METHOD FOR OBTAINING HEAD POSITIONS IN MAGNETIC DATA WRITING APPARATUS Field of
the Invention 5 The present invention relates to a magnetic data writing apparatus called a "disk servo
writer", for writing servo patterns for detecting magnetic head positions, ID patterns for identifying disks,
and programs into magnetic disks, in which any data has not been written so far, to produce magnetic
disk products including the data written therein at the requests of 10 the clients. Hereinafter, the magnetic
data writing apparatus will be referred to as the "disk servo writer”. Specifically, the present invention

relates to a disk servo writer MEE@QQ%M@NIN@%@M& ](H@é‘ﬁ%fter referred to as "copy 15

disks"), to which magnetic datpnyaia otanefesrera ane ermagnetip AiskTihereinafter referred to as an
"original disk™) storing the magnetic data to be transferred to the copy disks and/or the magnetic data

referred to in writing data to the copy disks, for rotating the copy disks and the original disk concentrically
(around a common axis), and for simultaneously writing the 20 magnetic data, determined on the basis of
the data read ouFfeddnothiehechigienatidisk via a magnetic head used solely for reading out data (hereinafter

referred to asa "readrgg%pes%gl%),.tql glll - fecar ailqslgssyrfaces of tﬁe [E&Bective C '% disk% 1}/S?a multiple sets
of magnetic heads (herei ft é)

a ne WIltin ara
after referred to as "servo %eaé%ﬁ)g, gach set including a |rﬁurallty of servo heads
25 arranged oncihéereaoriinkgssuvfaveivéabir of thiengoey digkattttorefepdeifictihg thadneeation relates to

a method of Obﬁf’f‘éﬁﬁ‘gﬁg_ﬁti%ﬁ@,d_ PRSIIARG 7 @ MAIRGLG HHA YR APRARRYS ik, setyQwriter) for

easily obtaining the relative position address relations between the 30 read-only’head and the servo
heads in advangranetbkdigks.servsiieadgngrdata has not been written so far, to produce

magnetic disk products including the data written therein at the requests of
10 the clients. Hereinafter, the magnetic data writing apparatus will be

referred to as the “disk servo writer”.

Specifically, the present invention relates to a disk servo writer for

stacking a plurality of magnetic disks (hereinafter referred to as “copy

15  disks”), to which magnetic data is to be transferred, and a magnetic disk
(hereinafter referred to as an “original disk”) storing the magnetic data to be
transferred to the copy disks and/or the magnetic data referred to in writing

data to the copy disks, for rotating the copy disks and the original disk
concentrically (around a common axis), and for simultaneously writing the

20 magnetic data, determined on the basis of the data read out from the
original disk via a magnetic head used solely for reading out data
(hereinafter referred to as a “read-only head”), to the recording surfaces of

the respective copy disks via multiple sets of magnetic heads (hereinafter
referred to as “servo heads”), each set including a plurality of servo heads

25 arranged on the recording surface of each of the copy disks.

More specifically, the invention relates to a method of obtaining the
head positions in a magnetic data writing apparatus (disk servo writer) for
easily obtaining the relative position address relations between the

30 read-only head and the servo heads in advance to make the servo heads on



the recording surface of a copy disk write data correctly into the respective track ranges, to which the
servo heads are assigned. In the accompanied drawing, the same reference numerals are used to 5
designate the same or corresponding constituent elements. Prior Art Recently, the recording densities of
the hard disk drives become higher and higher to realize small magnetic storages, the storage capacities
thereof 10 are high. To realize a higher recording density, the tracking servo technique for the magnetic
heads for writing and reading data plays important roles. According to the conventional tracking servo
technique, trackitfy KSArS gy paréacr et essany ik Watie dadresdascauctptoathfrassesstivipek signals 15

and such data signpals atedormattedntresaisiadntnefaun afservo patterns in the magnetic recording
media (magnetic disks). The magnetic head reads out these data signals, checks the position thereof

based on the data signals read out, and corrects the position thereof to scans the tracks accurately. 20

One of the means forxegerding iemsesiaipaarps tRdRe magsretien ciskerf fatlisk-saivedweter, which
stacks a plurality of mg?n%'][]ic disks, employs one of the magnetic disks as an original disk, stores the
servo data %in tHEBABHEI ‘B RITARIAFLEC 8}%&%3%5%8%M§'formed from 25 the servo data in

the original disk to the other magnetic disks via magnetic heads. Now a conventional disk servo writer will
be described t}‘?'OWX’i h reference to FIGs. 9 through 11. FIG. 11 is a top plan view of a magnetic 30 disk
4 schematicallyrslﬂlf)wr g regions PS2 (hereinafter referred to as 2 "servo pattern regions"), in which servo
patterns are stored, &wtartignhe recording densities of the hard disk drives become higher

and higher to realize small magnetic storages, the storage capacities thereof
10  are high. To realize a higher recording density, the tracking servo technique

for the magnetic heads for writing and reading data plays important roles.

According to the conventional tracking servo technique, tracking servo
signals, address signals (track addresses, sector addresses), clock signals
15 and such data signals are formatted and recorded in the form of servo
patterns in the magnetic recording media (magnetic disks). The magnetic
head reads out these data signals, checks the position thereof based on the
data signals read out, and corrects the position thereof to scans the tracks
accurately.
20
One of the means for recording the servo patterns in the magnetic
disks is a disk servo writer, which stacks a plurality of magnetic disks,
employs one of the magnetic disks as an original disk, stores the servo data
in the original disk in advance, and copies the servo patterns formed from

25 the servo data in the original disk to the other magnetic disks via magnetic

heads.

Now a conventional disk servo writer will be described below with
reference to FIGs. 9 through 11. FIG. 11 is a top plan view of a magnetic

30 disk 4 schematically showing regions PS2 (hereinafter referred to as



DTA (hereinafter referred to as "data regions"), in which data is stored. Servo pattern regions PS2 are
arranged radially at every certain degrees of angle, that is at a sector interval. Servo pattern regions PS2
and data 5 regions DTA are on both major surfaces of magnetic disk 4. In the following, the reference
symbol PS2 is used also to designates servo patterns and the reference symbol DATA also to designate
data. Data regions DTA are the regions, in which the foregoing ID patterns 10 and programs are written
by a disk servo writer at the requests of the client, or the regions, in which data is written by the user of
magnetic disk 4 SET® 9REBIIEHBGransHERTRRCANY SHOTAFRS a2e8nvenenardiskedenso writer. A disk

servo writer of thesirmardingtis-diselosed ¥ Japangse rlgilnexaminesibiaid Lpan Bajrnt Application
2001-216750. Referring now to FIG. 9, a disk servo writer 101 mounts a disk stack unit 5 stacking
multiple sheets 6 SREA FTRNE fithe P SErAAY AateEens adopy disIER retiRiondsatsss & be written,

and a clock pattgiplgiskdK 20 helawslislestack-uailt Serthe sitefhot-assmrdiesmotadsadhat disk stack
unit 5 and clock pattern dj K may be rotated simultar}eously t a high ,ror%?%i;g sp?ed. Clock pattern
disk 3k is obtaif&& By wri 8Lk (FAkt PRI HEaees b nmserSH UM efce Bedhbn of a

magnetic disk afelsbwimg,inthéG. 1efavithadiskysebed Waterii Odidadadianon telwiding serverpatterns PS2 to
the other copy disks 4. Then, servp patterns PS2 are written into copy disks 4 synchronizing with the
et A W S G et

clocks obtainedpgy eading ou cloe C for writing and reading
clock patterns PCO 3 directly to and from clock pattern disk 3K, a clock head positioner 2K for supporting

clock head 10K and for positoninrclock fead. 0K 16, QRIT9RL FUSUIBIRISRSS SeRlpY of clock
pattern disk 3K, and a cloc
10 and programs are written by a disk servo writer at the requests of the client,

or the regions, in which data is written by the user of magnetic disk 4.

FIG. 9 is a block diagram schematically showing a conventional disk
servo writer. A disk servo writer of the similar kind is disclosed in Japanese

15 Unexamined Laid Open Patent Application 2001-216750.

Referring now to FIG. 9, a disk servo writer 101 mounts a disk stack
unit 5 stacking multiple sheets (9 sheets in the figure) of magnetic disks
(copy disks) 4, in which data is to be written, and a clock pattern disk 3K

20 below disk stack unit 5 on the shaft of a spindle motor so that disk stack
unit 5 and clock pattern disk 3K may be rotated simultaneously at a high

rotating speed.

Clock pattern disk 3k is obtained by writing clock patterns PCO in the

25 outermost circumference section of a magnetic disk as shown in FIG. 10

with disk servo writer 101 in advance to writing servo patterns PS2 to the

other copy disks 4. Then, servo patterns PS2 are written into copy disks 4
synchronizing with the clocks obtained by reading out clock patterns PCO.

30 In FIG. 9, a clock head 10K for writing and reading clock patterns PCO



pattern generator 9K for generating the signals of clock pattern PCO to be 5 written into clock pattern
disk 3K are shown. In FIG. 9, servo heads 10, which are magnetic heads arranged in one to one
correspondence to the respective surfaces of M sheets of copy disks 4, for writing servo patterns PS2
directly to the respective surfaces of copy disks 4, 10 and a rotary positioner 2 for stacking servo heads
10 and for rotating servo heads 10 around an axis 2s to move servo heads 10 to the desired radial
positions on the respective co ¥ disks 4, an encoder 20 arranged in a coaxial manner with rotary

positioner 2 for degsEh e fotstmgrsitiprt BRrbIdisK pdSitbskIch, berflapasiionsuéte der 21 for
obtaining the pasifips-{analende value) pigenuhesd Josimtheradigl direetion ehthemagpetic disk from

the rotating position detected by encoder 20 are also shown. A servo compensator 12 and a power

amplifier 13 corfStiRHR 6 tHSHitheaeodrit b aftl Posltiorriistetidish afect®dcR 1665%or controlling

via 20 rotary enggeief2 {8adasiioningoef satvaieadsd Gindhe woindirpstiomoPte tespective disks,
that is the positioning of servo head 10 on the r%gial position in the center of the desired track. The
difference Betw&EH {HR TR RN %&ﬁlf&n%ﬁ 8FSRF6GHA%B- 10 (the 25 analog value corresponding to the

radius of the center of the target track) and the detected head position p , which is the actual radial
position outputted frgﬁqgsigonegetegtohszlmis iﬂ?%tglget% gelrl\é?%ig%m%?snsl@}gr 1201 ig%rr\llg t((:)ompensator 12
amplifies the inputted YifferencEANd taiciates a" SeX/o’ Cortpensation Vallie it minfiiizes the
difference. Powateamplfigrodd«hiS toutpelte speutient tofadiyinf) Ybtdwae posttiopgr ddbased@n the servo
icnopmuﬁggsa“on valug to move senvo DB il AlG, Ind SNV RAREIN HERETAIon B (g Whigh the clock is
10 and a rotary positioner 2 for stacking servo heads 10 and for rotating servo
heads 10 around an axis 2s to move servo heads 10 to the desired radial
positions on the respective copy disks 4, an encoder 20 arranged in a coaxial
manner with rotary positioner 2 for detecting the rotating position of rotary
positioner 2, and a position detector 21 for obtaining the position (analog
15  value) of servo head 10 in the radial direction of the magnetic disk from the

rotating position detected by encoder 20 are also shown.

