i METHOD FOR COMPENSATI 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 clainms priority to Japanese Application No. 2003-085870, filed
Mar‘ch 5 26, 2003, the entire disclosure of which is incorporated by
reference for all purposes. BACKGROUND OF THE | NVENTI ON [ 0002] The present

I nvention relates generally to magnetic 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

how h t ' L cal ltten and read in a conventional
rsrag\rllme? igc gwskﬂ@&ﬁ@ﬁﬁﬁﬁﬁéymlémﬂmw& HOSAARTISDATA units for
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circles (tracks). Se ' ' R netic dis I n
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15 specifi data sector 12, a magnetic hea is first positioned w

r espect b%’&%ﬂ?‘réﬁ‘? %}H\f&ﬁlsapf»“&?ﬁ%hwh sringqiporated by referepgeshior all pyrpassei ng a

rotati on system support arm (not shown), to which the magnetic head 2 is
attached, based on the i nBYCIRGROVND? OF'EHE &XVENJIQNal s 11. [0004] Next, a

d i in.the.rotation diyection on, the disk i.s determ ned with
Fef or e ROPE° Tht BRsesh iRk fles nsrals B enaeness ek Gvicss hosins repamichatne
di sk sufdh “&Bmgf(&mlﬂh@m&eatﬁﬁ% (rbﬁi'o@&lﬁlng)fdaiabﬁcﬁﬁlifé(gpédiﬂ&ﬂ#Z(F_lét;lﬂt pe%«ﬂfﬁ?s and
a

the like provide timng signals that are used to establ e wal t'i ng
time T tFing fof sarting yaiding to ancawnt for differgntdisancsp betwaen the heagset i ¢ head 3 is
positioned at the top of one of the data sectors. Typically, there are

sevil al [0983}n EEEwds 8 dngtaneshowingdibovs the\datads gpidally bitteNbiehreadd & gragneti ¢ di sk
has rotated the correc a wite gate or a read gate is asserted.
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15 specified data sector 12, a magnetic head 2 is first positioned with respect to the radial direction

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, a commanded 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,
20 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 gateora

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.



data is sent to a host through circuits such as an anplifier. 1 [0006] As
descri bed above, physical positions on the magnetic di sk nust be determ ned
in order to assert the wite gate and the read gate and, then, the signals
to'deternmine the physical positions on the magnetic disk shoul d 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
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gap 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, 2 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 (sec 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  onthe fact that it is difficult to measure the head gap distance L for each head, as the head gap



distance L is a value unique to each head and may vary in sone extent due
to manufacturing reasons, the tine gap TG to be conpensated may vary from
one head to another. Further, based 30 on the fact that it is difficult to
medsure the head gap distance L for each head, as the head gap 2 distance L
I's replaced by a representative value and only the variation due to the
rel ati ve speed v between the nagnetic disk and the magnetic heads is
conpensat ed, the head-to-head variation of the time gap TG is acconmmodat ed
by providjn edunda in the format of the data sectors as _shown in (1)
of I & dgtanch L ispeplacid 4 epreshntajive pglus and oply tecasation dyein thecelagvaspeohv i n
the fig n the Woh&licMi ki | I ' ha e 0 be
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ar eas A}:I.(F]t%omﬁgﬂa& for accomodating the variation of the tinme gap TG
areas

[ 0011] \ and B are needed so as to prevent forward and backward
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ough the read head 2a, the positional relationship between the read head 2a and the magnetic

disk can be known accurately but the dctcrniination 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



may. be overwitten. The area A is necessary to prevent this problemor, in
ot her words, an area where the data is not witten nust be provided in the
formard of the data sector so as to conpensate the forward offset of the
wri'te position due to the variation of the head gap di stance. [0013]
Simlarly, if the data is witten by the head having a head gap di stance L
smal l er than 30 the design value, as the data may be witten at a physical
position that is offset backward from 3 5 the position where the data ought

to be t in or verwite the
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where the data js witten may be offset forward or backward due to the 15

var 1t i data isrscargkedand dif e Syar pattast is found, Hie data afier thediyac patermis tesferredted

above, fh§.§i gnal may be read fromthe data with different timngs

dependi ng on the variation of the head gap distance. At this tine, if the
o0 ¢orrect the deviations in phase and
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Wi t h sughd frons thgdath fmﬂh hﬁffé’t&ﬂ%ﬁhﬂ@ dpériting &f the variation of the head gap distance. At
this time, if the Preamble area, which is necessary to correct the 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



head gap distance, the witten data is offset backward and, therefore, no
signal state will continue for a certain tine period after the read gate
is asserted. In the situation where the deviations in 25 phase and the |ike
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
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15 SUMMARY OF THE INVENTION

[0020] The present invention provides 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.

