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di sk’ drive, as well as a hard disk drive. [ 0002] [ Background art]
Usually, in a system-provided with a hard disk drive, the priority of each
read/ wite task in the hard disk drive is high and accordingly, the task is
requi red of fast responses. However, once the hard disk drive stops its
spindl e nmotor and unl oads the actuator sg as to save the power thereof, the
hard disk drive takes a long tine to restore the spindle notor and the
agtuator up to a usable state respectively. (0003] That is, if a host

systen1trqns@gk§i§e90ﬁ@§c§%ﬁg(gpggaegetfh@ggﬂld%,hard di sk drive, the, hard
di sk drive enters a stand-by node or a sleep node according to the received
command. In the stand-by node, only the interface circuit of the host
systemis Sh?lﬁﬁﬁs%ﬂft#ﬂﬂ?QHﬁgnh6§§a§9§tE%1%aﬂeFQRQNQRQ(ﬁﬂﬂﬂﬁﬂﬁﬁ tuswEPET |

ot her conppredictioly therkosvesystémeard & | powern papwely offomt at evaitlimgt he

sl eep modegrgdd &€a ORREA! 48R eh&@elmoasts FEdnf IPIY iRled! RA tROWRE- ®afrd
state. To b%k‘fstored froglthls 0S1 systen1rece|ves only a hard
0

t.h

reset co Yot Feset ﬂ{ di S% e Yequired until the host
system exits the stand-by or sleep node so as to enter an idle node or a
time requi fegoantil the host system executes a read/wite operation is
assuned as a power supply recovery time, nmainly consisting of a time until
t he spindle nDtor r a predeterm ned rotation speed (also referred to
as atinme F% ’?g %jstarting the spindle notor) and a tinme required
until the actuator rel eased from an unl oaded position so as to calibrate

t he servo, ushenmypved t ayptesetpronided ayitihnder hpabdsadisX edridef 0 the a

time requi ped,fOry BYIiGH headflHM O tdsk in the hard disk drive is high
and accordingly, the task is required of fast responses.
However, once the hard disk drive stops its spindle motor and
unloads the actuator so as to save the power therecf, the hard
disk drive takes a long time to restore the spindle motor and
the actuator up to a usable state respectively.

[0003]

That is, if a host system transmits a power save command to
such a hard-disk drive, the hard disk drive enters a stand-by
mode or a sleep mode accordihg to the received command. In the
stand-by mode, only the interface circuit of the host system is
active, so that the host system can receive commands. However,
other components of the host system are all in a power-off
state. In the ‘sleep mode, all the operations of the host
.system enter the power-off state. To be restored from this
mode, the host system receives only a hard reset command or a
soft reset command. A time required until the host system
exits the stand-by or sleep mode so as to enter an idle mode or
a time required until the host system executes a read/write
operation is assumed as a power supply recovery time, mainly
consisting of a time until the spindle motor reaches a
predetermined rotation speed (also referred to as a time
required for restarting the spindle motor) and a time required
until the actuator released from an unloaded position so as to
calibrate the servo, then moved to a predetermined cylinder
(also referred to as a time required for moving the actuator to



a predetermined cylinder). This recovery time of the power supply has
been long so far. - [0004] [Problens to be solved by the invention] "In a
system provided with a conventional hard disk drive, the host systemhad to
wait wi thout executing any task until the hard disk drive is restored to a
usabl e state during a period of tine betwyeen when the hard disk drive was
restored froma stand-by state for power “saving in which, for exanple, the
spi ndl e notor was stopped and the actuator was unl oaded and when the hard
disk drive was restored to a usable state. Consequently, the tine required
until such a restoration froma stand-by state was wasteful.

Especially, it 00k. several _seconds until_the spindl e notor . was
restarted fnPEsieteansasE TRy ERAEt Ben MheL TR VoD ¥R rOF FFa RUSE
drives forsuppkh Hasstbeedspongeso akarexpect ed. [0005] Under such the
circunstances, it is an object of the present invéntion to provide a nethod
and an ap\pl)m'flbﬂﬁ&uf for predicting a recovery tine, to be enployed in a system
provi ded th a hard disk drive that can solve the above conventi onal _
probl ens and speed up the processing in the whol e system provided with such
a hard di skPdehlems,tich bef Sodivedt byistheofinyenséongry time of the power supply
that has been long to restore froma stand-by state, as well as a hard disk

drive that pjysgs e fPL2801aed 0098d al SUAVBLYiHa1 Madd V&N Wlive, the
host system had to wait without executing any task until the
hard disk drive is restored to a usable state during a period
of time between when the hard disk drive was restored from a
stand-by state for power saving in which, for example, the
spindle motor was stopped and the actuator was unloaded and
when the hard disk drive was restored to a usable state.
Consequently, the time required until such a restoration from a
stand-by state was wasteful. Especially, it took several
seconds until the spindle motor was restarted in some cases.
This has been a serious problem for hard disk drives for which
fast responses are expected.

