SERVO WRI TI NG METHOD AND SERVO WRI TER Technical Field of the Invention The.
present invention relates to a servo witing nethod and a servo witer,
and nore specifically to a servo witing method and a servo witer for
witing, on a magnetic disc, a servo pattern used to detect the position
of a magnetic head, an ID pattern for identifying the nmagnetic disc, a
program etc. Prior Art Enhancenent in positioning precision of a nmagnetic

Vari ous. T acking ser 96 8ysrans e, B pudh BBk "uRBREL the posi tion ng
precision of a magnetic head, that is, the tracking precision. A device

for recording a servo signal for positioning a magnetic head, that is, a
servo pattern on s magnet i c gis is called as a servo witer. Fig. 1 shows
the constructi oh€ nécggngéﬁ% ofhl tRer YVenF1PRr. The servo witer is

equi pped with a disc stack unit 13 in_which nmagnetic discs 11 of n for
recordi ng servolBPgPEs 3Nt HEVEHT ioid relatesktpad sV ivgd tipgapetipded, and
a spindle notor 14 for rotating the disc stack unit 13 at severa

t housands2PBn? TREVSEFUbtew i tard imp e spes fdq@ildpedoniat Reavel vektingad 15

for witing a clock pattern on the clock pattern disc 1
method and a servo writer for writing, on a magnetic disc, a

servo pattern used to detect the position of a magnetic head,

an ID pattern for identifying the magnetic disc, a program, etc.

Prior Art

Enhancement in positioning precision of a magnetic head
contributes to increase storage capacity in a magnetic disc
device. Various tracking servo systems have been known to
enhance the positioning precision of a magnetic head, that is,
the tracking precision. A device for recording a servo signal
for positioning a magnetic head, that is, a servo pattern on

a magnetic disc is called as a servo writer.

Fig. 1 shows the construction of a conventional servo
writer. The servo writer is equipped with a disc stack unit
13 in which magnetic discs 11 of n for recording servo signals
thereon and a clock pattern disc 12 are fixed, and a spindle
motor 14 for rotating the disc stack unit 13 at several
thousands rpm. The servo writer is further equipped with a clock

head 15 for writing a clock pattern on the clock pattern disc



12, a clock head positioner 16 for positioning the clock head 15, magnetic
recordi ng heads 17 for witing servo patterns on the magnetic discs, and a
rotary positioner 18 for positioning the nagnetic recordi ng heads stacked.
Furthernore, the servo witer is equipped with a clock pattern generator
21 for generating a clock pattern, a servo pattern generator 22 for
generating a servo pattern, a position detector 23 connected to a rotary

encoder 19.for detecting,the . positi f the rotary pasitigner 18, a servo
conpensat th’Zi c?%?gc}é?%%lpaotsi gloélesre(r?‘gog%n%%ﬁ%ﬁ?%#@aﬁlfeCgl‘?ctkhéeﬁgsi s of
an errorlgetmeen he detecéed osu%%qg nd a target osition, and a power
anplifier *2% P3PGLLHUF EFAG T H AU rtSA urPENY L+ bi0Y REIYQ PN 58S PPoner 18
on the basis of the servo conpensation val ue. The Oferation of the servo
writer wi[HPepBAgREEHFIsEeF Cxs anéih%vﬁPqé\fﬁFP@’.Sl’ElPélFr, ? HOcPesk therdngs
wites the clock pattern generated in the clock pattern generator 21 at
any radi althep8gioness cofrecre ddngc kepslst StAcHesle 12. For exanpl e, the cl ock
pattern 31 is witten on the outernost periphery of the clock pattern disc
12 as shown in Fig. 2(b). Next, the position of the rotary positioner 18 is
detected by the rotary encoder 19 and the position detector 23, and the
error fromthe targjberposeti thei sefed batker hirowghiigmeedseried 2 clock

pattern generator 21 for generating a clock pattern, a servo

pattern generator 22 for generating a servo pattern, a position

detector 23 connected to a rotary encoder 19 for detecting the

position of the rotary positioner 18, a servo compensator 24

for calculating a servo compensation value on the basis of an

error between the detected position and a target position, and

a power amplifier 25 for outputting a driving current for the

rotarypositioner 18 onthebasis of the servocompensationvalue.

The operation of the servo writer will be described. As
shown in Fig. 2(a), the clock head 15 writes the clock pattern
generated 1in the clock pattern generator 21 at any radial
position of the clock pattern disc 12. For example, the clock
pattern 31 is written on the outermost periphery of the clock

pattern disc 12 as shown in Fig. 2(b).

Next, the position of the rotary positioner 18 is detected
by the rotary encoder 19 and the position detector 23, and the

error from the target position is fed back through the servo



conpensator 24 and the power anplifier 25, and each magnetic recording
head 17 is nmade to follow the target position as shown in Fig. 2 (a)

Each magnetic recording head 17 wites the servo pattern generated in the
servo pattern generator 22 on each nmagnetic disc 11 in synchronismwth
clocks read out fromthe clock pattern disc 12 under the foll owed state.
Wth respect to the conventional servo witer, the tine required for one
disc stack unit to wite the servo pattern on the whole surface of each
magneti c GPEESRSaEQtal 4t BNE NI RWET AR It /Y fe /x 2P Fe CAGRLBRIBE EFacks to
be witten. As the track_density is enhanced in connection with increase
i n storagé&eceapaeptiead Ad i Meidegt ¢ ifivd iy thAadar aidrehetipr afghPaYni s

| ownered. The tinme can be shortened by increasing the rotational speed of
t he magnefncFH¥ s (powdvaeh magackichaarendlingbrerd o wikteénttéespered as
tradeoff, and it is difficult to wite the servo pattern with high

