Magnetic data embedding apparatus having checking function Technical field of the invention The
present invention relates to a magnetic data embedding 5 apparatus to write magnetic data (or
embedded data) including a servo pattern for detecting a magnetic head position, an ID pattern for
identifying a magnetic disk, and a program into a virgin or unwritten magnetic disk. The data are
written to meet the customer's requirement and to serve as a product magnetic disk. The 10 magnetic
data embedding apparatus is also called a disk servo writer. The invention relates to such a magnetic

data embeddinw%ﬁg‘@ éﬁ%@ﬁ%ﬁﬁg %%%@Qiﬁg)%%&iﬁ%gﬁ%ndisks all stacked

together onto the shaft of a spindle motor and writes 15 the embedded data on the surfaces of each
magnetic disk based on magnetic data that is read out of the master disk simultaneously through
magnetic heads disposed in such a way that a plurality of magnetic heads are arranged on each

surface of%mtﬁ&&%%@%%mgﬁn relates, in particular, to a magnetic data embedding

apparatus having a checking function, in which checking is executed for the embedded data written

aratus having 8 che . o embedded data wrifer
teted, S L S A A G e o reprece

S ting operation. e drawings, symbol represents
the sagme Qe dratus to write magnetic data (or embedded data) including a

servo pattern for detecting a magnetic head position, an ID pattern
for identifying a magnetic disk, and a program into a virgin or
unwritten magnetic disk. The data are written to meet the
customer’s requirement and to serve as a product magnetic disk. The

10 magnetic data embedding apparatus is also called a disk servo writer.

The invention relates to such a magnetic data embedding
apparatus that comprises a master disk and a plurality of magnetic
disks all stacked together onto the shaft of a spindle motor and writes

15 the embedded data on the surfaces of each magnetic disk based on
magnetic data that is read out of the master disk simultaneously
through magnetic heads disposed in such a way that a plurality of

magnetic heads are arranged on each surface of the magnetic disk.

20 The invention relates, in particular, to a magnetic data
embedding apparatus having a checking function, in which checking
is executed for the embedded data written on the magnetic disk with
the magnetic data on the master disk, and correction is done for
errors if detected, simultaneously with the writing operation.
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equivalent part. 5 Background of the invention Fig. 9 shows schematic arrangement of areas of
magnetic data that are embedded (or written) on a virgin magnetic disk 1. PS2 represents servo
pattern embedding areas arranged radially with an equal spacing (or in a sector spacing) on the both
sides of the 10 magnetic disk 1. DTA represents data areas for ID pattern for disk identification or
programs that are written on customer's request at a time of manufacturing the magnetic disk 1. The
DTA can also represent data areas for data that are written by a user after production of the magnetic
disk 1. 15 The servo pattern PS2 consists of information for sensing actual position of the magnetic
head over the magnetic disk 1 in operation. The information includes a clock pattern for generating a

synchronous Cl%ﬂ‘i@&%@ﬁ%&? @igrﬁﬂg%r%%ﬁ%ﬁﬁzggﬁ% R8s éqﬁaaﬁector address. Fig.

7 shows an example of a structtré of a conve netic data embedding apparatus for writing

servo patt‘%%ﬁ§%l§ﬂtipﬂ?f9n6tic disk 1. This magnetic data embedding apparatus 101 25 comprises
a disk stack tinit DSU consisting of M sheets (nine sheets 2 in the Fig. 7) of magnetic disks 1 and a

sheet of a clock pattern disk 2K coaxially stacked together. The DSU is fixed to the shaft of a

5 Background of the invention
Fig. 9 shows schematic arrangement of areas of magnetic data that
are embedded (or written) on a virgin magnetic disk 1. PS2
represents servo pattern embedding areas arranged radially with an
equal spacing (or in a sector spacing) on the both sides of the
10  magnetic disk 1. DTA represents data areas for ID pattern for disk
identification or programs that are written on customer’s request at a
time of manufacturing the magnetic disk 1. The DTA can also
represent data areas for data that are written by a user after
production of the magnetic disk 1.
15
The servo pattern PS2 consists of information for sensing actual
position of the magnetic head over the magnetic disk 1 in operation.
The information includes a clock pattern for generating a
synchronous clock and coordinate information such as a track address

20 and a sector address.

