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*dri ve device and nethod for controlling the sane Detail ed Descjﬁnbt[ngw@ﬂ
the Invention: [ 0001 ] [Field of the invention] The present invention
relates to a disk drive device for use with a hard disk drive (HDD) or the
| i ke, and a nethod for controlling the same, and specifi caIIy
drive device including a cache nmenory and a met hod for contro(J“m\mMﬂwmumm‘m
same. . 15 DEC 2004 2 [0002] [Background art] In the hard disk,drive
(HDD) which is used as an auxil speyistieanagenfor an information pr 0cessi ng
unit, there are generally provided a cache menmory for tenpor ng
t he data supplied fromthe information processing unit (her ea]m%a"gmﬂumwmllhn“l
referred to as host) or tenporarily retaining the data read
magnet i ¢ dipsk 1untid 4R s data ;s transferred to the host, and a cORt%ol I er
for perfor‘rﬁTg_t"hWat‘h‘e—C‘dﬁrr‘oT‘ [0003] Wien supplied W|th data fromthe
host, the controller retains the supplied wite data in the cache nenory,
and then rekeases ithe daostcd oM the hwd R PIRFR$S1 NG ngCameldgt | y, the
controller controls a witing systemso that the witée data retained in the
cache nenory are sequentially witten into the nmagnetic disk (hereinafter
referred to as medium. Further, the controller instructs a reading system
to read fromthe nediumthe data for which a request to read is expected
fromthe host, and retains the read data in the cache nenory. And, if a
request to read is issued fromthe host and the data to be read is retained
in the cache nenory, it is supplied to the host . Such cache control
i ncreases the apparent access speed of the HDD. [0004]

Detailed Description of the Invention:

[0001]
(Field of the invention]

The present invention relates to a disk drive device for use with
a hard disk drive (HDD) or the like, and a method for controlling
the same, and specifically, to a disk drive device including a

cache memory and a method for controlling the same.



In the recent |ow end HDD, as the means for increasing the perfornance by
.«decr'easi ng the conmand over head, an approach tends to be taken fd (Lj[g 2}934
the intervention of the m croprocessor of the HDD (hereinafter referre t
as local MPU) in the processings around the host interface, and causing a
host 15 DEC 2004 3 interface contrpller ( HC ) by hardware to perform
t he processings as nmuch as possible. T0005] As one of them it is possible
to use a iéaten1in whi ch data transfer can be perfornmed between the host
and thé&%8 e nmenory under the control of the HHC without the intervention
of the local MPU, while the data transfer between the nmedium and the cache
menory i he_jintervention of the local MPU In such system if al

t he da gggg %ﬁ?@ %r%g read command fromthe host are already retained in
t he cache nenory (all hit), and all the data transfer can be perforned

wi t houtr it hehd NharMenti oo ak-itae | {/\hwﬁycht hies f akbawiang é@cmjﬁqq%xaye
conventional |y enpl oyed. [0006] ile the interyention of the gcal

is notSF8ﬁéﬁﬁeé°rafT ﬂﬁéoﬁﬁﬁ€é§§lﬁ§§c§ﬁélﬁ@kﬁﬁPﬁéd HarfdwadEn # (2)
No dat priokadsiderai caard ornm@rlgyy h&dm@OMIwemtbsmh@ayshe helata

|nterventh#6§bvége IOgﬁﬁe Ph% [Prl%é% i §hsglv%%£@/ﬁgyiﬁﬁuch

i nvent i°6) convent i onal ~ appr oac
t he intemwentbeIOBStMQSNQer W@@pqyanyhxxﬂ$t§;nnng1ﬁhﬁ[ﬂﬁﬁﬁtﬂQ§Qﬂﬂﬁﬁhe

H C is (Gaysedyl ne%ffcoamskhe REQCERSLNGStAS) é‘“@Pan"’éf@Pééd b, tﬂé‘%ﬁ‘s‘dSDEC

limt to Hﬁe |n§rease In rfor mance for the f | om ng reason '

2004 48P@0@9F0Hﬁﬁ0h%ﬁr|ﬂPﬁrR?#ﬁRﬁWﬂQﬂu$Qﬁ qqshet¢ﬁﬂ%ﬁ?% an advant age t hat
t he correspondi ng command itself can be processed at a very high speed
since the processing is performed by hardware, but the performance
decreai&ﬁd%ﬂ the follow ng case. [0010]

When supplied with data from the host, the controller retains the
supplied write data in the cache memory, and then releases the
host from the write processing. Concurrently, the controller
controls a writing system so that the write data retained in the
cache memory are sequentially written into the magnetic disk
(hereinafter referred to as medium). Further, the controller
instructs a reading system to read from the medium the data for
which a request to read is expected from the host, and retains
the read data in the cache memory. And, if a request to read is
issued from the host and the data to be read is retained in the
cache memory, it is supplied to the host. Such cache control

increases the apparent access speed of the HDD.
{0004)

In the recent low end HDD, as the means for increasing the
performance by decreasing the command overhead, an approach tends
to be taken for reducing the intervention of the microprocessor
of the HDD (hereinafter referred to as local MPU) in the

processings around the host interface, and causing a host



It is now supposed that the above described all-hit continues at éf r.short
command intervals. This case corresponds to a sequential read, 11 [y ( 34
frequently occurs in general. In this case, data can be transferred at hlgh

speed as long as the required data exists in the cache nenory, but, since
no intervention of the local MPU is allowed, an additional read into the
cache nenory fromthe nedi um cannot be perfornmed and no additional read is
perforned cordln ,. the data |n t he cache nenory is exhausted after a
whi | e, HHd Fc q?’éb“cf‘a?é Bt Py ashp %5 dm PRET grE’EhUPﬁ PHRCE 5Pdd@i%r es an
order(ﬂsrmuﬁhtw@epé@@gbléne as conpared with the command overhead tine
needed for data transfer, such as the turning of the nmedium and thus the
data transfer speed | argely decreases. [0011]] On the other hand, if the
above tigehih pque of ( 2 ) is used, the above di sadvantage can be avoi ded
since every time the intervention of local MPU is possible, but the
transfer function by hardware cannot be exploited at all. [0012] It is the
obj ect &F ohe pleddrfni nieni foROEE1LPABYItPe UBidksFFoR dBvivwdéd Candladanet hod

for conirpldidg tde §@n§etf‘o%&hb@fh@éiﬁj'$h@n%s€%fﬂ@“@d@'n@iﬂw be
perfornmed, as needed wh 15 DEC 2004 -5 suppressing the, co

over hedt"4%r t F1& ffVTTTﬂiT%ﬁlEﬁﬁ Hﬁﬁeﬁ@ﬂ?“?ﬁ:e B LN EREVEDEAPT p& Ef&?ﬁhnce
to be!lmﬁ£nsmdu [Qﬁl&h waﬁnﬁﬁgd ﬁ&xmmf&ﬂgbéeweeﬁltﬁé aggeatln ahd hthe

| nvent | Ond NELLS LAV Bl sk AULKE e, ik (i BHTPT 83, dh
rot at abl e d & p05| ioned orm F ead operati ons

m cr oproxeseor ;if @hblﬁl&reiﬂirw reezunaqedi @ﬁ/sla coadr opheand oimdredchie dwt cache

merory Apd 4 Need @Falc Fh EHhORT PLCERE" cal e MaR&-Fi sk COME P! 1 &{a GoNf ity ed to
transfer read data fromthe disk to the cache mehory in response to a

