Servo-track Witer Technical field of the invention The present invention
relates to a servo-track witer. |In particular, the invention relates to a
servo-track witer for witing a servo pattern to be used for position
detection of nagnetic heads on nmagnetic disks. Prior art In magnetic disk
devices, data are read and witten by causing a head to trace tracks by
referring to servo information that is recorded on the concentric tracks
on a recording surface. A servo-track witer is an apparatus for witing
such servgekggogggEkOWngegagnet|c disks in the formof magnetization
patterns. A conventional servo-track witer will now be described. Fig. 1
shows the configuration of a conventional servo-track witer. Fig. 2 is a
plan view of a mechanism section 138 shown in Fig. 1. As shown in Fig. 1,
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In particular, the invention relates to a servo-track writer
for writing a sexrvo pattern to be used for position detection

of magnetic heads on magnetic disks.

Prior art

In magnetic disk devices, data are read and written by
causing a head to trace tracks by referring to servo
information that is recorded on the concentric tracks on a
recording surface. A servo-track writer is an apparatus
for writing such servo information to magnetic disks in the

form of magnetization patterns.

A conventional servo-track writer will now be
described. Fig. 1 shows the configuration of a conventional
servo-track writer. Fig. 2 is a plan view of a mechanism

section 138 shown in Fig. 1.

As shown in Fig. 1, a plurality of magnetic disks 102
are stacked in parallel and fixed to the rotary shaft of a
spindle motor 107 and a clock disk 105 is disposed under the

magnetic disks 102 and is also fixed to the rotary shaft.



spindle notor 107. A plurality of head arns 123 are stacked, and servo
heads 113 are attached to the tips of the head arns 123, respectively, so
as to be opposed to respective recording surfaces m, n2, ... , mmof the
magneti c di sks 102. The other ends of the head arns 123 are fixed to a
rotary positioner 114, which is rotatable about a pivot 125. Arotary
encoder 116 1is attached to the bottomof the rotary positioner 114 and
outputs a signal corresponding to a rotation angle A position control
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114. The position control section 115 causes each servo head 113 to trace
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reprOdUCtE%%s %Qﬁf geaé.arms 123 are fixed to a rotary positioner 114,
which is rotatable about a pivot 125. A rotary encoder 116
is attached to the bottom of the rotary positioner 114 and

outputs a signal corresponding to a rotation angle.

A position control section 115 is provided for
rotation angle control on the rotary positioner 114. The
position control section 115 causes each servo head 113 to
trace a prescribed track on the associated recording surface
of the associated magnetic disk 102 by controlling the
rotation of the rotary positioner 114 by performing a feedback
control on the basis of the rotation angle signal supplied

from the rotary encoder 116.

A clock head 109 is attached to as to be opposed to
the recording surface of the clock disk 105. An output of a
clock generat or 108 that generates a high-accuracy clock
signal 1is supplied to the clock head 109 via a read/write
amplifier 120, and a clock signal is written to prescribed

tracks of the clock disk 105. A reproduction output of the



clock head 109 is supplied to the read/wite anplifier 120, which outputs
a servo clock signal that is in synchronism wth the rotation of the
magneti c di sks 102. A pattern generator 112 is a circuit for generating a
one-track servo pattern. An output of the pattern generator 112 is
supplied to recording el enents of the servo heads 113 via a wite
anplifier 121, whereby the sane servo pattern can be witten to the
recording surfaces in parallel via the servo heads 113, respectively.
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head 109 records a clock pattern generated by the clock generator 108 on a
prescri bed, one-circle track of the clock disk 105. Then, the position
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114.3 one-track servo pattern. An output of the pattern generator
112 is supplied to recording elements of the servo heads 113
via a write amplifier 121, whereby the same servo pattern can
be written to the recording surfaces in parallel via the

servo heads 113, respectively.

Next, the operation will be described. First, a clock
disk 105 and a plurality of magnetic disks 102 to be subjected
to servo writing are stacked on the rotary shaft of the
spindle motor 107. After alignment is performed so that the
side faces of the stacked disks 105 and 102 become flush with
each other, the disks 105 and 102 are fixed to the spindle

motor 107. Then, the spindle motor 107 is rotated.

Subsequently, the clock head 109 records a clock
pattern generated by the clock generator 108 on a prescribed,
one-circle track of the clock disk 105. Then, the position
control section 115 causes each servo head 113 to trace the
outermost track that is the first write track by controlling

the rotary positioner 114.



