»noe3e i f4~6TDL~ ~T AU G 200g 1. Title of the Invention: tAatA
St or age apparatus and i nformation recording nmethod 2. Detail edR?[EAggpszk

of the Invention: (Filed of the invention] The present invention relates to
a rotating storage apparatus and information recording nethod, and in
particular, to a technology that is efflective when usedﬂmﬁlmmlﬁmmﬂ‘me
nmeasur es agai nst shock and vibration during the operati tion
storage apparatus in which information is recorded on a rot améiésg recordi ng
medi um such as a hard di sk. [Background art] Recent years, information
processi ng systens have been w . i n_portable de W

not ebook personal conputers. In ﬁélggggﬁ£€% devi ces, Vm mﬂmmmmﬂﬁmmrshock
are unavoi dabl e and protective nmeasures agai nst vibration apg,shock have
becone inportant. Inprovenent of shock resistance is very inportant

especi alll.,y mAataeSberage BPRHELWS containing a rotating recording nmedi um
such as a hard disk because it has a noving nechanism for changing relative
positional relationship between a head having read/wite capability and the
rotating medPiftiAS fedTadcmrarstufozed skifdragtiant hecarding ratksdar e
provi ded on a rotating recording medium (hard disk) in a hard disk drive,
for exanple, and a head is positioned over a track to record a nmagnetic

signal fro : i he track. |f 1ile head underwent external shock or
vibration bie1 DEADLIL NG b0k thl iy B4 track and information from
the head were being recorded (witten) in the track, the head would go off
~ ~ AUK[Zaled2of heheriadetrgriminned track (off-tracking) and the information
woul d be witten in a position at a distance fromthe predeternned track.
The i nf g ' it in_such.ap off-tracking.condition may not only
cause a%ng F%%Fg? ﬁ&$%§F§8? ffl?ﬁ?%r tPoﬁoﬁgng%eﬁtPE%%?déHP?¥PEﬂﬁ acent
tracks,a&ﬁfeb?f??ﬂ?EﬂﬂQacéﬁFOF?ﬁ%ksmﬁéhﬁﬂeve%mjIﬁﬂormﬁﬁﬁiﬂmlhmon1b@ing

recor dedeebnpdesy ythEkanpl esfettappr ehchesstd peseyebtiagitdentsd grdmtion
regﬁrdLagaﬁnsansnéékt&@ﬁhkﬂgx&QBQiHh?ﬂn&n@ﬁ&dﬂﬁa%gﬁﬁghB?L99¥o SCrdped in
Publ i shed, am nt. i;cation_No. 11-12641 2. The technol ogy
describedt%E§§hg%ﬁ%§?T?%ﬁtfgﬁPR%fgﬁ t%gf% e of FrpF 899 HET heéber or mance
of a rotatfhy"? etBTYi HY GRprdiaPusush & e hdirfoAk®at i n which the apparatus
under goes a shock, in particular, achieving the timng control of an

opti num[Betkyroped adidton start according to the affecting magni tude of shock
force or vibration, reads and sets an optimumretry interval according to

t he nagﬂggggg o%agge shack og.vibration fromretry intervals stored in
storage neans t'6-causé a AR W i PEOTHEH A oI T ¢ Be hadter iRaetwititiedy opt i num
timng PPEEhdlsmagiEabieyidsvaceenshshdesedosgbbok haktrsomel weotmiteper.at i on

I n thi sInayhet heoriatier ddviets,i esitofatd@at efnd 4 i@ Cyr & ouh £k by Sigduced

conpar edniM phot 88t LAS QMR @ sa abh X£sk r\?ﬂgryaéi%tnegg?ﬁ LRodeteryi ned,, teher eby
i nprovi ng the performance gfnthgaaggaratus._ Problens to be Solved by the
ogy

inventioni However , THe Y 8fhol REEr FRRP T T hat® appiyi cHYBUT a8%d ot her

pri or - afFEPERERhYY ogles haveteFRIS ol dRPAITAG UPr osPeh®iniMQr avi tattasrialg

accel er agtond sensoed { (G seusior ysi 8 haed tasdetechudesheckaand \idwali on.

Physi caheghi@mi érh Yrshet @edRA Y el & & eﬁéﬁtﬂoﬁlaﬁcggggéﬁé%gﬁep( fb?%%e enand does
ed . above. The

not exagt e t he of f ~fracki anount _descri , .
off-tra%k#%%éaﬁéiﬁﬁgigfagg F%%?a%%?a t¥o8Pti b T ad PREEHMed track

position at which a head is to be positioned. Al though a shock or vibration
(force)Agauskt khewni spl tloenentkidfletthanhead and, t besefora offr-driaeki ng, an

out put - dnom t Btk 5eNSPecdP@ENH O LRCT At eI ESENt Ht he pEf5tyacki ng

amunt'dﬁf&éys?ofl example, and a head is positioned over a track to
record a magnetic signal from the head in the track. If the
head underwent external shock or vibration while the head were

positioned over a track and information from the head were
being recorded (written) in the track, the head would go off



