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|

The present invention relates to a data recording disk, a disk drive device
@&d a nethod for witing servo patterns on a data recording surface of a
rotating data recording disk. [ 0002] [ Background art] A gi ant nagneto
resistive (GWR) head has been devel oped,.as a next generation read/wite
head of a hard disk drive device. The GVR head can generate an out put

signal which is larger than an output signal generated by a prior magneto
resistive (MR) head. The capability of "generating the |arge output signal
causes a reduction of a head width.of the GVR head. [ 0003] The GWR
head is fabricated by the fabrication process of the MR head, and hence a
head wi dth of the GVR head is determ ned by a tol erance of the fabrication
process of Theepksérdadinvientionaselmist thoar tata eedrdinyg disk.t ke ddekor MR

fi[ead i s 2[ ijrrz%rﬁl d%&{é‘é rdnd a me%:%@nﬁfeféﬂ Mritihe sasd wadt&:m; oinﬂ& %ahhegd i's
errlm an ol er e 0 e cald o 0 e ead is
[err]O. 4[ ﬁ? %t%ﬁs %I erré’r%%'gg ?#’a% %Fer;}]%m(ag¥ applied to both
the MR head and GWR head, the head width of the MR head is 2[err]m
0.4[err]m fbas2]s, the track width of -the MR head varies from1.6[err] m

to 2.4[err]m and a variance of the head width is 20% and the head wi dth

of the GWR head is 1] err%£1[err] O.4[err]m that is, the head width of the
G\R head vatPaekg5umdagFerrimto 1.4[err]m and a variance of the head

width is 40% In this manner, the variance of the head width of the MR head
is 20% whid gikhe u\éagrnleaecz?eém‘sttlba fead nedd maef nddie MR dpradak Sa 4Q%ewhi ch
I's larger tha neratgt)n O:iea:[J}%r&/Be m?éa‘agd of a hard disk drive device. The GMR
head can generate an output signal which is larger than an output
signal generated by a prior magneto resistive (MR) head. The
capability of génerating "the large output signal causes a
reduction of a head width of the GMR head. ' '

[00031]

The GMR head is fabricated by the fabrication process of the MR
head, and hence a head width of the GMR head is determined by a
tolerance of the . fabrication process of the MR head. It is
assumed that the head width of the prior MR head is 24u4m, (1iUm

= 10%m), the head width of the GMR head is 14m, and the
tolerance of the fabrication technology of the MR head is =%0.
4Um. Since the tolerance of the £0.44m is applied to both the
MR head and GMR head, the head width of the MR head is 2um =k
0.4#&1, that is, the track width of the MR head varies from 1.6/m
to 2.44m, and a variance of the head width is 20%, and the head
width of the GMR head is 1¢m % 0.4um, that is, the head width
of the GMR head varies from 0.64m to 1.4um, and a variance of
the head width is 40%. In this manner, the variance of the head
width of the MR head is 20%, while the variance of the head width
of the GMR head is 40% which is larger than that of the MR head.

[0004]



[ 0004] 3 An uniformtrack pitch is
ysed in the track arrangenent of the prior MR technology. A track pitch is
a di stance between a track center of one track and a track center of the
next track. [ 0005] If the uniformtrack pitch of the MR head is used
for the GWR head, the followng first problem as shown in the Fig. 1
occurs. As described above, the head wgdth of the GWR head varies from
O.6[errJmto 1.4[err]m For sinplifying. the description, three kinds of the
GWR heads 1, 2 agd -3 gre lschown in the-Fig. 1, .that is, the GWR head 1 has
the 1. 4[er}‘["m“ﬁ i GERCk PRtEVRLfutPd Hadhendrack] arFanganent Rfditke and
the GVR hegaisrh¥® tdwhioXjgy . pmtireek pitdthh isAaddidtmnder Bekwadntah okl |

t he .tracks apgd 3.ar ol QLI ' is the

| ar gest w cﬁkﬁt(%f ? eéﬁéﬂeﬂéegg, ang ;@Iﬁg&gnf %?erﬁ htég@%p%?%%%ﬂl}ged for all
the tracks. A gap is provided for separating the adjacent two tracks. And,
the center [@008he GVR heads 1, 2 and 3 are aligned to the track center of
each track, respectively. It is apparent that usel ess or waste space exists
bet ween the GWR heads 1 and 2, and between the GWR heads 2 and 3. [ 0006]
The fol | owitfy thec omd fprapltarrkcpiatshwpf nthe R diead ishaisedr for the GMR

head, the following first problem, as shown in the Fig.l occurs.
As described above, the head width of the GMR head varies from
0.64m to 1.44m. For simplifying the description, three kinds of
the GMR heads 1, 2 and 3 are shown in the Fig.l, that is, the GMR
head.I has the 1.4/4m head width, the GMR head 2 has the 1.0um
‘head width, and the GMR head 3 has the 0.64m head width. And,
the track width of all the tracks 1, 2 and 3 are the same width,
i.e. 1.44m, which is the largest width of the GMR head, and the
uniform track pitch is used for all the tracks. A gap is provided
for separating the adjacent two tracks. And, the center of the
GMR heads 1, 2 and 3 are aligned to the track center of each
track, respectively. It is apparent that useless or waste é?ace
exists between the GMR heads 1 and 2, andibetween the GMR heads
2 and 3.

{00061

The following second problem occurs with respect to the servo
patterns provided in the track. The servo patterns A and B are
" written to define the tracks, and read by the head to generate
a feedback signal which is supplied to a hard disk control
device. Tﬁe detail of the servo patterns A and B are shown in the’
Fig.4(B) and (C). The servo pattern A has alternately arranged
- opposite magnetization direction, and the servo pattern B has an
uniform magnetization direction. The hard disk control device
responds to the feedback signal to position the center of the
head on the track center. It is assumed that the GMR heads 1, 2
and 3 are shifted from the track center by a distance of 10% of



patterns provided in the track. The servo patterns A and B are witten to
define the tracks, and read by the head to generate a feedback signal which
is supplied to a hard disk control device. The detail of the servo patterns
A and B are shown in the Fig.4 (B) and (C). The servo pattern A has
alternately arranged opposite nmagnetization direction, and the servo
pattern B has an uni form nagneti zation direction. The hard di sk control

devi ce responds to the f eedback signal-to position the center of the head
on the trag#icenter I s_assuned .that the GVR heads 1, 2 and 3 are
shifted fr Wﬂm?r?rafk thenfayentiorlyi st ance of 10% of

4 [ Summary of the Invention] A data recording disk according to the
present inye S c [ an

ot a1 ecor i oo Facertgfl Meak SeckBrashg el Mlad Badieie EndaREESR!

data recorePFRFifeR ke dinste datat ragerding oFurfars Rrdca cﬁefqoélﬂs qlaban a
tra](c:k pi t che@drdilifcenk£data I’cﬂﬁ(ﬁadﬂtﬁgl.kﬁddﬁ&z othite aseepdvk dpiachecgedi ng
surface. gl at | C | t resent

i nvention ¢ é rlsesdétg '£§d6 %?%grgg%g! ggugkgcggéﬁ éﬂgggoﬁﬁcﬂﬁfhgg
recordi ng §’EH? are diffenst oo t?ﬁqlhétl'%% qfursdacent ddeba r vecevdimg

tracks of thgcks red ¢l aelceadr dhBg saddmliRigdisbkeiée from the nunber of data
recordi ng tracks of the second data recording

{0017]

A data recording disk according to the present invention
comprises a first data recording surface and a second data
recording surface, characterized in that the number of data
recording tracks of the first data recording surface differs from
the number of data recording tracks of the second data recording
surface, and the a gap width between the data recording tracks
of the first data recording surface differs from a gap width
between the data recording tracks of the second data reco}:ding
surface.

[0018]

A data recording disk according to the ptesent invention
comprises a first data recording surface and a second data
recording surface, characterized in that the number of data
recording tracks of the first data recording surface differs from
the number of data recording tracks of the second data recording
surface.

{0019]
A disk drive device according to the present invention comprises;

data recording surfaces on a rotating data recording disk, each



sgrfade, and the a gap width between the data recording tracks of the first
data recording surface differs froma gap wi dth between the data recording
tracks of- the second data recording surface. [ 0018] A data recording

di sk according to the present invention conprises a first data recording
surface and a second data recording surface, characterized in that the
nunber of data recording tracks of the first data recording surface differs
fromthe nunber of data recording tracksf the second data recordi ng

surface. [ 0019] A di sk drive device according to the present invention
conpri ses; data recording surfaces on a rotating data recording disk
each of the data recording surfaces is providednwight a ﬂ@@@/@pﬁge

surfaces ishgadyviasdd with a read/ wite head, and

characterized in that the number of data recording tracks of a
first data recording surface differs from the number of data
recording tracks of a second data recording surface, and the a
gap width between the data recording tracks of the first data
recording surface differs from a gap width between the data
recording tracks of the second data recording surface.

[0020]

All data recording tracks of the first data recording surface
have substantially the same track width, and all gaps of the

first data recording surface have substantially the same gap
width.

[0021]

All data recording tracks of the second data recording surface
have substantially the same track width, and all gaps of the
second data recording surface have substantially the same gap
width.

[0022]

Data is written in a direction £rom an outer most data recording
track to an inner most data recording track of the first data
recordiné'surface, then the data is written in a direction from
an outer most data recording ¢track to an inner most data
recording track of the second data recording surface.

[0023]

Addresses of data recording tracks are successively assigned from



charatterized in that the nunber of data recording tracks of a first data
riecordi ngr surface differs fromthe nunber of data recording tracks of a
second data recording surface, and the a gap wi dth between the data
recording tracks of the first data recording surface differs froma gap

wi dt h between the data recording tracks of the second data recording
surface. [ 0020] Al'l data recording _tEacks of the first data recording
surface have substantially the sanme track width, and all gaps of the first
data recording surface have substantially the same gap w dth. [ 0021]

Al data rel8r fIhF% r ¥eRE Sfetiherseesdttndataackcdicdi oy sinnlesc endmtyedata
subst ant i al ¥gcohdisgnerachchewittieh fiase aldtagarfeoriiihie saeegsd dahad ¢n

e
recordi ng Ssga t] ya.t.he ap w_dth. 0022 Data is
witten in ﬁa{ii??gspr?%%%g?nhg% %u J:erd""rrél%lstrzggﬁaigrr' c%rra(flg%ﬁft F}geclf'z‘l"létaﬂa‘r'ﬂner
nost data rEEGPEFHRS tFurfacss 16 eeklawed Byt an raskdedsnef sur bater ndsendhbe
data is witreeording traeictoOnthéOse8sndUiLta NBSdoXBNG REPhEL NIz Akt O

an inner no, ecordi t rack t he second data recordi ng surface.
[ 0023] Ad%lérlggggege%f&ga id" $econ |ﬁgg?rﬁ%‘f<%r 7Y SHEEBES| X8 PULSer§A¥alYr om

assigned from the outer most data recording track to an inner
most data recording track of the second data recording surface.

[0024]

A method according to the present invention for writing servo
patterns for defining a plurality of data recording tracks on a
rotating data recording disk by a read/write head contained in
a disk drive device, comprises steps of;

(a) positioning the read/write head at one position along a
radial direction of the rotating data recording disk,

(b) writing servo patterns on the rotating data recording disk
by the read/write head positioned at the one position,

(¢) reading the servo patterns by the read/write head positioned
at the one position to detect an amplitude of output signal
generated by the read/write head,

{d} moving the read/write head from the one position along the
radial direction,

{(e) reading the servo patterns by the read/write head moved from
the one position to detect that an amplitude of output signal
generated by the moved read/write head becomes 50-GW/2% of the
amplitude of output signal generated by the read/write head when
it is positioned at the one position (wherein the GW is a
predetermined gap width between the data recording tracks),



6 an outer npst data recording track to an inner nost data recording track
of the first data recording surface, and the address of the inner nost data
recording track of the first data recording surface is followed by an
address of an outer nost data recording track of the second data recording
surface, and the addresses on the second data recording surface are
successively assigned fromthe outer nogt data recording track to an inner
nost data recording track of the second data recording surface. [ 0024]

A met hod ac ' t : dJah i f Lid S at ns for
defining a S?LS%PP?%Q%Hﬂgﬁgégéég%fﬁi%ggéfg%ﬁsg%%%%£§%€%¥ﬁ%%%%5@6 %ééording
disk by a read/wite head contained in a disk drive device, conprises steps
of ; (a) pés) ovenlapping yreailing tke sextopatdrenposi thonotdtng datadi al
direction ofeddriingt alsNdbylaha €6 Rad/wiite hédd. Witing servo patterns
on the rotating data recording disk by the read/wite head positioned at
the one position, (c) reading the servo patterns by the read/wite head
posi ti oned &994He one position to detect an anplitude of output signal
generated by the read/wite head,

A method according to the present invention for writing servo
patterns for defining a plurality of data recording tracks on a
rotating data recording disk by a read/write head contained in
a disk drive device, comprises steps of;

{(a) specifying a gap width between adjacent data recording
tracks,

(b) writing servo patterns for defining a plurality of data
recording tracks separated by the specified gap width on the

rotating data recording disk by the read/write head,

{c) detecting that the total number of data recording tracks is
smaller than a predetermined number,

{(d) specifying an overlap width of adjacent data recording
tracks, and

(e} rewriting servo patterns for defining a plurality of data
recording tracks overlapped each other by the overlap width on
the rotating data recording disk by the read/write head,

the step (e) comprising steps ©f;

(i) positioning the read/write head at one position along a
radial direction of the rotating data recording disk,

(ii} rewriting the servo patterns on the rotating data recording



(d) nbving the read/wite head fromthe one position along the radi al

di rection, (e) reading the servo patterns by the read/wite head noved
fromthe one position to detect that an anplitude of output signal
generated by the noved read/wite head becones 50- GN 2% of the anplitude of
out put signal generated by the read/wite head when it is positioned at the
one position (wherein the GWis a predetgrm’ ned gap w dth between the data
recordi ng tracks), 7 (f) stopping
the read/wite head when the detection is nmade, and (g) overlappingly
witing thelisk by pabt pead/wenitdchaant poisigidatd secehdaliong gosktbyni he

st opped read/ wite head. [ 0025] A net-hod according to the present

i nvention far, witi ng servo patterns for defining a plurality of data
recording t sTERILNG dthe FRY*HLESR RATTCIPRGEETEX byy the r‘%%i‘d%ﬁrﬁt“é head

contai ned iposdtdiosieddatyehdeyne eposiarimr itpedlestepsanfampliftafespecotypag a
gap wi dth hatyesn Adk2qell A éhd Sl te head,

(iv) moving the read/write head from the one position along the
radial direction,

(v} reading the rewritten servo patterns by the read/write head
moved from the one position to detect that an amplitude of output
signal generated by the moved read/write head becomes 50+Y/2% of
the amplitude of output signal generated by the read/write head

when it is positioned at the one position (wherein the Y is the
overlap width),

(vi) stopping the movement of the read/write head when the
detection is made, and

(vii) rewriting the servo patterns on the rotating data recording
disk by the stopped read/write head stopped.