pr eci si onpattetrhegsnacktrdnier tbk spuyrephbtteirscgensrahoreagdedn eheh

t hroughput per one disc is increased, however, the |oad inposed on a

spi ndl e nobgneitsc dnscebbeid symdhiranitshrewiohatiookpresadiomt fsolmonbeed.
Furthernore, the nunmber of magnetic recordi ng heads stacked is increased,
so that itlbskdpbhticeuht dieckeel thredemsited | @dl dwedrecdtss.on within a
predeterm ned range. Therefore, it has been carried out to divide one

sect or

With respect to the conventional servo writer, the time
required for one disc stack unit to write the servo pattern on
the whole surface of each magnetic disc is equal to the disc
rotation time x the number of tracks to be written. As the track
density is enhanced in connection with increase in storage
capacity, the writing time is longer and the throughput is
lowered. The time can be shortened by increasing the rotational
speed of the magnetic disc. However, the mechanical vibration
is intensified as tradeoff, and it is difficult to write the
servo pattern with high precision. If the stack number of
magnetic discs is increased, the throughput per one disc is
increased, however, the load imposed on a spindle motor is
increased, so that the rotation precision is lowered.
Furthermore, the number of magnetic recording heads stacked is
increased, so that it is difficult to keep the installation

precision within a predetermined range.

Therefore, it has been carried out to divide one sector



3inthe radial direction and wite the servo pattern with plural nagnetic
recordi ng heads, thereby shortening the witing tinme. Furthernore, there
is knowmn a nethod with which plural magnetic recordi ng heads are equi pped
and a reference position signal indicating a reference position is
recorded on a magnetic disc to record a servo pattern (see Patent
JP-A-11-260008). Furthernore, it is known that setup nagnetic recording
heads are corrected by |oading a disc for correction (see Patent
JP- A- 20021208509 f BRdexAnpl BISCHrUbl ¥F t B bee s edchyOt Ret FavRNYEBA
However, in the servo witer equipped with the plural nmagnetic recording
heads as ®ég&pilbediaiiitelC di 5pePEddnd | Aeapggndtiar dhsshorioeeing bBhet he
magneti c face of a magnetic disc even when an exciting current to be
appl i ed t yriliéngxieineng Fugitheroprehetmermétsi kneecser uehgofdedds whicbnst ant .
This is caused by a factor based on the nmagnetic recording head such as
di nensi onglludedpergheniof reonsdibgemntads emntesywifppdte andagnetterescer di ng
head such as the gap interval of yokes, for exanple, dispersion of
mat er i al s posistiohut & hgna hei ydkes; irant @B dnce goadttdionbasedeoartiba fl oat
amount of the magnetic recording head fromthe nmagnetic disc. Fig. 3 shows
the rel at icanshi pafetveendibe rmrONEid¢erd a servo pattern (see Patent
JP-A-11-260008) . Furthermore, it is known that setup magnetic
recording heads are corrected by loading a disc for correction

(see Patent JP-A-2002-208242 for example).

Problem to be solved by the Invention

However, in the servo writer equipped with the plural
magnetic recording heads as described above, dispersion in
magnetic density occurs on the magnetic face of a magnetic disc
even when an exciting current to be applied to the exciting
coils of the magnetic recording heads is constant. This is
caused by a factor based on the magnetic recording head such
as dimensional dispersion of constituent elements of the
magnetic recording head such as the gap interval of yokes, for
example, dispersion of materials constituting the yokes, and
also by a factor based on the float amount of the magnetic

recording head from the magnetic disc.

Fig. 3 shows the relationship between the magnetic

density and coercive force of the magnetic material. Servo



density and coercive force of the nagnetic material. Servo 4 patterns
witten with different magnetic flux densities (Hl, H2, H3) are different
in coercive force (ML, M2, M3) . Wien a servo pattern is read out by a
magneti ¢ reproduci ng head under such a state, the anplitude value is
di fferent anong the magnetic recording heads as shown in Fig. 4 (B) or
Fig. 4 (C wth respect to a nagnetic reproduction signal shown in Fig.
4(a). Therefore, there is a problemthat if the magnetic reproduction
si gnal ha®ahéeEnef FELERENSFNCD| difberenbenagnet el fluwp dassigiashridshol d
val ue for binarization. The present invention has been inplenmented in view
of the pHebHemmadse desEerpel iapoverchverl fhasecaMoblacs)t-o Pherialeeavoservo
writing method and a servo witer that can achieve a magnetic reproduction
si gnal havkeigeuni for neadpiutt lde aemeane whenr g xwdihic g retad undeor dinf heads
are equi pped. Means of solving the ProblemIn order to attain the above
obj ect, aecetding tbetdmeplitveéatvahuofic|diMcrerst setong whiet magnaethod in
which CPU of a servo witer having plural nmagnetic recording heads wites
a servo pattetrdieg heasagnrat shodhsin Figy.chaBpcierizgedd by) wamprespegt a
recording step of controlling an exciting current controller so that all
exciting eurreats ey iapprépdolioctbén signal shown in Fig. 4(a).
Therefore, there is a problem that if the magnetic reproduction
signal has no sufficient S/N, it would be difficult to set a

threshold wvalue for binarization.

The present invention has been implemented in view of the
problem as described above, and has an object to provide a
servo writing method and a servo writer that can achieve a
magnetic reproduction signal having uniform amplitude even

when plural magnetic recording heads are equipped.