~,~,~l ~ G200g 3 position is typically represented by the dou 'ﬁALJ @04
|ntegral of force in a systemin which a feedback is provided,

head positioning control systemof a hard disc drive, an act uaI

of f-tracking anount is provided with tinme delay with respect to the output
of the sensor. As a result, a problemaises if a pulse-like shock that is
as short as the tine delay is exerted, as described below This problem
will be described with reference to Figure 6. Figure 6A shows a |ogic
circuit diagram for expl ai ning the problemthat the inventors of the

pr esent ve con5| d e ure 6B shows a diagraromatic draw ng.
As shom&ll%r Ig& di rﬁlci‘hoéﬁf u?rasci}b]ﬁ‘zﬁl) 1614 M%h indogpepienif an
out put 48 hge(} S’éhEBﬁm exBeeds Posrigdener af ned thirsdsigled, firsmr efles enced
when a priedetgaheénsd gnataclQ2 i sTasseid fskn(398% hivghten Wl%” bath of,the

I AND ettt iOE g R S AT R Ry X e Chetl T PO or

an AND o rcwt ]él oes

pr edet erticled + mam%&rfnaal(g‘ﬁd hzi‘svvr)i)?@e“l RISCBFEeY| dial 29 saqrivter breeks The
wite ittt sql”gawaqiu]%arrtve‘trlta;d\%yua Nogvent cunfodd iamd fpUtbénaan AND
circuit re@ordedmaskrédrywite gate signal 102 (force it low). This inhibits
the wite operation. In other words, the shock out signal 10l is referenced
only vvhgn thz wite \ﬂ%ate i S open and the write inhibit signal is not

gener at EF3FRSAt RE RPPER2GAED FQ Br g%t e i indogapeien ghatotrding s | ow).
This wi [N Ba @édctrpeding Qqnmtsequencéumess ha redgrmenegyt aeEd:gLus@i 6B Curve
110 i s @unavehed MURKaQSABHI NGt St hA]_f) Reati cho e §hop éi&(f_ an,Qut put

£rom t he | K., t K “out |
e B T e %“a%ezp g gepienied T ook Wl <ione

t hreshol dPI2IPE e OHREFe P dnFeE’tiRfe MiGarsigat apshrptals 02 |s
assert e@?( RPH)LOMMEMy i ire Winhilbi thei gwakrasugenedatgdes as deseki bad above.
Here, neaptobhearmwoukbdiecing thet Remphgseoatrbheowavef a5 ik tt Sensor

out put tehesohh i u 05|t| n of t ead.
However @gg ac?ﬁa?tgﬁ ?%28%5%% t9 @HQ gtf g&éisﬁel on dlef1 ay's Wi t Orcé%pect to

the sensor eut Sut? WEVEASPm gﬁr\f‘é‘di 1‘°(Ftaqs oAt By uF sy Lnt??rNPUJ G 200 4
113. |If aFﬁ@rVMP‘B etQatlee giggmditude2oifsthesehedd (thivgbyaaioti faeor - duryedi at el y
after theterwel{t|dtatednhiiah shersdwclncouts stgnalavkdl st 0Psya NQWhidt €

i nhi bi t opgneloioul dube, genaratad And A LkLe ODRALI o start becayse the
hock 1D1 T h N d-posit DS
orrst aipRa BB 430 Ak eRPbalia G0 ¢h e e O sene

off-tra e 1 nventors o
above- n¥A¥t ohBE b‘i”b‘b?rerﬁﬁ/\ésetlflﬁél Prt saar¢ el irdenchiecpni@ntorsdudead t o

i ncr eas€orhersd orageh detise t yeasfe a wheer diang faRdaUntetypi celdeheg 2.42-1 nch

si ze haddtdiskned, simidess, mpr@vhﬁ{ drd perdbiMenddyalhed %‘? xaatql%rtabl €
conmput er suscepti ble to an external shock and vibration. E exanpl e, the
above- TTEEI'[I on ed progt?em IS Ilkel to occur when the storage density is

i ncreas r?% Woute ROPY eBrbY) € imvgnkiPaldi sk drive of 4,200 rpm It is

an object of the present invention to provide a technol ogy that can achi eve
hi gh repowevag, reté atidinoiogh aeb0F abdddi SiN-208 399 Vx%'h §es a
hi gh- depsity_stor aggcmacgil ﬂeﬁev%n Jdn atrlg1 env Oelciomsnt ere a

vibration exjists. IS a er 'object 'é88nt plrﬂ%‘f"ﬂ“’ron toApr ovi de
a techndf 3" %‘T“ac]ar?‘icrﬁ%eﬁﬁfla“vﬁFt‘%o’épé?a%fmﬁ?f)n ign usfeld- ttoaclkeitegt
condi ti®n i Andn wibriatdoment \Eﬂnelsecalshp:ra’rntﬁluyseieaﬁ@(t&dorby the