{00261

A method according to the present invention for writing servo
patterns for defining a plurality of data recording tracks on
each of a plurality of data recording surfaces on rotating data
recording disks by a read/write head provided on each of the
plurality of data recording surfaces contained is a disk drive
device, comprises steps of;

(a) specifying a gap width between adjacent data recording
tracks,

(b} writing servo patterns on a plurality of servo tracks for



tracks, (b) witing servo patterns for defining a plurality of data
récordi ng tracks separated by the specified gap width on the rotating data
recordi ng disk by the read/wite head, (c) detecting that the total
nunber of data recording tracks is smaller than a predeterm ned nunber,
(d) specifying an overlap w dth of adjacent data recording tracks, and

(e) rewiting servo patterns for defining a plurality of data recording
tracks overl apped each other by the ovePflap width on the rotating data
recording disk hy the read/wijte head the step (e). conprising_ steps of;
(i) positi oérlﬁ%r?ld“’t){’ﬂetggaﬁf\’/\fﬁ’e“hé’ dgakao??@%égvsieée%ﬁggw v the
direction ofredidied: agipg wiatth resoratiengdatak recogdihgr emrifacag Byheiser vo

patterns onrddd¥/wrqitat hBgqdata recording
8

(c) storing a count value indicating the number of servo tracks
written on the one data recording surface,

(d) repeating the steps (b) and (c) until the servo patterns are
written on all data recording surfaces,

(e} determining whether the total number of data recording tracks
written on the all data recording surfaces exceeds a
predetermined number, or not,

(£) specifying an overlap width of adjacent data recording
tracks, if the answer of the step (e} is NO,

{(g) finding the data recording surface containing the least
number of data recdrding tracks by determining the count values
of the all data recording surfaces, and

(h) rewriting the servo patterns for defining the plurality of
data recerding tracks overlapped each other by the overlap width
on the data recording surface found in the step (g) by its
read/write head,

the step (h) comprising steps of;

(i) posiﬁioning the read/write head at one position along =2
radial direction of the data recording surface,

(ii) rewriting servo patterns on the data recording surface by
the read/write head positioned at the one position,

(iii) reading the rewritten servo patterns by the read/write head



di sk by the read/wite head positioned at the one position, (iii) reading
tzhe rewitten servo patterns by the read/wite head positioned at the one
position to detect an anplitude of output signal generated by the

read/ wite head, (iv) noving the read/wite head fromthe one position

al ong the radial direction, (v) reading the rewitten servo patterns by
the read/ wite head noved fromthe one pd®ition to detect that an anplitude
of output signal generated by the noved read/wite head beconmes 50+Y/ 2% of

the anplityges Glond R4 thedBAL SENBEYEdodretBatLl sRMMSIiltadaead dligputt IS
positioned at the one positio erejn.the ;s the overlap wi dth), Vi
h 8_123[% P%%Wh ﬁw he, X, h I dt h) (vi)
st oppi ng t IRy RT3 € FTRHEFEHRRen the detection is nade,
and (vii) rewiting the servo patterns on the rotating data recording

di sk by theisf GRRAGY A vehbipwbeed rdLPFedm the| 882 6)ositAcehillong agker di ng
to the presecri\%aaftgi/_entlon for witing servo patterns for defining a
plurality o® "rr&?d:r"(?l“ng tracks on each of a plurality of data recording

surfaces on rotating data recording disks by a read/wite head provided on
each of theypl tesdidy e Jal2iEEERTSERD Pathacas BeNtwe Nathd/aracdi Bkadrive
ggrg_c?écg?gg{ﬁéiefsrosré %RZ grfu.;a posi :.o:slpgg IcIeytleré% @hgé‘ panwa%tpriggé%%no&gﬁggem
signal generated by the moved read/write head becomes 50+Y/2% of
the amplitude of output signal generated by the read/write head
when it is positioned at the one position (wherein the Y is the
overlap width),

(vi) stopping the movement of the read/write head when the
detection is made, and

(vii) rewriting the servo patterns on the data recording surface

by the stopped read/write head stopped.

[0027]

The total number of data recording tracks written on the all
data recording surfaces is determined by referring to the count
values of the all data recording surfaces.

{00281

A method according to the present invention for writing sexvo
patterns for defining a plurality of data recording tracks on
each of a plurality of data recording surfaces on rotating data
recording disks by a read/write head provided on each of the
plurality of data recording surfaces contained is a disk drive
device, comprises steps of;

(a) specifying a gap width between adjacent data recording



tracks, (b) witing servo patterns on a plurality of servo tracks for

9 defining the plurality of data recording tracks separated by the
specified gap width on one data recording surface by its read/ wite head,
(c) storing a count 'value indicating the nunber of servo tracks witten on
t he one data recording surface, (d) repeating the steps (b) and (c) until
the servo patterns are witten on all data recordi ng surfaces, (e)
determ ni ng whet her the total nunber ofidata recording tracks witten on
the all daggaéﬁgording surfaces exceeds a predeternm ned nunber, or not,

(f) specifying ah overlap width of adjacent data recording tracks, if the
answer of the step (e) is NG (g) finding the data recordi ng surface

containing ybe peasticHimRertnd saldywr-eear dbag htasks Bysfdeist ndndgy Lhe
count val u?‘ﬁd?&l té}.ere%ltlionagg gz?ec%aqzlangecszgzr' ﬁncgesshrggge,

(c) setting a count value of a counter to an initial value,

(d) writing servo patterns on the data recording surface by the
read/write head positioned at the one position,

(e) reading the servo patterns by the read/write head positioned
at the one position to detect an amplitude of output signal
generated by the read/write head,

(f) moving the read/write head from the one position along the
radial direction,

(g) reading the servo patterns by the read/write head moved from
the one position to detect that an amplitude of output signal
generated by the moved read/write head becomes 50-GW/2% of the
amplitude of output signal generated by the read/write head when
it is positioned at the one position (wherein the GW is the
specified gap width between the data recording tracks),

(h) stopping the read/write head when the detection is made,
(i} incrementing the count value,

{3) ovei:lappingly writing the servo patterns on the data
recording surface by the stopped read/write head,

(k) repeating the steps {(e) and {j) until the servo patterns are
entirely written on the one data recording surface,

(1) selecting next data recording surface and repeating the



(h) rewiting the servo patterns for defining the plurality of data
fecording tracks overlapped each other by the overlap width on the data

recordi ng surface found in the step (g) by its read/ wite head, the step
(h) conprising steps of; (i) positioning the read/wite head at one
position along a radial direction of the data recording surface, (i)

rewiting servo patterns on the data recording surface by the read/wite
head positioned at the one position, 2iii) reading the rewitten servo

patterns by the read/wite head 10
posi ti oned sa;@ptshqbpnghp‘g@%ﬁiﬁnlto detect an anplitude of output signal
generated by the read/ wite head, (iv) nmoving the read/wite head from
the one position along the radial direction, (v) reading the rewitten

servo patter®m bietdmindag/ whdthelteatherovetal r pumbére ofie qatai traoddiniet ect
that an anplddcude i «QdhPWn the all data recording surfaces exceeds a

predetermined number, or not,

(n) specifying an overlap width of adjacent data recording
tracks, if the answer of the step (m) is WO,

(¢} finding the data recording surface containing the least
number of data recording tracks by determining the count values
of the all data recording surfaces, and

{(p) rewriting the servec patterns for defining the plurality of
data recording tracks overlapped each other by the overlap width
on the data recording surface found in the step (o) by its
read/write head,

the step (p) comprising steps of;

(i) positioning the read/write head at one position along a
radial direction of the data recording surface,

(ii)}) rewriting servo patterns on the data recording surface by
the read/write head positioned at the one position,

(iii) reading the rewritten serve patterns by the read/write
head positioned at the one position to detect an amplitude of
output signal generated by the read/write head,

(iv) moving the read/write head from the one position along the
radial direction,

(v) reading the rewritten servo patterns by the read/write head
moved £rom the one position to detect that an amplitude of output



signal generated by the noved read/wite head becones 50+Y/ 2% of the
anpl i tude of output signal generated by the read/wite head when it is

posi ti oned

at the one position (wherein the Y is the overlap wdth),

(vi)

stoppi ng the novenent of the read/wite head when the detection is nade,

and (vii)
t he stopped
recording t
by referrin
[ 0028]

plurality o
a read/ writ

rewiting the servo patterns on the data recording surface

by'

read/ wite head stopped. [6627] The total nunber of data
racks witten on the all data recording surfaces is determ ned

g to the count values of the all data recordi ng surfaces.

Aigrab @bme@ Bg £ %@ear EéﬁiﬁwﬂlQ!eﬁ@al@ '%et:gfne o4y yS4SGEVO

patterns fo rallt a reco . .each of a
?’ g Mr%‘g’o‘%dl ng°§ﬁ?‘f’gc FSP?{??{\%A g’gt &g‘e ’F%"c‘?/r’]'ﬁ’ﬁ& &rads py
¥haRadt pkdnaridionedast Wfe time popiticu | (Wiepéimathe Yedar dhag
bvarDgef widsh)di sk drive devi ce, conprises steps of; (a)

surfaces co
speci fyi ng

a gap width between adjacent data recording

(vi) stopping the movement of the read/write head when the
detection is made, and '

(vii) rewriting the servo patterns on the data recording surface
by the stopped read/write head stopped.

[0029]

The total number of data recording tracks written on the all
data recording surfaces is determined by referring to the count
values of the all data recording surfaces,

[0030]
[Description of Embodiment]

The Fig.2 shows three magnetic recording disks 5A, 5B and 5C
contained in a hard disk drive device. The three disks are shown
as one example, and more disks can be contained in the hard disk
drive device.

{0031]

An upper surface and a lower surface of each disk are used as the
data recording surface, and hence the three magnetic recording
disks 5A, 5B and 5C provide the data recording surfaces #1
through #6. The density of the data recording tracks in the
radial direction of the disk is called as TPI (Tracks Per Inch),
and the data density along the circular data recording track is
called as BPI (Bits Per Inch). One data read/write head is



11 tracks, (b) positioning the read/ wite head at one position along a
rradi al direction of one data recording surface, (c) setting a count val ue
of a counter to an initial value, (d) witing servo patterns on the data
recording surface by the read/wite head positioned at the one position,
(e) reading the servo patterns by the read/wite head positioned at the one
position to detect an anplitude of output signal generated by the

read/ wite head, (f) nmoving the read/wite head fromthe one position

al ong the radial direction, (g) reading the servo patterns by the

read/ wite head noved fromthe one position to detect that an anplitude of
out put signal generated by the noved read/wite head becomes 50- GV 2% of
the anpl i tu&’é°gf' dedt frx efdcindrtacrecending purface edkl whet exdigdarpheasé | | s

posi tioned &het &ix oawcaaaﬁau/em(k:m:msﬂ drléep Miﬁed h%gsggg%%w Prlﬁltag?ﬁ X‘%Q when

ra e eor BB ECRRALEY, bR o RhsBAREL 0 e LA o
front end of a head supporting arm. The comblnatlon of the head
and the slider assembly is called as a head/slider assembly.
Since the head/slider assembly and the head supporting arm are
well known in the art, these are not shown in the Fig.2. fThe
rear ends of the six head supporting arms are fixed each other,
and are pivotally mounted on a frame of the hard disk drive
device. The six head supporting arms are rotated at the pivot
point by a voice coil motor to move the read/write heads along
the radial direction of the data recording surfaces.

[0032]

In the prior hard disk drive device, the number of data recording
tracks of each of the six data recording surfaces are the same,
and the same track pitch is used. Accordingly, when the
read/write head of the data recording surface #1 is positioned
at the data recording track "X", e.g. the Xth track from an outer
most data recording track or an inner most data recording track,
the remaining all read/write heads of the data recording surfaces
#2 through #6 are positioned at the same data recording tracks
"X" of the data recording surfaces #2 through #6, as the data
recording track "X" of the surface #1, as shown by a dashed lines
in the Fig.2. The six data recording tracks "X" are called as one
data cylinder, and the data are simultaneocusly read from or write
into one data cylinder.

[0033]

The present invention does not use the concept of such data
cylinder, as being apparent from the description hereinafter.