[0005]

Under such the circumstances, it is an object of the present
invention to provide a method and an apparatus for predicting a
recovery time, to be employed in a system provided with a hard
disk drive that can solve the above conventional problems and
speed up the processing in the whole system provided with such
a hard disk drive with efficient use of a recovery time of the
power supply that has been long to restore from a stand-by
state, as well as a hard disk drive that uses the method.

[0006]
(Summary of the invention]
According to the method of the present invention for predicting

a recovery time, at first, a power supply recover time required
until a hard disk drive is restored to a usable state from a



According to the nethod of the present invention for predicting a recovery
time, ‘at first, -a power supply recover tine required until a hard disk
drive is restored to a usable state froma .

4 stand-by state is predicted when a host systemrequests the hard
disk drive to exit the stand-by stafe. Next, the predicted

recovery time of the power supply is reported to the host system - [0007]
Agccording to. the present invention, thé host systemcan know a tine
required -~ until the power supply S recovered. Consequently, the
host system can schedule a task to be ended within this period of tine to
be executed befare the hard disk drive is restarted, so that scheduling of

all the taSkdrdPheSERERuEd BERdisdedhathens Rt BRFEafY6EeBptiSRuUSss the
Consequent hgrd| tdisk pdgdviel etoo epded tiye t Bbapd-duessibagei-n t hdexhol ethsyst em
provi ded wpiddfcthal deelicier§ ititheS o@NitheC pBlvkY . supply atéli féguktddraecd1agie

system can i user of a time required until the response is
ret urned, g?%%d%éﬂ&%ﬁ depends on the type of the host system [ 0008] In

a concrete preferred exanple according to the present invention, the hard
di sk drive[po@l] cts a power supply recovery

According to. the present invention, the host system can know a
time required until the power  supply is recovered.
Consequently, the host system can schedule a task to be ended
within this period of time to be executed before the hard disk
drive is restarted, so that scheduling of all the tasks to be
executed in the whole system can be optimized. Consequently,
it is possible to speed up the processing in the whole system
provided with a hard disk drive significantly. In addition,
the host system can notify the user of a time required until
the response is returned, although it depends on the type of
the host system.

[0008]

In a concrete preferred example according to the present
invention, the hard disk drive predicts a power supply recovery
time by itself with reference to the current state and the past
operation history thereof. In addition, the hard disk drive
calculates such a power supply recovery time as follows if it
is assumed that a time required until the spindle motor thereof
is restarted is ts, a time required until the actuator thereof
is moved to a predetermined cylinder is ty, and a power supply
recovery time is t;.

tg = ts+tv

Furthermore, the hard disk drive calculates a time ts required
until the spindle motor thereof is restarted as follows;

ts = £(Rc) or
ts k'f(RC), .



“ting by itself with reference to the current state and the past operation
hi story thereof. In addition, the hard disk drive cal culates such a p
supply recovery tinme as follows if it is assuned that a tine required u

ower
ntil

the spindle notor thereof is restarted is t[err], a tinme requited until the
actuator thereof is noved to a predeternmiged cylinder is t[err], and a
power supply recovery tinme is t[err]. t[err] = t[err]+t[err Furthernore,
the hard disk drive calculates a time t[err] required until the spindle
mbtor thereof is restarted as foll ows; t[err] = f(Rc) or t[err] = kf(Rc),
where Rc is the current rotation speed f(Rc) is a tine required until the
spindle notor is restarted at Rc and at a.reference erature
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Then, the hard disk drive corrects the power supply recovery
time calculated as described above according to the current
temperature.. In any cases, the power supply recovery time can
be predicted more accurately so as to be assumed a preferred
one.

[00091]

Furthermore, the apparatus of the present invention for
predicting such a recovery time includes a device for receiving
a predetermined signal from outside, a device for predicting a
time required until the apparatus is restored to a
predetermined state in response to the predetermined signal,
and a device for reporting the predicted recovery time to
outside. And, preferablir, the device for predicting a recovery
time should include a device for detecting a temperature of the
apparatus and a step for calculating a recovery time from the
detected temperature. The hard disk drive of the present
invention provided with a spindle motor for rotating a disk
includes a device for rece1v1ng a predetermined signal from a
host system, a device for detecting the rotation speed of the
spindle motor, a device for calculating a hard disk drive
recovery time from the detected rotation speed, and a device
for reporting the calculated recovery time to the host system.
In any cases, the method of the present invention for
predicting a recovery time can be realized in a preferred
embodiment.

