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1277 NAGNETIC DI.SC STCéAGE SYSTEM BACKGROUND OF THE | NVENTEZ$E 4
The present inventiongelates in general to a magneti.c di sk stor /
systemi-ncludi ng a dual @l enent head in which an el enent for witlng
data and an el enent st for readi ng data are separately provided, and nore
particularly to a nmagnetic di sk storage systemin which both the
arrangénent error in litRography process in manuf acturing the wite
el enent .and the read el enment and the errors of the. positional offset
between the wite 10 elenent and the read elenent, and a track due to
inclination of a slider when carrying out the positioning of the head
.using a rotary type actuator are corrected, thereby increasing the
track density of a radi al direction of a disk. 15 A
magneti c di sk storage system noves a head in a radial direction of a
rotating disk to read/wite the data fromto a data region of an
obj ective sector. For this purpose, the accurate positional .
i nformati on of the head on the di sk needs to be obtained by sone
met hod or 20 other. As the technol ogy which has been conventionally
wi dely adopted, there is well known a nethod wherein both a pattern
representing the track nunber and a specific staggered pattern are
previously witten to the magneti c di sk, and the head is noved to the
position 25 where the objective data region is present on the basis

MAGNETIC DISC STORAGE SYSTEM



- 2- of the two positional information. The positional i nformation

Is provided in a servo region 81 in a schematic view show ng a sector
structure of a prior art exanple shown in Fig. 8. 5 Furt her,
as shown in Fig. 8, in order to w it &/ read surely the data to/fromthe
obj ective data region, in general, just before each of the data regions
83, an identification (I'D) region 82 having addr ess I nformati on of the
correspondi ng data region 83 is 10 arranged through a gap regi on 84-2.

Now, prior to the operation of witing/reading the data to/fromthe

dat a region 83, the data is read out fromthe ID region 82 to
confirmthe address information, thereby judging finally whet her or not
a head 11 is h 15 region 83. The reason that the
technol ogy fo aﬁgRé@@# 6% ?ﬁg %“%Eﬂgggﬁlncluding the | D region as

descri bed above has be n ﬁﬂgpt gngtd ¢ -di sk
storage systems is tha?ﬂt‘%gﬁ giﬂésﬁ?hg‘l‘ié(n % e’llenré(;%rtalénty of

the operati onm@gnelfcVaiskNgtbLage ngyéf'&ndﬁﬁélﬁ@iﬁé oan adaﬂ ofi @fénte sector.
In particular, in recent years, In order i ncrease the recording

density of thgeg@gpftwhidhskn eleﬁéﬁtaﬂerswﬁiEMgtM8 dnd Hecelemept ed t he
t echnol ogy of enpl oyi ng the head having a hi gh readback sensitivity.

25 For exanpl fort headihgsdatanare! sepapabelpeptecided pggndfmore enpl oyi ng
an MR elenment utilizing the magneto-resistance - effect of iron-nickel
al l oy as the paatlitelddrlgi hoecat magneticudiskostorage veystemein wiybchi ed by
the MR elenengoggnthe arrangement error in lithography process in
manufacturing the write element and the read element and
the errors of the positionalioffset between the write
10 element and the read element, and a track due to
inclination of a slider when carrying out the
positioning of the head using a rotary type actuator are
-corrected, thereby increasing the track density of a
radial direction of a disk.
15 A magnetic disk storage system moves a head in
a radial direction of a rotating disk to read/write the
data from/to a data region of an objective sector. For
this purpose, the accurate positional information of the
head on the disk needs to be obtained by some method or
20 other. As the technology which has been conventionally
widely adopted, thére is well known a method wherein
both a pattern_fepresenting the track number and a
specific staggered pattern are previously written to the

magnetic disk,'and the head is moved to the position

25 where the objective data region is present on the basis

Thls Sheet Has Been Replaced




- 3- not carry out the wite operation, a head for the wite

operation needs to be additionally provided. An I nductive head in which
the magnetic field is generated by the coil current is enployed as the
head for witing 5 data. As a result,2the heads are used which are
respectively dedicated to the wite operation and the  read operation,
and hence in ofrthel twehpositienabcintermationet B RIELHRNAY on of the
wite elenent of the head for the wite qgeratjon gpd,the position of

the read 10 tnEQEmatien:ie PEAVided imcR RREVQ AR BL i1 3e

magneti c di sk storage system enp|oying the rotar act uat or, as shown in
Fig. 9, sinceSEREmARLf Fier o she ing a{ Beckef d%?r%‘i*t%? e%}pe%tp‘floolf % rack

directi on becones harﬂg.inF%ge osition of the outer dianeter of the
disk 15 or tREaPRAS ShPURetR P58 182 disk, that offset becomes

particul arky renarkabl %ggvgﬁgngée%hmwhi&@%%egéiﬂg:(r)order s inclined in

the outer dianeter of t i'S sho As shown in the

figure, the vgiitepte8df §§§:e1¥ the0dabs té2tkofli tREt OITeOELVE Saded Ween the
center of the 20 read elenent and the center of the wite elenent. In

addi tion, an esgfiphe in gbhebalhejastdbefosei eathnefl the datatiegiomer

di aneter of the disk is showmn in Fig. 11. As apparent fromFig. 11,

t he of fset oc88¢saheidentifhication (ED)eregionh@2rhaving caddressd t he
center of the wite 25 elenent in a direction opposite to that of Fig. 10.
This of fset oipfesmahioneobppbei coruespondingtdataaregion 83 ige of fset

shown in Fig. 10. : . .
10 arranged through a gap region 84-2. Now, prior to the

operation of writing/reading the data to/from the data
region 83, the data is read out from the ID region 82 to
confirm the address information, thereby judging finally
whether or not a head 11l is moved to the objective data
15 region 83. The reason that the technology for
positioning the head including the ID region as
described above has been conventionally adopted for many
magnetic disk storage systems is that there is the high
reliability in certainty of the operation of
20 writing/reading éhe data to/from the objective sector.
In particular, in recent years, in order to
increase the recording density of the magnetic disk
storage system, there has been adopted the technology of
employing the head having a high readback sensitivity.
. 25 For example, there haé been well known the technology of
employing an MR element utilizing the magneto-resistance
effect of iron-nickel alloy as the read head. Since the

magnetoresistive element typified by the MR element can



- 4 - As for the technology for correcting that of f set,
for exanple, there are well known the nethods proposed in
JP- A- 63- 142513 and JP- A-4-232610. Those met hods are such that the
positioning of the head in the 5 wit® 3peration is changed fromthat in
the read operation by the anount corresponding to_the above- |
menti oned poshPtosarTyf Ykt thet wEdker RPeEpsAeRr 8f hepd for ghggwréket he
wite operation and . the regd eleggnt head, f,or. thgvread

h

f th .

operation, or OPREASISON NERLSHEOY ad%étﬂﬁgaéﬂgnBﬁpglgFg°pr i ously shifted
f h oth . for, the.offset bet t d el dth
wite " ol eRBAEGL}vEnBeASh T NBiEHe e BREREF Lo L8 AP BERELAtBHc

. Th f t t f ti h Les:l d
zoro, Ther of g eoRe T HhORnd! 8! UinLhRR' phc rpe, nbRR"BRLOWrTELLY O
above- ment KONG4 B 1 Ogllal reldie, trPHeald0dra! uEBAdRIchNg data from the
| D regi on before the operation of witing the data to the data regi-on

can not beeadedtddelyl de@Riatedied eneharaitesepekatiBanahlethe Wite
el enent of the head for the wite operation and 20 the read el ement of the

head for the read operation, and Hemice in generaln theFoffsed oveetws in
expl ai ni ng the head position in the conventional wite operation, in
the prior art betweere theafposition of tthe wriite element of th2lhead
positioned at the center of the data track or 25 data region in order to
carry out the fogetdne aridfe opemﬁitqmgrxdwé:mamai&ipneoaagaer &gaén 83, the
position of the read el enent, 120 of the head deviates fromthe-

center of 10he elsmeny &f dhe head ot thenFegsooperation. In the

magnetic disk storage system employing the rotary
actuator as shown in Fig. 9, since the inclination of
the slider with respect to the track direction becomes
large in the position of the outer diameter of the disk
15 or the inner diameter of the disk, that offset becomes
particularly remarkable. An example in which the slider
is inclined in the outer diameter of the disk is shown
in Fig. 10. As shown in the figure, the vertical offset
to the track direction occurs between the center of the
20 read element and the center of the write element. 1In
addition, an example in which the slider is inclined in
the inner diameter of the disk is shown in Fig. 1ll. As
apparent from Fig. 11, the offset occurs between the
center of the read element and the cehter of the write
25 element in a direction opposite to that of Fig. 10.
This offset occurs in the opposite direction to that of

the offset shown in Fig. 10.



- 5- witing the data to the data.field 83 with the wite el enent
positioned at the center of the data region 83 Is required just after
carrying out the operation of reading the data fromthe ID region with
t he read 5 el enent positioned at the téht®er of the ID region 82.

However, since the much longer tine is required as conpared with the
data transfer rate in oh®ekOF othertgchnolegy e Sereesting Hwbtioning, it
is difficult

. s t Hiind oning, o
10 gap reg onéﬁsmeﬁ%éﬁeéﬁffnpié?oﬁﬁséé‘;%éegﬁsliﬁfa&?xi;,%%%é‘f o b The
d i d t i e set between
had oe o1 on BroBhedds FRcoBratBE- 18258, Qo ME-noar 2386107 PHASFR a0 Ll oot

' k i 1D t ' . ' xeeedi
scTy(track 1ECh3ds, aze) BichOLARR Efe HobiEionifd OF Baé MESECE e
probl em i nsdeﬁ'weenag&bstﬂaans&' Ehﬂs?%%fﬁ%&ﬁ%hé!siﬁ”the read I'n

order to solve the above-nenti oned assoclated wth the prior

art, U'S. Patepérdiioh, B§7thé%amountPEERPESSoRBENG! € SEKE OabbeEE Nt hod
wherein the ID 20 region dedicated to the wite operation and the ID

regi on dedi cainedtioneiepositiopalabtfsetr betwpencehel glement popvikied, and
also the ID region dedicated to the wite operation is provided in the
posi ti on whi chead Ebfsthebyrite oparabibseandi thenceadeelenent hef vihe e

el ement and the 25 read elenment in a direction perpendicular to the track.
In this methoBeadhEpe thepreafdenesabiondvant the ppaitions efibethhe

th Lti | offset between th wite elenent and the
P;gglgrgﬁéﬁt gpg?ﬁgghgggsigre prevgously shifted from each other so

as for the offset between the read element and the write
element in the mean inclined angle of the slider to
become zero. Therefore, those methods are the effective
technologies in order to increase the track density.

15 . However, in the above-mentioned prior art, the
operation of reading the data from the ID region before
the operation of writing the data to the data region can
not be carried out stably due to the offset between the
Write element of the head for the write operafion and

20 the read element of the head for the read operation.
That is, as shown in Fig. 13 useful in explaining the
head position in the conventional write operation, in
the prior art, in the state in which the write element
121 is positioned at the center of the data track'or

25 data region in order to carry out the operation of
writing the data to the data region 83, the position of
the read element 120 of the head deviates from the

center of the ID region 82. Therefore, the operation of



- 6- effectively solved, the storage capacity of the disk is

excessi vely consuned since the ID regions which the user can not
utilize are duplicately provided. In addition, as the no ID
sector format 5 disclosed in U S. PatentdNb. 5,438,559, there is also
proposed the technology in which the above-mentioned |D regions are
excl uded. Thiwrhbing thet8ataotanthpsdatanfield;Batwitle Fhe oWhhE®on
required for recognizing_ uniquely the sector is produced fro goth t he
track inforna?i@ﬁentopﬂﬁiéH°P§deﬁSeHBGdCFHtFHe°£eFQ% é%ﬁ?oﬁe%hﬂnPk numeri c
val ue which i s obtainped bﬁ cgun%gng t he nunber gf ﬁassed . seckors from
the head posi tPoh€BRIFRE UPSEKATREEFPAFRYLING OPE R SORBIRABICT nRF probl em

due to the positional  off o e en.t jte.ele t t he read

el emrent of thgea?gnghgga §§%ﬁr§rgﬁn%§2tﬁg g§8¥§§i§h€%f€$§aﬁgﬁg t he data
from he [ $ s cakr I v s Sh N It
S can.not%beeggﬁkﬁgnggsgglpﬁ%dbggiEﬁgfeghgagdgregggbfé ?%ﬂ%g?ng?fon of the
I D regi on whehhgevek ,N8incee theafuch longel! €RME! ¥sPoequipegdasn the
objective sector as used 20 heretofore generally, in particular, there

arises a chhipared with the dakaakrhnkfernriabe dpeoadiepntofcartyi ng

the data to the data region'is poor. SUMMARY OF THE | NVENTI ON
Theref ore, theuteaccaratelyothehposdtvioningechbolisgiiEfienpecind which is
capabl e of carrying out stably the operation of reading the data from
the ID practical use to carry out the positioning again in the

10 gap regibn between the ID'region 82 and the data region
83. The read errors per bits read of the ID region due
to the offset between the position of the write element
and the position of the read element is not kept within
the tolerance in the track density exceeding S5kTPI(track

15 per inch) in particular. Therefore, this is a serious
problem in designing the magneiic disk storage system.

In order to solve the above-mentioned problem
associated with the prior art, U.S. Patent No. 5,257,149
proposes the 2ID sector format method wherein the ID

20 region dedicated to the write operation and the ID

region dedicated to the read operation are duplicately
"provided, and also the ID region dedicated to the write
operation is provided in the-position which is offset by
the offset distance between the write element and the

25 read element in a direction perpendicular to the track.
In this method, there is provided a disadvantage that
while the problem of the positional offset between the

write element and the read element of the head is



region before the operation of witing/reading the data

-7- to/fromthe data region and which does not require the | ar ge
anount of additional information which consunes | argely the storage
capacity of the disk. In or@er to attain the above ment i oned

object, 5 according to the_present invention, first addre
i nformation | eEfeekivedyi goadNedp tBEi § ﬁ°r§8€oﬁépﬂﬂdF¥sgf thelﬂfﬁknﬁflon i s

’ ded h h d he, | D
P facet ver ??%F‘gfs\glﬁ%ﬁﬁs%E’Pﬁgg"génﬁéfmﬁf thé; 18 k&4 ég%ﬁﬁasﬁnﬁhle ubg?! °“d' )
I I ff it t
o T eneRR Bpt, 0G4 =8 afel Aikad AL ATV CRREHARRR Do he” © TTadial
" position of a disk and iﬂ gdﬁ Egghéogs epEBpTBdééﬁLSE 58 ﬁa£rack Then,

the read el enent of the posi |oned € posI fI'3h of the ID

regi on wheg agﬁelggb@glhhg @at gmgnkhﬁedaga4§9959§, tHdrkhes’ 82do

el enment of “the I'S p03|t|one p05|t|on In a track width

di rection of Eire pdzled @ Q@c\wﬁenquacimn@hmh the dbbeef-fneﬁtabﬁedam
regi on, where t he address mation is surely read out in the

oper ation of ré@mnlst iarg rexaduded.he Thdsanbo/IDr sectbe fiermatr dsksuchhout
the positional offset. The data relating to the vertical offset

di stance is stiadd tivet iaformptdoncaleiquired fort mecognfizdesgofinifjuedysk, or
electrically in a storage el enent on a circuit board. 25 In
addi tion, the theeseatornisenpreduces fgem bothnkhes trackr dnfpagmagionservo

attern using the ite
P 10 gwdlch is embedded in the serve region and the numeric

value which is obtained by counting the number of passed
sectors from the head position of the track. According
to this method, no problem due to the positional offset
between the write element and the read element of the

15 - head occurs since the operation of reading the data from
the ID region is not carried out at all. However, since
it is can not be confirmed on the basis of the address
information of the ID region whether or not the head is
properly positioned in the objective sector as used

20 heretofore generally, in particular, there arises a
problem that the reliability in the operation of writing

the data to the data region is poor.

