METHOD FOR COVPENSATI NG TI M NG TO START DATA RECORDI NG AND MAGNETI C DI SK
DEVI CE USI NG SAME CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains priority to Japanese Application No. 2003-085870, filed
March 5 26, 2003, the entire disclosure of which is incorporated by
reference for all purposes. BACKGROUND OF THE | NVENTI ON [ 0002] The present
invention relates generally to nagnetic di sk devices having separate heads
for witing (recording) and readi ng (reproducing) data, and nore
specifically to conpensating timng for starting witing to account for

di fferent distances between the heads. 10 [0003] FIG 4 is a diagram show ng
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arm (not shown), to which } i tached, based on the
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of the magnetic disk 1 by moving a rotation system support arm (not shown), to which the

magnetic head 2 is attached, based on the information of the servo signals 11.

[0004] Next, acommanded position in the rotation direction on the disk is determined with
reference to any signal identifying a specific physical position on the disk such as, for example,
the end of the servo signals 11. Clocks and the like provide timing signals that are used to
establish the waiting time T until the magnetic disk 1 is rotated so that a magnetic head 3 is
positioned at the top of one of the data sectors. Typically, there are several data sectors between
the servo signals 11. When the magnetic disk has rotated the correct distance, a write gate or a

read gate is asserted.

25 [0005] When the write gate is asserted, a write current flows through the magnetic head 3 so
that a signal is converted by the magnetic head 3 into magnetic information and written on the
magnetic disk 1. On the other hand, when the read gate is asserted, the magnetic information on
the magnetic disk 1 is converted into electric information by the magnetic head 3 and, then, the

data is sent to a host through circuits such as an amplifier.



1 [0006] As described above, physical positions on the magnetic disk nust be
determned in order to assert the wite gate and the read gate and, then,
the signals to determ ne the physical positions on the magnetic di sk should
be determ ned based on the servo signals read fromthe read head. FIG 5
shows a deviation in timng between the wite head and the read head in the
5 prior art wherein, in a magnetic disk device in which the wite head and
the read head are provided separately and the data is witten and read by
bot h hep@e6las As ldessribédablok €. phYsicdl PoditiensasBe mubretie diskenust bé éctbr@askdih is apart
fromthe read head 2a by a distance L in the backward direction, . when a
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Jector WA Beeiby At sk dRYiddn Whch b rfidead PR RFFRCQRALHE: P “dat

sector ?ﬂosia@@ alatd af the Uath REwRRENVMdSEANA both hd8s 8EM6WnSh FT@I 5, Bdhe 3he0 be
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e has been proposed (see Japanese Patent
Lai d-open Hei 6-176486). [0008] Further, as the prior art, a concept in that
val ues W007IheWhepgheglatn iv@ritien ybing gughppagneticheads, theawtegats musd ba aweded tot hat
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v between the magnetic disk and the magnetic heads. Therefore, in a magnetic disk device in
which the magnetic disk rotates with a uniform speed, as the relative speed v between the
20 magnetic disk and the magnetic heads varies according to the radial position on the magnetic
disk, the time gap TG must be compensated according to the radial position and a measure
against the variation of the relative speed according to the radial position has been proposed (see

Japanese Patent Laid-open Hei 6-176486).

[0008] Further, as the prior art, a concept in that values of the time gap TG resulted from the
25  head gap distances L that vary from one head to another are measured to compensate the time

gap TG for each head has been proposed (see Japanese Patent Laid-open Hei 09-115124).

[0009] In this connection, generally speaking, in the magnetic disk devices, as the head gap
distance L is a value unique to each head and may vary in some extent due to manufacturing
reasons, the time gap TG to be compensated may vary from one head to another. Further, based

30  on the fact that it is difficult to measure the head gap distance L for each head, as the head gap



reasons, the time gap TG to be conpensated may vary from one head to

anot her. Further, based 30 on the fact that it is difficult to neasure the
head gap distance L for each head, as the head gap 2 distance L is replaced
by a representative value and only the variation due to the relative speed v
bet ween the magnetic di sk and the magnetic heads is conpensated, the
head-to-head variation of the tine gap TG is accommodated by providi ng
redundancy in the format of the data sectors as shown in (1) of FIG 6 (or,

nor e speéisiahtchlis rypladey bydidepgscaradias vAue dhdooidly he aaristovdue itdthe helativegspeal v 5
which will be described in detail later). Here, it is to be noted that FIG
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Typically, the ta sectors incfudes mnimal require areas
consi st shmgvmh (1) of FFG eavin) Iaorarsp@mﬂi@ﬂydomdémgataan@ Beanid4t assshewinmn fhediguemncy and

phas |t|n r.eadi.n Syn r |ca he top of
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format g&embing fhel%bﬁaat Ghh EHeh)%hathd}pdﬂ!ﬁlﬁ‘ga tHREw R tlicAwAfe@Rad dhd the reabthedd kor
accommodating the variation of the tinme gap TO [0011] The areas A and B are

needed BY campewsafsdevent forward and backward sectors from being overwritten
due to the variation of the tine gap TO As described above, the wite gate

15 nust [00¢0]as Sepital), tedornidnef theidur sbaad irtiudes mpgigial iequieell Aéastcbasisting odf t he
data sector 12. However, as, the physical positions on the magnetic disk can
be det ef FieAElanFea Ige campepsating gewiatonsdn freqyeney, ahphapebetweeh Wating ¢ he
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be known acCurately but the ter ination of the position of the wite head
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Ther ef or e m-modatm mnévgre 1%Hefﬁnt't L rformed with a uniformtine gap TG
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val ue, ta nay be witten at a p cal position t I's of Fset
f or War dmustdmasdeetepoben thewrithbead Zbhe paitiahad at the ¢ipt ofttloe data wctolr ﬂénHawesérown in

(2) of t herefare, e data an the e secto
ver i £31EhPRHAT Baebtpiaon e fingate ik fis s dstrEmtred 5 B e read 1 of her
wor ds, g@ifoudh®Re read head 2a, the positional relationship between the read head 2a and the magnetic

disk can be known accurately but the determination of the position of the write head 2b should

inevitably depend on the setting of the time gap TG.

20 [0012] Therefore, if the write operation is performed with a uniform time gap TG without
compensating the head-to-head variation, the write gate will be asserted with uniform timing
regardless of the head gap distance. At this time, if the data is written on the data sector 12
having an identical address by the head having a head gap distance L larger than the design value,
the data may be written at a physical position that is offset forward from the position where the

25  data ought to be written as shown in (2) of FIG. 6 and, therefore, the data on the preceding sector
may be overwritten. The area A is necessary to prevent this problem or, in other words, an area
where the data is not written must be provided in the forward of the data sector so as to

compensate the forward offset of the write position due to the variation of the head gap distance.

[0013] Similarly, if the data is written by the head having a head gap distance L smaller than

30 the design value, as the data may be written at a physical position that is offset backward from



where the data is not witten nust be provided in the forward of the data
sector so as to conpensate the forward offset of the wite position due to
the variation of the head gap distance. [0013] Simlarly, if the data is
witten by the head having a head gap distance L snmaller than 30 the design
value, as the data may be witten at a physical position that is offset
backward from 3 the position where the data ought to be witten as shown in
(3) of FIG 6, in order not to overwite the data on the subsequent sector,
t he ar eeheBowitien @htreehddditpought fodie Wiittenta@ Bhdasin (Bof FIGOW, id@eder Rottbe backwar d

of the data so agqtto conpensate the backward offset of the wite osition

due to PYEVUihataeAn g sthsavEhtrelpaphtpst Shwbere Hierdgiapolcitdemst Rer hand,
the_ar efrobided il \BEYSAWARPE hOGatfld & thofmBaflate HPRLRIbM offsBofiRAIricOPer at i on

is started by asserting the read gate wherein, first, the deviations in
f r equenpgsitamdiue i the ey afiatomm af e ltad gapdistandet t en are corrected by a PLL
circuit. This correction is perfornmed in the Preanble area and, generally