[0010]
[Preferred embodiment ]

Figure 1 is a flowchart showing an example of a recovery time

t ed



[0009] Furthernore, the apparatus of the present invention for predicting
such a recovery tine includes a device for receiving a predeterm ned signal
fromoutside, a device for predicting a time required until the
apparatus is restored to a predetermned state in response to the
predeterm ned signal, and a device for rgporting the predicted recovery
time to outside. And, preferably, the device for predicting a recovery tine
shoul d i nclude a device for detecting a tenperature of the apparatus and a
step for calculating a recovery tine fromthe detected tenperature. The
hard di sk drive of the present invention provided with a spindle notor for
rotating a disk includes a device for receiving a predeterm ned signal from
a host syfixefdickiggyimethast @&t cehe ngresR0t olAVERRLICPHee§MPLoYRe siHithdRe
motor,. a dopsitem fproehdell| &tithg ;2 hard diisk didiwe.r ecoweoydtiinge ta oghehe

e to t Hemerrraolrat FEel AREREToh e e e v astion’
for predi ct¥rigra tﬁécd\?@rty Stiﬁsﬁx‘ciﬁqﬂgé'?%aﬁ‘?e%a' chsd}éf .F‘)'reecf &#ﬁant.
[ 0010] [e%r cHRD r &0l Edpovié mdit fn aFisfand-byi state| sackait thewisigndnby
exanpl e ofstateeq@tepy si)l® Actually, the host system issues a power sf@ve
reset request or a read/write request to the hard disk drive in
a power save.state. Then, receiving a restart request from the
host system via an interface, the hard disk predicts a recovery
time of the power' supply required to be restored from the
stand-by state to a usable state (step S2). In this case, the
hard disk drive predicts a power supply recovery time by itself
with reference to the current state and the past operation
history thereof. After that, the hard disk drive reports the
predicted recovery time of the power supply to the host system
(step S3), then exiting the processing.

[0011]

This completes the description of the recovery time predicting
method of the present invention, employed for a system provided
with a hard disk drive. Receiving such a predicted recovery
time of the power supply, the host system can thus know a time
required until, for example, the hard disk drive is enabled for
a read/write operation. Consequently, at the time of
considering the whole system it is possible to allocate tasks
efficiently in a system with use of a method for allocating a
task to be ended before the power supply is recovered so as to
be finished within the time of period. Consequently, the
present invention can speed up the processing in the whole
system provided with a hard disk drive. If the host system is,
for example, a personal computer, then the user can be notified
of the time when the build-up of the hard disk drive is
completed with use of a method for displaying the remaining
time of the power supply recovery time in real time on the
display unit. )



" predicting nmethod of the present invention, enployed for a system provided
with a hard disk drive. According to the explanation of this invention
with respect to Figure 1, at first, the host systemrequests the hard di sk
drive (described as HDD in Figure 1) in a stand-by state to extt the
stand-by state (step Si). Actually, the host systemissues a power save
reset request or a read/wite request to the hard disk drive in a power
save state. Then, receiving a restart request fromthe host systemvia an
interface, the hard disk predicts a recovery tine of the power supply
required to be restored fromthe stand-by state to a usable state (step
S2). In this case the hard disk drive predicts a power supply recovery
time by it$8P42hith reference to the current state and the past operation
hi story thereof. After that, the hard disk drive reports the predicted

T ec?veryt LH@?eQﬁdéf‘,e BOVds |1lSnLQv1tlh.e hOShag¥stizm &éﬁé‘ﬂ ﬁ%r HhB&" to
exiting s i's |

recovery t%n@ﬁgggd%%&nl&ﬁ 'ho tﬁ%p%? rﬁr?cﬁ\fgﬁg ALu g ?%?/Q'bm”fr%
syst em pr oPFEE4CHi Bh EEFRIFRF Y Eikm‘%ir phe.a P‘Ré%’él ﬁPEglxuéﬁcaréi@@h &Pedthe
recovery tpmesefitt Havpowbonsupmhen tdiehbsst sgyseemregnes bels aknnirvaa diﬂe

required upbibe fQf FAAEUE, m@ hasd Qfleeﬂrls\é%dhs aenaééf&éé%f &

read/ wite opera,tl n consl erlng
the whol e $G&tem it 4% i t(?ssTIb‘Fe ?BSa 1§ atdé”tvfskélresftf i Ci EHFI fcll‘ﬂ‘ Rds\Af em
with use oﬁdﬁeﬁeﬂw&w&o athaje apregeas ingok t dnbdhenddpvisefephodimensone
supply is recoverpdtimme asf t0 dowelr BuppRy wad i ncdthd tdife ebgperéed®tuntil