20 [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



area of the disk, i.e., inprove formatting efficiency. 20 [0021] In short,
this is acconplished by witing a predeterm ned pattern, reading the
pattern, and using a timng relationship between the tinme of witing the
pattern and the tine of reading the pattern to determ ne the head gap

di stance. Thereafter, this know edge is used to set the proper timng of
the wite gate. [0022] In one aspect, the present invention provides a
magneti c di sk device that has an 25 inproved formatting efficiency and

that can store.a | arge anount .of .data nmeasurin variation of a tine
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basHlY ogapistanse imeashof the ape or mopomagnetiohedds measur ed head 10 gap di stance

i n each of the one or nore magnetic heads. [0024] In another aspect, the
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aspect, the nethod conprises at a known I nterva er the
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pat t er nto vt @ identifidhlepreeaeritindd piteinUnathy Blagi@ic\#RRNusing the read head to detect

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 2 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



detecting the reference pattern and detecting the predeterm ned pattern,
determning information relating to the head gap difference based at | east
in part on the first and second tinme intervals, 20 and storing the
information relating to the head gap difference for use in establishing the
timng of subsequent wite operations. [0025] In sone enbodi nents, the
reference pattern is servo information on the magnetic disk. 1In other
enbodi ments, the predeternined pattern is a Sync pattern indicating the top

of the d ot odi nent s, ermning the second tine interva
conpri 53’3}’%5’%;8% g'ﬂr 'ﬁﬁ Wé’%@"aﬁf’s%m\ﬂf Hi b‘&ﬂ/ W%e‘E‘MrP&E‘F@ﬂS foypdimthei al | y
equal { @idd®, i ecdlth BRtcAfind [he sBicREERIificRAfl Pattern reading the magnetic
di sk during the w ndow interval while preventing reading during tine

i nterva fore d afte t he wi ndow i nt.eryal . and determ nin et her the
pr edet et@?ﬁﬁ P“ eéPWC?t h\ﬁn"fvﬁf"r‘lo“[?fgv'\ﬂf%ﬂfﬁ'&myl for picevifl 2 magnsticidiskfleyice ¢ or n

i s not Héviky mmam:msammﬁ%meadqm h Seal MRS wiRRAhE Magh&R HeiPisand
determ ning are repeated until the predeterm ned pattefn is found 6 in the

wi ndow, chamsterized by abead 998 distansmbetweeththe Wrtthbeqdrded éheemm bead. Fhe ciequitry s f ound

in the e interval 0026

e ANl LRS! BT 08 SRREI M W ape kORI
di sk deynedaenmmd umqu pzagnammhamgnwcthlaa@ a\/ﬂidnﬁ{ﬁ% neRstorRd tind @pdhdiead,
where the etlﬁ head is.,5 characterized by a _head gap di stance between

the wri ?‘E’ g sliptance Beaspred by sapd megsyring mas; anskhead ganr errent
Ci rcui t&ompel H?&tloﬂ%ﬁéﬂfrgﬁiai Hﬁnﬂ%@ﬂ%ﬁq Ring 1S 3R S&itA b%(f'dtoh%gldm yéa?!qg% 2, or s a

predet erm ned uni que pattern the“magnetic a nenor
t i nt0 garsad pettfrons omd ewpornds to the head gap di stance neasured by said
measuri ng nmeans, and head gap conpensation circuitry that conpensates

timng [0O2F dhisomE einbbdimeas atle RiqESpditehl KR SIAB phtitdh 1ﬂd§catlﬂ£t1'k$@;§joﬂﬁé ditaom
said nmepory. [0027] In _sone enbodi nents, theé unique pattern is a Sync

pat t er nif samemmﬂ@lﬂtnﬁeth@asa%saptqemmaon cirquitsy fusther-gompicnsatasdhe timingitead gap

conpens o} itin
f o?peac t r ac t{ ntéa}éh whéﬁs@ﬁﬁebeg rrgpsg Hj%aetn?f)dh{;'ﬁﬂst cﬁp s‘ﬂﬁa%\?}cg ZIL%E élu?iarﬁ #r alit 3
of nmagmegnetic hea;id,sqacbalmacmdmediby e réspedivb head gapslintaice \therbiRyadkfining 4li St ance,

t he b de ural of head di st ances,. the asur epent

i T it 'ﬂhba%‘ﬂ@a‘i ‘Efa%eﬁpge%&‘e?@ﬁfy mEAsuTFs e head giﬁﬁame_tfyr of

nag net I eacn opfhe pm{'al% of hﬁglc%@(ﬂd(ﬁ%?'mlﬁg%ﬁ fCddingSedPe iRl fEdb e mthed Wnfiiie

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.



patterns with the plurality of magnetic heads, the nenory stores a

plurality of time gaps that corresponds to the plurality of head gap

dlstances nmeasured by the neasurenent circuitry, and the head gap

cofpensation circuitry conpensates tinming to start witing for each
magneti c head 20 based on the tine gap for that head that is read out from

the nmenory. [0028] I n another aspect, the invention provides a nmagnetic

di sk device conprising a nagnetic disk, a wite head for witing data on

th b, ' | at.i t dat. d.. L yi.
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signal provjd by the read head, a 25 gate generating circuit for

gener at B h E @y ap distangebetwegpy the ¥riffead apd the deaddiend A a fipad- h&ghm bagist e  and

read t h?hig dhitbe Sphittcti®s ﬂlcﬂ@ﬁﬁrd@&'tg ge GritE hltdegﬁ’é gﬁlgk)l'gi;ﬁ%a?rc i {9% t hat

is used for nmeasuring a head gap distance,
measdr i thg vahations afithg padigaptdistanse bmtehtrcfnrealmprgvmihe farenttingedfidignosr i t i ng and
reading the pattern, a nenory for storing a time gap TG corresponding to

the heafhoged AifeitkdteaderstendiB@sUheRatudREd %%&gﬁ@é‘ﬂlﬁ@?ﬁ&érﬁ‘ﬁw@hﬁ&ﬂhﬁ y b&€oupl ed
to the menory, 30 for conpensating the timn data based on the