Means of solving the Problem

In order to attain the above object, according to the
invention of claim 1, a servo writing method in which CPU of
a servo writer having plural magnetic recording heads writes
a servo pattern on a magnetic disc, is characterized by
comprising: a recording step of controlling an exciting current
controller so that all exciting currents to be applied to the
plural magnetic recording heads are constant, and recording a

magnetic pattern on the magnetic disc; a reading step of



pl ural magnetic recording heads are constant, and recording a magnetic
pattern on the magnetic disc; a reading step of 5 reading out a nagnetic
reproduction signal based on the magnetic pattern recorded on the magnetic
di sc by one magnetic reproducing head; a detecting step of achieving peak
values froma peak detector for detecting and hol ding peaks of the
anplitude value of the magnetic reproduction signal; and a normalizing
step of cakﬁéLatin an average value of the _nmgnetic_reproduction signals

corr espondFRGIRE t P& thraghdtd e et e or8PRGIRERYSTf PdATBhe s \RIF uBRS t hus
achi eved and dividing the anplitude value of each nmagnetic reproduction
si gnal byT8HBCAVEr R WVRFUESCOTRGNRN it PagnakhT IdedelY Angenadnfeiei n t he
CPU stores as a correction value the inverse nunber of the anplitude val ue
nor mal i zedePHOEHE1AGr rREaF] iy deies inth b tppifi eshigeiver peeki valvasue to
the exciting current controller when the servo pattern is witten on the
magneti ¢ fdiogca peedr dehgctort ity metkhotindi spdrbpoding phekar ofi hige
characteristic of the magnetic recording head is conpensated before the
servo pat eephiitsder vbefler. oFharhef onagnetvien merodypttural sragmet i canécar di ng
heads are equi pped, the magnetic reproduction signal having uniform
anpl i t udencamabézaohi esedp of calculating an average value of the
magnetic reproduction signals corresponding to the magnetic
recording heads from the peak values thus achieved and
dividing the amplitude value of each magnetic reproduction
signal by the average value to normalize the amplitude value,
wherein the CPU stores as a correction value the inverse
number of the amplitude value normalized in the normalizing
step, and supplies the correction value to the exciting current

controller when the servo pattern is written on the magnetic

disc.

According to this method, dispersion of the writing
characteristic of the magnetic recording head is compensated
before the servo pattern is written. Therefore, even when
plural magnetic recording heads are equipped, the magnetic

reproduction signal having uniform amplitude can be achieved.

The invention of claim 2 is characterized in that the
detecting step of claim 1 detects the peaks of the amplitude

values of the plural magnetic reproduction signals, and



The invention of claim2 is characterized in that the detecting step of
claim1l detects the peaks of the anplitude values of the plural nmagnetic
reproduction signals, and 6 cal cul ates and hol ds the average val ue thereof.
The invention of claim3 is characterized in that the detecting step of
claim?2 or 3 detects positive and negative peaks of the magnetic
reproduction signals, and the normalizing step adds the positive and
negati ve peaks _for nornmalization. According to the invention of claim4, a
servo wri Cétcrdptesr pPPAngoadset e paetrags dalaenbBABEPE-di sc by using
plural rmagnetic recording heads, is characterized by conprising: exciting
current control neans for applying an exciting current to each of the
magneti c recording heads to record a magnetic pattern on the magnetic

di sc; a nmagneti &heepnudoting ofieadafior 3r éadichgreateaimagnéhi thaépkbducti on
signal based on the nmagnetic pattern recorded on the nmagnetic disc; peak
det ect i ngdetarns ihgr stepecti afajpeaksonf3 tde et iposde ival aedoheghhévaagneti c
reproduction signal read out by the magnetic reproducing head and hol di ng
t he peak ypehkesof haeenignatnic €BProtokctdont s Ddid g, bhe theehbirfigldutngnt
control neans to record the magnetic pattern on the magnetic disc so that

all the extiebl B8dsCUhéepdSit DvdeamPrid et 1w ey Woal nergaetzatieaor di ng
heads
According to the invention of claim 4, a servo writer for
writing a servo pattern on a magnetic disc by using plural
magnetic recording heads, is characterized by comprising:
exciting current control means for applying an exciting
current to each of the magnetic recording heads to record a
magnetic pattern on the magnetic disc; a magnetic reproducing
head for reading out a magnetic reproduction signal based on
the magnetic pattern recorded on the magnetic disc; peak
detecting means for detecting peaks of the amplitude value of
the magnetic reproduction signal read out by the magnetic
reproducing head and holding the peak values thereof; and CPU
for controlling the exciting current control means to record
themagneticpatternon themagneticdisc sothat all the exciting
currents to be applied to the plural magnetic recording heads
are kept constant, calculating the average value of the magnetic
reproduction signals corresponding to the respective
magnetic recording heads from the peak values obtained by the

peak detecting means, dividing the amplitude value of each of



are kept constant, calculating the average val ue of the nagnetic
reproduction signals corresponding to the respective magnetic recording
heads fromthe peak val ues obtained by the peak detecting neans, dividing
the anplitude value of each of 7 the magnetic reproduction signals by the
average value to nornmalize the anplitude value, storing the inverse nunber
of the anplitude value thus nornmalized as a correction value, and giving
the correction value to the exciting current control nmeans when the servo
pattern i $hfr AT tIRPTRAHER I dPsgnathebyndst ivie oI WS F9
characterized in that the peak detecting neans of claim4 detects the
peaks of TR&MagpRet bhe anpliesdefvaliee plsiralinmdghet ilavegsgeosuabesnosi gnal s,
and cal cul ates and hol ds the average val ue thereof. The invention of claim
6 i s char &beeampbituge tvgdiua hbuspeaknakbi zed iasganearnse of i e aiahué, oang
detects the positive and negative peaks of the magnetic reproduction
signal s tgidhd the pusredticorand hegatd whepeakivdhgesprardtt henCPbl adds
the positive and negative peak values for normalization. The invention of
cl ai m 7 i seanpr ebjeanticd areactce pazecd rinnist hai t G @f thesenvyaewriict @i stor
witing a servo pattern on a magnetic disc by using plural magnetic
recording heads is nade to execute: a recording step of controlling an
exciting current

The invention of claim 5 is characterized in that the peak
detecting means of claim 4 detects the peaks of the amplitude

values of the plural magnetic reproduction signals, and

calculates and holds the average value thereof.

The invention of claim 6 is characterized in that the
peak detecting means of claim 4 or 5 detects the positive and
negative peaks of the magnetic reproduction signals to hold
the positive and negative peak values, and the CPU adds the

positive and negative peak values for normalization.