speaki N@014] CORFhAstheriRAhd QR srePatid Mdeded WhEiLthe ldtaierRaY. TEil8ly, feréRct ed, is
witten on the Preanble area. Then, the Sync pattern that indicates the top
of the oppatnjisstaded ymssertimgithe rqadgate vaiercinfist tenleyigtionsindequansy aet a af t er
the Syn rn. i e . .| S i bl know
the phygragiroflls bkl BRRLEEE Shrlcha IFEREShoyt JHionkbolig PRGNy n b
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sector 12 but,, as.the sical posjtion ere the data.is ittep may be
of f set F%fﬁﬁ)&#dsa&rltﬁam& ¢ e_t"’c%at h@ew%aﬁt%ﬂ@f indiggten diedoB SEIM8 &t ance
in the Wi {QcAPRIBINUON RS e patidP R AROVR, datd\Bte? 1HFhc PRYErPR trah§ieded l0M t he
data with different timngs depending on the variation of the head gap

di stancthehpst. this tinme, if the Preanble area, which is necessary to correct
the deviations in phase and the like of the timng to assert the read gate

by the FRIOLSKCIIE Blpobsible dnkiiw the paicil peditiort dfahélfdd AtddPasoni the maphdsie disknnat be
corrected sufficiently and the subsequent Sync area and the data cannot be

read 20thgredare-dherepd gafg can Persssitsd @ccurpfelyiat fcrigp phthe data sectemia bub 28 thgat e wi | |
A arat et . ! o eh
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t he dat n at the nost war d position. wever, when the
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St at o i BB itk S afferdtngs Rpr B ot ot ogrot g b atp fidtel o
assert efhis tirfe, if¥@e Prdathdld A6, WhRhEs hdt@ssdBMoabiredi$hd deviations in phase and the like
of the timing to assert the read gate by the PLL circuit, cannot be obtained, the deviations in
phase cannot be corrected sufficiently and the subsequent Sync area and the data cannot be read
20  accurately and, therefore, the timing to assert the read gate will be synchronized with the head

having the largest head gap distance by which the data is written at the most forward position.

[0016] However, when the read gate is asserted with such timing, if the head has a smaller
head gap distance, the written data is offset backward and, therefore, no signal state will continue
for a certain time period after the read gate is asserted. In the situation where the deviations in
25 phase and the like is corrected by the PLL circuit after the read gate is asserted, the operation of
the PLL circuit may be unstable and the subsequent correction may be impossible if the no signal
state continues while the PLL circuit is operated and, therefore, the signal identical to the one

written in the Preamble area must be written over the entire area C.

[0017] As there are these redundant areas in the format shown in FIG. 6, a portion that can be

30 used effectively as the data area is reduced or, in other words, the formatting efficiency is



25 phase and the like is corrected by the PLL circuit after the read gate is
asserted, the operation of the PLL circuit may be unstable and the
subsequent correction may be inpossible if the no signal state continues
while the PLL circuit is operated and, therefore, the signal identical to
the one witten in the Preanble area nust be witten over the entire area
C. [0017] As there are these redundant areas in the format shown in FIG 6,
a portion that can be 30 used effectively as the data area is reduced or,

i n ot heredwoaddsd, théreford thnaw titerignsfyfmwst Baimgreased4n veldumedhendthettiveraicar e, t he
wite dgnsi tégrrust ~beﬁ{erﬂcreased in. gﬁi{g fo achieve the theoretical data

st or agedUAYIABE G2R3FILY Al Ne ARTTF a8BYITStS CYI€k device. [0018] In Japanese

Pat ent Lai d-open Hei 6-176486 descri bed above, though the tine gap TG

cor r espt¥dBhgln lapaivee Ratent [gabhoptindica fcld 648thdasontlzed abbree, thouglethiediaet gapdG he r ead

head is 5 compensat.ed according to, the radial positiqgn on .the.mgnetic disk,
s netSOTRERP U0 6% ok el 8° kAo PR hA IR BT o ot ¢ he
heads gapofipenbAstfcbrdidgdo HR ra@al pdiRioaton ehe Magidtic dRk JaRanesmtdigsiand td_ai d- open
Hei 09-115124 descri bed above, a concept in_that the head-to-head

di f f er epRIBPEHpate the heachito-brad diffesencs ebthe hpad gaprdidancstled so as to elininate the
redundant areas (the areas A, B and C) descri bed above and increase the

f or mat t {08d9] eDhitld @henhand, ipdgposse Paeht Ladspen Heidl9el 19 12hdestiibae apape, BG i S

measured by enpl oyin n unw.itabl e rea (a splice) created dye to the

ol . aPvErPian e beadGae b Bite2eher L e Hind fioifiuinie LIS CSRRTFIFLR 50t put s
the Wi b@nmbfetR eduldan®imeds,(thieArdabAS BRATY dedReibERANMIE and hereasd! the Rramitingr eat |y
depend on characteristics of the wite anplifier and the | ength and ot her

pr oper t Eldisicaey ispeopopid at deagpyherginthe e gpRilgs meagiredcinemplpyiag an ppwiigblger y
difficu 0, t .t it splice. Y, .l NVENTI ON
o020 - i HED R arck e ROBle el ofts AOFrRERLER axtRe MR e abliiclel EIT
di sk dewvitpets tHeawita gurraep Hoaveeermithie neadiring ackthvela de splideahaycgragtbndepted dror
variations in the head gap Hiljtfstancg get en the wite head and read head.
Thi s caff3saistes qf e WHEAPRACT #e'dhs ASGRn AEehRioRATIFSYh e thict BRBIVETY area of
the di skecotdify to cirBith@¥ifeef, Gf 8RELy dMGicETk fd Fh@DPMY posifioh BP@Lkpiida. short, this is
acconplished by witing a predéterm ned pattern, reading the pattern, and

usi a timng rel ati onshi ltfﬁlrl\)ﬁ%ﬁ [ gﬁ] jting the pattern and the
ti rrg‘gof reading the patt erpsn 0 e?eéé]nfﬁg Iﬁﬁ' gg@ gap di stance. Thereafter,
thi s kn{peRejdg®hé presemethve@ichgirotibé& techniques, especially applicable in disk devices having
separate write and read heads, that compensate for variations in the head gap distance between
the write head and read head. This can provide increased utilization of the potentially writeable

area of the disk, i.e., improve formatting efficiency.

70 [0021] In short, this is accomplished by writing a predetermined pattern, reading the pattern,
and using a timing relationship between the time of writing the pattern and the time of reading
the pattern to determine the head gap distance. Thereafter, this knowledge is used to set the

proper timing of the write gate.

[0022] In one aspect, the present invention provides a magnetic disk device that has an

25  improved formatting efficiency and that can store a large amount of data by measuring a
variation of a time gap TG resulting from a variation of a head gap distance between a write head
and a read head accurately and compensating the timing of a write gate when data is written on a
magnetic disk in a head-to-head manner so as to write the data at a desired physical position

regardless of the variation of the head gap distance. In specific embodiments, the method



proper timng of the wite gate. [0022] In one aspect, the present invention
provi des a magnetic di sk device that has an 25 inproved formatting
efficiency and that can store a | arge anmount of data by neasuring a
variation of a tinme gap TGresulting froma variation of a head gap di stance
between a wite head and a read head accurately and conpensating the timng
of a wite gate when data is witten on a magnetic disk in a head-to-head
manner so as to wite the data at a desired physical position regardless of
t he var a@fuiresa ihe ghefoneatdpgaming) tihiap cestart Wrising and teadiagbarciactenick, nubdber, met hod

5 acquires a tinme gap.for conpensating.timng to start iting and reading
for each qogmenfrﬁﬁ%gly‘ft}mmgﬁasteﬁ ngn&%%ﬁaﬂag%ﬁag haek %%%beagesggm ting

by changj 8@ tinte %aﬁrfop&gptrgg%%}mber based on the tine gap for each track
nunmber. [ 0023] anot her aspect, the invention provides a nethod for
i c.disk device

conpensat.i i m to start data 5 writing in a magnet.
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nagnet i gap digkceantach oTREEI0F ndE2Ragddie heRENet i ¢ head having separate wite
and read heads with a head gap distance therebetween. According to this
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head t epenatione whereithemeihbd ahised with dehnsiindick daidedhtinga rbfagblagaatiic di sk,
using the read head to detect the reference pattern and the predeterm ned

pat t er ndiskaid3 mrgpetg hgads edmpneticread hawing sepafis v@@rﬁndd@d&?@‘i‘%‘gﬁh pBeadef er ence
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the reference pattern and the predetermined pattern, determining a second time interval between
detecting the reference pattern and detecting the predetermined pattern, determining information
relating to the head gap difference based at least in part on the first and second time intervals,
20  and storing the information relating to the head gap difference for use in establishing the timing

of subsequent write operations.