[0034]



(j) overlappingly witing the servo patterns on the data recording surface
by the stopped read/ wite head, (k) repeating the steps (e) and (j) until
the servo patterns are entirely witten on the one data recording surface,
(1) selecting next data recording surface and repeating the

12 steps (b) through (k), (m determ'ning whet her the total nunber of
data recording tracks witten on the all data recording surfaces exceeds a
pr edet er mi ned nunber, or not, (n) speci115yi ng an overlap wi dth of adjacent
data recording tracks, if the answer of the step (m is NQO (o) finding

the Eatg reOFdgNg smdsztvs;]t@e bLe&kad D qiehri RE hﬁaﬁlm&i&erc&ftaiaba iﬂCﬂ{e?i ng
tracks by ,deter ng.ihe count valu tare sur f aces,
and  (p) hrg"tvidfl In (?ﬂe 5ef V5 Pan %rgé ?élé 1 ?‘Jfﬁ n‘gg %} |‘T%S/ € data
recor di ng ﬂtafga@wscwefspaﬁpw digdh Soendr thy Y‘Pﬂeceb@eil aIBOWIdt(NCM) 11 are

controlled by a VCM/spindle driver 14. Only one magnetic
recording disk 5 is shown for simplifying the drawing. The
read/write circuit 12 is connected to a hard disk control circuit
15, which is also connected to the VCM/spindle driver 14. 2
memory 17 for storing data and control data is connected to the
circuit 15 and a main control circuit or MPU 16, which controls
the VCM/spindle driver 14, the hard disk control circuit 15 and
the memory 17. The read/write head is mounted on a slider, these
are called as a head/slider assembly 7. The head/slider assembly
7 is mounted on the front end of a supporting arm 4. And, the
rear end of the supporting arm 4 is pivotally mounted on the
frame of the hard disk drive device.

[0035]

An inner crash stop 18 is mounted on the frame to engage the head
supporting arm 4 to position the head on an inner most data
recording track, and an outer crash stop 19 is mounted on the
frame to engage the head supporting arm 4 to position the head
on an outer most data recording track.

{0036}

The Fig.4(A) shows one magnetic recording hard disk 5. The
recording surface 8 is divided into a plurality of sectors, and
the servd patterns are written in portions 6. The circular data
recording tracks 9 are defined by the servo patterns. For
simplifying the drawing, only two tracks 9, i.e. the inner most
track and the outer most track and four portions 6 are shown in
the Fig.4d. '

{00371



on the data recording surface found in the step (0) by its read/wite head,
tsthe step (p) conprising steps of; (i) positioning the read/wite head at
one position along a radial direction of the data recording surface, (1)
rewiting servo patterns on the data recording surface by the read/wite
head positioned at the one position, (iii) reading the rewitten servo
patterns by the read/wite head positioned at the one position to detect an
anpl i tude of output signal generated ¥y the read/wite head, (iv) noving
the read/wite head fromthe one position along the radial dlrectlon

(v) readi ngtAheFi@uf (B) ephews van panlarsed poxtion e/ vie t datre arkaundisiaf r om

the one post:tamtﬁ)ldahaCT#ZLf'aid aﬂh@”&éﬁ?&d a@éeﬂu{jpﬂt and B 61‘ & Servo
b 1ol IO SCha R s AR M Bl B GBS AT L
as s own :.n the Fig.4(B) and read by the read/wr:.te head

to.generate a feedback signal which is supplied to the hard disk
control device 15. The detail of the servo patters A and B are
shown in the Fig.4(C). The servo pattern A has alternately
arranged opposite magnetization direction, and the servo pattern
B has an uniform DC magnetization direction. The hard disk
contreol device 15 responds to the feedback signal to position the
center of the head on the track center TC.

{0038]

The present invention removes the large useless or waste spaces
between the GMR head on the data recording surface in the prior
track arrangement using the same track width, as described with
reference to the Fig.l. It is assumed that (A) the hard disk
drive device includes six data recording surfaces #1 through #6,
as shown in the Fig.2, (B) the read/write head #1 reads or writes
the data on the surface #1, the read/write head #2 reads or
writes the data on the surface #2, the read/write head #3 reads
or writes the data on the surface #3, and the read/write head #4
through #6 reads or writes the data on the data recording
surfaces #4 through #6, respectivélyl (C) the heads have the head
width sheown in the following TABLE 1, and (D) the heads #1
through #6 and the sliders are mounted on the six supporting
arms, respectively, and the rear ends of the six supporting arms
are fixed each other, and pivotally mounted on the frame.

[00391]

TABLE 1
HEAD HEAD WIDTH
Head #1 of surface #1 1.04m



when it
wi dt h),

I's positioned at the one position (wherein the Y is the overlap
(vi) stopping the novenent of the read/ wite head when the

detection is made, and (vii) rewiting the servo patterns on the data
recording surface by the stopped read/wite head stopped. [ 0029] The
total nunber of data recording tracks witten on the all data recording
surfaces is determned by referring to the count values of the all data
recordi ng surfaces. [ 0030] [ Descri ptidn of Enbodi nment] The Fig.2
shows three nagnetic recording di sks 5A, 5B and 5C contained in a hard disk

drive device. T%g@r@e&y §lé§f§gzg $Hhown ag gr)ﬁrexarrpl e, and nore disks c
e.

rirve devic 0031] An upper surface

be contained in %EP Q%h
surface ofi skrfree #3d as #hdMmta recording surface, and
hence the three Bemghditd ofr soefdcadgidi sks 3ApAB and 5C provide the data

recording surfagRgdhst Igrfogggfgg "{@e dengi % Lf the data recording trac

a | ower

in the radial direction

S caIIe as TPl (Tracks Per Inch),

the data densit Fe2%H§ PﬁesBFFEE? 6 data Redéi®ing track is

The head width represents the dimension along the redial
direction of the data recording surface.

[0040]

It is noted that, in the prior cylinder type hard disk drive

. device, the number of data recording tracks of all the data

recording surfaces are the same. In contradistinction, in the
present invention, the number of data recording tracks of one
data recording surface, such as the surface #1 differs from the
number of data recording tracks of another data recording
surface, such as the surface #2, and the a gap width between the
data recording tracks of one data recording surface differs from
a gap width between the data recording tracks of another data
recording surface,

[0041]

All data recording tracks of the first data recording surface
have substantially the same track width, and all gaps of the
first data recording surface have substantially the same gap

" width.

[0042]

All data recoxrding tracks of the second data recording surface
have substantially the same track width, and all gaps of the

second data recording surface have substantially the same gap
width.

an
and

ks
and



called as BPI (Bits Per Inch). One data read/wite head is

14 provi ded for each data recording surface. In the exenplary case, the
six data read/wite heads are provided. Each data read/wite head is
nounted on a slider assenbly, which is mounted on the front end of a head
supporting arm The conbination of the head and the slider assenbly is

call ed as a head/slider assenbly. Since the head/slider assenbly and the
head supporting armare well known in the art, these are not shown in the
Fig.2. The rear ends of the six head pporting arns are fixed each ot her,
and are piiﬁﬁgéjy nounted on a frame of the hard disk drive device. The six
head support{ing arns are rotated at the pivot point by a voice coil notor
to nove the read/wite heads along the radial direction of the data

recording ensf3qes. 10 [R&B21 shdwt he RibEr hakd dsKedbi v . e
nunber of data g%ordLn trackg o? each of theréix dafaére ordi ng su%?aces

are the saftfg®® G &8 dher RERSERE cHRTRR YRy anfc ABLRIFAGRYS theougined
read/ w it eshewdticf opkeatitm foar endithngsthd axervblpatteoss tA anddBasn t &g dat a

recordi ng hegkredbrdifigdsubbfedily WAGY gEgn}@%Ff%§f¥é 7R3k data recording

track or an inner nost "data recording track, the remaining all read/wite
heads of the data recordi ng surfaces #2 through #6 are positioned at the
sane data i88&4Hing tracks "X' of the data recording surfaces #2 through
#6, as the data
The operation starts in a block 31 in the Fig.10. The operation
proceeds to a block 32 in which the MPU 16 selects the first data
recording surface #l. During the operation for writing the servo
patterns on the first data recording surface #1, only the head
#1 is activated or operated, and the remaining heads #2 through
#6 are not operated.

[0045]

The operation proceeds to a block 33 in which the MPU 16 and the
VCM/spindle driver 14 move the head supporting arm 4 by applying
a drive current to the VCM 11 until the arm 4 is stopped by the
inner crash stop 18, so that the head #l1 is positioned at the
reference position P1, i.e. the inner most data recording track.

[0046]

The operation proceeds to a block 34 in which a servo track
number N is set to 1. The operation proceeds to a block 35 in
which the servo pattern is written on the serwvo track number N.
In the operation of the block 35, the head #l1 is positioned at
the position Pl, as shown in the Fig.5. That is, the servo
patterns A and B are written in the data recording surface #1,
and in this case the head #1 for the surface #1 has the head
width BW of 1.0um.
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recording track "X' of the surface #1, as shown by a dashed lines in the
Fi'g. 2. The six data recording tracks "X" are called as one data cylinder,
and the data are sinultaneously read fromor wite into one data cylinder.
[ 0033] The present invention does not use the concept of such data
cylinder, as being apparent fromthe description hereinafter. [ 0034]

15 The Fig.3 shows a bl ock diagramof the circuits contained in the hard
di sk drive device. A spindle notor 13 fi& rotating the magnetic recording
disk 5 and the voice coil notor (VCM 11 are controlled by a VCM spindl e
driver 14. OlP94Bhe magnetic recording disk 5 is shown for sinplifying the
drawi ng. The read/wite circuit 12 is connected to a hard disk control

circuit 15, whi Eﬁ'e'lﬁxgalsso C?&Eﬁ&%%dpié i%c\é% Séj'ééqwr ‘Uﬁ thb ﬂeAad ?lmam)ry
17 for storlqg %ﬂf qu con atg%ls .connected t flrgg and a
mai n control “CFPERf 12 hﬁP@°f6 108 COIR 5Lt Ry t\?ﬁﬂ/fs %l"’\F@r 14,
the hard di skegerdadlingitheuserves tangkt Hb. r‘F‘é’rrHFthWheTH%rWOea’GFMmtseAﬁead S
nmount ed on aaahld&n,thbe&eaafﬁriﬁﬂIéﬁkdﬁita1head/&medeﬁgassswﬁﬂgé§7tﬁghe
head/ slhl der %&%QQPA% fg%aﬂwet %ﬁeOReLQeﬁire@twﬂ@ lQ:fhea pRHOARAY b, NG ™ 4.
And, " the rear, epg of, Che SURRCLTLAG, 4y B VRt abThhuigd g 1

simplifying the drawing, only two servo patterns are shown,
[0048]

The operation proceeds to a block 35A in which the head #1 is
stopped at the position Pl, and reads the servo patterns Al and
Bl, and an amplitude of an output signal of the head #1 is
detected by the MPU 16 and stored in the memory 17.

[0049]

The operation proceeds to a block 36 in which the head #1 is
moved from the position Pl toward the outer most position, and
during this movement, an amplitude of the output signal from the
head #1 reading the servo patterns Al and Bl is measured by the
MPU 16.

{00501

The operation proceeds to a block 37 in which the MPU 16
determines whether an amplitude of the output signal is decreased
to a value of (50 - GW/2%) of the amplitude (100%) measured in
the block 357, or not. The wvalue 100% indicates the £full
amplitude of the output signal when the head #1 fully overlaps
on the servo patterns Al and Bl in the block 35A. The GW is a
width of the gap between the data recording tracks.



frame® of the hard disk drive devi ce. [ 0035] An inner crash stop 18 is
nounted on the frane to engage the head supporting arm4 to position the
head on an inner nost data recording track, and an outer crash stop 19 is
nounted on the frane to engage the head supporting arm4 to position the
head on an outer nost data recording track. [ 0036] The Fig.4(A) shows
one magnetic recording hard disk 5. The recording surface 8 is divided into
a plurality of sectors, and the servo pa&%erns are witten in portions 6.
The circular data recording tracks 9 are“defined by the servo patterns. For
si nplifyingigosajdrawi ng, only two tracks 9, i.e. the inner nost track and
the outer nost track and four portions 6 are shown in the Fig.A4. [ 0037]
16 The Fig.4(B) shows an enlarged portion of the data recording tracks #1
and #2 and ¥th&hdsr epbpditments thandidih The ofeithe gapt £5 nseYedtd Boalnds
witten or geaded@daliowdabhNnt NS LEREKSeHE! decrease of the amplitude of
the output signal to the value (50 - GW/2%), i.e. (50 - 5%)= 45%
indicates that the 1.0f4m head #1 is moved by the distance D =
(BW + GW)/2 = 0.054m from the position Pl, as shown in the
Fig.12.

[0052]

If the answer of the block 37 is NO, the operation proceeds to
a block 38 in which the MPU 16 determines whether the head
reaches the outer crash stop 19. If the answer of the block 38
is YES, the operation proceeds to a block 43 in the Fig.11l. If
the answer of the block 38 is NO, the operation returns back to
the block 36. If the answer of the block 37 is YES, it indicates
the head #1 is moved to a position P2 shown in the Fig.6. The
operation proceeds to a block 39 in the Fig.ll in which the
movement of the head #1 is stopped at the position P2.

[0053]

The operation proceeds to a block 40 in which the servo track
number is incremented to N+1. The operation proceeds to a block
41 in which the head #1 stopped at the position P2, as shown in
the Fig.6, overlappingly writes the servo patterns A2 and B2 on
the servo patterns Al and Bl, respectively. It is apparent that
the distance between the top edge of the servo patterns Al and
Bl and the position PIC is HW/2, i.e. 0.54m and the distance
between the position P1C and the top edge of the servo patterns
A2 and B2 is GW/2, which is 5% of the head width HW, i.e.
0.054m.