A servo compensator 12 and a power amplifier 13 constitute together

with encoder 20 and position detector 21 a feedback loop for controlling via

20 rotary encoder 2 the positioning of servo heads 10 in the radial direction of
the respective disks, that is the positioning of servo head 10 on the radial

position in the center of the desired track.

The difference between the reference position p s of servo head 10 (the

25 analog value corresponding to the radius of the center of the target track)

and the detected head position o, which is the actual radial position

outputted from position detector 21, is inputted to servo compensator 12.

Servo compensator 12 amplifies the inputted difference and calculates a
servo compensation value that minimizes the difference. Power amplifier

30



5 from clock head 10K and the detected head position p from position detector 21, generates servo
patterns PS2 and makes servo heads 10 stacked on rotary positioner 2 write servo patterns PS to the
respective copy disks 4. 10 Now the entire functions of the conventional disk servo writer shown in FIG.
9 will be described. First, clock head 10K stores clock patterns PCO generated from clock pattern
generator 9K in an arbitrary radial position (the outermost circumference section in FIG. 10) on clock
pattern disk 3K. 15 Then, actual radial position p of servo head 10 is detected by rotary encoder 20
arranged in a coaxmitipiaiinar Gitestalor paLitiBiferotany nostitRittietebtsed 10T B e e¥ Riifference)

between the detggaigdigadnPeaiiorinand the-vefesgacehead position p s is fed back through servo 20
compensator 12 and power amplifier 13, and servo head 10 is made to track the reference head position

p s via rotary positioner 2. In the tracking state, servo heads 10 simultaneously write servo patterns PS2,

which servo pattern ganeretoy Sgese@iasitorthesurtacepote svilivnasreclé copyslisksad
synchronizing with the clock read out from clock |%io}{tern disk 3K via clock hezgl(fj 10K. Servo pattern

generator & prothitfdd witheh eSS ndh) EBG e ciata Rert R9TB0Rt AR BrdysiH o servo heads
10 synchronizingsvéithothe 30 cloekefrem cleskopaiiera-diske8is andimakessenmehaadsid0rgrite the data 5

and the programs to data regions DTA on copy disks 4. Japanese Unexamined Laid Open Patent
Application H1G{2Y8) OR2S58W BRI Iapene B IR SKEAIRBHTE Dpén PAETRPARENEA8Y HO3 (1991) 5
214474 disclosqithe methods for writing servo data to magnetic disks

10 Now the entire functions of the conventional disk servo writer shown
in FIG. 9 will be described. First, clock head 10K stores clock patterns PCO
generated from clock pattern generator 9K in an arbitrary radial position
(the outermost -circumference section in FIG. 10) on clock pattern disk
3K.

15

Then, actual radial position p of servo head 10 is detected by rotary
encoder 20 arranged in a coaxial manner with rotary positioner 2 and
position detector 21. The error (difference) between the detected head
position p and the reference head position p g is fed back through servo

20 compensator 12 and power amplifier 13, and servo head 10 is made to track

the reference head position p s via rotary positioner 2.

In the tracking state, servo heads 10 simultaneously write servo
patterns PS2, which servo pattern generator 9 generates, to the surfaces of
25  the respective copy disks 4 synchronizing with the clock read out from clock

pattern disk 3K via clock head 10K.

Servo pattern generator 9 provided with means (not shown) outputs
data such as ID data and programs to servo heads 10 synchronizing with the

30 clock from clock pattern disk 3K and makes servo heads 10 write the data



including the step of selecting a master surface from the recording surfaces of magnetic disks, the step of
writing a master servo pattern onto the master surface in a hard disk drive, and the step of writing servo
patterns onto the recording surfaces other than the master surface while positioning 10 the magnetic
heads based on the master servo pattern. Japanese Unexamined Laid Open Patent Application HO6
(1994)- 44711 discloses the method for simultaneously writing servo patterns on the recording surface of
a magnetic disk with a plurality of magnetic heads in a disk servo writer. 15 Japanese Unexamined Laid
Open Patent AgRitEioR 1986 1192 atg r9giansciddésamsmedistiTdr simultaneously writing servo data to
a plurality of magnetic disks in a hard disk drive based on the signals from an external servo writer.

Japanese Unexamined Laid Open Patent Application HO6 (1994)- 28793 discloses the method for
compensating off-#20RTE HErE~om el bk OnabmenoderLsridernl Hd 1998k b8 Mce the

conventional digk genupuriess UHike e sarvo.patteypsnoeacsaicd\pylacaein® padEriigemerator
simultaneously tg stacked magnetic 25 disks synchronizing with the clock patterns recorded in advance
in a clock patter dfsk: the' ?oF%@riﬁﬂ‘@t%?zi%e&fo Bﬁlt'@“rﬁsst‘gi’ﬁe%{ﬁret%uﬁﬁggguﬁf diftife disks in a
disk stack unit imgivdingytibedislof etdtiagiimeind s{thesnufabefrohirdeks.etomihighstiing:seE/0 patterns are
written). 30 As the track (%en ity. on ama netic disk'#s improved, the time for servo 6 gat ern writing

o e il

becomes Ionge?, c%"%rﬁ% }8we1¥1fﬁrougen u?PAﬂ%chl 1 is? p%lgﬁiﬁlé {5 sHo®8n e tine’for'Servo pattern

writing by increasasgeiheudiske rotatidraspeled; iheveeghdricalstilyratfonsitiegoraermpreteigorous in tradeoff
for the faster digk f oo A L De R S ST RN RS Y BRI R 1R QeI Al e
10 the magnetic heads based on the master servo pattern. Japanese
Unexamined Laid Open Patent Application H06 (1994)- 44711 discloses the
method for simultaneously writing servo patterns on the recording surface

of a magnetic disk with a plurality of magnetic heads in a disk servo writer.

15 Japanese Unexamined Laid Open Patent Application HO06 (1994)-
28793 discloses the method for simultaneously writing servo data to a
plurality of magnetic disks in a hard disk drive based on the signals from an
external servo writer. Japanese Unexamined Laid Open Patent Application
HO06 (1994)- 28793 discloses the method for compensating off-track in a hard

20  disk drive.

Problems to be solved by the Invention
Since the conventional disk servo writers write the servo patterns
generated by a servo pattern generator simultaneously to stacked magnetic
25  disks synchronizing with the clock patterns recorded in advance in a clock
pattern disk, the time for writing the servo patterns to the entire surfaces
of all the disks in a disk stack unit is given by (the disk rotating time) X

(the number of tracks, to which the servo patterns are written).

30 As the track density on a magnetic disk is improved, the time for servo



Although the throughput for one magnetic disk is improved by increasing the number of the magnetic
disks stacked, the accuracy of the spindle motor rotation is impaired, since a heavier load is exerted to
the 10 spindle motor, and it becomes harder to mount the magnetic heads within the predetermined
range of accuracy, since the number of the magnetic heads stacked increases. A method for avoiding
these problems and for shortening the servo 15 pattern writing time has been proposed. The method
stacks an original disk storing servo data as a base of servo patterns and a plurality of copy disks on the
shaft of a spindRAHIBr VaifaRG 2SO PIETalRP BT seARS REa b dhepughpace Bt ina®bpY Hisks, and

makes the servgeals WriirdhesenwriRatiginsdarmesRased ondba sane datasand auiby a read-only

head from 20 the original disk to the respective track ranges assigned to the respective servo heads.

However, since"fi@tehgpiResthdite Breshasicale tREHIGHR hrsagre A Stgrrtitisktandeatbiurality of the

servo heads ontthe ss fageradieRGhH AR 2N diskiu@ iderRrtiom & sesvhbeasitopaaeive head, the
servo patterns written in may be displaced. For preventing the servo pattern displacement from causing,

it is necessary & Heia the accurate relative positional relations between the read-only head and the
servo heads in advance and to correct the displacements prior to writing the servo patterns via the servo
30 heads. However, ll%% kes time to detect the positions of the magnetic .heads. 7 Therefore, it is

alces timg (0 detect e pos agnel g

necessary to obviate |s°|51r% lef’ I Viewror Ifeé’élﬁ\gl,nl wou belsc}{esll?aﬁf)él%oﬁ?ovi & a method of

obtaining the head-pasitigrih énrandibk1sefvtheritergmdtichdsthskstackedgitial Saiskaandf harality of copy
disks and makeg 5 gluralty of ssrye heads, atranged an.each sfacs. Qe copy disks ifputaneously
10  spindle motor, and it becomes harder to mount the magnetic heads within
the predetermined range of accuracy, since the number of the magnetic

heads stacked increases.

A method for avoiding these problems and for shortening the servo

15  pattern writing time has been proposed. The method stacks an original disk
storing servo data as a base of servo patterns and a plurality of copy disks

on the shaft of a spindle motor, arranges a plurality of servo heads on each
surface of the copy disks, and makes the servo heads write the servo
patterns formed based on the servo data read out by a read-only head from

20 the original disk to the respective track ranges assigned to the respective

servo heads.

However, since the displacements between the read-only head on the

original disk and a plurality of the servo heads on the surface of each copy

25  disk are different from a servo head to a servo head, the servo patterns
written in may be displaced. For preventing the servo pattern displacement
from causing, it is necessary to detect the accurate relative positional
relations between the read-only head and the servo heads in advance and to
correct the displacements prior to writing the servo patterns via the servo

30 heads. However, it takes time to detect the positions of the magnetic heads.



patterns obtained based on the servo data read out by a read-only head from the original disk to each
surface of the copy disks, for easily obtaining the relative positional relations between the read-only head
on the original disk 10 and the servo heads on each surface of the copy disks. Means for solving the
Problems According to a first aspect of the invention, there is provided a method for obtaining magnetic
head positions in a magnetic data writing apparatus 15 (a disk servo writer) including a spindle motor
having a shaft mounting thereon a plurality of first magnetic disks (copy disks), thereto magnetic data is
to be transferre§hgrRfreaédnd erREIEHEURK 1Al SREiPAPEISKY- storing at least in one major surface
thereof original disk data including the magnetic data to be transferred to the copy disks and/or the
magnetic data 20 consulted in writing magnetic data to the copy disks, the spindle motor rotating the

copy disks and the offgikigtiek e URROE i ey BestforaPtntthessifshanrsting ebpy and original
disks, the rotaryhpesitienensaekingogiaiabhinnauliigtessels afifitst agaeticdradm(se@aneads) and a
second magnetic head (a read-only head) for reading the 25 origina] disk data from the orjginal disk into a
unit, each bt of P eAdR HHRIIAIA goa%odé%ma% WilkBariob U e d@eagg%w@éio each surface
of each of the copwAligks dar ssdhingirfagneficldatape heleashautace ol evidepyldisieiadnake the servo
heads simultaneously write the netic data determined based on the original disk data, which the
roac-only head TAHGL S N GE S A GER D18 T63 S PR ADRS A thereto on &
the each surfacthefdhegicapyddiBkidleachethofheaodfiding copgudiskgtind ensidn eticdisks (Gadibration disks)

on the shait of ihg. spindle motos i substiution for the.copvdizks RSY 19 WG MAGNGHl, data o the
copy disks, the calibration disks storing calibration data, whic
10  and the servo heads on each surface of the copy disks.