[0025] In some embodiments, the reference pattern is servo information on the magnetic disk.
In other embodiments, the predetermined pattern is a Sync pattern indicating the top of the data.
In other embodiments, determining the second time interval comprises establishing a read

25  window having a duration substantially equal to the duration of the predetermined pattern
reading the magnetic disk during the window interval while preventing reading during time
intervals before and after the window interval and determining whether the predetermined
pattern is within the window. If the predetermined pattern is not within the window, the window

is moved, and the reading and determining are repeated until the predetermined pattern is found



[0025] In sone enbodi nents, the reference pattern is servo information on
the magnetic disk. In other enbodinents, the predeterm ned pattern is a
Sync pattern indicating the top of the data. |In other enbodi nents,

determ ning the second tine interval conprises establishing a read 25 w ndow
having a duration substantially equal to the duration of the predeterm ned
pattern reading the magnetic disk during the window interval while
preventing reading during time intervals before and after the w ndow

i nt er vain the@intowe and the mgndemepdséiontahwhphedhiepredeternantd patemneas found imihe hi n t he

wi ndow. Lf the predeterm ned pattern.is not within the wi ndow, the w ndow
i's rmve&’,mdgﬁ’dlsfl%éﬁ?gga?wae ﬁﬁ&g‘%?élfizifrfﬁlﬂ'ieﬁvﬁgare repeated until the

predeterm ned pattern is found 6 in the wi ndow, and the w ndow position at
whi ch t {926} e dreansther awgctpic iBieptiosprovidaticirayitihier usq widfosumagnatis déskidsviget er ni ne
the secgnd t] | nt erval . 6 r t I, j.on provides
circui tﬁ?/‘q?%ér' gﬁ%%etl\tﬁn%f’ %@\gﬂlﬁ%g&%ﬁ %ec? hglnd;lg?%g\?ﬁe%(gwﬁgevt%é’ggnéﬁ%égg f|Sc head with a
wite helatlactdritedby e dchdapdistadoe bawebetheagiehéad dnd @itk resd beadh@hacik@itrged by a
head gap di stance between the wite head and the read head. The circuitry
conpr i sEYMPRSES BYCRIESTRENE PR 1ot meastresthcdisrd gar ﬁétaw‘ééa "Q‘é&i‘gcﬁngt’%ﬁ%‘hg_ By

writl ngpéﬁ&eﬁﬁﬂﬂi Wfqii paREﬁ%%%M@ﬁ'etfémeﬁl&!% RGh4:§ tht Yoldd altiiee FRARRLI C head,
a menory that stores a tine gap that corresponds to the head gap distance
measur edorspperals do the sadt gapgliviamn measamet] byesail! pagsurivpmeanssaitd kead gap cui try t hat

conpensates timng to start witing based gn said tine .that is. n read
out 11 oraBrse ey By B St B aE Saf halPs batddm sARlime b, 5 %2
Synen patda@bit fréissiaied@ri.he top of the data. In some enbodi nents, the head
gap conpensation circuitry further conpensates the timng to start the

writing {({/092# eﬁ%ﬁm’ereﬂl%diﬂiéégggﬁw ugl Hé@ﬂgerﬁmoﬂlngggﬁ‘%n ir}dtﬂc%tig%% tlsi;%f' feahias 2

pl urali magneti c e racteri y a respect gap
di st ancé sonteemetogdinkets, thierhgadigdpbcopipensakipt yirafitry 8athegempbnsttartbesmirtgte

measurenent, circuitr asures, the head gap.di stance for. each of the
Dl ur al 1 Egrdte RgheleT SR EAGL MRy O S OPRST N Fefrice e BREUBY §F mi ned
uni que pRghdiiRMBsds\¢ach cﬁmctmzéa@yiatrasp@éﬁv@rmg&te%dpcammﬁtm&bﬁdmy stores a
plurality of tinme gaps that corresponds to the plurality of heagppgap

or

di stancelrahtnefihcad gy distarcesthe MeasvEament Firquifry mpasugasdhe head epiedigtag : |
noad " 2BehSLuf i oY pRRIREIS A bl il inelfile pbfeuc plineiipaIRON et ©

Menory. patterns with the plurality of magnetic heads, the memory stores a plurality of time gaps that

corresponds to the plurality of head gap distances measured by the measurement circuitry, and
the head gap compensation circuitry compensates timing to start writing for each magnetic head

20  based on the time gap for that head that is read out from the memory.

[0028] In another aspect, the invention provides a magnetic disk device comprising a magnetic
disk, a write head for writing data on the magnetic, a write circuit for modulating the data and
supplying a write current to the write head, a read head for reading the data from the magnetic
disk, a read circuit for amplifying and demodulating a read signal provided by the read head, a
25  gate generating circuit for generating a read gate and a write gate that determine timing to write
and read the data, a pattern generating circuit for generating a pattern that is used for measuring a
head gap distance, a gap measuring circuit for measuring the head gap distance based on a signal
acquired by writing and reading the pattern, a memory for storing a time gap TG corresponding
to the head gap distance, so measured, and a gap compensating circuit, coupled to the memory,

30 for compensating the timing of writing data based on the time gap TG stored in the memory.



[0028] In another aspect, the invention provides a magnetic di sk device
conprising a magnetic disk, a wite head for witing data on the magnetic,
a wite circuit for nodulating the data and supplying a wite current to
the wite head, a read head for reading the data fromthe magnetic disk, a
read circuit for anplifying and denodul ating a read signal provided by the
read head, a 25 gate generating circuit for generating a read gate and a
wite gate that determne timng to wite and read the data, a pattern
gener at [00Q9Ki Tﬁubtoref ar 1egse sehatmbglimcabf he presertinvestions ¢l atijastinges tminyg a
head ga& di st ance, ﬁ measur i ng circuit for nmeasuring the_head gap

di st anc %aagwat%daéa en g head-byahcadibadisy apR Al forORpensats th%alalprgap frﬁéei}‘étﬂ”tgern a

menory 05 thd Qéahgg BistanBBL@RPen tR GRTd RIARIAAIHRY adth‘éa& bga Hé‘:ﬁl%}gﬁé%d%ﬁ& ance, so
measur ed, and % conpensating circuit, coupled to the merory, 30 for

corrpenséfhus gn behexplaited g altfw ﬂme|dtal|amfgb@lmlaelbatsb@ir@irphwealtgomogaqggﬂ@e&tQ:fr ed in
th 9 f. th t
et 1 B vaigyions PLEE bt GRSt AG heiEie, POPTRYS B AGMRLRS S Noan. by head

basis, are able to conpensate the tine ga TGresulting fromthe head gap
di st anc D0BEk wAdurthasandgrstardingeidheniurenad advtagesef tbﬁPf&S%wﬁBﬁW@d ®asi s.

oL o aBRLRIRESt e Rl Bl @ O uRBRUS hLG Rl ardFRpLed PRyl
therefore, inprove the formatting efficiency. [0030] A further

under st andi ng of the natyre h resent invention may be
realized by ?ef erence t?ﬁlhgﬁﬁgﬁ&qwgﬁﬁi?é{@ﬁ?ﬁ specification a%d t he
drawi ng03BR Efc. BESERI A8 TnNr @eschibiag REAVERNERod R3kion ah SfeaturésSofa Hagegfi@m f or

describing an overall configuration and features of a magnetic 10 disk
devie élé%ém‘fmcwdmﬁoemg@dmﬁmQﬁﬂhetmwpw@g@mom nvention; [0032] FIG 2 is
a diagram for describing features for conpensating deviations in timng

bet ween[(832¥ | FEG.I2dad dmgchnaforrdaﬁtnhmgdezames)fml icoigpématiny devatibadinrtinnhg [ 0033]

FIG 3 sadla ects of t tlmn to start the witing when
t he hea W??t%ﬁ@ %ﬂ%feggg dtaﬁ%"rwnrgtt%m‘r% e"che read head is either
nom nal , Iar ge or small according 15 to this enbodl ment; [0034] FIG 4 is a
di agr an{wﬁﬂwi Elﬁ Fosva diagradashowisg aspedts efithe Hohingtadtartythé wakihg wihen the head

di sk , bi
2ot ab R R et e R 8 s RO Rl g b MEOOARAILGERE ' ' O

15  to this embodiment;

[0034] FIG. 4 is a diagram showing how the data is written and read typically in a

conventional magnetic disk device;

[0035] FIG. 5 is a diagram for describing a deviation in timing between the write head and the

read head in the prior art; and

20 [0036] FIG. 6 is a diagram for describing the format when the variation of the gap between the

write head and the read head is not compensated.