The invention of claim 7 is a program characterized in
that CPU of a servo writer for writing a servo pattern on a
magnetic disc by using plural magnetic recording heads is made
to execute: a recording step of controlling an exciting current
controller so that all exciting currents to be applied to the
plural magnetic recording heads are constant, and recording a
magnetic pattern on the magnetic disc; a reading step of

reading out a magnetic reproduction signal based on the



controller so that all exciting currents to be applied to the plural
magneti c recordi ng heads are constant, and recording a mnagnetic pattern on
the magnetic disc; a reading step of reading out a nagnetic reproduction
signal based on the 8 magnetic pattern recorded on the magnetic disc by one
magneti c reproduci ng head; a detecting step of achieving peak values from
a peak detector for detecting and hol ding peaks of the anplitude val ue of
the magnetic reproduction signal; and a normalizing step of cal culating an

aver age vIPFESSf Ct PRt ey &G FeshPBdte iMHPTSItdiFal$SE Y OFFoRAPAYELS t he
magnetic recordi ng heads fromthe obtained peak val ues and dividing the
anpl i t ude PRIFGEVEHNEache 3y rretd et edpit ftaro v Isieghae VB dt Reakavetage val ue
to nornmalize the anglitude val ue concerned, wherein the CPUis made to
store as &rewr PePeRéndgikgsorhéori deseseéingnbed bbldhegappiksudé vhtue
normalized in the normalizing step and supply the correction value to the
exci ting empiétudeonerdukel exf Wen ndmnservorgatedrction wignah; andt he
magneti c disc. The invention of claim8 is characterized in that the
det ect i ngnstreplakzicbai mtépdetett salbel peakg ah bkeragpl ivaldee @l ths of the
pl ural magnetic reproduction signals and calculating and hol ding the
aver age vabueether @ebroduction signals corresponding to the magnetic
recording heads from the obtained peak values and dividing
the amplitude value of each magnetic reproduction signal by the
average value to normalize the amplitude value concerned,
wherein the CPU is made to store as a correction value the
inverse number of the amplitude value normalized in the
normalizing step and supply the correction value to the

exciting current controller when the servo pattern is written

on the magnetic disc.

The invention of claim 8 is characterized in that the
detecting step of claim 7 detects the peaks of the amplitude
values of the plural magnetic reproduction signals and

calculating and holding the average value thereof.

The invention of claim 9 is characterized in that the
detecting step of claim 7 or 8 detects positive and negative
peaks of the magnetic reproduction signals, and the
normalizing step adds the positive and negative peaks for

normalization.



The invention of claim9 is characterized in that the detecting step of
claim7 or 8 detects positive and negative peaks of the magnetic
reproduction signals, and the normalizing step adds the positive and
negative peaks for normalization. 9 Brief Description of the Drawi ngs Fig.
1 is a diagramshow ng the construction of a conventional servo witer.
Fig. 2 is a plan view showing a clock head and a magnetic recordi ng head
in the conventional servo witer. Fig. 3 is a diagramshow ng the
rel ationshi p beBRéefi DraghéePrécHensi t)caRdarvdBgei ve force of magnetic
material. Fig. 4 is a diagramshow ng the anplitude value of a nmagnetic
reproduction si §adl-. JFigs 3 idiagdamgrsdawihoM tiee t hensbmstkdoni orf showi ng a
servo witer according to an enbodi nent of the present invention. Fig. 6
i's a pl anceneenshonadgsarmagnetterr epr oduci ng head and a nmagnetic
recording head in the servo witer. Fig. 7 is a flowhart show ng a servo
witing nethod FagcoZ disng plan vdeanbbhdivianta afl ddkehpadsend a mugnetoa. Fig.
8 is a diagram showing the circuit construction of
recording head in the conventional servo writer.
Fig. 3 1is a diagram showing the relationship between
magnetic density and coercive force of magnetic material.
Fig. 4 1is a diagram showing the amplitude value of a
magnetic reproduction signal.
Fig. 5 is a diagram showing the construction showing a
servo writer according to an embodiment of the present

invention.

Fig. 6 is a plan view showing a magnetic reproducing head
and a magnetic recording head in the servo writer.

Fig. 7 1is a flowchart showing a servo writing method
according to the embodiment of the present invention.

Fig. 8 is a diagram showing the circuit construction of
an exciting current controller according to the embodiment of
the present invention.

Fig. 9 1is a diagram showing the circuit construction of
a peak detector according to the first embodiment of the
present invention.

Fig. 10 is a diagram showing the circuit construction of
a peak detector according to a second embodiment of the present

invention.

10



an exciting current controller according to the enbodi nent of the present
invention. Fig. 9 is a diagramshowng the circuit construction of a peak
detector according to the first enbodi nent of the present invention. Fig.
10 is a diagram showing the circuit construction of a peak detector
according to a second enbodi nent of the present invention. 10 Fig. 11 is a
di agram showi ng the circuit construction of a peak detector according to a
t hird enbodi ment of the present invention. Fig. 12 is a di agram show ng
the circuit conftPuctl dF Bfdlagipmiehqatiact bhe ekl thgons taurcsdrnnot
enbodi mrent of the present invention. Enbodi ment of the Invention An
enbodi neng Bk ifetanrtait B6ROWALNIbEC dedddirdesmbpdimembart ithenpreseetai |
with reference to the drawings. Fig. 5 shows a servo witer according to an
enbodi menfingenthenpr esent invention. The servo witer is equipped with a
di sc stack unit 53 in which magnetic discs 51 of n for recording servo
signal s t hereonFagd B2 dlsoekdijregtan shdivsindbhar el rduikedonanduatipinndt e not or
54 for rotating the disc stack unit

a peak detector according to a fourth embodiment of the

present invention.

Embodiment of the Invention
An embodiment of the invention will be described

hereunder in more detail with reference to the drawings.