Means for solving the Problems
According to a first aspect of the invention, there is provided a method
for obtaining magnetic head positions in a magnetic data writing apparatus
15 (a disk servo writer) including a spindle motor having a shaft mounting
thereon a plurality of first magnetic disks (copy disks), thereto magnetic
data is to be transferred, and a second magnetic disk (an original disk)
storing at least in one major surface thereof original disk data including the
magnetic data to be transferred to the copy disks and/or the magnetic data
20 consulted in writing magnetic data to the copy disks, the spindle motor
rotating the copy disks and the original disk as a unit; and a rotary
positioner on the periphery of the copy and original disks, the rotary
positioner stacking rotatably multiple sets of first magnetic heads (servo
heads) and a second magnetic head (a read-only head) for reading the
25  original disk data from the original disk into a unit, each set of servo heads
including a predetermined number of servo heads assigned to each surface
of each of the copy disks for writing magnetic data to the each surface of the
copy disk to make the servo heads simultaneously write the magnetic data
determined based on the original disk data, which the read-only head reads

30 out from the original disk, to the respective track ranges assigned thereto on



5 facilitates making the servo heads accurately read therefrom first addresses indicating the addresses of
the tracks and sectors, therein the servo heads are at present, on each surface of each calibration disk;
and reading out a second address from the original disk data, which the read-only head reads out from
the original disk, the second address 10 indicating the address of the track and sector on the original
disk, therein the read-only head is at present, and reading out the first addresses from the calibration
disks simultaneously with reading out the second address to obtain the relations between the position
address of the f@gcarthsHERS ARt hREIsisk dbarassBebimpadgo heads. 15 According to a second

aspect of the inventiqRe theisdstRIRYidRG ReRethO fA-0AIRNY MarK)els bradpasitiensdn a disk servo
writer including a spindle motor having a shaft mounting thereon a plurality of copy disks, thereto

magnetic data iSPRBI (PANSHerR FURSHHAIBRGiMaItRRS K ORY sty RIS oHB AR face thereof

original disk datgiactdding togy raagRretindlakaiteetansies adie theGopytaiskaandieonilie magnetic

data consulted in writing magnetic data to the copy disks, the spjndle motor rotating the copy disks and

the originaﬁdiskf%%\?(%‘ifﬁi; Iaﬁgla%ﬁh%ﬁﬁm S?éﬂ%/aﬁ&%%ﬁéféf%‘?#ﬁ?éeﬁ‘g’iﬁﬁ’ef%ﬁ i‘agrk?&ﬁ?ﬁand original

disks, each of 2hdhe: tbiaryheositthressstdckiag ratitablydsesviohs atis reakin@ aceesshianthe respective

surfaces of the copy disks and a read-only. head for reading the ariginal disk data from the original disk
X T et o RS0 ISR

into a unit, the $& ¢ ergagncghoéla% “58 of each of th %6%5} ’sabnemg assigned to the respective

track ranges on the eachisgirdateaotéhencopy diisksféronriting maginedialddtadtat thevdlctespective track
g?%?ﬁ; é?:krsgg%%%éﬁﬂd?ﬁg? §§l§%§ CSi 02040 the fesPeeIve,P GRgK raNgesan AN e a4age of the
10 indicating the address of the track and sector on the original disk, therein
the read-only head is at present, and reading out the first addresses from
the calibration disks simultaneously with reading out the second address to
obtain the relations between the position address of the read-only head and
the position addresses of the servo heads.
15
According to a second aspect of the invention, there is provided a
method for obtaining magnetic head positions in a disk servo writer
including a spindle motor having a shaft mounting thereon a plurality of
copy disks, thereto magnetic data is to be transferred, and an original disk
20 storing at least in one major surface thereof original disk data including the
magnetic data to be transferred to the copy disks and/or the magnetic data
consulted in writing magnetic data to the copy disks, the spindle motor
rotating the copy disks and the original disk as a unit; and a plurality of
rotary positioners on the periphery of the copy and original disks, each of
25 the rotary positioners stacking rotatably servo heads making access to the
respective surfaces of the copy disks and a read-only head for reading the
original disk data from the original disk into a unit, the servo heads on each
surface of each of the copy disks being assigned to the respective track
ranges on the each surface of the copy disk for writing magnetic data to the

30 respective track ranges, the read-only heads being assigned to the respective



ranges of the corresponding servo heads to make the servo heads simultaneously write the magnetic
data determined based on the original disk data, which the read-only heads read out from the original
disk, to the 5 respective track ranges assigned thereto on the each surface of the copy disk, the method
including: mounting calibration disks on the shaft of the spindle motor in substitution for the copy disks
prior to writing magnetic data to the copy disks, the calibration disks storing calibration data, which
facilitates 10 making the servo heads accurately read therefrom first addresses indicating the addresses
of the tracks antF3eettagtietBiniRes seies Hidds dsnrdidneosrrameniingcte dhmérashbration disks;

and reading out-ggeendAddirsses-fambitayiolal diskadata, whighthe trad-alherdagead out from

the respective track ranges on the.orlghr%al 15 disk, the second addresses indicating the addresses of the

tracks and sect8FeBHAREBHGInAF YRk Raisnpldcrdadeofiff Huae drbasefraacthe MépiBating out the

first addresses fiRm daescatiniatiendisksl sinyltanspusly wvitht reading OutithaSegerd Rdgdiesses to obtain
the relations between the position addresses af %e read-only he%(*js and the pg;tition addresses of the
20 servo héads RHGEHEJER |§‘/?‘Eﬁ88rﬁéﬁﬁ%%e% et SR B RSt °aBdESS: which each of

the servo headsheadsthod ittlaediegnning the calibration disk surface including at least a track range
assigned to the each 25 of the servo heads, and the second address corresponding to the first address
g %?%8 %ﬁe dh gt ois ‘hﬁe iD %ﬁ' 8F8

to prepare an addres%l?g&brbgtaﬁlel Ihdicatin réfations Bétweéh the pS<5)S| o a §st of the servo

heads and the pobitidtuaiddréss tfchepsedishalphieadocorrgspgndingnhtaithd ganto hikadspgnd obtaining
e . e oo SNSRI I SRRt e
10 making the servo heads accurately read therefrom first addresses indicating
the addresses of the tracks and sectors, therein the servo heads are at
present, on the surface of the calibration disks; and
reading out second addresses from the original disk data, which the
read-only heads read out from the respective track ranges on the original
15  disk, the second addresses indicating the addresses of the tracks and sectors
on the original disk, therein the read-only heads are at present, and reading
out the first addresses from the calibration disks simultaneously with
reading out the second addresses to obtain the relations between the

position addresses of the read-only heads and the position addresses of the

20  servo heads.

Advantageously, the method further includes: comparing the first
address, which each of the servo heads reads out while scanning the
calibration disk surface including at least a track range assigned to the each

25  of the servo heads, and the second address corresponding to the first address
to prepare an address lookup table indicating the relations between the
position addresses of the servo heads and the position address of the
read-only head corresponding to the servo heads; and obtaining the first
address of each of the servo heads with reference to the address lookup table,

30 the first address corresponding to the second address, which the read-only

10



10 head reads out from the original disk to make the each of the servo heads write the magnetic data to
be transferred in the position designated by the first address. 5 In summary, for obtaining the positions of
magnetic heads in a disk servo writer including a spindle motor having a shaft mounting thereon a
plurality of copy disks and an original disk storing magnetic data to be transferred to the copy disks
and/or original disk data consulted as the magnetic data in writing data to the copy disks (such as servo
patterns used 10 for detecting the magnetic headé:;ositions, ID patterns for identifying the disks, and

t

programs) and Fsedingafe esh{rarkehsrrsie srigink teisrale dhenradnhafathstagr yodiidter on the
periphery of thedigksireiaialiystackieg t8 rrRagd-ankheadiforkeasisgidatadiom-tha oioinal disk and

multiple sets of servo heads into a unit, each set including a plurality of servo heads on each 15 surface
of each of the cgbiﬁ &%%e(sélternatively, rotary positioners on the periphery of the disks, each of the rotary
positioners stacking rotatably a read-only head for reading data from the original disk and a plurality of

servo heads into a ug}i&, the servo heads being on the respective, surfaces of the copy 'les) to make the
servo heads correspShdilEBaRE FRARRIIPHEA GRS O ROFTH Wt LEMBRBREE 19D tRedréliBctive track
ranges assignegkiveretoitdhéntletiod aceprdig tadhe inveiioa sploysoine: falomingsteps: mounting

calibration disks Istor'in%c%libratio%.dgta on.the shaft. of fhr& slginﬁile. motor in sgbs 'tuctio for the copy disks
prior to writing r%éléﬁétl af3d t lgc%pafl gis?%;%sgcl)%?ai ilﬁg reIative p%gﬁ%%é(f refaflorns Bétween the
read-only head andsfbe struo Hieadsmn theksamelfatasyipositiahiek frbrtathe@ddtedsashloh the read-only

head reads out from the qriginal disland af whih the reakenly, head is at presant, and the addresses,

which the servo héads corresponding & by P

10 for detecting the magnetic head positions, ID patterns for identifying the
disks, and programs) and rotating the copy disks and the original disk as a
unit; and a rotary positioner on the periphery of the disks rotatably stacking
a read-only head for reading data from the original disk and multiple sets of
servo heads into a unit, each set including a plurality of servo heads on each

15 surface of each of the copy disks (alternatively, rotary positioners on the
periphery of the disks, each of the rotary positioners stacking rotatably a
read-only head for reading data from the original disk and a plurality of
servo heads into a unit, the servo heads being on the respective surfaces of
the copy disks) to make the servo heads corresponding to the read-only head

20 write data simultaneously to the respective track ranges assigned thereto,
the method according to the invention employs the following steps:

mounting calibration disks storing calibration data on the shaft of the
spindle motor in substitution for the copy disks prior to writing magnetic
data to the copy disks;

25 obtaining relative positional relations between the read-only head and
the servo heads on the same rotary positioner from the address, which the
read-only head reads out from the original disk and at which the read-only
head is at present, and the addresses, which the servo heads corresponding

to the read-only head read out from the respective calibration disks at the

30 instance when the read-only head is reading out the address thereof and at

11



to the read-only head read out from the respective calibration disks at the 30 instance when the read-only
head is reading out the address thereof and at 11 which the servo heads are at present; storing the data
of the functions indicating the relative positional relations in an address lookup table; obtaining the
present addresses of the servo heads corresponding to 5 the read-only head with reference to the
address lookup table based on the present address on the original disk, in which the read-only head is at
present; and making the servo heads write magnetic data to the positions designated by the respective
present addres38¥Ebtain&er veoPAdsSAEdPEEERHing to the invention for obtaining the positions of

magnetic heads in a disk servRevaieh fagilitate $oRigINo g g reialvenBoslional relklians hetween a
plurality of servo heads on the surface of a copy disk and a read-only head and making the servo heads
write magnetic 194402t radpessiietkibk i2ilges on the copy disk, to which the servo heads are

assigned. Therefore dhg eihathagaeuding iadieskpentione fasiliathsshotaningdhaipgried of time for
writing magnetic data to the copy disks. 2Q Brief Description of the Drawing Figures FIG, 1 is a block
diagram sgﬁemﬁ}&éﬁﬁ}%ﬂ iﬁgeﬂ%%mfrgeg%%?ﬁﬁoat A8zre5 AR RIS et difor obtaining
the head positiggisdbereindassordingie afirshembrtimentafithe ihverdiandalappbad. 5 4t1G. 2 is a block

diagram schematicall}/ Qggving the configuration in a disk servo writer, to which a method of obtaining

ly .
the head positié)ﬁgstﬁe?em according to a second embodiment of the invention is applied.

making the servo heads write magnetic data to the positions
designated by the respective present addresses obtained.
10
The method according to the invention for obtaining the positions of
magnetic heads in a disk servo writer facilitates obtaining the relative
positional relations between a plurality of servo heads on the surface of a
copy disk and a read-only head and making the servo heads write magnetic
15 data to the respective track ranges on the copy disk, to which the servo
heads are assigned. Therefore, the method according to the invention
facilitates shortening the period of time for writing magnetic data to the

copy disks.