SUMMARY OF THE INVENTION
Therefore, the development of the new
25 technology is expected which is capable of carrying out
stably the operation of reading the data from the ID

region before the operation of writing/reading the data



el enent and carrying out the positioning for the servo pattern using
the read el enment when it is difficult to neasure directly the
positional offset distance between the wite elenent and the read

el enent of the dual el ement head cdtrlesponding to the radial position

of the disk and in a direction perpendicular to the track, Hglthereby
nmeasuring i nd¢PLEX PR Fh% @%%@t?%&h?noﬁ$§ewhlch Qﬁﬂﬁnﬂo SRS NS i t e

el ement and the read el e dj t the p nt invention is
desi gned in st®F9% am°“9\gE°‘% h%‘?d?'ﬁ"%??alﬂ °§P§%’r&‘b ‘ﬁée?q}bs%ﬁ on or the
I D region with, a ur ac p n mmiting 10 the data
to the servo %ﬁ?%%y Phgh%€?§59€ ¥%Bé ti $f?§&é)d in the servo track
wite process in the prace rg ﬂggqyg st or age
system or the ser vgﬁrczgﬁl%% %? ?ﬁ%‘%ﬁ%l o%é'si]fe ormed 1n t%é"lf%or m of
the 'rregugarawopeiﬁsreooenéhﬁrésékt iﬂvéﬂéiéh?“fifé‘@ addr@igsent

I nvention includes a Qi ant naghetoresistive el enrent, and the track

density is magpfresMatibn 96 pPofided ihaanlPbTHegDén} heesd0s kad@séss ance in
the operation is made equal to or nore than 500G thereby providing a

magneti c di skinformgeioxnsisnprbvidedstogetbhér withecuser &ftasiml as a
portabl e storage device for image information. I n addition,
in the operat@abaotegioningndhthe IDdunegion isecofifset reerbicalliy cfrom
confirm ng whet her or not the address information obtained fromthe ID
regi on natBAeccenten PﬁeaaﬁéﬁébstanﬁnémPéﬂto#PPﬁ%xH%§E¢¥%g91#ﬁl 25 the

address | oo It O hEput! BLERabRdchheheth' D PP eredSST S2% Ledfe dat

element of a dual element head corresponding to the
radial position of a disk aﬁd in a direction
perpendicular to a track. Then, the read element of the
head is positioned in the position of the ID region when

15 writing the data to the data region, and the read
element of the head is positioned in the position in a
track width direction of the data region when reading
the data from the data region, whereby the address
information is surely read out in the operation of

20 writing/reading the data to/from the data track without
the positional offset. The data relating to the
vertical offset distance is stored either magnetically
on the surface of the disk, or electrically in a storage
element on a circuit board.

' 25 In addition, the present invention includes
means for recording a servo pattern using the write
element and carrying out the poéitioning for the servo

pattern using the read element when it is difficult to



witten to the objective sector. On the other hand, the operation of
reading the data fromthe data regi on, when '

-9- reading the data fromthe data region or after conpl eting the
operation of reading the data fromthe~ 8 Wata region, it is confirned
whet her or not the address I nformation contained_jn the read data

mat ches wi t h me@suze ;diregtly ntbe npesibional el &8st Aiskance Petpem,
Yﬁegggyt?gﬁ,qgﬁ&cégiﬁér$#¥Béﬁg??%§0€%éPﬁ%ggksfé$gﬁixﬁ§w£$€téﬁﬁlrequired_for
fleidare T cheffnn' BSadoratPeRRohatae o vt crfa it pIELEOR SF el MY
out §mract o 159k #88°Eh 8 a8k bR bR IO AE Ko cne TLigdk s CarT! o
forcedly rgadtﬁéPEB%hﬁe%Fgriﬁgr?Hﬁ??e&91§h@hﬁoﬁbéieﬂ@ﬁanéﬁﬁﬁeétate- As a

result, it I s poOssI to prevent occurrence of the ID read error

In addition, hMoBheVbdtWaeAE8ne WwoLtét epenesttdrd the opeadtéDemeitta read
anplifier and a data detector circuitry while the read el ement of the
head.i s passelln d8@diblonghtheept&senti bnyentppneisi dgsigmeduipusucih an 1D
read error signal, or carrying out the operation of reading forcedly
t he data fronwaetbatainegrderwhenarnange the senvocregiorgnathe siD
outputted, the magnetic disk, storage systemis E[ovided whi ch has | ow
power 25 cons@gpPnoWishdawhigh ascuxaeyrckhei aperatienecef writing

10 the data to the servo region or the ID region is carried
~out in the servo track write process in the process of
manufacturing the magnetic disk storage system, or the
servo region or the ID region is formed in the form of
the irregularity pattern én the disk. In addition, the
15 present invention includes a giant magnetoresistive
element, and the track density is made equal to or more
than 10kTPI or the shock resistance in the operation is
made equal to or more than 500G, thereby providing a
magnetic disk étorage system which is capable of being
20 used as a portaﬁle storage device for image information.
In addition, in the operation of writing the
data to the data region, after confirming whether or not
the address information obtained from the ID region
matches witq the address information of the data region,
25 the address information is written_together with the
user data to the data region, whereby the data is surely
written to the objective sector. On the other hand, the

operation of reading the data from the data region, when



- per fornmance. - In addition, after conpleting the judgenent
and correction of the data read error on the basis of an

- 10 - error detection code added to the data region, it is
confirnmed whet her or not the address inf& mation contained in the read-
data matches with the address I nformati on of the objective data region.

Therefore, a réadimgcoheludaba firomrihe sdata| REPWOELHR t he storage
capacity with which the two or nore data regions canéféeq%# staored, and the
r

data read fropemphetbng theieperation ok RAGIRg \the &R (the he

P ocossi ng  18ATATFHHEORs Lt 145 | HontEEY iR HHEF eh e R Afhess

et oct i on_codbREBTIEHLER: FRnFarnel, p.ERy FRAGIERS iarches it Vel oo
address 15 | AFGFRER; EfiebBhepion SETCRE ShFellibdlate Bdgtily. ON Y o

the operationypbreBgdiRe BREaddbashiely! Péadatfom thé esbyectivels, the
magneti c di sk storage systemis provi ded which is capabl e of increasing

t he processi ngectorspeed. 20 - According to the present invention
since in the operation of witing the data to the data region, t he .
wite element is positiDdneadddbtibe, dainceegheninformatioreyf tthe piBiti on of
the read el ement of the head can be made match with the position of the
| D regi on, theeg2énadldraet requiredi farothehceadropepabiivmg thetIBn can be
10 address mark field and the data address mark field aré
formed by using the codes different from each other, and
hence waiting for detection of the data address mark
field is carriéd out immediately after head seek,
whereby the data has not to be forcedly read from the ID
15 region in the positional offset state. As a result, it
is possible to prevent occurrence of the ID read error.
In addition, by providing means for stopping the
operation of a read amplifier and a data detector
circuitry while the read element of the head is passed
20 through the ID region, suppressing the output of an ID
read error signal, or carrying out the operation of
reading forcedly the data from the data region when the
ID read error signal is outputted, the magnetic disk
storage system is provided which has low power
25 consumption and which is excellent in the access
performance.
In addition, after completing the judgement

and correction of the data read error on the basis of an



obtained with a sufficient signal to noise ratio and reliability. On
the other hand, in the operation of reading the data fromthe data
region, the read el enent of the head is positioned in the data
region to read the data fromthe dat &0 egi on, whereby the address

I nf or ma- tion of the corresponding sector can be obtained with a

suf ficient si gRaPTt defersdoparrdeandded tabthet datsi region, bitt ke
above-nentioned qgperation, the ID error_rat be reduced in both the

wite operat|69n§ﬁamﬁﬁewpéﬁae; °roB@FaFFSgasgﬁSsﬁabﬁé?F@aSFQR in mﬂlch t he
k d t

Storage. capacFPPtRIAeHe Mo RBRKAERY AREPOBELENEE BEERaFEa SG8ERFEN e

sccur acy r equi REAEBF G OF o tPE BRI BERON, apPa reqiBfly'  BRLaBbPERA™

vibration Gangah@och@uctor: %ﬁﬁﬁﬁgastﬁﬁc haLa QBQEﬁohaﬁth§"h989a§§ readily

desi gned and the access per orna e magnet 1 ¢ di sk storage system

can be inproved abr.itgdevﬂthoamtcheta%f Wb or mo2@abAth rBEivhB' 8hhoBewhi ch
is applied fron1the outsid in the operation can be enhanced. In

particul ar, i stored, andn&meﬂactadlr@hdstfebmgeheyahem begyiog fibe track
density of | OkTPI or nore, the effects of the present invention are

20 remar kabl etemporarily transfnrkeﬂl&memhbngemheopdueeor memenyion, the
data which nmust be added to the prior art format is the I D information
in the data r ¥§esebyaid bescomesounpecessary thasutheopropessing bytes is

sufficient for the ID
1 waltlng time is inserted into the read operation in

order to confirm the address information. Alternative-
ly, the error detection code for checking for errors in
the reading of the address information is inserted into
the middle of the data region, whereby the address

15 information can be confirmed without waiting completion
of the operation of reading the data from the data
region. Thus, the magnetic disk storage system is
provided which is capable of increasing the processing
speed.

20 According to the present invention, since in
the operatidn of writing the data to the data region,
the write element is positioned in the data region,
whereby the position of the read element of the head can
be made match with the position of the ID region; the

25 address information of the corresponding section can be
obtained with a sufficient signal to noise ratio and
reliability. On the other hand, in the operation of

reading the data from the data region, the read element



25 information. Therefore, the excessive consunption of t he di sk

. storage capacity due to addition of the ID I nformati on can be kept
equal to or less than 2% In addition, according to the present
i nvention, the offset - 11 - -12- di st ance"
between the center of the wite el enent and the center of the read
el enent due toft hbeaheadgéseposétioned inj phej datyr npaioprbecreadsthe
corrected, whereby the yield in the head fabrication can, be enhanced,

and al so the datapfzamcthei dptaaregdopenHPREBPY ERRaREdEeSS niBERFPRTN,
t he code which,is diffgrent fromthe error . detect ‘added to the

[ d
I D i nformati ofiPR Phetlg: SOrE§EEANIING seCtPﬁecﬂBhggr°BFagg?§ ¥ EB efpl oyed
f h d ' . d dded .t he | D.inf ti [ D
agion. 10 WACEEREiERE2ABRRA 3P APRES, BALAD: PRty PPorIBhLLhY { SLRct
operati on ganyhe fanaRasd kit shuCopkakiof) Bhe 10PEEELE! £at@ BRRVI de
the portable gneti ¢ di sk storage system f or personal use having the

shock feSiStaB%er%HucedTﬁﬂpﬁth %Bbﬁwriggﬁég@?hEEoEE§EB'EEEC¥EEE THE

DRAW NGS ese and ot her ts as well as advantages of

the present i gperataen) thebaagmetiledisky inh@hich thel exabr deasitpti on of
the preferred enbodi nents of the present invention with reference to

t he acconpanyiisg in2@edised oan beheeadily designed and hegcelthe a cross
sectional view show ng the construction of an exanple of a nagnetic
di sk storage storaget capacdidydicag be reamaykabdyt incveasednas compared
10 with the-conventional magnetic disk storage system. 1In
addition, since the accuracy required for the following
vibration and the settling vibration can also be
reduced, the serve control system can be readily
designed and the access performance in the magnetic disk
15 storage system can be improved. 1In addition, the safety
against the vibration which is applied from the outside
in the operation can be enhanced. 1In particular, in the
magnetic disk storage system.having the track density of
10KkTPI or more, the effects of the present invention are
20 remarkable.
" .In implementing the present inﬁention, the
data which must be added to the prior art format is the
ID information in the data region, and the infbrmation
amount of about 10 bytes is sufficient for thg ID
25 information. Therefore, the excessive coﬁsumption of
the disk storage capacity due to addition of the ID

information can be kept equal to or less than 2%. 1In

addition, according to the present invention, the offset



Fig. 2 is a plan view, partly broken away to 25 show the interior
~construction, of the magnetic disk storage system of the present
i nventi on; - 13 - Fig. 3
is a schematic view showing a structur€ 12 =5t an exanpl e of a sector
structure of the presept i nventi on; . Flg. 4 1is schemati c
vi ew showi ng §1§FQB€FUB§tWSertHﬁ 8?3ﬁﬁFe°SftﬁengﬁBer%gg%ﬁnFna?&etg?esent
‘i nvention; eM/shomﬁnﬂ a, structure

ent error Fi g.

of an exaﬂplecsptﬁﬁ PE FBE;gﬁaangiﬁgegﬁggg%:Lgngtﬁt?Bﬁ?ngT f
region in thoth; 3ibAPTABHY BroRbE|1b E8r ra0e B, nEERLY En iR .

showi ng a stryqt ghg heaaokaae%ae&oﬁxglagl BgOknhificda) 2ah@aflol nkhe

pr esent I nventi on; emati1 c view showi ng a

sector _1555tFHEHHE€iQEt§héaBrb@rréﬁhtkably enhanced.Fi #n 8a8stfoRr)an view
useful in explaining that a slider is inclined depending on the

position of theagodet whiieh; is different frbmgthéOerson debesvion Vi ew
useful in 20 explaining inclination of the slider in the position of
an outer di amepde afidedmkgniéhiec ID dhformation in theFdgtaltegion,sahdmatic
view useful in explaining inclination of the slider in the position of
an i nner di anmsher ngmbgrnefnbiits arekemployed for the error detection

code added to the ID information in the ID region,

10 whereby in particular, the reliability for the write

operation can be enhanced. Therefore, it is also

possible to provide the portable magnetic disk storage

system for personal use having the shock resistance of

500G or more.

15 BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects as well as advantages
of the present invention will become clear by the
following description of the preferred embodiments of
the present invention with reference to the accompanying

20 drawings, wherein:

Fig. 1 is a cross sectional view showing the
construction of an example of a magnetic disk storage
system according to the present invention;

Fig. 2 is a plan view, partly brokeﬁ away to

25 show the interior construction, of the magnetic disk

storage system of the present invention;



25 Fig. 12 is a schematic view useful in expl ai ni ng the head

position in the wite operation in the present invention;

- 14 - Fig. 13 is a SChenatic view useful in expl ai ni ng
the head position in the wite operat|6n13 the prior art;

Fig. 14 is a schematic V|em1useful in 5 explaining the hea%iic ition in

the read operation in Fig. e’-i)r%s%‘?ﬁeq‘ﬁﬁ/’tﬁ]t‘f’cﬁf' showing a 15 is

a schematic VI w_ usef ul a|n| the he osi t the read
operation in © ntﬂ§a$Pi%r°sr? se %P °t“r?a§¥i éeﬁ?*%wchart
useful in explﬁjnlgg? . the flowin the wite/read operatlon, and

Fig. 17 is a HEER %granlshomﬁng a configuration of an exanple of a

circuit according to s . th ese ' [ 1)
DESCRI PTI ON OF T PrerEiery hbc) R Ere  Plew ShovJ’ﬁ'd:r)%eA"'i!pﬂrie%aet-'r“rreed
enbodi ment g ofet i 8% gﬂé of a éwsnfeéeﬂoﬁv' {h twéopreddse be described in

detail wt reference to t e acconpanyi ng draw ngs. <Enbodi nent
1> 20 inveftiobngt enbodi ment of a magnetic disk storage system
according to the present invention wll her ei nbel ow be described with

reference to the figureBig. 5 isFagschemsticcvies skowinga stmweishen ng
sehemtic of an example of én ID region in the present inventioh;

Fig. 6 is a schematic view showing a structure

10 of an exampie of a data region in the present invention;

Fig. 7 is a schematic view showing a structure
of another example of the da#a region in the present
invention; |

Fig. 8 is a schematic view showing a sector

15 structure of the prior art;
| Fig. 9 is a plan view useful in explaining
that a slider is inclined depending on the position of
an actuator;

Fig. 10 is a schematic view useful in

20 explaining inclination of the slider in the position of
an outer diameter of a magnetic disk:;

Fig. 11 is a schematic view useful in
explaining inclination of the slider in the position of
an inner diameter of a magnetic disk;