Fig. 5 shows a servo writer according to an embodiment
of the present invention. The servo writer is equipped with a
disc stack wunit 53 in which magnetic discs 51 of n for
recording servo signals thereon and a clock pattern disc 52 are
fixed, and a spindle motor 54 for rotating the disc stack unit

53 at several thousands rpm.

The servo writer is further equipped with a clock head
55 for reading out a clock pattern from the clock pattern disc
52, magnetic recording heads 57a to 57c¢ for writing a servo
pattern on a magnetic disc 51, and three sets of rotary
positioners 58a to 58c for positioning the magnetic recording
heads 57a to 57c stacked. One sector of the magnetic disc 51

is divided n the radial direction, and a servo pattern is

11



53 at several thousands rpm The servo witer is further equipped wth a
clock head 55 for reading out a clock pattern fromthe clock pattern disc
52, magnetic recording heads 57a to 57c for witing a servo pattern on a
magnetic disc 51, and three sets of rotary positioners 58a to 58c for
positioning the magnetic recording heads 57a to 57c stacked. One sector of
the magnetic disc 51 1is divided n the radial direction, and a servo
pattern is 11 witten by the plural magnetic recording heads to thereby

shorten tW@lﬁFﬁPingyﬂﬁ%ﬁ Fi e rtrfee tiher er 1ot 4 i e?d$ steohReEERY to a
rotary encoder 59 for detecting the position of the rotary positioners
58, and t F&CLELPo the e tiledf fifker equi pped with a head position/cl ock
detector 61 connected to the clock head 55 for reading out the clock
pattern, a servo pattern generator 62 for (generating a servo pattern, a
servo conpensator 64 for calculating a servo conpensation value fromthe
error between &udéhecmedeposhei sarvadvaitargets quosidadted tand aopewer
anplifier 65 for outputting a driving current for the rotary positioners
58 on t he ebhasidero’ O tfive detwot togpdrespbsdnivalae thAcooralingosattibners
enbodi nent, the servo witer is further equipped with nmagnetic reproducing
heads 71 58, and the servo writer is further equipped with a head
position/clock detector 61 connected to the clock head 55 for
reading out the’clock:pattern, a servo pattern generator 62 for
generating a servo pattern, a servo compensator 64 for
calculating a servo compensation value from the error between
a detected position and a target position, and a power
amplifier 65 for outputting a driving current for the rotary

positioners 58 on the basis of the servo compensation value.

According to this embodiment, the servo writer is
further equipped with magnetic reproducing heads 71 for
reading out the servo patterns written on the magnetic discs
51, a rotary positioner 72 for positioning the magnetic
reproducing heads 71 stacked, a peak detector 73 for detecting
the peaks of the amplitude value of a magnetic reproduction
signal, and CPU 74 and exciting current controllers 75 that
calculate the exciting currents to be applied to the magnetic
recording heads on the basis of the peak values and apply the
exciting currents to them. The exciting current controllers 75

whose  number corresponds to the number of the magnetic

12



readi ng out the servo patterns witten on the magnetic discs 51, arotary
positioner 72 for positioning the magnetic reproducing heads 71 stacked, a
peak detector 73 for detecting the peaks of the anplitude value of a
magnetic reproduction signal, and CPU 74 and exciting current controllers
75 that <calculate the exciting currents to be applied to the nagnetic
recordi ng heads on the basis of the peak values and apply the exciting

currents to them The excitiing current controllers 75 %hose nunEer
cor r esponds “CoHHE nﬁH%%?sobgtHﬁxﬁﬁﬁ% tig f%m?é§%¥%?n§e Ead¥f 57°5¢h¥ked in
the three sets,of rot osjtioners 5ga tQ 58c are needed, however, they
are onittEESlE&PHFFﬁe Eglﬁgtgéfi%ﬁﬁ Hi NP e tESHsBFGcPPOht88scri bed
above, the positiogn_of the rotary positioner 58 is detected by the head
posi ti on/ cPEFK t4EL édtYPEE2E18Rd the error fromthe target position is fed
back through the servo conpensator 64 and the power anplifier 65 to nmake
each of the magnetic recording heads 57a to 57c follow the target
position. Under the followed state, each of the nagnetic recording heads
57a to 57c witAscorfiéngert® phet esongeriertbian daschébsdr vab et efhe
generator 62 on the magnetic disc 51 in synchronismwth the clocks read
out from resitlhiockopather notdasy Bsitioner 58 is detected by the head

position/clock detector 61, and the error from the target

position is fed back through the servo compensator 64 and the

power amplifier 65 to make each of the magnetic recording heads

57a to b57c follow the target position. Under the followed

state, each of the magnetic recording heads 57a to 57c writes

the servo pattern generated in the servo pattern generator 62

on the magnetic disc 51 in synchronism with the clocks read

out from the clock pattern disc 52.

Fig. 7 shows a servo writing method according to an
embodiment of the present invention. In this embodiment,
dispersion of the writing characteristic in the magnetic
recording head is compensated before the servo pattern is
written thereon. First, CPU 74 controls the exciting current
controller 75 so that all the amplitude values of the exciting
currents to be applied to the magnetic recording heads 57 are
fixed to a predetermined value (S62). Each magnetic recording
head 57 indicates a track to be written and records a magnetic