\/\Cﬁglsgquen: ke sfabﬁdpé SRAYr Iv;a%erﬁegeareear?ﬁgg%élractch%tgggﬁgé glt@gne% Snc& pde
sys

exanpl ey aP 58$§gn5qu%edlmcl¥[1éndefheng#hﬁu{:ill%e? RAIFH IR f Fsag g e
when the baFFEmed & Hfélq%dl Fprerificveing omsiditdenwitohthe eabdver twst hod

for displ agiimgst hin r @rareadg dgemtdbni, hea paudites uppéyat RaQveby tamdthdr r eal

tinme on thgpdi-gPisy, URhkn it is possible to design the recovery time
predicting method of the present invention so that a type of a
power supply recovery time that the host system wants to know,
for example, the type of a power supply recovery time in a read
operation, a write operation, or another operation is sent back
to the host system just when the host system sends the above
dedicated command to the hard disk drive. On the other hand,
the hard disk drive can send a predicted power supply recovery
time to the host system, for example, a value can be sent as
one-byte information in units of 100 msec via sector count
register.

[0013]

Next, how to predict a power supply recovery time will be
described. As described above, a power supply recovery time is
predicted by predicting both of a time required for restarting
the spindle motor and a time required for moving the actuator
to a predetermined cylinder, then adding up both of the times.
More concretely, if it is assumed that a power supply recovery
time is tz, a time required for restarting the spindle motor is
ts, and a time required for moving the actuator to a
predetermined cylinder is ty, then the following expression is
given and the power supply recovery time t; can be described.



[0012] Hereunder, a description will be made in detail for how to request
restarting, how to report a predicted value, ‘and how to predict a recovery
time of a power supply according to the present invention. Wen a host
systemrequests a hard disk drive to restart, the host system-sends a
dedi cated conmand (ex., '84h') to the hgrd disk drive first. The command
is added newy to that processing. In the above enbodi nent, a recovery
time of a power supply was a total tine required until the spindle notor
was restarted and the actuator was noved to a predeterm ned cylinder. If
such a power supply recover tine is assuned to include a specific tinme in
addi tion Hp ;q§+%bove two tines in a read operation, a wite operat%?p, or
anot her op@rati®on, then it is possible to design the recovery tinge
predicting nmethod of the present invention so that a type of a power supply
recovery fndg tihat pdweihostpplist eevaovertys timknow,cimrbexpnedsctaedeftrygpe of
a power sypRkyekpfra¥SidntiE. in a read operation, a wite operation, or
anot her operationh is sent back to the host systemjust when the host system
sends the above dedi cated command to the hard disk drive. On the other
hand, the [##141di sk drive can send a predicted power supply recovery tine
to the host system for exanple, a value can be sent as one-byte

i nformat i leUbboe ObxpPOdBGE (12 TRE! LInd WNEof GHWIHY the Eg%gl:or Next,
how to predict a i_supply. rec verg time wll etdeécrlged. .descri bed
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is tlerr], a %Lne re%uarﬁg or rest rt|n3 t he S$I€€|e ng}or.ls h%etr , and
a time rOGAER SPEPY ROVHRG SERHEISIONRroFRER othe IR AP RETIRTT i nder
is t[err] In mdharmhavdrss ovlhr) esglaxddingn tiigegityeAs aNariae petieeer uphey
recovery tuhee spliadle métobeislestspgrril.completely (rotation speed: 0) and

when the spindle motor is still rotating. The ts; should

preferably be calculated by the following expression (2).

ts = £(Rc) ' . ee. (2)

Where Rc is the current rotation speed and f(Rc) is a time
required for restarting the spindle motor at .Rc and at a

reference temperature (ex., 25°C).

[0015]

Furthermore, because the time t; required for restarting the
spindle motor is varied according to the ambient temperature,
the time t; should preferably be calculated by the following
expression (3).

ts = k'f(Rc) . cee (3)

Where k is a temperature coefficient (k = g(T) and T is the
current temperature.