25 Fig. 12 is a schematic view useful in
explaining the head position in the write operation in

the present'invention;



construction of the present magnetic disk storage 25 system and Fig. 2

Is a plan view when a part of the present systemis viewed fromthe
upper side. The magneti ¢ di sk storaie system of the present enbodi nent
- 15 - i ncludes a dual el ement head 1# maving an inductive el enent
as a wite elenent and a nagnetoresistive el enent as_a read el enent,

and a rotary actuator 1Pigmdl3 isja aehegaticiviewcwsefwhyiBs to carry out

t he enbedded 5 servo using the positional ,information enbedged in the

data surface SKPeELRiRFgAE iBeéﬁsP°§3tlﬁﬂrFﬂgtgﬁrVﬁFﬁﬁ OPEIJhtOPhiPwrite
operation or %ge r ead oge&qtion, an el ectric power is supplied to a

voi ce coil notBf PXIPY @Ttijccordance with an instruction issued froma CPU

10 (central control uni%§ggggg Egﬁgt%gﬁeﬂggkcebfgﬁn&?ggﬁgr1&2.11 is noved

onto an objective track™ I3 rou S rotary ac . Thereafter,
the address Obxpidining®RheChidd PBEERLONS 1nCthbCYRAa! Bperabian ead/wile

circuitry and then the“operation Iting or reading the data to or
fromthe dat athleept els®ntainveatidn; In the present
i nvention, in ordéer to correct the positional offset between the wite
el enent and the re®igel aseds af schemhedd, viee tsefadbi by sector format
s - constructed. An exanple of a structure of the four 20 sectors in
the four adj assplaiminigs the headegositioa in theéi skeadsopeoakion Eng. 3 in
the formof a schematic view. The structure is such that a plurality
of different the p¥dewoegtare further provided before and after each of

10 Fig. 16 is a flow chart useful in explaining

the flow in the write/read operation; and
Fig. 17 is a block diagram showing a
configuration of an example of a circuit according to

the present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiments of the present
invention will hereinafter be described in detail with
reference to the accompanying drawings.
<Embodiment 1> |
- 20 A first embodiment of a magnetic disk storage
system according to the present invention will
hereinbelow be described with reference to the figures.
Fig. 1 is a cross sectional.view showing schematic
construction of the present magnetic disk sto?age
25 sgystem, anﬂ Fig. 2 is a plan view.when a part of the
present system is viewed from the upper side. The

magnetic disk storage system of the present embodiment



the sectors, and hence one track has a plurality of 25 sectors. One

sector can store the data of 512 bytes as a mninmumunit for storing

i nformati on. One sector includes a servo region 31, an ID
region 32 and a data region 33. A gap re@bor 34 is

- 16 - provi ded, as a gap for absorbing the controller processi ng
time and the yacladesna duaipebemensphead 11 haeingeant imduegives, and

bet ween the regi on of interest and the subsequent sector. The regions
are separ at edel@ménbnasaahwoiher elemenghanfeaganagnetpressstived t he

| ength of the gap regi on 34 nay be several _bytes or nore. The structure
of each regi oalementhageansepdnebement, jand, apEetary Ackpator 12 an

The structure and the rqle of the servo region 10 31 are basically the
same as thoselﬁfdFﬁég§Sﬁv6nr§BFBna waygasi °a°§Eﬁ¥n%FFc£Q?eﬁwgﬂgé?%g t he

chemat | ca ygéﬁ%%uaigs?%&?ﬁ%ééif:??ﬁé’fsiﬂsgirﬁagfsﬁ' dubedlaed:ih EAE, 0 d
emt | cal . . _ ) |
{iold a2, o sBRVE gledcd 68 BabhChilghces8 aldkiRare makfnd, Sfrraio Ty oo

gain zone i 3 | OhrPERAUGI Pof} 0gk and
adj usting theosgiEhgfég;rgagpgﬁgkg?ﬁepf %ﬁg ﬁg?ﬁeépﬁﬁéﬁ ??elg 41 is a field

for carrying giectehitapeweenisobupplieackbl at 96ic¥Cebisynebopnigainon when
| eadi ng t he subsequent i nfornmation and produci ng i ndex pul ses and
sel ector pul sagcotBangeawithdanf iakdrdetisnaiksakd £prom a CRUIi ch the track
nunber is represented using the gray :
10 (central control unit) such that the dual element head
11 is moved onto.an objective track 15 through the
rotary actuator 12. Thereafter, the address of the
objective sector is retrieved through a read/write
circuitry and then the operation of writing or reading
15 the data to or from the data field is carried out.

In the present invention, in order to correct
the positional offset between the write element and the
read element of the head, the following sector format is
constructed. An example of a structure of the four

20 sectors in the four adjacent tracks 15 formed on the
disk is shown in Fig. 3 in the form of a schematic view.
The structure is such that a plurality of different
sectors are further provided before and after each of
the sectors, and hence one track has a plurality of

25 sectors. One sector can store the data of 512 bytes as
a minimum unit for storing information.

One sector includes a servo region 31, an 1D

region 32 and a data region 33. A gap region 34 is



code. The servo burst field 43 includes a staggered 25 pattern and serves

to conpare the read signal anplitudes of the four fields 43-1 to 43-4
w th each other to produce the positional information of the head.
- 17 - Now, while the exanpbe~is shown in which the wi dt h
of the servo burst field 43 matches with the track pitch (the track

interval ), therovidedofasha gapviopuabsorbingthe aontrokler erably nade
narrower than the track 5 pitch in terns of the,posi;ioniqg accuracy. For
exanpl e, si ncereeesping; himeoandnkhecyabiationsin|gpidle speede; (o about

70% of the track pitch, the head posj ti oni error _due_tp the
nonglinearitbeFW?ﬁE BhF-regl°??ac§n5rB?FV%erQ@ﬁer%ﬂ%ﬁPd%% REeRR3t (o a

I ni d 1 his i | cul I ' Th
ML o0 o B BRRCRubIEuRRECeEhSH . BaTER SRR fre mopasatee o
[ I ed [ . | f E L] th to the dat
5L kB ShehOgrnps LHEGRR BhkRaBl cdgioh™Ss) ndoti (o, (e ot

in the objecti chLer NgEhJ ; r gl U egion 32 is
schenaticalIyiéﬁg3§.6$h§h%uﬁg?igﬁag?ﬁ 3 “f¥e5§5?§§%?§% % t?ingffferent

fromthe funcibea,of TheestructuPer 68 eacB2regibhcwiElt Réreinbétoprber art

exanpl e shown in Fig. 8, and serves as the ID information 20 _
dedi cated to dbscepbedt iandetadi.ti ng the data fromthe data region 33
and hence is not used in the operation of reading the data fromthe

‘data region 33. In addi Thenstructurteapdstheorohbeof the séxvegregiar is

arranged &% 31 are_basically the same as those of the servo region
81 in a schematic view showing the conventional sector
structure shown in Fig. 8. 1In Fig. 4, there is
schematically shown a structure of the servo region 31,
This servo region 31 includes a gain zone field 44, a

15 marker field 41, a gray code field 42, a servo burst
field 43 and a padding.(PAD) field 44. The gain zone
field 44 is a field for producing a servo clock and
adjusting the gain of a read amplifier. The marker
field 41 is a field for carrying out voltage control

20 oscillator (VCO) synchronization when leading the
subsequent information and producing index pulses and
selector pulses. The gray code field 42 is a field in
which the track number is represented using the gray
code. The servo burst field 43 includes a st;ggefed

25 pattern and serves to compare the read signal amplitudes
of the four fields 43-1 to 43-4 with each other to

produce the positional information of the head.



offset fromthe central position of the track (data 25 region) in a

di rection perpendicular to the track direction. The offset distances
are different from one anot her depending on the track positions. Mre
specifically, the offset distance whichh &3 squal to the

- 18 - of fset between the central of the wite elenent and the

central of the read el eNewi whilectheexaprle risphewn in whigh &he) out the
posi tioning operation using the rotary_, actuator is the optinal

di stance. TheWwi@khcefir Eher sep¥o Bursc; £ield g% pratehes Wity the Lok as

el uﬁgst_ Qefv'cgtigshckﬁﬁ%??a?ébﬁ%#gﬁggé&?r aﬁéfﬁéﬁﬁ‘?éﬁﬁg “Q#fﬂn?ﬁﬁ iy
I D [ 2 . ' [ 3 PAD
el d 54 ThelWoR 13 4 nBreERFEBLICRERY arcBREE sham iné  EHanel, IO 7700
il f ' h h [ [
and. ad ust PnoPthERghRcaFiE PENhe BORTRIbRTnG EekuPRey .  ROH Y FTel O

51 is a fiel dekAmple,VBinBeaigPeniel wedehi bepehbesarvé herseIEigL@r4igr to
15 exhi bit the begi nning position of the subsequent information to

carry out theigygelr @6 abbugn709r oEhehe traerdpopenatthe.hdaé | D data field
52 includes the cyl i nder nunber of the associated sector, the head
nunber and a pbasdtdenihg eddiori duel tontbemonehiseabhity of0thécoffet or
nunber and the bad sector. The CRC field 53 is a field which is_added
in order to dérsck mmefide of the headt ganecbpoheddchpsai minkBuBpeandi on of
reading t?% hence this is particularly preferable. - '
The ID region 32 is provided in order to
confirm that the read operation is carried out prior to
the operation of writing the data to the data field 33,
and the write element of the head is properly positioned
15 in the objective sector. 1In Fig. 5, a structure of the
ID region 32 is schematically shown. The function of
the 1ID region 32 is different from the function of the
ID region 82 in the sector of the prior art example
shown in Fig. 8, and serves as the ID information
20 dedicated to the operation of writing the data from the
data region 33 and hence is not used in the operation of
reading the data from the data region 33. 1In addition,
the position where the ID region 32 is arranged is
offset from the central position of the track (data
25 region) in a direction perpendicular to the frack
direction. The offset distances are different from one

another depending on the track positions. More

specifically, the offset distance which is equal to the



data fromthe ID region 32. The PAD field 54 is a field whi ch i s added

in order to carry out the read operation 25 till the CRC field.

The data region 33 is a region for storing the user data and occupi es
much nore area on the disk as conpard8 with the servo region 31 and the
| D region 32. The structure of
t he data regi ofifgeti betweenatheaceptral afiotne; wrxtg e%ﬁmqmﬁaéﬁﬁ61h%glon 33
‘has a function of conflrn1ng whet her or not the_operatipn of reading

t he dat a eephkraheofpfbet ree sEEFBFnHaS beke B?%%e ??uEE}?ge%PenS out in

addition to the fupction o; the d g t he } exanpl e
shown in Fig. SBTEYAPE PHkC PSnPP§1 1°né 9uﬂB?F5ﬁlﬂﬂi%ﬁl?% e €% ¥rder to
’ th that d h di t dat
Cebion. the regEUaLaFatPoknRopBERRRIATatnaRers Be' SEpiblire (GF tRE L0 °
hence actssas hhgebEBhnEQr tbgglcallﬁeghgag?ﬂ ?f; Eeag eﬂgr?ﬁlon. For

i S at 0

this reason, func on I'sS suc OI’ mat 1 on r

recogni zing §e8$8hq§9| @ﬁeS??EB& hitaGQSﬂ?ie EHSwﬁt LHCkYGe 8f ane

data region 8 the prior art exanple 15 information, the data

line is enpl oygeiwdeshal ¥co s&%uh&bﬁmhaahbn £he18a50, aant I addfess fi el d
52 of the ID regi on 32. en witing the data to the data region 33,

the data i s wmatkefieddt 50yoasl ¥Dt dathefibldasa,f actycE2ec redandantg dat a
field 63. The data region 33 includes a 20 VCO synchronization field 60, a
dat a address chekkfi(ERE) fied@, 53nand aaPADf £éeddc54.a BheaV€Pel d 63, an

ECC field 64 and a PAD field_65. The functions of the, VCO,
10 synchronization field 50 is a field for pulling in an

oscillator frequency of the VCO to establish the clock
synchronization and adjusting the gain of a read
amplifier. The ID address mark field 51 is a field in
which a specified bit pattern is formed in order to

15 .exhibit the beginning position of the subsequent
information to carry out the synchronization for the
read operation. The ID data field 52 includes the
cylinder number of the associated sector, the head
number and a flag as the additional information such as

20 the sector number and the bad sector. The CRC field 53
is a field which is added in order to detect whether or
not the error occurs in the operation of reading the
data from the ID region 32. The PAD field 54 is a field
which is added in order to carry out the read operation

25 till the CRC field.

The data region 33 is a region for storing the

user data and occupies much more area on the disk as

compared with the servo region 31 and the ID region 32,



synchroni zation field 60, the data address mark field 61, the 1D data
field 62, the ECC field 64 and the PAD 25 field 65 are respectively equal

to those of the VCO synchroni zation field 50, the ID address mark field
51, the ID data field 52, the CRC fi éPd~53 and the PAD field 54 of
t he above-nentioned ID region 32. The data_ field

- 20 - 3TBQCEEFE§tBI§ B§t§§e|ﬁaFﬂerEﬁ%ﬁnmﬁ3chstﬁ%hﬁ§%?1§?%}¥s in

th t dj sk t t I
nor el nbl ow b8hovn 15 894-uBrn Pbepdeta cegkeny3d hns a Epefelonra )

writing tho dSPRELonhd whEERFropE nEE’ EK"GpREariOR of ogRER, HRE :
reference to Egga E?omL@hEthgeF W%hEScQB?rﬁééoﬂ$e§h€r§ﬁéfi§ é991€& t he

head is carrie e position o enen 121 of
10 the heag teuqaaahawa&hlbhetse%er faacwsnda*fatﬁsgaa'aa?@e ion 8% §ge the

IDregion 32 is previously offset fromt center of the track by the

anount corresenedpaﬁoEOa&beexamplefEaewndnﬁtamge bet wepist BFenveibr esement
and the read el enent, the read elenent 120 of the head in that 15

posi ti on mat chefunctiohhehdeht és afdelleihDordgrobto3dope withnthée basis of
this positional relationship, the operation of reading the data from
the 1D regi ondszing theebperathonopfr aeadingf thei dahg fhemdbhe datahe data
region 33 can be carried out without the head to track 20 m sregistration,
and the addre§§gﬂﬁﬂorﬁbﬁl6ﬁaéaﬁPB§atl°n SQFereCSHfFﬁﬂﬁﬂn is aﬁﬁltlon

i rmedi at el afte
y arrled out, and hence acts as the ID information

dedicated to the read operation. For this reason, this
function is such that the ID:information for reéognizing
uniquely the sector is added to the structure of the
data region 83 of the prior art example. As this

15 information, the data line is employed which is
substantially the same as the ID data field 52 of the ID
region 32. When writing the data to the data region 33,
the data is written qontinuously to the ID data field 62
and the data field 63. The data region 33 includes a

20 VCO synchronization field 60, a data address mark field
61, an ID data field 62, a data field 63, an ECC field
64 and a PAD field 65. The functions of the VCO
synchronization field 60, the data address mark field
61, the ID data field 62, the ECC field 64 and the PAD

25 field 65 are respectively equal to those of the VCO
synchronization field 50, the ID address mark field 51,
the ID data field 52, the CRC field 53 and the PAD field
54 of the above-meﬁtioned ID region 32. The data field



reading the data fromthe ID region 32, the data can be witten to the

data region wthout correcting the position of the head. 25

Fig. 14 is a schematic view useful in expl ai ning the positional

rel ati onship between the head and’tﬁ@ {rack when carrying out the read
operation for sector of the pres I nvention. In the read

- 21 - opéﬁaPFGHPlﬁﬁe5HGaHYt§sp6§|FPSngﬂtéowgécpthFhEsﬁﬁs?FPBﬁs of

t he read el enment ﬁ;o of the h% k match wit center of the data
region 33. |nifhit p@?gPF5ﬁ§I is F&P&Fﬁ&n?ﬁ? emfhe read el ement 120 of the

et Con et e | o BBR55 TS, gBhekEpL By G I nERe AR R 2 o,
[ the Presentsaie Ui -l ROREE chie bBaiyioRRISRLGEIERERYC (he step

of reading th romth I'Dre e rea ement 120

of fset frog t hatweeneheChedld @ 'the' edaek '\ﬂensbaﬁﬁyihé ader eng
|nfornat|on required for confirmng the objective sec I s contained

i'n the data roperatidn iofe wrdadngpeha! data to ¢he Bectakr b€dthet Wit hout
the head to track m sregi stration. 15 By adopting the format

of the presenpresentniaventiongverthf reiffereacet ton#dgl.odati oinothehe head
inthe wite operation is changed fromthat of the head in the read
operation, siwsdtehoperation, the pesidioning of fheapeadeisegarsdedw t hout
t he p03|t|onal offset the 20 occurrence of the address detection error
can be |argel Put sq @fudeF the mosdtione ofi fhepwrisengiementgheti ofdi sk

10 the head to match with the center of the data region 33.
Since the ID region 32 is previously offset from the
center of the track by the amount corresponding to the
offset distance between the write element and the read
element, the read element 120 of the head in that

15 position matches with the center of the ID region 32.
On the basis of this positional relationship, the
operation of reading the data from the ID region 32
before the operation of writing the data to the data
region 33 can be carried out without the head to track

20 misregistration, and the address 1nformatlon can be
surely confirmed. 1In addltlon, immediately after
reading the data from the ID region 32, the data can be
written to the data region without correcting the
position of the head.