Fig. 7 shows an example of a structure of a conventional
magnetic data embedding apparatus for writing servo pattern PS2 on a
magnetic disk 1. This magnetic data embedding apparatus 101

25 comprises a disk stack unit DSU consisting of M sheets (nine sheets
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spindle motor SPM and turned at a high rotating speed. 5 On the clock pattern disk 2K, a clock pattern
PCO is written on the outermost circumference, for example as shown in Fig. 8, on a virgin magnetic
disk 1 using this apparatus 101 before writing servo pattern PS2 on the magnetic disk 1. The servo
pattern PS2 is written on the magnetic disk 1 synchronizing with the clock that is obtained 10 by
reading out the clock pattern PCO. The symbol 3K represents a clock head that writes and reads a
clock pattern PCO directly to and from the clock pattern disk 2K. The symbol 11K represents a clock

head positignenthay holels gpdrha pRsiiensdRe flaskneahak Frfkpsbrasiiea g dheioutermost
k pattern%.l2 ﬁ I 35

circumference of theclo sk 2K In the example of Fig. 7. The symbol 9K represents a clock

pattern geW%ﬁ%&gg@ggﬁ%@%&h%ﬂgqbg@{%r‘f%(é&)tt8 M'geséigffpsfcéock pattern disk

2K. 20 The symbo at are provided corresponding to each medium

surface of PINELR Fi ' r 2 directly on the medium
surface. T%@?}%ﬁ%gﬁﬁqggesengé gﬂ rt(ﬁg})% (g(%t%nme%%a&%?aﬂ?d{egbks the servo heads 3 and

oscillates around the shaft | la to move the 25 3 servo head 3 to a desired radial position on the
magnetic disk 1. The symbol 18 represents an encoder that is fixed coaxially with the rotary positioner

and dejects angyhy RENYGR O PEAYAdisk 2K, a clock pattern PCO is written on

the outermost circumference, for example as shown in Fig. 8, on a
virgin magnetic disk 1 using this apparatus 101 before writing servo
pattern PS2 on the magnetic disk 1. The servo pattern PS2 is written
on the magnetic disk 1 synchronizing with the clock that is obtained

10 by reading out the clock pattern PCO.

The symbol 3K represents a clock head that writes and reads a
clock pattern PCQ directly to and from the clock pattern disk 2K. The
symbol 11K represents a clock head positioner that holds and

15 positions the clock head 3K at a fixed position of the outermost
circumference of the clock pattern disk 2K in the example of Fig. 7.
The symbol 9K represents a clock pattern generator that generates

signals of the clock pattern PCO to write on the clock pattern disk 2K.

20 The symbol 3 represents servo heads that are provided
corresponding to each medium surface of the M sheets of magnetic
dicks 1 and write servo patterns PS2 directly on the medium surface.
The symbol 11 represents a rotary positioner that holds and stacks
the servo heads 3 and oscillates around the shaft 11a to move the
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5 positioner 11. The symbol 19 represents a position detection section that obtains a radial position
(an analogue value) on the magnetic disk of the servo head 3 from the angular position detected by
the encoder 18. 10 Servo compensator 7 and power amplifier 8, together with the encoder 18 and the
position detection section 19, constitute a feedback loop that controls positioning of the servo heads 3
through the rotary positioner 11 in the radial direction on the magnetic disk, that is, positioning to the
center in the radial direction of a desired 15 track. The servo compensator 7 receives and amplifies

error signashehy B3 RIGER RRRYRRSHIRN S UE SR PR RaSpRSHoRiBIO the servo head 3

and obtain a servo compensation quantity to 20 minimize the error. Here, the target head position ps is
an analogue value corresponding to a radius of the center of the target track and the detected head
position p is the actual radial position of the servo head 3 that is output from the position detection

section 19. The pRwes AITI9sS eI AlosHie AUIARE LA TS Eam AR WRSiioner 11

according to the servo’compensation quantity, to move the servo heads 3. T rvo pattern

generalor §enefalRs SEMAGAEP ARG AEGRY YRGS AR BRapjpck head 3K and

supplies e
5 positioner 11. The symbol 19 represents a position detection section

that obtains a radial position (an analogue value) on the magnetic
disk of the servo head 3 from the angular position detected by the

encoder 18.