pattern on the magnetic disc 51 in synchronism with the clocks

13



Fig. 7 shows a servo witing nethod according to an enbodi nent of the
present invention. In this enbodinent, dispersion of the witing
characteristic in the magnetic recording head is conpensated before the
servo pattern is witten thereon. First, CPU 74 controls the exciting
current controller 75 so that all the anplitude values of the exciting
currents to be applied to the magnetic recording heads 57 are fixed to a
pr edet er mi ned val ue (862%] . Each magnetic recordin head 57 indicates a
track to B&3r Ptefrafdt §c6r18§kapﬁg§ﬁéfli @lsﬁaf’?eﬁg%h-the magnetic di sc 51
in synchronismwth the clocks 13 read out fromthe clock pattern disc 52
(S64). Since the tracks on which the witing has been carried out by using
t he magnetic recording head 57 is known, the magnetic reproducing head 71
is positioned. Bhdee thestsaeke ontelgodile oricamor besobeehecanghedi ¢
reproducing head 71 is switched on the basis of the nagnetic pattern, and
a nmagneti outr epy odusinontise gnadnésic endcondifg one@dch’ magnkhowngdi ske51
(S66) . At this tine, the peak detector 73 detects and hol ds one peak or
bot h t he peakstat téperadptitgdesadhl7ieisefpeachi smghetirtier epricdechton si gnal
(S68). CPU 74 achieves the peak values held in the peak detector 73,
cal cul at eshkheoavetiagecwvakue10bft RBemhggatiecr eppoeuating head 71 is

switched on the basis of the magnetic pattern, and a magnetic

reproduction signal is read out from each magnetic disc 51

(S66) . At this time, the peak detector 73 detects and holds one

peak or both the peaks of the amplitude value of each magnetic

reproduction signal (S68).

CPU 74 achieves the peak values held in the peak detector
73, calculates the average value of the magnetic reproduction
signals corresponding to the respective magnetic recording
heads 57 and divides the amplitude value of each magnetic
reproduction signal by the average value to normalize the
amplitude value. CPU 74 stores the inverse number of the
amplitude value thus normalized as a correction value (S70).
When the servo pattern is recorded on the magnetic disc 51, CPU
74 supplies the correction value to the exciting current
controller 75, and applies the exciting current of the amplitude
value thus compensated to each magnetic recording head 57

(S72).
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signals corresponding to the respective nmagnetic recording heads 57 and
di vides the anplitude val ue of each magnetic reproduction signal by the
average value to normalize the anplitude value. CPU 74 stores the inverse
nunber of the anplitude value thus normalized as a correction value (S70).
When the servo pattern is recorded on the magnetic disc 51, CPU 74
supplies the correction value to the exciting current controller 75, and
applies the exciting current of the anplitude value thus conpensated to
each magnetic r&B®rdi BgIREhACS7 PeSEern 14rThechmditet COMPENEEERs WEReten to
conpensate the dispersion of the witing characteristic is deleted by
control | i AgspREséRBi t9hg e r emtitéogt rohbeacysrsstihatisl Hdeleiedanpyi t ude
val ues of the exciting currents applied to the nmagnetic recordi ng heads 57
are equal crotrhélpnedetles mexed tival werremd wekitmglilke @%cEbi hgatuakénts
flowin the opposite direction. Fig. 8 shows the exciting current
contr ol | ethaceopilinhgdetwvalhes enbocharskciofi i eupresest appiepti on. tHée
exciting current controller 75 includes a pul se anplitude conversion
circuit 8hafaetdet eraddtdighd héeaitld idudeevakqualot ot breepeetietgrmehedent, an
alternating couple/bias circuit 82, and a constant

value, and making the exciting currents flow in the opposite

direction.

Fig. 8 shows the exciting current controller according
to the embodiment of the present invention. The exciting
current controller 75 includes a pulse amplitude conversion
circuit 81 for determining the amplitude value of the exciting
current, an alternating couple/bias circuit 82, and a constant
current circuit 83 for outputting the exciting current
corresponding to the amplitude value thus determined. The
pulse amplitude conversion circuit 81 inputs the servo pattern
generated in the servo pattern generator 62 as a recording
system Write signal. Furthermore, a digital signal from CPU
74 is converted to an analog signal by a D/A converter 84, and
then applied to the recording system Write signal. AS
described above, the exciting current of the amplitude value
for which the dispersion of the writing characteristic is
compensated is output to the magnetic recording head 57 via
the alternating couple/bias circuit 82 and the constant

current circuit 83.

15



current circuit 83 for outputting the exciting current corresponding to
the anplitude value thus determ ned. The pul se anplitude conversion
circuit 81 inputs the servo pattern generated in the servo pattern
generator 62 as a recording systemWite signal. Furthernore, a digital
signal fromCPU 74 is converted to an anal og signal by a DA converter 84,
and then applied to the recording systemWite signal. AS described
above, the exciting current of the anplitude value for which the
di spersion of théJw tF']H@WEhBP%cP@P?‘sPlPEeFé'Ofc%ﬁﬁ%ﬁ@é?%dti’stB%tBHFS’Eo t he
magneti c recording head 57 via the alternating couple/bias circuit 82 and
t he const §RPcddnepenetcihepresnt 1@\@1&1@15@%\@5%@& peisrcieredsots
according to the first enbodi nent of the present invention. The peak
det ect or PUiBPedqui Pped vit t Righhi BAspasisi ftian ed HPAPF)cErewit t 835, a
sanpling/hold (S/H) circuit 86 for sanpling a magnetic reproduction signal
on the basegpdfingihSly siHNdl , cintwitpedle Garuesawtleiotg ng cnaguetig7 for
hol di ng the peak val ue of the anplitude value thus sanpled, converting it
to a di gi rabredgralionbyiamal/dh ddrey ératsars 88 andS fHhenignlputaniong pbekdi gi t al
signal to CPU 74. The peak detector may be designed so that the high pass
filter (HRBLuei detettBhgi sipnuit edl7 afort mdlwkirpastheopeakseadned of the

amplitude value thus sampled, converting it to a digital signal

by an A/D converter 88 and then outputting the digital signal

to CPU 74. The peak detector may be designed so that the high

pass filter (HPF) circuit 85 is omitted as in the case of a second

embodiment shown in Fig. 10.