command#rdntFARS FBEaFaR ?Foﬁ@é‘éé’%@ witdodthdde iSRRI i @Bhtdhol thg
coupl edléeal hericaahe: MeiMliowianrd tek@nligoal areropieeessonal Ihenpglierddace
controller configured to receive a read command from an external host and
to transfer all of the data bl ocks requested by the read command fromthe
cache ned®0y]lto the external host under an all hit condition, wherein a
| ast data block group including at least a |ast one of the data blocks
stored in the cache nenory is not transferred until an instruction is
recei vetl! { r fithfe qh@cémtﬁré’le@ﬁrl@@e%oi;he[ma@] MR dPdNAG ¥odal 5Roritt aspect
of the txwepibO8ssihgEeakrs peeybemrddabgehhedwhee.controlling a disk drive
device conprising.: a disk controller for controlling a data read/wite
operation to a disk storage nedium a cache nenory for retaining data
additi on@P0¥Jlread from said di sk storage nedium a host interface
controller for transferring data between a host and said cache menmory by
har dware; and a nlcrogrocessor for controlling the operation of the whole
devi ce, (£hcl & P thetaanaieranst areinimesl bot hesAvaspd ansk Wrsdieages
nedi um @ndapai dheagheereBREYonWBer €hB bcalrgad.command is issued, and the
whol e required data are retained in said cache nenory so that all the data
transfer can be perfornmed without the intervention of said m croprocessor,
sai d hog®O00Bierface. controller is caused to performthe transfer of the
bl ocks except the | ast predeterm ned nunber of bl ocks, notify said
m croprocessor of the start of said data transfer, so that instructions to
addl ti ohafPyleeadtaaba PREZSSaPY éaéhénﬁﬁﬁﬁﬁ9nére gi ven from said
m croprocessor to said disk controller in response to the notification of
the start of said data I r.and transfer the | ast predetermn unmber
of bl oQRS7EYEr £ Re LR Ih Akl PY D T U ST it (AP s S
control tkee.intedbeDECOR0OE th&OlAA] 1 Aaupridi ngdueeca wbi ndchspecpoodibhe
i nvention ere,| prOV|ded thod of caontrolling a.read_gperatiopn in a
i sk arf08. R G P R kS PR d Wit eed LigE a8 ! OBs
possible, there is a llmlt to the increase in performance for the

following reason.



command; (b) determ ning whether all data bl ocks requested by said read
~,command are stored in a cache nenory; (c) if it is determ ned thtﬁﬁ¥b ?ﬁq&
said data bl ocks are stored in said cache nmenory, notifying a locaFt' &-b*
m croprocessor of the receipt of said read command and the all-hit status;
(d) transferring all of said data bl ocks except for at |least a | ast one of
said data bl ocks fromsaid cache nenory to an external host w thout any
intervegébg? fromsaid |ocal microprdtessor; and (e) transferring said at

| east said gst one of said data blocks fromsaid cache nenory to said
external host upon an instruction fromsaid | ocal mcroprocessor. [00l 5]

[ Pref erggde epbodi irepd e i fike df V@ ydevheeeor ebabhadadivahbegpr eRedt the

i nvention can be applied to a | ow end HDD. i ncl udi ng an | (Integrate
Devi ce EPEEEFBANESENT] ﬁ@é\“\aé@e.lf[%llpefa&i &6r é’ﬁ?‘i@sﬁg%edgl %EEadiVaegﬁigrﬁéﬁgm ng
the conspeset isamcef tie giskedsing devipmer fetedddby o halrewareodient tbé the

present 1 nyention. In the figure, thi.c ol | Ws represent data flows,
and t hi ﬂegg?max&??o%ﬁgrfigﬁﬁgséﬁt t88n Pgﬂgg#éaa?g%gdm. [0017] In Figure 1,
a magnetic disk unit (HDD) 10 conprises a magnetic head 11 for performng a
dat a refg?ﬁvbi te to a magnetic disk, a charnel nodule 12 including a circuit
for anplityi Ag a detected signal, a waveform shaping circuit, an

anal og-to-digital converter (:ADC). and a digital-to-anal og converter-

(DAC) i ReMpULSS, s @pPéd & diiske GaMd rapldver deldoR)ibbd hon -aamt tohkingekhat
operation of data read%Mnﬁge,to t he nagneé}c di sk, a cachesne ry 14 for
retai ni H§F¥UpPPPRY WA Ntht ANCETKBLE i nt ' FaceCEBRt ST TR REIY % for
per f or neagquehe ipilocesdi ngsd afoncertthley lwosturisnt er jacerdy . hamdwéis, canéd -a

| ocal 0l G0 ' PgE ati e hol sh DBy LRE! vdihng rkhe
controrggg% fﬁ% E%%S%éégﬁgégf%glgg Bk8H1%EBE% fb04 % 018£ Furthgr,rt e HDC
13, cacHetae®Fdy tF4 inaddieH @A HIVGAnttled THERCRC ot REFTEG 585t & bus
17, thetHBC I&andmbtiC ikb &I eoweaneahethddi tindbcakadi Rdthy theorbrble bus
18, and the HHC 15 js connected to . a,host_ outside H ; I s 19.
[ 0019] W@OEXC%E@OWE#E?J“E?L “H%lscaa{mﬁtoPﬁg@eﬁgﬁg@?ay&%‘geﬂ%e@g éix)éé%t@latlﬁgt? ?llldt can
retain ner epdhformsayer alAdundtiedslyof tkeeodditag iumi the( sesther syempry hd s
magnetic di sk, for A.nstance, 128K hy ; ' amphemn 1
b|ock:1e§§€P0F§§1§f6%?é§_%E%&éqeg?gi%ﬁ%dé%ﬁgﬁg&ﬁgéfe%éﬁﬂgigﬁffs%% pluﬁhlity
of bl ock&eomadiaircach@hiengeguigsesnarn| orderthanagnityde ahorpelife £S 2,

4, 8, 1Gompared with BREIASRn&Ad MRANLEKtime needed for data transfer,

such as the turning of the medium, and thus the data transfer

speed largely decreases.
[0011]

Oon the other hand, if the above technique of (2) is used, the
above disadvantage can be avoided since every time the
intervention of local MPU is possible, but the transfer function

by hardware cannot be exploited at all.
[0012)]
It is the object of the present invention to provide a disk drive

device and a method for controlling the same in which an

additional read from a medium can be performed as needed while



[0020] The HIC 15 has an internal nenory capable of storing alI&gﬁﬁjEr~?004
+informati on necessary for data transfer, and transfers data betweerr he~
host and the cache nmenory 14 by hardware w thout the invention of the | ocal
MPU 16. [0021] In the internal menory of-the HIC 15, the correspondence
bet ween addresses on the cache nenory 14 and the magnetic di sk, and the
nunber of cqntinuously stored bl ocks are preserved in the for f a che
Cable. [ 0023 PRAIE o thlEf o REETUALS B Rl Rl e he e’ o S0
t he address peffotnct ssbegiceassdand with the cache table, and notifies 15
DEC 2004 a the local MPU 16 of the hit status of the one having the highest
hit rate ( tbps)is not the one which sinply hits nost, but the one which
satisfies such a condition that the beginning of a block is hitting). The
H C 15 can deévamsirle whether or not the required data exist in the cache
nmenory 14 when a r ~ nd | S..1.SS aQm: t,. @ | sqQ, [ -
det er ?1/1 ne how mn;ﬁecg?rg@%smbﬁ?lr gb é’?‘e#i% Irhggptl&{’]ﬁléeb?rist%ro glglgg i%o(ﬁlsq‘o rﬁa‘"?he1 l?%cal
MPU 16. [ 002k @pecidmpadeb v, rotdteblHdSk15 Head pasifioumdt ioopertifrmcshd wipatakings; how

many bl ocks to transfer for |eaving one block, . .and transferri t he bl ocks
based on t hdoGAIBEIREGHT T | F er i Red TP S1oR Do 6quRIFodo dAE 4764
in the cachendismrad ik Iwbeﬂmmarogm@ss@gnmamdIdssskle%ﬁu@mier cofipled o Whekertbad