Subsequently, the pattern generator 112 generates servo pattern data to be
witten to the current tracks and outputs the generated data in
synchronismwith a servo clock. The servo pattern data is input to the
wite anplifier 121 and converted into a recording current there. The
recording current corresponding to the servo pattern data is supplied to
the recording elenents of the servo heads 113 for the respective recording
surfaces, whereby the sane servo pattern is in parallel recorded on the
recording surfaces,of e 1 PRORALT € dirsks 102 ServO W51 RELARALR
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current corresponding to the servo pattern data is supplied
to the recording elements of the servo heads 113 for the
respective recording surfaces, whereby the same servo pattern

is in parallel recorded on the recording surfaces of the

magnetic disks 102.

Servo writing on the magnetic disks 102 can be
performed by repeating the above operation while step-moving
the servo heads 113 to the inner end with a prescribed track

pitch.

Finally, the magnetic disks 102 for which the servo
writing has completed are removed from the rotary shaft of
the spindle motor 107 and incorporated into a hard disk drive

in an assembling step therefor.

Fig. 3 shows the structure of a main part of
concentric servo-tracks that have Dbeen written by the
servo-track writer. A track address 143 as track address

information and other information necessary for head



positioning are witten on the servo-tracks. Patent docunent 1

JP- A- 2000- 100098 descri bes conventional servo-track witer apparatus of
prior art. Patent docunent 2 JP-A-2001-216750 al so descri be conventiona
servo-track witer apparatus of prior art. Problens to be solved by the

i nventi on The above conventional apparatus has the structure that the
plurality of head arns 123 are stacked (hereinafter referred to as a head
assenbly). Alignnent is performed on the head assenbly when it is

assenbledppggigga%ageék%iQgﬁktegegbakhgngeggogangggpective heads 113 are

corrected Some positional errors renmain because this

adj ustnent work is mainly perforned manual ly. The conventional servo-track
witer has a problem that servo-tracks of the same track address are
witten tg &het resBectiVE recording surfaces at positions that are

devi ated "PromeSR BEREr Tdue to positional deviations between the heads

113 because the rvoz C itten to the respective recording
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writer apparatus of prior art.

Patent document 2
JP-A-2001-216750 also describe conventional

servo-track writer apparatus of prior art.

Problems to be solved by the invention

The above conventional apparatus has the structure
that the plurality of head arms 123 are stacked (hereinafter
referred to as a head assembly). Alignment is performed on
the head assembly when it is assembled, whereby positional
deviations of the respective heads 113 are corrected for.
However, some positional errors remain because this

adjustment work is mainly performed manually.

The conventional servo-track writer has a problem
that servo-tracks of the same track address are written to the
respective recording surfaces at positions that are deviated
from each other due to positional deviations between the heads
113 because the servo-tracks are written to the respective

recording surfaces 1in parallel. The deviations amount to



terns of the nunber of tracks. This increases the head sw tching tinme |ag
of a hard disk drive and hence is a factor of lowering its performance.
One neasure for solving the above problemis such that track deviations
for the respective heads 113 are determ ned in advance and are conpensated
for by firmvare of a hard disk drive. However, this method has probl ens
that conplicated track managenent of the firmvare makes it difficult to
design the firmware and the device cost is thereby increased. The present

i nventionchas been, i@de,dyvd e ofh the-ahoys s Proplens off the RL % art,

and an object of the inventionis to provide a servo-track witer for
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attain th% 898 the invention provides a servo-track witer which
rma

is eqU|ppe g ea s"that are provided in plural pairs and

stacked so as to be opposed to respective recording surfaces of a

plurality of stacked 6 magnetic disks, head positioning neans for

positioning the One measure for solving the above problem is such that

track deviations for the respective heads 113 are determined
in advance and are compensated for by firmware of a hard disk
drive. However, this method has problems that complicated
track management of the firmware makes it difficult to design

the firmware and the device cost is thereby increased.

The present invention has been made in view of the aboVe
problems of the prior art, and an object of the invention is
to provide a servo-track writer for suppressing increase in
the access time of a hard disk drive and dispensing with
complicated track management of firmware by correcting for
positional deviations between servo-tracks of the same

track address due to alignment errors of a head assembly.