20  Brief Description of the Drawing Figures
FIG. 1 is a block diagram schematically showing the configuration in a
disk servo writer, to which a method of obtaining the head positions therein

according to a first embodiment of the invention is applied.
25 FIG. 2 is a block diagram schematically showing the configuration in a
disk servo writer, to which a method of obtaining the head positions therein

according to a second embodiment of the invention is applied.

FIG. 3 is a top plan view of an original disk showing the configuration

30 of the magnetic pattern written on the lower surface of the original disk.

12



FIG. 3 is a top plan view of an original disk showing the configuration 30 of the magnetic pattern written
on the lower surface of the original disk. 12 FIG. 4 shows the structure of the servo sector on the original
disk. FIG. 5 is a block diagram schematically showing the configuration in the disk servo writer mounting
calibration disks in substitution for the copy 5 disks for describing a calibration method according to a first
embodiment of the invention. FIG. 6 is a schematic for explaining the principle of the functions relating
the position of the read-only head on the original disk and the 10 positions of the servo heads on the
surface of a calibratidi @iskshoms the atbrseRIgiah M SERR Rrstieam? $hewg st Eskfiguration in the disk
servo writer mounting calibration disks in substitution for the copy disks for describing a calibration
method according to a second embodiment 15 of the invention. FIG. 8 is a schematic for explaining the

principle of the functiBhE- REtAPIASpDGEEHE SChfeRberENIy HIEERE dhererBREIHAARKIEN the

positions on thesudane Li-accaibyation diskef thaisenioherds an {aBsB0uespestivRdaas, stack servo
units. FIG. 9 is g.bJock diagram schematically showing a conventional djsk seryo writer. 25 FIG. 10 is a
top plan viéw o %f%ﬁ)f% P HI it (o0 dra B2 g}%%(t?é}@?ﬂé{oﬁ%e&&&s plan view of a

magnetic disk. 3RelidzMacdies for carrying out the Invention Now the invention will be described in detall
hereinafter with
FIG. 6 is a schematic for explaining the principle of the functions
relating the position of the read-only head on the original disk and the

10  positions of the servo heads on the surface of a calibration disk.

FIG. 7 1s a block diagram schematically showing the configuration in
the disk servo writer mounting calibration disks in substitution for the copy
disks for describing a calibration method according to a second embodiment

15  of the invention.
FIG. 8 is a schematic for explaining the principle of the functions
relating the positions of the read-only heads on the original disk and the
positions on the surface of a calibration disk of the servo heads on the

20  respective head stack servo units.

FIG. 9 is a block diagram schematically showing a conventional disk

servo writer.

25 FIG. 10 1is a top plan view of a clock pattern disk used in the disk servo
writer of FIG. 9.

FIG. 11 is a top plan view of a magnetic disk.

30
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reference to the accompanied drawing figures which illustrate the preferred embodiments of the
invention. 5 Disk servo writer: Configuration 1 FIG. 1 is a block diagram schematically showing the
configuration in a disk servo writer 01, to which a method of obtaining the head positions therein
according to a first embodiment of the invention is applied. 10 In the disk servo writer 01, a disk stack unit
5 including a plurality (9 sheets in FIG. 1) of magnetic disks (copy disks) 4 stacked, to which the servo
data is to be written, and an original disk 3 below disk stack unit 5 are mounted on the shaft of a spindle
motor 6 rotating"}desSEsaRBUEERIY ths IYe S0 heads 10 (101 through ION), which are N pieces of

magnetic heads, arexgffanged radialidikegifenpen gaghisuiface afaany disksihriserqinafter, servo
heads 101 through ION arranged radially like a fan on a 20 disk surface will be referred to collectively as

a "fan-shaped HESF L 19 GRerAccAmBraiP hoLRtRs SeHsemE by tantaiadroe s etack of
fan-shaped headsHRim NN enttheisusiages. of copy disks 4 and a read-only magnetic head (hereinafter
referred to as a "read-only head") 7 on one of the 25 surfaces (the lower surface in the figure) of original
disk 3. Orig?nal disk 3 is a magnetic disk 4, to which the servo data described below is written in advance.
FIG. 3 is a top plaskWew ofaiiginal ciglegdrstiowing a configuration of the magnetic patterns written on the
lower 30 surface of arjgi all disk bQ{ri inal disk 3 is usgzcd ﬁlso as a ca{'bratio disk 14 14 described later.

Tracks are arranged concentrically S oHdinal SIS 3 AL B Ee the configuration in a
disk servo writer 01, to which a method of obtaining the head positions

therein according to a first embodiment of the invention is applied.

10
In the disk servo writer 01, a disk stack unit 5 including a plurality (9
sheets in FIG. 1) of magnetic disks (copy disks) 4 stacked, to which the servo
data is to be written, and an original disk 3 below disk stack unit 5 are
mounted on the shaft of a spindle motor 6 rotating at several thousands
15 rpm.

Servo heads 10 (10; through 10xn), which are N pieces of magnetic
heads, are arranged radially like a fan on each surface of copy disks 4.
Hereinafter, servo heads 10; through 10x arranged radially like a fan on a

20  disk surface will be referred to collectively as a “fan-shaped head 10; - 10x”.

A rotary positioner 2 mounts rotatably on an axis 2s a stack of
fan-shaped heads 10; - 10x on the surfaces of copy disks 4 and a read-only
magnetic head (hereinafter referred to as a “read-only head”) 7 on one of the

25  surfaces (the lower surface in the figure) of original disk 3.

Original disk 3 is a magnetic disk 4, to which the servo data described
below is written in advance. FIG. 3 is a top plan view of original disk 3
showing a configuration of the magnetic patterns written on the lower

30 surface of original disk 3. Original disk 3 is used also as a calibration disk

14



3. Each track is divided into servo sectors 15 at every certain degrees of 5 angle. Servo sectors 15 are
arranged in the entire surface of original disk 3. In contrast to magnetic disk 4 used in the sector servo
system for the hard disk drives, any data recording region DTA is not arranged on original disk 3. 10 The
above described servo sector arrangement facilitates improving the tracking accuracy of read-only head
7 in tracking the designated track. In using original disk 3 as a calibration disk 14, the above described
servo sector arrangement facilitates detecting the accurate position of the servo head for reading data
from calibration'diglesaibesl &4 shows the structure of servo sector 15 on original disk 3. In servo
sector 15, a clock signal region 16, a servo mark region 17, a servo region 18, and a burst signal region
19 are arranged one by one in the order_of the description to the scanning direction of magnetic head. 20
Cyclic signals are stot&RFH as%ﬁ@q@ﬁ&?%@e?fﬂ%%kf&e&l SprE kehdassinyisgHchronizing the
writing and readin@ glatatio anasfrem @isk ol de@i ¢ is @eneratesk by teproektcing dasreyslisfsignals. The
amplitude of clock signal CLK is used for automati¢ gain control (AGC). 25 A certain bit pattern or dibit
pulses are Storéd SV MEFHEPEYIbM ¥ IS RDRSAIETHE SEIHIGE S 8%@%%8?% @éﬁ%g"region 18,
track data signdls ehiaiaet foyrcagingithéitiaakueinumberse(ieicsaddxsatsonagiheh&rdck@dddresses” or
the "track Nos.") . Tyk .15 into gray codes an}slr servo .dat%ijgnlgls indicatin eH1e sectar nmllts)ﬁrs (referred to

also the "sector add erég’%%"aor}iﬁieat'%ergfgf 8§.'r)e§1é’él are recoIrlé’écf".Han on origina
3.
10 The above described servo sector arrangement facilitates improving

the tracking accuracy of read-only head 7 in tracking the designated track.
In using original disk 3 as a calibration disk 14, the above described servo
sector arrangement facilitates detecting the accurate position of the servo
head for reading data from calibration disk 14.
15
FIG. 4 shows the structure of servo sector 15 on original disk 3. In
servo sector 15, a clock signal region 16, a servo mark region 17, a servo
region 18, and a burst signal region 19 are arranged one by one in the order
of the description to the scanning direction of magnetic head.
20
Cyeclic signals are stored in clock signal region 16. A clock signal CLK
necessary for synchronizing the writing and reading data to and from disk 3,
14 or 4 is generated by reproducing the cyclic signals. The amplitude of clock
signal CLK is used for automatic gain control (AGC).
25
A certain bit pattern or dibit pulses are stored in servo mark region 17

to indicate the start of servo region 18.

In servo region 18, track data signals obtained by coding the track

30 numbers (referred to also as the “track addresses” or the “track Nos.”) Trk

15



In burst signal region 19, four columns of burst signals, offset by half 5 the track width in the radial
direction, are recorded and used for calculating the deviation of the magnetic head from the center of the
track that the magnetic head is tracking and for detecting a precise radial position [Rr] (cf. FIG. 6)
indicating the accurate distance of head 7 (or 10) from the disk center. 10 For obtaining an angular
position [E) 0 ] (cf. FIG. 6) of head 7 (or 10) on disk 3 (or 14), a reference position for angle measurement
is set, for example, at the starting point of servo mark region 17 in the sector No. 1 on disk 3 (or 14), to
which magnetid H€ad2orce8yis #adigifso Thetanggarlsosnbrfanss thpoftdal PBrRAY on disk 3 (or
14) is obtained frerartha s6aIRE Mo andihie, sinekdeutsastnbichmaanstic) madife(aicbPadas counted from

the starting point of servo mark region 17 in the sector. Referring again to FIG. 1, the magnetic heads
designated by the same 20 reference numeral in fan-shaped heads 101 - ION on the surfaces of the

respective copy disks#snesadjusieo e accessibletathe eguidistastdasial oprsiippsarr the respective
copy disks 4. R ad-onlié hea%g, is adjusted tg- be accessible to th raaial p%sﬁo%r@original disk 3
equidistantto tHe 48R PBsitbHd ?‘nrifér\%]ti TSR AP B AHIRHP B S AR B BAYEd head 101 25
through ION, forlexdmplaisaenyd bieadik¥hds ateassibtanAtheadpesitidnand elokkideatetter 8 generates
clock CLK from the Siﬁ”%' of clogk s&gnal re i?n 1(16 gn %ervo sector 15 :551 alread SI%@@E fl that read-only
head 7 reads oJt3fom ocrigei’rzi‘gl ks ABRE Sathé ﬁrﬁ%,l%gdpﬁcbsc?slﬁ rllaal%sé%% tor 8 detects R
as the foregoin@Hreoieindditat ik positiare (iR} ©fdaagnoalphbadd’ Trdor the) sfgmal dfdulistksignal region
19 in servo se%tgﬂt%; Still at the same time, head position and clock detector 8
10
For obtaining an angular position [® 0 ] (cf. FIG. 6) of head 7 (or 10) on
disk 3 (or 14), a reference position for angle measurement is set, for example,
at the starting point of servo mark region 17 in the sector No. 1 on disk 3 (or
14), to which magnetic head 7 (or 10) is assigned. The angular position [@
15 0] of head 7 (or 10) on disk 3 (or 14) is obtained from the sector No. and the
clock pulses which magnetic head 7 (or 10) has counted from the starting

point of servo mark region 17 in the sector.