read conmmand is 1ssued, the HHC 15 sends to the local MPU 16 the contents

of the comméld, repelagiok thghe cRegheamemMOpe it defpPREd dat eranend ntrailivetbcih
the cache m{&broc%&gr;aanﬂ %ql%glsihiegtgéeél hﬂernc%tug{eh ﬁ}g@@;—c@&lﬁ’bgmg&mj £ Q0 lo%gl t he

preparatio data transfer. e |loc a m-croprocessor
for execut i myc@pemessonl thpimeriam cohtrohascoafiperdny rereitehe rdadk@niroandstromi axg

cont ol pr ogF SR GOSN r et e Baf HE B B et BRer L e Lot b Phe

gper at i onls O]fae id&ﬁe hﬂBﬁiol)?:toathd ei:thﬁlg""l(ﬁt ﬂ;ﬁaeba.s ad r}]mrtohdiliﬁog\;ﬁMé’iﬁ aalaﬂ d@f&rﬁlé&l&
ata supplie romthe H C 15 and t ost. That is, when the |ocal MPU 16
s i nfor med 51U REMEBRRAGS] M Hat PoRerREyPRE 1Sl AR $48¢ Rnory is not

i nformat i on (faQsfeib@usAmRRRG Yot Reeddl\ed IRum iHe 16QNHIQbSLEgH C 15 based on
such information. 15 DEC 2004 9 [0025] Further, the local MPU perforns a

processing spphs@as a cal culation of the additional read fromthe nedium as
needed, and provides instructions on the additional read to the HDC 13. The
HDC 13 performs t Heceiddig ioohatcon@asbect ofihehievensidnuhesc soprdiidgd omethed for

i nstructions write the Ltional ly. read.data jnto the cache nme
e oLt NP oSy, LSRG, TR
descri bed abewdwrit¢ operatieeded: tiskupdage niddeuabaveche seembedioe aetamih@blaen

The | ocal NR#.ﬁ6-ﬁﬁqu]3H%§ mhqiﬁgr or  not t%ngrfo man a ditionah riad
into the cactferatsi ST dFOmr Y&t i FHm IS8 n g THTS 8 oRST dwetacs e Ha! pader
access patt efdnstritdelaodenastd hhaoampuntsapf cdetea i@A®yNbRghidvwhhe SRCche
menory 14. [0026] . . . :
microprocessor for controlling the operation of the whole device, including the data
transfer control between said disk storage medium and said cache memory, wherein if a
read command is issued, and the whole required data are retained in said cache memory
so that all the data transfer can be performed without the intervention of said
microprocessor, said host interface controller is caused to perform the transfer of the
blocks except the last predetermined number of blocks, notify said microprocessor of the
start of said data transfer, so that instructions to additionally read data into said cache
memory are given from said microprocessor to said disk controller in response to the

notification of the start of said data transfer and transfer the last predetermined number of

blocks after the additional read control is terminated by said disk controller.



As descri bed above, the HDD 10 has an IDE interface, and includes the cache
~yenory 14 between the data bus 17 and the nmedium The HIC 15 canjtﬁapf%er 05
data between the HI C 15 and the cache memory 14 without the interv&ntio %Q v
the local MPU 16, but the data transfer bétween the nedium and the cache
menory 14 requires the intervention of the local MPU 16. [0027] Now, the
operation of the HDD 10 constructed as descri bed above is expl ai ned. [0028]
First, the basi4Aj dea of the present invention is described. 15 DEC 2004

10 [0029] The IDE [nterface is.characterized in that, for a wite co nd,
the HDD can cont rd+“cf) ng i“?n'anéflr ofSPERr B Wﬁt‘i“h?;j]“toﬁeﬁ?;"b‘?rﬁ%lﬁ@"éfrgde? ’?%E‘mt

ternination entkdMng@d leatitPed@ba it h ANKI@Re, IMMrishif he bieb$ 0PYRSIBLCING D €aHSE
the HHC to performg?he dg)'?a trarlllsfer itls\glcf Itonstnflbe caceheomce(rrf)rey,l lannd cause

t he conmand tompand:dbhilpiameiaing: whethar il dsgmblepksernudstad hsid oedicomPundfarer a

wite into tRe LR BRRol CRERTHER kAo P oL By A SRRSO 182 2

transfer termdidatdhemdni@e) dotifgiapa 16daenii@o phobakd T tef rekbigt covardmRad cdhimahher
wor ds, all dat 1”1?1 sfers are perfo,rneﬂro?y the HHC. As a result, there may
¥yl of

be left no rd Ih¥augcd) upmiFTiae 3 ichgtahlpelscarery feinesss adgt one

addi tional renachid @itabiRkS &GREsaid PAche GRIIRS RPDISK b @af MR G2BSud dhyWieFRntion
continuous read commnds successively hit the cache, and it may frequently

occur in a s&quentd laralreigeprescpier e épliransfeodm jaidaidorst saigllast onchel picedgnt
I nvention IspfQd (YRS C%;c’d;d dfe 9@91\6&-'%‘6%&{ é)gggal%o%ﬁglyoq?&n?ﬁ;l?%l\fwfollqro% EB@?(?C%II n?

t he command over hea the mni giving roomfo e I ntervention o
the | ocal MPuiabploeesstr.once before conpleting a read conmand, while
perform ng the data transfer to the maxi numw thout the intervention of the
| ocal MPU. Specifically, even if a read conmand is issued and the required
data hit thﬁﬁ he so that all the data transfer can be perfornmed w thout
the interve P of the local MPU, the H C stops the transfer |eaving the

| ast one bl qekefavnel M@&bd@mém% the intervention of the |ocal MPU. The | ocal
MPU permts the 15 DEC 2004 11 transfer of the |ast one bl ock when the
preparation for tHheechihiig desraisiaed snthe proserfanvqnoosein trhaiplied 1o piop ped

attention t%l@)bﬁn@ﬁ&liﬂ%gé@@g (IR seaRede feohel )}Lﬁfgl 1ate unless all the

data transfer termna ata are transterre | C, leaving only the
| ast one bl g@bl({]t he command has not term nated even if only one block is
left). [0033]

Figure 1 is a block diagram showing the construction of the disk drive device

related to the embodiment of the present invention. In the figure, thick solid arrows

represent data flows, and thin solid arrows represent control signal flows.

[0017]

In Figure 1, a magnetic disk unit (HDD) 10 comprises a magnetic head 11 for
performing a data read/write to a magnetic disk, a channel module 12 including a circuit
for amplifying a detected signal, a waveform shaping circuit, an analog-to-digital
converter (ADC), and a digital-to-analog converter (DAC) in modules, a hard disk
controller (HDC) 13 for controlling the operation of data read/write to the magnetic disk,
a cache memory 14 for retaining supplied write data, a host interface controller (HIC) 15
for performing the processings around the host interface by hardware, and a local MPU
for controlling the operation of the whole HDD, including the controls on the HDC 13
and HIC 15.