Means for solving the problems

To attain the above object, the invention provides a
servo-track writer which is equipped with magnetic heads
that are provided in plural pairs and stacked so as to be opposed

to respective recording surfaces of a plurality of stacked



magneti c heads at prescribed positions of the recording surfaces,
respectively, and servo-track witing neans for witing servo-tracks one
by one on each of the recording surfaces of the plurality of nagnetic

di sks being rotated while the head positioning neans perforns the
positioning, characterized in that the servo-track witing neans conprises
means for generating, for each track position, track addresses that are
given arbitrary offset values for the recording surfaces, respectively;
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while the head positioning means performs the positioning,
characterized in that the servo-track writing means comprises
means for generating, for each track position, track
addresses that are given arbitrary offset values for the
recording surfaces, respectively; means for generating servo
pattern data for the recording surfaces independently on the
basis of the track addresses, respectively; and means for
writing the servo pattern data to the respective recording

surfaces in parallel.

It is preferable that the arbitrary offset values that
are given to the respective recording surfaces be determined
on the basis of positional deviations of recording elements
of the magnetic heads for the recording surfaces,

respectively.

It 1is also preferable that servo-track write start
track positions and write end track positions in recording
areas of the recording surfaces are offset in accordance with

positional deviations of recording elements of the magnetic



heads for the recording surfaces, respectively. Brief Description of the
Drawi ngs Fig. 1 shows the configuration of a conventional servo-track
witer. Fig. 2 is a plan view of a nechanismsection of the conventional
servo-track witer. Fig. 3 shows the structure of a main part of
servo-tracks that have been witten by the servo-track witer. Fig. 4
shows the configuration of a servo-track witer according to an enbodi nent
of the present invention. Fig. 5 shows the configuration of a pattern

gener at or nedlist BersenvorbEacks wEl ek aceor dipgolor theyyvent fon, Fig. ©

illustrates a track deviation t IS caused e servo-track witer
according to the invention. Fig. 7 illustrates positional relationships
bet ween servo-tracks in the conventional servo-track witer. Fig. 8
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Fig. 2 is a plan view of a mechanism section of the
conventional servo-track writer.

Fig. 3 shows the structure of amain part of servo-tracks
that have been written by the servo-track writer.

Fig. 4 shows the configuration of a servo-track writer
according to an embodiment of the present invention.

Fig. 5 shows the configuration of a pattern generator
of the servo-track writer according to the invention.

Fig. 6 illustrates a track deviation that is caused by
the servo-track writer according to the invention.

Fig. 7 illustrates positional relationships between
servo-tracks in the conventional servo-track writer.

Fig. 8 illustrates positional relationships between
servo-tracks in the servo-track writer according to the

invention.

Embodiment of the invention
Next, an embodiment of the present invention will be
described. Fig. 4 shows the configuration of a servo-track

writer according to an embodiment of the invention.



8 As shown in Fig. 4, a plurality of magnetic disks 102 are stacked in
parallel and fixed to the rotary shaft of a spindle notor 107 and a cl ock
di sk 105 is disposed under the nmagnetic disks 102 and is also fixed to the
rotary shaft. The disks 102 and 105 are rotated together by rotation of
the spindle notor 107. A plurality of head arnms 123 are stacked, and
servo heads 113 are attached to the tips of the head arnms 123,
respectively, so as to be opposed to respective recording surfaces nl, n2,
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109 is attached as to be opposed to_the
spindle motor 107. A plurality of head arms 123 are stacked,

and servo heads 113 are attached to the tips of the head arms
123, respectively, so as to be opposed to respective recording
surfaces m;, my, ..., my of the magnetic disks 102. The other
ends of the head arms 123 are fixed to a rotary positioner 114,
which is rotatable about a pivot 125. A rotary encoder 116
is attached to the bottom of the rotary positioner 114 and

outputs a signal corresponding to a rotation angle.

A position control section 115 is provided for rotation
angle control on the rotary positioner 114. The position
control section 115 causes each servo head 113 to trace a
prescribed track on the associated recording surface of the
associated magnetic disk 102 by controlling the rotation of
the rotary positioner 114 by performing a feedback control on
the basis of the rotation angle signal supplied from the

rotary encoder 116.