Fig. 11 shows a peak detector according to a third
embodiment of the present invention. Normally, the magnetic
reproduction signal is symmetric between positive and
negative sides, so that it is sufficient to detect only the peak
value at the positive waveform side by the peak detector shown
in Figs. 9 and 10. However, according to the third embodiment,
the peak values of both the positive and negative waveforms are
allowed to be detected in order to enhance the detection
precision. Furthermore, in a fourth embodiment shown in Fig.
12, the peak values of both the positive and negative waveforms

are separately detected.

According to this embodiment, before the servo patter is
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enbodi mrent shown in Fig. 10. Fig. 11 shows a peak detector according to a
third enbodi nent of the present invention. Normally, the nmagnetic
reproduction signal is symretric between positive and negative sides, so
that it is sufficient to detect only the peak value at the positive
wavef orm side by the peak detector shown in Figs. 9 and 10. However,
according to the third enbodi nent, the peak values of both the positive
and negative wavefornms are allowed to be detected in order to enhance the
detectionwrﬁFéépsiBE? RUPPREPHDR 0T i Fhe IO TP SHSFESRSHL SSHGWA N RPE g.

12, the peak values of both the positive and negative waveforns are

separ at el PegBEEdCedCIREGIRA nfeRE tif sCemPBAFAERE,; IS6f oflat hBageekdCpatt er
is 16 witten, the dispersion of the witing characteristic in the

magnet i ¢ FEPEPEIUSE LvBadlipBatapensd edlfogm papliagdet¢an beepebdateilon
signal s having uni form anplitude can be achieved even when plural nmagnetic
r ecor di ng elfead yhane pdguriegped gnadiantragesdd nef heetlsohreheahiapeati on As
descri bed above, according to the present invention, CPU of the servo
witer records a nagnetic pattern so that all the exciting currents
applied to plural magnetic recording heads are constant, the correction
val ue corresponddrgntageacl Effect of the Invention

As described above, according to the present invention,
CPU of the servo writer records a magnetic pattern so that all
the exciting currents applied to plural magnetic recording
heads are constant, the correction value corresponding to each
magnetic recording head is calculated and stored on the basis
of the peak value of the magnetic reproduction signal read out
by one magnetic reproducing head, and the correction value is
supplied to the exciting current controller when the servo
pattern is written on the magnetic disc, so that the magnetic
reproduction signal having uniform amplitude can be achieved

even when plural magnetic recording heads are equipped.
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magneti c recording head is calculated and stored on the basis of the peak
val ue of the magnetic reproduction signal read out by one nagnetic
reproduci ng head, and the correction value is supplied to the exciting
current controller when the servo patternis witten on the magnetic disc,
so that the magnetic reproduction signal having uniformanplitude can be
achi eved even when plural magnetic recordi ng heads are equi pped. 17 CLAI M5
1. Aservg witing method in which CPU of a servo witer having plura
magnetic F@@&M&ing heads wites a servo pattern on a nagnetic disc,
characterized by conprising: a recording step of controlling an exciting
current controller so that all exciting currents to be applied to said
plural magnetic recording heads are constant and recording a magnetic
pattern on the Aaghelsevaeivwdtiag mathag teehigth CEHdPAR G@rve wagheti c
reproduction signal based on the nagnetic pattern recorded on the magnetic
di sc by ohevimgnepigreabpaghetiing rheaddiagdetads iwg tstsep sfrachaeveng peak
values froma peak detector for detecting and hol di ng peaks of an
anpl i t ude onval megoktiile dimgnetcharaepreaduetl oy sogpalisiagd a normal i zi ng
step of cal culating an average val ue
a recording step of controlling an exciting current
controller so that all exciting currents to be applied to said
plural magnetic recording heads are constant and recording a
magnetic pattern on the magnetic disc;
areadingstepof readingout amagnetic reproduction
signal based on the magnetic pattern recorded on the magnetic
disc by one magnetic reproducing head;
a detecting step of achieving peak values from a
peak detector for detecting and holding peaks of an amplitude
value of the magnetic reproduction signal; and
a normalizing step of calculating an average value
of the magnetic reproduction signals corresponding to said
magnetic recording heads from the obtained peak values and
dividing the amplitude value of each magnetic reproduction
signal by the average value to normalize the amplitude value
concerned, wherein the CPU stores as a correction value the
inverse number of the amplitude value normalized in said
normalizing step, and supplies the correction value to the

exciting current controller when the servo pattern is written

on the magnetic disc.
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of the magnetic reproduction signals corresponding to said nagnetic
recordi ng heads fromthe obtained peak values and dividing the anplitude
val ue of each magnetic reproduction signal by the average value to
normal i ze the anplitude value concerned, wherein the CPU stores as a
correction value the inverse nunber of the anplitude value nornalized in
said normalizing step, and supplies the correction value to the exciting
current controller when the servo pattern is witten on the nmagnetic disc.
18 2. The servo?w ifHeng SREteod "adddmdl ngatdrad aa¢rardinghetei alaandl,
detecting step detects the peaks of the anplitude values of the plural
magneti ¢ WagEedictpdA A8l inamntercatteths ity ardksod fithe ehplatedage

val ue thereof. 3. The servo witing nmethod according to claim2 or 3,
wher ei n saiadugest eefi nthst e Wietlecnsgpesiiti veepeadisclainoh mdgamtailvse pedks of
the magnetic reproduction signals, and said normalizing step adds the
posi ti ve pedkslandnghendegatflidieg peaksveaageorvaidliezaheanof4. A servo witer
for witing a servo pattern on a nagnetic disc by using plural magnetic
recordi ng heads3. Tharaetesi wedt byg ansfiid$i Ao 0Xoid i 49 CAWikent oeost r ol

means for applying
wherein said detecting step detects positive peaks and
negative peaks of the magnetic reproduction signals, and said
normalizing step adds the positive peaks and the negative
peaks for normalization.