DESCRIPTION OF SPECIFIC EMBODIMENTS
[0037] Hereinafter, a method for compensating timing to start data writing and a magnetic disk
device using the same according to an embodiment of the present invention will be described in
25  detail with reference to FIGS. 1, 2, and 3. FIG. 1 is a diagram for describing an overall
configuration and features of the magnetic disk device according to the embodiment of the

present invention, FIG. 2 is a diagram for describing features for compensating deviations in



read head in the prior art; and 20 [0036] FIG 6 is a diagramfor describing
the format when the variation of the gap between the wite head and the
read head is not conpensated. DESCRI PTI ON OF SPECI FI C EVMBODI MENTS [ 0037]
Hereinafter, a nethod for conmpensating timng to start data witing and a
magneti c di sk device using the sanme according to an enbodi nent of the
present invention will be described in 25 detail with reference to FIGS. 1,
2, and 3. FIG 1 is a diagramfor describing an overall configuration and

f eat ur eimifg HebieeARGAE headding ki ré@Micae acoediigiondis tembbhignearand Fredtis af t he
present invention, FIG 2 is a diagramfor describing features for
conpensS4pgim Hevingasrasts qf the timing e sart therwiding whegrthe beadeap diskacabstwad head

accordi g e Léudsdnamqgadma is amgi]fdrﬁnﬁ?nah & snsuuaagl 3t 11% mbpanaﬁﬂﬁsﬁts of

the timng to start t ewrltlng en t etween the

wite h e.r head i ther or.. small according to
this en@@?ﬁn ﬁng} ﬂ()‘g%g‘]ag?eﬁlclf* %(ﬁflcelaﬁcé’“ﬁ'%ﬁgk’? Emg‘?cgi? R EPTEEBYr di ng t o

t he erbpdbiRMtcobritdd@ watite heNf 2tofok WYiBRE HAR of @ MghSIRSdigk Wl wite kBt 2Dfok or
witing data on a magnetic disk 1, a wite circuit 22 for rmodul ating the

data anmodupiingthndata ang supelying a write quentrie therwrite heachh, aseadepddaifonead 2a f or
readi ng é!ﬁﬁ%%tcﬁtaféomn}hegﬁa TBEOGLL §, dﬂeyg}%lt%rf&agneél dfg'ﬁx ahd é&n&ﬂﬁatfi lifying

and den® ting a ghal “priovi y ther a, a a

gener at tead sighl pudviideddyfthe rege heddellal mgata gereedding@ireuit 201 fbr gendrating aga:idagattdﬂ at
determ ne, tim ng ite and read the data, p conpensating.circuit 24 #
for conﬁ&?s\gmerajteéhat\ﬁrﬁ@rr@as timing, ko Wlie ﬁ“‘? mqa?%@ AN O P PRASHIBZ TR Hsul 1 ng

froma Reagm éiﬁanr%'asthﬁé‘gﬁy T@ beRf kR e Vﬁ%ﬂl%raﬁﬁ't}{H}CEdlﬁé:}ékﬁltlgéfrE&ra l&%&%ﬁﬁt' ng a
wite pattern that” is used for neasuring  the head gap distance, a gap

measur i digtanées 8 phttergenemtingensuit Ifn@r gmrah@ad vgrétp pelitest that & usesfod mgasuaingsi gnal
28%;3% ?%ar(f %%?({iﬁrt]%cte hag%?\éﬁﬂrl%igu nl,ggcucg ?6 for(}r(l)e%tsﬁ’rﬁn&st e heza% (gag'a}%ea%% BaSE% opa.

st or i ngsighe atduired g?.fbaa_ﬁg nleﬁwhteqﬁttémpmddualla@maebmmu@ B mai@es ﬁjildvrﬁinlger
information. [0039] As the magnetic disk 1 is attached to a spindle notor
(not sh@\ﬁff)‘?adﬁlﬁg 8t o achost, a’éﬂa‘% RemepEGioE storing thy dime gaprhGriesultad frame ther or

hé’%ﬂ% ,’éﬁ%ﬂh%ntdfb%e‘i‘g{fggﬁ{tﬁ di sposed as concentric circles. The read

hea 2a an e wite hea |ch are apart from each other by a distance
L in theagotation ditection.of Lhe mmanetic o sk b are qltiached, Lo a

sectors 12 that are minimum units for writing and reading the data are disposed as concentric

circles. The read head 2a and the write head 2b, which are apart from each other by a distance L

in the rotation direction of the magnetic disk 1, are attached to a slider 3 so as to be moved to a
20  target radial position (hereinafter referred to as the “track”) on the magnetic disk 1 by a rotation

system support arm (not shown). Servo signals 11 are written at regular intervals for positioning

the heads in the radial direction and the data sectors 12 are disposed as the minimum units for

writing and reading, for example, at the number of 3 to 5 between two servo signals.

[0040] The gate generating circuit 23 generates the gates (the write gate and the read gate) that

25  are necessary for writing and reading. It receives a signal for switching between writing and
reading from the controller 27 so as to send the read gate to the write circuit 22 at the time of
writing and to send the read gate to the read circuit 21 at the time of reading. The servo signals
11 are used as necessary information for asserting the gates at accurate positions with respect to
the rotation direction of the magnetic disk 1. The servo signals 11, which are written on the

30 magnetic disk 1 in advance by a servo writer and the like, can be used to determine physical



20 target radial position (hereinafter referred to as the "track™) on the
magnetic disk 1 by a rotation system support arm (not shown). Servo signals
11 are witten at regular intervals for positioning the heads in the radial
direction and the data sectors 12 are disposed as the m ninmumunits for
witing and reading, for exanple, at the nunber of 3 to 5 between two servo
signals. [0040] The gate generating circuit 23 generates the gates (the
wite gate and the read gate) that 25 are necessary for witing and

r eadi ngpoditionk 6 EevidsgnatiSdighal FltherSwith elidrerge bethaemmewately prgcalingg sefvdadi ng
fromthe controller 27 so as t% send the read gate to the wite circuit 22
at the t1gpad 1bsa tigg periqdglusing wherhdhetsad Read 2o theaytehgad Hupgsitinn telahvg et 21 at

the timgeQbafiSARLINGLs nlded $8MVRe FrdBASosilibn B e WL (RS 4L SRR %B%(}hei nformation

for asserting e gates at accurate positions with respect to e rotation
di rect i magwfictdisé Inegiediin thdinsdmdry 28 e seerposigomph aiferntatipn Weiraihafter eefewddt t en on

t he 30 netic disk,.1 in a nce by .a,sectvo witer gnd the |ike, can be
used 1 ottt rmbng iydmele®S YRR GG P iR TH R BC G mlf B SeelabS bl e
W th refs%@@g@iﬁgeagg@ﬁi)mmgatel y preceding servo signal 11, a time period
during which the read head 2a or the wite head 2b position relative to the

rotatin {sk S f t . e Bt t dat a
ector BAHRCIT ARty Ffhed REtERIHERTTE BERL 1} BTk o) B8 ricblhefl o0 i
posi ti oseal to thé eadeiréd21( ey the satd signaldfl énoledds 5n hddrédsenark eignaithdt iglicates a
information"). (the tinme period during which the wite head's rel ative

posi t i offart Peglm%fdhwqwo Blormaten Msegad %{C@}&J seasenes fhe wgéﬁ%s %flix%gmimdt e or

r eath 0pgLASduPhies tﬁ@%réﬁgsigﬁl $1.9R@hislimé $hd GRthgWheh IR eRRLiRRN dRsqnd  sent to

the read circuit 21. the servo signal 117includes an address mark signal

t hat i nd¢teraniess! basedsamathe tipnreg whemrthe address neask vignal i datentad and, theinea signalbtoci r cui t
21 searches, the dress rk .siagnal and in dempdul ates the servo ,signal 11.
At TR e RARR R TS SIS R P konBiing DS POR B Rent D SieR e PoRaR, L oo

on the aiebNGe Wiensigha 1addhe gste Geddfatig@irahit 23 reded 6kt @BMoryt I8ethe tikeSi gnal
to indicate the end timng is sent to the gate generating circuit 23 as a

r ef er enP@108dyHBE Whish;thegpasiioa o4 the rgpdhpad 2a op he Sue Bead; riglatiye to thepotaling o

genes at j:0g: G i : : & r t I : I i ng which
Phor oo TR bRl on? e LA e araP | ST o P Papf b it o

r ot at i nggctos, whislkhasdhepmymdiréd amthe Fremiattimg dinfatredtionpandc then,myuste thedtirgé, gyladh 11 t o

he top. position of. the d whi ch has. b i red h
For rmat t PAGE D MRETCtIce BRdon AR bR el Broal 2 oY Einé PRt om  ne

referengmegpesition signal sent fromthe read circuit 21, by using clocks to
assert