[0054]



and #2, as shown in the Fig.4(B) and read by the read/wite head to
generate a feedback signal which is supplied to the hard di sk control
device 15. The detail of the servo patters A and B are shown in the
Fig.4(C). The servo pattern A has alternately arranged opposite

magneti zation direction, and the servo pattern B has an uniform DC

magneti zation direction. The hard disk control device 15 responds to the

f eedback signal to position the center og1the head on the track center TC.
[ 0038] The present invention renoves the |arge usel ess or waste spaces
bet ween the GWR head on the data recording surface in the prior track
arrangenent Ths ngpeétmtisaneptocmddsni toha ablelschRbeidr wivhick ethee™MRU t 36t he

Fig 1. 1t if@saifRd $i@indAknbnRupsdd »ﬂusksdé @L%Vbieléf&‘éﬂl%%ns'tﬁedata
recordi ng surfaces #] through #6 s shogwn in read/ wite

head #1 read®reSetRrmined max The*sTFTH é:r#fﬁst ﬁéiqheﬁéléd}ﬁoe SREYY #2
reads or wittmsekishe @kat aobtn (ife the f awswe®?, of hecheedollawk t €2 hdad M3, r ¢hds or

wites the QQEﬁaQﬂohh%e%HELQC@o# heaﬂioEﬁe3Sﬁadéﬁﬁ|Eﬁeh g@rgﬂiéﬁrgﬁggth

reads or writ he data recording surfaces #4 through #6,
respectivel Yl "("(’5)s ?ﬁé ﬁ’éﬁ%l‘égmaﬁ?e 1sh&eRBAEENi dth shown in the fol | owi ng
TABLE 1, and (D) the heads #1 through #6 and the sliders are nounted on the

Si X supporti respectively, and the rear ends of the six supporting
arns are fixe each ot her, and pivotally nounted on the frane. [ 0039]
TABLE 1 HEAD HEAD W DTH Head #1 of surface #1

1.0[err]m The Figs. 7 through 9 shows the servo patterns recorded in this
repeated operation. In the Fig.7, the head #l1 is moved by the
distance D = (HW + GW) /2 from the position P2 to the position P3.
At the position P3, the head #1 overlappingly writes the servo
patterns B3 and A3 on the servo patterns A2 and B2, respectively.
It is apparent that the lower portion of the servo pattern A2 is
replaced by the servo pattern B3, and the lower portion of the
servo pattern B2 is replaced by the servo pattern A3. In the
Fig.8, the head #1 is moved by the distance D = (HW + GW)/2 from
the position P3 to the position P4. At the position P4, the head
#1 overlappingly writes the servo patterns B4 and A4 on the servo
patterns B3 and A3, respectively. In the Fig.9, the head #1 is
moved by the distance D = (HW + GW) /2 from the position P4 to the
position P5. At the position P5, the head $#1 overlappingly writes
the servo patterns A5 and BS5 on the servo patterns B4 and A4,
respectively. It is apparent that the lower portion of the servo
pattern B4 is replaced by the servo pattern AS, and the lower
" portion of the servo pattern A4 is replaced by the servo pattern
B5.

[0056]

In this manner, the head #1 is repeatedly moved by the distance
D = (HW + GW)/2 towards the outer most position on the data
recording surface, and at each position, the head #1 writes the
new servo patterns. When the head #1 has written the sufficient



A7 Head #2 of surface #2 0.6[err]m Head #3 of surface #3

1. 4gm Head #4 of surface #4 1.0[err]m Head #5 of surface #5
0.6[err]m Head #6 of surface #6 1.4[err]m The head w dth
represents the dinension along the redial direction of the data recording
surf ace. [ 0040] It is noted that, in the prior cylinder type hard disk
drive device, the nunber of data recording tracks of all the data recording
surfaces are the same. In contradistinctdzon, in the present invention, the
nunber of data recording tracks of one data recording surface, such as the

surface #1 glifde Sof r@gw&etfamerasoflﬁﬁ@aaeacggd'ag LAsks aksanel hgl, data
recordi ng rf ce sgﬁh as the surface ? he a gap between the
data recor Lirf’gc AZek ERSroRRRA o Pﬁc‘tﬁﬂﬂfbgéﬁ‘reféegﬂlﬂaf%nf‘}‘o?ﬁ B o8

wi dt h bet wetdre t fitrsiat datacecedbrditg asksfate afidt Her caipdetedor di rtgnﬁu:refrace
0041 Al f t d h
[0041] écrppgﬁerdeﬁﬂrawsxa&ﬁagkﬁg 34}%3 hié&uf’@‘fl% bE KLl S#, ne¥el Nave

substantially the sane track gaps o r
recordi ng STAFHEE ﬂ§v€°§ﬁﬁ§tﬁﬁﬁl%HW%F%Iﬂ§ $hpemeugreitdaf. the bepd by the

distance D = (HW + GW)/2 in the radial direction, and count value
is stored in the memory 17, whereby the main control circuit 16
knows the number of servo tracks written on the surface by
referring to the count values in the counter.

{0057]

Referring to the Fig.9 again, during the read/write operation,
the head #1 senses the servo patterns A and B to supply the
feedback signal to the hard disk control circuit 15 through the
read/write circuit 12 shown in the Fig.3. The hard disk control
circuit 15 responds to the feedback signal to control the
VCM/spindie driver 14, so that the VCM 11 moves the supporting
arm-4 to align the center of the head #1 at the boundary of the
patterns A2 and B2 and the patterns B3 and A3. This boundary is
called as the track center TC, TCl in this case , and the data
recording track #l1 is defined when the data recording disk is
rotated in the read/write operation. The width of the data
recording track is equal to the head width HW of the head #1,in
this case 1.04#m. Explaining the track center TCl of the data
recording track #1 and the track center TC2 of the data recording
track #2, the distance between the TCl and the TC2 is equal to
2D = HW + GW, in other words, the gap GW which is 10% of the head
width HW exists between the data recording track #1 and the data
recording track #2.

[0058]

The operation proceeds to a block 43 in which the MPU 16
determines whether the servo patterns have been written on all



; Al'l "data

recording tracks of the second data recording surface have

ssubstantially the sanme track width, and all gaps of the second data
recordi ng surface have substantially the same gap w dt'h.

[ 0043]

The Figs.10 and 11 show a flow chart of the operation in

accordance with the present invention and the Figs.5 through 9 show t
operation for witing the servo patterns A and B on one data recording
surface by using its read/wite head. 23 [ 0044] The operation starts
block 31 in the Fig.10. The operation proceeds to a block 32 in which the

MPU 16 setketredor@ihll Shrfddas r%omtngmwﬁ@aas#ér &SHinIbL 88K aperal | on

for witi
t he head

- 80 B e, Pl 0 8, Plant Bet M oe 18K 75,

are not opelegtsdthe pegfead #2. The operation returns to the block 33,

and the operation of the blocks 33 through 43 is repeated to
write the servo patterns A and B on the remaining data recording
surfaces #2 through #6 in the manner as described above. In these
repeated operation, the servo patterns are written on the second
data recording surface #2 by using the second head #2 of the head
width of 0.64m. During the operation for writing the servo
patterns on the second data recording surface #2, only the head
#2 is activated or operated, and the remaining heads #1, and #3
through #6 are not operated. It is apparent that the head width
HW of the head #2, i.e. the width of the data recording track,
is 0.6/Mm, and the.gap width GW is 10%, i.e. 0.064m. When the
servo patterns are written on the third data recording surface
#3 by using the third head #3 of the head width of 1.4um, only
the head #3 is activated or operated, and the remaining heads #1,
#2 and #4 through #6 are not operated. The width of the data
recording track ié 1.44m and the gap width is 10%, i.e. 0.144m.
The fact that the servo patterns have been-written on all the
recording surfaces #1 through #6 is indicated by the answer YES
of the block 43. The data recording surfaces #l1 through #6 have
the following data track width and the gap width, as shown in the
TABLE 2. The track pitch of the adjacent data tracks of the data

recording surfaces #1 (#4), #2 (#5) and #3 (#6) differs from each
other.

[0059]
TABLE 2
HEAD AND SURFACES DATA RECORDING GAP WIDTH (10%
of EW)
TRACK WIDTH
'Head #1 of surface #1 1.04m 0.1ym

Head #2 of surface #2 0.64m 0.06m

he

in a

only
ugh #6



Thesoperation proceeds to a block 33 in which the MPU 16 and t he

* VCM spindl e driver 14 nove the head supporting arm4 by applying a drive
“current to the VCM 11 until the arm4 is stopped by the inner crash stop
18, so that the head #1 is positioned at the reference position P1, i.e.
the inner nost data recording track. [ 0046] The operation proceeds to a
bl ock 34 in which a servo track nunmber Nyjs set to 1. The operation
proceeds to a block 35 in which the servo pattern is witten on the servo
track nunber N. In the operation of the block 35, the head #1 is positioned
at the positionEfad &% ehanriacet K8 Fig. 5L-4M@t is, the servB-phtimerns A

and B are wittpeadngd her dalrFacecgredi ng surdage #1, and in tpisugase the

head #1 for the face #1 h t hg_head w HWof 1.0 [err

19 [0047] Inﬂtg%{é %lgg(?fg,su a‘%&?i ?Pon Pl\éﬁ'ldérf!c?illncat es a center g?sf‘t‘fé head #1
| ocated at the Beadt¥#orefisurfiacesébvo patt4#® Al and Bl arelOsdéémied in
the servo tragkiid heb@ WiltR Bdborky %0dea] i auibeAlME Bhe tARHLRY Whit €

Wite the pREEPRS S s iHRst e PR cPHSC AR BRaPE 1 B MBPnEac AR ofiri FB he

pattern B. Furfacepl#3yand #hdameakhagsmahlest wemberveof peracksnshane thhown.
of the remaining tracks, and the surfaces #3 and-#6 have the
widest gaps. This means that the data capacity of the data
recording surfaces #3 and #6 is smaller than that -of the
remaining surfaces. As described before, the main control circuit

16 stores the number of servo tracks on the surfaces #1 through
'#6. In the next step, the operation proceeds to a block 45 in
which the MPU 16 determines the total number of data recording
tracks (N1) on all the data recording surfaces #1 through #6
based upon the count values, i.e. the total number of the servo
tracks (N2) on the data recording surfaces #1 through #6. In this

determination, the following expression is used.
[0060]

Nl = N2/2 -~ 1

The operation proceeds to a block 46 in which the MPU 16
determines whether the total number Nl is equal to or larger thamn
a predetermined number "X", or not. If the answer of the block
46 is YES, the operation proceeds to a block 48 in which the
operation is terminated. If the answer of the block 46 is NO, the
MPU 16 starts the following operation for rewriting the servo
patterns which causes the adjacent data recording tracks to
overlap each other, as shown in the Figs.13 and 14.

{00611

Referring to the Figs.13 and 14, the operation starts in a block
51. The operation proceeds to a block 52 in which the MPU 16



[;-0048’] The operation proceeds to a block 35A in which the head #1 is
st opped at the position Pl, and reads the servo patterns Al and Bl, and an
anplitude of an output signal of the head #1 is detected by the MPU 16 and

stored in the nenory 17. [ 0049] The operation proceeds to a block 36 in
whi ch the head #1 is noved fromthe position Pl toward the outer nost
position, and during this novenent, an | -tude of the output signal from

t he head #1 readi ng the servo patterns Al and Bl is measured by the MPU 16.

[ 0050] mgg-u@ég qzloor%@g%n fnd Plpﬁ&eﬁanw &h }%ﬂeg gfyf'in%

det er mi nes fher an arfp ut si

val ue of (5812 e¥esigPoVitHe Sﬁpl'-ih@ucﬂéijefeﬁ% %aseﬁ—sarqiwq heratsfok BSA, or
not. The vaFokRld@% i ndi cates the full anplitude of the output signal when
the head #1 fully overlaps on the servo patterns Al and Bl in the bl ock
35A. The G\/\%Osszalwi dth of the gap between the data recording tracks.

Overlap width = Head width (HW} x Y (%)

The ¥=0 indicates that the overlap width of the adjacent data
recording tracks #1 and #2 is zero, and the gap between the data
recording tracks #1 and #2 is =zero (GW=0), as shown in the
Fig.15(A), in other words, the servo patterns A and B are
rewritten to form or define the data recording tracks #l1 and #2
adjacent each other without any overlap and any gap, as shown in
the Fig.15(2).

{00631

The reason for specifying the value ¥=0 at first in the block 52
is that the data recording tracks in the data recording surface
containing the least number of servo tracks, and hence the least
number of data recording tracks, have the widest track width, so
that a probability of occurrence of error and a probability of
decrease of 8/N ratio is considered to be low in the widest data
track, even if the gap width between the data recording tracks
is decreased to zero, and further a portion of edges of the
adjacent data recording tracks are overlapped each other.

{00641

The operation proceeds to a block 53 in which the MPU 16 selects
the head of the data recording surface which contains the least
number of servo tracks. As described before, the MPU 16 keeps the
number of servo tracks written in each data recording surface #1
through #6 in the counters, and the MPU 16 can select the data
recording surface which contains the least number of servo



20 [0D051] In this enbodiment, the width GWNof the gap is selected to 10%
of the head wwdth HW so that the decrease of the anplitude of the output
signal to the value (50 - GW2%, i.e. (50 - 5% = 45% i ndicates that the
1.0[err]mhead #1 is noved by the distance D= (HW+ GN/2 = 0.05 [err]m
fromthe position P1, as shown in the Fig.12. [ 0052] I f the answer of
the bl ock 37 is NO the operation proceeds to a block 38 in which the MPU
16 deterni nes whet her the head reaches th& outer crash stop 19. If the
answer of the block 38 is YES, the operatlon proceeds to a block 43 in the

Fig. 11. If tdieckasWeduddf éé"etlfé Oﬁgta’BB %@r at#JBOI’l il Lng%e %k to

the block 36. |If the answer i cat

#1 i s noved 59K BSSF?l%r]PleksﬁﬁvﬂrP F”H"Fhe“?# d“?@d #‘%e"%ﬁ%‘ﬁaﬁ?% necexdéng to
a bl ock 39 isunfaeeF#y. i moveditch thee rofeeorsd misittienhent #d ﬂoﬂ:eat ¢Rpped at

the positionue opertl3ad] or LHE BREERL! OF PHASEAISY &R RhACKAAQ LD WRLCh

the servo track nunber Is I ncrenente operation procee S

bl ock 41 in %réﬁlf’ﬁeqﬁeéhe#?lg?ﬁ)pﬁj througd A8seheem 2, the EigswdOi andhe
Fi g. 6, overlldppiemgbptwthdesin thesblock [58,t ahasdit@ivbk BZ @he tifittresRnOof
atterns Al S [ J paLeph t t tan bet ween

ltohe top edge‘f’H(}:'d ht%éi ?gr ?g&tnaﬁ?%r Oé%l& ?i % Btz Bﬁ% Qﬁe dézs P%g'i gnmz

0SI t1on ,
i .e. 0.5[erMm%Ynd ’tsneq%eé’tt&ﬁcé%éf‘ﬁeéhsf‘ﬁ%c%o%‘fﬁ ofP P%G“hrﬂi—” definep thdge
of the servaigst trecosdidgatchdds i GMH2 #2whi tliodts an% ofretDep hanay awkydgapHW

i.e. 0.05 [Qffd¥R, as shown in the Fig.15(a), based upon the specified
parameter Y=0 in the block 52.