Upon recei pt of a command, the transfer is started, and simul tan nQEEh?\OA
~'local MPU is informed of this. In the local MPU, a predetermned ti

taken for the calculations of the additional read and the like (calculation
related to the additional read and calculation related to the cache table
update), and the HHC is performng the data transfer during that tine. If
the tinme taken for the calculations of the additional read and the like in
the | ogajq is longer than the tine taken for the data transfer, the
transfer iIs paused by the HHC, leaving the | ast one block. On the other
hand, if the time taken for the cal culations of the additional read and the
|ikeif$d%¥Hé@I tm@nﬁm@etﬁin@atagemeﬁefytme daha Hﬁanaﬁemxdtnbﬂﬂ&wmﬁfr if
not pause 034]. No t he eration t H S S ed.in deta
based oﬁPtﬁ@Lgb&}]e‘eora\é\%’X |ade %gg] Egﬁn%t]n% nq%ia(? qfsl OWs

r epr esetdratkdyed htektsel ldcatrmws bg Ei gunerfb,l thasa lr8eadm|dn threoi ithel Jredi um
ent er the C d hgg menory 14 to
the host® %@]ﬁ?g‘){bg %é‘?%@ou&'}%&f(ﬁéa@é%@%én t [Belﬁl%ggbgs 19 as long
as there is no intervention of the local MPU 16. [0036] If all-hit of the
cache yy14 takes place in a read command (that is, a cache-hit case in
whi ch a the requi red data exist in the cache nenory 14), the H C 15
innedlately starts the data transfer without the intervention of the |ocal
MPU 16.Thé @dlshd imgmorhe HiGsla Babirbiges chbact agato ek Ifxodnt hiehd ssikance
of the corrmand and the al h|t and _cqntin he a ast
bl ock i ST efte 3 P03 G (HhE ot BEY eﬁacnid huggne?eceﬁg]E o(%&glft& tl‘#%&ﬁ%éti on,
t he Ioca$e®Emra6 parﬁmemmaQHBquqxﬁmﬁkngféorlssaanCﬁg éﬁ8§dmxﬁ3ﬂum25@ad
ffomthﬁ ym ag, N8aded danfiile d' ASEABER=1! Q@c969§§§§'199té£‘ WhiGhevaien i t

s nowa ready issuing a co for realng data to the HDC 13, it

recal cuiat ERE hoW?oli’ﬁ%S'f heap e%ﬂe‘t:bfft'h‘e pHEraki EhRl PIRCEtAhdee 1A e
addi t i opahbyyi 8§ uste asre@ond, crand iref liactdang speeifgsul t 20n41 he, caehe32 abl e,
i ssues |nstruct|o s to_the HDﬁél % and when the processing for starting
the additfonal °F& ar?rgﬁn PHe #edFOm by the local MPU 16 is terminated, it
notifies the HC 15 of the termnation of the control of additional read.
Thi s noLb 'SZti on neans that the preparation for the command term nation
has bee and allows the HHC 15 to transfer the | ast block. [0038] As
to the control of additional read, it is onIy needed that the control of

addi ti opgl fged mshhsenni &%lt%&ma@ndn@tb spba 18Tkl t;fors&lorrle@d dieedt net
al ways be gerformad 15 DEC_2004.13 039%fDepend| on tsl%ers Gat
transfermg LPAEIBR tIRCHITEE fiREn 08 H P& al T Hne d P8 S FERsf 87 “F he

| ast bl bekwbygnt heellocat AMRU t16; dddre n@m@rtyhe 4f byl bardgaraowtbkest {£0640]
invention of the local MPU 16.

[0021]

In the internal memory of the HIC 15, the correspondence between
addresses on the cache memory 14 and the magnetic disk, and the
number of continuously stored blocks are preserved in the form

of a cache table.
[0022)

When a command is issued from the host, the HIC 15 compares the

address of the issued command with the cache table, and notifies



Case 1 At the above point of tinme, the HHC 15 has already term nat‘k@ D’EC 2004
»data transfer except the last block, and the H C 15 has stopped the ‘
transfer, leaving the last block. In this case, the HHC 15 restarts the
transfer to transfer the | ast block, termnating the command. [0041] Case 2
Data of one or nore blocks is remaining in the HHC 15 when the HC 15 is

aIIovvedtotransfer the last block, and the HHC 15 is still transferring
data. |4 higLasy tﬂzseolf" @h@hg@ngtauegs&y e%e%@%mené ransfielgitdy ¢ he
end vvlt out |eaving the Iast block, conpleting the command. [0042] The

above dper atdtéh (itd1ged6r NBEILIA Qe 4NLGH tHREYehéfkEeMPE Lty hBUF | e RIS

shown iy Fiigus £6i 2f 8¢l §uc50943bn5hﬁubﬁ3tﬁa@n@h% eeqlhhmh@gcﬁsupwauﬁhomﬁng
t he operat klon of the H 2 shows, t he case |Q?¥:/E t he tran fer of

the | asts bP&EiNG)al | oviek %helfﬂ otal sl d1e ef eFr dHsf BPYi s-'4% opped
| eavi ngrécheutwtddot@ckx(sar liﬁsphédlcaghEOmteh@rqba\Aemme a rebtl Icgmmarahd

Figure 3 shows th V\/m ch the r ansf er I owed
by the tocat® \l\ﬁflil %3 IP)etf ore trans‘?iso R dEte%perle%\??élvqg t%@kl%ﬁ?%‘i{ ock
(correstp@ntilrafrgst@tWet}acb@t/ethesen%r\f?tmnﬂl]l <Df1 Fhgutecal MPPsib.if a read
command is issued fromthe host ( step ST1 ) , the HC 15 checks for a

cache hit in step ST2 to determ ne whether all-hit of the cache nenory 14
has occu??®#!in the read command, that is, whether the all the required

data exist in the cache nenory 14. (0045] For all-hit, the process goes to

step ST V\/neet arts, the data transf ep. ST 004 The
HI Cp15 P AREl Ja?%rgy gﬁl Hfgﬁ [%alﬁ%st? Ctlont%ou?af%efltg e(1;\3/}‘<laon‘%|lgnIfis f the
| ocal NPLbdes ts shewafby tfpanémrvldl@t @n@l HlodH gareb Uramsfexrring cohei nues
the dat@li&ﬁQSEQEedag #@Eﬁé{fbﬁrﬁﬂsigrdb@e?h He§T%h%Q;h§@Netﬁ8€

| ast bl oc wal tin owance of the trans the | ast bl ock
[ 0047] (ﬁqvhée@tﬁépahaﬁasts#ﬁumbenéeﬁeeymﬂmq¥nrﬁésﬁnﬂn %ﬁr@%% eerand

transfefg {&sst@p FbstHde, Idlr(érlS;Hwtﬂefddes:o&nh\enldogel 1 MPUed6 eﬁetheccp_mmnd

k?;ﬂ?gggﬁgggdtgetﬁéllgégl ngslgo£ élggﬁ ggtéso OMQ ggﬁm éro{he fact

that the all the required data are contained in the cache memory,
and a request for being notified of the completion of the
preparation for data transfer.

(0024 ]

The local MPU 16 is a microprocessor for executing a control
program. It has a memory or the like for storing the control
program and data, and executes a processing according to the
control program to control the operation of the whole HDD and
control the operations of the HDC 13 and the HIC 15 based on the
command and control data supplied from the HIC 15 and the host.
That is, when the local MPU 16 is informed of the command
information from the host and the hit information for the command
by the HIC 15, it controls the HIC 15 based on such information.