10 Servo compensator 7 and power amplifier 8, together with the
encoder 18 and the position detection section 19, constitute a
feedback loop that controls positioning of the servo heads 3 through
the rotary positioner 11 in the radial direction on the magnetic disk,
that is, positioning to the center in the radial direction of a desired

15 track.

The servo compensator 7 receives and amplifies error signal
between a target head position ps and a detected head position p of
the servo head 3 and obtain a servo compensation quantity to

20 minimize the error. Here, the target head position ps is an analogue
value corresponding to a radius of the center of the target track and
the detected head position p is the actual radial position of the servo
head 3 that is output from the position detection section 19. The
power amplifier 8 outputs electric current for driving the rotary
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servo heads 3 stacked on the rotary positioner 11 with the generated servo pattern PS2. Next, the
operation of the apparatus of Fig. 7 as a whole will be 10 described below. First, the clock head 3K
records clock pattern PCO generated by the clock pattern generator 9K at a desired radial position (at
the outermost circumference in the example of Fig. 8) on the clock pattern disk 2K. 15 The actual
radial position p of the servo head 3 is detected by the encoder 18 that is coaxial with the rotary
positioner 11, and the position detection section 19. The error quantity between the detected head

position p kiR iRiaqinsecHeTiign e etbacko ISk IBISIA RRRRARPARIEaNd the pover

amplifier 8 fo the 20 rotary positione¥ 11 thereby positioning the servd heads 3 following- up the target
position ps;ia EisfeliRwiRg: 4p state, each of the servo heads 3 simultaneously writes servo patterns
PS2 generated by the servo 25 5 generator 9 on the corresponding surface of the magnetic disk 1,
while synchronizing with the clock that is read out of the clock pattern disk 2K through the clock head
3K. 5 In addition to the servo pattern, ID data, programs, and other data are also written onto the data

area DTA of the TiagQefiGlshtefty Jon Ao AV YR LVG SV AR YeRARICr O, while

5 receiving the clock from the clock head 3K and supplies each of the
servo heads 3 stacked on the rotary positioner 11 with the generated

servo pattern PS2.

Next, the operation of the apparatus of Fig. 7 as a whole will be

10  described below. First, the clock head 3K records clock pattern PCO
generated by the clock pattern generator 9K at a desired radial

position (at the outermost circumference in the example of Fig. 8) on

the clock pattern disk 2K.

15 The actual radial position p of the servo head 3 is detected by the
encoder 18 that is coaxial with the rotary positioner 11, and the
position detection section 19. The error quantity between the
detected head position p and the target head position ps is fed back
through the servo compensator 7 and the power amplifier 8 to the

20 rotary positioner 11 thereby positioning the servo heads 3 following-

up the target position ps.

In this following-up state, each of the servo heads 3
simultaneously writes servo patterns PS2 generated by the servo

25



synchronizing with the clock that is read out of the clock pattern disk 2K. 10 Japanese Unexamined
Patent Application Publication No. H5- 189895 discloses a magnetic disk device comprising first and
second access mechanisms, one of which writes data and the other reads and checks the data.
Japanese Unexamined Patent Application 15 Publication No. H9-288873 discloses a magnetic disk
device comprising two magnetic heads, both of which access to one magnetic disk surface, one of
the two being dedicated to regeneration operation only. 20 Japanese Unexamined Patent Application

PublicatioryRe T 19235 dirclasaeapepiiinp s usith MRS eRiypRitRIalgiad out of a master

surface of a medium is written on medium surfaces excepting the master surface in a magnetic disk

device comprisiRasy kAot iRe Wi PHEATBRIIBRAN RoPCHBCAM B ARIAPPlcation 25 6

Publication No. H8-235801 and Japanese Unexamined Patent Application Publication No.

2001-2167, QM%%%QKMGH%’H&H@@B&%%M@BK device or a disk servo writer writes

servo information on a plurality of magnetic disk surfaces at the same time. 5 Problem to be solved
by the invention

S In addition to the servo pattern, ID data, programs, and other
data are also written onto the data area DTA of the magnetic disk 1
by the servo heads 3 through the servo pattern generator 9, while
synchronizing with the clock that is read out of the clock pattern disk
2K.

10

Japanese Unexamined Patent Application Publication No. H5-

189895 discloses a magnetic disk device comprising first and second
access mechanisms, one of which writes data and the other reads and
checks the data. Japanese Unexamined Patent Application

15 Publication No. H9-288873 discloses a magnetic disk device
comprising two magnetic heads, both of which access to one magnetic
disk surface, one of the two being dedicated to regeneration operation

only.