[0042] At this time, if the write head 2b is delayed relative to the read head 2a as shown in FIG.
20 1, the time period during which the position of the read head 2a relative to the rotating disk is
moved from the immediately preceding servo signal 11 (for example, the reference position
signal described above) to the top of the data sector differs from the time period during which
relative position of the write head 2b is moved. Therefore, the timing to assert the write gate
must be delayed relative to the timing to assert the read gate by the time gap TG that corresponds
25  to the head gap distance. The time gap TG due to the head gap distance can be compensated by
the gate generating circuit 23 only by keeping in the memory 28 both one formatting information
for writing that allows for the time gap TG corresponding to the head gap distance and another
formatting information for reading that does not allow for the time gap TG, though this

embodiment is characterized in that the dedicated gap compensating circuit 24 is provided.
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the gate. [0042] At this time, if the wite head 2b is delayed relative to
the read head 2a as shown in FIG 20 1, the tine period during which the
position of the read head 2a relative to the rotating disk is noved from
the i medi ately preceding servo signal 11 (for exanple, the reference
position signal described above) to the top of the data sector differs from
the time period during which relative position of the wite head 2b is
noved. Therefore, the timng to assert the wite gate nust be del ayed

rel ati vepoous] t Tee pap@ongpehsutiag seddit Jdhecdiasd refefeBcdpositin signaPAgadicalipg tahat
corresponds 25 to the head gap distance. The tinme gap TG due to.the head gap
di st anc@#ce ahthpeerve vigaHddreserpigd by Hs read dreyid b padsionly #ithectime obwriegy by

keepi nggljfydt B Abih ANy O GiRRlh 18 doifeQSdMideqB theiRhd Wi diliiiket hat

al | ows ?‘g%stt %re?él??rie&re)gbg% %Gggorrglgypondﬁﬁé%ft)o t(lhe eﬁf;edg‘g gaptc?i}fs%t a%%’e lan ©

anot her and sendsait td thg gata genenating@ivcdio?3.r 8adcogequrate, d oefsrencd paitioowighakBt he ti ne
gap JG ,though. this enbodinent. is characterjzed in.that the dedi cated gap
oo sl RATEIER iy (et BTERtYg Gt 5 2o e G YNGR b AeNEHI | ng. o1 r Lui ¢
24 1 ecei\R%tifg 4 PEiALRIABAINY BdwsdndR@lvrift Read DB ahd M nddned @Sk Phnd, he servo
signal 11 %enerat ed by the read circuit 21 and, only at the tinme of witing,
del ays theeeioresthe grie @ensaatingicopuis 2y erml oparatpyihe Weitq gatewehp tmdng smilkesiechdli ng to

t he hea ISt e it t 1.NG: Cl.rcui 3. As a
consequatiedr SRR e, 2E Brle b 0 B R PRP SR BRI EIen > 1S
gener at frog onethead dr t2i8k & ariokter, ttha'gapajompendati ngcisquite2aris cafigareslitg igdkive i ndi cat i ng
a positiqgnal relationship between the wite head 2b and the magnetjc disk |
and!0 tH’_g?r_E’{aHP’é_,S“_ 16 3 GUH1EhBEHERTL 10 1GMEH esiher B op &I BrEIEa Wiia ¥ gate
with a h b gerdiicn, ladead RurhtRS, 2 FRR GuRbell 48 thERE 185Hh the doMIrbINGR7, Berd i L1 Me
gap TG resulted fromthe head gap distance differs fromone head or track

t 0 anot referenaelpesitiam siguahbe mhadhi in gutpitrfoan theZ24ap cempensatinprirsdit 24, is ex eiitput 10

i nformat.ion, such, as switchin ignal tao.identify whether t gperation in
uest 1 onfed 158 e ' it 4 % R 1 Qe peo ABED Bhes D RBR Boer " anc
the |i keritih@bButtihis aGethér e ighal . witheuEalloiwigy fof Ee@ingEH TS tht GieDif gadingB,
which is output fromthe gap conpensating circuit 24, is an output signal

t hald i sangethessoytny sigpals are gwitghed bythevyitcdmgsiarhigomdhe et ’gap di st ance at
the time of witing but it is another output signal wthout allow ng for
the tinf00d4lp BEGswtring e vtalues obhe tisediapd G o eanhcheadhesach triaguin thé pambsy 28 e

oo Dt o B Ry B B R 2 3 R o 20
information about the head number or the track number acquired from the controller 27, the
head-to-head or track-to-track compensation can be implemented. However, a very large-

20  capacity memory is needed for storing the values of the time gap TG that vary from one head or
track to another, in the magnetic disk device that is rotated at a constant rotational speed, the
time gap TG required at a track position R can be obtained from the time gap TG1 at a
representative track position R1 by using the Equation 1 shown below and, therefore, it is

sufficient to store only the representative time gap values for each head in the memory 28.
25 TG=TGl1xR1/R (Equation 1)

[0045] Next, a method for measuring the time gap TG that varies from one head to another by
using the pattern generating circuit 25 and the gap measuring circuit 26 will be described with
reference to FIG. 2. First, a data pattern for measuring the time gap TG is written at an
appropriate track position. The data pattern is written in a manner similar to the writing of the

30 data sector as described above. At this time, the time period until the gate generating circuit 23

11



and readi ng the corresponding value of the tine gap TG fromthe nenory 28
based on the information about the head nunber or the track nunmber acquired
fromthe controller 27, the head-to-head or track-to-track conpensati on can
be i npl enmented. However, a very large 20 capacity nenory i s needed for
storing the values of the tinme gap TG that vary fromone head or track to
another, in the nmagnetic disk device that is rotated at a constant

rotational speed, the time gap TGrequired at a track position R can be

obt ai negerforamitichatd operatiga paseGbnalie Iaferemp pesedod dfnaV ecatl fi@akthp akiniorpd8 B by

usi ng the Equation | shown bel ow therefore, it is §uff|0| ent tQ store

only thee inep A L& andythe Jime; gapd Gread Sérhse‘zgw%mp@é&tﬁl@rrér&aﬂ% ORhAEIEBIYY 98, 25
TG = TGk sk 4s T4 Eﬂﬁ@*rb@@nu%) beiaﬁf}élamw%t valulBh RosbtkQbverRARULL BGvd he tine

gap TG that varies fromone head to another by using the pattern generating
ci rcui t ind&rmatidn § hehgmthe mlataslattcmgs wiittenui The%rltwghﬂe ipgendmiriydbelgate t h
First ata

ht 1 onegetSink s drsghitp A RNt £ A 86 ndlRER Binereh el alen |1 L0

nmanner  gie] wish thOwtiftezaW is hiseBed®thel dad pa&Orndabent §O61 tAE paterdl gSeftiagdiraiove. At
this time, the tine period until the gate generating circuit 23 11 perforns

t he gat &> @p@? wteowcya%@néﬁh% therdatads wrigten pe dietmagnetdss ¢kl threugh the wiite he
menory % 2? defined as Tl and the tinme gap TG read by the gap conpensating
circuit 2 romthe menory 28 is defined as T&. This T& nust be a
suffiC| [rg%lge val ue so as not_to overwite the servo mfg‘{/rratlon I

a

when th HEFHBInETafing Crant 2rgraciies the RISPR IPEMERHEPRINEdo#Y8aMe gate 5

genen at u@an@e rAdhbwa 3n RIS 25 BldtgehQatedd Batirh (R 1aILd £ HhibupatRACB tRE apiRbiser N
generating circuit 25 and, then, when the wite gate is asserted, the data

pat t er nonlg ogemin tlﬁﬁrwatlh@ttp@tfpedqﬁecglegdmtemgon i tio¢ between the writiagwnd the ci r cui t
22 and, reaFﬁé %cj QL]It}%?'ttﬁff‘ Pe erns'Ata fd'cPe forrgandn%gnﬁ}e étt&gn%(d L (;[t r1]15 ucgha ppap er te

head 2b rn generatl ng~ ClI enerat ern for
measur i mgmﬁdaiatohﬁaﬁat@apB ‘ThelipsttedmcA and\S asd@osalwdys Iﬁbéaed But, h:heP@eﬂlereq:ta&dm

pattern, includes uni que pattern t hat appears only once in the overall
pat t er nisft w%&%e@dﬁ@ ?qvaneawnaﬁedﬁvwﬁm lﬁéf"ﬂ%?%éﬂ phase genefaterhbeiween he

reags ngRRetinkYhd %ﬂmgkb%a?ﬁ{etv@ﬁt% p%tt@xﬂ@apr@FefaQ 5@cu§:ﬂo§ly af [s@fesitdbe lﬁ’h@itt}u?r n B do
not include a pattern” identi cal he pattern B. The patterns A and C are

not al weatermadsitad PmmnblamttarIPrlﬁmhbﬂ ef thapatermC is sotwyriticoatht pattese thad af this
CoMPensall Pootia irdeMh R 4 WStimd of fSANE NG 18R %s PRARB TS ReLALE dicDRt Hgen

pattern B and, therefore, it is desirable to write a pattern that is different from the pattern B.