[0065]

After the servo patterns are rewritten on the entire surface of
the data recording surface #3, the operation proceeds to a Block
64 in the Fig.1l4 in which the MPU 16 determines the total number
of data recording tracks (N1) on all the data recording surfaces
#1 through #6 based upon the count values, i.e. the total number
of the servo tracks (N2) on the data recording surfaces #1
through #6, in the same manner as in the block 45 in the Fig.11.
In this determination, the following expression is used, as
described before.

f0066]

Nl = N2/2 - 1
The operation proceeds to a block 65 in which the MPU 16
determines whether the total number N1 ié equal to or larger than
a predetermined number "X", or not, in the same manner as in the
block 46 in the Fig.ll. If the answer of the block 65 is YES, the
operation proceeds to a block 71 in which the operation is
terminated. If the answer of the block 65 is NO, the operation
proceeds to a block 66 in which the MPU 16 determines whether all
the recording surfaces #1 through #6 are rewritten, or not. If



E0054] : 21 The operation proceeds
t'o a block 42 in which the MPU 16 determ nes whet her the nunber N+1 is

equal to or larger than the predeterm ned maxi mum nunber of servo tracks,
such-as 10000 servo tracks, or not. If the answer of the block 42 is NO
the operation returns to the bl ock 35A, and the operation of the blocks 35A
through 42 is repeated. [ 0055] The Figs. 7 through 9 shows the servo
patterns recorded in this repeated opergtsion. In the Fig.7, the head #1 is
noved by the distance D= (HW+ GN /2 fromthe position P2 to the position

P3. At thetposidsweit BE theevheal #& QueRbAPPhEJbYeMiiidS JhdReeBEVRoPEL tErns

B3 and A3 €L Y0 tterns ng B2, .respectively. '1t_is_apparent
that the Itgiv‘\b/eérﬂﬁ| _%?tlg'}(gnwgl © hetq‘seerA%% pgft&gﬁ'eﬁggi g‘thfe(é}%ﬂ%u"%yt{‘ﬁggééﬁo
pattern BQEeQﬂ"RSLPHes‘F%ﬁﬁqu pbichrentfaimiscthe rsasopdt 1east BAmberrahisaced by
th? H\S/\(/a:- Vo tnﬁutzdm;r.nIASthm &itfe_ ,Fi&eghfhaeﬁbe@@l ¢hle id%t%2¥€%?9%!ix{&1%u@ftékancg4D
= fr osition e_position P4. osition

t he headcﬁgéoﬁérgg%%gﬁa ysﬁﬁ??egﬁ}ﬁeggg?VS ﬁgfékﬁ%ssﬁﬁfﬁﬁﬁ gﬁ gﬁ fh&%servo
patterns BFidenAPY ridupceeddef §. ofn thRe head. widthe ofedd 444mj sandvetleby t he
di stance Dumb{di\of &Wa /talck@Mi kom0t itAAnPénd © JH@nROSEMA O P aafl t he

posi tion P, 4 ntg]eggr a:lL(_:eos\/.erI appingly wites

[00671

The operation returns to the block 54 to rewrite the servo
patterns A and B on the data recording surface #6, and the
operation of the blocks 54 through 65 is repeated. If the answer
of the block 65 is NO, and the answer of the block 66 is NO, the
servo patterns are rewritten on the remaining data recording
surfaces, such as the data recording surface #1 or #4. If the
answer of the block 65 is NO, and the answer of the block 66 is
YES after repeating the above operation, it indicates that the
total number of the data recording tracks of the all data
recording surfaces is still smaller than the predetermined value
"X", though the servo patterns are rewritten on the all data
recording surfaces §#1 through #6 to form the data recording
tracks adjacent each other without gap, as shown in the
Fig.15(A). 1In this case, the operation proceeds to a block 68
in which the MPU 16 changes the value of the overlap width Y to
a new value Y+10. Describing the operation of the block 68, the
block 68 sgecifies one of the following plural values of the
overlap width Y each time the answer of the block 66 is YES to
perform the following operations.

[0068]

|
o

Operation of case 1 : Y =
Operation of case 2 : Y = 10



H

the servo patterns A5 and B5 on the servo patterns B4 and A4, respectively.
It is apparent that the | ower portion of the servo pattern B4 is replaced
by the servo pattern A5, and the | ower portion of the servo pattern A4 is
repl aced by the servo pattern Bb5. [ 0056] In this manner, the head #1 is
repeatedly noved by the distance D= (HW+ GN/2 towards the outer .nost
position on the data recording surface, and at each position, the head #1
wites the new servo patterns. Wen the #¥ead #1 has witten the sufficient
22 nunber of servo tracks as indicated by the answer YES of the block 42,

t he operation?%g.a%‘;ﬁi&g dhe er:voﬁg_gtéoern A and B on the first data
ce

recording sur ) I s conplefed. counter contained in the hard disk
control circlpgtissorthadingk insrerses cthewalus L dndd dRe ZREAGRSE kO t he

novenent of thbeahewélr BEY b dhet BDéek 6= (EW+ GN/2 in the radial
direction, and count value is stored in the nmenory 17, whereby the main
control circuit 16 knows the nunmber of servo tracks witten on the surface
by referrind®82 he count values in the counter. [ 0057] '

The operation of case 1 is shown in the Fig.1l5(A), in which the
head is moved by the distance DI1=HW/2 in rewriting the servo
patterns A and B, so that the resultant data recording tracks #1
and #2 are formed or defined without any overlap and any gap. The
operation of case 2 is shown in the Fig.l15(B), in which the Y=10
means that the servo patterns R and B are rewritten to define or
form the data recording tracks #1 and #2 which are overlapped by
10% of the head width. It should be recalled that the following
expression.

[00701

Overlap width = Head width (HW) x Y (%)

To realize the 10% overlap of the data recording tracks, the head
is moved by the distance D2=HW/2-(HW X 0.05). That is, the head
is moved by the distance equal to 45% of the head width HW. The
case 3 is shown in the Fig.15(C), in which the servo patterns A
and B are rewritten to form or define the data recording tracks
#1 and #2 overlapped by 20% of the head width. To realize the 20%
overlap of the data recording tracks, the head is moved by the
distance D3=HW/2-(HW X 0.1)., That is, the head is moved by the
distance equal to 40% of the head width HW.

[0071]

In this manner, the MPU 16 determines whether the total number
of data recording tracks of the all recording surfaces reaches
the required number in the blocks 65 and 66, and if the answer
is NO, the MPU 16 increases the overlap width to the next value,



Referring to the Fig.9 again, during the read/wite operation, the head #1
senses the servo patterns A and B to supply the feedback signal to the hard
di sk control circuit 15 through the read/wite circuit 12 shown in the
Fig.3. The hard disk control circuit 15 responds to the feedback signal to
control the VCM spindle driver 14, so that the VCM 11 noves the supporting
arm4 to align the center of the head #1 at the boundary of the patterns A2
and B2 and the patterns B3 and A3. Thi sngoundary is called as the track
center TC, TCl in this case , and the data recording track #1 is defined
when the datand eceraiiteg dhek sesve opattednen usheg r thal/nev tvrlgger &0 She The

wi dth of theeﬂ%cﬁm&ﬁ‘e‘oéﬂl Bﬂetf:ﬁ&i‘edts iageatidmg tthe kezd ¢ déde Mdkaiwhhe head

#1,in this cas I t I ta
recording tr acﬁ e#l &"’]"E]e rFé %%ér%&géq& EEQET%SWL%)&;%%& mo??ac #2,
t he di stances%ét%%% 2Re q*@l°§ﬁﬂa'i’i?é’ Reorsedsctf ) Pigro P = Tqend "Gg\}:e?n ot her

wor ds, the gépatG/dltticnighi $h&0%esfrot lpathens worlt bheH\ibki data bedagedanghe dat a
recording tragkedtbsafsh t:.*b%r@@-{:@n Bf @bdiny) thedRkad?®dy thd UA38hnce BBEto

operation pr Ceeqﬁlxg gggzh recor :n.ngI Qra\xl\% Qv&?ﬁpﬁfphj &@chd%ttﬁég‘gl}e§0%gtfher the

servo patterh®h Wt

23 the recthdirRpdswifhkeas %P"Wotm Fhe 1 78 d3dGkr ©re tRE2bhIBEReE3°Fs NO
t he oper ati odapd ceeeddidp taabkoclE 4He iallwhucfncelel VRUrdégls dibeddes nhé next

head #2. The,Qp&l atiPN-dBli HEASntMbd e GeK 33, block 65. The block 70

indicates that the result is a fail, and the operation is
terminated in this block 70.

[0072]

An experimental study performed by the inventors of the present
invention indicates that the probability of going to the block
70 is less than 1%, and the desired number of the data recording
tracks are written in the case 1 or the case 2 at the probability
more than 99%.

[0073]

The Fig.16(A) shows a data write scheme in accordance with the
present invention. It is assumed that the three magnetic
recording disks 5A, 5B and 5C are mounted on the spindle motor
13 to provide the six data recording surfaces #1 through #6.

[0074]

A start address is assigned to the outer most data recording
track of the first data recording surface #l1, and the addresses
of data recording tracks are successively assigned from the ocuter
most data recording track to an inner most data recording track
of the first data recording surface #1. The address of the inner



and the operation of the blocks 33 through 43 is repeated to wite the
servo patterns A and B on the renmining data recording surfaces #2 through
#6 in the manner as descri bed above. In these repeated operation, the servo
patterns are witten on the second data recording surface #2 by using the
second head #2 of the head width of O0.6[err]m During the operation for
witing the servo patterns on the second data recording surface #2, only
the head #2 is activated or operated, 3®nd the renmai ni ng heads #1, and #3

t hrough #6 are not operated. It is apparent that the head width HWof the

head #2, i t h r k d the
gap w dth %t %%ﬁ%rﬁgn& ETM e evﬁ ﬁf&erdég?\é;é%}d}g%%g??ﬁlt ten

on the thi 8 felieyed dviaty aégFFﬁié’%?'bf“ﬂ??Fnﬁ"?ﬁ FEORESPS: F 15K he
head w dt hofif tHe 4ezondmiata|nedordingashrfacdes#¢ctandatbd addmpeeat enl, thend t he
remai ni ng I f the
dat a recorg:‘zggﬁ rac&gﬁ%@qﬁ[ﬁ %ngr F%Q%% ﬁ% %rg Q%&g&fﬁ@l%dasﬂ&néﬁ Eobonf

0. 14[ er r ] mtheheOwtast 1ot tiﬁ‘éasé’te\‘i—‘erﬁé{‘gertﬁé‘cﬁav@ b&%n WPH 8Rsén 4at2 t he
recordi ng suebag&bsg #lrddk @fglth&bstsonddiatat edcbydiie sansaee WES aid tdee

bl ock 43. e t r hr h #6 have the foll ow ng data
track mﬁdt%nén%g %%§5%xﬂii %Qo%gagiéﬁgxé?H4§ FESQTABLE 2. The track pitch of

t he adj acent data tracks of the data recording surfaces #1 (#4), #2 (#5)

and #3 (#6)odrgfers from each ot her. [ 0059]
TABLE 2 HEAD AND SURFACES DATA RECORDI NG GAP W DTH (10%
of HW TRACK W DTH Head #1 of surface #1

1.0[ err]m The data is grifgep]in a direghiopm fgpmsthe gutepmost datpy §rakk | m
0.06[ err] mto the inner most data track of the data recording surface #1,

as shown by an arrow 242, then the data is written in a direction
from the outer most data track to the inner most data track of
the data recording surface #2, as shown by an arrow 24B, then the
data is written in a direction from the outer most data track to
the inner most data track of the data recording surface #3, as

shown by an arrow 24A, and so on.
[0076]

The Fig.16(B) shows a data write scheme of the prior cylinder
scheme. The data is writtem in a direction of an arrow 254, then
in a direction of an arrow 25B, then in a direction of an arrow
25C, and so on.

[0077]

Since the number of data recording tracks of the data recording
surfaces #1 through #6 is probably differ from each other, due
to the difference in the width of the data recording tracks and
the gaps in the data recording surfaces as shown in the Table 2,
the invention uses the data write scheme shown in the Fig.l1l6(a).