20 Japanese Unexamined Patent Application Publication No. H10-
172254 discloses a technique with which a servo pattern read out of a
master surface of a medium is written on medium surfaces excepting
the master surface in a magnetic disk device comprising a plurality of
medium surfaces. Japanese Unexamined Patent Application
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The conventional magnetic embedding apparatus, which is usually called a disk servo writer,
described above simultaneously writes servo patterns generated by the servo pattern generator on
the 10 stacked magnetic disks while synchronizing with the clock pattern recorded in advance on a
clock pattern disk. The time required for writing on the whole disk surfaces in one disk stack unit is
equal to the time for one revolution of the disk times the number of tracks to be written in a disk. 15
With increase in track density on magnetic disks, the time required for writing operation increases,

resulting inpeE¢ic A EHINBILIERI08 §80 ragkdd Tal SaekeabRse RagtHAedURIEWTItiNg is needed, and it
becomes important to check the written pattern. This 20 checking time also increases like the writing

time, adveragiy AR Y PAdHTAHBI RI6 BYU0T2AHTS (diseiriseg apeahefigisksifhe time for

writing and checking can be reduced, whereas mechanical vibration increases 25 7 in a tradeoff

relationshiRy e \ViP FABhBIRK R IKAHEGCHIO WHTE i e QU8 SR Patieras Ketwmber of stacked
magnetic disks is increaSed, while the 5 through-put per one sheet of disk is enhanced, the load on
the spindlej{fgfen HitHiReRs aPPAEIEF IBF AIA8IAEAD HRRTQIARSe SHCEHRUSARRE time.
5
Problem to be solved by the invention
The conventional magnetic embedding apparatus, which is
usually called a disk servo writer, described above simultaneously
writes servo patterns generated by the servo pattern generator on the
10 stacked magnetic disks while synchronizing with the clock pattern
recorded in advance on a clock pattern disk. The time required for
writing on the whole disk surfaces in one disk stack unit is equal to the
time for one revolution of the disk times the number of tracks to be
written in a disk.
15
With increase in track density on magnetic disks, the time
required for writing operation increases, resulting in lower
throughput. Since the track pitch decreases, more accurate writing is
needed, and it becomes important to check the written pattern. This
20  checking time also increases like the writing time, adversely affecting

the through-put.

By increasing the rotating speed of disks, the time for writing

and checking can be reduced, whereas mechanical vibration increases
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of stacked magnetic heads also increases, it becomes difficult to confine the accuracy in attaching the
magnetic heads within a specified limit. 10 A conventional apparatus for embedding magnetic data
employs a rotary encoder for detecting the position of the magnetic head. As recording density
increases, the accuracy for detecting position of the magnetic head exceeds the resolution precision
of the rotary encoder. 15 Therefore, a means for position detection with higher accuracy is needed.
Accordingly, an ;object of the present invention is to provide a magnetic data embedding apparatus

having cheglina fHRGUTR 18Rl RMANGWS THECCINATINRG MARBEYE dARCANMIAReIie disks by virtue of

higher accuracy in position detection than of a rotary encoder, and that allows decreasing the time for
the proceswﬂ%@%ﬁ@rwﬁwﬁ[ng to the end of checking. The aimed apparatus has to maintain
the rotating speed of the magnetic disks and the number of stacked 25 8 magnetic disks unchanged.
Means to solve the problem To solve the problems, a magnetic data embedding apparatus of 5 the
present invention comprises: a master magnetic disk 2 with magnetic data containing servo

If number of stacked magnetic disks is increased, while the
5 through-put per one sheet of disk is enhanced, the load on the spindle
motor increases, and precision of rotation deteriorates. Since number
of stacked magnetic heads also increases, it becomes difficult to
confine the accuracy in attaching the magnetic heads within a
specified limit.
10
A conventional apparatus for embedding magnetic data employs
a rotary encoder for detecting the position of the magnetic head. As
recording density increases, the accuracy for detecting position of the
magnetic head exceeds the resolution precision of the rotary encoder.
15 Therefore, a means for position detection with higher accuracy is

needed.