time gafsalizeddyaelsenrntothe romainipg porfiopsoyy swnﬁr:aﬁunraad tlmdra‘emgs sonme
enbodi ments of the present invention, by adjusting the timng to start
witing data on a head-by-head basis, are able to conpensate the tinme gap
TGresulting fromthe MFW@IBTM@FUH{E\MWMGWi te head and the

read he n aS| Thi s eex loited to allow the data
to be \Aﬁﬂ?ﬁenﬁg g §9Ya§55 ﬁvg ‘“ﬁ&gi"f’?faﬁ é%‘é‘}"(? aad %‘iﬁ‘f“rﬁ“{ fiignaghetiat i ons
of ihe Hl@lﬁde%&c&brﬂh@ﬁ@@n 8MBodimBRIoT i Seschiv&iRdnl he formatting efficiency.
[0030] A further understanding of the nature and advant ages of the present

i nvent | y n ortions of the
peci 1 MUY FRE 21 R Bl ot ¥edcR e 20 R e p R e B R8e L 0051
FIG 1 baweendi wrjtedirnd and dm&heddlm@ngwﬂﬁsadmbadhﬂémgurat|on and features of
a magnetic 10 disk device according to an enbodi ment of the present

i nvent | @O33] OPRR iEh Giagrank Showvifl :ﬁgmﬁ tRE tifHTECb 'sahrlﬁeegvgf’lﬁ%gﬁ& {h%rhaacl]ea g

conpensating deviations in timng between a wite area
accor di g&p Qlﬁialtch ibstwesan di waita thead 501@3132] refd ®ad3s eitheanomagl, mpstrematipecasrgingt s of
the §| rqo 8&{1 ohit | he witing when the head gap distance between the

e hea € read head is either nomnal, large or small according

[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



15 to this enbodinment; [0034] FIG 4 is a diagram showi ng how the data is
witten and read typically in a conventional magnetic disk device; [0035]
FIG 5 is a diagramfor describing a deviation in timng between the wite
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 wite
head and the read head is not conpensated. DESCRI PTI ON OF SPECI FI C

EMBODI MENTS [0037] Hereinafter, a nmethod for conpensating timng to start
data wj.ting and a magnetjc di sk, device using the sane according to an
embodi nBRPESEY SRR am@ggﬁ@ K. ATRR DS AFHORiBG s cmbgatanh and Bl Bial wi t h
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describing features for conpensating deviations in 8 timng between a wite
head anp0asy eBoFItE adtha efaghétictisk! deviddiascordiR@fl 1B Binbod@ifenidfGhe %cée‘ﬁt a diagram
showi ng, aspects of the timng to start the witing when the head gap

di sthncBVHBioRcemprisasa wiite headhdulor winiting Hata o adnagaeier disk biarwirite cirowit A2 for

| , ' ' ' i, . IL.n_F.G th
nggrgggt i %Bg'?g@écfgg:&%gggig‘g’? Eﬁ?%p#’gtes%gggh 0 |%Jﬁsl g%ﬂ'%’ ﬁgeaﬁrheeg%%? fq§ ?nvent I on
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circuit 22 for mpdulatjng the data and supplying a wite current to the
wite hEagsigpal Pao"ﬂ‘gfgdwﬁh%&faéae%%a, a gls GPIFERINGSITg 23 for gRRarsting Agadeate di sk
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provi ded by the read head 2a, a gate generating Ci
r eall gafos compensatingra tirge gant EG tbhiween dteovnitingsantl ithd negding reslting framch headgtap he

data, a, ing. circujt.24 10 f . ting.a ti TG
bot weer I fHce,? PRENT Blncfiing ch Bl oy efubagie a3k P B isTh b nlASIBE e, o
pat t er nthg Geay gupidixgantt,CgsptmedBuring ci@ei 26 &r ikhsdring! thé Beddlap AisfantdBised 8n S €d

for neasuring . the head qap di stance, a gap rreasurlg)ﬁ,m rcuit 26 for,
measur i HERA! Aequired By gradingthg Wrtcpaliemet coptroler %7 igneontiodling qoamangls fas xriting t he

wite pati # 1! ol and
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r eslfi t elkafl geprdistaecelindiotizd ifapnationt ance and ot her i nformati on.

[0039] As the magnetic disk 1 is attached to a spindle motor (not shown) to be rotated, data
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



[0039] As the magnetic disk 1 is attached to a spindle nmotor (not shown) to
be rotated, data sectors 12 that are mnimumunits for witing and readi ng
the data are di sposed as concentric circles. The read head 2a and the
wite head 2b, which are apart fromeach other by a distance L in the
rotation direction of the magnetic disk 1, are attached to a slider 3 so as
to be noved to a 20 target radial position (hereinafter referred to as the
"track") on the nmagnetic disk 1 by a rotation system support arm (not
shown). Servo signals 11 are witten at regular intervals for positioning
the heaRRSIiORs PR éherra%anaﬁlc disk Lo Fuigher.awidh refraenes e ths dmmspiatel pprgeeding sspwsed as

the m er of 3
to 5 bet Bear i e pefod difink WARMIREITREIL S or M S AR B pidmiEfiy

gener at the rétiingydisielsas idved \fmnt the gﬂérema-,r;sbsinbﬁ to thadopgsftthy dzitinadctorzﬁ thy e

necessary far n nd . readin recei ves gnal for sw tching

bot woenTHgIr Hwi‘alﬁastga?adl? H§ "Fﬁﬂm%? 28 és S5t PETH ?yﬁowﬂag (hegeiBaisa retfeet cad
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Gat e toohe f}‘*‘éﬂ;%ﬁ%&ﬁ“?ﬁﬁa“"@?gﬁ@ HrS Belibd i witEh b ReP RO RRC phefr 07

ar e used moyed ailkbe desgribadflaterjat i on for asserting the gates at accurate
positions with respect to the rotation direction of the magnetic disk 1.