[0078]



24%  Head #3 of surface #3 1.4[errlm 0.14[err]m

Head #4 of surface #4 1.0[err]m 0.1[err]m Head #5
of surface #5 0.6[err]m 0.06[err]m Head #6 of
surface #6 l.4[err]m 0.14[err]m As the head wi dth

becones w der, the nunber of the tracks on the surface is decreased, and
the wwdth of the gap is increased. The s8tfaces #3 and #6 have the snall est
nunber of tracks than that of the remaining tracks, and the surfaces #3 and
#6 have the w.de s.. This. neans_th tpe data.capagity. .of t.he data
recordi ng sur gcé%e%?%aﬁav ﬁss‘|°sn Shal se;%? hglnrstclhgfwé?eg‘t ees%/rég?ﬁfinl?eﬁf“e
surfaces. As t#ascthaBaelrisorE, vaste $RAGT eorttedbetdiepe tie dotareeedinge
nunber of sertracks adksheEMRhBesdy Where hit lddtar oergirdiii Hrackdareefdrnidep, t he

operation prQaeRdsn L idolh Otk kO i Pethi ch the MPU 16 determ nes the total
nunber of data recording tracks FNl) on all the data recording surfaces #1

t hrough #6 based upon the count values, i.e. the total nunber of the servo
tracks (N2) dfOFPRE data recording surfaces #1 through #6. In this
determ nation, the follow ng expression is used. [ 0060] Nl = N2/2 - 1

tTEe ?pterftti Ol Re £ dS 1O a,l:égltémk ﬂx?vétﬂ:i%![ cdbithe Mﬁg tlﬁeéb%fd_ er 'Jiﬁn%mmg?g( her
e total nunper | ual to gr r an_a predeterm ned n r :
or not. If t%sgﬁg%%é S'%?%%fﬁe ol o%?f"ﬂgg?%WEg? it PEPRT a5 pFdCBERE to a
bl ock 48 in \ifliecHrifermp Sapek iRitchsis atsfidnathrl variaties afisther levekshe@thl ock
46 is NO thehePiHeddbssdkasigndingsf,obs aidlingwoperati on for rewiting the servo

patterns whi chqGauges; 4die (adiyacent data.regpiding tragks to overd ap each
ot her, as shovvr} in the ig%.mis and 14. [qogl]

rack pitc 1.6 1.6
10% of track pitch (um) : 0.16 0.16 0.16
Variation of feedback signal: 26.7% 16.0% 11.4%

In the scheme of the present invention in which the track pitch
varies depending upon the track width, the variation of the

levels of the feedback signal is an uniform value, as follows.

Track width (um) : 0.6 1.0 1.4

Track pitch (fm) : 0.66 1.1 1.54

10% of track pitch (Um) : 0.066 0.11 0.154

Variation of feedback signal: 11.0% 11.0% 11.0%
3. Brief description of drawings:

Figure 1 shows a problem caused by arranging the GMR heads in the
prior data tracks with an uniform track pitch.

Figure 2 shows the three magnetic recording disks describing a
cylinder concept used in the prior hard disk drive device.

Figure 3 shows a block diagram of circuits contained in the hard
disk drive device.

Figure 4 shows one data recording disk, and the data recording



Refertring.to the Figs.13 and 14, the operation starts in a block 51. The
operation proceeds to a block 52 in which the MPU 16

25 specifies Y=0, wherein the Y represents a value for specifying the
overlap width of the adjacent data recording tracks, as follows. [ 0062]

Overlap width = Head width (HW x Y (% The Y=0 indicates that the overlap
wi dth of the adjacent data recording tragks #1 and #2 is zero, and the gap
bet ween the data recording tracks #1 and #2 is zero (GM0), as shown in the

Fig.15(A), i,n_other r t seryv S Aand B are rewitten to form
or define thtéfaﬁgé ad?é«le\’gnc?%zmg@% ascirgg#g%é\e}rn% adj acent .each other without
any overlap and any gap, as shown in the Fig.15(A). [ 0063] The reason

for speci f yigiguirhe 5vahoes Ya0 skepf ifost wratite tiodery? psttewms tdfe the a

recordi ng t&?g&‘&%nk”iﬁxhﬁt‘i%@ recordi ng surface containing the | east nunber
of servo tracks, and hence the | east nunber of data recording tracks, have

the widest track width, so that afprobat_)i[ity of occurrence of error and a
probability Rjjgure 6 shows a step for writing the servo patterns of the

present invention.

Figure 7 shows a step for writing the servo patterns of the
present invention.

Figure 8 shows a step for writing the servo patterns of the

present invention.

Figure 9 shows a step for writing the servo patterns of the

present invention.
Figure 10 shows a flow chart for writing the servo patterns.
Figure 11 shows a flow chart for writing the servo patterns.

Figure 12 shows the movement of the head from one position to
next position.

Figure 13 shows a flow chart for rewriting the servo patterns.
Figure 14 shows a flow chart for rewriting the servo patterns.
Figure 15 shows the operation for rewriting the servo patteras.
Figure 16 shows the addressing scheme of the hard disk drive
device of the present invention and the prior hard disk drive

device.

[Description of symbols]



decrease of S/INratio is considered to be lowin the wi dest data track,
even if the gap width between the data recording tracks is decreased to
zero, and further a portion of edges of the adjacent data recording tracks
are overl apped each ot her. [ 0064] The operation proceeds to a block 53
in which the MPU 16 selects the head of the data recording surface which
contairns the | east nunber of servo tracks. As described before, the MPU 16
keeps the nunber of servo tracks witter83in each data recordi ng surface #1
t hrough #6 in the counters, and the MPU 16 can select the data recording
surface whiteB.8ont ai eadme | east nunber of servo

26 trackg, such. as ddppsiatiagr aefr di ng surface #3. The operation proceeds
to a block_54 in which. tthe head #3 of the data recording surface #3 is
moved to tRe referend sition. It is noted that the operation of the

bl ocks 54 fihr ough.63 Beaditid dexzmasaemeye operation of the bl ocks 33 through
42 shown iRithe Figs.sigqand 11, except that in the block 58, the distance
of the m)vqgrsnt of tk% h{gfad .¢§3 frigmd e position P1 to P2, fromthe P2 to
P3, and so“6n, is-sel &Y To%t & dI'stance HW2 to formor define the data
recordi ng tlBacks -#1 a$eimdlenimoteyt any overlap and any gap width, as shown

in the Figiks5(A) .. .. baged spaimilharspesi fied parameter Y=0 in the block 52.
15 ... Hard disk control circuit
16 ... MPU
17 ... Memory



[0065f After the servo patterns are rewitten on the entire surface of
the data recording surface #3, the operation proceeds to a block 64 in the
Fig.14 in which the MPU 16 determ nes the total nunber of data recording
tracks (N1) on all the data recording surfaces #1 through #6 based upon the
count values, i.e. the total nunber of the servo tracks (N2) on the data
recordi ng surfaces #1 through #6, in the sanme manner as in the block 45 in
the Fig.11. In this determ nation, the fal | owi ng expression is used, as
descri bed before. [ 0066] N1 = N2/2°- 1 The operation proceeds to a
bl ock 65 in which the MPU 16 determ nes whether the total nunber N1 is
equal to or larger than a predeterm ned nunber "X', or not, in the sane
manner as in the block 46 in the Fig.11. If the answer of the block 65 is
YES, the operation proceeds to a block 71 in which the operation is
termnated. If the answer of the block 65 is NO the operation proceeds to
a block 66 in which the MPU 16 determ nes whether all the recording
surfaces #1 through #6 are rewitten, or not. If

27 the answer of the block 66 is NO the operation proceeds to a block 67
in which the MPU 16 selects the head of the data recording surface which
contai ns thg_ seg@ndsleast nunber of servo

(1) A data recording disk comprising a first data recording

surface and a second data recording surface,

characterized in that a track pitch of adjacent data recording
tracks of said first data recording surface differs from a track
pitch of adjacent data recording tracks of said second data
recording surface.

(2} A data recording disk according to Claim 1, wherein all data
recording tracks of said first data recording surface have
substantially the same track width, and all gaps of said first

data recording surface have substantially the same gap width.

{(3) A data recording disk according to Claim 2, wherein all data
recording tracks of said second data recording surface have
substantially the same track width, and all gaps of said second
data recording surface have substantially the same gap width.

{4) A data recording disk according to Claim 1, wherein data is
written in a direction from an outer most data recording track
to an inner most data recording track of said first data
recording surface, then said data is written in a direction from
an outer most data recording ¢track to an inner most data

recording track of said second data recording surface.

{5) A data recording disk according to Claim 1, wherein addresses

R




tracks. In this case, the head #6 of the data recording surface #6 is

sel ected since this data recording surface #6 is also witten by the head
#6 of the head width of 1.4[err]m and the nunber of data tracks is smaller
than that of the remaining data recording surfaces. [ 0067] The
operation returns to the block 54 to rewite the servo patterns A and B on
the data recording surface #6, and the operation of the blocks 54 through
65 is repeated. If the answer of the hysock 65 is NO and the answer of the
block 66 is NO the servo patterns are rewitten on the renaining data

recor ding. st aeeSredyidl iy trlRrdal fo IRRAIMSIGeSY L AL Shofi‘an (dudklie

answer of the blog he ansyer ock 66 IS
repeating PREtaB3Y2 TP ‘é?’é‘i’r'% tl'1"'='t°k| Qi B4t LRReR ot datst FpCAtting tor cé‘he
data recor Gﬁnganlagksscf dabe métoxting rsaufiagiengasdr fatdsaddrads Idf wamldl er

than the pagdekeriorehatal UcofasnsMabil I SN PAIIRA S LRI o0

on the all %a reco&%Fﬂg e%r aces through #6 to formt

tracks adj §8§ fCBath W es§ o5 AWAUFRT RS trAgta syegording t hi s
case, the éperktobnspidcesund caiaa:ablrecbrdsng nsudfacie ,t bed VPhid Gaddrangas t he
value of tBR uesl Slcdid!idhth LA, YBhiEadd Whe Q?%QFEQ&@&%l & ARELAl | on

of the block 68, the bl ock 68 specift |es one o OW n SO78 ues

of the ovefF8P GRHEHOYERRAISY M2 tehseqAEding o‘fratcﬂ‘e 9 8BKk1BRET Jnomts daga
per f or m t hgetoktbng ntrageraf ismisl secpf@68hta reddediahi starHdcease 1 : Y = 0
Qperation of case 2 : Y = 10

(6) A data recording disk comprising;

a first data recording surface and a second data recording
surface,

characterized in that the number of data recording tracks of said
first data recording surface differs from the number of data
recording tracks of said second data recording surface, and a
gap width between said data recording tracks of said first data
recording surface differs from a gap width between said data
recording tracks of said second data recording surface.

(7) A data recording disk according to Claim 6, wherein all data
recording tracks of said first data recording surface have
substantially the same track width, and all gaps of said first
data recording surface have substantially the same gap width.

(8) A data recording disk drive device according toc Claim 7,
wherein all data recording tracks of said second data recording
surface have substantially the same track width, and all gaps of
said second data recording surface have substantially the same
gap width.

(9) A& data recording disk according to Claim 6, wherein data is
written in a direction from an outer most data recording track

[



28 : (peration of case 3 Y = 20 That is, the block increases the val ue
Y by 10 in response to the answer YES of the bl ock 66. [ 0069] The
operation of case 1 is shown in the Fig.15(A), in which the head is noved
by the distance DI=HW?2 in rewiting the servo patterns A and B, so that
the resultant data recording tracks #1 and #2 are fornmed or defined w thout
any overlap and any gap. The operation of case 2 is shown in the Fig.15(B),
in which the Y=10 neans that the servo patterns A and B are rewitten to
define or formthe data recording trac¥®s #1 and #2 which are overl apped by
10% of the head width. It should be recalled that the follow ng expressmn
[ 0070] 8/ et ap- Wedt Hes b SR R9F Ix SFady 9 saif A uste dovs
overl ap of neltordang sectuah nGhenaskid data hea‘drlistamuedaw:ielmaldnsfmﬁe

D2=HW 2- (H4nX Quf8 - mblaat aétath}acbea&ést@&ﬁd&v mel@lhééa t;t
45% of the head ,wi case éi_ilown in the Fig |ch

the servo pfzftcf’é'fiﬁggAtﬁ!ﬁ_%}é E’%r?%\ﬁﬁf’?? ‘Ef"f’i‘f’r"r‘hrg?‘“@e?r‘f’#éc@he, data
recording tracks #1 and #2 overl apped by 20% of the head width. To realize

t he 20% ovegilgap ﬂf &Jﬁ d@EéoE&‘ &’# d'd@.gkt rmdﬁxlﬁe f@aélh§m”@/edgﬁe¥réb§

di stance D3= head i's noved | Stance
equal to 4 sts 8 ‘Pfeéiﬁt\ﬁl H?ﬁomng i:racks are success:wely assigned from

an outer most data recording track to an inner most data

recording track of said first data recording surface, and said
‘address of said inner most data recording track of said first
data recording surface is followed by an address of an outer most
data recording track of said second data recording surface, and
said addresses on said second data recorxding surface are
successively assigned from said outer most data recofding track
to an inner most data recording track of said second data
recording surface.

{11) A data recording disk comprising;

a first data recording surface and a second data recording
surface,

characterized in that the number of data recording tracks of said
first data recording surface differs from the number of data
recording tracks of said second data recording surface.