A clock head 109 is attached as to be opposed to the

recording surface of the clock disk 105. An output of a clock



recording surface of the clock disk 105. An output of a clock 9 generator
108 that generates a high-accuracy clock signal is supplied to the clock
head 109 via a read/wite anplifier 120, and a clock signal is witten to
prescri bed tracks of the clock disk 105. A reproduction output of the
clock head 109 is supplied to the read/wite anplifier 120, which outputs,
to a pattern generator 112, a clock signal (i.e., servo clock) that is in
synchronismwith the rotation of the magnetic disks 102. The pattern

generator 112 is a cjrcuit for generatin servo patterns faor the.
respectivgeP858§8Fn§b§J#F§b§ 96%95?5 5 2%%%53$$%F%¢Xéﬁﬁhﬁ<§& Pﬁgu%gtion of
the pattern nerator 112. The rn, generator 112 i S .cQNpos of M
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surfaces), Mpattern nenpries 131, and a transfer . control circuit 132.
Track addPB8sed TﬁEOG#Q,3?9??iTiffWﬁl??ﬁpr%ﬁuﬂﬁﬁ%Qﬁ%bquéﬂﬁ%ﬁﬁﬁgo%uF%ﬁces are
input froma main controller 122 to the respective pattern_generation
sections E30CckrRdiekrity o reRESEUCLAOR SHHPEES%gijﬁéﬂﬁﬁ?i@%ﬁdg%ﬁération

sections 130 generate servo patterns P1, P2, ..., PMcarresponding to the
respect | véSt PHER1AGEr Bestae RO farties miFRMoriess 129y hdch outputs,

to a pattern generator 112, a clock signal (i.e., servo
clock) that is in synchronism with the rotation of the magnetic

disks 102.

The pattern generator 112 is a circuit for generating
servo patterns for the respective recording surfaces. Fig.
5 shows the internal configuration of the pattern generator
112. The pattern generator 112 is composed of M pattern
generation sections 130 (M is the same as the number of
recording surfaces), M pattern memories 131, and a transfer

control circuit 132.

Track addresses Ti, T2, ..., Tum for the respective
recording surfaces are input from a main controller 122 to
the respective pattern generation sections 130. Referring
to those track addresses, the pattern generation sections 130
generate servo patterns P;, P2, ..., Py corresponding to the
respective track addresses. The pattern memories 131 are
random access memories for temporarily storing servo pattern

data that are generated by the pattern generation sections
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random access nenories for tenporarily storing servo pattern data that are
generated by the pattern generation sections 10 130, respectively. The
transfer control circuit 132 is a control circuit for reading out, in
parallel, the servo pattern data in the pattern nenories 131 in
synchronismwith a servo clock. Qutputs of the pattern generator 112 are
supplied to recording elenents of the servo heads 113 via wite

anplifiers 121 that are provided for the respective recording

surf aces, rebyserv tern ten t gt he recordin facesin

Ay pedh 3?&8%5(53& sf% o dattes ywﬁfreeaei THE et T hi4 i Dol a
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between a  head (i.e., head tip portloni 141 for recordln% surface-1 and a
head (i.e datﬁeé’a W% H?c}'rtteirdh)mefk?flfe&r LPacOR P HCRINT LR T A £€5VP0 )
anong the servo heads 113 in such a manner that a positional deviation

bet ween t RéCREads 141 and 142 is sonmewhat exaggerated. Points Pl and P2

are the centers of the recording elenents of the heads 141 and 142 for
recordi ng surface-1 and

Outputs of the pattern generator 112 are supplied to
recording elements of the servo heads 113 via write
amplifiers 121 that are provided for the respective recording
surfaces, whereby servo patterns can be written to the
recording surfaces 1in parallel via the servo heads 113,

respectively.

Next, the definitions of a track deviation and a track
offset number will be described. Fig. 6 illustrates the track
deviation. Fig. 6 shows a positional relationship between a
head (i.e., head tip portion) 141 for recording surface-1 and
a head (i.e., head tip portion) 142 for recording surface-n
(n = 2 to M) among the servo heads 113 in such a manner that
a positional deviation between the heads 141 and 142 is

somewhat exaggerated.