hi gh- f r equiemeyr vwr abb@Deta‘Etﬁ%ﬁr(tﬁﬁ'c ht drst YRlesanichel, Qi

fi ke
t echnol that_ f t h t fr LB7 At d
ot egﬁnﬁ?%%that?]a%%| Pt BEEREMAY. HBoyd® TF %Fnﬁwcfe Lspcipaa. O" 2"

appar at U8 egént @i r‘f\}élﬁ’tlﬁ‘ﬁﬁm?%t pr((ﬁ\?lsdélanbptflrﬁﬁmfwrl flatemdehi ttrepkrati on a
shock oot helampiti twidehok tandi hsreasise tiwes iwibhieag speehddie aaBPaERt US tO

| M oveot he i b SHET®EY ( @Bré@ﬁebﬂé@é’é'%é at{egw&ém& ol LB Pesent ynvent on

Wil be. bed I .ow. rotati ng stor eap aratus o Bdent
|nvent|o}ﬂ P&é& AEJP% Ai(ln + an ou the G-sensor does not

directory represent the off- tracking amount. Because a



conprises a rotating recording mediumfor recording information, 1a}' h&b}@ Q&Ult
performng at least a wite operation onto the rotating recordi ng nmedi um
and an accel eration sensor for detecting a shock, wherein: if an output
fromthe accel erati on sensor exceeds a predeterm ned threshold, the wite
operation is inhibited during a wite inhibit period regardless of the
status of a wite gate signal. The apparatus further conprises a |logic for
charging the wite inhibit period according to a tine span in which the
accel eration sensor exceeds the threshold or to the output peak val ue of

t he accel eratl on, sensor. r rotating storage apparatus of the present

i nvent i on corp i §8s FAPLGRALY ngSPEERTHIFh Reditifh rrblec ortiasg ailnf ok mat i on,
a head fOiCHET of vRGemt ineadtich ar feedloper ats @roontiedf heuciotad i tige

recor di lﬁtgadTE{djSlilﬂloaﬁ!dgaBoﬁﬁf(ﬁl efyafltieANo8eRASRArd i det®GlLENg, A §$‘QFA<11 wher ei n

the appgyat s . f.ar ni.torjng an out fromth

accel er |otlr$%scgﬁs r anl?irlt r?gt i HoR t(‘")'rlkgu 199[ ‘Q%@é@?ﬁgg 5?%%%?%rtrﬁ ned
thresho‘f YRt 9 st out A8 g"né]esullﬁtcﬁ rEahsen Grriasspuittt iang a

| at ch sﬁlghﬁa-?l—la;t}wabhpc!st thevels dur ishgra wsi tiee i nhidideiper iodefeorag time at

whi ch tdie slkeekipul shanRAl. is tput Fr%lér@ gahe SHgnae-0eNELAL i o Jreans for

out put ting, t si.gn the first Ievel when a wite permssion is given;
and a Io%l;l%c e&%&b:tlgngL%QW| ‘e onto the rotating recordi ng nedi um when t he

| atch signal is at a second |evel other than the first |evel and when the
wite datarsi ghlal showat 4 héoficstkilrevet. dTherappavat uspluibhey agprises a
| ogi ¢ frrorakar gihRg the Whiégedmhidd tnpe k@geﬁ@cl%@nf&qokocé’n%ié@rs pan in

wi ch thhe gler, n sgnsor_ ex eed sh e out put peak
val ue ofegt e acceﬁ%&gtl oﬁ SEHEOT l‘fhér?‘?‘ﬁ’?ﬁ mat’iof "PEBoHYi It et Hdd of t he

present® | TRASH i VH i St adetifdd MWBACheddr ARRBUYT nfbramt POIPUt faranottdid ng
st or agés-sFpErat exceerpr asiprgdatent atddng hrecabdli ngi sed th ded egrindi Ng

i nI O{ e iviHLteaéﬂ}ﬁ@d sflaha@eﬁf)@r 1) an@értle%a§Ego@sV\ﬁ_’L&ﬁ) Op%tﬂ;r{ %t(?]?t o3t he
rotati € n a a celerallon sensor Cc |n
QQ]er S8 nge 1&5%1 121, 3CCHl write o b7 nél%n%lnogﬁﬁ Si gnal i f

shock, %f mﬁ?} the S eps of

an out pu]’[ 0 tﬁ@ta'é e? r%ﬁ i SeRsBit ektbetResa hpplderer e nleiiqhmdeshol d;
out put Hh? chbhtshueistyita Eignedr at arédetsirnieed) tdoei pgraowr ahe ianhi bit
peri od Wmteespansett oigmel i Pufenetatbe. shack WQuUteSigAGh it gbeﬂﬁ{aqt ijRg a