25 Fig. 14 is a schematic view useful in
explaining the positional relationship between the head
and the track when carrying out the read operation for

the sector of the present invention. In the read



storage system can be realized. The format of the present

I nvention is greatly superior in the use efficiency of the disk area to
the 25 21D format having the doubled I D jnformation disclosed in

U S.Patent No. 5,257,149. In the 21D for&atT since each of the ID
regi on dedicated to the wite operation ., and theIgD regqi on deQ?cated to
the read opereRe¥Ation, the head is positioned so as for e posi kﬂﬂn res

3 55 S0 VARt ER [ Y2 b BB o LI
. on, . . . . e ber 2
for the read SRYSE:Sh the Satarddfoftia, NAfIoly pldvaigd 10 88 on
above-m“tiogg&béif%ﬂéhfﬁ,e £t £€44 éEéhent P30 Bf LD hdM s XSO age

: &
capacity of es or ess per sector has only to be added.

As describgd ¢pohhena@boyge8BNGE opke EbPédion 192 IleHowdved hecHmgnet i ¢ di sk
storage system i ncluding the dual elenent head in which the wite -

el ement and tigformatfefl 6fcthe!IDrfegidpnr32ely moviatpdirédelmrigrent
i nvention provides a nmethaod of reducing largely the above-nenti oned

positional offead dpetabienbihweke phesedt imvertion, ramail hedreeenits.idn this
connection, the . present invention can be widely applied to the system .
for storing thesgibbenteoi vempuei bhet atepcef oreadingtthe datafrpm Hehejual

el ement head. For exanple, the Eresent i nvention_can also be readily

applied to thEDi Regiant 33nvibh the,regddelerent 170 RELsehHean-thei cal

di'sk driv%b acenter of the ID region 32, Since the address '

information required for confirming the objective sector

is contained in the data region 33, the read operation

can be carried out without the head to track
misregistration.

15 By adopting the format of the present
invention, even if the positioned location of the head
in the write operation is changed from that of the head
in the read operation, since the address information can
always be read out without the positional offset, the

20 occurrence of the address detection error can be largely
reduced and hence the high performance magnetic disk
storage system can be realized.

. The format of the present invention is greatly
superior in the use efficiency of the disk area to the

25 2ID format havihg the doubled ID information éisclosed
in U.S.Patent No. 5,257,149. 1In the 2ID format, since

each of the ID region dedicated to the write operation

and the ID region dedicated to the read operation



magneti c tape

drive, and a magneto-optical tape drive. <Enbodi nmen

In the conventional nagnetic di sk storage system in both the wi

operation and

the read 25 operation, in order to judge that the head

been nmoved onto the objective secto2 the data is read from

I D region 82 which is previously recorded on the di sk, the addres
i nf ormati on covegained thet N6O| Bynehronization field, the CRC field,

23 - 82 is congﬁred with the address informatjon of the obj ect

sector, and tkBec8
hand, in the ma

t he above-

i nformati on,
operation the
di sk. That
produced fro

cfaderde endr £het gaPnregion, EBﬁfF¥ﬁ§ﬁ51Eﬁ Bheraghe
%éetlc di_sk gtogag ﬁpten1o
Git3¥ned abemk: P8 e8oRPFr APRGOEn&SabBABLES

hhere IS yse

QuERei AR by prspany inopRRSoR.' AEnPd she 5%2??§ons on

foketh%orgﬁdt eratqgﬁrﬁk' BocEQQeadgéﬁémﬁéngi EHE i s

read gata o region e read

operation, thegg %err@%%dnnf %@tamel-memeé%adf&eqaht hee notrQééuﬂi\Ea

the data region 33

he f1ow of the processing of the wite operat

for certain ogae &24af,0and hentel RBeMaddehige ¢aphcityr ageloybyeasobrt he
present 15 invention w || hereinbel ow be described with reference

a flow chart Qlesls gperl@echidrehasaonliyn¢ocobe addedeeck

3) of the head 11 on the basis of the position information of the
servo region 31, the As descrdbedr it &hesabbveopentipnadoembedirng t

data from 20

the 1D region 32 and waits for detection of the ID

10 ment, 1n the magnetic disk storage system including the

15

20

25

dual element head in which the write element and the
read element are separately provided, the present
invention provides a method of reducing largely the
above-mentioned positional offset distance between the
write and read elements. In this connection, the
present invention can be widely applied to the system
for storing the information having the sector format
using the dual element head. For example, the present
invention can also be readily applied to the information
storing device such as a magneto-optical disk drive, a

magnetic tape drive, and a magneto-optical tape drive.

<Embodiment 2>

In the conventional magnetic disk storage
system, in both the write operation and the read |
operation, in order to judge that the head has been
moved onto the objective sector, the data is read from
the ID region 82 which is previously recorded on the

disk, the address information contained in the ID region

t he present anventlon,

t 2>
te
has
t he
S

ive

r
in

t he

of

i on

to

operation (Step

he



address mark field 51 (Step 4). After conpleting the operation of

reading the data fromthe ID region 32 (Step 5) and carrying out the
error check by the CRC field 53 of the IDregion 32 (Step 6), it is
confirmed 25 whether or not the informatd3T of the ID data field 52
matches with the address information of the objective sector (Step 7).

Then, if the 828t &F Fompaxed, wigh the addrSEér&PfBﬁmBFlﬂﬂl?Fnﬁh?he data to

th d t
et e Bhaget Ve, segtore o sheofoincidepreqtherebetucgn ifie voo

5 “the | b dafRnfiErndh, OB he pifes bind, 4 §hE BagRES gk 1) (O hE
ECC 1110 64 f0rbSheRybibn 380 ts,@ePg;e\@fegﬁeuqv@ﬁtsﬁaeplasxhenaw,a or der

t her eby conpletln r one se Nex t
the descripfi Ht'&n%bheﬁ%iﬂe%‘%‘x& W e confzS}kn‘iﬁB ¥hehagazegst to the flow of

t he processi ng of read operation certaln one sector.

| mredi ately i@ fermation,’ thegeodls fuls%dsgak Qner ariee opkeatddnohnéhe
head 11, the controller carries out the operation of readi ng the data

from t he dat a thegiread3 @pekbiattions thehdata whdeht isl recodded dat theit for
detection of the |ID address mark field 51, but waits for detection of
the data 15 ddffesrentnposfiitdlonsson $hepddpk. AfEbatcéSplénihgetweite
operation of reading the data fromthe data region 33 (Step 5% and
carryi ng out PW@réﬁﬂ@mch@@kaﬁﬂﬂﬁﬁ§ gaormatipneig progucegefyamathegi on

St 6 s confirnme whet her not _the |nfo mation of the ID
((jat :pf i )el c]'062I e?@ %Et 9& \ﬁhtenIPnéegd'&’tne§§'| WP&HﬁaﬂPoﬁ §f TPAE obj ecti ve

operation, the address information is produced from the
read data of the data region 33. The flow of the
processing of the write opefation for certain one sector
in the magnetic disk storage system of the present

15 invention will hereinbelow be described with reference
to a flow chart of Fig. 16. After carrying out the seek
operation (Step 3) of the head 11 on the basis of the
position information of the servo region 31, the
controller starts the operation of reading the data from

20 the ID region 32 and waits for detection of the iD
address mark field 51 (Step 4). After completing the
operation of reading the data from the ID region 32
(Step 5) and carrying out the error check by the CRC
field 53 of the ID region 32 (Step 6), it is confirmed

25 whether or not the information of the ID data field 52
matches with the address information of-fhe objective
sector (Step 7). Then, if the match is confirmed, the

operation of writing the data to the data region 33 is



sector (Step 7), thereby conpleting the read operation for one sector.

In such a way, the two different address I nformation is used

appropriately in the wite operation 25 and the read operation, whereby
" the address information can be dereéfted I ndependently in the wite

operation and t he read operation. Even if the jnformation of the ID

regi on of a cetantedsecThereaftes, the veite,operakion is carried out

- 25 - since the address jnfornatfion Ls nta ned_in the ta

region, it isfﬁBSEPBIECPOSYBGbE°RhE? é?“o#lﬁﬁg lﬁte?egg' thed@?ﬁ?is
obtained fromthe objectjve, tor, hgnce h t & t hat sector

~can Le read pﬁégﬁﬁsfkﬂaEnglafé_gioéégang ast?ﬁafbiﬁagﬁefhgi%n.foperation.
N Rditl oBreBY80) MheRe! BELANELLTR! 63" (SEeb P12 Ené SBEC ELe1a %642

certain sector 1s*lost "due to any cause and I's registrated as the bad

sector oncg, i(f-:tEg?l%gt,? ganths PAD BieRar by (Q@prIQE“ ihethis ' spaep, the

data is witten t data region to recover that data regi on, whereby

that data regkae:eag Bempiekiagdtae wbetBOoppBLate6hOfor onelBedtldtii on, the
di fferent codi ng schenes are enpl oyed for the error check codes

relating to the two addNess, thei désepbptbon wbllthereinbelowesd bit
streans having the 15 different |l engths are enpl oyed therefor, whereby the
error rate whgaveat withngespec&ddoreshei filownafi bhecpnobessingoofgthel |y
designed in the wite operation and the read operation., For exanple, by
strengt heni ngreRd epPesAtion forccersainnopResREEPE. opEimedsntelyie higher
rellablll&g after carrying out the seek operation (Step 3) of the
head 11, the controller carries out the operation of
reading the data from the data region 33. That is, the
controller does not wait for detection of the ID address
mark field 51, but waits for detection of the data
15 . address mark field 61 (Step 4). After completing the
operation of reading the data from the data region 33
(Step 5) and carrying out the error check by the ECC
field 64 of the data region (Step 6); it is confirmed
whether or not the information of the ID data field 62
20 matches with the address- information of the objective
sector (Step 7),'thereby.completing the read operation
for one sector.,
In such a way, the two different address
information is used appropriately in the write operation
25 and the read operation, whereby the address information
can be detected independently in the write operation and

the read operation. Even if the information of the ID

region of a certain sector is lost due to any cause,



20 in the wite operation can be desi gned. As descri bed

above, in the present enbodi nent, the data processing can be executed

whi ch i s approxi - mately the sane as _the data processing nethod of the

conventional format shown in Fig. 8. Thef&fdre, the 25 present embodinent .

can be realized wthout changlng | argely the conventjonal control

circuitry, addince Haekadd re%l%tb’éf%lfm%ﬂ%lﬁ yeenkpingd |inkcthe, fa%Rnce the
resent . inveption,cap be adppted inexpensivel

P26 - region, }f H8PORBIDL lenkopd 90 WREERRR N9t the read

Fealize the HEBHRpoF roF FRRRES EE: FRS ”bia?gk"%e[%?%*gé%ﬁ%rﬁﬂf Fihis °
case. even i fchioaafaPgs! LhaPoUebP6P! LaR by, 106a V64 PRAIEAAL | changed

fromthat in F read operatl 0SSi a|n al ways the

address | n%,or]fs?geeasiﬁenag hens€afn the Shgfﬁél ;@,{,@Mﬁ;ﬁ Jeegdromthe

posi ti onal and also it 1s possibl o realize the high
performance 28d9B96A} 1 évehS¥héhOtREECiAFSERALion VOf Cthé h&atd Of égifon
density in the track direction is- increased to increase t he storage
capacity. ofEabodi trbh 8ector is lost duéntenémyli eauwse cdnd his nagnetic

di sk storage 15 systemin the-case where the present invention is

applied to t heegysteatedl ashthei had| secber desce; bifl tine datadeamibewith
reference to Fig. 17. After the read data whi ch has been read out from
a magnetic diproperby read framghbei EDheedion,ithengatai s writterake

anplifier 170
P .10 the data region to recover that data region, whereby

that data region can be utilized as the normal sector.
In addition, the different cbding schemes are employed
for the error check codes relating to the two address
information, and the error check bit streams having the
15 different lengths are employed therefor, whereby the
error rate when detecting the address information can be
originally designed in the write operation and the read
operation. For example, by strengthening the error
detection in the write operation, the higher reliability
20 in the write operation can be designed.

As described above, in the present embodiment,
the data processing can be executed which is approxi-
mately the same as the data processihg method of the
conventionél format shown in Fig. 8. Therefore, the

25 present embodiment can be realized without chénging
largely the conventional control circuitry, address mark
detector circuitry and the like, and hence the present

invention can be adopted inexpensively.



20 and then is subjected to the waveform shaping in an equal i zer 171,

the resultant signal is converted into a digital signal in a peak
detector circuitry 172. The signal and the like of the VCO
synchroni zation field for carryi ng 8Bt “the cl ock synchronization are

contained in 25 that digital signal, and hence in order to, recognize the
begi nni ng of the subseqi@naddition;tthe presant snbediment {8 ect t he

magnet c di skparbiaglarly conbined with tne eRBOATRO:'T, 'WSefEBYTE DIF.
in both th A ration,and, th d ' ' ' th
D address mabR PPERIOHS. €0 raRLiERctbanh: TherasfatpEhrh Banttifor The
b t IDg. ' ; | £edi st t
of the " prateh SEhbeeTbReet Fa tte, Saf R PREY FEERE 5, PrE% 2T

Operation’sthﬁobgtﬁgﬂéﬁsiggagggﬁi?hd ﬁ%ab§i€6F8§E§QgP¥n is éﬁah%%eddress

t
mar k detectorcircuitry t he da Is read out fromt

subsequent | Degdamathael dnS2hel ReadOopbeatiad,oner ki possibbeddbdba address
mark field 61 is detected by a data address nmark detector circuitry

176, and otbeadat alwayscatieoaddress ihfosmhséqnefironathef read 62. In
such a way, the two different address mark fields are used for the
write operatieigaad whicheds freeofzonmt tbe pppibponalcbfifseherand the
address mark fields = can be detected in the wite operation and the read
operation i ndedsaddft iy possibdecsoveeailigs theghéghcperfogmarest or age

syste t he processin f reading the data
y m 10 pmagneticgd%sk stora%e system in which the storage

density in the track direction is- increased to increase
the storage capacity.
<Embodiment 3>
An embodiment of the magnetic disk storage

15 system in the case where the present invention is
applied to the system will hereinbelow be described in
detail with reference to Fig. 17. After the read data
which has been read out from a magnetic disk 13 by a
magnetic head 11 is amplified by a head amplifier 170

20 and then is subjecteﬂ to the waveform shaping in an
equalizer 171, the resultant signal is converted into a
digital signal in a peak detector circuitry 172. The
signal and the like of the VCO synchronization field for
carrying out the clock synchronization are contained in

25 that_digital signal, and hence in order to reﬁognize the
beginning of the subsequent data, it is necessary to
detect the address mark field as the specified bit

pattern. 1In the conventional magnetic disk storage



fromthe data region 83 can nof proceed until after 20 seek, the head is

accurately positioned in the ID region 82 to succeed in detecting the
| D address mark field. By applying the present invention to the
magneti c di sk storage system even—u@der the situation in which after

seek, the ID address mark field 51 can not be detected 25 due to the
positional ofégetems enenhiéndbothetheowritengperation randithe t¥eadiata from
the data region 33 can be, .executed, and therefore it is possible to
enhance the opepatiepmahikevisenctBosiBnaddresgdrarinfieldcistne 1D

