBINCAIPTSPT serage capachy Hhaadbpeaa dpsh memory 234.

In a particular embodiment, once the control processor 218 loads and executes the

expansion slot memory capacity detection logic 242, the control processor 218 can
determine an available memory capacity associated with the data flash memory 234 and its
associated flash expansion slots 260. The control processor 218 can then utilize available
data storage capacity of the data flash memory 234 and the one or more discs 256 to
selectively store data received from the host system 204 to one of the data flash memory
234 or the one or more discs 256. In a particular embodiment, a power savings algorithm

may be executed by the control processor 218 to write data to the data flash memory 234
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15 additional flash nenory devices coupled to the
flash expansion slots 260. The control processor 218
is adapted to dynam cally adjust to the avail able
storage capacity and to selectively wite data to at
| east one of the data flash nenory 234 (utilizing the
detected avail able data stédf-age capacity) or the one
or nore discs 256. In a particular enbodiment, the one
or nore discs 256 can be replaced with a 20 second
whepyan ayaialle poyandpplytip abatiery Pawer sunphe i apathenpartiswlar

tgri st . L
emERApAE, e cBhird b 2 S i AR ToBRlYas o becrhuf hat
reoddattdata wteddparations e ochessmpradiscst238bylqueuing datadind associated

solid-state neno whil e the second solid- state

ry, e
writegopEgands fo Wﬁ\ﬂétaagqsa msaory 284 . dgerderpmiieryrite gemmands to reduce
seeld e&%&%&&%&%‘%ﬁ%e@éﬁt& i v Ifntg' t6 theé¥ine stk qRES 25%during
once the contro proceséor i&f [Foads an executes the
peridBs ekipactiityn Is ahrtivamp eyamplpAbe pyrictBtof tdctinity cnrasp@dPto

perigdfigh dighsrAroaurs dell Bom A ek Vien e b k- (h 4asDFRREN Glar
eml%ﬁlﬁn@rﬁdthietc;%ntr@l?ﬁ@&bﬁ)tr 94l fd c?%gteﬁ AP aflﬁﬂe%gﬁéaqm d480Qwrigthe

control processor 218 can n utilize available data
opesationsyeforawetng theafata théhaertccorfrhers ldisee 296. yIn2@dl aaathet he

one or re discs 256 to el ectivel t.or e, dat.a
e ih pusdin o s Dyadsdi oo sofisteshal Tt o4 Doimgmory 234
untfl liRSHeiBRAIsYg 36X RS dat@ NabNMcRdBy 234 FREIRs AitBeShod® Gind tiendhe

particul ar enbodi ment, a power” savings algorithm nmay
conpyel preeessercl 8wantfhish therstared dge txtheone opn®re distwdXe dat a

to d flash menory 234 -7- en_an avail abl

podkle? 38k oM B ga Ryl arfus BTy RBo B fefethod of
expRiedihg & sblad-staRThaforyRApacityRea e Midnidry RbAEEIEE elrcdl. BAC30R, a non-

utilize a wite optimzation algorithmthat reorders
volaite soligh-stete magmerraiicitewis istrsoYired Gakinsludpmptdeast erasexpapsigny slot

. K | 2 .

oo 8 A8 0F L AR RIS ot B FEE TR el Wpodimen,
the hon-velitikesofid serkmemsiypciesst dag beeerrad jaerdntorpsiatedsyithin a

and mmitin%lto _he_one or more discs 256 d ring ) )
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solid-state memory device is associated with the at least one expansion slot. In a

particular embodiment, the non-volatile solid-state memory circuit can include a built-in
solid-state memory and one or more expansion slots to expand the total data storage
capacity of the non-volatile solid-state memory circuit via the addition of solid-state
memory devices. Advancing to 306, an available memory capacity parameter associated
with the non-volatile solid-state memory circuit is dynamically adjusted by the logic based

on the detection of the non-volatile solid-state memory device associated with the at least
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control processor 218 can flush the stored data to the
one or nore discs 256. FIG 3 is a flow diagramof a
particular illustrative enbodi mrent of a nethod of
expanding a solid-state nmenory capacity via the nenory
controller circuit. At 302, a non- 15 volatile
solid-state nemory circuit & provided that includes
at | east one expansion slot adapted to recei ve a

non-vol atile solid-state nmenory devi ce.
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expandable solid-state storage media and a second data storage device. The control circuit
can include the expandable solid-state storage media and can include slots or connectors
adapted to receive additional solid-state memory devices. The expandable solid-state
storage media and the additional solid-state memory devices can be flash memory devices
or other solid-state memory devices, depending on the particular implementation. The
second data storage device can be a disc storage media, a second solid-state memory