4. A servo writer for writing a servo pattern on a
magnetic disc by wusing plural magnetic recording heads,
characterized by comprising:

exciting current control means for applying
exciting current to each of said magnetic recording heads to
record a magnetic pattern on the magnetic disc;

a magnetic reproducing head for reading out a
magnetic reproduction signal based on the magnetic pattern
recorded on the magnetic disc;

peak detecting means for detecting the peak of an
amplitude value of the magnetic reproduction signal read out
by said magnetic reproducing head and holding the peak value
thereof; and

CPU for controlling said exciting current control

means to keep constant all the exciting currents to be applied

to said plural magnetic recording heads and record the
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exciting current to each of said magnetic recording heads to

record a

magnetic pattern on the nagnetic disc; a magnetic reproducing head for
reading out a magnetic reproduction signal based on the nagnetic pattern
recorded on the nmagnetic disc; peak detecting nmeans for detecting the peak
of an anplitude value of the magnetic reproduction signal read out by
sai d magnetic reproduci ng head and hol ding the peak value thereof; and CPU
for controlling said exciting current control neans to keep constant al

t he excit MAGrEHCeRBELEEN I &bl Negnet bC SHisF pFatahlanghattite pgesrdeng

heads and record the 19 nmagnetic pattern on the magnetic disc,

cal cul ati ng

t he aver ag@lugalode bhethaongighetfePreBrodiuen iviors haloy respoesidogdicrg t o

the respective magnetic recordi ng heads fromthe peak val ues

obt ai ned by

t he peak déeeceispgcrearsmnadghetdcngethedanpl h¢ade fveah utheofpeadcadfieshe
magneti c reproduction signals by the average value to normalize the

anpl i t ude oedlaieedsbgr ithg phek davecisengumdssts ofdishied anpltiHecudeptdltueet hus
normal i zed as a correction value, and giving the correction value to said
exciting euwlent ofontaoh BEankRewhagnthecseepeopattebn issgnwlkt bgntaa t he

magneti c disc.

average value to normalize the amplitude value, storing the

inverse number of the amplitude value thus normalized as a

correction value, and giving the correction value to said

exciting current control means when the servo pattern is

written on the magnetic disc.

5. The servo writer according to claim 4, wherein said

peak detecting means detects the peaks of the amplitude values

of the plural magnetic reproduction signals, and calculates

and holds the average value thereof.

6. The servo writer according to claim 4 or 5, wherein

said peak detecting means detects the positive peaks and

negative peaks of the magnetic reproduction signals to hold

the positive peak values and the negative peak values, and

said CPU adds the positive peak values and the negative peak

values for normalization.

7. A program, characterized in that CPU of a servo writer

for writing a servo pattern on a magnetic disc by using plural

magnetic recording heads is made to execute:

a recording step of controlling an exciting current

controller so that all exciting currents to be applied to said
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5. The servo witer according to claim4, wherein said peak detecting
nmeans detects the peaks of the anplitude values of the plural nagnetic
reproduction signals, and cal culates and holds the average val ue thereof.
6. The servo witer according to claim4 or 5 wherein said peak detecting
means detects the positive peaks and negative peaks of the magnetic
reproduction signals to hold the positive peak values and the negative
peak valugi and said, CPU adds, the positive peak values and the negative

peak val Be8TRor MASRARIT ZERFORIINY DEIAD R CAIAA¢t 8PFZEBCPAILRLL 2 CPU of
a servo witer for witing a servo pattern on a magnetic disc by using
plural nBgABErdCr Be6FBFRgORehlS M3gRBAECt 8i8%écute: a recording step of
controlling an exciting current controller so that all exciting currents
to be applied to sai d220 peradangnaghepri cof eckrallmyp heads ar emegnstant and
recording a nmmgnetic pattern on the nagnetic disc; a reading step of
readi ng ogepgofughephncsigept duhatd om thgnadgheasid mat ttehm megoetied patt ern
recorded on the magnetic disc by one nagnetic reproduci ng head; a
det ect i ngtdeepagheschi dusngbpeakevabhygestficomeprogeakndeheatipor for detecting
and hol di ng peaks of an anplitude
a detecting step of achieving peak values from a
peak detector for detecting and holding peaks of an amplitude
value of the magnetic reproduction signal; and
a normalizing step of calculating an average value
of the magnetic reproduction signals corresponding to said
magnetic recording heads from the obtained peak values and
dividing the amplitude value of each magnetic reproduction
signal by the average value to normalize the amplitude value
concerned, wherein the CPU is made to store as a correction
value the inverse number of the amplitude value normalized in
said normalizing step and supply the correction value to the
exciting current controller when the servo pattern is
written on the magnetic disc.

8. The servo writing method according to claim 7,
wherein said detecting step detects the peaks of the
amplitude values of the plural magnetic reproduction signals
and calculating and holding the average value thereof.

9. The servo writing method according to claim 7 or 8,

wherein said detecting step detects positive peaks and

negative peaks of the magnetic reproduction signals, and said

21



val ue of the magnetic reproduction signal; and a normalizing step of

cal cul ating an average value of the nagnetic reproduction signals
corresponding to said nagnetic recording heads fromthe obtained peak

val ues and dividing the anplitude val ue of each magnetic reproduction
signal by the average value to normalize the anplitude value concerned,
wherein the CPU is made to store as a correction value the inverse nunber
of the anplitude value normaljzed [n said normaljzing step and su gly t he
correcti oNOVER éZFBgth%te%XGF#ﬁﬁgtbﬁrPBﬁFt&BﬁtP%ﬁk@raaﬂeﬁhghﬁe%%F%g pattern
is witten on the magnetic disc. 8 The servo witing nmethod according to
claim7, PRR&FefRrsBPgMaétéatifl-step detects the peaks of the anplitude
val ues of the plural nagnetic reproduction signals and cal culating and
hol di ng the average value thereof. 9. The servo witing nethod according to
claim7 or 8 wherein said detecting step detects positive peaks and
negati ve peaks of the magnetic reproduction signals, and said 21

normal i zi ng step adds the positive peaks and the negative peaks for
normal i zation. 22
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