- 28 - addr ess n&rk field al ang the data agdress, mark field 61 can
be detected i ABEBERAENANY ERe; fatar 18T 8L At chraMthe sybgequent ID
operati on, reaggct'veiﬁ, t he positional rel ati onshi p between the two
address mark fastBaft*be 5 freely designed. This effect is particularly
preferable when congy pi : Rr t L {thet enbodi -

ment 1. Thas, even if ??%gp@ggﬁggﬁgdgiggaffgﬁgg%qggéﬁgm g%w#ﬁ%&operation i's
changed f.rom Lp & 3 Walel e;pd S3 fy can

al ways be detgg?gahel%H?Eggggﬁe1?eggsg?8%gFlﬁ%?c ﬁigﬁ§§etﬂ?§%%1$ﬁ£ge

posi ti onal opethtebn,akdehencadtibPeshi fiirperieransrei gvgectteedi by

storage system can be realized in which the recording density 1n the
track directian Ip addresscmask deteotor cincutesg Lhb ahdrthe dapacity.
15 <Enbodi ment 4> In the present enbodi nent, the description

wi || herei nbefiswrpadgpusnfromhthespubsequenheIPudabai £ield GR2sk Inorage
system dizcrngdrggdtggeggggghfegielaata address mark field 61 is
detected by a data address mark detector circuitry 176,
and the data is read out from the subsequent data field
62. In such a way, the two different address mark
fields are used for the write operation and the read
15 operation appropriately, whereby the address mark fields
can be detected in the write operation and the read
operation independently. 1In the conventional magnetic
disk storage system, the processing of reading the data
from the data region 83 can not proceed until after |
20 seek, the head is accurately positioned in the ID region
| 82 to succeed in detecting the ID address mark field.
By applying the present invention to the magnetic disk
storage system, even under the situation in which after
seek, the ID address mark field 51 can not be detected
25 due to the positional offset of the head, the'processing
of reading the data from the data region 33 can be
executed, and therefore it is possible to enhance the

performance of the system. In addition, since the ID



I ncluding the neans for offsetting the positioned target 20 of the head in

the wite operation and the read operation, said system being
characterized by including means for _recording previously data of the
posi ti onal of fset anount (corrected gﬁoﬁnt) of the head in the

wite operation_and the read eration on a_boot track 25 on_{he_magnetic
di;k, agd reaﬁﬁﬁﬁeﬁﬁtmﬁﬁb g&?igwﬁ nang ther Arkg Bhdfﬁﬁspﬁﬂﬁk §h$§¢y5gf t he
gﬁggg;hgngl:Eggkgbgggngﬁggﬁsagghign %nk?yuig %Rg 99£€et833r£€f§@°§£d'“ the

Ihe above nent gnegadl Bedh U5, O LRBRERIEL, e hablEsBagd 1] the vite

operation and ionThas™t I'mal val ues

depending on relatiBnakibeBethiBn12Ad 296 hiArbsaCiatkerlo1al%caR be

arrangenment error in ography process an ence is

difficult 50 Eeeghyadesdgaedyr araliy bEgeCt ist Earfaauaagly ptefBeaphieder
(an angl e of inclination of the slider with respect to the track) and

t he di stance whenbebwbdnine ttei peeseatecemboddmehe wieHd thenembodi-the 10
head by calculation. In order to realize the magnetic di sk storage
syst em havi ngmen& Ri.ghThuack estensiify the positihonedsilogathenpisi theni ng
accuracy, it is preferable that the systemincludes the function of
measuri ng t hewritepeperasign dsf cbangedufiromythay int hbe peadre shi pnent
15 and storing the resultant data in the systemitself. Now, when in
the magnetic GPeEa§ignaghey aderers marksfield gan ahwawscRpefeheatad basis
on the baibs %&o&h%he read signal which is free from the positional
' offset, and hence the high performance magnetic disk
- storage system can be realized in which the recording
density in the track direction is increased so as to
increase the storage capacity.
15 <Embodiment 4>
In the present embodiment, the description
will hereinbelow be given with respect to the magnetic
disk storage system, described in the embodiment 1,
including ﬁhe means for offsetting the positioned target
20 of the head in the write operation and the read
operation, said system being characterized by including
means for recording previously data of the positional
offset amount (corrected amount) of the head in the
write operation and the read operation on a boot track
25 on the magnetic disk, and reading out the daté when
turning on the power supply of the magnetic disk storage
system so as to use the data thus read out in the

subsequent seek operation.



enbodi nent 1, the operation of witing the data to certain one track is
carried out and then the data is 20 read out fromthat track, the error
rate in reading the data becones larger than 10 to the mnus 6th power.
On the other hand, when the present ®8v&ntion is applied to t he
system and the sane operation as that described above is carried out
on the basis of the datBhefabaee-menpiened fata Hf sthe phisrt AmPwRt on t he

di sk surface, the errQr rate beconmes a val ue sgaller than 10 to the
m nus ot hofohbe, head ABnthe: WFitpeOBPFatyPR #PC the E8R2Qr rate  in
t he specification -

f th . . . - 30

As a net hod OPPEEQEFﬁé Fﬁ%ygbggbffGSFSnﬁhPeﬁlmal Yglﬁ??fé?@ﬁ?d*?%n?ﬁhed f
b over . Do ! !

domvor ot o EHeTEORRLR, tHE nealhhRCriCkealRYaliE FLOLRY |1 SOUE K NN 0

nonvol atile ctricalr menory or the 5

| ike) provigledrolngefichtuitrBeasd 94 chBgrapAYChEocabatana thLOLIE, Syst em

In this case, even~it what kin storage neans 1s, the sane effect.

for the positpal Rence isCAYEES¥ult tBebeysbeHifiad Bec@Patelgdfrém the
first nmet hod of recording the data of the positional offset 10 anpunt

of the head omhkehga® akgler bfcthet B2 idepailanvwangle of mbgcbénasionedfout
such that the circuit board of the magneti c di sk storage systemis
det ached fromtheeslidemewtidhi sespecti to tbebéragkhaapddthet Aiabanber
circuit board. In addition, in the second nethod of storing the 15
data of the pbetweemather wsdtesedemenst andetheafend ehement afntbeatile

menory nount ed 03 ghe-circuit_board si nge the_tinme required for the
work of redii R§adndYdgedcplahion. In order to real

ize the magnetic

disk storage system having the high track density by
increasing the positioning accuracy, it is preferable
that the system includes the function of measuring the
positional offset amount by any method before shipment

15 and storing the resultant data in the system itself.
Now, when in the.magnetic disk storage system which is
made on an experimental basis on the basis of the
embodiment 1, the operation of writing the data to
certain one track is carried out and then the data is

20 read out from that track, the error rate in reading the
data becomes larger than 10 to the minus 6th power. dn
the other hand, when the present invention is applied to
the system, and the same operation as that described
above is carried out on the basis of the data of the

25 positional offset amount stored on the disk sﬁrface, the
error rate becomes a value smallér than 10 to the minus
9th power, and hence this result fulfills the error rate

in the specification of the sYstem.



t he boot track can be shortened when activating the system the
excel l ent response can be obtai ned when 20 activating the nmagnetic disk
storage system <Enbodi nent 5> In the present enbodi nent,
t he description wi || hereinbel ow be @0ven with respect to the magnetic
di sk storage system described in the enbodinment 1, 25 including the neans
for offsetting the posifgoaimgthod efirkeepbngt the rebfseh daka which
operation and the read - _operation, said systembeing characterized by

i ncl udi ng igedi§Epsenkefsom hhet ARoVsrRentioRed pBXATPLAa| tRE 1 set

- 31 - f head, i h ' Lon.and th d
_operation, ?28¥E%egr9%ggsmg§ HﬁhgFéE?Gﬁﬁh;gPﬁgeggébgﬁfaﬂon%9£%£§g§k and

fol |l ow ' ' th . ' f set ta,
wner by The. dNEREATe t8F oF fe PREM; HEPRON, 6 aie1BBEkRCR] hifiofy SE'CAE'T
center of elike)t@?6%iﬁgﬁopﬁséféﬂ9éﬂierbBﬁ?heﬁEeGhe_ma%netic disk!n order

to attain tthat obje th data of the positidning target of the
head needs togkerage 89sténd behotfikheagseskeoBf’ 2Fi Rat! RiRGJERet O Sinply

10 realize this procedure, the roughly estinmted val ues can be
cal cul ated ongtbeabasmeant kg dbel gameé effees 6b6rt bRe posbtisminget ween
the wite elenent and the read el enent of the head, and the data of the

yaw angl e of utkeushcgeof the(systemglanobei obtabnedon Dh the £irger with
respect to 15 the track). But, in order to absorb efficiently the
errors of themetbednofpsecording theadakacofr kthg ppeitional offset

10 amount of the head on the disk surface, the repair work
may be carried out such that the circuit board of the
magnetic disk storage system is detached from the
mechanism portion tolbe exchanged with another circuit
board. 1In addition, in the second method of storing the

15 .-data of the positional offset amount of the head in the
nonvolatile memory mounted on the circuit board, since
the time required for the work of reading the data from
the boot track can be shortened when activating the
system, the excellent response can be obtained when

20 activating the magnetic disk storage system.
<Embodiment 5>
| - In the present embodiment, the description
will hereinbelow be given with respect to the magnetic
disk storage system, described in the embodiment 1,

25 including the means for offsetting the positiéning
target of the head in the write operation and the read
operation, said system being characterized by including

means for measuring the data of the positional offset



head and the processing errors of the positional rel ati onshi p between

the head, and the actuator and the spindle notor, it is desirable that
the optinmal value of 20 the offset data_ is nmeasured every head to be
det er m ned. Wil e the vari 8&s~processi ngs can be '

consi dered as the neasurenent method, as one enbodi nent, the servo

track wite padewst of the headsaiéputhagwrite operapion jandzipRiread sk
e TR R T
oo oL L Gy LR L s B oA ¢
sosi tion.  TheRabis 8Rosne HrEges BRRs,' Pletenl’ ERL A1 Safloe |OF the (OO |

the first geaﬂgQQEEBhQﬂ affsefhEQFgFFBEEEECﬁea&”ﬂn&h@h@°§éﬁ£99 8bi chel s

obt ai ned by carrying out ow ng for the second servo pattern

s treated ast2agRCeAf BeadeBaskll 8e- négeeBtéfer ence bet ween the first
and second head positions becones the offset data in the track position

where the neasurenent In bsdear toedtbain bthat objebe, ndgecvffselt sk st orage
10 system whi ch was nmade on an experinental basis on the basis of the
enbodi nent 1, daka dfit thespasitioning thrget oflatherbgadnneedsand bee

di stance of the radial offset between the center of the data region 33
and the cent efiecideds beforer sbe speknoprrakioner vinregfen &e simpd¥sured on
15 the basis of the Bitter nethqd. Firstl¥, i n_the case where the data
i s wwitteﬁotorF931&§t§hF§gPSRCG urge the roughly estimated values can

be calculated on the basis of the designed values of the
offset between the write elément and the read element of
the head, and the data of the yaw angle of the slider
(the angle of inclination of the slider with respect to

15 the track). But, in order to absorb efficiently the
errors of the element positions in manufacturing the
head and the processing errors of the positional
relationship between the head, and the actuator and the
spindle motor, it is desirable that the optimal value of

20 the offset data is measured every head to be determined.

While the various processings cah be

considered as the measurement method, as one embodiment,
the servo track write process of the manufacturing line
of the magnetic disk storage system can be employed.

25 More specifically, after a servo pattern has Seen
recorded using the write element of the head
incorporatéd in the products, the following for the

servo pattern is carried out using the read element of



basis of the offset data obtained by cal culation, the di stance of that

track offset is about 0.5 [errJmin the w de portion. On the other
hand, when the present 20 invention is agplied, and the sane operation as
t hat descri bed above is carried out 3& The basis of the of fset data

whi ch is obtained by the peasurenment using, . the servo wite process, the
di stance of t%t?%!%% head niand this pR3ipion [ YuRaked &8 § F418E wi de

portion. In articular, ipn the case of.the head reqyigég;the sense
ea

current in tﬁgé?‘gaﬁo%’p@r%‘h ot BNy REEML £EVY tﬁaq\ﬁf " d, in _
general , the rf??%%\}f%he €& r ot da "ih the N hdah (B%ecrfé}mt dd om the

readback sens center
wh di D i . . . . e

' uence of The, PEEDEthe} (4Ad "Bhe Yool 10 Wich 1d QHALIRR B

i nvention gs éapfyﬁ 8¢ the ESE1OMAE Forind decdid &R Yttkddie wite

el enent of 5 edc ead is nmeasured uSing the read el enent of the head

itself. _is treatedhas acsecondthéad Spesdtimel, outhe rdi e retves al

tracks fromthe outer periphery to the inner periphery, whereby it is
possi bl e to ob¢tweenhtheffiestdand sicond léad gpositicnd beddmes etlid y t he
vari-ous errors. That measur enent does not nust be necessarily carried
out with ofEpetidabaain the trackspogheipwswhermadtheimeagurementount of
each of other_ tracks, may be obtained by the | i near appr oxi mati on based

on the neasurd® GarLiedvpvtn Novgrinobheimagnetie Risk A%0W@ENt with

respect tgoa é??iém which was made on an experimental basis on the

basis of the embodiment 1, the data is written to the
data region 33, and the distance of the radial offset
between the center of the data region 33 and the center
of the track shown in the servo region 31 is measured on

15 the basis of the Bitter method. Firstly, in the case
where the data is written to the data region on the
basis of the offset data obtained by calculation, the
distance of that track offset is about 0.5 um in the
wide portion. On the other hand, when the present

20 invention is apﬁlied, and the same operation as tﬁat
described above is carried out on the basis of the
offset data which is obtained by the measurement using
the servo write process, the distance of the track
offset becomgs 0.1 um or less in the wide portion. 1In

25 particular, in the case of the head requiring.the sense
current in the read operation as repfesented by the MR
head, in general, the physical center of the read

element is different from the readback sensitivity



nunber of tracks. : Whil e as the nmethod of neasuring the offset
data, many neans different fromthat of the above- nment i oned

enbodi ment can be considered, in the present 20 invention, the offset data
is measured using the wite el emem $3amd the read el enents of the

I ndi vi dual heads t henmsel ves, and hence the Eresent I nvention_i s not
limted to thEeRbEFeYRER TEASANG DG Magretic infpymakion. IRePY¥@eryack
wite process, 25 <Enbo sept enbodi nent,

' t th
the descripti &R °°rrﬁFII%hgfgpﬁ3§98ﬁgb8fg$9§ﬁ ﬁFPngegggg%€101 h&®magneti c

e O o0r BB TR 1R s el BB U ERE o 1 Cspphtes 2pdycer o
the data regi Qhe3da 3@ WHILAMIRCHRGAuced JRUAG! ERLZGH10Y bREhUFLNGETEaNS

for witing the data to t D region 32 or “the data region I'n the

servo 5 i aglacH hle@dPAeC aivashitedN@sihaCcehe 2kadRBUbAGhY bBJthBChead
system In addition, the description will now be given wth respect to

t he magneti c ditglel€t,orage system characteri zed by including nmeans for
witing previously the data to the ID region 32 or the data regi on 33
in 10 the form of the Thatameasspremehy, igscarsé¢edndut inethedsavatral
The optinmal val ue of the above-nentioned of fset anobunt varies from
systemto systaackisr fmomedhet outer pesdphery tooftrher dokeroperipheryn
particular, in the 15 magnetic di sk storage systen1having a track pitch of
2 whereby it is possible to obtain the offset data which
10 can correct sufficiently the various errors. That ’
measurement does not must be necessarily carried out
with respect to all the tracks. The positional offset
amount of each of other tracks may be obtained by the
linear approximation based on the measured values which
15 are obtained by the measurement with respect to a small
number of tracks.
While as the method of measuring the offset
data, many means different from that of the above-
mentioned embodiment can be considered, in the present
20 invention, the offset data is measured using the write
elements and the read elements of the individual heads
themselves, and hence the present invention is not
limited to the above-mentioned embodiment utilizing the
servo track write process. |
25 <Embodiment 6>
In the present embodiment, the description

will hereinbelow be given with respect to the magnetic

disk storage system, described in the embodiment 1, in



[err]mor less, in order to fulfill the specification of the error
rate of the system it is necessary to set the of fset di stance between
the ID region 32 and the data region 33 with a very high accuracy. In
order to attain 20 this object, for exa®@l & the positioning of the head
S carried out on the basis of the position_infornmation of t he
servo regi on Bhight theaZBerBoing ﬂﬁeiﬁaﬁggsﬁhtﬁa@héllY fromgeeic di sk
storage system and the operation o Wit the data to the I D region

f
32 is aut onat FERFEY °§5thr§?EG 689199e3§'tPﬁiﬂthBﬁEWeP?lﬁﬂ the magnetic
di sk t t [ t I, d k it t [
The possi bi | | PUTAGLSF 12680 BkodntLaniag) Beans chot, ur L ELa, the (B8EA k9 of °
h ff di , h . .
13 "% or thRTB, sBBRehnaz, BT UAC Hhea sepion 33 FnkRe cFoFYR 1D

read error g track write pIBEst!@ntEﬁepgﬁééakseaﬁoﬂéﬁﬁfécgﬁg%ﬁ§ethe

manuf acturing 1 ne of the"magnetic disk Storage system he stage of

nounting the gggeen.C ¢nhskadieiba,! BRhe destRipeibfi #itk AbWrBEegsyshem 16,
the data is witten to the IDregion 32 as well.as to the servo region
31 in t hewiehveekpack ©o thepmagaesicWitskbytbbagevsgstent abl e
arrangenent can be carried out. Since the existing 10 manufacturing system
i s enpl oyed i chamacpheeieed by iecloadingnmeansefpreweitingbpdevioustpn be
relatively readi |y introduced into the manufacturing process of the
products. Al t sheadrtal o theodBeregdonodd onether data regionada pmttern,

the desired data nmay be recorded _on .
10 the form of the surface asperity, as a second

embodiment.