Points P; and P, are the centers of the recording
elements of the heads 141 and 142 for recording surface-1 and
recording surface-n, respectively, andpoint Ois the rotation

center of the disks 102. The absolute value |vector PiPy’| of
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recordi ng surface-n, respectively, and point O is the rotation center of

t he di sks 102. The absolute value |vector P1P2'| of 11 a vector P1P2' that
is a conponent of vector P1P2 in the radial direction (i.e., the direction
of vector OPl) is defined as a track deviation Arn of the head 142 for
recording surface-n to the head 141 for recording surface-I. The nagnitude
of the track deviation varies depending on the rotation angle of the
rotary positioner 114 (i . e . , the track position) . However, the

iati [ | i gL bl i.th t tQt t Kk i.afi t
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deviation _,is constant in the recording surfaces. To deternine track

devi at i oné}f?Ft%gnnche%saer? oéllfr%%%h?rg %%s‘feﬁ Stfs ) ¢ hg %I(g}rfl 484 IF the
recording elements for A the respective recording surfaces in | ane t hat

i s paral | 8 trafk HaHeticvoadr Rf dher head HHe £t ZEEOFAARSt ﬁ‘ér§%$96nheads
113 are positioned with respect to prescribed tracks of the magnetic disks
102. Thi stRebBarbaedt Leantee PeFPEFMRY BYTLI/SFTY a hi gh- accuracy vi deo
sensor or the like. A track offset number AT(n) of the head for recording
surface-n (n =2 to M with respect to the head for recording surface-1is

defined by the foll ow ng equati on: o _ ,
The magnitude of the track deviation varies depending

on the rotation angle of the rotary positioner 114 (i.e., the
track position). However, the variation is negligible with
respect to the track deviation (absolute value) and hence no
problems occur even if it is assumed that the track deviation

is constant in the recording surfaces.

To determine track deviations, it is necessary to
measure positions of the centers of the recording elements for
the respective recording surfaces in a plane that is parallel
with the recording surfaces in a state that the servo heads
113 are positioned with respect to prescribed tracks of the
magnetic disks 102. This measurement can be performed by

using a high-accuracy video sensor or the like.

A track offset number AT (n) of the head for recording

surface-n (n = 2 to M) with respect to the head for recording
surface-1 is defined by the following equation:
AT (n) = S; x floor (Arn/Tw + 0.5) (n =2, 3, ..., M

where S; has a value “1” if vector P1P,’ is in the same direction
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AT (n) =S x floor (Arn/TW+ 0.5) (n =2, 3, ..., mM where Si has a value
"1" if vector P1P2'" is in the sane direction 12 as vector OPl and has a
value "-1" if vector P1P2' is opposite in direction to vector OP1, T, is a
track pitch, floor(x) is a maxinmuminteger that does not exceed x, and M
is the nunber of recording surfaces. That is, the track offset nunber is
the track deviation of the head for recording surface-n (n =2 to M wth
respect to the head for recording surface-1 as converted to the nunber of
tracks. The track set .nunber has a.positive value if, .th [
deviationanv%ék%ﬁn grﬁnag%?%fﬁgﬁ and Egs %£‘ﬁ%ﬁélfggb@aﬁﬁegPéogﬁgetrack
deviation.,is an inpward deviatio Next,. t he operati.on.w Il be descri bed.
First, (rARKIHEDFRE PP of S THE Slivo hekd 118 Pol TR FeSHadt ves
recordi ng surfaces are deterningd according t t he ove efinigion and
track of f ePARHMHRADRAGH thpt=dees not $xceed xy) apd M Ly EDEPEEOPEr ¢ he
respective recording surfaces on the basis of the thus-determ ned track
devi ati on8f FECPEI&RPf PEFERFSEO performthis processing only when the
positional relationships between the head tip portions of the servo heads
113 for the respective recording surfaces have changed due to head

repl acement or the |ike. . o
That is, the track offset number is the track deviation

of the head for recording surface-n (n = 2 to M) with respect
to the head for recording surface-1 as converted to the number
of tracks. The track offset number has a positive value if
the track deviation 1is an outward deviation and has a

negative value if the track deviation is an inward deviation.

Next, the operation will be described.

First, track deviations of the servo heads 113 for the
respective recording surfaces are determined according to
the above definition and track offset numbers AT(n) (n = 1,
2, 3, ..., M) are calculated for the respective recording
surfaces on the basis of the thus-determined track
deviations. It is sufficient to perform this processing only
when the positional relationships between the head tip
portions of the servo heads 113 for the respective recording

surfaces have changed due to head replacement or the like.