Referring again to FIG. 1, the magnetic heads designated by the same

20 reference numeral in fan-shaped heads 10; - 10x on the surfaces of the
respective copy disks 4 are adjusted to be accessible to the equidistant radial
positions on the respective copy disks 4. Read-only head 7 is adjusted to be
accessible to the radial position on original disk 3 equidistant to the radial
position on magnetic disk 4, to which any servo head in fan-shaped head 10

25  through 10x, for example servo head 10;, is accessible.

A head position and clock detector 8 generates clock CLK from the
signal of clock signal region 16 in servo sector 15 in a read signal RD1 that
read-only head 7 reads out from original disk 3. At the same time, head

30 position and clock detector 8 detects R as the foregoing precise radial
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detects track No. Trk and sector No. Sec as the position address of head 7 from the signal of track and
servo data region 18 in servo sector 15. 5 Head position address generator 31 outputs the position
addresses of servo heads 101 through ION on copy disks 4 as position address signals 31a based on
the position address (that is, track No. Trk and sector No. Sec) of read-only head 7 detected by head
position and clock detector 8, consulting 10 an address lookup table 30 described later, and
synchronizing with clock CLK. A servo pattern generator 9 generates servo patterns PS2 corresponding
to the position 498668 dRebpfa trskigaly hendelsemdbessitna ebpy RN 88H08N 908 tion address

signals 31a outpattedskemy heads pasitionhaddiessgerenaian o & SYNerapizingeyutioeleck CLK and
feeds servo patterns PS2 as write signals WR2 to servo heads 10. A servo compensator 12 obtains a

servo compensSftifisattacthdio2d Hirind 25 e Roror Hetitdds Prevdreydiy pieelsBsadidl position R of

read-only head fffigtacies:by nsagResiinanthaaek fgireiasd arerao igancs. head position Rs fed
from the outside. A power amplifier 13 outputs a current for driving rotary positioner 2 based on the servo
compensatﬁ)n value. 25 The feedback loop feeds back the error between the precise radial position R of
read-only head 7 andihelrgteieiee dtkhdp0sitienBs-ta raiatyupo shiopesRithr eughespeLmgompensator

12 and power amplifier 13 t zlgle read-only head 7.track the reference head pasition Rs. 30 17 In the
tracking state, ﬁgsﬁ?o?ﬁeg Sr%ég '8t %b]tgﬂw 7 FOPESTE hddtasposttion RAGRPSINER B

based on the position address (that is, track No. Trk and sector No. Sec) of
read-only head 7 detected by head position and clock detector 8, consulting

10 an address lookup table 30 described later, and synchronizing with clock
CLK.

A servo pattern generator 9 generates servo patterns PS2
corresponding to the position address of servo heads 10 on the surfaces of

15 copy disks 4 based on position address signals 31a outputted from head
position address generator 31 and synchronizing with clock CLK and feeds

servo patterns PS2 as write signals WR2 to servo heads 10.

A servo compensator 12 obtains a servo compensation value that

20 minimizes the error between the foregoing precise radial position R of
read-only head 7 detected by head position and clock detector 8 and a
reference head position Rg fed from the outside. A power amplifier 13
outputs a current for driving rotary positioner 2 based on the servo

compensation value.

25
The feedback loop feeds back the error between the precise radial
position R of read-only head 7 and the reference head position Rs to rotary
positioner 2 through servo compensator 12 and power amplifier 13 to make
read-only head 7 track the reference head position Rs.
30
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10 on the surfaces of copy disks via head position address generator 31, servo patterns PS2
corresponding to the position addresses are generated via servo pattern generator 9 synchronizing with
clock CLK and fed to servo 5 heads 10, and servo patterns PS2 are written in the respective copy disks 4
via the respective servo heads 10. Since servo patterns PS2 are written to the surface of copy disk 4 by N
pieces of servo heads 101 through ION (or by a fan-shaped head 101 - ION) 10 which make (or makes)
access to the surface of copy disk 4, the servo write time is shortened to be IN of the conventional servo

write time. If data to b8 WMiftEiRsiiesatategor BT atEsssedisks akigedtiy sRireidetsked in a write
data memory 32 shpvphin &lfaded bresRgNessias I pasitianaddisas sidnals 3tadppidteghfrom head

position address generator 31, write data memory 32 outputs data Data corresponding to the position

addresses of seVYhSAILIR INAUGRIORORSHR U H P ESRy Afldkeates S8R 85hatatR%enerator 9

synchronizing with §o6k fdtker20:SHbSaaHONHIN Wilific SeFum RARNTLRSHh Sesuadead d 0 writes data
i i ition address. Disk tion 2 FIG. 2is a

Data in data region DTA havjng the same posj ervo writer: Configur
block diagrdm 3&%&96&@5%@%8@&% %@%Wﬁ'ﬂ&e%ﬁ@ﬁ R N i% ith a method of

obtaining the heag pesidepsctivereinvadecidingoto a second embodiment of the invention is applied. Disk
servo writer 02 according to the second embodiment is different from disk servo writer 01 according to
the first embodiment in that N sets (3 30 sets in FIG. 2) of rotary positioners 2 (21, 22, , 2N) are
arranged on the 18 peitghewrof paptechskBIR Bachvratary fpoditonefat ¢, @3y disr 2Ny MNacks servo

heads 10 for all the surfaces,ofcopy, digks 4, AN MRRNES S stk fh 30 e 1O s read-only
head 7 rotatablx}) o1 an axis 8.
10  which make (or makes) access to the surface of copy disk 4, the servo write

time is shortened to be 1/N of the conventional servo write time.

If data to be written into data region DTA of copy disks 4 exists, the

data is stored in a write data memory 32 shown in FIG. 1. In response to

15  position address signals 31a inputted from head position address generator
31, write data memory 32 outputs data Data corresponding to the position
addresses of servo heads 10; through 10x for the surface of copy disk 4 to

servo pattern generator 9 synchronizing with clock CLK.

20 Subsequently to writing servo patterns PS2, servo head 10 writes data

Data in data region DTA having the same position address.

Disk servo writer: Configuration 2
FIG. 2 is a block diagram schematically showing the configuration in a
25 disk servo writer 02, to which a method of obtaining the head positions

therein according to a second embodiment of the invention is applied.
Disk servo writer 02 according to the second embodiment is different

from disk servo writer 01 according to the first embodiment in that N sets (3

30 sets in FIG. 2) of rotary positioners 2 (21, 22, -+ , 2xn) are arranged on the
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5 In FIG. 2, rotary positioner 21 is shown representing all the rotary positioners 21 through 2N. Although
not shown in FIG. 2, the other rotary positioners 22 through 2N are provided with the respective circuits
having the configuration same with that of the circuit for rotary positioner 2 in FIG. 1. Each rotary
positioner 2 (21, 22, , or 2N) and the circuit thereof 10 constitute a head stack servo unit 1 (11, 12, , or
1N). Therefore, disk servo writer 02 in FIG. 2 includes N head stack servo units 1 (11, 12, , 1N). In FIG.
2, the servo head on a rotary positioner 2 (21, 22, , or 2N) is designated by the reference numeral 10

(101, 102, , oPtORhemofeoRS disler dniardatptor YaareosHkiSnen 222 1; 220 29r SRYNSY the reference

numeral 7 (71, 23, 1R AN DRI $UE Al lepr dintontion; Senvoured IO aik adiusteg to make

access to the radial positions on the respective copy disks 4 equivalent to the radial position on original
disk 20 3, to whiehveeherdalythead 7 Tanarady: J. Sitatbly, serw Heads 102 are adjusted to make
access to the radial positions on the respective copy disks 4 equivalent to the radial position on original
disk 3, to which read-only head 72 makes access. Finally, servo heads ION are adjusted to make access
to the radidl positionS'ofi e fediPeRtVaeslPBRkSY BqEhpaIBNE EHPREPAHIEI 28 (5BSithsHa8K original disk

3, to which reads@nlydead 7Ncmakes accesshainge MtPie/mofseD. eagis Hhdhruahy|ON

simultaneously write data into the respective track ranges on the surface of the c,opryhdisk 4 assigned
thereto, the seRASWARSTINE iENRYEBNEY DRI et iBhIBRtSSRPSHR O HTE MRV EE 19 For making

fan-shaped heaghd QdnfiQNe1d then s facehaheopy diskAdaitise rbtand sesmheadsd Bithrough ION on
the surface of C?mﬁ]diﬂ( 4in FIG, 2 write serv& pa%terns accurate)ly int tlﬂe re-spe,cti\{_ﬁ track ranges
. ac 1, 2, 7

keeping rotary positioner 2 -, or 2n)” and the circuit thereo
10 constitute a head stack servo unit 1 (11, 12, - , or 1n). Therefore, disk servo
writer 02 in FIG. 2 includes N head stack servo units 1 (11, 12, -+ , 1n).
In FIG. 2, the servo head on a rotary positioner 2 (21, 23, - , or 2n) is
designated by the reference numeral 10 (101, 102, -=- , or 10x) and the
15 read-only head for rotary positioner 2 (21, 22, - , or 2x) by the reference
numeral 7 (71, 72, -*- , or 7x) for the sake of clear distinction.

Servo heads 10; are adjusted to make access to the radial positions on

the respective copy disks 4 equivalent to the radial position on original disk

20 3, to which read-only head 7, makes access. Similarly, servo heads 102 are

adjusted to make access to the radial positions on the respective copy disks 4

equivalent to the radial position on original disk 3, to which read-only head

72 makes access. Finally, servo heads 10x are adjusted to make access to the

radial positions on the respective copy disks 4 equivalent to the radial

25  position on original disk 3, to which read-only head 7x makes access. Since

N pieces of servo heads 10; through 10x simultaneously write data into the

respective track ranges on the surface of the copy disk 4 assigned thereto,

the servo write time is shortened to be 1/N of the conventional servo write
time.