The optimal value of the above-mentioned
offset amount varies from system to system, from head to
head and from track to track. In particular, in the

15 magnetic disk storage system having a track pitch of 2
um or less, in order to fulfill the specification of the
error fate of the systeﬁ, it is necessary to set the
offset distance between the ID region 32 and the data
;egion 33 with a very high accuracy. 1In order to attain

20 this object, for example, the positioning of the head is
carried out on the basis of the position information of
the servo region 31 after assembling the parts into the
magnetic disk storage system, and the operation of
writing the data to the ID region 32 is automaticélly

25 carried out every track. However, in the magﬁetic disk
storage system having the increased track density, there
is the possibility that it becomes difficult to ensure

the accuracy of the offset distance, and the throughput



15 the magnetic disk using the systemfor recording Information - with a
hi gh accuracy to which the air spindle, the air slider and the |like are
nount ed. ° In addition, as a second enbodi nent, by

utilizing the photolithography technol 8gg3wtich is 20 wi dely used in the
manuf acture of the sem conductor, the resi st resin which has been
applied to thefdthe system mapobeJdredured: due e ereurrerse ok the uRct ured
with a hi gh accuracy to formthe servo region 31 on the disk in t he
formof the sEPREcBTESPerity, whereby it is possible 25 to realize the
hi gh resol ution servo pgitern ' le..the QD region 32 is also

. h .
previously formed on th en, 18?%Réihg?ﬁﬁan$%P%ﬂlT?&FsL&9a. ea.sperity

h h th 1 .
L N o panpERPEpEXRE° Y1 Re bR TED A ORREDE BLBCCOEUEEN] rotdf,
enhanced. Ehegpreagnktg ngnﬁahntﬁnP”tHérh&gﬂé@ic ?isﬁ 1jgbts fpe the thin
magneti c disk storage system having one Sheet of self-contal ned

nmagneti c di skmagnetibnaedk"™Bebrige system 16, théNasts Dsewentténbedi ment,
t he description wi || hereinbel ow be given with respect to the magnetic

di sk storage spet gD vegibnh32 hbewglanasnmagnether eeredi végion Bleimnt, in
whi ch the rate of change of the magnetic 10 resistance is increased by the
mul til ayer stthet segvof trackt weitegpeocessi | wherebyt hhermarecseitablef the
head, and whi ch has the radial track density of | kTPl (track per

i nch) or norearrangement can bencagksigdgautic G{Qﬂestb¢ag§l§95n@n1described

10 manufactﬁring system is employed in the present
embodiment, the present embodiment can be relatively
readily introduced into the manufacturing process of the
products. Alternatiéely, in order to form the more
accurate pattern, the desired data may be recorded on

15 the magnetic disk using the system for recording
information with a high accuracy to which the air
spindle, the air slider and the like are mounted. -

In addition, as a second embodiment, by
utilizing the photolithography technology which is

20 wideiy used in the manufacture of the semiconductor, the
resist resin which has been applied to the disk is
exposed using the reticle which was manufactured with a
high accuracy to form the servo region 31 on the disk in
the form of the surface asperity, whereby it is possible

25 to realize the high resolution servo pattern.. At this
time, the ID region 32Iis also previously formed on the
disk in the form of the surface asperity through the

same exposure process, whereby the accuracy of the



15 in the enbodinent 1, the MR elenment which utilizes the

magnet o-resi stance effect of permall oy as iron-nickel alloy is enployed
as the read el enment of the head. For t his magnetic di sk storage system
when the pattern having the track ded$i Cy exceeding 10kTPI is forned,
the 20 magnitude of the read signal _of the abgye-nentioned of fset ID
regi on becorme9ffegk, dirdanceoofnthe, 1D, regign 32 cgp PR reBRLkaRl¥ ks

| than 10 to the mipus 7th y Lt..the, desi
Speci 11 cationoBhaprad-  Bhg, brgaent ABBORLERE o SRIBRECHISHAE prosent 25

ot T oL RubBpTRIRR Epfdl $hi! RRGRB: TN UEHL! BruPRGE syaeehc (TACK
of change of hRG1ARUBAE Sneet of®8e1FdbRthinkChEgAELiBYaLRE. M (i ]ayer

structure magneti c
films and the <ppBddlimenity 760 the read operation is nade about 6 tines
as large as that of the MR element. Wth this system when carrying out
the . operation of read gaet peedahd bmbouifient) tRai @8scibptidnread
signal having the sufficient magni tude can be obt ai ned and al so the
addr ess i nfor pdlloherzinbelow ber gieenywi¢hecespgecfste theumagnebécdesign
speci fica- tion of the systemis fulfilled. In addition, the

st or age capacidigkostoragey systhesnphighnbashshei giantt magnetoresiathve

di ameter can be made equal to or |arger than 500 M bytes by making the
track densityedgi@ntyoigy which fheerateaef| chaprge 9ofi $hepgagnetigi sk
storage sye! ey sealibe’ $5°1haLTA by ehle” b 11 87e 3 3HEuBREA08E S "

the magnetic films, as the read element of the head, and
which has the radial track density of 10kTPI (track per
inch) or more.
In the magnetic disk storage system described

15 - in the embodiment 1, the MR element which utilizes the
magneto—fesistance effect of permalloy as iron-nickel
alloy is employed as the read element of the head. For
this magnetic disk storage system, when the pattern
having the track density exceeding 10kTPI is formed, the

20 magnitude of the read signal of the above-mentioned
offset ID region becomes weak, and also the error rate
of the data becomes larger than 10 to the minus 7th
power. As a result, the design specification of the
system is not fulfilled. Then, in the present

25 embodiment, in the magnetic disk storage systém in which
the track density is set to 11kTPI, there is employed
the head in which the rate of change of the magnetic

resistance is increased by the multilayer structure of



t he noving picture conpression code of MPEQR, and hence 15 the application

t hereof as the portabl e inmage/picture storage systemis nmade possible.
<Enbodi nent 8> In the presgnt enbodi nent, the description
wi | | hereinbel ow be given with respect "t 7t Re magnetic 20 di sk storage

system described in the e dinment 1, in L.Wich the IDregion 33 is
o?fset from t e cBRgRELLF Egims andFhe ggnehtsBity 1n the ¥edf  oction of
t he disk, said system bei,ng _gharacteri zed_in,that the_shock.rgsistance
per for mance. | APERBtSHB: P BRAFoahall BqEAPeRoa8 18195035 At of BB

Col bttty ol RLoRRHRas s HIERCERLEEIEE RN ey cabPyids GREIBRL PD 1N
i nproved. In Bgﬁ%%ﬁgbﬁ;of reading the data from the ID region; e the

phenonenon in systemrécelves a s rom e outside during

execution gf tBaaVEi§Ra®PRERLhGNtRECBuffici8At hAgnieddei Sashbéted fromthe
obj ective data track to overwite the data of the adjacent track is one

of 5 the sigobtatael andsalisbythei addressr #thfebmatignoéanhbe magneti c
di sk storage systemis extrenely degraded. - In the
conventional pugperly detkctedragds a resultm thecdesdgnyspecifiicate wite
operation, the, waiting time period required for the settling vibration
10 of the healiop pE thef system jsafudfibdled.i sInnaddition, theter the head
seek has been carried out. In addition, in the no ID format, in which
any | D regi onStoragp: capacity of the system employing the disk with
10 1.8 inch diameter can be made equal to or larger than
500 M bytes by making the track density equal to or
larger than 10kTPI. This maénetic disk storage system
can record the moving picture for about one hour using
the moving picture compression code of MPEG2, and hence
15 the application thereof as the portable image/picture
storage system is made possible.
<Embodiment 8>
In the present embodiment, the description
will hereinbelow be given with respect to the magnetic
20 disk storage system, described in the embodiment 1, in
which the ID region 33 is offset from the center of the
data region 33 in a radial direction of the disk, said
system being characterized in that the shock resistance
performance in the operation is made equal to or larger
25 than 500G.
By enhancing the shock resistance performance

in the operation, the reliability of the magnetic disk

storage system can be greatly improved. 1In particular,



di sclosed in JP-A-05-174498 (corresponding to U. S, Pat ent No.
5,438,559), since the neans for confirmng 15 that the head has been
positioned in the objective sector is different fromthe processing
met hod enpl oyi ng . the conventional Tcé%®m shown in Fig. 8, in
particul ar, there is the p055|b|I|ty that the maltlng time period

i nserted i nt othee phenomensa 4 1§@CG#@SSN§ﬁQm regeives a shockh&rp®r mat

of the present |nvent|on is . pt ed, D information in the | D
regi on 22 is th %@d‘rﬂﬂ%ﬁﬁe&‘&tﬁé"\m&t é'vhSp&F&ttPoRPeéﬁalPﬂesgﬁBck .

{han 5006, ﬁﬁetﬁ%r Bl s et SRS ol The  oB3¢EkevRaratn ﬁaﬁcﬁrger

o Sl oS "R et i L&r?‘?aoP el e BT S A
settling t‘ﬂh ?rﬁ il b@ﬂwlﬁ'&i’x '%%%C‘%etl'i%bi‘i% tb@i‘ tha"
be short ron1 e above-

- 39 - ment1 oned reason,
possi bl e to prAYntt il @ik Midragl Pystieh de extyem@ly aeg&eheal ng both the

reliability of the data and the access performance which is superior to
the system 5 enpl oyi ng Inh&heoenvientianalomagnetienlisksbeorage Fig.
5. In particular, in the magnetic di sk storage . system

havi ng t he tra&shtmuHWhenﬁcaﬂﬂymﬂg<muﬁnhhe\Mnnﬂe operakdiongsthebed in the
enbodi ment 7, the offset distance 10 between the wite elenment and the
read el enent &faitdag time peniadmeguinegefoamihe settldalg yibgation

Therefore b conbi nj ng the enbodinent. 7 with the present enbadi nent,
y of the head é% be sufficiently attenuated is inserted

after the head seek has been carried out. In addition,
in the no ID format, in which any ID region is omitted,
disclosed in JP-A-05-174498 (corresponding to U.S.
Patent No. 5,438,559), since the means for confirming
15 that the head has been positiohed in the objective

- sector is different from the processing method employing
the convent10na1 format shown in Pig. 8, in partlcular,
there is the possibility that the waiting time period
inserted into the write operation becomes long.

20 The fofmat_of the present invention is
adopted, the ID infermation in the ID region 32 is
confirmed prior to the write operation, and the shock
resistance performance in the operation is made equal to
or larger than 500G, whereby the room can be provided in

25 the margin for the positioning accuracy. As a result,
the excessive time period required for allowing for the
margin for waiting for attenuation of the settling

vibration is not required, and hence the seek time can



It is possible to provide the higher performance magneti c di sk storage

system 15 <Enbodi nent 9> In the present enbodi nent, the
description wi | | hereinbel ow be given with respect to the nagnetic
di sk storage system described in the 2nd®dfment 3, for readi ng the

data fromthe ID region 32 and the data 20 regjion 33 in the wite
oper ati on andpe rehorkeneder A5, the aheugrmentioned reasanye itok#R eti on of

Tk T eIepeal e R IAe RO RATHELE | AaK SLORABE STREFT ©us n
th d diff L t her. \ th ti di sk

st gr ;gee:ys!t eﬁ'ﬁ%f‘%%gr Obr%%?&%n’f&’r%ﬁ*%P% nuf%eda&e%c?e e nei :)(r:1 !trs1e

dat f t i i j t - th I D
Coorom 32 1 s $5e R PEFEL ARG | In{ QS Lhpd LAY (ife WA e

< 40 - 5VAhB1OPEAG! ERD. coiifesieiongl 16nd D dbtifle Fhdh in Tequired

wher eas thée dat ata region 33 is not required at all. As a
result, the ppﬁigigpal of f set relating to the arrangenent of the ID °
region 32 and t 5 data region 33 is allowed, and hence in the head

position in the read oppsapapbicliler daim tve megndicic didkastwaldge properly

read out fromthe ID region 32. But, I f the skew angl e between the )
slider and t hsysieém hawihg thefttéck| denditypeli IOKTRD ol thores winidlhe basi s
of the 10 angle of the actuator, the data may be properly read out from

both the | D regsodegeribped: e thesembodiment. 74 nthe offset (diatancerre is
required g%angeégéeguggén%r¥@gtQfément and the read element of the.
head becomes larger than the track pitch. Therefore, by
combining the embodiment 7 with the present embodiment,
‘it is possible to provide the higher performance
magnetic disk storage system.
15 <Embodiment 9>
In the present embodiment, the description
will hereinbelow be given with respect to the magnetic
disk storage system, described in the embodiment 3, for
reading the data from the ID region 32 and the data
20 region 33 in the write operation and the read operation,
respectively, to judge completion of the head seek, said
system being characterized in that the ID address mark
field 51 and the data address mark field 61 are formed
using the codes different from each other.
25 - In the magnetic disk storage system of the
present invention, in the read operation, the data of

the data region 33 is required, whereas the data of the

ID region 32 is not required at all. Conversely, in the



the read data corresponds to the ID region 32 or the data region 33. In
the present invention, the address 15 mark fields 51 and 52 which are
added to the I D region 32 and the data region 33 are fornmed by the

di fferent bit streans, respectiveTy?omﬁereby i f the address nmark

field in the read data stream has ggg g be referred, it is nmade
possi bl e to jwEhke weerstione thed cd 2@‘%0;1?9‘5%% 3% i%e ID region 32

or the data regiop Her et of or e where, th wo_ addr ess
mar k fiel q%}éegorﬂgﬁr%§stﬁges %%ab? éh i?FQﬁ?ﬁfai(}s N0% udge

whet h h dd d
regit oﬁr 323, et ng%’r‘bgt%@s?ﬁg ﬂig% n’éé?‘ﬁ# 2§$ %bt%%é%]a%r |ée ou'Ele ‘e
attendantly. rela%ing to thelgrﬁgﬁﬂgﬁgﬁffbf dhek ﬁtfﬁéﬁﬁhsyftéﬁﬁighéhe

present enbodi nen program on 'S use part t he

above- ”E”tBO”SQtHVPE féh”QB f5raildwed)€and hence in the head
- 41 - data which has been read fromthe magnetic disk is

tenporarily tpassteonednt ene eeslcoperatijohy the dataheanvwoe.bdhe CPU
refers to the data streamon the cache nmenory i.-n accordance with the

sel f-cont ai nebasbcalbyr propedlyendadt bet dftamcthe eTPoredbon t 32 ¢ heBukldr ess
mark field. Then, the data thus read out is conpared with the bit
stream of theifiddhesskewr anglel between the sligervandstle pdabarexack her eby
j udgi ng whet her the_ read data on the cache nmenory corresponds to the ID
regi on or lofuhﬁlaéﬁathegBEQleic conditions on theibashs @f skhend

enbodi nent can al so onsi dere ich th above- nenti oned serles
of 10 angle o? the actuator, gh dgga may propepfy reag

from both the ID region 32 and the data region 33. 1In
this case, there is required means for judging whether
the read data corresponds to the ID region 32 or the
data region 33. In the present invention, the address

15 mark fields 51 and 52 which are added to the ID region
32 and the data region 33 are formed by the different
bit streams, respectively, whereby if the address mark
field in the read data stream has only to be referred,
.it is made possible to judge whether the read data

20 corresponds to the ID region 32 or the data region 33.
Heretofore, in the case where the tﬁo address mark
fields are formed by the same bit stream, in order to
judge whether the read data corresponds to the ID region
32 or the data region 33, the processing of managing the

25 timing is carried out attendantly. |

In the magnetic disk storage system of the

present embodiment, a program on the CPU is used in a

part of the above-mentioned processing. Firstly, the



processi ngs are executed by the hardware. In this case, acircuit is
configured which serves to nake an address 15 mark found (AMF) signal

active when the read serial data s |nputted to the shift register,
and the serial data mat ches with thélbrt stream of the address mark
field which is previously prepared, whereby the sane processi ng

as that of théaﬁéoVBlﬁBnP?EnbﬁeénﬁﬁéﬂngﬁPmcﬁhe Eﬁgﬁét%ﬁa@+§%dlsln this
second enbodi nment:, the_burden i s reduced and the hi gh speed
processi ng |stemP°ré£é&¥t§Hanﬁﬁ§F659 FP Ps°38§§|ﬂ?@°F$ BYotR8e the nore

preferable na | C dISk nent 10>

In the presen GaPnen hg dé?%%%%p%Bnthe éa&?lPkﬁﬁ?@lﬂﬁeFBﬁ/be gi ven

enbod ment 3, t?s%@em%%?‘iaa 3orRdants” hIEA EnY BREFLEPERELAOE Y e "dac a
- 42 - Preﬁ&33r§§ bRg! B W%'EﬁeogﬁﬁﬁtbB?rSQ?ohE?néeﬁg ERE" 385P8ss
respectively, "to-j udge conp Feti on o e hea syst em bei ng

characteri zedmaykstEQenalg Zheart the B@ata thubc2eadl bGYi isi Bompared regi on
32. 5 The magnetic di sk storage system of the pr esent

i nventi on naywithvitthe blitt sitrelame ofcatie addepssamaek, fibkddehachf ishe data
region 33 is required, whereas the data of the ID region 32 is not
required at pre&ﬁbuslbepehpaegdhotharebyedeging wbgqtheedtherredd read 10
~elenment of the head to pass through the ID region 32, - the operation of
a part of thedakadon the cachesmemosy corrsﬁﬁonéﬁc§0thbenﬁanrpgmen or

consu tion of th st em,can
i 10 the %af% region.