device, or any combination thereof. In a particular embodiment, the second solid-state
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selectively witing data to at | east one of a
solid-state nenory and a disc storage nedia. 10 At
402, data is received at a nmenory control circuit
coupl ed between a host system and data storage device,
the nmenory control circuit having an expandabl e,
non-vol atile, solid- state n®nmory. In a particular
enbodi ment, the nenory control circuit includes a non-
vol atile menory circuit having a first d st or age

meRgRA§VISP cARYerhad et ey Yo san B%f’a‘ﬁ et Bdimagee

chaﬁa%ﬁﬂsﬁ@s f2m! ﬁ@éﬁ)aﬁ@ﬁol@%fdt-étﬁg Horaplnh&is t BlrthePRADEMtrol circuit

e nse I

vice. By i ting at 15 | east one additi ona

candwldodpled &1 & dare os yf the hbstesystamantl e amintéréars tof theadata storage
expansi.on slot, the nory control circuit can be. .

deviey’ 08 fritinsinge, he sorual raicear Becigmal o s g yegadgvice. In

anoklfer efib8@Rnt, tHAELritldE cikduiSdan WRtiRcoPpSFhRE $nt6 ANEBHH Mata storage

Continuing to 404, a state of the host systemis
devinstthatrineladesiasiohd-statememeny yith ehlepssione expamsion slaf tayexpand a

meRfy osBatif of e SR meniftyy B figing 05 e Son Y Myfip storage
capadity! SFh&BTRI-3tate AMnidty vALindrfien bt solidtsefe afbinitely Hevidédbnto

the received data is selectively stored at one of the
avaglablg expassiggslotywith dhe dataistorige dayen degoeeralhdma glorageicppacity

lid-st LY. Vi he r t circuit
cani ol iR g e MR TR SRR Bleec vt am e
met hédtotberutideioed tiadt edéiBtholigh man¢rotctliagatterstibs drddeadvantages of

systens_and net hods described with respect to. FIGS. | .
varipug emppdinents of thagny ention; haye been set forthdp dag{eregeine degcription,
tog@tﬂ@r%@g g%t9i1§ HRE Sy aflli FERtoA BF fartfis WD oim A %ﬁ e

expandabl e sol i d-state storage nmedia and a secon at a
invaitonathés disslosuee isThestatne only, aidrahanges m@nbd madainalctdile
ex%fndable solid-state stor%%e nedi a anﬂ.c n i.ncl pd

e

cspefipsingpatteshletfughice andprpngamen ¢t daes yahin e prigeigles of the

presit ifeRticH 1 (HENBY kidf Ydi&Red by R B¥RANMAGL PmEMihglofhdt&ms in
storage nedia and the additidnal solid-state nenory

whigh ¥hecappendad diamis lasséx pressal. \Fateyaopls, thepadichlar elements may vary

sol.i d- st.at e nenor evi c dependi ng .on the
cen§ g o M Sar R AR SRAC 7O+ R BTt B cliifikang e de storage
sys@aVwhige fathtdifing sdbsiantiallQ HRORANFERIh@ionality8rieitit departing from the
solid-state nenory device, or any conbination .
scoppanckspirit ofithepgsaent invignten. cnirdditionnalthousl thearefsered embodiment
desér%éd%e?{iﬁ‘ﬁsedife%fedr{g %%peaqg)c{l#l% %oﬁ-%?lag?e s%flid?stegé Infeg{o?y Eystem for
menory type ofr can ha I'fTerent pertormance
useGhas@rtion ®ithaSedondmérheryadepirpdabliebs apprebistedbe those skilled in
storaﬁgsnedLa. Further, the control circuit. can be .
the ag ipatdep eachingsanfshaRresest InvRRIQfRan beyipplisd tartata Yorgge devices
that nERad ﬁﬁﬂiﬁ% a&ﬂﬁbg%ﬁ-\%ﬁﬁﬁ%%moggy n%ﬁrdirlgnattl sSone exi;])andable
I nstance, the control circuit can be external to the
solidesta#te stentongevitmut departing fHora it svepe embspdrinefithe ptekent invention.
control circuit can be incorporated into a hybrid data
st or age



device that includes a solid-state menory with at
| east one expansion slot to expand a nenory capacity
of the solid-state nmenory. By allow ng for expansion
of the data storage capacity of the solid-state
menory via insertion of solid-state nmenory devices
into available expansion silfts with the data storage
device, the overall data storage capacity 10 can be
enhanced wi t hout having to replace the data storage
‘0 be understood that even though
nunerous characteristics and advantages of various
enbodi ments of the invention have been set forth in
the1fore@GMﬁgﬁd@§@¢¢%npmmng together with details of
t he var odi nents of
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datzstopagedevige. a first interface to a high speed data bus
of a host system a second interface coupled to a
first data storage device; a solid-state storage
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medi um and Iu ing at | east one ansi on of to
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st orage devi ce;
determined power mode.