30
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an accurate track spacing of 1,u m or narrower therebetween, it is necessary 5 to know the accurate
position address of each servo head 10 on copy disk 4 corresponding to the position address on original
disk 3 of read-only head 7 in rotary positioner 2. For facilitating this, it is necessary to know in advance
the relative 10 positional relations including mounting errors between read-only head 7 and servo heads
10 on rotary positioner 2. According to the invention, the relative positional relation between read-only
head 7 and every servo head 10 is found (hereinafter referred to 15 also as "calibrated" or "calibration")
using calibration disk€orastkire dan diareddisadnlOs inlQaatifitorirdired sy enersdashriti calibration,

various kinds ofiggjibraiendeigeassiag a6e taenducteslhakralibiating sneans dnet $hawmy; to which read
signals RD2 20 read out from calibration disks 14 via servo heads 10 and read signals RD1 read out

from original digk W8 REEUCORRF ISERY FCor el dSitb AhGata e Fe %l BAR HERE 7SobEsMBd from head
position and clogk geteries S)atespaRutiedr 25 AsHessribed earigebaagreticidiske & starmng the

magnetic data, same with the magnetic data on original disk 3 and described earlier with reference to
FIGs. 3 and 4, &f Beevibjor«irrate oondienraderasealisrchanpranidis disks on. wopdiskt embodiment:

Calibration Now.spe:saliRaation Ageersingitmanfitalemnbodiment Phibr mnyentin-owik be gdescribed below in
connection with disk servo writer 01 of FIG. 1. 5 FIG. 5 is a block diagram schematically showing the

configuration in"HFEESPSIHREEDE mounting calibration disks 14 in substitution for copy

For facilitating this, it is necessary to know in advance the relative
10  positional relations including mounting errors between read-only head 7 and

servo heads 10 on rotary positioner 2.

According to the invention, the relative positional relation between
read-only head 7 and every servo head 10 is found (hereinafter referred to
15  also as “calibrated” or “calibration”) using calibration disks 14 stacked in

disk stack unit 5 in substitution for copy disks 4.

In the -calibration, various kinds of calibration processing are
conducted by a calibrating means (not shown), to which read signals RD2

20 read out from calibration disks 14 via servo heads 10 and read signals RD1
read out from original disk 3 via read-only head 7 (or the position data of
read-only head 7 obtained from head position and clock detector 8) are

inputted.

25 As described earlier, magnetic disks 4 storing the magnetic data, same
with the magnetic data on original disk 3 and described earlier with
reference to FIGs. 3 and 4, on both major surfaces thereof are used for

calibration disks 14.

30
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disks 4 for describing the calibration method according to the first embodiment. 10 The precise radial
positions [Rr] and the angular positions [O 0 ] of servo heads 101 through ION are obtained from the
signals obtained from the foregoing servo sectors 15 in read signals RD2 from servo heads 10 (101
through ION) on calibration disks 14. 15 Now the method for knowing the relations between the position
coordinates of servo heads 101 through ION on calibration disks 14 and the position coordinates of
read-only head 7 on original disk 3 will be described below in connection with representative servo heads
10, through ION"EfdrR ¢fad abhraion) on one surface of calibration disk 14. 20 FIG. 6 is a

schematic for explainipgythgLERGHRIE RIhe duRGiRNE L tauahibularsignates.oprerdiy.py fi) described

later and relating the position of read-only head 7 on original disk 3 and thefositions of servo heads 101
through ION (d&&1R&taasgeReraigBY 1@.%%0&9&%%#125 samtaidkeaidk a4 Reférring now to FIG. 6,
rotary positioner 2 is rotated to make servo head 101 scan calibration disk 14 from the inner

circumference to the er crrcu erence thereof and to r’%?ke servo head 101 read calibration disk 14 30
for obtaining polar p clﬁo?d %fﬁgf)aﬁ SORETRARG U MG e s P HHOBSE radial position
[Rr] and an angligs@ :hea&dhmamjuhar Posititin §Qa0lr Al shedselael tine, seadiomjohefdd doisymade to read

original di_sl_< 3 fqr bta nrp% p %air% $srt§r?kr:tec§gr§g 15 pOéI%IOI’] )f(%ﬁ%t %fla di éar]E e Rsz the precise

radial position [ an ang ata mdrcﬁtrng the relation
between the pommhmmcoordrnates (r1, 01) and (R, 0) (hereinafter referred to as a function "fl = f

10 The precise radial positions [Rr] and the angular positions [® 0] of
servo heads 10; through 10x are obtained from the signals obtained from the
foregoing servo sectors 15 in read signals RD2 from servo heads 10 (10;

through 10x) on calibration disks 14.

15 Now the method for knowing the relations between the position
coordinates of servo heads 10; through 10x on calibration disks 14 and the
position coordinates of read-only head 7 on original disk 3 will be described
below in connection with representative servo heads 10; through 10x
(fan-shaped head 10; - 10x) on one surface of calibration disk 14.

20

FIG. 6 is a schematic for explaining the principle of the functions fi
through fx (designated generally by fi) described later and relating the
position of read-only head 7 on original disk 3 and the positions of servo
heads 10; through 10nx (designated generally by 10i) on a surface of

25  calibration disk 14.

Referring now to FIG. 6, rotary positioner 2 is rotated to make servo
head 10; scan calibration disk 14 from the inner circumference to the outer
circumference thereof and to make servo head 10; read calibration disk 14

30 for obtaining polar position coordinates (ri1, 0 1) consisting of a distance r1 as

21



[(R, 0) -* (ri, 0 1)]") is obtained and stored in address lookup table 30 in FIG. I. 10 By repeating the same
operations for servo heads 102 through ION one by one, the data of the functions f2, f3, , fN are stored
in address lookup table 30. Generally describing, the function fi for a servo head 10i is expressed as fi =
f[(R, O) -* (ri, 0 M. 15 Functions fl through fN are obtained for all the servo heads 101 through ION on all
the surfaces of copy disks 4 and the data thereof is stored in address lookup table 30. The functions fl
through fN stored in address lookup table 30 are the 20 data for obtaining the polar position coordinates
(ri, 0 i) (that is, the pEerion tetind esdsired [Rriend reansiol thothn iosntaesesised Hnerally by IN
on copy disks 4 from the palar, pasition, eaardietes R 7Q) (hatds.dhe.R5HigRAdALeSS) of read-only
head 7 on original disk 3 in writing servo pattefns to copy disks 4 as described later. Therefore, the
relations betweebt2bihe polar position coordinates (R, ©) onioiisfima disk & sinddh & polaheposition

coordinates (ri, Orgcon cal(i]{)rzlltion. isks[%4 are élmaportani%e @ obtat'g\éng

1 thel relativq;.posi;@?%gi relations in
practice, the pogltlolnseclé%rb% o8 68,“0 “hRich e iead™ior réatietéin Rafbration disk 14 at 22 the

instance when rBlaghonthbeddta readsciiengositien coprdimates (Reeh=Qhearpobi@regositasigdress lookup
table 30. Every time when the precise radial position.R (in other woyds, the track address) of read-only
onc 7 15 2o Uk Bl e (B S R b A kL T8 bt 5 are

stored in addreg@loekup-table 30,)Binge shensiarence pesition fanmeaswsing.g ikaay be set at an
arbitrary position, an angular position obtained by adding or subtracting a certain value to or from the

angular positiorﬂ[)q that servo head 10i has read

10 By repeating the same operations for servo heads 102 through 10x one
by one, the data of the functions fs, f3, -+ , fx are stored in address lookup

table 30. Generally describing, the function f; for a servo head 10; is

expressed as i =f [(R, ©) — (r;, 0.

15 Functions fi through fy are obtained for all the servo heads 10
through 10x on all the surfaces of copy disks 4 and the data thereof is stored
in address lookup table 30.

The functions fi through fx stored in address lookup table 30 are the

20 data for obtaining the polar position coordinates (ri, 05 (that is, the position
addresses) fed to servo heads 10; through 10x (designated generally by 10y

on copy disks 4 from the polar position coordinates (R, ©) (that is, the
position address) of read-only head 7 on original disk 3 in writing servo
patterns to copy disks 4 as described later. Therefore, the relations between

25 the polar position coordinates (R, ®) on original disk 3 and the polar

position coordinates (ri, 0 i) on calibration disks 14 are important.

In obtaining the relative positional relations in practice, the position

coordinates (r;, 63 , which servo head 10; reads from calibration disk 14 at
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10 out may be stored as an angular position O i in address lookup table 30 with no problem. In writing the
servo patterns to copy disks 4, the position coordinates (r[err], O i) to be fed to servo heads 10i on copy
disks 4 corresponding to the 15 present position coordinates (R, 0) of read-only head 7 on original disk 3
are obtained in the following way from address lookup table 30. First, the position coordinates (ri, O i)
corresponding to the position coordinates (R, 0 = 0) are obtained from address lookup table 30. Then, the
radial position ri_as obtained from address lookup table 30 is used without conversion. The 20 angular

position 0 i usedinstRmee SEhes pardieniy Ssednetesdsthimysitioncosefinmigaldt pBsin 0 of
read-only head 7.0n.Qrigingl digl,240 1he Y5 venPe! Sbtained MamAdHEsSIRCkHR-FabIg 3 In practically

writing the servo patterns to copy disks 4 in disk servo 25 writer 01 in FIG. 1, the position address (track

No. Trk, sector Msitat Rebreshensintito the peskiod dssrlinhtes¢rndy berdatisskamnesd 7 is fed from
head position apg glogkSletectar 84r18aH PSP RAGIRSE SRS AL 35 Sean At deadonly head 7

on original disk 3 reaches the position coordinates (R, 0). Head position address generator 31 obtains
the positiorp23 gporifrates(fddrpseresiaty seble Hbad 10i corresponding to the position coordinates (R,
O) using the data of the function f[err] stored in address lookup table 30 as described above. 5 Head
position address generator 31 feeds the position addresses corresponding to the position coordinates (ri,
0 i) obtained to servopatterhqgenEreanr® rosHare Jarvaresdsngi WritdRE reepeditiié sEtvo patterns.

Thus, it s POSSIhle g k0w e ROSIONAURIESARS A PENA NEAdSy L a bR DIURLIRN A o make servo
heads 101 through ION write magnetic data simultaneously.
certain value to or from the angular position 0 ; that servo head 10; has read
10  out may be stored as an angular position 0 ; in address lookup table 30 with

no problem.

In writing the servo patterns to copy disks 4, the position coordinates

(ri, 03 to be fed to servo heads 10; on copy disks 4 corresponding to the

15  present position coordinates (R, ©) of read-only head 7 on original disk 3
are obtained in the following way from address lookup table 30. First, the
position coordinates (ri, 0 i) corresponding to the position coordinates (R, ©

= () are obtained from address lookup table 30. Then, the radial position r;

as obtained from address lookup table 30 is used without conversion. The

20 angular position 6; used for writing servo pattern is obtained by adding
the present angular position ®of read-only head 7 on original disk 3 to the

value 0 ; obtained from address lookup table 30.