In addition, a second embodiment can also be
considered in which the above-mentioned series of
processings are executed by the hardware. 1In this case,
a circuit is configured which serves to make an address

15 mark found (AMF) signal active when the read serial data
is inputted to the shift register, and the serial data
matches with the bit stream of the address mark field
which is previously prepared, whereby the same
processing as that of the above-mentioned embodiment can

20 be realized. In this second embodiment, the burden on
the CPU is reduced and the high speed processing is
executed; whereby it is possible to provide the more
preferable magnetic disk storage system.
<Embodiment 10>

25 In the present embodiment, the description
will hereinbelow be given with respect to the magnetic
disk storage system, described in the embodiment 3, for

reading the data from the ID region 32 and the data



be reduced by several % - Now, the magnetic disk storage

system 15 including the nmagnetic disk wwth 2.5 inch dianeter is made
on an experinental basis, and then the nmean power consunption of the
systemis neasured. Firstly, when th&2r zad operation is carried out
continuously as in the rior art exanple, the mean power consunption of

the 20 systenegionbddtin. bbewwriteneperathen and preseead operati@htion is
‘adopt ed, and the operation of the read ,circyit is stgopped in the ID
data field 32r86PPR§iVRLY, to ﬂé§890ﬁ8W83F5h°53°ge§E?iB%ﬂgagﬁﬁﬁf ?ﬂégnean
power consuppti pn,of the system.i bout 1.97 watt. .25 _Therefore, it
s possibIe-tﬁyﬁgEWig@lpﬁecﬁﬁfééSSﬁéFea Sy §QVPﬁbnﬁa§nB?FE afs Storage

cyatem and NeRgsy’ bikbuse 1oPRAR' Bbecegubigagee e cantnuous uee e of

system supporting the batte sl gab 'gﬁﬂt 1Eh

In the pre%ent enbodine%b?.#ﬁgnggégrngroﬁtoré m??? er%#n g?om/pe gi ven
Wi th respect poekeatMaR@htion maydg&&viaereaatsyﬁtEﬁb desqribed in the
enbodi nent 3, “for reading the data fromthe ID region 32 and the data

region 33 in bperatibn,oRheadata ofdthecdatadregtont 33nis requieedectively,’
to judge conpletion of the head seek, said 10 system being characterized
by includi ng shereasonrtiecidata of tihendDyregiost 32i ig hebpoequikgdt &t read
i nformati on. According to the present invention, the neans
all. Therefore, for a time period required for the read
10 element of the head to pass through the ID region 32,
the operation of a part of the read circuit is stopped
and hence the mean power consumption of the system can
be reduced by several %.
Now, the magnetic disk storage system
15 - including the magnetic disk with 2.5 inch diameter is
made on an experimental basis, and then the mean power
cbnsumption of the system is measured. Firstly, when
the read operation is carried out continuously as in the
prior art example, the mean power consumption of the
20 system is about 2.08 watt. Next, when the present
invention is adopted, and the operation of the read
circuit is stopped in the ID data field 32 during the
read operation as descfibed above, the mean power
consumption of the system is about 1.97 watt.
25 Therefore, it is possible to provide the more~power

saving magnetic disk storage system and hence it is

possible to increase the continuous use time of the



for judging that the head has been positioned in the obj ecti ve sector
Is replaced by a different neans in the 15 wite operation and the read
oper ati on, whereby the positional offset relating to the arrangenent
of the ID region 32 and the data red3orr 33 is allowed and the high
performance magnetic di sk storage systemis provided. In particular,
in the read oper&abde, information sysiemogupparting bharbatter¥Yor mation of
the objective sector mat ches with the address information contained in
t he dat adré¥Pen 33 from which the data has been read,. t her eby

j udgi ng whet her. or not the_data is properly read fromthe objective
sector. At thfgmgpﬁémepkeiﬁb data 25 field 62 and the data field 63 are

and 63, the error corroBh ote; eraaepECAHRhtpoREy LG dREriBEIOAT P °F,

In this cognegtingns, sty sl ' o 3 :

- 44 - ga &?3%pgfﬁ%10?eﬁ§ﬁ:?%Pbﬁfgho?hfﬁe’FﬁPSFﬁaF?oﬁthm? SEFEF dat a

field 62 that d&%ketst%weets?%&eme descibedr AACtheNembodbiehbe3FCEoti el d

64, the information of the D data field 62 is confirmed. However, the

ECC field 64 ireading @heddatan firdm the! IDf regdolaBa andi ehe dadahence the

ti me when conpl etion of the seek operation can be confirnmed after
~conpl eting thheegiomr 33ornimetheowritet bperatib@Cahdeittiec2enad apprakiontel y

equal to the timng when the operation of reading the data from one

sector has 1Gespectivedyot &o ivdgeyicompliesioondfr thei beads seekpl saidn

of the seek operation becones the cause of degrading the access

per f or mand® oBYstems peing characterized by including a semiconductor
memory for storing temporarily the read information.
According to the p?esent invention, the means
for judging that the head has been positioned in the
objective sector is replaced by a different means in the
15 write operation and the read operation, whereby the
positional offset-relating to the arrangement of the ID
region 32 and the daﬁa region 33 is allowed and the high
performance magnetic disk storage system is provided.
In particular, in the read operation, it is confirmed
20 that the address information of the objective sector
matches with the address infqrmation contained in the
data region 33 from which the data has been read,
thereby judging whether or not the data is properly read
from the objective sector. At this time, the ID data
25 £ield 62 and the data field 63 are continuou#ly
contained in the read data, and for both the fields 62
and 63, the error correction is carried out by only one

ECC field 64. In this connection, it is desirable from



The present enbodi nent is adopted and the - seni conduct or menory for -
storing tenporarily the read 15 data is provided, whereby even if

conpl etion of the seek operation is confirnmed after the operation of
r eadi ng the data from one sector has4$een conpleted, it is possi bl e
to prevent the access performance of the system from bei ng degr aded.
20 <Enbodi nené ¥2ewpoint of reliabilify pfecthatinfermatieom of heheeERri ption
wi | | hereinbel.ow be.given with respect to the nagnetic di sk storage
system descrfpta fﬁeiﬁeGGHEBéFnéﬁgeg,cPﬂPletlnGeﬁﬂﬁn§r¥ﬂ§ SRFEeFELPRthe 1D

oper ation, by Esgobbr, EXp18 5%, Bbe' Lokprarknnopt: heenth Attak
[ ] . 0 . . d . * . : .
R e e ?%#%'%3#2&9%#%&2%?%% Ba'fn  ine
. . . . . 7 . I . .
Storage syot chTSHAGRCI A1 Che; RESLIE the, fasa rraion, Bnd "RefBETEREC ¢

the I D data  gimeeWfief?complerfiohmed, tAedskbki spbrdeednt 8ah bée seek
operation has been conpleted after the operation of readi ng the data

fromthe dat acoagiemed3afaerbeenpletingnphet edrokr aorpedtLonobpt thé t he
performance of the magneti ¢ di sk storage system it is preferable that
the 10 addr eEECi fiieldabidoisi approkimatelyt eghalesol yhei vimiingswhen nuch as
possible. In order to attain that object, in t he present enbodi nent, as
shown in Fig. the ppezadionoef reading the data from one sector has
I0 been completed. Delaying the confirmation of completion
of the seek operation becomes the -cause of degrading the
access performance of the system.
The present embodiment is adopted and the
semiconductor'memory for storing temporarily the read
15 data is provided, whereby even if completion of the seek
operation is confirmed after the operation of reading
the data from one sector has been completed, it is
possible to prevent the access performance of the system
from being degraded.
20 <Embodiment 12> |
In the present embodiment, the description
will hereinbelow be given with respect to the magnetic
disk storage system, described in the embodiment 3, for
reading the data from the ID region 32 and the data
25 region 33 in fhe write operation and the read operation,

respectively, to judge completion of the head seek

operation, said system being characterized in that two



to the ECC field 72 corresponding to the conventi onal error detection
code, a CRC field 71 is provided as a 15 second error detection field
relating to the ID data field 62. The structure of the data region 33
at this tine includes two error corrd& imon codes as shown in Fi g.

7. However, for those error correction codes, the sanme code schenes as
those of the error checkctfieddshfowr 2OraorecozreetisgCaradpoRvidedndn need
to be enpl oyed simlarly to the above-nentioned exanple. Therefore,
those error c&heefatan regdon c withe rehrgeary §esFafed?. dependi ng on the
I ndi vi dual systens.- By ,adqopting this structure, evep if

conpl etion 25 of the oE@r&bPoﬂaSPexéEdﬂhﬁkt2506398 syskemngheunin

i 33 i t ited, it i bl hat at . ti int wh
LR O3 oper Bhieo Smpoainent, 4o the Algrses IntganalioR of kpe; 7B, B354  an®"
b i .t . . \ . . - - addr ess
eror el o ot ieRd B3 dm sontirmedy Apd 3k ip dudaed that 8 aeek, 7% o

or mat | off ot . fi . 551 88F6n of th
Lo P 1L oA R, sl D A BN SpecabiBn Eanl L

5 nore speedi Inea@Pigguitdié JataAlfyon thieS daRasireig@oh033 haBf Beefle the high
performance magneti c di sk storage systemwhich is excellent in the

access perfor gompleted. From a viewpoi®d ofothes peg€orhaneer 6f eher ecti on
code dedicated to the ID data field 62 is provided, both 10 detection

and correcti omagnetie disk storadec symtemd it is preferdbjendbat! hen t he
I D data field 62. Therefore, the ability to correct the errors can be
set to a |l@eladdress information is confirmed at the early timing as
much as possible. 1In order to attain that object, in
the present embodiment, as shown in Fig. 7, in addition
to the ECC field 72 corresponding to the conventional
error detection code, a CRC field 71 is provided as a
15 second error detection field relating to the ID data
field 62. The structure of the data region 33 at this
time includes two error correction codes as shown in
Pig. 7. However, for those error correction codes, the
same code schemes as those of the error correction which
20 are called ECC and CRC do not need to be employed
gsimilarly to the above-mentioned example. Therefore,
those error correction codes can be uniquely designed
depending on the individual systems.
By adopting this structure, even if.completion
25 of the operation of reading the data from the daté
region 33 is not waited, it becomes possible that at a
time point when the read operétion for the ID data field

62 and the CRC field 71 has been carried out, the



different fromthe data field 63. In particular, the

bit Iength of the

CRC field 71 is adjusted so as to 15 strengthen the ability to correct the
errors, whereby the address information of the ID data field 62 can be

surely obtained and hence it is possible 4® provide the

higher

reliable magnetic disk storage system <Enmbodi nent 13>
In the presentaddinesd imformatdaneof ithe 3P data \ﬁllelldhérzellﬁbépﬁﬁllb'@egl ven
with respect to the magneti c di sk storage ,system faqr readln t he data

fromthe |ID and IQQ$R%¢§£PQMthQR?(ﬁﬂ§¥lqaﬁﬂﬁ#QQ? it®

%Gt e SdBELat i on

Soek 23435‘?3" 2 dsdition tq%"cé#ﬂ%f ied, BeYOTR, EheC grion Ei.h ES:d
h
out put of ne B 2y " B PR, T, é%%cias‘ﬁnrge%'a%“b@‘ the

- AT- | Xefb e éﬂéedﬂr #}Feéﬁgéﬁ'taﬁ (?t @Eo I3[ ‘?Jsr

dlsregardeé magnet i c

storag systen1a§6pt|ng t he

format of the gy Rpicdy ﬂﬁywqwrbéﬁfa&%&eyﬁw AQlLdisrd storiaget hat in the

processing in‘the read operad

lon, it is unnecessary to read the data

fromthe ID ragisten lWwhidle is esxcEiedteria: iR rRAes Petifiormantesar i ed out

by adopting the present invention, in many situations, as shown in
Fig. 14, the position ofin didaAcdbm ainde EHe @rridre cor@elotddn sodef set
fromthe center of the track of the ID region 32. In this positiona

rel ationshi p, deddcated to the ID data field 62 is provided, both

10 detection and correction of the errors can be carried

out independently in the ID data field 62.

Therefore,

the ability to correct the errors can be set to a level

different from the data field 63. 1In particular, the

bit length of the CRC field 71 is adjusted so as to

15 strengthen the ability to correct the errors, whereby

the address information of the ID data field 62 can be

surely obtained and hence it is possible to provide the

higher reliable magnetic disk storage system.

<Embodiment 13>

20 In the present embodiment, the description

will hereinbelow be given with respect to the magnetic

disk storage system for reading the data from the ID

region 32 and the data region 33 in the write operation

and the read operation, respectively, to judge

25 completion of the head seek operation as described in

the embodiment 3, said system being characterized in

that the data is read from the data region with the

output of the ID error signal in the head operation



read operation is carried out for the ID region 32 simlarly to the
conventional nagnetic di sk storage system the possibility that the ID
read error signal is 15 outputted and the processing proceeds to the retry
operation is increased due to the fact -t 4dt -t he VCO synchroni zati on
field 50 can not de detected, the ID address mark field 51 can not be
det ect ed, thefdredrto offer pecthenobppuheofRrthei EPdesBobe8b®BBLi npossi bl e,
the 20 information of the ID data field 52 does not match with t he
addr ess i nf or #dBregasfdedhe objective sector, and so forth.