The serfQ4E ghdnsactubl wittl ot ezl dpertibh, tRNsc@vb diiful 30 is V&S the rébdHead 24 shd
advance b}/ a_servo witer and the |ike, can be used to determn ne hysi cal 9
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during Bical thd ehdMnhihg lsrs@a{clo %Jfﬁ'{@édﬂéﬁﬂﬁ@éﬁédl% aslaSefRnedsithd ko Rﬁﬂﬁ%r i bed
later). [0041] In an actual wite or read operation, the servo signal 11 is

read byarehef theservoneigenl 13. Zheigate generatingicireuit 2hetads fromithe mgmova@&thenmervo

si gnal S r nal that in osition
of 't e Eioaliy Shicht RS MRzt e of B8 ruBhiatZh oo BufiouE,
si gifal disklis bbvée fioditha immediMelysgeoedingisgivalsighdl 11Ab thdop pbiitien of thedith M ng
when the servq si gnal 11 ends is. determ ned based on the timng when the

addr essSeRQFRVIUCTas beenacquiretasshe fosmatting dnformation. and) thep, coppty Fh%{tl@ﬁ, fathiche nd
ti m NG i SeaaHRIm IR ok ﬁnﬁ@ﬁcﬁﬁﬂﬁ@fﬁnﬁ“eﬂ?ﬁ%rﬂf&#ﬁﬁd aruft21%y &4 nﬁ"%r 808&. §5§§9ﬁ‘| to

indicate an area o Servo signa e gate génerating circurt 23
reads fthogatthe nmenory 28 the time

[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 T'G 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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peri od during which the position of the read head 2a or the wite head 2b
relative to the rotating 15 disk is noved fromthe i medi ately precedi ng
servo signal 11 to the top position of the data sector, which has been
acquired as the formatting information, and, then, counts the time, which
Is read fromthe reference position signal sent fromthe read circuit 21

by using clocks to assert 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

peri od lhNg ich the sition of the read head 2a relative to, the
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witing 1‘1’3&“&'&‘? positionalyelatinship batwepadherwritedicad 2b apdiths gnagpetiqdisi bawd, gap
di st feboki Wali ' ] i 1 hat . ot
2l 1 ow 1 oe e R AR RAE bonc Tl LR PEAR ERTAC kot SRELHABESRBPEIET | oy
t he dedéasavtdie gzad gatemFuribert asthe tine gap TG4dsulted roovthe bekd gap :ﬁs}ﬁﬁﬁahifﬁm gap

' ' .t 24 ' a referepce .positi.on signal A indicating
an " ar oA RACH gk & e Y g coPaphatng G 2dSERIERERie PSEVENd.  only
at i(he informatién Wichtab Bewitchifg siysal id ekl WHRMELthR OpéraiicH inTjudfiddn ifa R¥itd fe time
gap TG corresponding to the head gap distance and sends it to the gate

gener at g eperatinn; a igad qunber, adrask guaberaand she likedram ths coniepliar 3. Hc]gméhe B 5
il . pos g QT b ritin
o T RO

appears as a cating a posl etween the wite
head 2bsignadithahis delagedbby the dinekgap Thchrrespdngingfto the, hehdh gagdittanacn dreatirmaof

he. 1 oatinGus B 1o Al e Mona SiRb ativies Pl Rotteap o he e atrgdipe. ~

di stancanddhdst @ufput SR 4B SwiteiRd b9 thed swatchinpQighAkAR khe doRfiloBGR27c0ONPeENsat i ng
circuit 24 is configured to receive 10 information such as a sw tching

si gnal fgg“' dent iL.f-¥ t r "I‘Eﬂi' Lon J mrite or r ead
oper ati on, ]a ﬁggﬁﬁﬁgﬂ%e@ﬁ{egbwggﬁl%rﬁhber ogg%fﬂ?ﬁ%i +ri ﬁ?gﬁ Fnrwg(nlln the™EORYY D 1 er
27. Herand rediting the cenespomdippedltd sfithstige ghp BG frdm die then@y 2B basddronrthé he gap
conpe nsl%%olnrr]lgtigﬂ z;b%lljx{ the %ééd Illusmbac? oro lﬁjl;[a Prléj}:k 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=TG1xR1/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



signal that is delayed by the tinme gap TG corresponding to the head gap
distance at the tinme of witing but it is another output signal wthout
allowing for the tine gap TG at the tinme of reading 15 and these out put
signals are switched by the switching signal fromthe controller 27. [0044]
By storing the values of the tine gap TG for each head or each track in the
menory 28 and reading the corresponding value of the tinme gap TG fromthe
menory 28 based on the information about t he head nunber or the track
nunber acguir omthe controller t he. head-to-head or trac to track
conpensk @Erga PEbPR ?P@W &4 th%&ﬁé‘?”&f’ position.signal éet"'ﬂg roshthe memary ¢8 ionor v

s need@éi’m@@hs ¥1 8hd e tﬁrne% Eaﬂ(}lﬁ:&d 9% tﬂefgaptcbﬁserg%g@chmh fféﬁ{z‘ﬁcfrr[e%{Hr Q§ head
or track to another, e magnetic disk device that is rotated a

const anis definestasdic. BeEa? nmsbbe asufﬁmglab/ lmervehfg isp esinatito avqrwaMhpwml on R
can be h T D8 a k posi tion
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st or® ogdngrating cfrﬁﬁerS:ﬂﬂtsaﬁtl ty ehetwlmte cgaﬂt Yhirdakie pattere genrafiaa dirtuit 29 hdrENDr Y
28. 25 TG=TGLxRl/ R (Equati on éfln [ 0045] Next, a _method for neasuring the
time gafiemarhendhe yeieigate 1p asspit @wwaftsmaﬁmqﬁapnﬁpe PRIt GENeHEINgG SHEW n
gener at 4§ 1fid Wi ) "E%’ bed