[0047] In the overall pattern shown in FIG. 2, the Preamble area, the Sync area, and the Data
20  area in the typical pattern used for data writing can be considered as the patterns A, B, and C,
respectively, the pattern generating circuit 25 may not be provided separately and may be

substituted by a typical data pattern generating circuit.

[0048] As described above, with reference to FIG. 2, in the data pattern for measuring the time
gap TG1 resulted from the head gap distance L, the patterns A, B and C are written, for example,
25  from the point of time that is further delayed from the reference position signal B, which is
delayed by the time gap TG?2 corresponding to a standard length L of the head gap distance, by
the time period T1 until the magnetic head reaches the top of the data sector. Here, the pattern B
is a unique pattern that can be distinguished from other patterns and it may be substituted by the

Sync pattern shown in (1) of FIG. 6.
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15 the witing and reading so that the witten pattern can be read
accurately, it is desirable that the pattern Ais the Preanble pattern.
Further, if the pattern Cis not witten, the pattern read at this area
beconmes indefinite at the tinme of reading and there is a possibility to

fal sely detect the pattern B and, therefore, it is desirable to wite a
pattern that is different fromthe pattern B. [0047] In the overall pattern
shown in FIG 2, the Preanble area, the Sync area, and the Data 20 area in

t he typjioap] palekethe writed daarpatdeanas wad.t Angisaane, bie: efenaicd pogdorasigitah® npat t er ns

A B, and C respectlvely, the pattern generating circuit 25 may nqt be
provi deticla¥sgdn dieeap campensatinagarcud ah and. 4 atptphe time 9€W83Pg’&%&%§tep%eﬂl‘?fé%g

gener at {iRg i3l gibr g;e[rg %}5 t%%tﬂﬁégalhg@@le@’m&'se st afi&itR! RRGECE ?oﬁl&a 2, in

the data pattern ring the ttme gap T resutedfrom he head gap
di st anceighal B. bt thiattiney, ths gdp miBaamig Cirarit2medstes theflmad gnadnpﬂaeqe fragthier om t he

point of ti.ne that further del aye 0 prenc on si.gnal B,
Bhi ch 1 watatP breny Tieedipimiasyig Hest ob ek s RehfigRere eive PP &Ll ot
t he heaghegamerliastcalCBereDbhe ghp thehduig RRENIOTH ﬂ_a}, aUﬁhﬂdjw tOEmiTRgNehd perloader
reaches the top of the data sector. Here, the pattern B_is a unique pattern

that c anertyémmgstblsm@mrg isberkfand i ip determipest thatrthere avilic patteam B ip dhesnaiemias tradd by

the Qlﬁ:lg Q&’?ltgg g{erb&tﬁ%%m f?ur{d]\)nt}ﬁ& el vﬁpd(ﬁv Mek ﬂ%ﬂﬂ%tﬂ\@iﬁe Waliagw% itten data

pattern’i erence position sign I's not delayed
in the gafigomdpehseduahy thé wirth bf (hd paitedln B} assdhowa i@ F1G.12 tiei gap n&hsumgtl ng, the
gat asserts the r te to sta readl en TI

t
has?%?gglg‘?ré% ?'épcg%f‘g%ﬁﬁgé Q\%&'@W&%t Feftern Fon w@%ﬁ}hemoswn Pfﬁﬁ‘g P?‘f% % gap

measur i Bﬂle%!f Feabink mfche®aR Yosifiod BEhbRashodaradhR RS & rifdeqt /e w aeef orm as
read. The gap neasuring circuit 26 checks whether there i§ the pattern B or

not i n windewpdter theneadgateda dsseitks ie meagigedyap neasuring circuit 26 has a wi ndow
tolimt the tine period for performng this pattern check and it is

det er ni [0860} hai othérar@ds, svithhefepaict ﬁleICB2j in theweindaw tfer detasing erpatt@nBy fovhen t he
pattern B is found wi thin the wi ndow. When the width of the W ndow i s
conf i guPEEAlG N Eiguiare Resiof ifering whichshe vindoyas ated 0B ageres SHb W fme pergd 2
thewapom@ﬁmerp@ th B i QAR T Bink B el Eh lfagﬁste@tter n B
when the position o e pattern B at the tine’o reaé mat ches the
posi t i oappodpriakedy enditiogap mbasuhng cmumaieteatstwhtﬂled tieamidii2 paerh & atgn@s vsmhrthknw
i.s. me ot.her wo

after the read S _as d 50}%e
et or enBlepber g e wTERE. R EIPE R P BE TR e e BRPeasRnguge
make these patterns agree with each other is obtained is adopted as the proper window delay time
T2. As aresult, assuming that a time period TA is needed to write the pattern A, the time gap
20 TGT1 resulted from the head gap distance in the measuring track position can be calculated from

the positional relationship shown in FIG. 2 by using the Equation 2 as follows.
TG1 =TG2 + T1 + TA (the length of the pattern A) - T1 -T2  (Equation 2)

Here, (TG2 + T1 + TA) is a time period needed by the write head to write from the reference
position signal A to the starting point of the pattern B, T1 is a time period needed at the time of
25 reading from the reference position signal A to the top of the data sector (the reference position
signals A and B shown in FIG. 1 have the same timing in the time of reading), and T2 is the
measured time period that corresponds to the length TA of the pattern A. Further, (T1 + T2) is a
time period needed by the read head to read from the reference position signal A to the starting

point of the pattern B.
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exanpl e, when the tine period during which the window is turned on agrees
with the time period 15 of the pattern B, the timng to turn on the w ndow
or the window delay tinme T2 is adjusted appropriately and the gap neasuring
circuit detects whether the unique pattern B agrees with the pattern read
wi thin the wi ndow. The w ndow delay tinme T2 when the reproduction output to
make these patterns agree wth each other is obtained is adopted as the
proper wi ndow delay tinme T2. As a result, assumng that a tinme period TAis
needed {0051 i Fertiidicaspahing tiiat the hedtbmbving s od Ghelibdasuesgiirdckds ¥y herndtied head
gap distance in the measuring track 05|t|on c n be calculated from the
posi ti ohead %éﬁéf%ﬂﬁ%ﬁ%bgms‘?%ﬁ BEARUN 3psitiPWshe Equation 2 as fol | ows.
TGL = T& + T1 + TA (the length of the pattern A) - T1 - T2 (Equation 2)
Here, (T + Tl + TA) is a tine perilodTGéaded by the wite hedlquaiond)t e
fromthe reference position signal Ato the starting point of the pattern

B, T1 i syiRnihdWRIRE L 8 (ARELDA @iestIRA fidnheteadBap' BASHRBArd dtored ih@er ef erence
position signal Ato the top of the data sector (the reference position

si gnal smamapd283fos peshrirack, the wlues fhpalkbtradie may be nteiawrwnﬂmdqq@y o1 the tigfe gap

readi ng t | engt h
TA of t%}%lm%r}g{ ?trﬁc}. t"%g btegﬁg%ﬁgcéﬁﬁ% R):atéé g%ﬂ&ﬁel (%ggrrl{b% nee?f] gg%)mﬁﬁe read
head totlfeeﬁaindryaamh&dedzference position signal Ato the starting point of
the pattern B. 13 [0051] Further, assuming that the head noving speed on the

measur i f@shy a%kfohﬁat\bf tﬁeh@rn@éﬁtdé?al whe'ﬂeiﬁ@'tlﬂég ﬁf&ﬁl&'&%nﬁ-ﬂ&%a@ﬁ e;?di%ﬁc%%@d by

the Equation 3 as tion 3 When t al ues of the
ti me gapom@nsaediby éld gﬁlp ommpmathlga@tcvga% tassd am e tameeg@t”fﬁ boheasurediey the menor y
28 for eagh.track, the values.f rag ks I‘edlanId 1y or
Che-t1 niiag e gEPnL e PR i Bl 3 b B B Rt A SR b g R
Equat i OReall gdp Aftanbe dviaktoi emeamecsmrredd Amavtﬂgahmmmw h8d g&p dMiseA@ds [ 0052] A
format of the witten data when the tine ggg resulted fromthe head gap

1

di st ancaefingd ag b he FRnstaungpihis aiiedn edpemy 28t tha gar-sannsnsating chswibdt dalatshe
time ga Hﬁ@ﬁg 3.