15 DEC 2004 [0048] 15 Upon receipt of the notification, the Iocal BPEE% 0
- ‘perforns the processing such as the cal culation of an addltlonal rea Vozg §
the nmediumin step ST6, as needed, and instructs the HDC 13 to perform an
additional read in step ST7. This control is shown by control c2 in Figures
1 and 2. The HDC 13 perforns an additional read fromthe medi umaccording
to the control c2, and retains the aqgltlonally read data in the cache
menory 4é028$ shown by additionally read data d2 in Figures 1 and 2. [0049]
In step ST8, the local MPU 16 determines the termi nation of the control of
the additional read, and if the control of the additional read is

t er mi naFedthet, detben hesal haPUhepprEpamat i on pfoches togmaddcher #F nadi on

is nade S t t h b k to
ey eq RO LBSURSoR RTERRG ASHL ELA $bent A sigral sthackasn Phogk

|f the PraMifleF iBspepatierd, on heh¢jaddit ishgeachd rtéﬁsﬁQF |1|3l st BpesTo,

gnd trapsters é@ﬁféﬁﬁé ol © G cBise ISV At kgl ehedAbaidd Aocbirgungstd and
, termnpatin

¢ommand ste ST10 051 the oth
tining FPSMBgtFP{jGFQ“Q'sﬁB ecaeé 1’4%9 %W?fh% fean ‘?@F%f“?ﬂe@ﬁsst
bl ock i saahkowethoby tilae Ia@ahdwmy M&ﬂﬁﬁ(ﬁétdrMhﬁGEMhéenammesmempeﬂ Léavi ng
the last _blo 2] 1 In F| r flrst read, ndy LS
i ssued %F %ﬁg Hbggufbfgp (3%§(¥%! %ﬁ%%géﬁ%ag ﬁ&?%@hecb in
step STabbaed@eecnlhedwhsﬂheﬁaﬂmbkuﬂ%eflwm@ldﬁﬁhé6n§ﬁéﬁyl@£eﬁa§h@§baﬁred

in the a 053] i h o] S s £9 sLk€RgS3A
where tRE [PC 16 BEreS L RG dara fraacl 5o [ 0B tTa tAEe b2 SHEROHIC 1s

|nnedla?éB?réﬁéﬁt§%&ﬂ$%ﬂ%ﬂQQHR99%%ﬂ?ﬁﬁﬂ%?qr%ﬂﬁﬁﬁﬁswm%?ﬁ%ﬁstH%tFﬁF8r9ént|on

of the koeahoMPLhdd, tids sttt Ry HeaASEEwa dat Ag din ivhdFicauwhes memarg 34 .and
executes the transfer to the end wthout stopping the transfer to | eave the

| ast block in step ST11l, termnating the command (Step ST10). [0055]
Furt her [o®i28ul t aneously with the starting of the data transfer in the above
step ST3, the HHC 15 notifies the |local MPU 16 of the conmand i ssuance and

the all-hit in step ST5. This control is shown by control cl in Figures 1
and 2. Pe08gpcribed above, the HDD 10 has an IDE interface, and includes

the cache memory 14 between the data bus 17 and the medium. The
HIC 15 can transfer data between the HIC 15 and the cache memory
14 without the intervention of the local MPU 16, but the data
transfer between the medium and the cache memory 14 requires the
intervention of the local MPU 16.

[0027]

Now, the operation of the HDD 10 constructed as described above

is explained.
[0028]

First, the basic idea of the present invention is described.



Upon recei pt of the notification, the local MPU 16 perforns th roce55|n
ssuch as the calculation of an additional read fromthe nediun1 {Jlef Q@Qi
as needed, and instructs the HDC 13 to perform an additi onal read in step
ST7. This control is shown by control c2 in Figs 1 and 2. The HDC 13
perfornms an additional read fromthe nediumaccording to the control c2,
and retains the 15 DEC 2004; 17 additionally read data in the cache
menory s shown by additionally regad data d2 in Figures 1 and 2. [0057]
In steﬂ , the local MPU 16 determi nes the term nation of the control of
the additional read, and if the control of the additional read is

term naﬂhgﬂ IdEt l%%feecrf@c%eést Bﬁ&r&é%e?i%@érﬁﬁ' ORa©f tdhe £urmnd dogimainggt i on
is alrea e, and issues_a conmand (Eermttlng t he transfer rgil the | ast

bl ock tfo‘la ﬁ@%cenlson‘FHiOé EBRt FOPLNG ERBVPBY A DI FhE SHBLASL S and
2. Si ncgnhd heeafithd ¢ ool of eadephacessiengidias thears tonpl eredti fst ha tHIG 15
receives the allowance of .tr ferring.the ]ast,block he t he
t ransf &t° St%ﬁTleea\Fe £ {995 tpeb?{gik,goagegie:scrl{’)re% hove - thélgclﬁ%sgegl% e

t r ansf erhd oc4 dlee emdmoiry hoahds ceppiend hehecanmmearss eto t bel eavainhsefastt lﬁ ock
in ste T i t 1 00b8] {GRSG d
above, &%geﬁ%afﬁﬁ{]ﬂé}ﬁé f’?%ekggc ggyng%}é%lf}%ofguggacg 43 frdg@ad com?ac%?f t he
dat a trarsfer nerethieelsbysthedsl &n1s eoca§h?omr-‘-e\§\¥éf tbb{eai &8t tEnd Dk
and the.joc@ sMPU 16 is inforned of this, and the local MPU 16 perforns the
control of an additional read while the HC 15 is transferring data, and
the transfer is paused if the notification of the term nation of the
control@§3¢ he additional read is not received before the | ast one bl ock
(correspondlng to the timng flow of Figure 2), otherw se the last one
block is also transferred wi thout pausing the transfer (corresponding to

t he ti ndmg tHeowotheEi ghard 3) .fq0089] reed orddimagingd . byhgi vilagar dormTolex he

I ocal “@é&ﬁﬁéﬂiaﬁve@ee@f |n%%5ﬁs once bef-AkRac9RR! @ff Neha &@ﬁﬂlaﬁ@mnﬂq whi | e

performng the 04 18 maxi num dat a rans ﬁ%y ﬁz ea commnd
Wit houto'flh%rl‘ﬁ?@i“é/en%]r%nd%?at'T'l’éa“%’cc%]Fs MBS Ree %’Gﬁ?‘é 0 Hor
suppr essesut o, thEeﬁbnmaynbeamdfthaoaddbmldmm uhﬁuiddaﬂnmnuatnupemﬁmrm be

perforrred as need 0060 b t 1 ate this
enmbodi nn rOcesrsilsgs 4alC}rr\a‘glnsef?rclz k?%ﬂaﬁ %\P%rcline rmHEi)P? Qa Iea Hg%rl%é a
cache nem)rgspmnda HiC J.tslef orlaperfbmm"ﬁglctfheC@Mé@§§luﬁgsraﬁéun‘aowqi1%st
'nterfagﬁcéé{slé?{zgwr%lta%@ tocRd , MER16 f Qfa Sypeff:&{lﬂéﬂgl heceant rial &f the
whol e HDD, i ncluding the control on the HDC 13 and the HC 15, and even if
a read GOFHARELIRS Fgé%ag ARdIERBTRLquired data hit the data retained in
the cache nenory so that all the data transfer can be performed w thout the
intervegbbgﬂ of the local MPU 16, the H C 15 transfers data except the | ast
one bl o 8 waits for the intervention of the |ocal MPU 16 , permts the
transfer of the |ast one block when the preparation of the command

termn }\EBQrH%n 2‘5 AN, pirbsank! Ufﬁvéﬁylé’xfl hisocks ofmgiadwet @he above

transferre i ning, "when the local MPU 16 all ows the HIC%Sto
tr ansf eﬁeﬁﬁélpa§tdbﬁ’edlﬁ?BEfk?et“(fel?l-‘fF CURPLaa& e £her orRandaPRerPaASt &P

m‘thOUttﬁeoﬁﬂhﬂﬂuhhﬁyd@i@uﬁjaﬂﬁﬁﬁﬁkﬁﬁﬁmketh%rN@&ELQMEOblﬁﬁb aﬁda¢OMBUetes
t he corrmanﬂ and t hus, il e suppressing_the conmman

over
m ni munf tan®adli Pronate ¥ S HE hEd G cgﬁmﬁ‘gngérygrtfe p%]s: neeﬁe%,
wher eby thBedh eh at r pes f o nan ctth e am fieumeriedoed. the0éskervention of the

local MPU. Specifically, even if a read command is issued and
the required data hit the cache so that all the data transfer can
be performed without the intervention of the local MPU, the HIC
stops the transfer leaving the last one block and waits for the
intervention of the 1local MPU. The local MPU permits the