| ogi caliplRshong! Ofvo lagkaat 6gaLien; ghanal, aly &l rel Jgyel, and a
S gna r &t

wite qate s Si gn out ut wite gate becomes THE | evel
when a wrile per%SsiontTs ﬁt\(?ensl endbl i Hersew it e 16Mb o thé’“hrlé‘t ating
recor dllﬁ‘é‘l‘ﬁ’éaﬁurﬁf\ﬁhéﬁ%‘cﬁe dregiat abn ANDIsi gridleri sroatist hehti ssbckewvak. The
write isilgnbilt 1per iied referanted asTPrahdiy 41 avtitke @RaAN iisN JMaihchlhhe
accel eraftel Qﬂclft%nsﬁlrhl%&ﬁe%Q§n5belghB@\ghQEQethécp V\h‘% c{%tep%ﬂ%eak a\éal ue of
the aCC_L%' %??%Egn §l$<£'sorrlte ate S nala(ri%tzu§s fCCOf Ing to

above- desc forat] ng st 96ragetApp Y or mat i on recor di ng net hod,
awite inhibit signal is generated at the time when a shock out signal is
det ect & isr egbk Ul éss désdihibest atns tofnet hequdrice gaith Theewénde ikphi bit

si gnal Fll@uli"@febenc@dra@dlllf) L hea appRt Al s r'e%r'e@eﬁbﬁdwlvhet d"lJ(’é\M?)eE (State, a
|

wite t gpa sked (nega o] I"ow) peri o te inhibit
per i od)Q% ﬁtr}?én @wh % ﬁe \%I’I t%él%g %1 %rtoa etg‘r? 8Vsse“c,séi’r"ft|‘ﬁlf’r5’|.ls‘F‘yS<5‘Eftr5ut after
the shét S8ut Pﬁhal ifs gete@dd is THet eFﬁPﬁ’éd Oyt t akdianglt hé 0l  is

char accenténiiegs bf dhepuwEppar ahesoinpt acoemdry andehnyaddiot thhri,leCBanged by

ref er emeiraghbhe wiidt hi of e&h@e@éﬁpm @Rk, Ory fiRe 5P VQH‘@e Ehe
| S

accel e o] Thlses that the wite inhj It sig
gener a%gghtgg ;Sl(r%l)%blI a Wik :Si hgn inP afit ors f?%b%tngsb%rﬁﬁlrtilén

whenevEF"Chatfdad®§ sdeFSrFItJFP@doﬁ OY¢ ackig§ .candiprpbhen rwarl demvicuonirént i n
whi ch &hshphaspubsetié keawsitoct 010 hdgheHa m&a@youtp&@tma%hle% exgeted on

t he appar atrys t o i reli ity.of the apparatus
can bggl ncrfg trIBk'?.m Qﬁoam 5{TE‘%]Hé)\r/.\bi'cyse'&qg %Q % bglgr edug&ﬁ) Ey el E(F:)tl ng

| tion
an opt {'mum vvrlfeof% l—rrb"}ct idgr ati RS henst é’&?lltﬁﬁf’o%]f@% e therespatthce of the
appar at-@s thFPrS@rY@IOIIedwérm@d|wnvntf1>rm\noérrbmdverem 0 ofst bRog eBgNturh¥ent i on
wi |l be described below with reference to the acconpanying draw ngs.
However, the present invention may be inplenented in many different -.
enbodi ments and shoul d not be construed as being limted to the description
of the enbodi nent. Throughout the description of the enbodinent, |ike
el ements are | abeled with |like nunbers. Figure 1 is a perspective view
showi ng an exanple of a hard disk drive, which is one enbodi nent of the
present invention. Figure 2 is a block diagram of the hard disk drive. The
hard 1 7 AU G 200g disk drive of this enbodi nent conprises a disc-like
magnetl C recor di ng rredl um 1 on V\:hl ch | nf or ITB.tI on | S magnetl cal I y recor ded