Then, the track offset numbers AT (n) for the respective

recording surfaces are set in the main controller 122. The

13



Then, the track offset nunbers AT (n) for the respective recording surfaces
are set in the main controller 122. The 13 main controller 122 stores the
track offset nunbers AT(n) in a track offset table (not shown) . The track
of fset nunmber for recording surface-1 is always equal to "0" because of

t he above definition. Once set, track offset nunbers need not be set again
every tine the apparatus is started because they are stored in a

nonvol atile nmenmory (not shown) in the apparatus. Then, referring to the

track offset table ' contr Ie 12 det er.m_ne nltrack
address afg8 “¥ekt ¥?§¥£S§8&F€§ % %F Se%ﬁb“?b g eaﬂatlons
(m nimum track addr ) A tr ddr,

max ( AT( n) %Z ak %%Se§ t%% T&‘/P)C & AT (ne %rac réf%%%of Ps‘[ehlp ﬁurrber
for recor%rng surf $ I;Er a tota runber of thcK%”p r disk, and Mis
t he nunbe Orofr?%ﬁi)%ﬁ9ugsgﬁ PEEed. SRt HYYT R hitum®t r SEa888r8§s and

t he HHXIHU track in the above nanne(ﬁ%£ﬁ$ C reco

surf ace tB cﬁﬁ%ﬁ?1 lPéﬁ%PnN s%?%%r%ﬁ;acﬁ§aFF & nH@Q?ﬁﬁl%F%4 E addr ess
"0" to one having a track address "N - |." Although s ip setting may
produce s?@v%e¥r%&ﬁé§lﬁﬁﬁ§§ time the apparatus is starte ecause they

are stored 1in a nonvolatile memory (not shown) in the

apparatus.

Then, referring to the track offset table, the main
controller 122 determines a minimum track address and a

maximum track address according to the following equations:

min (AT (n))

(minimum track address)

(maximum track address) N - 1 + max(AT(n))
(n=1, 2, 3, ..., M

where AT (n) is a track offset number for recording surface-n,
N is a total number of tracks per disk, and M is the number
of recording surfaces. Setting the minimum track address and
the maximum track address in the above manner allows each
recording surface to contain at least N servo-tracks from one
having a track address “0” to one having a track address "N
- 1.” Although such setting may produce servo-tracks whose
track addresses are not greater than “0” or not smaller than
“N” depending on the recording surface, a hard disc drive

disregards those servo-tracks. The track addresses are set

so as to increase as the position goes inward.
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track addresses are not greater than "0" or not smaller than "N' depending
on the recording surface, a hard disc drive disregards those servo-tracks.
The track addresses are set so as to increase as the position goes inward.
14 Then, a clock disk 105 and a plurality of magnetic disks 102 to be
subjected to servo witing are stacked on the rotary shaft of the spindle
not or 107. After alignnment is perfornmed so that the side faces of the
stacked di sks 105 and 102 becone flush with each other, the

al i gnnment - conpl ef.ed di sks 10 n 02 are fixed.to the indl e. or 107.
Then, the spi ngﬁt}ée%tao?fﬂ%]? d?s&r%?%taél .a§u1busreagluletr?’t P%/,mat eetcj1%0§ E[E%ad 109
records a&BEOC nerated by the clock gener

k tt . 108
preSC{ibe oﬁ%Pgﬁ?gﬁgbggggﬁdofg?h8¥5V8cwra?§R916§? %%gnggo?gggﬁ%Iock
ignal is reprod by th | ock d 109 | ock si I i.e.,
ol 9ck) 1 SXBERBIt Shabi Piie PEaRIFIE DRROR Lo - 1365Eh SYRBRTGRF Shiwi th t he
rotation of the magnetic disks 102, Then, the main controller 122 sets the
count of RerfaeRedcauirthdt Rt SSABWACED SthéDmi RFAGRTEr sagtﬁ)rseggdas an

initial value. Then, to nove the servo heads 113 to a track positi.on
cor r espondPlig Receme VAU o thheachadkhcguntéie, aligrmgns-completed

disks 105 and 102 are fixed to the spindle motor 107. Then,

the spindle motor 107 is rotated.

Subsequently, the clock head 109 records a clock pattern
generated by the clock generator 108 on a prescribed,
one-circle track of the clock disk 105. The recorded clock
signal is reproduced by the clock head 109 and a clock signal
(i.e., servo clock) is output from the read/write amplifier
120 in synchronism with the rotation of the magnetic disks

102.

Then, the main controller 122 sets the count of a track
counter (not shown) to the minimum track address as an initial
value. Then, to move the servo heads 113 to a track position
corresponding to the value of the track counter, the main
controller 122 outputs a prescribed target position

instruction to the position control section 115.