(12) A disk drive device comprising;
data recording surfaces on a rotating data recording disk, each

of said data recording surfaces is provided with a read/write
head, and '

characterized in that the number of data recording tracks of a
first data recording surface differs from the number of data
recording tracks of a second data recording surface, and the a

Ny
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[ 0071] In this manner, the MPU 16 determ nes whether the total nunber of
data recording tracks of the all recording surfaces reaches the required
nunber in the bl ocks 65 and 66, and if the answer is NO the MPU 16

i ncreases the overlap width to the next val ue,

29 and rewites the servo patterns using the new value. In the enbodi nent
of the present invention, the Y=20 is the maxi num val ue, as shown in a

bl ock 69, so that if the answer of theslock 69 is YES, and the operation
proceeds to a block 70. It indicates that although the servo patterns on

the al |l daigapr @EatHi BEtwadd astid Alatal @Wbbidtny ra®R¥i BY thes hgad tbyathe

di st ance Hegsdata r ord| tracks overl apped each other, by 20%
of the heg%etcgggjl%g]s SF5ane ﬁl 5 Bi §Q°T5 4 &P tﬂgtﬁo{g’ﬁqwﬁﬁﬂbéﬁl fda‘a'ga
recordi ng Heserding trrcks |of gHist secondt datatecedddogsswofagesach t he
required nunber "X" in the block 65. The bI ock 70 indicates that the result

Is a fail, ghdg ratvleo IS termn {f§ i {:)? 52 ck, 70. [ 072;5 An
experi ment al -4t fdy per o"rma By 3t ? 23 & 251 BRBFELR Afdnfrba
i ndi cat es tHegPraRag pricingkis i of faigoi Firsto dhta brectrding sstefacd hhava%

and the desubgdaAUiREly Ofhd h@ard@temf&&%@tﬂg hhaCk$1 af&pvde @R 4 BiLRe case

1 or the C%éﬁazrggogglngrsur acetﬂéve substantially the same gap width.

(14) A disk drive device according to Claim 13, wherein all data
recording tracks of said second data recording surface have
substantially the same track width, and all gaps of said second
data recording surface have substantially the same gap width.

(15) A disk drive device according to Claim 12, wherein data is
written in a direction from an outer most data recording track
to an inner most data recording track of said £first data
recording surféce, then said data is written in a direction from
an outer most data recording track to an inner most data
recording track of said second data recording surface.

(16) A disk drive device according to Claim 12, wherein addresses
of data recording tracks are successively assigned from an outer
most data recording track to an inner most data recording track
of said first data recording surface, and said address of said
inner most data recording track of said first data recoxding
surface is followed by an address of an outer most data recording
track of said second data recording surface, and said addresses
on said second data recording surface are successively assigned
from said outer most data recording track to an inner most data
reéording track of said second data recording surface.

{17) A method for writing servo patterns for defining a plurality
of data recording tracks on a rotating data recording disk by a
read/write head contained in a disk drive device, comprising

ORR R



nore: t han 99% [ 0073] The Fig.16(A) shows a data wite schene in
‘accordance with the present invention. It is assunmed that the three
magneti ¢ recordi ng di sks 5A, 5B and 5C are nounted on the spindle notor 13
to provide the six data recording surfaces #1 through #6. [ 0074] A
start address is assigned to the outer nost data recording track of the
first data recording surface #1, and the addresses of data recording tracks
are successively assigned fromthe outer nost data recording track to an

i nner nost data recording track of the3sdgirst data recording surface #1. The
addr ess ofsteps iofner 30 nost data
recording track of the first data recording surface #1 is foll owed by an
address of %n outer, nost data recording track of the second data recording
surface #2{8l3RPIHonddge Sadd o‘??"’tdr(é’rég%l‘?&a&ata& P80 PFSA§LONr RALRIH#BR ar e
successi vatadizdsidjredtionnof heniolitrertaniaty data rfeoeddnggdisiack to an inner
nost data recording track of the second data recordi ng surface #2, and so

on, as shomg Qy_anroms 24A t hrough 24F.
riting servo patterns on said rxotating data recording disk

by said read/write head positioned at said one position,

(c} reading said servo patterns by said read/write head
positioned at said one position to detect an amplitude of output
signal generated by said read/write head,

{d) moving said read/write head from said one position along said
radial direction,

(e} reading said servo patterns by said read/write'head moved
Erom said one position to detect that an amplitude of output
signal generated by said moved read/write head becomes 50-G./2%
of said amplitude of output signal generated by said read/write
head when it is positioned at said one position (wherein said Gy

is a predetermined gap width between said data recording tracks),

(£) stopping said read/write head when said detection is made,
and

{g) overlappingly writing said servo patterns on said rotating
data recording disk by said stopped read/write head.

{(18) A method for writing servo patterns for defining a plurality
of data recording tracks on a rotating data recording disk by a
read/write head contained in a disk drive device, comprising
steps of;

(a) specifying a gap width between adjacent data recording
tracks,

N SR T



[.0075] The data is witten in a direction fromthe outer nost data track
to the inner nost data track of the data recordi ng surface #1, as shown by
an arrow 24A, then the data is witten in a direction fromthe outer nost
data track to the inner nost data track of the data recording surface #2,
as shown by an arrow 24B, then the data is witten in a direction fromthe
outer nost data track to the inner nost data track of the data recording
surface #3, as shown by an arrow 24A, am¥ so on. [ 0076] The Fi g. 16(B)
shows a data wite schene of the prior cylinder schenme. The data is witten
in a direct{®N @i hgl 8-> PyTcTa g | sl of . Low 25RB, .t hen
in a direct 'eo&r{) in2h ggrr]cc)w ZSéa%nd éo%(ﬁ_%éiﬁg%%%a pé?f%ggggzﬂeo%u &P of
ng

data recor TRO STBFRE nEcRRTAte L Y Ftd ShPFALRRd 19aR HHstigh one sedd
probabl y di¥et@atimgodasachecdidimg dilekt byt seidli fd=at/améeei Bedde Wi dth of the
data recording tracks and the gaps in the data recording surfaces as shown

i n the Tabl Fc)z, thetiip‘vegﬁignthuses tge d&t}a wite schenme shown in the
Fig.16 (A). g tha e total number of data recording tracks is

smaller than a predetermined number,

(d) specifying an overlap width of adjacent data recording
tracks, and

(e) rewriting servo patterns for defining a plurality of data
recording tracks overlapped each other by said overlap width on

said rotating data recording disk by said read/write head,
said step (e) comprising steps of;

(i) positioning said read/write head at one position along a
radial direction of said rotating data recording disk,

(ii) rewriting said servo patterns on said rotating data
recording disk by said read/write head positioned at said one
position,

(iii) reading said rewritten servo patterns by said read/write
head positioned at said one position to detect an amplitude of
output signal generated by said read/write head,

(iv) moving said read/write head from said one position along
said radial direction,

(v) reading said rewritten servo patterns by said read/write head
moved from said one position to detect that an amplitude of
output signal generated by said moved read/write head becomes
50+Y/2% of said amplitude of output signal generated by said
read/write head when it is positioned at said one position

. i
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31- The present invention solves the first problemdescribed before that
the usel ess or.waste space exists between the data recording tracks of the
GWR heads when the data recording tracks are formed with an uniformtrack
pi tch. [ 0079] Further, the present invention solves the second problem
descri bed before, as shown below. In the prior scheme in which the uniform
track pitch is used, the variation ofgghe levels of the feedback signal is,

as follows. Track width ([err]m . 0.6 1.0 1.4
Track pitch ([err]m 1.6 1.6 1.6 10% of track
pitch ([erfyhgrein said ¢ 16 said overlmp@éridth),0.16 Variation of feedback
signal: 26.7% 16. 0% 11.4% I n the schene of the present

i nvention ih.whigh the trac itch varies dependi upon the track w dth,
the vari at |k‘6ln) o‘f'g?%“f%v%?’s #Y%Wtee‘lfga%aﬁcgi‘bﬁ?&{}g’lr%e%nhﬁﬁ?fBPﬁf‘v&Péé, as
follows. daeegtdan dish mgderr payl . 0.6 1.0 1.4
Track pitch ([err]m 0. 66 1.1 1.54 10% of track
pitch ([eriil : .8.066 id 0.1]1_1 0.154  Variation of
feedback sighdl : Te¥figeRy said ) sepye pattersy on sgiferrofatdmiont Hakaof
drawi ngs: resexdimg Bistkohy sapdobteppedussdl/wriser hegd rdppedGVR heads in
the prior data tracks with an uniformtrack pitch. Figure 2 shows the

th jnef i di di d | Di lipnd t dinth
Lhree moneldc o G2prdlng, olsks . deserLbl 19 @ ST At goncept, used 0, Lhe

of data recording tracks on each of a plurality of data recording
surfaces on rotating data recording disks by a read/write head
provided on each of said plurality of data recording surfaces

contained is a disk drive device, cémprising steps of;

(a) specifying a gap width between adjacent data recording
tracks,

(b} writing servo patterns on a plurality of servo tracks for
defining said plurality of data recording tracks separated by
said specified gap width on one data recording surface by its
read/write head,

(c) storing a count value indicating the number of servo tracks
written on said one data recording surface,

(d) repeating said steps_(b) and (c) until said servo patterns
are written on all data recording surfaces,

(e) determining whether the total number of data recording tracks
written on said &all data recording surfaces exceeds a
predetermined number, or not,

(£) specifying an overlap width of adjacent data recording
tracks, if the answer of said step (e) is NO,

e
e
e
e
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Figure 3 shows a block diagramof circuits contained in the hard disk drive
evi ce. Figure 4 shows one data recording disk, and the data recording

32 tracks defined by the servo patterns. Figure 5 shows a step for

witing the servo patterns of the present invention. Figure 6 shows a

step for witing the servo patterns of the present invention. Figure 7

shows a step for witing the servo patterns of the present invention.

Figure 8 shows a step for witing the servo patterns of the present

i nventi on. Figure 9 shows a step for witing the servo patterns of the
present i niBntfoding said data recording surface containing the least

number of data recording tracks by determining said count values
of said all data recording surfaces, and

(h) rewriting said servo patterns for defining said plurality of
data recording tracks overlapped each other by said overlap width
on said data recording surface found in said step (g) by its
read/write head,

said step (h) comprising steps of;

(i) positioning said read/write head at one position along a

radial direction of said data recording surface,

(ii) rewriting servo patterns on said data recording surface by
said read/write head positioned at said one position,

(iii) reading said rewritten servo patterns by said read/write
head positioned at said one position to detect an amplitude of
output signal generated by said read/write head,

(iv} moving said read/write head from said one position along
said radial direction,

(v) reading said rewritten servo patterans by said read/write head
moved from said one position to detect that an amplitude of
" output signal generated by said moved read/write head becomes
50+Y/2% of said amplitude of output signal generated by said
read/write head when it is positioned at said one position
(wherein said Y is said overlap width),

{(vi) stopping said movement of said read/write head when said
detection is made, and

(vii} rewriting said servo patterns on said data recording

Iy
s
e
e
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Fi-gure 10 shows a flow chart for witing the servo patterns. Figure 11

:shows a flow chart for witing the servo patterns. Figure 12 shows the
novenent of the head from one position to next position. Figure 13 shows
a flow chart for rewiting the servo patterns. Figure 14 shows a fl ow
chart for rewiting the servo patterns. Figure 15 shows the operation for
rewiting the servo patterns. Fi gusge 16 shows the addressing schene of
the hard disk drive device of the present invention and the prior hard disk
drive devi ce. [ Description of synbols

33 1,2, 35unfage hy said stogg@ﬁbgpp#ﬁgré}énhead stopped.

(20) A method for writing servo patterns according to Claim 19,
wherein the total number of data recording tracks written on said
all data recording surfaces is determined by referring to said
count values of said all data recording surfaces.

(21) A method for writing servo patterns for defining a plurality
of data recording tracks on each of a plurality of data recording
surfaces on rotating data recording disks by a read/write head -
provided on each of said plurality of data recording surfaces
contained is a disk drive device, comprising steps of;

{(a) specifying a gap width between adjacent data recording
tracks,

(b} positioning said read/write head at one position along a
radial direction of one data recording surface,

{(c) setting a count value of & counter to an initial value,

(d) writing servo patterns on said data recording surface by said
read/write head positioned at said one position,

(e) reading said servo patterns by said read/write head
positioned at said one position to detect an amplitude of output
signal generated by said rfead/write head,

(£) moving said read/write head from said one position along said
radial direction,

(Q) reading said servo patterns by said read/write head moved
from said one position to detect that an amplitude of output
signal generated by said moved read/write head becomes 50-G,/2%
of said amplitude of output signal generated by said read/write

e
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34

2

o Di sk 7 ... Head/slider assenbly 11 ... VCM 12
Read/wite circuit 13 Spi ndl e notor 14 C

Hard di sk control circuit 16 ... MU 17 Menory

4. d ai ns: (1) A data recording disk conprising a first
data recording surface and a second data recordi ng surface,

in that a track pitch of adjacent data u%cording

head when it is positioned at said one position (wherein said G,

is said specified gap width between said data recording tracks),
(h) stopping said read/write head when said detection is made,

(i} incrementing said count value,

(3) overlappingly writing said servo patterns on said data
recording surface by said stopped read/write head.

(k) repeating said steps (e) and (j) until said servo patterns
are entirely written on said one data recording surface,

(1} selecting next data recording surface and repeating said
steps (b) through (k),

(m) determining whether the total number of data recording tracks
written on said all data recording surfaces exceeds a
predetermined numbér, or not,

{(n) specifying an overlap width of adjacent data recording
tracks, if the answer of said step (m) is NO,

{o) finding said data recording surface containing the least
number of data recording tracks by determining said count wvalues
of said all data recording surfaces, and

- (p) rewriting said servo patterns for defining said plurality of

data recording tracks overlapped each other by said overlap width
on said data recording surface found in said step (o) by its
read/write head,

said step (p) comprising steps of;

(i} positioning said read/write head at one position along a

VCM spi ndl e driver

15
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tracks of said first data recording surface differs froma track pitch of
adj acent data recording tracks of said second data recording surface. (2)
A data recording disk according to daim1l, wherein all data recording
tracks of said first data recording surface have substantially the sanme
track width, -and all gaps of said first data recording surface have
substantially the sane gap w dth. (3) A data recording disk according to
Claim 2, wherein all data recording traeks of said second data recording
surface have substantially the same track width, and all gaps of said
second dat@d@éoﬂdmgtsmfcaﬁesmai/eiaam)siea:nrdahﬁysnm@arre gap w dth. (4)
A data recording disk according to Caim1l, wherein data is witten in a
di rection { jm an ogter nost data recordi n% track to an jnner npst data
recordi ng tracke8F &4 FPFER RALLPTIR OMuPRIYSER PP cqsings Srafage by s
witten irﬁé\a-ddmeédt'wcntérhaa@rpmeronmisatdaaadrmmbsxg:ﬁmack to an inner
nost data recording track of said second data recording surface. (5 A
data recorélﬁg di sk .accor aim1l, wherein addresses

o

of dat 5earhgot FQ&QS%SF&gEEEe%%’F%I%F%“&n@é{ Srdfh xR2ddvettenst
dat a recorhfiadg posatikonedaati sabd avet pdstigreder diatgctr agk amplitude of

output signal generated by said read/write head,

(iv) moving said read/write head from said one position along
said radial direction,

(v) reading said rewritten servo patterns by said read/write head
moved from said one position to detect that an amplitude of
output signal generated by said moved read/write head becomes
504Y/2% of said amplitude of output signal generated by said
read/write head when it is positioned at said one position
(wherein said Y is said overlap width),

(vi) stopping said movement of said read/write head when said
detection is made, and

(vii) rewriting said servo patterns on said data recording
surface by said stopped read/write head stopped.