In practically writing the servo patterns to copy disks 4 in disk servo

25 writer 01 in FIG. 1, the position address (track No. Trk, sector No. Sec)
corresponding to the position coordinates (R, ®) of read-only head 7 is fed
from head position and clock detector 8 to head position address generator

31 as soon as read-only head 7 on original disk 3 reaches the position

coordinates (R, ®). Head position address generator 31 obtains the position
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For preventing servo heads 101 through ION on one surface of copy disk 4 from writing magnetic data
erroneously outside the assigned track ranges, 15 head position address generator 31 incorporates
therein a means for preventing position address signal 31a as the position address for every servo head
10i from being outputted, when the position address is outside the track range assigned to servo head
10i. 20 Second embodiment: Calibration Now the calibration according to a second embodiment of the
invention will be described below in connection with disk servo writer 02 of FIG. 2. FIG. 7 is a block

diagram schemegfesipaissviing thd Eenfmatsivien e didRiservestnortios fothermpeiintation disks 14
in substitution for gopy diske f@r)Q%?ﬁQQWQ doecalipraton msiped ascardingn (g dog gegend

embodiment. FIG. 8 is a schematic for éxplaining the principle of the functions F1 30 through FN
(designated genheabddp Gy fedritetdtiiythe positions of read-only 24 heads 71 through 7N (designated
generally by 7i) on original disk 3 and the positions of servo heads 101 through ION (designated
generally by IN on a surface of calibration disk 14. 5 As shown in FIG. 8, rotary positioners 2 (21, 22, ,
2N) position read-orilenassit{zn, AddresyNJeparhi@satie tnetisehadimspoeitiorddnesneginal disk 3. In

the similar manash B ASERING IRNGIEhAMARAMERL, the daandating (e elgifeqgsiiona

relations (represented by the functions Fi = F[(R[err], [err]) [err] (r[err], [err])])between the position
coordinates (ri, eherajord, t0 Rake(skicv® Ryqdedigneared ghaeealpdyviris@vy) pattiemservo heads 10
(101, 102, , ION) obtain from calibration disk 14, and the position coordinates (R1, O 1), (R2, 0 2),
(RN, O N) (designated generally by (Ri, 0;)), which read-only heads 7 (71, 72, , 7N) obtain from original

Thus, it is possible to know the position addresses of servo heads 10;
10  through 10n and to make servo heads 10; through 10n write magnetic data

simultaneously.

For preventing servo heads 10; through 10x on one surface of copy disk

4 from writing magnetic data erroneously outside the assigned track ranges,

15 head position address generator 31 incorporates therein a means for
preventing position address signal 31la as the position address for every
servo head 10; from being outputted, when the position address is outside

the track range assigned to servo head 10i.

20  Second embodiment: Calibration
Now the calibration according to a second embodiment of the invention

will be described below in connection with disk servo writer 02 of FIG. 2.

FIG. 7 is a block diagram schematically showing the configuration in
25 disk servo writer 02 mounting calibration disks 14 in substitution for copy
disks 4 for describing the calibration method according to the second

embodiment.

FIG. 8 is a schematic for explaining the principle of the functions F;

30 through Fx (designated generally by F)) relating the positions of read-only
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disk 3, is obtained. 15 Rotary positioners 2 (21, 22, , 2N) are rotated to make heads 71, 72, , 7N, 101,
102, , ION scan disks 3 and 14 from the inner circumferences to the outer circumferences thereof and
to obtain the functions F1, F2, , FN. 20 The data of the function F1 is stored in address lookup table 30 in
head stack servo unit 11, the data of the function F2 in address lookup table 30 in head stack servo unit
12, and so on. The data of the function FN is stored in the address lookup table 30 (not shown) in head
stack servo unit IN. 25 Generally describing, the data of the function Fi is stored in address lookup table

30 in head stackeled ubrAuBR qidideH BTakrd e B Bloreldan argiaas BokubaaBieso and
utilization of the,gtaresh datasi-thencaliRratonaceadingledha seaead-2a embpdimen) ate £onducted in

the same manner as the data acquisition and utilization according to the first embodiment simply by
using the functi6Wff€'r‘?]0f—'°fam?€9@))@‘%ﬁkoli‘f‘according to the first embodiment for every rotary positioner
2i according to the second embodiment and by replacing fi with Flerr] 5 and (R, O) with (Ri, 0;). Practical
servo pattern Writingd%(T)9 copy disks 4 in disk servo writer 02 in FIG. 2 will be described below as an

example intonnectigiPwitl HdadP stk Senke'ami IPOPHEBSERich Qedrdss '(’[rac%\i‘{ld?oﬂkl,o%ctor No. Sec)

10 corresponding:{@ theyprsitign tagrdinates (R, 9:)pf tiead-anly prackdi Qi FotarsRRsitioner 2iis fed
from head position and clock detector 8 in head stack servo unit 1 to head position address generator 31

in servo unit i a8rigsenl sisha réadishiRdal maemerigharuisking éadhedisd pediadnnent,

the data indicating the relative positional relations (represented by the
functions F; = F[(Ri;, ®) — (ri, 0:])between the position coordinates (r1, 0

10 1), (re, 09), =+, (rn, 0N (designated generally by (r;, 01), which servo
heads 10 (107, 102, -~ , 10n) obtain from calibration disk 14, and the
position coordinates (R1, ©1), (R, ®2), - , (Rn, On) (designated generally
by (Ri, ®1), which read-only heads 7 (71, 72, -*- , 7n) obtain from original
disk 3, 1s obtained.

15
Rotary positioners 2 (21, 22, - , 2n) are rotated to make heads 71, 7s,
=+ 7N, 101, 10g, -+ , 10n scan disks 3 and 14 from the inner circumferences
to the outer circumferences thereof and to obtain the functions Fi, Fo, ---,
Fx.
20

The data of the function F; is stored in address lookup table 30 in head
stack servo unit 11, the data of the function F2 in address lookup table 30 in
head stack servo unit 1s, and so on. The data of the function Fx is stored in
the address lookup table 30 (not shown) in head stack servo unit 1.

25  Generally describing, the data of the function F; is stored in address lookup

table 30 in head stack servo unit 1;.

Acquisition of the data to be stored in address lookup table 30 and

utilization of the stored data in the calibration according to the second
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coordinates (Ri, 0 i). Head position address generator 31 in head stack servo 15 unit i obtains the position
coordinates (ri, O i) for every servo head 10i on rotary positioner 2i corresponding to the position
coordinates (Ri, E))- using the data of the function Fi stored in address lookup table 30 in head stack
servo unit li. Head position address generator 31 feeds the position addresses of all the servo heads 10i
to servo pattern generator 9 as position 20 address signals 31a. By conducting the operations described
above for all the head stack servo units 11 through IN, it becomes possible to position servo heads 101
through ION in Efebedipeativarg o fastrd anthostaresemAs haadh e 02 tasasrssgirroN drrite servo

patterns simultangexshotodbe REsigNe ARG K ARUSK RRINRIGYEPHNGySetR-ngrRIR ABEhreugh ION on

one surface of cogy disk 4 from writing magnetic data erroneously outside the respective track 30 ranges
assigned, headpodifon @ddredsigehdtaeiosd i ne ekt N daatsearRosenaen d U AETh E8FBbYates therein a

means for preveglineg,pesitionasddiess: SigRalbane s aesitinnaddress foraueny sgryopead 10i on
rotary positioner 2i from belnq@outputted, when the position address is outside the track range assigned

to servo head 1@)‘&(}5(13«1\@?1?5@ dis E¥dcts of the Invention As described above, the method according to
the invention for obtaining the positions of magnetic heads in a disk servo writer, which includes a
spindle motor having a shaft mounting thereon a plurality of copy 10 disks and an original disk storing

magnetic data to be tarefisaesery theatéepy sk a9/ cPYigisdsdisioodiskcunsalsaes e magnetic
data in writing gatpriQ. thewaPy digksc(sHeh Be1s6 VR Raltemsipied fordatecting Beh head

stack servo unit 1i. The position address (track No. Trk, sector No. Sec)
10  corresponding to the position coordinates (Ri, ®;) of read-only head 7; on
rotary positioner 2; is fed from head position and clock detector 8 in head
stack servo unit 1; to head position address generator 31 in servo unit 1; as
soon as the read-only head 7; on original disk 3 reaches the position
coordinates (Ri, ®;). Head position address generator 31 in head stack servo
15 unit 1; obtains the position coordinates (rj, 03 for every servo head 10; on
rotary positioner 2; corresponding to the position coordinates (Ri, ®;) using
the data of the function F; stored in address lookup table 30 in head stack
servo unit 1;. Head position address generator 31 feeds the position
addresses of all the servo heads 10; to servo pattern generator 9 as position

20 address signals 31a.

By conducting the operations described above for all the head stack

servo units 1; through 1n, it becomes possible to position servo heads 10;
through 10x in the respective track ranges and to make servo heads 10;

25 through 10n write servo patterns simultaneously to the assigned track

ranges.

For preventing servo heads 10; through 10x on one surface of copy disk
4 from writing magnetic data erroneously outside the respective track

30 ranges assigned, head position address generator 31 in every head stack
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magnetic head positions, ID patterns for identifying the disks, and programs) and rotating the copy disks
and the original disk as a unit; and a 15 rotary positioner on the periphery of the disks rotatably stacking a
read-only head for reading data from the original disk and multiple sets of servo heads into a unit, each
set including a plurality of servo heads on each surface of each of the copy disks (alternatively, rotary
positioners on the periphery of the disks, each of the rotary positioners stacking rotatably a read-only
head 20 for reading data from the original disk and a plurality of servo heads into a unit, each of the
servo heads bef§'8n'@atH stitarRosrEscHSFeH: 2PHaNISKS) R ATERE Bse RASHY MY ¥Brresponding to

the read-only heaghuirite data sineuliaaraisly datbe respestivg tiagkdangss assigneddhareto, includes:
mounting calibration_disks storing calibration data on the shaft of the 25 spindle motor in substitution for

the copy disks proTIeRFiTnd AMRGEEEE AR tbethe iy therodttimAd eiads e pldtfoHs relations

between the reagheklyangad aich #aeseEv9Bagl$ m).the same rotary positioner from the address, which
the read-only head reads out from the original disk and at which the read-only 30 head is at present, and

the addresses, which the servo heads corresponding 27 to the read-only head read out from the
respective calibsahiomeigkswat tEfféostanse whelihentead-only head is reading out the address thereof
and_ at which the_segx_g h&gsocls(iﬁr at resent, Sto_ﬁil” tg; dat% 0 i}lhe iunct'onsirilrxll%liltlzgting %hf relative
positional 5 relationsin an aduress ?ogkup talSle"bbtal mﬁct‘ﬁe pre%encf addreb¥ed'stthe '€€rvo heads
corresponding tehttn@iteadionlydsdaochsonsulimgnthe allelrdssitook ujistablerbasediter thelpeksent address
of the read-only head on the crginal disk and making the servo heads wite magnet data to the
respective track
10  disks and an original disk storing magnetic data to be transferred to the
copy disks and/or original disk data consulted as the magnetic data in
writing data to the copy disks (such as servo patterns used for detecting the
magnetic head positions, ID patterns for identifying the disks, and
programs) and rotating the copy disks and the original disk as a unit; and a
15  rotary positioner on the periphery of the disks rotatably stacking a read-only
head for reading data from the original disk and multiple sets of servo heads
into a unit, each set including a plurality of servo heads on each surface of
each of the copy disks (alternatively, rotary positioners on the periphery of
the disks, each of the rotary positioners stacking rotatably a read-only head
20 for reading data from the original disk and a plurality of servo heads into a
unit, each of the servo heads being on each surface of each of the copy disks)
to make the servo heads corresponding to the read-only head write data
simultaneously to the respective track ranges assigned thereto, includes:
mounting calibration disks storing calibration data on the shaft of the
25 spindle motor in substitution for the copy disks prior to writing magnetic
data to the copy disks;
obtaining relative positional relations between the read-only head and
the servo heads on the same rotary positioner from the address, which the