Then, on the basis of the target position instruction,

the position control section 115 causes each servo head 113

15



controller 122 outputs a prescribed target position instruction to the
position control section 115. Then, on the basis of the target position
instruction, the position control section 115 causes each servo head 113 15
to trace an outer first track (i . e . , a track corresponding to the

m nimum track address) by controlling the rotation angle of the rotary
positioner 114. Then, the main controller 122 cal cul ates track addresses
T1, T2, ... , TMof the respective recording surfaces by adding the track

of fset nupbers for the respective recording_ surfaces th r tored in

t he trackt8f¥§%?efgb98tefn§%r% 3ﬁh(ﬂiglfﬁé’v%ﬁﬂ§“6 cpﬁ%e%%§%€%€§ug er, and
sets the al cul ated track dresses in the tter enerator 112
Subsequen?ﬁ?,mf%%mﬁ%ﬁﬁﬁ? §§%§F§F§oﬁys%%?F5%§ET§btgggrogﬁ 1085388t Pve
recordi ng ?urgaces in the Eattern inerator 112 generate, on the basis of
the input Ofr 48R A0HRE¥SRESITLRRGH % ftern data P1, P2, ..., PMto be
witten, and stores the generated servo pattern data P1, P2, ., PMin
the respective pattern nenories 131. Then, the transfer control circuit
132 outputs the servo pattern data PI, PM for _ the respective

P2, ...
recording surfacBei t h Presddifed CPPiFRGIER  Sehcidmuddtfas ht&28%r vo

cl ock. The servo pattern data are . _
addresses Ti, T2, ..., Tw of the respective recording surfaces

by adding the track offset numbers for the respective
recording surfaces that are stored in the track offset table
(not shown) to the value of the track counter, and sets the

calculated track addresses in the pattern generator 112.

Subsequently, the pattern generation sections 130‘for
the respective recording surfaces in the pattern generator
112 generate, on the basis of the input track addresses,
servo pattern data Pi, P2, ..., Pu to be written, and stores
the generated servo pattern data Pi, P2, ..., Pu in the
respective pattern memories 131. Then, the transfer control
circuit 132 outputs the servo pattern data Pi, P2, ..., Pu for
the respective recording surfaces with prescribed timing in
synchronism with a servo clock. The servo pattern data are
input to the write amplifiers 121 for the respective
recording surfaces and converted into recording currents
there. The recording currents corresponding to the servo
pattern data Pi1, P2, ..., Pu are supplied to the recording

elements of the servo heads 113 for the respective recording

16



input to the wite anplifiers 121 for the respective recording surfaces
and converted into recording currents there. The recording currents
corresponding to the servo pattern data P1, P2, ... , PMare supplied to
the recording elements of the servo heads 113 for the respective recording
16 surfaces, respectively, whereby servo patterns are recorded on the
respective recording surfaces of the magnetic disks 102. Then, the main
controller 122 increnents the count of the track counter (not shown) and

t he servo h?%ggell?’ %ly hreebc\gxéer\}o %ct re ea | ngé{:hgae Servo

Witing of ete above

operation while ste nDVln the s rvo he 113 he |nn n wth a
prescri bed tr%}&? ]fﬁ cethJIff SR AS eaf\c/j‘t’}ceexser?pff gry po i gonaﬁ R

relatlonsg ps bet ween servo-tracks that are expected in the conventional
servo-tracR“writer and the servo-track witer according to the invention
when a positional deviation exists between the servo heads 113 for
recording surface-1 (mm) and recording surface-2 (m#1). In Figs. 7 and 8,
it is assuned that the positional deV|at|on pbet ween the servo hea s 113 IS
about five tinesi¢he thadieisi CORITRIL8EhZF r UATEFTRDLY Tifd COUH ©

the track counter (not shown) and the servo heads 113 are moved
to the next, inward track position. Servo writing on the
magnetic disks 102 is completed by repeating the ebove
operation while step-moving the servo heads 113 to the inner

ends with a prescribed track pitch.