W th referencewt%mé %quq’tt rg@%gﬁgg@gkggg@g Eng@lsa%\%tﬂrm tﬂﬁa&[ﬁ% me gap
TG i s whdadtZbn at an appropriate track position. The data pattern is
witten in a manner simlar to the witing of the 30 data sector as
descri bp@46)0OTRe paiferd StineratingBirculit éeh@iﬁte@ﬁfc'ﬁﬂeﬂﬂ%i lheist]ﬁn?ﬁ{fe?ne% iy ating
circuit 23 11 performs t he a;te operation based on the reference position
si gl distance; Asrhews imElG 2y thegenesated| pattene ihchidesta unigur patiern B that appsarsG r ead
by the £ 0 S TGZ
Thi s TR Mhabbinibh deniting B e do B WY besn g DEninB 00 AR

servo feadiog amd, ifithed, the\parterrishre anthC deford dmdraftet the paitdrh Bndo ﬁnmonetaq)ageﬁ:e is
gener at gd b% CII‘CUI'[ 23 and sent to the wite circuit

th t t
22 and MRRf mlﬁ? ft ghﬁ %ﬁ? ﬁé?ee'rsp anq C2ee ngigiways fesded R s 3 Rrsamplecratiemy e i S
assert e tyfiéfly Qﬁéd%dﬁélt Wﬂnéﬁngﬁﬁtde@faﬁaﬁstlﬂ?rcﬂﬁ’énk? bit PIRRE pétetdid Gk Eah

to the vvrlte CII‘CUIt 22 and the data I's written oh the magnetic dISk
1 t Kt outhh wiritiagand readingea thap the v['rilman]attm sapbg tead acayemtely.dt isrdgsitablethatith@ 5

generat Ea%le}'nhﬁ iRt R ambie pattern asf'lfmlh nlg it tpeepart]t%adcgs ot written, the pattern read at this
area becomes indefinite at the time of reading and there is a possibility to falsely detect the

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  areain 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 TG2 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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10 distance. As shown in FIG 2, the generated pattern includes a unique
patftern B that appears only once in the overall pattern for detecting the
deviation in time between the witing and the reading and, further, the
patterns A and C before and after the pattern B do not include a pattern
Identical to the pattern B. The patterns A and C are not always needed but,
as a Preanble pattern is typically needed for conpensating the deviations
in frequency and phase generated between 15 the witing and readi ng so that
the witten pattern can be read accurately, it is desirable that the

pat t er nl0R49]s" Nrx the it datg patterp is repdr Abidis, time, thersfepence epsitian signahisot

Feadi ng At i g Coh Ay ciphif 24 BiE PP BERTRPLUEMRhS e el |
t her ef ocm:;ulti2r3 asrtd deireabdate tostan readingwhet Te hdiB etlai}ﬂéd afterdhe fefoi@iat pbditien t he

pattern 0047]. I.n the overall. pajtern shown in FI 2,. the Preanbl e

ar ea, t‘ﬂﬁn"‘é né‘é&’é&meaﬁl?a SR IMEPRYINE CHeRiL G meqsyres the }{eﬁggﬂh{!mﬁ&‘ictfm th$sed for
dat & W whielemf @& teR BRLab ARLAHin g%&ﬁi@z@@r&&%@ﬁezﬁer thbre e gmehﬁpra?ﬁ&ﬂ Ke! y,
the pattern generating circuit 25 may not be provided separately an be
subst i t b pattdsy anread.pHerg thd gammoasuriag irgsher leas iarvgindow tuiimit teQirSperiag for
descri bed abov rence attern for
measur i % P'ﬁ@atr‘ed"éﬁﬁef ang és}%'lﬁcg%rﬂ’"i‘elﬂolﬁ? theée ﬁgﬁap% %B’ ﬁ i'2 the patterp as read
patter ﬂ@nlf\thn the Pafiera Bis 6urdivéithin fHRIwidWPWden tl'%aviﬁﬂﬂff'tﬁé‘ﬁuﬁ@ivriﬁ of tine
that is further delayed fromthe reference position signal B, which is

del ayedcanjistsed 19 begquakis thepidghel the patean Bgastshown én BKu s theigapgiensuringf t he
h eaﬂ) g aamgit%%% Betertine &Qﬁn&ﬂ%ﬁ?me %54}1]&9 BTﬁhlmhérEthE [asgﬂ&%lﬁh& fa pg@ﬁ J gaches

top of the data sect ern S a uni ern that
can be tuinebf ngdmg matthés thepositiar ofithe wﬁrdow axtdhik tinepy tithe dslapﬂtzldpubdﬂ: by the
Sync patt rn 6. 12 [0049] Next, the witten data
patter n*1 t\gg\feapﬁ%é‘?wedtlﬁ a6 ence position signal is not
del ayed |n the gap conpensating circuit 24 and, just as at the tine of