Accordingly, an ;object of the present invention is to provide a
magnetic data embedding apparatus having checking function that
20 allows correctly writing magnetic data on magnetic disks by virtue of
higher accuracy in position detection than of a rotary encoder, and
that allows decreasing the time for the processes from the start of
writing to the end of checking. The aimed apparatus has to maintain

the rotating speed of the magnetic disks and the number of stacked
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information written on at least one surface thereof and a plurality of object magnetic disks 1 in which
information is written, the master disk and the object disks being stacked and integrally installed on a
10 shaft of a spindle motor (SPM) ; one or more writing-dedicated rotary positioner 11A, 11B, 11W
disposed around the magnetic disks, and stacking and holding integrally and pivotally one or more
read magnetic heads 5A, 5B, 51 - 54 and one or more write magnetic heads servo heads 3A, 3B, 31
15 through 34, the read magnetic heads reading out the magnetic data on the master disk and one or

predetermipggonpriped Rk & Metia pagnetic heads being provided corresponding to each surface of
the object magnetic disks for accessing the surface, the rotary positioner being provided so that a

plurality of the write magnetic heads exist 20 for accessing every one surface of the object magnetic
disks, wherein each of the write magnetic heads belonging to one of the write- dedicated rotary

positionersytesths g&ﬂg@emec:}gf%mghgs read out by the read magnetic head disposed on the
ne

master magnetic disk or magnetic data made from the magnetic data that is read out from the 259

master disk (heriRRliib SH D RIME SMAGHSUnERE dita HRSUNB P ESiesngs mbedded date

onto one surface of the object' magnetic disk cottesponding write ad in such a way

that anpthefrile MAgN FIGd15a0 F UETRpRIEEY to the
a master magnetic disk 2 with magnetic data containing servo

information written on at least one surface thereof and a plurality of
object magnetic disks 1 in which information is written, the master
disk and the object disks being stacked and integrally installed on a

10 shaft of a spindle motor (SPM) ;

one or more writing-dedicated rotary positioner 11A, 11B, 11W

disposed around the magnetic disks, and stacking and holding
integrally and pivotally one or more read magnetic heads 5A, 5B, 51
- 54 and one or more write magnetic heads servo heads 3A, 3B, 31

15 through 34, the read magnetic heads reading out the magnetic data
on the master disk and one or predetermined number of the write
magnetic heads being provided corresponding to each surface of the
object magnetic disks for accessing the surface, the rotary positioner
being provided so that a plurality of the write magnetic heads exist

20 for accessing every one surface of the object magnetic disks, wherein
each of the write magnetic heads belonging to one of the write-
dedicated rotary positioners writes the magnetic data that is read out
by the read magnetic head disposed on the master magnetic disk or
magnetic data made from the magnetic data that is read out from the
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5 same surface of the object magnetic disk and belonging to another writing-dedicated rotary
positioner writes the embedded data in parallel while sharing a range of tracks; and the magnetic data
embedding apparatus further comprises one or more checking-dedicated rotary positioners 12
disposed around the 10 magnetic disks, and stacking and holding integrally and pivotably a first type
checking head 15 and second type checking heads 13, the first type checking head reading out the
magnetic data on the master disk for checking, and each of the second type checking heads being

provided cojigsendii Qisere hiftee aféneiebiggieliusp dosgheelingath and reading out the
a

embedded data corresponding to the magnetic a that is read out from the master disk by the first

type checkingl|aafe BN IEAGRCHS EHBEIRIARG FRRAG RS WLHEEISTARErISeS,

corresponding to each surface of the object disks, a comparison means 20 (including comparison

ogic cirouibiad iRthafl haldomnrapbiRRRpeOIt S pisadopLfigihe surace of the

object disk by the second type checking head with'the magnetic datathat is read out by the first type

e SESTYE M LU R R e e 0 e
meang (indy@ipdsyrface of the object magnetic disk and belonging to another
writing-dedicated rotary positioner writes the embedded data in
parallel while sharing a range of tracks; and
the magnetic data embedding apparatus further comprises one or
more checking-dedicated rotary positioners 12 disposed around the
10  magnetic disks, and stacking and holding integrally and pivotably a
first type checking head 15 and second type checking heads 13, the
first type checking head reading out the magnetic data on the master
disk for checking, and each of the second type checking heads being
provided corresponding to one surface of the object disks for checking
15 and reading out the embedded data corresponding to the magnetic
data that is read out from the master disk by the first type checking
head; and
the magnetic data embedding apparatus still further comprises,
corresponding to each surface of the object disks, a comparison means
20 (including comparison logic circuit 23 and CPU 28) that compares the
embedded data that is read out from the surface of the object disk by
the second type checking head with the magnetic data that is read

out by the first type checking head simultaneously with writing

operation of the write magnetic heads.