Figs. 7 and 8 show exemplary positional relationships
between servo-tracks that are expected in the conventional
servo-track writer and the servo-track writer according to
the invention when a positional deviation exists between the
servo heads 113 for recording surface-l1l (my) and recording
surface-2 (mm-1). In Figs. 7 and 8, it is assumed that the
positional deviation between the servo heads 113 is about five
times the track pitch. As seen from Figs. 7 and 8, in the
servo-track writer according to the embodiment (Fig. 8), the
positional deviations between the servo-tracks having the same
track address can be made much smaller than that in the

conventional servo-track writer (Fig. 7).
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servo-track witer according to the enbodinment (Fig. 8), the positional
devi ati ons between the servo-tracks having the sane track address can be
made much snmaller than that in the conventional servo-track witer (Fig.
7). 17 Advantages effect of the invention As descri bed above, in the
servo-track witer according to the invention, servo-tracks having the
sanme track address are witten so as to be deviated fromeach other in
accordance with positional deviations between the heads for the respective

recordingAagékﬁggégdgﬁf%gtag%ggggngngéﬁgignof t he head assenbly.

Therefore erences occur etween the positions of
servo-tracks hav'gg t@esél?ﬂ? éracgbo ddr 8$s Qlflet @%J%s ectiyve recarding
surfaces, which Teads o a vant ages t'’hat increase in the access tinme of
hard disk_drive. is s ressed .and no_caonplicated trac nagenent., of
frrmuar o 2 SoKOABEcS AL RSt T 2859 0o L palk et 1B (oA B TR ab ke
that can be applied to hard disk drives that. are erior.in, . cost
por f of manGaSTEBS RGP nEF 1EERn GET VB (1A Vi L ThidhT] So6huPABEd Wt h
magneti g%%gidgggg 3£§hp£8¥igfgnéf égéqgﬂi ég'ﬁzéwg%rF%%%F%%ads for

the respective recording surfaces due to alignment errors of
the head assembly. Therefore, no large differences occur
between the positions of servo-tracks having the same track
address of the respective recording surfaces, which leads to
advantages that increase in the access time of a hard disk drive
is suppressed and no complicated track management of firmware
is needed. As a result, a servo-track writer can be provided
that can be applied to hard disk drives that are superior in

cost performance.
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so as to be opposed to respective recording surfaces of a plurality of

st acked magnetic di sks, head positioning neans for positioning the
magneti ¢ heads at prescribed positions of the recording surfaces,
respectively, and servo-track witing nmeans for witing servo-tracks one
by one on each of the recording surfaces of the plurality of magnetic

di sks being rotated while the head positioning neans perforns the
positioning, characterized in that: the servo-track witing neans
conprises mgans for generating, for each track position, track addresses
that are givén arbitrary offset values for the recording surfaces,

respectively; neans for_generating servao pattern data for. rdi ng
surfaces indepengéngﬁy 8%r¥ﬂe€ %§?s<ﬁr#%é?tW§%Eh éﬁhr%%%%égg?eggggtively;
and neans_for mmitbggdthe servo patter respeg%i¥p recor di ng

o oo n bt bR e 3E % B A PR s 1R B YR

claim,
characterized in that the argitraré of fset val ues t hat arg iveg to the
respect i v&%r &Sor'd iE sOPPATee BP eTBEPEFHTNEd T6HFCTERBILEETFS26F5p8di & onal

devi ati ons .of recording elenents of 19 the magnetic heads for the recordin
surf aces p@@gﬁé&ﬁﬁwgﬁygtacked magnetic disks, “head posié%oning means 9

for positioning the magnetic heads at prescribed positions
of the recording surfaces, respectively, and servo-track
writing means for writing servo-tracks one by one on each of
the recording surfaces of the plurality of magnetic disks
being rotated while the head positioning means performs the
positioning, characterized in that:

the servo-track writing means comprises:

means for generating, for each track position,
track addresses that are given arbitrary offset values for
the recording surfaces, respectively;

‘means for generating servo pattern data for the
recording surfaces independently on the basis of the track
addresses, respectively; and

means for writing the servo pattern data to the

respective recording surfaces in parallel.

2. The servo-track writer according to claim 1,
characterized 1in that the arbitrary offset values that are
given to the respective recording surfaces are determined on

the basis of positional deviations of recording elements of
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3. The servo-track witer according to claiml, characterized in that
servo-track wite start track positions and wite end track positions in
recording areas of the recording surfaces are offset in accordance with
positional deviations of recording elenents of the magnetic heads for the
recordi ng surfaces, respectively. 20

the magnetic heads for the recording surfaces, respectively.

3. The servo-track writer according to claim 1,
characterized in that servo-track write start track positions
and write end track positions in recording areas of the
recording surfaces are offset in accordance with positional
deviations of recording elements of the magnetic heads for the

recording surfaces, respectively.
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