e ~



The hard disk controller 6 interfaces to a host conputer 10 and ﬂe?aﬁU@ 2004
wites information fromor onto the nmagnetic recording nedium 1l as magnetic
i nformation, according to a read or wite request fromthe host conputer
10. Figure 3 is a circuit block diagrgmof part of the hard disk controller
6. Figure 4 shows a chart of the output timng frommajor parts of the
circuit and the waveform of outputs fromthe gravitational acceleration
sensor and the off-tracking anmount of the head. The circuit block shown in
Figure 3 consists of a latch circuit 21 for latching a shock out signal SO,
2NBOT_ Cilll_G;Ji t 122 dher _w}ahg@t igAg et Ig@tgg?i pyb% f ggg%_gr@grg@g p{})i%izhr)c%iét t2he. ?nd a[l
cirgyit. - c oyt put .fro e i.rcui nd a wite gate
si gnal \O;C\Z alr[é&%ep%l%vt:@ggd %Es&?rt sjﬁll{l_%l)puttlén.e , .tglt}r e aA R cH t SSﬂ%’W 74 tt he
wavef or fgfaan 18dt RHEPEr ot Herite. inbhhic xoggalgmenldaticonsneaaceter at i on
sensor @ndnar @spoasepdirtaoshetkrexpet &k ortHhehdekveuapPagiiug.ol tisi s
assuned pbhat, ; MRVES S { en.a t pul se shock is
exerted. An o%\tﬁput&{ ?k%glgﬂoﬁtﬁggﬂi{%andalsm%qo)ttegg ya\é; %%V%%?IE](FI gure 4B is
continuously output fromthe sensor during the tinme period in which the
wavef or A80 Exdd@ssa pr etlbeemriesedtt himosndlidn3havEhefdirspl acenenhe
(of f - tr ablivagmanoinied fyramiant kack 1peeiyi 08 8fishe n@gnatd cihead 3scaused
by thiscshegk tbs ifadiceated Y LWL e34enht Egglérfe a4gi*e U}%i%qu Trr;[e%al%xKll ng
anmount chr.\éelfA)al? f—fh%f' cal qu gtl t%/ ha |nlg a |sq[,ance di mensi 6n and
repr esent 8d°by 4 Jotib? €19t &Gl Pagnghtk onedSBatiGter ,irarkd haker 8i6ke has
time dePAyVRi t instesdest €0 the mergdleoutpuruasmy shisrap8Mle Acoor dhng to
the preseherhavesitodn,arm wibtatiohi bi tosignap13h ikbe JepeF ARG a5 nshoOWN in
Fi gure 4Bobher deg to R bict, a L} e QReratian ] uch of.f-tracking
exi st s. ﬂi‘ggeeyiéetionhibtﬁlg é:ttg) ati)x\%%{i s geneitg%edwgér%%e:_ cclnern(‘:s’uli.tty birdck shown
in Fi gure 3°%9Rat “Ps,2PPHE Hock™RutC%i GR&F 3D i% Ribraidd Byishoek out
gener at fngOfeBPB- (not shown) and input into the latch circuit 21. The
output of the latch circuit 21 is held high during a predetermned tine
period atterstigg thdctWhicgh the s ut :si, O tect.ed (wite
i nhi bi ttggml?go{%4thaj§3)c.anThe oEetvpuﬁpegﬁgrﬁal l?lrlrr:dg%@tk%rg I%C%Sc,&)e.rg?’gggi t£21 IS
converted 1 nto To~ 22by Phe MM AHT 22°°1H WigheF e Istdd 1 tduritng?t he
wite i AAFBF " PerftB829% PBRATRVEY Whimal upssi mputidhtdenshey ANDockgeuit 23
and t hemedipni favem t he AND signalnm@dtgoasedeowar egaiall ess afibiReishat us of
the witgigate signal Wsto keep the wite inhibit state. In this way,
according to the present invention, a wite operation is inhibited during a
predeterm ned period (wite inhibit period) after a shock out signal SO is
det ect ed’ rlfgagﬂl‘i’fetéesr oPPI%EE sPht (I eofPiIFe W i v PEenWEO Thiay ideheawrite
i nhi bi t t8FAR@legh behiept cep i riihbbtita wri twerioper atpe@rationan of f - aracki ng
condi ti ofifevesciing sboditipw sevehock iah exeriQhmeAs SHRWM: iH Ehgure 4E

the out pyis86skddna)y Wi?hgf%%%ggg%a{[&mitgeexélélpegi_rcuit 23 does not

conti nuously go high 7 asserted) "'even if the wite gate W5
is asserted (goes high) at tinme t5 during the wite inhibit period, and
goes hi §h (&s¥eFtedpther tdhmects ofy taer preyemf t Bnvdntdoandooprbhedeav at e

i nhi bi t tpehhotbgyThehassericad stat eaf hbghitheveal)iwf gk pcgat .5i gnal 36
forces acubiiens! apaledy puLesLhe mpanel i g, fagordi ng, edium .l fo be output.
Exanpl e‘s,ig}‘:a% he wite sieqcr]gw 37 includes a,synhchronous Sighal’, “addtess

si gnal , " U3EF " HHt U ghatSe ARG C8Y r SP3Eof PRIRGIEA U NS gidtinTherapdt e

i nhi bi t3perdedd (3% thelyeldnhility afl dtheh aramduby tdheihatate cthieuit 21,
can be pexedrman@ppifophkaigpddd®usperi ods "-' by anal yzing the variation
characteristics of the arm4 and ot her conponents beforehand by experinents
and refL cting the results of the experinments in the determ nation.