writingl008@le Heathergvords; withmefereare oUi6. 2.3n theswindew foraletesting tyatpettqro Bs faar t

readin r ce sition B. At this
e, %%S%p%ﬁéﬁﬁﬁﬁ.ﬁ? SRRt e O IR 3h gt wik PRV oorl « ne
5 vy ef afithe p:atenenpbhe fiméngte puridashy witdowiok thel windéw dblag kifne\W2sik Bgjostedier e i s
the pattern B Pa in the pattern as read. Here, the g grrreasurln

ci r cui t2PPEPRRAL theigap measpring ¢irquit defeptsavhsther 3’6 “F’(Sllue P?fé‘fr’? ag75s8 With
patter rba@t@ﬁﬁ%adaﬁﬁhlhtthé '@mg%erlm: Rashow @i é}thﬁé E@%&% tidn %ufﬁgt fhe
i's found ow. Wen

pattern as read only when the pattern
t he wi dmaketheselpatternnagree 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  TG1 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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configured to be equal to the width of the pattern B, as shown in FIG 2,
the gap neasuring 10 circuit 26 can deternine that there is the pattern B
only when the position of the pattern B at the tinme of reading matches the
position of the window At this tinme, atine delay T2 up to the w ndow
after the read gate is asserted is nmeasured. [0050] In other words, with
reference to FIG 2, in the window for detecting the pattern B, for
exanpl e, when the tine period during which the w ndowis turned on agrees

with th riod 15 ttern B, thetlmn yrn on the wi ndow
or 't he. (1080w FUEicsyruae ot he el i iai et oo e meIgDE Rerkihes BB asur | ng
circui théﬂﬂtgﬁﬁaﬁta%@iEﬁbé%r&&d%h@ﬁ&ﬁa@iﬁﬂ355?(9%%%5 with the pattern read

within the w ndow. The w ndow del’ay time 72 when the reproduction output to

make these patterns agree with each, ot i i s obtained is adopted ég
proper wi ndow delay tinme T2. As a Ies Vassuni ng that a ti ‘&Zﬁ TA
Is needed to wite the pattern A the tlrre g 20 TGl resulted fromthe

head galYhem theaialues phthe Helerg@aéféﬁ qeﬁgteﬂ rf@whp(bgatf gapistanee pee stered inthe ed from

t he pos u 2 as

f ol Ijgwsﬁlgf?%?'ais Eéaach "%El)f Qﬁ‘%&?‘%? lgﬁagl(fm of b? gyspa 3(trhr‘1’1 Eﬁly g‘ﬁTgﬁmfzgap

( Equat i vabue o4 teack§ m@x be caldulated A’c)col‘cﬁn@totthé’rﬂqmtm Qdestiddé dbdi& ahd stovddiih e

head to,wite fromth eference position signal Ato the starting point

of the 'ﬁ%ﬂeépﬁyégasr?eeﬁ‘i‘;a time period needed at the tine of 25 reading from
the reference position signal Ato the top of the data sector (the

ref er enWﬂSﬁosAthmIﬂt of thgrveritten atarvcheB tbﬂ*ﬁmgamreﬁll@d ftbn.hdwécad@pschstmcb iisri ng in

t he t| and T2 i.s the ed ti e per t hat esponds

o t he SeatspREYIRe e Skfsthe i ZFRBH S e e B T meatiled T O

neetied lhythbdllﬂesl'cﬁbéﬂ fveaglisishows ROFIG, OMThb Qalue bEME fi6R gRpJiG1 &h‘e@(ﬂﬂﬁhﬁ td\hie0 t he

starting point of the pattern B. 13 iOOSl Further, assum ng that the head
cq

movi ng B53d &ap distanere Whishds meagyradrin ajheads Ahaving ghepomingl headgap Qjﬁﬁm‘@ll%t ance L
can be b

When t h?f@gfgszgééf ﬁ%%%ggggﬁhr esfgﬁigg\?lrl%% ﬁ?gﬁ% d}‘%ap I'St ancyg are
st or ed therdférenée position gigddl A by thistiine gapTGA dniewhen the dathds weittén. tAasi@Sullray be
measur ed indi Vi r.the.time ues for al|_tracks may be

o oul s BLNPH NG v B Boshi e HELE Be sl BORTRE MR SRR ¢ he
Meny y t1R81edd gdRVYaHe time gap TGA, the timing 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 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 comresponding 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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[0Q52] A format of the witten data when the tinme gap resulted fromthe
head gap distance is conpensated by the gap conpensating circuit 24 based
on the time gap TGL neasured by the 10 nethod described above is shown in
FIG 3. The value of the time gap TGl corresponding to the head gap

di stance, which is neasured in a head A having the nom nal head gap
distance is defined as TGA. By storing this value in the nenory 28, the
gap conpensating circuit 24 delays the reference position signal A by this

time ga I

of FIG ,cqﬁﬁglgtai)’( %Vmg‘% %J}%‘s{glgt@e ?@n%l}e%ggﬁ’a‘fsta?cg %‘S‘F%&’E‘a EfR E?&E‘HB“ fllem ng
to ass ewﬁtelgatet isasyeﬁaﬂbﬂ:aires Shorfeh) ehd topBogtigh Jihe rdal @ate iaficBOWItR tIRSIRIOF tHehe

r ead gab C|des with the top of the data sector. [0053] On the other
hand, éﬁ%ﬁSEQPGntéﬁaEﬂm \grwattengdhis €3%6. head has a | arge head gap
di stance, as the signal shown in FIG 2 is witten on the magnetic disk
with a f0955kar Thes, b;s eteasuring thet vabees péﬂiedmheTg%deﬁi agrewﬂsmﬂmgtthd)eﬂ&hdi gipn B is

det ect €COoNnes As a r.esylt e tine ga arres onding to
e b oA Sash Dol S comne o i foston ARG e perprdippiotn |
nment i ongasak@Mine fapivalied ds TOAS THB® THRE, WAfen Hiat£ YR briVeR v ﬁé’rﬂlcglat eis

asserted at the sane timng as the head A havi ng the nom nal head gap
di st ancehysial addecss preevriften by eachuknrail) the Hata segtdrs enlghq énsme@s@bu: sk prestomes