25
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correction servo pattern generator 27 and CPU 28) that overwrites onto the object disk, the embedded
data corresponding to the 5 magnetic data that is read out by the first type checking head, through the
second type checking head disposed on the surface of the object disk in the case the comparison
means detects inconsistency, simultaneously with the writing operation of the write magnetic heads.
10 The magnetic data embedding apparatus of the invention comprises a master magnetic disk and a
plurality of object magnetic disks that are stacked on a shaft of a spindle motor. The apparatus also

comprises one oAMAIRATCrIAgARtn beddk Wisapsed ot thakE Mosles disk @ fdicpiorality of servo

heads disposed on every surface of the object disks. The plurality of servo heads write embedded

data baseq @0dneapesusHE AnithetisgndseyidinovERPRHY figaby (irlaadipagnetic head

onto the surface of the object magnetic disk in parallel while sharing a range of tracks. 20 The

e e Y o T g e
disposed og§ RSBk aasls Hifrendpelicéaia fa Beriapehdmklto the
5 magnetic data that is read out by the first type checking head,
through the second type checking head disposed on the surface of the
object disk in the case the comparison means detects inconsistency,
simultaneously with the writing operation of the write magnetic
heads.
10
The magnetic data embedding apparatus of the invention
comprises a master magnetic disk and a plurality of object magnetic
disks that are stacked on a shaft of a spindle motor. The apparatus
also comprises one or more read magnetic heads disposed on the
15 master disk and a plurality of servo heads disposed on every surface
of the object disks. The plurality of servo heads write embedded data
based on the magnetic data that is read out from the master disk by

the read magnetic head onto the surface of the object magnetic disk in

parallel while sharing a range of tracks.

20
The apparatus further comprises one or defined plurality of
checking magnetic heads disposed on one surface of the master disk
and every surface of the object disks. The checking magnetic head
disposed on the master disk reads the magnetic data on the master
25
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disk, and the checking magnetic heads disposed on the object disks read the embedded data on the
corresponding surface of the object disks, during the servo heads are writing embedded data on the
object disks. The magnetic data that is read out from the master disk 5 is compared with the
embedded data that is read out from the object disks, and errors, if any, are corrected. Thus, the
contents in the master disk can be exactly written on every object magnetic disks. Moreover, the total
time required by the processes from start of writing to end of checking can be reduced. 10 Brief
descriptiordi$kyamdgh Eighé dhewsmaghetiatreadssttispissedfen theropleof diskmdiment of a

magnetic data embedding apparatus having checking function according to the present invention. 15

Fig. 2 showeatttiednunstidetiodathton thetimaespciodingsinfackeokitgesistsedtrio. 1. Fig. 3

shows a structure of a magnetic data embedding apparatus having checking function of second

example ofigskisoditneitgcdesdisegrvio theadssenrt wwentigne2{beitd ddsdams seheeatically an

example of arrangement of servo information regions on a master disk in Figs. 1 through 3. Fig. 5

shows an etsecie disdstalestniwetif hetsaivat ikfosadion Bonnslen thagrastskisk in Fig. 4.
Fig. 6 is a timing chart illustrating an example of operation of
5 1s compared with the embedded data that is read out from the object
disks, and errors, if any, are corrected. Thus, the contents in the
master disk can be exactly written on every object magnetic disks.
Moreover, the total time required by the processes from start of
writing to end of checking can be reduced.
10
Brief description of drawings

Fig. 1 shows a schematic construction of an example of
embodiment of a magnetic data embedding apparatus having
checking function according to the present invention.

15 Fig. 2 shows detailed construction of the functional sections on
the checking side of Fig. 1.

Fig. 3 shows a structure of a magnetic data embedding apparatus
having checking function of second example of embodiment according
to the present invention.

20 Fig. 4 shows schematically an example of arrangement of servo
information regions on a master disk in Figs. 1 through 3.