5. The circuit device of claim 4, wherein the control circuit writes the received
data to the solid-state data storage device when the host system is operating on battery

power according to the determined power mode.



a control circuit adapted to receive data fromthe
host systemvia the first interface and to
selectively wite the received data to one of the
first data storage device and the solid-state storage
device. 2. The circuit device of claim1, wherein the
data storage device conprisdd-a hard disc drive. 3.
The circuit device of claim1l, wherein the control
circuit is included within the data storage device.

4. The circuit device of claim1, wherein the control
Ci ré@.uThe tifcuitdizpice df tRirmdl #hefeiiethe aomevieircumivstdectively writes
associated with the host systemand tq selectivel
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r.eéﬁéved data to é e solid-state data storage device
receikeshdata i Waden tofag Bt faa slomesderiseon battery power
according to the determ ned power node. -11- 6. The
circuit device of claim1, wherein the control circuit
sel%cfﬂ%ﬁ%ﬁ%ﬁ’lqeéﬁ?n}%‘ﬁmgons of the received data to

theﬁlgtérﬁcgge%ﬁls%ttgasﬂ\}\)ﬁlrﬁg@ndew ce and to the first

data storage device a first portion of the
r ecefissedatd atorageapedimant s frequently accessed data

that i.s, stored at the solid stated ast e nedi a,
and® Sty Eat ﬁdataﬂéwﬁfodeewetcpmﬂamg@ﬁe sl fafe Homge edum
witten fRiddR 1&dsf Site SRbisic QB@G%&W@ 4 Geast/ one%eé&rﬂrﬁﬂﬁ-state

devi ce conprising: an interface responsive to a host
system daa $torage nuddiven &1 prozigle anexpandpbla selid-sdtesterage capacity;
data st oénglge device conprising a solid-state data

st orage di um having at | east one expansion slot to
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to sel ect ?’i?%?9eV§? 5?%? 4| east one of

the solid-state data

8. The storage device of claim 7, further comprising a housing including at least
one opening associated with the at least one expansion slot to receive the at least one

second solid-state data storage medium.

9. The storage device of claim 7, further comprising solid-state memory detection
logic adapted to dynamically detect the at least one second solid-state data storage medium
and to adjust an available memory parameter associated with the solid-state data storage

device in response to detection of the at least one second solid-state data storage medium.

10. The storage device of claim 7, wherein the control circuit includes logic to
selectively determine a data storage location associated with one of the solid-state data
storage device and the first data storage medium according to a storage device

performance parameter.



storage device and the first data storage nmedium 8.
The storage device of claim?7, further conprising a
housi ng i ncluding at | east one opening associ ated
with the at | east one expansion slot to receive the at
| east one second solid-state data storage nmedium 9.
The storage device of claiml2 further conprising
solid-state nenory detection |ogic adapted to
dynam cal ly detect the at_ |east one second solid-state
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st O{A?QESdS‘%Vi 8 o;i lcl aim?7, wherein the solid-state
dat a'st o?’aﬁne1 qeVI¥ee s  attached to a printed circuit

boaj froceRbr adaptedde prdcbs so@marinsteictions;t . 13. The
storage device of claim7, wherein the first data
st ot Bipb dafa gtogage meetiwmi 81k a hard disc drive. 14. A
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15. The system of claim 14, wherein the memory control circuit further comprises
control logic adapted to receive data from the processor and to selectively store the
received data to at least one of the first data storage medium and the solid-state data

storage medium.

16. The system of claim 15, wherein the control logic is adapted to detect
additional storage capacity associated with the at least one second solid-state data storage
medium and to dynamically adjust an available memory parameter associated with the

solid-state data storage medium to include the detected additional storage capacity.

17. The system of claim 15, wherein the memory control circuit selectively stores

first data to the first data storage medium and second data to the solid-state data storage
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15. The system of claim 14, wherein the nenory contro
circuit further conprises control |ogic adapted to
receive data fromthe processor and to selectively
store the received data to at |east one of the first
data storage nedi um and the solid-state data storage
medi um 16. The system of ctldkm 15, wherein the
control logic is adapted to detect additional storage
capacity_ associated with the at | east qgne second .
medigm rceidingtopie 9F adatadieck sieeqp data ARePSE Hreayamsiy ¥d|qnypperating
' [ feppry parameter associated with
1nogﬂgpﬁ%£?§é@§%g%%glafa storage nmediumto include the
detected additional storage capacity. 17. The system
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