The val gle %ret e t:ﬁ% ?ﬁ afﬂ lgg?%%%gogg’% 6111%?2}1{?%‘91%‘6%25%@12[8}{‘2{&%? éérjstlzlg whi ch
i s neasesshdwnnn 6l)loé &HG A, Itim/tmmggtmassmmemaite b&adb c@:bqyediﬁsnahcemmg tocedertned as

ggf\%l SB Y th%trge{dl ggge l;[yhtlhg tl\I{‘l%lgléjlg ’lJG'}; tlpeetlnql%g 0 XSS%? thetrQa% g%?ep coinci ees r\])\%ﬁlt tth 9opcolf rthcew t 24

data sector.

[0053] On the other hand, with reference to (2) of FIG. 3, when the head has a large head gap
distance, as the signal shown in FIG. 2 is written on the magnetic disk with a forward offset, the
time period T2 during which the pattern B is detected becomes shorter. As a result, the time gap
20 TG1 corresponding to the measured head gap distance becomes longer than the time gap TGA
mentioned above. Defining this time gap as TGB, even when the read gate is asserted at the
same timing as the head A having the nominal head gap distance, as the time gap TGB until the
write gate is asserted becomes longer, the top position of the read gate agrees with the one of the

data. Also, the preceding data is not overwritten in this case.

25 [0054] Similarly, with reference to (3) of FIG. 3, when the head has a small head gap distance,
as the signal shown in FIG. 2 is written on the magnetic disk with a backward offset, the time
period T2 during which the pattern B is detected becomes longer. As a result, the time gap TG1
corresponding to the measured head gap distance becomes shorter than the time gap TGA

mentioned above. Defining this time gap as TGC, even when the read gate is asserted at the
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the reference position signal A by this tinme gap TGA only when the data is
witten. As aresult, as shown in (1) of FIG 3, the timng to assert the
wite gate is delayed fromthe timng to assert 15 the read gate by the tine
gap TGA, the timng to assert the read gate coincides with the top of the
data sector. [0053] On the other hand, with reference to (2) of FIG 3, when
the head has a |l arge head gap distance, as the signal showmn in FIG 2 is
witten on the nmagnetic disk with a forward offset, the tine period T2
during wimctimingeas patieed A RBving thei@tihsithebe gopdistasdepast the timAga@ TGESutl thet he
time gap ?n TGL corresponding to the neasured head gap distance becones

| onger MHAHEAHE 2psered Begompesphiorien the toR @aSIH%Q/féhe rsafl gate dgreehveh therpme ghPreas
TGB, ev?ﬂewgﬁﬁ &9?lﬁ@@%n9&£§1Hﬁt§ﬁ§@ﬁ&§Pm sanme timng as the head A

havi ng noni na gap |stance, as t e tlne gap TGB until the wite

ate is econes. ger tO on of r e agrees
SRRt AVRRE" HRS, RE SRR YA Glnes o e BRI GreSportie b e fon T
t hi s5 cagtanédfol O2h%kadShidl dodipetsativi; tHe tfnﬂﬁ%&ﬂﬁ&ﬁt the wirde gAé addofdingdio tiben t he

head has a small head gap di stance, he S|g shown in FIG 2 is

wr i t t enmspsurddidimeganetalues @b TAMIOB o Halkwkandhodats gactors hehavingan idestical T2

durlng t C the tinme
oo 7o PROED LR SR RS AP OREone 5 B Mg

t han t hen themeaggatic aiﬁAl repardléso Dthe abatidn obetfei Rhdgart dibtandel dfeagdidtizads AT&C, even

when the read gate is asserted at the 14 sane timng as the head A having

t he nonfSyalt “r‘Fe'§ ungiapt Yeasypft and G shewbingkiGeo ﬁ%l’pbeTftle}“HﬁF pnd, fherefgpe; the gate i s

asseﬁte@ngﬁgﬁg%gkgggygggbe&Hﬁoﬁﬁp position of the read gate agrees with the
one of the data. Al So, the 'subsequent data is not overwitten in this case.

the healb e ilEE HRvE% 4 Sl YERafio ol SetsEBBRimes REREFARRICH Bser

the wi tisovgdt&ripte0shduind: Ge taken adMBaBing itk dcbpofghPinvantivasas dsfindddy thé&B or
TGC, when the data sectors 12 having an identical physical address are

writtenBiSeach head, the data sectors will be disposed at the same position
on the magnetic disk | regardless of the variation of the head gap di stance
of each head. As a result, the redundant areas A, B and C shown in FIG 6
can be elimnated and, therefore, the formatting efficiency can be

i nproved. [0056] While the above is a conplete description of specific
enbodi nents of the invention, the
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above description should not be taken as limting the scope of the invention
as defined by the clains. 15 WHAT IS CLAIMED IS: 1 1. A nethod for
conpensating timng to start data witing in a nagnetic disk 2 device having
one or nore nagnetic heads, each magnetic head having a wite head and a
read 3 head with a head gap distance therebetween, the nethod conprising: 4
nmeasuring the head gap distance in each of the one or nore magnetic heads by
5 witing and reading a predeterm ned uni que pattern; and 6 conpensating the
timng WHATAS CHAIMEIRISA witing by changing the timng based on 7 a tine
gap that corresponds to said neasured head gap distance in each of the one

re 8 magneti ¢ head od of claim1 wherein sa
pat {Tgr nis a Syncf p‘ét“?eéﬁ‘hj %hﬁ‘?%@f‘?%’&g “?‘“E%E’ Sf%b‘?aé‘f WHHRS P ‘Eagnf“%gls he rret hod

of chai Qvhee fa4{daHRAE of MRS ngélbe h@ad@ce%ﬂ fba k1@ hbAdRaviR Rt h@ﬁ’drﬂﬁl“asl%hd ng
timng to start ‘witing and reading for each 3 track number; and

conpéns eddigith heeadigap digtanee thergbetweers thtanethod campripingy changl ng it f or each
trac 5 nunber for rack nu

met hgd of claim 31% V\ﬁquggﬁl%glal déag raestaanc m ?E%Cg‘r%ﬁﬁll%s nggg{}lore maﬁntetel?’ %eaﬁna?/ cating

2 the tepitiaf abdieadiag a prdetetminad ﬁiﬁgﬁ@]bdtt@rrﬂlaﬁd( device having a rotatable
magnetic disk and a magnetic 2 head, the magnetic head having separate

wit® and read he@wmﬁtlﬁg&lq{mggaﬁarat@@aWIt@&w&ebe@wéerﬁlmlag hasethor of
est abl | 5finfachabiuffh Bt&boitis'id Sui@REARIIRTS e istTRENR dahUPREd S mofe a1 @ knoun
first tine ihterval after t rea ectsare erence pattern on the
5 magnemagnalicdkadsusi ng the wite head to wite an identifiable predeterm ned
pattern on the 6 magnetic disk; 7 using the read head to detect the
r ef erence patter ete ned attern 8 determn cond
e epence patter 38 hGeRhPHEET IhAEH B AN Lpi Ep L SUU AN Rucsig

2 the top of the data.

3. The method of claim 1, further comprising;
acquiring a time gap for compensating timing to start writing and reading for each
track number; and

compensating the timing to start the data writing by changing it for each track

wn A W N =

number based on said time gap for each track number.

p—

4. The method of claim 3 wherein said unique pattern is a Sync pattern indicating

2 the top of the data.