\oger . o 18 nkBRRABL | Aafiest BEnE G P URGEATBan libdnck 0T cSRSBh cAFS  ©2' 2

Al so, BvVer Wit | LS

Si mi | ar tegylt, \Nietﬂadllmlhmr&rmek,tB)ax(d&I slafwnFih BIG36 caﬂ‘l&rblili]hﬂaté‘(ﬁmﬂl hereferesthial | head
gap,di s %ance &sthe si gnal wn in FIG 2 is witten on the magneti c

di s athipg eRIRAENGY 63 FW“PW time period T2 during which the pattern B

IS detected beconmes longer. As a result, the time gap TGL corresponding to
t he meal9peld Ml thpsabouie istacroopldie desauptios spesific trabodiments oftbe geentic@\the

mention ap..,as ven when t ate is
asserte%%aggﬁéﬁp 'i‘%'egshg[r}r@r}%f r&?kgc%%sqﬁﬂg Egg&c%%dg hgV rﬁ’é’“ﬁ%ﬂ&ﬁ?ﬁﬁi’é gap

di st ancelaings the tine gap TGC until the wite gate is asserted becones
shorter, the top position of the read gate agrees with the one of the

data. Al so, the subsequent data is not overwitten in this case. [0055]
Thus, by neasuring the values of the tine gap TGL corresponding to the head
gap 5 distance for each head and conpensating the timng to assert the
wite gate according to the neasured tine gap values as TGA, TGB or TGCC,
when the data sectors 12 having an identical
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physical address are witten by each head, the data sectors will be

di sposed at the sane position on the magnetic disk 1 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 10 formatting efficiency can be inproved. [0056] Wile the
above is a conplete description of specific enbodi nents of the invention,
the above description should not be taken as limting the scope of the

I nventi Qn fined by the clainms. 15 WHAT IS CLAIMED IS: 1 1. A nethod
for con&ﬁt‘—gﬁéﬂ—@[—)ﬁéto start data witing in a magnetic disk 2 device
havi ng one or nore magnetic heads, each magnetic head having a wite head
and p read 3 head A, & il SHARE : , d
conprising: 4 neasuri neghot%hfg hea%ﬁ%épgdi staﬁggﬁﬁlﬁﬁglgﬁﬁ%@at%gﬁgﬁghgg nor e
magriet i deviegddgingypne Br mpietmagpetgbeads zdihnmagnetic bekst lew ingraewrite eafiandpateadr n;

and C ensating the tim start t ata witing by changing the
timhg g%gevﬁﬁlo%heag £ap &lfﬁﬂceglﬁgm{)ﬁﬂfmcg}er%gﬁ%‘ﬂ%"mﬁ’@ai d measured head gap
di stence in each méasttigy BE Gefl gafistande FEGOR bi the 38885 more Magndfi€hésas hpd of

claim1l wherein said unique pattern is a Sync pattern indicating 2 the top
of the Wating and rgadinga predetaarined uniqug pattern; pRd t her conprising: 2 acquiring a

ti gap for co ' e 0 I N . i . 3
track mamber - andoehlfe e ol | Mealirdib e BP MhinfbefER,
changi ngtime ghpthabertesponds ko said measbeed heads gap distaireiinledchrof tigamefoomoeach track
nunber. 1 4., The, method of claim3 wherein said unique pattern is a Sync
pat ter n"PRFESEI9Sy 2 the top of the data. 1 5. In a magnetic disk device
having a rotatabl e magnetic di sk and a magnetic 2 head, the magnetic head
having separ at e VI.iTiR réthod RdaiePdReréinishidanitfe patidR i S}RMakerd indicating

t her ebet ween, a nethod of establishing timng of wite operations, the

net hod BISAeR 9fdhedata.

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

ok W e

number based on said time gap for each track number.

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

L= = N = Y Y

detecting the predetermined pattern;
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4 at a known first tinme interval after the read head detects a reference
pattern on the 5 magnetic disk, using the wite head to wite an
identifiable predeterm ned pattern on the 6 magnetic disk; 7 using the read
head to detect the reference pattern and the predeterm ned pattern; 8
determ ning a second tine interval between detecting the reference pattern
and 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 tine iptervals: .and.12 storin aid infaormation relating to the
heatl’ gap di fferendg"ier?]ﬂ}’“%@gorf“ﬁn‘é’é{e “8%%8’@“‘&%3& crenGh hagedat leasa@atient