Fig. 5 shows an example of detailed structure of the servo

information regions on the master disk in Fig. 4.

Fig. 6 is a timing chart illustrating an example of operation of

25
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25 12 the writing side functional sections in Fig. 1. Fig. 7 shows a schematic construction of a
conventional example of a magnetic data embedding apparatus. Fig. 8 shows a schematic structure of
a clock pattern disk used in 5 the magnetic data embedding apparatus of Fig. 7. Fig 9 shows a
schematic arrangement of magnetic data regions on a magnetic disk. Aspect of embodiment of the
invention 10 Fig. 1 shows a constitution of an example of a magnetic data embedding apparatus
having checking function 01 according to the first aspect of the invention. The apparatus of the Fig. 1

comprises ghedigiigiagksidie Bmetionhicleetibest of Pastar disk 2 (at the bottom) and M sheets (M=9
in Fig. 1) of magnetic disks 1 are stacked. The 15 DSU Is attached integrally to the shaft of a spindle

motor SPM runifgl gt shiueisratstResReRd cORRMasRitSK 2 EoprePRERSRN wilpgsiecurate servo

patterns and a clock pattern, which will be described later referring to Figs. 4 20 and 5, for every
sector on aYigim AAeReHdiek habiedRitn Raiophearagnetic disks 1. The symbols 11A and 11B

represent a rotary positioner that holds and swings magnetic heads, which accesses the disk stack
unit 25 Fig. 8 shows a schematic structure of a clock pattern disk used in
5 the magnetic data embedding apparatus of Fig. 7.
Fig 9 shows a schematic arrangement of magnetic data regions

on a magnetic disk.

Aspect of embodiment of the invention
10 Fig. 1 shows a constitution of an example of a magnetic data
embedding apparatus having checking function 01 according to the
first aspect of the invention. The apparatus of the Fig. 1 comprises a
disk stack unit DSU in which a sheet of master disk 2 (at the bottom)
and M sheets (IM=9 in Fig. 1) of magnetic disks 1 are stacked. The
15 DSU is attached integrally to the shaft of a spindle motor SPM

running at a high rotation speed.

The master disk 2 is prepared by writing accurate servo patterns
and a clock pattern, which will be described later referring to Figs. 4
20 and 5, for every sector on a virgin magnetic disk that is similar to the

magnetic disks 1.

The symbols 11A and 11B represent a rotary positioner that
holds and swings magnetic heads, which accesses the disk stack unit

25
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13 DSU. The rotary positioners 11A and 11B are for writing magnetic data to the magnetic disks 1,
and are referred to as "writing side" rotary positioners. 5 The symbol 12 also represents a rotary
positioner that holds and pivot magnetic heads, which accesses the disk stack unit DSU. The rotary
positioner 12 checks and corrects the magnetic data written on the magnetic disks 1 and is referred to
as a "checking side" rotary positioner or a checking-dedicated rotary positioner. 10 Description will be
first made on the sections relating to writing operation. One of the writing side rotary positioners 1 1A
holds a realD $ldgri€tie reddyApbsitineetty btéessed 1d B antafor of thiemgastag ik, the
downward surface of the master disk in the example of Fig. 15 1, and servo heads 3A that directly

access evedatafaahefithegicsivediskaf inaprebtar diskfetrddievise; wnatheg sitte’side rotary
positioner 11B holds a read magnetic head 5B that directly accesses to the downward surface of 20
the master tiski grossaondrsads 3B that directly access every surface of the M sheets of magnetic
disks 1. The writing side rotary positioners 11A and 11B, together with accompanying circuits,
construct two head stack servo units 20A and 25 14

5 The symbol 12 also represents a rotary positioner that holds and
pivot magnetic heads, which accesses the disk stack unit DSU. The
rotary positioner 12 checks and corrects the magnetic data written on
the magnetic disks 1 and is referred to as a “checking side” rotary
positioner or a checking-dedicated rotary positioner.

10
Description will be first made on the sections relating to writing
operation. One of the writing side rotary positioners 11A holds a read
magnetic head 5A that directly accesses to a surface of the master
disk 2, the downward surface of the master disk in the example of Fig.
15 1, and servo heads 3A that directly access every surface of the M

sheets of magnetic disks 1.