“tlerr] = t[err]+t[err] .. (18 And,
the power supply recovery tinme tR can be predicted fron1th|s expression
(1). [ 0014] In the above expression (1), the tinme t[err] for noving the
actuator to a predetermned cylinder is considered to be always fixed. The
time t[err] actually nmeasured at the deligvery tinme fromthe factory i's
stored and used. On the other hand, the tine for restarting the spindle
notor is varied according to the rotation speed of the spindle notor when
the restarting begins. In other words, the restarting tine t[err] is varied
bet ween when the spindle notor is stopped conpletely (rotation speed: 0)
and when pindle notor 1is still rotating. The t[err] should
preferably gﬁlcglculated by the followi ng expression (2). tlerr] = f(Rc)
.. (2) Where Rc is the current rotation speed and f(Rc) is a tine
requi red Tioe abbesd axdpriegsibes Spi Ndml NEt)obr aB)Rereaditmbiied as efcRiG@ace
tenperat urg, (£ to 2pk&didtCthe [N supply recovery time t,. Next, how

to realize this power supply recovery time t; concretely will be

described. At first, an example for calculating the f(Rc)

value by making approximations for a 1line graph will be

described. 1In this example, a graph is created first according

to a time required for restarting the spindle motor at a

certain temperature (T) and at a certain rotation speed (Rc)

found in a test performed before the delivery from the factory.

The graph indicates the relationship between f(Rc) and Rc at a

reference temperature (ex., 25°C). Figure 2 shows such a graph.

In Figqure 2, there are already test data of Rc found at each of

0, Rl1, R2, R3, R4, and R5. Then, a linear function slope and

an intercept in each section of the rotation speed Rc, that is,

in each of the sections 0 to R1l, R1 to R2, R2 to R3, R3 to R4,

and R4 to R5 are stored in a table format beforehand in the

hard disk drive. 1In this case, it is premised that the table

held in the hard disk drive is updated at every measurement

time by measured values of both the rotation speed Rc measured’

actually after the delivery from the factory and the time f(Rc)

required for restarting the spindle motor. Then, when the host

system issues a restart command, the rotation speed Rc of the

spindle motor is read by any means and the f(Rc) value, that

is, the t; value is calculated from the line graph shown in

Figure 2 with reference to the table according to the read Rc

value. Then, the t; value is added to ty calculated beforehand,

thereby pfedicting the power supply recovery time t;.

[0017]

To correct the temperature, a graph for indicating the
relationship between the temperature T and g(T) is created
according to the values measured at the delivery time from the
factory. At this time, k = g(T) at the reference temperature
in Figure 2 is assumed as 1. Figure 3 shows such a graph. The
range of the temperature T should be decided so as to cover the



" Furthernore, because the time t. required for restarting the spindl e notor
is varied according to the anbient tenperature, the tine t[err] should
preferably be cal culated by the foll owi ng expression (3). tlerr] =

k. f(Rc) ... (3) VWere-kis a
tenperature coefficient (k = g(T) and T if the current tenperature. :
[0016] The above expressions (1) and (2) Qr (3) are conbined as needed so
as to predict the power supply recovery time tR  Next, howto realize this
power supply recovery tinme tR concretely will be described. At first, an
exanple for calculating the f(Rc) value by making approxi mations for a line
graph will_ be descr.i hed.

d. In this examl e, raph_.is created first
accor di ng THRNERE FEgRrraure e§g§rpﬁﬁ§ gﬁéﬁsﬁFhﬂ?e RBE oF*atPLecept ai n
t enper at urte (53°Cand aista Tikd ather exahplsn sipead {Rcypiduwsnd2 ntBet @ghph
per for med digfwar ein heiglale Beriy fHea@ tike thectary. dibR a?aeaersg?trﬁg{:?ggiﬂe
' I 5 A rence te . .
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an i nt er ceppmmandeadhes dempenatire he st aeadnbgperd Means hahdi shei g(each of
the sectianmt0 1, R etbhparub e tFRRi8nSReeditlefc tRPEE LRNMRY ateq
bef orehanqﬂilﬁil 1%n.%“.:‘lferenc;e to the table .according to the read temperature T

value, thereby the power supply recovery time t; can be

predicted with use of the temperature correction coefficient

found as described above. 1In this case, f(Rc) described above

is assumed as k-f(Rc).

[0018]

The power supply recovery time t; can also be concretely
realized in another way, for example, from a lookup table. In
such an example, the lookup table is created according to the
time required for restarting the spindle motor at a certain
temperature and at a certain rotation speed, both found in the
test performed at the delivery time just like in the above
example. Figure 4 shows part of such a lookup table. And,
when the host issues a restart command, the temperature and the
rotation speed of the spindle motor are read by any means, then
.the lookup table -is referenced according to the read
temperature and the rotation speed of the spindle motor,
thereby calculating the time t; for restarting the spindle
motor. This t; value is added to ty calculated beforehand,
thereby the power supply recovery time tp can be predicted.