Accor di g PBRThe Sihdy 1Byet v hvent ors of the present invention, it has
been enpirically found that a period equivalent to 15 servo sectors is

appr oprraé eouBeCANISEr t BB SEAPLANT [ARAMHERGY JfiQh Re ?s@é?bé&%%oxb? 5.6
kHz, about Zthé@lenc rrasytobe approgrl at e. I(gte write inhibif period may be
varied 1n consrderstion 6f%n SBPPLE VA L& f 'O t RFSGERY t AfvERRIOD

accel eration sensor 9. Figure 5 is a block diagram show ng an exanple of a
circuit for determning a change of wite inhibit period. This circuit is
contained in the hard disk controller 6, for exanple. An output signal Sig
fromthe gravitational acceleration sensor 9 is input into an anplifier
(AVP) 40. The output of the AMP 40 is input into a wi ndow conparator 41 and
an anal og-digital converter (ADC) 42. The w ndow conparator 41 outputs the
hi gh-1evel signal when a signal exceeding a predeterm ned threshold is
input. The time span in which the output is held high is nmeasured by a

pul se wi dth measurement circuit 43. The measured value is input into a

o R A~ I\ - N |



~ 7 ~u ~ zoo4 to On the other hand, a signal converted into a di]g}l 2@()@@004
signal in the ADC 42 is input into the MPU 44 and the |argest valu t

peak val ue of the signal) is selected and a wite inhibit period according
to the peak value is calculated in the U444, Tile wite liiiii.blt period
calculated iii the hiPU 44 can ue iupift into the latch circuit 21 in
Figure 3 and the wite inhibit period is set as the latch period. In this

way, theomapriges ajrptatipg recpudinguediam fos recardieglinfemmtidnng heasl fohpefomyring atiedst h

or peak f.th ravitational .."-' acceleration sensor 9, .thereh

al | owi nag\(xglr'\[élgB rf"‘trlrcltgjnmgl\l/\tllgit eem.t[*ﬁﬁ‘ugbrf%"rﬁ‘élﬁi“&e Rt aéleatccgg?glf)ais%sof gortcﬁ-éecgﬁg But
val ue ofhdchewbeérai ifaini cufalt fRGE BlekedlérafiorS QM exBedl¥ adrBdREHARRhANhAIRE O
the MPU 44. O course, findings in experinments and studi es can be reflected

in the Wpite apczetiqnon iphibited duriigoymaite inkibjt partsgriggardiebmof thelstatineba acitogate

only th I | onl h eak val ue, . or hoth.of th ul se width
and peaglgj\?%l ﬁzle\r%gér%élygdsr{éh rf%@pgﬁéai%ﬁgﬁqrgﬁ?rgw%tpe PiEEC it Pt iagf"?r_aﬁ’@rt?od
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The information recording method of the present invention is a method for recording information
in a rotating storage apparatus comprising a rotating recording medium for recording
information, a head for performing at least a write operation onto the rotating recording medium,
and an acceleration sensor for detecting a shock, the method comprising the steps of: outputting
a shock out signal if an output form the acceleration sensor exceeds a predetermined threshold;
outputting continuously a signal at a first level during a write inhibit period in response to the
input of the shock out signal; generating a logical AND signal of a logical negation signal at a
first level and a write gate signal output, the write gate signal becomes the first level when a
write permission is given; and enabling a write onto the rotating recording medium when the
logical AND signal is at the first level. The write inhibit period is varied according to a time
span in which the acceleration sensor exceeds the threshold or to the output peak value of the

acceleration sensor.
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the width i

[ Descr i fhenge 8y TeiFrpsIng JrePiiput SgBldirge rmeak disfue of theggieplgragion
Mot or  3gengor. MAgnNetic head 4 ... Arm5 ... Voice coil notor 6 ... Hard disk
controller 7 ... Connector 8 ... Flexible cable 9 ... Gavitational

accel eration sensor 10 ... Host conputer 21 ... Latch circuit 22 ... NOT
crred tTl%:g e'n'sflresA t%tctiug %yritg ir%l%bi't'sign\elx\ﬁ\l/sefgé)r{egted to inhibit a write operation in an off-

tracking condition whenever the head is in the off-tracking condition in an environment in which
a short pulse-like shock or high-frequency vibration is exerted on the apparatus. Thus, the
information recording reliability of the apparatus can be increased. In addition, the write time
can be reduced by selecting an optimum write inhibit duration, thereby improving the

performance of the apparatus.

[Preferred embodiment]

An embodiment of the present invention will be described below with reference to the
accompanying drawings. However, the present invention may be implemented in many different
embodiments and should not be construed as being limited to the description of the embodiment.

Throughout the description of the embodiment, like elements are labeled with like numbers.