W ite opftheifirafid scbofd tihB entd®hiRofAdof claim 5 wherein the reference pattern
is servo information on 2 the magnetic disk. 1 7. The method of claimb5
whekei n the predet@ing saiddnigamationrelatingitoshe\head gap differere ifordise irt éstaplisting t op
of e . .claim5 wherein said determ ning the second
ti ﬁ%j]l n@gr}@ﬁéog—uggﬁ?@rﬁ?Q%F%eusot%g'bI I shing a read wi ndow havi ng a duration
substantially equal to the duration 4 of the predeterm ned pattern; 5
readi ng t he magnéi.iThediathodlefrdaim I Wkereinnhtoreferetice puttdm Wich® ipfoemetisn ¢ig
readjng, 6 during.tine intervals before and after the window interval; 7
det & mi WP ARSI the predetermined pattern is within the window and 8
if not, 9 noving the window. 10 repeating reading and determning until the
predet erm ned pat? eThe m&hddofdhimBSlwhdtein i JeldGMined Phttdsd i¥'s SPsk 3;Hﬁfémw' ndow
position at which the predeterm ned pattern is found in the “13 w ndow to
det & ni adicating thetaprfthg data.i nterval . 1 9. Circuitry for use with a magnetic
di sk device having a nagnetic head with a

1 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
12 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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2 wite head and a read head, the magnetic head being characterized by a
head gap di stance 3 between the wite head and the read head, the circuitry
copprising: 4 neasurenent circuitry that neasures the head gap di stance by
witing and reading 5 a predeterm ned unique pattern with the magnetic
head; 6 a nmenory that stores a.tine gap that corresponds to the head gap

di stance 7 neasured by said neasuring neans; and 17 8 head gap
conpensation circuitry that conpensates timng to start witing based on 9
saidgtime gap th ' &ﬁ’%’ - from.sai 10 T L rcuitry of

cl aﬁhm 9 wherein ?é:iag?am q gﬂ%ﬁéo@g?ﬁh?g&@t Wn%%f%ééﬁgtﬁglg%gﬁru%ibﬁ tHe top
of the shid time gaji that i§ eadaiut fromtsaid mémadyai m 9 wherei n sai d head gap
conpensation circuitry further 2 conpensates said timng to start the
witjng for each K nunper . 1. 12. The circuitry of claim9 wherein: 2
sai d' di sk devi ce %ﬁﬁ%ﬁhl"?f@%? whetsmLtaid upg e s f SYRGPAiEy | zod by a
3 r espeimtlicuenghabpdFrheldsis.ance, thereby defining a plurality of head gap

di stances; 4 said nmeasurenent circuitry measures the head gap di stance for
each of said 5 plurality of magnetic heads by witing and reading
resplective predetdr %&Hcﬂﬁyﬁﬁgla%?t“@ﬁf?@ wiid head @ap gemapemsation dircyitiyffurthesnet i ¢
heads; &nﬁﬁh&téﬁ'ﬂﬁﬁﬁniﬁ%%ﬁ%&eﬁ‘rﬂﬁ fbf dacRrali ps that corresponds to
said plurality of 8 ad gap di stances neasure y sai d nmeasurenent
circuitry; and 9 said head gap conpensation circuitry conpensates timng to
stark writing forlZeddk cirg@trirafjelaim 8 whemin:based on the tine gap for that

heady, that is rea . ' r 1 13..The circuitry.of. claim 12
vvhe?zei n said uni gsafealﬁﬁ%]{{cggﬁ%?%ggﬂe%gfplg?gngﬁﬁhcags’ie ‘dtf@}ffa}cf%‘zf‘ﬁugy?op of the
dat @ lredpbctive lroad gep distadies kheekbiyidefiniig v iphgalty GhpEdidap dRembespi th a wite head
and € read 2 head,, the ma%net,i c. head being characterized by a head gap
di stince bet ween SEHMGASHIEREAlLARFuitsy meagures, the headheapedisiance fier eaglyptsaid di sk

deviTe SRRl o cidbnetc N ; ' : LSsfkance
pevize, llﬂndg fl et B 85y GHRHE altPRAding Aspelhifs PebforlifG DRGE SaRrdiwith
6  said plurality of magnetic heads;

Dy

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

= = I+ S O P

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

1 15. A magnetic disk device comprising:
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5 predeterm ned unique pattern with the nmagnetic head; 6 nenory nmeans for
storing a tine gap that corresponds to the head gap di stance 7 neasured by
sai d neasuring neans; and 8 head gap conpensati on neans for conpensating
timng to start witing based on 9 said tinme gap that is read out from
said nmenory neans. 1 15. A magnetic disk device conprising: 18 2 a nagnetic
disk; 3 a wite head for witing data on said nagnetic; 4 a wite circuit
for nodulating the data and supplying a wite current to said wite 5

head, 6 a read head fort. re%di ng the data fromsaid nagnetic disk; 7 a read
circhit for anplidPERStSH# denodul ating a read signal provided by said read

8 hegd; 9 a gate HERARSIhi Rt viitifpWata iQhidiRRSEALI Ng a read gate and a wite
gate that determine 10 tinming to wite and redd the data; 11 a pattern

genetating cir cui & writsrciggaih &ramodulptiag phat dasy andtsapplying aweritel ciment tessdiwrireg a
12 headpgap distance; 13 a gap neasuring circuit for measuring said head
gap di sPanbe based on a signal 14 acquired by witing and reading said

patt@rn; 15 a mendreyd heud foi Radingth? datafeord 84ld Magh@id @gpondi ng to said head

gap distance, so 16 neasured; and 17 a gap conpensating circuit, coupled
to shid menory, fdteadeiydiensmplifyingand demedylating ageadyignal pryvitied &yisaidaendon
saidgti ggggap TG stored in said nenory. 19
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

12 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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