[0019]

An example of the dependency of the restarting time t; of the
spindle motor on the temperature is as shown below.

5°C — 10.2 sec N
25°C — 10.4 sec
55°C — 11.6 sec



“hard disk drive. In this case, it is prenised that the table held in the
hard di sk -drive is updated at every neasurenent tinme by neasured val ues of
both the rotation speed Rc neasured actually after the delivery fromthe
factory and the time f(Rc) required for restarting the spindl e notor. Then,
when the host systemissues a restart ¢ nd, the rotation speed Rc of the
spindle notor is read by any neans and the f(Rc) value, that is, the t[err]
value is calculated fromthe |ine graph shown in Figure 2 with reference to
the table according to the read Rc value.. Then, the t[ value is added to
t[err] calcul ated beforehand, thereby predicting the power supply recovery
time tR (hﬁ%é7] To correct the tenperature, a graph for indicating the
relationsﬁ p tween the tenperature T and g(T) is created according to the
val ues” measured at the delivery tine fromthe factory. At this tine, k =
g(T) at tHehisef completdéempbeatdescriptiogurfo? hewassdimpiedscd. & goter3

shows suchspiyaRtecoley’ g e tbRet prRsL At Ui fvdnSiil d bgedeclded 50 as
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the exanplRFefien LAVEREAARE Aret heheg aglomphed igp Fiagur bo3 predieftd thet he
hard di sk mdoweryo tdiale beith limearpdaseati Oinvkapeoandihnt ar c@plerepreach
section ar&Ateateds déga?ibedwgﬁevethel&ﬂ%§%on %%%EH& '%ﬁge?ﬁcgve§§5tart
comrand, Hpe t&gpgﬁ%%uae T1S rea gg_ag% means and t eigé , a |2, a
t enper at ure o EEEANE o BPPREFEM &E i ENT RTRASte dWiePR 1PBT dF e FOBPPESHENe
tabl e accdidiafy &t inlludea@d deviceaforergcedving a heresigterménpdweigsappl y
recovery tinom t8utsddde a device for predicting a time required for
recovering the apparatus to a predetermined state in response
to the predetermined signal, and a device for reporting the
predicted recovery time to outside. And, preferably the
recovery time predicting device should include a device for
detecting a temperature of the apparatus and a step for
calculating a recovery time from the detected temperature. In
addition, the hard disk drive of the present invention has a
spindle motor for rotating a disk. The hard disk drive is
composed so as to include a device for receiving a
predetermined signal from a host system, a detecting a rotation
speed of the spindle motor, a device for calculating a recovery
time of the hard disk drive from the detected rotation speed,
and a device for reporting the calculated recovery time to the
host system.

[0021]
[Advantages of the invention}

As to be understood evidently from the above description,
according to the present invention, the host system can know
how much time is required until the power supply is recovered.
It is thus possible to schedule a task to be ended within the
power recovery processing so that it is executed before the
hard disk drive is restarted. It is thus possible that
scheduling of all the tasks in the host system can be
optimized. Consequently, the processing speed of the whole



predicted with use of the tenperature correction coefficient found as
descri bed above. " In this case, f(Rc) described above is assuned as kf(Rc).
[0018] The power supply recovery time tR can also be concretely realized
in anot her way, for exanple, froma |ookup table. In such an-exanple, the
|'ookup table is created according to the time required for restarting the
spindle notor at a certain tenperature a at a certain rotation speed,
both found in the test perforned at the delivery tine just like in the

above exanmple. Figure 4 shows part of such a | ookup table. And, when the
host issues a restart command, the tenperature and the rotatlon speed of
the spindl ?5@1&&?‘1 v@éha”a\’ ﬁ&g@ﬂs afdiEnakige | Q0KUBe 1

reference accor nper gt ure an e rot egd of

t he spi ndl%l‘?f?dtfdrcantcﬂlér eb§nc3fiéb1:’a‘?‘?ﬂgd?9‘?é‘dt]1“ﬁe°fl[é" f] YWBF P FgFt fR§tt he
spi ndl e nogystem,Thibet [lkost wybtemi scaaddedtibyt [B1& | usekcubfit dthebettamehand,
t her eby ”’LQac;ﬁﬁ d SHERLYthEGRET YelbeiBes Rk bR 2dbpbise. [0019]  An
exanpl e of t dependency of the restarting tine ts of the spindle nmotor on
the tenperature is as shown bel ow 5[err]C - 10.2 sec 25[err]C - 10.4 sec
55[err]C 11.6 sec