Figure 1 is a perspective view showing an example of a hard disk drive, which is one
embodiment of the present invention. Figure 2 is a block diagram of the hard disk drive. The
hard
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recorded, a spindle motor 2 for driving the magnetic recording
medium 1, a magnetic head 3 for recording information on the
magnetic recording medium 1 or reading from information
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ecording medium 1, an arm 4 for
supporting the magnetic head 3, a voice coil motor 5 for
driving the arm 4, and a hard disk controller 6 for controlling
input and output of information into and from the magnetic head
3 and the drive of the spindle motor 2 and voice coil motor 5.
Data writing and reading into and from the magnetic head 3 are

— performed through a flexible cable 8 attached to a connector 7
and the arm 4. A gravitational acceleration sensor 9 is
attached to the flexible cable 8. While the gravitational

acceleration sensor 9 is shown as attached to a movable part of
the flexible cable 8 in Figure 1 for clarity, it is in practice
attached to a cable connection part in the close proximity of
the connector 7 so that vibration of the cable is not detected
by the gravitational acceleration sensor 9.

The hard disk controller 6 interfaces to a host computer 10 and
reads or writes information from or onto the magnetic recording
medium 1 as magnetic information, according to a read or write
request from the host computer 10.

' Figure 3 is a circuit block diagram of part of the hard disk
controller 6. Figure 4 shows a chart of the output timing from
major parts of the circuit and the waveform of outputs from the
gravitational acceleration sensor and the off-tracking amount
of the head.

The circuit block shown in Figure 3 consists of a latch circuit
21 for latching a shock out signal SO, a NOT circuit 22 for
negating the output from the 1latch circuit 21, and an AND
circuit 23 to which the output from the NOT circuit 22 and a
write gate signal WG are provided as its inputs.

Figure 4A is a chart showing the waveform of an output from the
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of sai ackR| %gyrgntg%nsoghe off-tracking amount (curve 34) is a
physical quantity having a distance dimension and represented

by a double integral as mentioned earlier, and therefore has
time delay with respect to the sensor output (waveform 30).

According to the present invention, a write inhibit signal 35
is generated as shown in Figure 4D in order to inhibit a write
operation while such off-tracking exists. The write inhibit
signal 35 is generated by the circuit block shown in Figure 3.
That 1is, the shock out signal SO is generated by shock out
generating means (not shown) and input into the latch circuit
21. The output of the latch circuit 21 is held high during a
predetermined time period after time t3 at which the shock out

signal SO 1is detected (write inhibit period (t4 - t3). The
output signal from the latch circuit 21 is converted into low
by the NOT circuit 22. In other words, during the write

inhibit period, a low-level signal is input into the AND
circuit 23 and the output from the AND signal 23 goes low
regardless of the status of the write gate signal WG to keep
the write inhibit state.

In this way, according to the present invention, a write
operation is inhibited during a predetermined period (write
inhibit period) after a shock out signal SO 1is detected,
regardless of the status of the write gate WG. Thus, the write
inhibit state can be kept to inhibit a write operation in an
off-tracking condition even if a short pulse shock is exerted.

As shown in Figure 4E, the output 36 (final write gate output)
from the AND «circuit 23 does not continuously go high
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The write inhibit period (t4 - t3), that is, a latch period by
the latch circuit 21, can be fixed in appropriate time periods
by analyzing the variation characteristics of the arm 4 and
other components beforehand by experiments and reflecting the
results of the experiments in the determination. According to
the study by the inventors of the present invention, it has
been empirically found that a period equivalent to 15 servo
sectors is appropriate. Because the sampling frequency for one
servo sector is 5.6 kHz, about 2.7 msec may be appropriate.

The write inhibit period may be varied in consideration of an
output value from the gravitational acceleration sensor 9.
Figure 5 is a block diagram showing an example of a circuit for
determining a change of write inhibit period. This circuit is
contained in the hard disk controller 6, for example.

An output signal Sig from the gravitational acceleration sensor
9 is input into an amplifier (AMP) 40. The output of the AMP
40 1is input into a window comparator 41 and an analog-digital
converter (ADC) 42. The window comparator 41 outputs the
high-level signal when a signal exceeding a predetermined
threshold is input. The time span in which the output is held
high is measured by a pulse width measurement circuit 43. The
measured value is input into a micro processing unit (MPU) 44,
where a write inhibit period is calculated according to the
time span measured by the pulse width measurement circuit 43.
A controller MPU installed in a hard disk controller 6 may also
be used as the MPU 44,
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inhibit period to be set according to the output value of the
gravitational acceleration sensor 9 by a program provided to
the MPU 44. Of course, findings in experiments and studies can
be reflected in the optimization of this program.

Any programs that take into account only the pulse width value,
only the peak value, or both of the pulse width and peak value

may be used for the calculation of the write inhibit period by
the MPU 44,

While the present invention by the inventors has been described
in particular with respect to the embodiment of the present
invention, the present invention is not limited to the
above-described embodiment. Various changes may be made to the
present invention without departing from the scope and spirit
of the present invention.