A calculation result obtained when the present invention is appq §ﬁ£ﬂ§§t?@04

- actual HDD is descri bed. 15 DEC 2004 19 [0062] It is a simulat

for the case in which a sequential read of a total of 4 MB with 8

bl ocks/ command is issued. The sinulation was made with the foll ow ng

har dware construction and condition. ,,0063] Cache menory size: 128 KB (256
bl ocks) Average read tinme fromnmedium 5.5 nsec Overhead of m crocode for
al | - hi ttraid¥ secoOvahireath def one ddtark ransd ethforpdepadwgdrieon 0f gec tenmand

interval : f Iﬁﬁﬁgd: Pl O node 4 of IDE (32 ~sec/1 bl ock)
Assuni3%“?%E§§§8%§ﬁ§§éﬁut¢ dﬁ% the transfer tine per eight blocks is 32 usec
X 8 blocks - 256 sec. [0064] If a sequential read is issued froma cache
menory ¢p@jzfondition, assum ng that data for 32 tinmes can be retained
under the cache nenory full condition, first, in a background art exanpl e,
(1) 438 nsec is taken if all the processing is perfornmed by hardware, and (
2 ) 3657Hmecid s pakaly idft tahk itdhe thr eaespbngti ha Ot ey en@thdnd tdweed owal MPU.
On the ot her hand, %52 neec. i s taken for the_HDD enpl.oyi.n thistengpdinent,
and acctPEM YR t N8 1e58e? thn thE 1%l §rPH§F855et§r§%l otr%‘:’a’re AWt 1 tThe
convent ¢ o f et dodby Thate i187C f otetvenabouéy( the) ladtheomwekdgekr edda i ne

for additi dj i . e Ls: el {,mpated, and
for eSS (S5 bRE L b e e P o T oo R oS eheh e B i ¢
(100 sec x 32) 15 DEC 2004 is elimnated, whereby the total performance
can be i@@gggsed by 30 to 40% [0065] Although, in this enbodi nent, an
exanpl e has been described in which the present invention is applied to the
HDD, the present invention is not limted to this, but it can be applied to
any appepahusréSelptig @8 id icommatidsk dhievetdews€feri ncd uds rarvedachend

menory. _For.jnstance, | b d.wit t . stor Vi &&, Pt her
t han th%l$tf$a§ﬁgﬁsgg ggﬁgg%%?g-%%?i%¥%%££$Hg%§(géngﬁﬁibt g?ﬁ% ar to the
above d¥BHJi bedredbtdirmenedcanmge isbttakead for00dE calculations of the

additional read and the 1like (calculation related to the
additional read and calculation related to the cache table
update), and the HIC is performing the data transfer during that
time. If the time taken for the calculations of the additional
read and the like in the local MPU is longer than the time taken
for the data transfer, the transfer is paused by the HIC, leaving
the last one block. On the other hand, if the time taken for the
calculations of the additional read and the like is shorter than

the time taken for the data transfer, the transfer is not paused.
(0034]

Now, the operation of the HDD 10 is described in detail based on

the above basic idea.
[0035]
As shown by the main data flows represented by thick solid arrows

in Figure 1, data read in from the medium enter the cache memory

14, and are transferred from the cache memory 14 to the host



Further, in this enbodinment, the HI C transfers data so as to IeaVk Eﬁsta 57'
-«one bl ock, but any type of |ntervent|on may be used, provided that t <!
transfer is intervened by the control by the m croprocessor at |east once
before the read conmand is conpleted. Furthernore, data is transferred so
as to leave the last one block, but, not being limted to one block, the
data transfer may be made so as to |eave a predeterm ned number of bl ocks.
(0067] er, e S that tdhesdy a e HDC,
cache %528% h ﬁP& 1{#? Pﬁh?éﬁ 5&% ?%%nﬁﬂg;t%e a%oggﬁ |§% g#¥§§{d§%|%§ are
not |i rhtedveotike sfordeddserib¥8Uerbodi ment . 15 DEC 2004 2, [0068]

[ Advant ages of the invention] In the disk drive device and the nethod for
controlling the same which are related to the present invention, even if a
read cé@ﬁﬁ%d is issued, and the required data hit the data retained in the
cache nenory so that all the data transfer can be performed w thout the

interve t| trol th

caused o el AT SRGECONEEPEEt of e RRESr BAA GoMirand T e corplatdd, “a
t hus ant@ddnhmonalcm@a@—hnmnnahe medwhmrbaﬂlbetperfeqnedeésdﬂéedéﬂlﬂhlIe
suppr egsi ng Jf e gammpd Seé*}ea‘éhéc’ﬁ&?el@ QhﬂEH&a‘é@??eQi{a%@ tRbalata

performance can be jncre Description of the Drawi ngs: Figure
1 is atyleaeedi agh Bhvehowheg HHe TRttt Pén 6e t hecailskiRI i V& - deviBe

;e|ate@thihHﬁ}Fﬁﬁﬂﬁhﬂﬁﬁ}lﬂ(hdMlﬂﬂéé'Ehéﬂrﬁéﬁm meenﬁlfﬂ EﬁeapptugdceFlgure
isatimn owchart for ex ni n ration,of .the dis
devi ce® F|&§r50§mﬁ§g apinthg ?ftakﬁ%wg“FQF P& ﬁ&etﬁgaBESthPSE éf t he

di sk drghee 1det aglodkDascrligftti.on of synmbols] 10 ... Disk drive device 11 ...
Magnetic head 12 ... Channel nodule 13 ... Hard disk controller (HDC) 14
Cache nenory 15 DEC 2004
[0037]

On the other hand, upon receipt of the notification, the local
MPU 16 performs the processing for starting an additional read
from the medium as needed (for instance, the processing in which,
when it is now already issuing a command for reading data to the
HDC 13, it recalculates how long the read to the HDC 13 should
be extended by an additionally issued command, and reflecting the
result on the cache table, issues instructions to the HDC 13),
and when the processing for starting the additional read from the
medium by the local MPU 16 is terminated, it notifies the HIC 15
of the termination of the control of additional read. This
notification means that the preparation for the command
termination has been made, and allows the HIC 15 to transfer the
last block.

[0038]
As to the control of additional read, it is only needed that the

control of additional read has been issued, and an actual

additional read need not always be performed.



22 15 ... Host interface controller (HHC) 16 ... Local MPU 15 Dt(ﬁ :B)E‘ZE ?DD/
. 2s "We claim 1. A disk drive, conprising: a rotatable disk; a head t
positioned to performread operations; a |local mcroprocessor: a cache
menory; a hard disk controller coupled to the cache nmenory and the | ocal
m croprocessor. the hard disk controller configured to transfer read data
fron1thg @égi to the cache menory in rgsponse to a command fromthe | ocal
m cropr g r; and a host interface controller coupled to the cache nenory
and the local mcroprocessor. the interface controller configured to

receive o] f O itk f 1 f e
Gt bl BOREABLAGCaHG SR ARER AR DA Ao HICTS Bhefl tnglutl
ext er nal 5hést addgeredartal tramsfenntiei dbastwhépeknby Itds raal IBEKLGr oup

i ncl udi pgeat heastna kastoanagokwsabdsdata blocks stored in the cache
menory is not transferred until an instruction is received fromthe | ocal

m croprocessor. 2. A disk drive as set forth in claiml, wherein: said host
interfaggogontroller is an interface systemin which a data transfer
termnation is a read command term nation, and even if said read command is
i ssued and the whole required data are retained in said cache nenory so

t hat al catkeldata transfer can be perfornmed w thout the intervention of

sald m GLOPROCSSSOL pd 1 SIAY LS lle ARl ArL ! ANSIA J%edhe BLAGKa BuNEh et han
said | ast dara ocﬁ)group and ndtifres sald mcroprocessor of the
execut | datef tsandfeat axcepistée; land barekm epdptbeedd6r 18l hafss§aPESAost

interfaggecophnakker t@atfiagskee saisd bastkdat anbkack gredp ahbkenic 15
term nating said addltlon?%¥read control . rive as s%} fOEBQ in