4. Brief Description of the Drawings:

Figure 1 is a flowchart showing an example of how to predict a
recovery time according to the present invention in a system
provided with a hard disk drive;

Figure 2 is a graph indicating the relationship between f£f(Rc)
and Rc at a reference temperature, f(Rc) is a time required for

restarting the spindle motor and Rc is a rotation speed;

Figure 3 1is a graph indicating the relationship between T
(temperature) and g(T)(temperature correction coefficient); and

Figure 4 shows part of an example of a lookup table.



[ 0020] This conpletes the description for how to predict a power supply
.recovery time of the present invention. The recovery tinme predicting
apparatus and the hard disk drive of the present invention are thus
conposed so as to predict the recovery tinme of the present invention in a
preferred enbodi nent as descri bed above.;3 More concretely, the recovery
time predicting apparatus of the present invention is conposed so as to
include a device for receiving a predeterm ned signal fromoutside, a
device for predicting a tinme required for recovering the apparatus to a
predeterm ned state in response to the predeterm ned signal, and a device
for reporting the predicted recovery tine to outside. And,
preferably the recovery tine predicting device should include a device for
detecting a tenperature of +the apparatus and a step for

calculating a recovery time fromthe detected tenperature. In addition
the hard disk drive of the present invention has a spindle notor for
rotating a disk. The hard disk drive is composed so as to include a

device for receiving a predeterm ned signal froma host system a
detecting a rotation speed of the spindle notor, a device for calculating a
recovery tinme of the hard disk drive fromthe detected rotation speed, and
a device for reporting the calculated recovery tine to the host system

[ 0021] [ Advant ages of the invention] As to be understood evidently from
t he above description, according to the present invention, the host system
can know how nekhilSie is required until the power supply is recovered. It
is thus possible to schedule a task to be ended within the power recovery -

processing(gp t{aphethodS rB¥CPHLARENG & RBREY WK HpiSsihg the .

restarted. It ol S éghus possi bl e “"that scheduling of all” the tasks in
t he host systeﬁ?égﬁ 15 ‘optim zed. Consequently, the processing speed of
t he whol e .
predicting a recovery time of a power supply from a

stand-by state to a usable state of a hard disk drive when
a host requests to exit said stand-by state of said hard
disk drive; and

reporting said predicted recovery time of said power
supply to said host.

(2) The method for predicting a recovery time according to
Claim 1;

wherein said hard disk drive predicts said recovery time
of said power supply by itself with reference to the

current state and the past operation history thereof.

(3) The method for predicting a recovery time according to
Claim 1;

wherein said recovery time of said power supply is
predicted by calculating

ty = tstty
when it is assumed that a time for restarting a spindle

—_—

RER) 0 HIM



12 - system provided with a hard di sk drive can be speeded up

significantly. 1In addition, depending on the type of the host system t he
host system can notify the user of the time required until the user
recei ves the object response. 4. Brief Description of the Draw ngs:

Figure 1 is a flowhart show ng an exanﬁ e of howto predict a recovery
time according to the present invention in a systemprovided with a hard
disk drive; Figure 2 is a graph indicating the relationship between f(Rc)
and Rc at a reference tenperature, f(Rc) is atinme required for restarting
the spindle notor and Rc is a rotation speed; Figure 3 is a graph
| ndi cating thefa;oec'oql %Jylla th%tfae%&si (atrgnreergt L e)aaeﬂn&(@ftﬁmé%e
correction coefficient %nd égql an exangle of gokup
t abl e. actuato "o sali § J_ve tO a pr determlne
cylinder is ty, and a time for recovering said power supply

is tg.

(4) The method for predicting a recovery time according to
Claim 3;

wherein said time ts required for restarting said spindle
motor of said hard disk drive is calculated as follows;

where Rc is a current rotation speed and f(Rc) is a time
required for restarting said spindle motor at Rc and at a
reference temperature.