read-only head reads out from the original disk and at which the read-only

30 head is at present, and the addresses, which the servo heads corresponding
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10 ranges indicated by the present addresses obtained. The method according to the invention for
obtaining the positions of magnetic heads in a disk servo writer facilitates obtaining the relative positional
relations between a plurality of servo heads on the surface of a 15 copy disk and a read-only head and
making the servo heads write magnetic data to the respective track ranges on the copy disk, to which the
servo heads are assigned. Therefore, the method according to the invention facilitates shortening the

period of time for writing magnetic data to the copy disks and reducing the manufacturing costs of the
copy disks. 20 28 St 2w gpivhead e oafMED? the raerRedvocabimig idietit Head positions in

a magnetic datan¥HHRY RBRAraldsy e uding ReaRindie fagter Having ashalimauptircadhareon a plurality
of first magnetic disks, thereto magnetic data is to be transferred, and a second magnetic disk storing at

least in one maJbREirihcess e bSRER G ARHIRICERRE including the magnetic data to be transferred to the

first magnetic disks aneg/@ithenmagnatiefdata cepsultad il magnaticdata teothedikat magnetic
disks, the sg)indle motor rotating 31e 10 f'(;}s}t ma rlej[ic disks and the second magnetic disk as a unit; and a
rotary positiondFGHENS BeARHEIISFHEHTEP AR Eecond magnetic disks, the rotary positioner stacking

rotatably multiple setshahfitignagneticdaaadsldnekeessetahd magoeticddeachiosspadinggthe original disk
data from the second magnetic disk intq a unijt, each set of fjrst netic heads jncluding a 15
orodetormined TSR RISt | A Gt ean Soakih Ba Qe on the preset
address of the read-only head on the original disk; and
making the servo heads write magnetic data to the respective track

10 ranges indicated by the present addresses obtained.

The method according to the invention for obtaining the positions of
magnetic heads in a disk servo writer facilitates obtaining the relative
positional relations between a plurality of servo heads on the surface of a

15  copy disk and a read-only head and making the servo heads write magnetic
data to the respective track ranges on the copy disk, to which the servo
heads are assigned. Therefore, the method according to the invention
facilitates shortening the period of time for writing magnetic data to the
copy disks and reducing the manufacturing costs of the copy disks.

20

25

30
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each of the first magnetic disks for writing magnetic data to the each surface of the first magnetic disk,
whereby to make the first magnetic heads simultaneously write the magnetic data determined based on
the original disk data, which the second magnetic head reads out from the second 20 magnetic disk, to
the respective track ranges assigned thereto on the each surface of the first magnetic disk, the method
comprising: mounting third magnetic disks on the shaft of the spindle motor in substitution for the first
magnetic disks 8riqr to writing magnetic data to the first magnetic disks, the third magnetic disks storing
calibration dataC25%hich facilitates making the first magnetic heads accurately read therefrom first
addresses indicating the addresses of the tracks and sectors, therein the first magnetic heads are at
present, on eacWELATRES of eddliEhird magnetic disk; and 29 reading out a second address from the
original disk data, which the second magnetic head reads out from the second magnetic disk, the second

address indicating thg afldress @5t ark-3nthseRIAiORdNe $echshmaonelc diskidhgiein the second

magnetic head is at present, and reading 5 out the first addresses from the third magnetic disks
simultaneously WAHNS atiig itthe dudHiBadd Fdd dgharebyr i abtath theshalitioneumdtigen the

position adgresghef-tha seppnchmagnetichead andithaiprsition Rddrassasal e first wagpetic heads. 2.
A method for obtaining magnetic head positions in a magnetic data 10 writing apparatus including a

spindle motor AR & ShfthtbaiiaRe therasResipitisiff YRt s tetc e kB Atk AdYF afiaignetic data is
to be transferrefeais a:8e6RNHMRANAHC digk ERsing ahiaaskitlcongMaigssurfacgethareef original disk

data incIuding tlhe m?rgsrgeﬂlcadat%,to (E),e 1;ransf(eiz/rredﬂtlo the firs'gD ,ma&;r%etic diSkls% a(ild,/or thet,magnetic data

consulted in wri gnetic disks and/or the magnetic data consulted 1n writing

magnetic data to the first magnetic disks, the spindle motor rotating the

10  first magnetic disks and the second magnetic disk as a unit; and a rotary

positioner on the periphery of the first and second magnetic disks, the rotary

positioner stacking rotatably multiple sets of first magnetic heads and a

second magnetic head for reading the original disk data from the second

magnetic disk into a unit, each set of first magnetic heads including a

15  predetermined number of first magnetic heads assigned to each surface of

each of the first magnetic disks for writing magnetic data to the each

surface of the first magnetic disk, whereby to make the first magnetic heads

simultaneously write the magnetic data determined based on the original

disk data, which the second magnetic head reads out from the second

20 magnetic disk, to the respective track ranges assigned thereto on the each
surface of the first magnetic disk, the method comprising:

mounting third magnetic disks on the shaft of the spindle motor in

substitution for the first magnetic disks prior to writing magnetic data to

the first magnetic disks, the third magnetic disks storing calibration data,

25  which facilitates making the first magnetic heads accurately read therefrom

first addresses indicating the addresses of the tracks and sectors, therein

the first magnetic heads are at present, on each surface of each third

magnetic disk; and
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15 magnetic data to the first magnetic disks, the spindle motor rotating the first magnetic disks and the
second magnetic disk as a unit; and a plurality of rotary positioners on the periphery of the first and
second magnetic disks, each of the rotary positioners stacking rotatably first magnetic heads making
access to the respective surfaces of the first magnetic disks and a 20 second magnetic head for reading
the original disk data from the second magnetic disk into a unit, the first magnetic heads on each surface
of each of the first magnetic disks being assigned to the respective track ranges on the each surface of

the first magnetic diskerSHRFitNG hagree ade sstieoredpearieiaklidhgesathulyebothe magnetic

heads being assigpged 1dbr<R IeSREctivadIGek fiRNges ORLBsSHitast at thrresanddnagnetic disk
corresponding to the track ranges of the corresponding first magnetic heads, whereby to make the first

magnetic head<SSHeiEaRBoiaY Wit h e dsgivTe®l die Gerefnimel Beeel 81 thBorm§itadisk data,

which the secongh snagoeticiaadsdieathewtion the seasntsnadeeticptisterte thelrespgetive 30 track
ranges assigned the et(c%,on the each sErface ﬁ%tl{gﬁ{i st magnetic disk, 30 the methad comprising:
e

mounting third MHgHAtHERSIR SR FRe SAEHLE dfRaRBEGICi L ST ARG HRY ¥ Magnetic disks

prior to writing maghetiodath éosdév first dragsetib disks tthebilaiel thagektitotiskestednglealibration data,

5 which facilitates makinggé

§1e firstf%Fegnetic Eeads a cu?tegl re?dt herefrom fira&address?s indicating
the addresses &Oﬁ%g‘%?a and Sectors Hesreit AecHs %aagﬁél ic NEds At na?pré%%%et? 8h the surface of

the third magnetie fliskshapdeteadinglout second addresses from the original disk data, which the 10
second magnetic heads read out from the respective track ranges on the second magnetic disk, the

second addressgs ingi%@@ﬂoﬁ‘?&d%%ﬁﬁé)frﬁr&%netic head positions in a magnetic data

10  writing apparatus including a spindle motor having a shaft mounting
thereon a plurality of first magnetic disks, thereto magnetic data is to be
transferred, and a second magnetic disk storing at least in one major surface
thereof original disk data including the magnetic data to be transferred to
the first magnetic disks and/or the magnetic data consulted in writing

15 magnetic data to the first magnetic disks, the spindle motor rotating the
first magnetic disks and the second magnetic disk as a unit; and a plurality
of rotary positioners on the periphery of the first and second magnetic disks,
each of the rotary positioners stacking rotatably first magnetic heads
making access to the respective surfaces of the first magnetic disks and a

20 second magnetic head for reading the original disk data from the second
magnetic disk into a unit, the first magnetic heads on each surface of each of
the first magnetic disks being assigned to the respective track ranges on the
each surface of the first magnetic disk for writing magnetic data to the
respective track ranges, the second magnetic heads being assigned to the

25 respective track ranges on one surface of the second magnetic disk
corresponding to the track ranges of the corresponding first magnetic heads,
whereby to make the first magnetic heads simultaneously write the
magnetic data determined based on the original disk data, which the second
magnetic heads read out from the second magnetic disk, to the respective

30 track ranges assigned thereto on the each surface of the first magnetic disk,

30



tracks and sectors on the second magnetic disk, therein the second magnetic heads are at present, and
reading out the first addresses from the third magnetic disks simultaneously with reading out the second
addresses, 15 whereby to obtain the relations between the position addresses of the second magnetic
heads and the position addresses of the first magnetic heads. 3. The method according to Claim 1 or 2,
the method further comprising: comparing the first address, which each of the first magnetic heads reads
out while scanning the third disk surface including at least a track 20 range assigned to the each of the
first magnetic hE2IE14hadise8eEsH RIS address corresponding to the first address, whereby to prepare an

address lookup tablejpdigatingtheirelationsibetwreniheRosition addiessesfitha dicst magnetic heads
and the position address of the second magnetic head correspondingto the first maggnetic heads; and 25

obtaining the firstbtigradenianthcofitst maghtiinettknaddeviRhaiignnagae dathess lookup table,

the first addressicomespandingtio sk seaandractrassnahiciitie seeand nagneiibhead4eads out from
the second mag?ﬁtﬁﬁéjis, , whereby to make the each of the first magnetic heads ritef the magnetic data
to be transferredy A5OSR FAUGREERF Y teHISR o3l dgarissicaiyately read therefrom

first addresses indicating the addresses of the tracks and sectors, therein

the first magnetic heads are at present, on the surface of the third magnetic
disks; and

reading out second addresses from the original disk data, which the

10 second magnetic heads read out from the respective track ranges on the

second magnetic disk, the second addresses indicating the addresses of the

tracks and sectors on the second magnetic disk, therein the second magnetic

heads are at present, and reading out the first addresses from the third

magnetic disks simultaneously with reading out the second addresses,

15  whereby to obtain the relations between the position addresses of the second

magnetic heads and the position addresses of the first magnetic heads.

3.  The method according to Claim 1 or 2, the method further comprising:
comparing the first address, which each of the first magnetic heads
reads out while scanning the third disk surface including at least a track
20 range assigned to the each of the first magnetic heads, and the second
address corresponding to the first address, whereby to prepare an address
lookup table indicating the relations between the position addresses of the
first magnetic heads and the position address of the second magnetic head
corresponding to the first magnetic heads; and
25 obtaining the first address of each of the first magnetic heads with
reference to the address lookup table, the first address corresponding to the
second address, which the second magnetic head reads out from the second
magnetic disk, whereby to make the each of the first magnetic heads write
the magnetic data to be transferred in the position designated by the first

30 address.
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