3.. A disk
cl ai m 2XoRAEFESNETE TTARSTRr At 3RGE Tt AR %%ﬁ%fﬁiﬁﬁ r terminating

command .
[(0041]

Case 2

Data of one or more blocks is remaining in the HIC 15 when the
HIC 15 is allowed to transfer the last block, and the HIC 15 is
still transferring data. In this case, the HIC 15 continuously
executes the transfer to the end without leaving the last block,

completing the command.
[0042)

The above operation is described in detail with reference to the

flowcharts shown in Figures 2 and 3.
[0043)

Figures 2 and 3 are timing flows showing the operation of the
HDD. Figure 2 shows the case in which the transfer of the last
block is allowed by the local MPU 16 after the transfer 1is

stopped leaving the last block (corresponding to the above case



predet er mi ned nunber of blocks are renuining when said mcropr o@e?s@gg 2004
-.all ows said host interface controller to transfer said | ast data DI

group, said host interface controller executes all the data transfer

wi t hout stopping the data transfer before starting the transfer of said

| ast data bl ock group. and term nates the Command. 15 DEC 2004 4. A
disk drive as set forth inclaiml1l ( 21or 3, wherein said host interface

controller has_a unit. far storing the.correspaonde aedr esses on
said cé&heaﬁanﬁ?guﬁﬁd?’s Od"sdi(%g‘ke, %35’8 t ew}ﬁlhérr}b?er o&(\tgaorﬁ%érﬁgﬁsly stored

bl ocksblmckA 1 skldpived ay sehe f dbpthli MPEI alfm beforer the whedeshesaild host
interface caontraller a,lqgi Levkatbadithe caurber agbvhl egks to be
transfés’%roé)&)e@c%ﬁtv%#;%l%aestla gtg)lfgfag(cﬁég?gupbi allh6 t he datz(’;l1 requi red when
a read 2Zonmand is issued are retained in said cache nenory. 6. A disk drive
as set forth in clains 1, 2 or 3, wherein when a read command is issued,
said host interface controller sends the contents of said conmand,

i nfor mdtd® khowi ng that all the data required by said host are retained in
said cache nmenory, to said microprocessor and a request for the
notification of the preparation far the ter i nat i by saird st
m cr oprIdbelgjs%‘r‘r.e 7.9’A §FSE arifve é:seage{]c%ngn%q{??lﬂs c %ghmgq‘, £55n, }65\% erein
sai d mi(rogy 08BE$or thesHIGCHIS saieklti skoront cecher Ntid abhli 6F8RaPITY rt€ad
data | gie%éﬁbﬂl&_ HEBMRNY and det enAi BLAfe thdho 531 th Hapasahied am t he
command term nation de wh

as been made en t he aggltl nal . read bg S?litqjdtirSk
controlth® reafechrHansd, HWiatowsS saVBehBEE ithferfdcetROntPIRERYt §'d%hnst er
sai d | ast i glat 2n bt 196 ke g0l pmerorA 1t hod for controlling a disk drive device
conprising: a disk controller for controlling a data read%wite operation
to a disk storage nmedium a cache nenory for retaining data additionally
read friom®4ai d di sk storage nedium a host interface controller for
transferring data between a host and said cache nenory by hardware; and

For all-hit, the process goes to step ST3 where the HIC 15 starts
the data transfer is step ST3.

[0046]

The HIC 15 immediately starts the data transfer without the
intervention of the local MPU 16, as shown by transfer data dl
in Figures 1 and 2. It continues the data transfer, and
terminates the transfer in step ST4 to leave the last block,

waiting for the allowance of the transfer of the last block.

[0047]

On the other hand, simultaneously with the start of the data
transfer, in step ST5, the HIC 15 notifies the local MPU 16 of
the command issuance and the all-hit. This notification is shown

by control cl in Figures 1 and 2.



a mcroprocessor for controlling the operation of the whole dew’c:jﬁ o
.sincluding the data transfer control between said disk storage ne umhahd‘?gmr
said cache nmenory, wherein if a read command is issued, and the whol e
required data are retained in said cache nenory so that all the data
transfer can be perfornmed wi thout the intervention of said m croprocessor,
said host interface controller is caused to performthe transfer of the

bl ocks exgept the |ast predeterm ned nunber of bl ocks, G 1 15 DEC 2004 -
25 notify said mcroprocessor of the'Start of said data transfer, so that
instructions to additionally read data into said cache nenory are given

from sajgom ﬁé@@i;ﬁ@e@ﬁ%hé On@aiﬂl@h@i@rcpnw@llc&fal mptﬁslm)qmﬂdhﬁé'le:he
notification of the

art of sa gatatra sfer .transfer % aﬁj
e edot S e b e De ek o (A SHa PO IPEAY EEAR: bioT S
term natedidby Sai dstksk S@ent rad | eeed8d , A aret hods ofucoat rthlel i HRC alBedd
oot Bk AL RS TR 1oS S sl Bl Mo e

coman er m ni ng bl'ocks reéequ y said read
commandorr eosttarcdd ¢ dncakkheunesody:and) 2if i thes HPet ek ki redfowas aAn of

sai d daj@qbl 06ks) ar&a 3t PF&H b %@dﬁiu@fag%o%m@ytonehéfawgr@lI@@ﬁland
m cr oprocessor of the receipt of said read commn gt e all-hit status;

(d) traR@F@tRfnghsl Iad&flts‘é?i“d‘l&é(t TR xteptForaghel B8UPTY 1Mdst Hhe of
sai d dashown by additionally read data d2 in Figures 1 and 2.

[0049]

In step ST8, the local MPU 16 determines the termination of the
control of the additional read, and if the control of the
additional read is terminated, it determines that the preparation
of the command termination is made, and issues a command
permitting the transfer of the last block to the HIC 15. This

control is shown by control c¢3 in Figures 1 and 2.

[0050]

If the transfer is permitted, the HIC 15 resumes the transfer in
step STY9, and transfers the last block as shown by transfer data
d3 in Figures 1 and 2, terminating the command (step ST10).

[0051]

On the other hand, the timing flow of Figure 3 shows the case in
which the transfer of the last block is allowed by the local MPU
16 before the transfer is stopped leaving the last block.
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{0053

For all-hit, the process goes to step ST3 where the HIC 15 starts
the data transfer.

(0054

In this case, the HIC 15 immediately starts and continues the
data transfer without the intervention of the local MPU 16, as
shown by transfer data dl in Figures 1 and 3, and executes the
transfer to the end without stopping the transfer to leave the

last block in step ST1ll, terminating the command (Step ST10).
[0055]

Further, simultaneously with the starting of the data transfer
in the above step S8T3, the HIC 15 notifies the local MPU 16 of
the command issuance and the all-hit in step ST5. This control
is shown by control cl in Figures 1 and 2.