(5) The method for predicting a recovery time according to
Claim 3;

wherein said time t; required'for restarting said spindle
motor of said hard disk drive is calculated as follows;

= k-f(Rc)

‘where k is a temperature correction coefficient at k =
g(T) and T is a current temperature value, Rc is a current
rotation speed, and f(Rc) is a time required for
restarting said spindle motor at Rc and at a reference
temperature. '

(6) An apparatus for predicting a recovery time, comprising:

a device for receiving a predetermined signal from
outside;

a device for predicting a recovery time of said apparatus
to a predetermined state in response to said predetermined

* [+ L M S *



" dains: (1) A nmethod for predicting a recovery tinme, conprising the

steps of: predicting a recovery tine of a power supply froma
stand-by state to a usable state of a hard disk drive when = a host
requests to exit said stand-by state of said hard di sk drive; and
réporting said predicted recovery tinme oflssaid power supply to said
host . (2) The method for predicting a recovery time according to
C.aim1; wherein said hard disk drive predicts said recovery tine

of said power supply by itself with reference to the current state and
t he past operation history thereof. (3) The nmethod for predicting a
recovery tine a§§8££ipgnkp Caiml; wherein said recovery tine of
sai d power supply?is

a device for reporting "said predicted recovery time to
outside.

(7) The apparatus for predicting a recovery time according to
Clainm 6,

wherein said device for predicting said recovery time
includes,

a device for detecting a temperature of said apparatus,
and

a step for calculating a recovery time from said detected
temperature.

(8) A hard disk drive having a spindle motor for rotating a
disk, comprising:

a device for receiving a predetermined signal from a host;

a device for detecting a rotation speed of a spindle
motor; and

a device for calculating a recovery time of said hard disk
drive from said detected rotation speed; and

a device for reporting said calculated recovery time to
said host.

* [ L M S *



" predicted by cal cul ating tferr] =t[err]+t[err] when it is
assuned that a tine for restarting a spindle

14 notor of said hard disk drive is t[err], a time for noving an
actuator of said hard disk drive to a predeterm ned cylinder is tf[err],
and a tinme for recovering said power supply is tlerr]. (4) The nethod
for predicting a recovery tine according 10 Claim3; wher ei n said
time t[err] required for restarting said spindle notor of said hard
disk drive is calculated as follows; t[err] = f(Rc) wher e RC|s_g
current rot sai
spi ndl e not gédgg?{(?{? Wﬁpl&ﬁﬁqﬂbg ﬁ?ﬁ ﬁﬂéﬁﬁTIN({ﬁg?ur e. Yq&y@%@m for
predi cting a recovery time accordi ng a|m3 wherein said tine
t[err] required for restarting said spi n | e notor of said hard disk
drive is calculated as foll ows; ABS RACT )

A method and an apparatus for predicting a power supply recovery time to speed up the
processing of a whole system provided with a hard disk drive. When a host system
requests a hard disk drive (HDD) in a stand-by state to exit the stand-by state (51) a power
supply recovery time is predicted (52). The recovery time is a time required until the hard
disk drive is restored to a usable state from the stand-by state. Then, the predicted
recovery time of a power supply is reported to the host system (53). The host system can
schedule a task to complete within the recovery time so that the task is executed before the
hard disk drive is restarted. Scheduling of all the tasks in the whole system can thereby be

optimized and it is possible to speed up the processing in the system.

Fig 1



t[err] = kf(Rc) where k is a tenperature correction coefficient at k =
g(T) and T is a current tenperature value, Rc is a current rotation
speed, and f(Rc) is a time required for restarting said spindle
notfor at Rc and at a reference tenperature. (6) An apparatus for
predicting a recovery tinme, conprising: a device for receiving a
predet erm ned signal from out si de; 1/2 a device for predicting a
recovery tinme of said apparatus to a predeterm ned state in response to
said predeterm ned 15

signal; and a device for reporting said predicted recovery tinme to
out si de. (7)F¥gergppar at us for predicting a recovery time according to
Claim 6, wherein said device for predicting said recovery tine

( START ) )

S1

o~

Host requests HDD to restart.

S2

—

HDD predicts power supply
recovery time.

S3

/\/

Power recovery time predicted
by HDD is reported to host.

END
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inél_udes, a device for detecting a tenperature of said apparatus,

and a step for calculating a recovery tinme fromsaid detected
t enper at ur e. (8) A hard disk drive having a spindle notor for rotating a
di sk, conpri sing: a device for receiving a predeterm ned signal from
ahost; a device for detecting a rotation speed of a spindle
not or; and a device for calculathpg a recovery tine of said hard disk
drive fromsaid detected rotation speed; and. a device for reporting.
sai d cal cul at eq,irg%%v%ry time to sai d host.

/

T(C)
Figure 4°
Restarting time tg lookup table :
Temperature
CO
Rotation 5 15
speed (rpm).
0 0.2 | -
(sec)
50 | - R
1000