5. In a magnetic disk device having a rotatable magnetic disk and a magnetic
head, the magnetic head having separate write and read heads with a head gap distance
therebetween, a method of establishing timing of write operations, the method comprising:

at a known first time interval after the read head detects a reference pattern on the
magnetic disk, using the write head to write an identifiable predetermined pattern on the
magnetic disk;

using the read head to detect the reference pattern and the predetermined pattern;

determining a second time interval between detecting the reference pattern and

O 00 9 O U BWN

detecting the predetermined pattern;
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9 detecting the predeterm ned pattern; 16 10 determ ning information
relating to the head gap difference based at least in part 11 on the first
and second tinme intervals; and 12 storing said information relating to the
head gap difference for use in establishing 13 the tim ng of subsequent
wite operations. 1 6. The nmethod of claim5 wherein the reference pattern
is servo information on 2 the nmagnetic disk. 1 7. The nethod of claim5
wherein the predeterm ned pattern is a Sync pattern 2 indicating the top of
theiglata. 8. The dedrh@tn@infaaiion flauhgheihe heal ghpdrtfekndctasgl 4t hassiepand tine
interval 2 conprises: 3 establlshlng a read w ndow having a duration
sub%%an??HFﬁV“éﬁﬁé?mﬂ%“Wﬁ@“ﬁﬁﬁét@@n 4 of the predeternmined pattern; 5

reagh ng the magne i

eading 6 during {rarErhaR e R PRl O s ERRe

det €& m thenigning ef fubsequére vpite dpdratriamsned pattern is within the wi ndow, and 8
if not, 9 noving the window. 10 repeating readi ng and deternining until the
pred t er mi ned pat nis he wi ndow

oo Lo at -why crt b BRuEds C?%%nneahgs&n?%ffr“%dfef%m?@atﬁan it ¢
det ez m e nidpgetnediond tinme interval. 1 9. Grcuitry for use with a nagnetic
di sk device having a magnetic head with a 2 wite head and a read head, the
nagnetlc head belngg%g%racterized b% a head gap distance 3 hetween the wite
headl! and the read”h ethotbolglaipyg whereindhgopre t?fgun%* RASEE P & RuPg PRI Ui try

t hat, megguLes. theg t @ap distance by witing and reading 5 a

pre eternlne&guni ue pattern with the magnetic head; 6 a nenory that stores

atime gap that corresponds to the head gap di st ance
8. The method of claim 5 wherein said determining the second time interval

2 comprises:

3 establishing a read window having a duration substantially equal to the duration

4 of the predetermined pattern;

5 reading the magnetic disk during the window interval while preventing reading

6  during time intervals before and after the window interval;

7 determining whether the predetermined pattern is within the window; and

8 if not,

9 moving the window.
10 repeating reading and determining until the predetermined pattern is found
11 in the window, and

using the window position at which the predetermined pattern is found in the

13 window to determine the second time interval.

1 9. Circuitry for use with a magnetic disk device having a magnetic head with a

2 write head and a read head, the magnetic head being characterized by a head gap distance

3 between the write head and the read head, the circuitry comprising:

4 measurement circuitry that measures the head gap distance by writing and reading

5  apredetermined unique pattern with the magnetic head;

6 a memory that stores a time gap that corresponds to the head gap distance

7  measured by said measuring means; and
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7 measured by said neasuring neans; and 17 8 head gap conpensation circuitry
that conpensates timng to start witing based on 9 said tine gap that is
read out fromsaid nmenory. 1 10. The circuitry of claim9 wherein said

uni que pattern is a Sync pattern 2 indicating the top of the data. 1 11.
The circuitry of claim9 wherein said head gap conpensation circuitry
further 2 conpensates said timng to start the witing for each track
nunber. 1 12. The circuitry of claim9 wherein: 2 said disk device has a
plurglity of nmagngiadgapeadpens@valtirehian aigd eoipatdatbytimingt€ SR Grititg Hasaibngap
di stance, thereby definin plurality of head gap distances; 4 said

measbir eftiftimeigap aiﬁyﬂﬁbagépg§wﬂhgmn@ad gap di stance for each of said 5
plurality of magnetic heads by witing and reading respective predeternined

uni qye patterns wg hTheGCn%th{}i/ o‘?'ck!'hﬁb'&ﬁéré?ﬁ sd{8d ghé gatiéﬁf?@%,s yhc E@t'te% menory
stores a plurality of tinme gaps that corresponds to said plurality of 8

head2 gapndiiangathedsp ofshsdated by sai d neasurenent circuitry; and 9 said head
gap conpensation circuitry conpensates tining to start witing for each 10

magnjztl ¢_head baSﬁj gl tu[%ﬁltrtylo cl gIBm éelé\ﬁea hoie Cziig;[ anensgtlon & cuﬁll’l tfu];tlflé)rm sai d

1 13. The ¢ircui rern

SynCZDaE(BIﬁpdilsaté’s sa[tﬂllnﬁﬁigltﬂgtafthﬁa \m@ngntforbm tfhak aumBed, A magnetl c di sk device
havi ng a nagnetic head with a wite head and a read 2 head, the nagnetic

head_bei ng characierlzed b fad gap di stance between the wite head and
3 thé read head, thel EIW@f&a§R dgbﬁ%% conprising: 4 measurenent neans

for peasuring thegheadk g@v@ce@ﬁ’é%ﬂﬁﬁﬂ?ﬁf Wagﬁéu@(jieﬁﬁdea"cﬁéﬁdrﬂger&ed% a
predeterm ned uni que pattern with the magnetic head; 6 menory means for

st or i ngrespectise hepalgap H@tan@grth@dp@iﬂﬂ@mg@ nlur@hlyeédie:giegapdh%mme 7 neasured by
Sal d4 measuring neag n(f 1311f:z$3'sngement1 & 9%1t%?1%easu§@?ﬁ’]eshaetad gzg) (?Tgt ce for eacﬁ% Oaﬁ{l] sating

timng to start wi sal iI'S rea fromsaid
menosy pR@lsy of magnetic heads by writing and reading respective predetermined unique patterns with

6  said plurality of magnetic heads;

7 said memory stores a plurality of time gaps that corresponds to said plurality of

8  head gap distances measured by said measurement circuitry; and

9 said head gap compensation circuitry compensates timing to start writing for each

10  magnetic head based on the time gap for that head that is read out from said memory.

1 13. The circuitry of claim 12 wherein said unique pattern is a Sync pattern

2 indicating the top of the data.

14. A magnetic disk device having a magnetic head with a write head and a read
head, the magnetic head being characterized by a head gap distance between the write head and
the read head, the magnetic disk device comprising:

measurement means for measuring the head gap distance by writing and reading a
predetermined unique pattern with the magnetic head;

memory means for storing a time gap that corresponds to the head gap distance
measured by said measuring means; and

head gap compensation means for compensating timing to start writing based on

O 0 9 N Lt A WN

said time gap that is read out from said memory means.

1 15. A magnetic disk device comprising:
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1 15. A magnetic disk device conprising: 18 2 a magnetic disk; 3 a wite
head for witing data on said nagnetic; 4 a wite circuit for nodul ating the
data and supplying a wite current to said wite 5 head; 6 a read head for
reading the data fromsaid magnetic disk; 7 a read circuit for anplifying
and denodul ating a read signal provided by said read 8 head; 9 a gate
generating circuit for generating a read gate and a wite gate that
determine 10 timng to wite and read the data; 11 a pattern generating
circpit for generambhg@tiadpaitern that is used for nmeasuring a head gap

di stance; 13 a gap neasuring circuit for neasuring said head gap di stance
based on a si gnal 2@ Wii head fprvagingydatiqn saklgmaghgtiieadi ng sai d pattern; 15 a
memoyy for St | Ny dif¥it SstAnddRI AL RSRANEHA oS Gins 1w B ARPsal ShiNCe, SO
16 neasured; and 17 a gap conpensating circuit, colpled to sald;nennry, for
conpénsatddng the timng 18 of witing data based on said tine gap TG stored

'n Sgt 'd menory. 139 read head for reading the data from said magnetic disk;

7 a read circuit for amplifying and demodulating a read signal provided by said read
8  head;
9 a gate generating circuit for generating a read gate and a write gate that determine

10  timing to write and read the data;

11 a pattern generating circuit for generating a pattern that is used for measuring a
- head gap distance;

13 a gap measuring circuit for measuring said head gap distance based on a signal

14 acquired by writing and reading said pattern;

15 a memory for storing a time gap TG corresponding to said head gap distance, so

16  measured; and

17 a gap compensating circuit, coupled to said memory, for compensating the timing

18  of writing data based on said time gap TG stored in said memory.
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