[0056]

Upon receipt of the notification, the local MPU 16 performs the
processing such as the calculation of an additional read from the
medium in step ST6, as needed, and instructs the HDC 13 to
perform an additional read in step ST7. This control is shown
by control c2 in Figs 1 and 2. The HDC 13 performs an additional
read from the medium according to the control c¢2, and retains the
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command (step ST10).
[0058]

As described above, when all-hit of the cache memory 14 occurs
in the read command, the data transfer is started by the HIC 15
so as to leave the last one block and the local MPU 16 is
informed of this, and the local MPU 16 performs the control of
an additional read while the HIC 15 is transferring data, and the
transfer is paused if the notification of the termination of the
control of the additional read is not received before the last
one block (corresponding to the timing flow of Figure 2),
otherwise the last one block is also transferred without pausing

the transfer (corresponding to the timing flow of Figure 3).
[0059]

Accordingly, by giving room for the local MPU to intervene at

least once before completing a read command while performing the
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suppressed to the mlnlmum, and the additional read from the

medium can be performed as needed.
[0060]

As described above, the HDD 10 related to this embodiment
comprises a magnetic head 11, a channel module 12, a HDC 13, a
cache memory 14, a HIC 15 for performing the processings around
the host interface by hardware, and a local MPU 16 for performing
the control of the whole HDD, including the control on the HDC
13 and the HIC 15, and even if a read command is issued, and the
required data hit the data retained in the cache memory so that
all the data transfer can be performed without the intervention
of the local MPU 16, the HIC 15 transfers data except the last
one block and waits for the intervention of the local MPU 16,
permits the transfer of the last one block when the preparation
of the command termination is made. And, if a plurality of
blocks of data to be transferred is remaining, when the local MPU
16 allows the HIC 15 to transfer the last one block, the HIC 15
executes all the data transfer without stopping the data transfer
before the last one block and completes the command, and thus,
while suppressing the command overhead to the minimum, an
additional read from the medium can be performed as needed,

whereby the total performance can be increased.
[0061)

A calculation result obtained when the present invention is

applied to the actual HDD is described.
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condition.
[0063]

Cache memory size: 128 KB (256 blocks)

Average read time from medium: 5.5 msec

Overhead of microcode for all~hit: 100 psec

Overhead before data transfer for hardware: O pusec

Command interval: 0 usec

Data transfer speed: PIO mode 4 of IDE (32 psec/l block)
Assuming the above condition, the transfer time per eight blocks
is 32 psec x 8 blocks = 256 psec.

[0064 ]

If a sequential read is issued from a cache memory full

condition, assuming that data for 32 times can be retained under

the cache memory full condition, first, in a background art

example,

(1) 438 msec is taken if all the processing is performed by
hardware, and

(2) 365 msec is taken if all the processing is intervened by
the local MPU.

On the other hand, 262 msec is taken for the HDD employing this

embodiment, and accordingly the speed can be largely increased

as compared with the conventional method. That is, for the above

(1), the average read time for additional reading from the medium

(5.5 msec x 32) 1is eliminated, and for the above (2), the

execution time of the local MPU for each all-hit (100 psec x 32)
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[0065]

Although, in this embodiment, an example has been described in
which the present invention is applied to the HDD, the present
invention is not limited to this, but it can be applied to any
apparatus as long as it is a disk drive device including a cache
memory. For instance, it may be used with an external storage
device other than the HDD, such as a magneto-optic disk, and an

effect similar to the above described embodiment can be obtained.
[0066]

Further, in this embodiment, the HIC transfers data so as to
leave the last one block, but any type of intervention may be
used, provided that the transfer is intervened by the control by
the microprocessor at least once before the read command is
completed. Furthermore, data is transferred so as to leave the
last one block, but, not being limited to one block, the data
transfer may be made so as to leave a predetermined number of
blocks.

[0067]
Moreover, it is needles to say that the types and number of the

HDC, cache memory, HIC, etc. which are forming the above disk

drive device are not limited to the above described embodiment.
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In the disk drive device and the method for controlling the same
which are related to the present invention, even if a read
command is issued, and the required data hit the data retained
in the cache memory so that all the data transfer can be
performed without the intervention of the microprocessor, the
control by the microprocessor is caused to intervene at least
once before the read command is completed, and thus an additional
read from the medium can be performed as needed while suppressing
the command overhead to the minimum, whereby the total

performance can be increased.

4., Brief Description of the Drawings:

Figure 1 is a block diagram showing the construction of the disk
drive device related to the embodiment to which the present

invention is applied;

Figure 2 is a timing flowchart for explaining the operation of

the disk drive device;

Figure 3 is a timing flowchart for explaining the operation of
the disk drive device.

[Description of symbols])

10 ... Disk drive device

11 ... Magnetic head

12 ... Channel module

13 ... Hard disk controller (HDC)

14 ... Cache memory
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1. A disk drive, comprising:

a rotatable disk;

a head positioned to perform read operations;

a local microprocessor;

a cache memory;

a hard disk controller coupled to the cache memory and the local microprocessor,
the hard disk controller configured to transfer read data from the disk to the cache
memory in response to a command from the local microprocessor; and

a host interface controller coupled to the cache memory and the local
microprocessor, the interface controller configured to receive a read command from an
external host and to transfer all of the data blocks requested by the read command from
the cache memory to the external host under an all hit condition, wherein a last data block
group including at least a last one of said data blocks stored in the cache memory is not

transferred until an instruction is received from the local microprocessor.

2. A disk drive as set forth in claim 1, wherein:
said host interface controller is an interface system in which a data transfer termination is
a read command termination, and even if said read command is issued and the whole
required data are retained in said cache memory so that all the data transfer can be
performed without the intervention of said microprocessor, it starts the data transfer for
the blocks other than said last data block group and notifies said microprocessor of the
execution of said data transfer; and

said microprocessor allows said host interface controller to transfer said last data

block group after terminating said additional read control.

3 A disk drive as set forth in claim 2, wherein if transfer data more than said last
predetermined number of blocks are remaining when said microprocessor allows said host
interface controller to transfer said last data block group, said host interface controller
executes all the data transfer without stopping the data transfer before starting the transfer

of said last data block group. and terminates the command.
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4, A disk drive as set forth in claim 1, 2 or 3, wherein said  host interface
controller has a unit for storing the correspondence between addresses on said cache

memory and said disk, and the number of continuously stored blocks.

5. A disk drive as set forth in claim 1, 2 or 3, wherein said host interface controller
has a logic for calculating the number of blocks to be transferred except the last data
block group if all the data required when a read command is issued are retained in said

cache memory.

6. A disk drive as set forth in claims [, 2 or 3, wherein when a read command is
issued, said host interface controller sends the contents of said command, information
showing that all the data required by said host are retained in said cache memory, to said
microprocessor and a request for the notification of the preparation for the command

termination by said microprocessor.

7. A disk drive as set forth in claim 1, 2 or 3, wherein said MICroprocessor
instructs said disk controller to additionally read data into said cache memory, and
determining that said preparation for the command termination has been made when the
additional read by said disk controller is terminated, allows said host interface controller

to transfer said last data block group.

8. A method for controlling a disk drive device comprising:

a disk controller for controlling a data read/write operation to a disk storage
medium;

a cache memory for retaining data additionally read from said disk storage
medium;

a host mterface controller for transferring data between a host and said cache
memory by hardware; and

a microprocessor for controlling the operation of the whole device, including the
data transfer control between said disk storage medium and said cache memory,

wherein if a read command is issued, and the whole required data are retained in
said cache memory so that all the data transfer can be performed without the intervention
of said microprocessor, said host interface controller is caused to perform the transfer of

the blocks except the last predetermined number of blocks,
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9. A method of controlling a read operation in a disk drive, comprising the steps of:

(a) receiving a read command;

(b) determining whether all data blocks requested by said read command are
stored in a cache memory;

(c) if it is determined that all of said data blocks are stored in said cache memory,
notifying a local microprocessor of the receipt of said read command and the all-hit
status;

(d) transferring all of said data blocks except for at least a last one of said data
blocks from said cache memory to an external host without any intervention from said
local microprocessor; and

(e) transferring said at least said last one of said data blocks from said cache

memory to said external host upon an instruction from said local microprocessor.

10. The method of claim 9, wherein said local microprocessor provides said instruction

prior to the completion of step (d).

I1. The method of claim 9, wherein said local microprocessor provides said instruction

after the completion of step (d).

12. The method of claim 9, further comprising, prior to step (d) the step of:
(f) transferring additional data from a disk to said cache memory under the control of

a hard disk controller and the local microprocessor.