(22) A method for writing servo patterns according to Claim 21,

" wherein the total number of data recording tracks written on said
all data recording surfaces is determined by referring to said
count values of said all data recording surfaces.

[ llllll ) \l lII\



oftsaid first data recording surface, and said address of said inner nost
dafa recording track of said first data recording surface is followed by an
address of an outer nobst data recording track of said second data recording
surface, and said addresses on said second data recording surface are
successively assigned fromsaid outer nost data recording track to an inner
nost data recording track of said second data recording surface. (6) A
data recordi ng di sk conpri sing; a first® data recording surface and a

second data r, i AR o | i lﬁ%z% dat a

recordi ng tréglég‘%ﬁg%aﬁ. rs{DIéIgt g‘%@%rﬁg?ﬁgq%%wggéhg ??‘é[?:s rorrrﬁ%e

nunber of data recording trac ! ) Q\T@m recordi ng surface, and

a gap width between said dat ak\?gggirl\ygg%%cﬂs of said first data recording

surface dif ma gap w dth between said data recording tracks of said
BYIRACP

second data recordi ng surface. (7) A data recording disk according to

Claim6, wherei Thalpkesda iavémivarsdivega prettds ok usddssl space skisana disicor di ng
surface have substantially the same track width, and all gaps of said first
dat a r ecor Getwges deddawriteiteads whaxstumiform lttagk phich isansed, gad widthitofi each K@)l A dat a
recordi ng disk drive device according to Claim7, wherein all data

recor di ng tvadeskduedab asfabdcaiwadoldragetd.a recordi ng surface have substantially
the sane track width, and all gaps of said second data recording surface

have subst ant i afMhgrefore, & disk cgmprisgscime. recording sprfaces &1, #2dragd ke wackpitch

according to CCaim6, wherein data is wjtten in a direction froman outer
nmost dat g of adigeang gecpfcggg tracks of one surface (#1) glffers from %16 traci( p?tch of aé}]acent

tracks of the second surface (#2). All recording tracks of the first data recording surface
(#1) have substantially the same track width, and all gaps of the first data recording
surface (#1) have substantially the same gap width. All data recording tracks of the
second data recording surface (#2) have substantially the same track width, and all gaps
of the second data recording surface (#2) have substantially the same gap width.

Fig. 16A



36 ,t6 an inner nost data recording track of said first data recording
sgrface, then said data is witten in a direction froman outer nost data
recording track to an inner nost data recording track of said second data
recordi ng surface. (10) A data recording disk according to Claim®6
wherei n addresses of data recording tracks are successively assigned from
an outer nost data recording track to an inner nost data recording track of
said first data recording surface, &At3said address of said inner nost data
recording track of said first data recording surface is followed by an
address of an outer nost data recording track of said second data recording
surface, and said addresses on said second data recording surface are
successively assigned fromsaid outer nost data recording track to an inner

nost data recording track of said second data recording surface. (11) A
data recordi ng di sk conpri sing; a first data recording surface and a
second data recording surface, characterized in that the nunber of data

recording tracks of said first data recording surface differs fromthe
nunber of data recording tracks of said second data recording surface.
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(12) A di sk drive device conprising; data recording surfaces on a

rot ating data recording di sk, each of said data recording surfaces is
provided with a read/ wite head, and characterized in that the nunber of
data recording tracks of a first data recording surface differs fromthe
nunber of data recording tracks of a second data recording surface, and the
a 0712 37 gap width between said data
recording tracks of said first data r%b%%ding surface differs froma gap

wi dt h between said data recording tracks of said second data recording
surface. (13) A disk drive device according to Claim 12, wherein all data
recording tracks of said first data recording surface have substantially
the sane track width, and all gaps of said first data recordi ng surface
have substantially the same gap w dth. (14) A disk drive device according
to Caim13, wherein all data recording tracks of said second data
recordi ng surface have substantially the sane track width, and all gaps of
sai d second data recordi ng surface have substantially the sane gap w dth.
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(15) ‘A disk drive device according to daim 12, wherein data is witten in
a direction froman outer nost data recording track to an inner nost data
recording track of said first data recording surface, then said data is
witten in a direction froman outer nost data recording track to an inner
nost data recording track of said second data recording surface. (16) A
di sk drive device according to Claim 12, wherein addresses of data
recording tracks are successively assijgngd froman outer nost data
recording track to an inner nost data recording track of said first data
recordi ng surface, and said address of said inner nost data recording track
of said first data recording surface is followed by an address of an outer
nost data recording track of said second data recording surface, and said
addresses on said second data recording surface are successively assigned
fromsaid outer nost data recordi ng traek—te=ap i nner nost data recording
track of said second data recordi ng” ™) A nethod for witing
servo patterns for defining a pluf
rotating data recording di skbby/
devi ce, conprising /
(a) positioning said read/ witf
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radial direction of said rotating data recordi ng disk,
pdtterns on said rotating data recordi ng disk by said read/wite head

positioned at said one position,

out put signal

(b) witing servo

readi ng said servo patterns by said
read/ wite head positioned at said one position to detect an anplitude of

generated by said read/wite head,
read/ wite head fromsaid one position along said radi al

(d) noving said
di rection,

(e)

reading said servo patterns by said read/wite head noved from said one
position to detect that an anplitude of 4Uput signal generated by said
noved read/wite head beconmes 50-Jerr]/2% of said anplitude of out put

si gnal

dat a .rrecordi ng tracks)
detection is nade, and

met hod for witing ser
recording tracks on a
contained in a disk dr
gap wi dth between adj g

FIG. 4 <

generated by said read/wite head when it
position (wherein said err]

is positioned at said one
is a predeterm ned gap width between said
(f) stopping said read/ wite head when said

(g) overlappingly witing said servo patterns on
said rotating data recprding disk by said stopped read/wite head.
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39 (b) witing servo patterns for defining a plurality of data recordlng
tracks separated by said specified gap width on said rotating data
recordi ng disk by said read/ wite head, (c) detecting that the total
nunber of data recording tracks is smaller than a predeterm ned nunber,

(d) specifying an overlap w dth of adjacent data recording tracks, and

(e) rewiting servo patterns for defining a plurality of data recording
tracks overl apped each other by said gy¢3|ap width on said rotating data
recording disk by said read/ wite head, said step (e) conprising steps
of ; (i) positioning said read/wite head at one position along a radial
direction of said rotating data recording disk, (ii) rewiting said servo -
patterns on said rotating data recording disk by said read/ wite head
positioned at said %9$ posi ti on,

FIG. 5 -
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(iti) reading said rewitten servo patterns by said read/wite head
positioned at said one position to detect an anplitude of output signal
generated by said read/wite head, (iv) noving said read/ wite head from
said one position along said radial direction, (v) reading said rewitten
servo patterns by said read/wite head noved from said one position to
detect that an anplitude of output signal generated by said noved

read/ wite head becones 50+Y/ 2% of saidﬁéﬁglitude of out put signal
generated by said read/ wite head when it is positioned at said one
position 40 (wherein said Y is said
overlap wdth), (vi) stopping said novenent of said read/wite head when
said detection is nmade, and (vii) rewiting said servo patterns on said
rotating data recording disk by said stopped read/ wite head.stopped.

(19) A nmethod for witing servo patterns for defining a plurality of data
recordi.ng tracks ogafach of a plurality of data recordi ng surfaces on
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provi ded on each of said plurality of data recording surfaces contained is
a disk drive device, conprising steps of; (a) specifying a gap width

bet ween adjacent data recording tracks, (b) witing servo patterns on a
plurality of servo tracks for defining said plurality of data recording
tracks separated by said specified gap width on one data recordi ng surface
by its read/wite head, (c) storing a count val ue indicating the nunber
of servo tracks witten on said one data V&ording surface, (d) repeating
said steps (b) and (c) until said servo patterns are witten on all data
recordi ng surfaces, (e) determ ning whether the total nunber of data
recording tracks witten on said all data recording surfaces exceeds a

pr edet er mi ned nunber, or not, (f) specifying an overlap w dth of adjacent
data recording tracks, if the answer of said step (e) is NO

41 (g) finding said data recording surface containing the |east
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number of data recording tracks by determ ning said count values of said
all data recording surfaces, and (h) rewiting said servo patterns for
defining said plurality of data recording tracks overl apped each ot her by
said overlap width on said data recording surface found in said step (g) by
its read/wite head, said step (h) conprising steps of; (i) positioning
said read/wite head at one position along a radial direction of said data
recordi ng surface, (ii) rewiting $¥M¥o patterns on said data recording
surface by said read/wite head positioned at said one position, (i)
reading said rewitten servo patterns by said read/wite head positioned at
sai d one position to detect an anplitude of output signal generated by said
read/ wite head, (iv) noving said read/ wite head from said one position
al ong said radial di rection, (v) reading said rewitten servo patterns by
said read/wite head noved from said one position to detect that an
anplitude of output signal gener giese=hy ?id noved read/wite head becones
50+Y/ 2% of sai d anplitude of out'dHABT"§ generated by said read/wite
head when it is positioned at sai @ gne position (wherein said Y is said ,
overlap w dth), (vi) SR =GBt RRR=—0F Sai d readIMW|te head when
said detection is made, jand SELEGT FIRST HEAD

F
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(vii) rewiting said servo patterns on said data recording

42" surface by said stopped read/wite head stopped. (20) A nethod for
writing servo patterns according to Caim19, wherein the total nunber of
data recording tracks witten on said all data recording surfaces is
determ ned by referring to said coung/i | ues of said all data recording
surfaces. (21) A nethod for witin rvo patterns for defining a
plurality of data recording tracks on each of a plurality of data recording
surfaces on rotating data recording disks by a read/wite head provided on
each of said plurality of data recording surfaces contained is a disk drive

devi ce, conprising steps of; (a) specifying a gap w dth between adj acent
data recordi ng tracks, (b) positioning said read/ wite head at one
position along a radial direction of one data recording surface, (c)
setting a count valfie)of a counter‘n} an initi val ue,

STOP THE MOVEMENT b39
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(d) writing servo patterns on said data recording surface by said

read/ wite head positioned at said one position, (e) reading said servo
patterns by said read/ wite head positioned at said one position to detect
an anplitude of output signal generated by said read/wite head, ()
noving said read/ wite head from said one position along said radi al

di recti on, (g) reading said servo quypgns by said read/wite head noved
fromsaid one position to detect that ah anplitude of output signal
generated by said noved read/ wite head beconmes 50-F err]/2% of said
anplitude of output signal generated by said read/wite

43 head when it is positioned at said one position (wherein said Jerr]
is said specified gap wi dth between said data recordi ng tracks), (h)
stopping said read/wite head r---~:'d59etection I s made, (i)

I ncrenmenting said count val ue, 4 :
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(j) overlappingly witing said servo patterns on said data recording
surface by said stopped read/wite head. (k) repeating said steps (e) and
(j) until said servo patterns are entirely witten on said one data
recordi ng surface, (1) selecting next data recording surface and
repeating said steps (b) through (k), (m determ ning whether the total
nunber of data recording tracks witten on said all data recordi ng surfaces
exceeds a predeterm ned number, or not,11/1§n) specifying an overlap width
of adjacent data recording tracks if the answer of said step (m is NO

(o) finding said data recording surface containing the | east nunber of data
recordi ng tracks by determ ning said count values of said all data
recordi ng surfaces, and (p) rewiting said servo patterns for defining
said plurali of data rec i ng trac ver | apped C ther by said
overlap w dt n said data ordi ng ace foun d step (0) by its
read/ wite head, said steQ (p) conprilsi-pg steps (i) positioning
said read/witfe hedqd TOPOTRE WOVENERTT <I/861 a
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44 radial direction of said data recording surface, (i1i) rewiting servo
patterns on said data recording surface by said read/wite head positioned
at said one position, (iii) reading said rewitten servo patterns by said
read/ wite head positioned at said one position to detect an anplitude of
out put signal generated by said read/ wite head, (tv) noving said

read/ wite head fromsaid one position along said radial direction, (v)
reading said rewitten servo patterns by saldldead/wite head noved from
said one position to detect that an anplitude of output signal generated by
sai d noved read/wite head beconmes 50+Y/ 2% of said anplitude of output
signal generated by said read/wite head when it is positioned at said one
position (wherein said Y is said overlap w dth), (vi) stopping said
novenent of said read/wite head when said detection is nmade, and (vii)
rewiting said servo patterns on said data recording surface by said

st opped read/wite head stopped. (22) A nethod for witing servo patterns
according to Claim21, wherein the total nunber of data recording tracks
witten on said ,
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aL!;daia recording surfaces is determned by referring to said count val ues
of "said all data recording surfaces.
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