For example, while the embodiment has been described with
respect to the hard disk drive as an example of the rotating
storage apparatus, the present invention is not limited to the
hard disk drive. Instead, the present invention may be applied
to any storage apparatus having a rotating recording medium,
including a rewritable optical and magneto-optical recording
apparatus such as CD-R/W, DVD, and MO drive storage
apparatuses. In addition, the present invention may be applied

to a removable rotating magnetic recording apparatus such as a
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41P apparatus and floppy disk drive.

While no specific examples of the gravitational acceleration

sensor 9 have been presented, any acceleration sensors,

including a dielectric sensor such as a gyro-meter, and a

semiconductor sensor may be used as
In addition, while the example in which the time span and peak
value of the sensor output are referenced to vary the write
inhibit period has been described, the sensor output waveform
may be analyzed by using an appropriate method such as

— fast-Fourier-transform processing and the result of the
analysis may be used to calculate the write inhibit period more
precisely.

[(Advantages of the invention]

The advantages provided by the major elements of the present
invention disclosed herein are as follows.

High recording reliability of a rotating storage medium
apparatus using a high-density recording medium can be achieved
even in an environment where a shock or vibration exists.

A write operation in an off-tracking condition can be inhibited
even in an environment where a short pulse shock or
high-frequency vibration may be exerted.

An optimum write inhibit operation can be performed according
to the magnitude of a shock or the amplitude of vibration, thus
improving the writing speed and performance as well as the
reliability of the apparatus.

3. Brief Description of the Drawings:

Figure 1 is a perspective view of an example of a hard disk
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drive of the embodiment of the present invention;
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Figure 3 is a circuit block diagram showing part of a
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controller;

Figure 4 is a chart showing the timing of outputs from major
parts of the circuit, the waveform of outputs of an
acceleration sensor, an off~-tracking amount;

Figure 5 is a block diagram showing a circuit for determining a
change of write inhibit period; and

Figure 6A is a logic circuit diagram and Figure 6B is a chart
for explaining a problem considered by the inventors of the

present invention.

[Description of symbols]

1 . Magnetic recording medium
2 . Spindle motor

3 . Magnetic head

4 . Arm

5 . Voice coil motor

6 . Hard disk controller

7 . Connector

8 . Flexible cable

9 ... Gravitational acceleration sensor
10 . Host computer

21 . Latch circuit

22 . NOT circuit

23 . AND circuit

30 ... Waveform

31 . Threshold

34 .. Curve

35 ... Write inhibit signal
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42 ... Analog-digital converter (ADC)
43 ... Pulse width measurement circuit
44 ... Micro processing unit (MPU)
101 ... Shock out signal
102 ... Write gate signal
103 ... AND circuit
104 ... Latch circuit
—_ 105 ... NOT circuit
106 ... AND circuit
110 ... Curve
110 ... waveform
111 ... Threshold
113 ... Curve
SO0 ... shock out signal
Sig ... Output signal

WG ... Write gate signal
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1. A rotating storage apparatus comprising:

a rotating recording medium for recording information;

a head for performing at least a write operation onto said rotating recording
medium;

an acceleration sensor for detecting a shock,

a logic for inhibiting said write operation during a write inhibit period
regardless of the status of a write gate signal upon an output from said acceleration
sensor exceeding a predetermined threshold; and

a logic for changing said write inhibit period according to a time span in which
said acceleration sensor exceeds said threshold or to the output peak value of said

acceleration sensor.

2. A rotating storage apparatus comprising:

a rotating recording medium for recording information;

a head for performing at least a write operation onto said rotating recording
medium;

an acceleration sensor for detecting a shock;

means for monitoring an output from said acceleration sensor and, if said
monitor output exceeds a predetermined threshold, outputting a shock out signal;

a latch means for outputting a latch signal at a first level during a write inhibit
period from a time at which said shock out signal is input;

a write gate signal generation means for outputting the signal at the first level
when a write permission is given;

a logic enabling a write onto said rotating recording medium when said latch
signal is at a second level other than said first level and when said write gate signal is
at the first level; and

a logic for changing said write inhibit period according to a time span in which
said acceleration sensor exceeds said threshold or to the output peak value of said

acceleration sensor.
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rotating recording medium for recording information, a head for performing at least a
write operation onto said rotating recording medium, and an acceleration sensor for
detecting a shock, said method comprising the steps of:

outputting a shock out signal if an output from said acceleration sensor
exceeds a predetermined threshold;

outputting continuously a signal at a first level during a write inhibit period in
response to the input of said shock out signal;

generating a logical AND signal of a logical negation signal at a first level and
a write gate signal output, said write gate signal becomes the first level when a write
permission is given; and

enabling a write onto said rotating recording medium when said logical AND
signal is at the first level,

wherein said write inhibit period is varied according to a time span in which
said acceleration sensor exceeds said threshold or to the output peak value of said

acceleration sensor.

— 5. The information recording method according to claim 4, wherein said rotating

storage apparatus is a hard disk drive.