In order to prevent that ghenonen on ' i p the magnetic

[0 occurrin
di sk storage system of TR mESnEFéEeﬁ%SELﬁBGFﬁSﬁ?SY%E%mI%&b@%ﬂn%r ? S|gnal

f d h
cont ol | er cafOFEAE, oL EENBL PSR, PBREARRT §F PReSniFacharadlgtfends, | |
successi ong agg gﬁsteiﬁe%ﬁbv rB@E%ﬁln in the read operation, it is - 48

operatlon 0es not occ e access pertor man magneti ¢

di sk storage ﬁhﬁb@@shargmbmf@ad kheaddth €Pom thel BD! begpbﬁcesmnshay the
control |l er when the hea | ocated in the ID region 32, the

m croprogram ghseh&her® (t(h@VQ'&Taaoﬁ@'eraQ[ibhOh.bebadQQEdnaﬁtnbydaBOprng

rewritten, and hence the present enbodi nent can be readily
i ntroduced i nthet pregentudnvention, in many sikuaddohsenasashewaednnd
enbodi ment for attaining that object, there can be considered a net hod

10 wherei n ev&igi.n lidhe thes posticiont o€ tber caddeelemenkghdD of thes
OUtPULed | aad 93 oFFet ‘£7om the center of the track of the ID
region 32. 1In this positional relationship, when the
read operation is carried out for the ID region 32
similarly to the conventional magnetic disk storage
system, the possibility that the ID read error signal is
15 outputted and the processing proceeds to the retry
operation ié increased due to the fact that the VCO
synchronization field 50 can not de detected, the ID
address mark field 51 can not be detected, the error
correction by the CRC field 53 becomes impossible, the
20 information of the ID data field 52 does not match with
the address information of the objective sector, and so
forth. |
In order to prevent that phenomenon from
occurring, in the magnetic disk storage system of the
25 present embodiment, the ID read error signal is fixed to
off during the read operation. As a result, since the
controller can carry out the read operation for the data

region 33 in succession, and the excessive retry



read error signal is disregarded and the read operation

is carried out

I n succession. In this case, that nethod can be realized in such a way
that the mcroprogramof 15 the controller is rewitten so as not to
fetch therein the IDread error sig¥8 <in the read operation. In this

second enbodi nent, since any circuit portion does not

need to be

changed, the 9pPesa%ionpdorsenotc9FCHE r EBGI pFcess PerfprmaRen Pht bhehe
products. In additiqgn, since the 20 rgtry.operation due_to g&ggtrence of

the ID read efagnetic digk gtorags: &¥s

§W i AEPERYEAp| oIPod

t88s¢t he

magnet i c disk.sp% %?igﬁ%ééggéngﬁh B% ca| %ggilg; wkgnsgggﬁgg%ﬁg.the access

per f or mance i %™

ﬁﬁreinabove,

according Lo 4ea:25 RLESHN dVERNIAN 37N cHaCnIBORELbG dnskestREage System

enpl oyi ng the enen ead Ch 't e wr

ment and t he

read el emell gaviaRdbid Loit?¥198t does nbRCnkbd' R6ObEAERE EEANGAtCd 1O
the wite operation an . - - 49 - t he
I D i nf or mat i 0 ande tiehedlet ¢ hied pridgentaémddisen®N cahCbe rehd@spgctively _

provi ded, whereby both the arrangenent error in lithography process in

manuf act uri ng imtroduded intceltheeprodudtishe read el enent,

and the errors of

t he 5 positional offset between the wite elenent and the read

el enent, and the track dmeaddiitdioni,nasi ansecondeembodément fehen carrying
out the positioning using the rotary actuator can be corrected, and
therefore, it atéajsdaigpithat ohjectealtiheseycambeosonsidesedi ghmeshddr nance

of the 1%0nagnetic di sk storage system

15

20

25

wherein even in the case where the ID read error signal
is outputted in the read operation, the output of the ID
read error signal is disregarded and the read operation
is carried out in succession. In this case, that method

can be realized in such a way that the microprogram of

.the controller is rewritten so as not to fetch therein

the ID read error signal in the read operation. 1In this
second embodiment, since any circuit portion does not
need to be changed, the second embodiment can be readily
introduced into the products. 1In addition, since the
retry operation due to occurrence of the ID read error
can be suppressed, it is possible to provide the
magnetic disk storage system which is capable of
enhancing the access performance in the read operation.
As set forth hereinabove, according to the
present invention, in the magnetic disk storaée system
employing the dual element head in which the write
glement and the read element are separately provided,

the ID information dedicated to the write operation and



VWil e the invention has been described in its preferred enbodi nents, it
is to be understood that the wor ds whi ch have been used are words of
description rather than limtation and that changes within the 15
purvi ew of the appended clalns may be mad® W t hout departing fromthe
true scope and spirit of th i_nvention in its broader aspects.

- 50 - WHAT FBeCEﬂINEQOFEat19n dedicaheﬁaﬁﬁeFPE gead 9PBF§5E°§y§¥9n1haV|ng
at |east one dual el enmgnt headq g b S m$ % Vvﬂ’lement and a

el enent are sEBEP8CELye VoPFG@&de ndWBegebK path EhaﬁrﬁPﬂ?%?FFy of tracks
are formed, wherein.a rmation relatin

provided in §ATPD FgggGEEBHrFR&YdP§?°e§? FgaanggaFEEEiﬁﬁfgﬁﬁéﬁ%éﬁn 'S
| ati t I D
o1 12 ey SRy e a8 PR B, BECHRRLC

perpend|cugaerglgagnagrggk o\ BQ%W%@BUEheaQEEQé'Gﬁéﬂéﬁteﬂﬂé'tﬁg tes

posi ti onal fTset di stance between the wite elenent and the read eFenent

of the head celepneneldand the! keackddae tBoihtloRaeiohhefdthé sbddep a
direction perpendicular to the track. 2. A magnetic di sk storage

syst em accor dwhent carclydng dutwtheepositibhéngpasihgobhef rotatyng data to
said data region, the head is positioned so as for the position of the
write el enent-acsuadibrh canbdeacoraiecyedwi ahdatbeneéoref $ai dsdpoasibgeon in
the dlreCtlonto realize promotion of the high performance of the

10 magnetic disk storage system.

While the invention has been described in its
preferred embodiments, it i# to be understood that the
words which have been used are words of description
rather than limitation and that changes within the

15 purview of the appended claims may be made without
departing from the true scope and spirit of ﬁhe

invention in its broader aspects.



perpendi cular to the track, and in the operation of readan dat a fron1data
region, the head is positioned so as for the position
to match substantially with the center of said data re E jltl]lg B

width direction. 3. A magnetic di%k storage syste

claim2, wherein the positional offset distance between the wite elenent
and the read WHAShelft GIAIMED diSection - 51 -
perpendi cular. to the track is nagnetlcall witten on  the digk.surface or
electrlcallylmrlttentcﬁé“asﬂrtﬁtdg‘e -‘d%‘vﬁfé’%a@q sy&hem haying &b dS&fthetic

di sk storage S d o the asi s of .the | tiqnal ffs di st ance,
the head is pﬂfg ‘#"}ﬂ?é af é)&'hﬁﬁﬁtﬁt}c? d?'s‘%‘ eglr eéer“ﬁ accor di ng
to claim2, whe t he ste of determnin e, of fs tance bet ween
said ID regi di 1? enfar e%ﬁ?ﬁf tc%ﬂf Mﬁ%’ t%“fh“’e ‘f posi t i on of
t he di sk and r t

step of recor%]%ﬁg;péjflglgﬁli%a ?ﬁ %§%€%rép%rr% ed vh?é:’hg"a”pp?Ao uc u5| ng

t he head inco t he
posi tioning f%@éﬁ&ﬂpgﬁt%%ﬁiﬂﬂﬁ hvérﬁf@ ﬁﬁ% gitse | n t gfr%duct
S. A negiet Crély Bén SER’ Qe GYSK £ BCTOAsk %d&s@'ﬁif&ﬁnaﬂ!t% ein the

data is witten to a servo region (31) or said ID region every track or
predet er mi nedreld@idkg i to ar 684 VOpét &EXonN id cpPeldsd im 4 addtd yredion) d

magneti c di sk storage systen1 6. A magnetic di sk storage system

according to and said ID region is arranged so as to be offset from
said data region in a direction perpendicular to the
track by the amount approximately egual to the
positional offset distance between the write element and
the read element of the head corresponding to the radial
position of the disk and in a direction perpendicular to
the track.
2. A magnetic disk storage system according to
claim 1, wherein in the operation of writing data to
said data region, the head is positioned so as for the
position of the write element to match substantially
with a center of said data region in the direction
perpendicular to the track, and in the operation of
reading data from data region, the head is positioned so
as for the position of the read element to match
substantially with the center of said data region in the
track width direction.
3. A magnetic disk storage system according to
claim 2, wherein the positional offset distance between

the write element and the read element in the direction



claim1, wherein the data is previously witten to sai hLegl or ID.
region in the formof a surface asperity of the di salﬂgmﬂlln"(ﬂiﬁ‘mﬁ
magnetically or optically read fromthe irregularit ey 75 a A
magnetic di sk storage system accordingt®l claim 1, wherein said at |east
one dual elenent head includes at |east one dual el epent head having the

wite el enenpPeipgndiculazdtel shentrashais: BRINBLIGRALY WRALERR on

- 52 - and in_which the read elenﬁnt is a giant,n%gne o- rgsistive

el enent made &henfdfb: SUrkace PXy&LEFLFICAL L¥r WALt PRSP BoSKPERGR nore

| ayers, and the track nsity Qf .a.,radial, directi.onf .the disk in a
plﬁrality of CFYEKE sﬁgiﬁgln%ﬁlPﬁg &Ps?hﬂé gaﬁgﬁ%bg §rskap gfhgﬁah | OKTPI .

Shock rest st AR08t ABS B0 SARoRREL Bfudne: Bon tidal BeieRtso0G o,
A magnetic d|aﬁf%gg%@geﬁgﬁzh%ghhggg%%sq%ibggag one dual elenent head in

which a wite elenent "a rea nent are separately provided, and a

di sk in whiclh a plural gt paghelkidChish’ 8tbeagedsydhenchecb?@ing! gpal ity of
tracks are divided into a plurality of sectors, and each of the plurality

of sectors haglalim 262%hezeddl Ahec@ted JFdddreridvdngn the ofFset, and each
of said ID region and said data region includes address information of the

correspondi ngdietiadice dedweend saRd Iyireyion andatheddataazegdone of f set

fromsaid data region in a direction perpendicular to the track by the
corresponding to the radial position of the disk and in -
the direction perpendicular to the track includes the
step of recording a pattern on the disk incorporated in
a product using the head incorporated in the product,
and the step of carrying out the positioning for the
pattern using the head incorporated in the product.
5. A magnetic disk storage system according to
claim 1, wherein the data is written to a servo region
(31) or said ID region every track or predetermined
track in a servo track write process in factory of said
magnetic disk storage system.
6. A magnetic disk storage system according to
claim 1, wherein the data is previously written to said
servo region or ID region in the form of a surface
asperity of the disk, and the data is magnetically or
optically read from the irregularity pattern.
7. A magnetic disk storage system according to
claim 1, wherein said at least one dual element head
includes at least one dual element head having the write

element and the read element separately provided therein



anount which is approximately equal to the positio ﬂ‘ ﬂ“ﬂl “th“ltce
between the wite elenment and the read el enent cox “n me radial
direction of the disk and in a direction perpendicular tb the Yrack. 10.
A magnetic di sk storage system accordingS8o~ claim9, wherein in the
operation of witing data to said data regjon, the head is positioned so
as for the paRdtipnwbichnhthe,readcelement (s Bt HARUHIRIMRESTIY with a
center of said data,region in the_track w dth, ..direction, and_.in the
operation of F%ﬁﬂ?ﬁbvﬁa?ge*?ﬁh1mﬂ%fa9 é@?%%?t%ﬂém%¥5h1?¥efﬁéif%%ﬂ%d°§o as

EZLtLPEOF"ELEaté%%’%s?é@%ﬂﬁl%ﬁgf@ﬁ?‘iﬁ%&fﬁ?ﬁéﬁ?r€€%’? Fack faedaity "of " |
of sai . . 14T %

of foet i st anBor BOTREAL FRRELGR: P8 LRE Afek okl L elvedhely Bt ntFe e "
urface or o EOPRRACPhUERCPatER 1E°6duns EBOOF LR Hhoh EREPL T cai

magneti c di skggt or age ﬁyﬁéeﬁétﬁedapaktéeo@@§§ss§§téﬂeaée6iaiﬂ@aéooffset
di stance, the head is positioned. 12. A magnetic disk storage system -

according to cthamMl }Owhbbeifni 8 sheckt cespétanter fhnthe operatisntis

di stance between said ID region and the data region corresponding to the
radi al positiggual tbeodi 1krged thantHeodirecti on perpendicular to the
track includes the step of recording a pattern on the disk incorporated in
a product usifig the heall magnepbcadiski stohagersyistem having at least

one dual element head in which a write element and a
read element are separately provided, and a disk in
which a plurality of tracks are formed, wherein the
plurality of tracks are divided into a plurality of
sectors, and each of the plurality of sectors has at
least a data region and may have an ID region, and each
of said ID region and said data region includes address
information of the corresponding sector, and said ID
region is arranged so as to be offset from said data
region in a direction perpendicular to the track by the
amount which is approximately equal to the positional
offset distance between the write element and the read
element corresponding to the radial direction of the
disk and in a direction perpendicular to the track.

10. A magnetic disk storage system according to
claim 9, wherein in the operation of writing data to
said data region, the head is positioned so as for the
position of the write element to match substantially

with a center of said data region in the track width
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Is equal to or larger than 500G 17. A magnetic
perpendichlar pbuthei tyack tisamagnetdchdiyedrdbtendoak,
tracks are divided into a plurality of sectors, and
the disk surface or electrically written to a storage
device self-contained in said magnetic disk storage
system, and on the basis of the bositional offset
distance, the head is positioned.

12. A magnetic disk storage system according to
claim 10, wherein the step of determining the offset
distance between said ID region and the data region
corresponding to the radial positibn of the disk and in
the direction perpendicular to the track includes the
step of recording a pattern on the disk incorporated in
a product using the head incorporated in the product,
and the step of carrying out the positioning for the
pattern using the head incorporated in the product.

13. A magnetic disk sforage system according to
claim 9, wherein the data is written to a servo region
(31) or said ID region every track or predetermined
track in a servo track write process in factory of said
magnetic disk storage system.

14. A magnetic disk storage system according to

claim 9, wherein the data is previously written to said
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each[ﬁ| "ﬂmmuml'lﬂ of sectors has at least a data region and may have
an | m mtem conprising neans for waiting for detection of
said I D regi'on"affer* head seek in wite operatlon and waiting for :
detection of said data region after heaB4seek in read operation. 18.
A magnetic disk storage systemaccording to claim1l7, wherein an ID
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stream for correcting errors contained in said data region, and a second

error check fresilstivatebemént amade of magnetic multilayered £ilms of
at least double or more layers, and the track density of
a radial direction of the disk in a plurality of tracks
formed on the disk is equal to or larger than 10kTPI.
l6. A magnetic disk storage system according to
claim 9, wherein a shock resistance in the operation is
equal to or larger than 500G.
17. A magnetic disk storage system in which a
plurality of tracks are formed on a disk, the plurality
of tracks are divided into a plurality of sectors, and
each of the plurality of sectors has at least a data
region and may have an ID region, said sysfem comprising
means for waiting for detection of said ID region after
head seek in write operation and waiting for detection
of said data region after head seek in read operation.
18. A magnetic disk storage system according to
claim 17, wherein an ID address mark field representing
the beginning position of data of said ID region, and a
data address mark field representing the beginning

position of data of said data region are formed using



data field. 22. A magnetic di sk storage system accor di ng to—ctalm—

17, wherein in the operation of reading data from said

output of an ID read error signal is fixed to off. 23.

Ty

di sk storage system according to claim 3 ~wherein in the operdti#n ®
reading data from said data region, when an ID error signal is outputted,

the read oper@Pdes AifEgrentdfsom eACk eER8E0ON to read
sai d data regign.

forcedly data from

A magnetic disk storage system according to
claim 17, further comprising means for stopping at least
a part of the operation of a decoder circuitry to reduce
the power consumption while a read element of the head
is passed through said ID region in the operation of
reading the data from said data region.

20, | A magnetic disk storage system according to
claim 17, further comprising a semicoﬁductor'memory
having a storage capacity with which the data of at
least two or more data regions can be stored, wherein
the data which has been read from said data region is
transferred to said semiconductor memory.

21. A magnetic'disk storége system according to
claim 17, further comprising a first error check field
relating to an ID data field in the form of a data
stream for correcting errors contained in said data
region, and a second error check field relating to a
data field.

22, " A magnetic disk storage system according to
claim 17, wherein in the operation of reading data from
said data region, the output of an ID read error signal
is fixed to off,

23. A magnetic disk storage system according to
claim 17, wherein in the operation of reading data from
said data region, when an ID error signal is outputted,
the read operation is carried out in succession to read

forcedly data from said data region.