Likewise, another write side rotary positioner 11B holds a read
magnetic head 5B that directly accesses to the downward surface of
20 the master disk 2 and servo heads 3B that directly access every

surface of the M sheets of magnetic disks 1.

The writing side rotary positioners 11A and 11B, together with
accompanying circuits, construct two head stack servo units 20A and

25
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20B. Although the apparatus of Fig. 1 has two head stack servo units 20, one or more head stack
servo units 20 may be added. The head stack servo unit 20A comprises functional sections as 5
described below. The read magnetic head 5A reads out magnetic data 4, which are the clock pattern
PC 1 and the servo pattern PS 1 shown in Fig. 4, from the downward surface of the master disk 2. 10
A section for detecting head position and clock 6A detects synchronization clock CLK, position
information of the read magnetic head 5A, and sensed head position R based on the magnetic data 4
that is read20 byAfeh cazginthgretip et 61 Thg cloblaCtwoviidsl 1 alds seiped lateitseferring to

Fig. 6. The position information of the read magnetic head 5A includes a track address Trk, a sector

address S@6¢), andececpr acisee fnsiib stREIS derthe dinksRinhdirgdiwaddéded within a track. The
detected head position R is a precise radial position on the master disk 2 of the read magnetic head
5A and 20 obtained from the above-mentioned position information. A servo pattern generator 9A
generates a servo pattern PS2 of magnetic pattern signals 10 that are written on each surface of the

magnetic disks ITheagreidstrdd stieoesp@tinedeipeisesifioa cziotabaeedamstas position

information of the read magnetic head 5A while
5 described below.

The read magnetic head 5A reads out magnetic data 4, which are
the clock pattern PC 1 and the servo pattern PS1 shown in Fig. 4,
from the downward surface of the master disk 2.
10
A section for detecting head position and clock 6A detects
synchronization clock CLK, position information of the read magnetic
head 5A, and sensed head position R based on the magnetic data 4
that is read out by the read magnetic head 5SA. The clock CLK will be
15 described later referring to Fig. 6. The position information of the
read magnetic head 5A includes a track address Trk, a sector address
Sec, and a precise position PES in the disk radial direction defined
within a track. The detected head position R is a precise radial
position on the master disk 2 of the read magnetic head 5A and

20 obtained from the above-mentioned position information.

A servo pattern generator 9A generates a servo pattern PS2 of
magnetic pattern signals 10 that are written on each surface of the
magnetic disks 1 by a servo head 3A corresponding to the surface
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synchronizing with the clock CLK. Each of the servo heads 3A writes the servo pattern PS2 5
generated by the servo pattern generator 9A on each surface of the magnetic disks 1. The rotary
positioner 11A rotates and positions the read magnetic head 5A and the servo heads 3A. 10 A servo
compensator 7A determines a servo compensation quantity to minimize the magnitude of error
between a target position Rs and a detected position R of the read magnetic head 5A detected by the
section 6A for detecting head position and clock. 15 A power amplifier 8A outputs driving electric
current for blasexdary thesiposean Anfasstadiohof shoread paagnion g heattyd Arivehdad magnetic
head 5A opposing one surface of the master 20 disk 2 and the servo heads 3A opposing
correspondiynchrte ol ghe ithathre tbatikk€ L Kre attached on the rotary positioner 11A such that
every head can access to the position of the same radius on the corresponding disk surface. 25 16
The head stack servo unit 20B also comprises the same functional sections as the head stack servo
unit 20A. The head stack servo unit 20B comprises a read magnetic head 5B that reads the

Each of the servo heads 3A writes the servo pattern PS2

5 generated by the servo pattern generator 9A on each surface of the

magnetic disks 1.

The rotary positioner 11A rotates and positions the read

magnetic head 5A and the servo heads 3A.

10
A servo compensator 7A determines a servo compensation
quantity to minimize the magnitude of error between a target
position Rs and a detected position R of the read magnetic head SA
detected by the section 6A for detecting head position and clock.
15

A power amplifier 8A outputs driving electric current for the

rotary positioner 11A based on the servo compensation quantity.

The read magnetic head 5A opposing one surface of the master

20 disk 2 and the servo heads 3A opposing corresponding surface of the

magnetic disks 1 are attached on the rotary positioner 11A such that
every head can access to the position of the same radius on the

corresponding disk surface.
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magnetic data 4 from the downward surface of the master disk 2, 5 servo heads 3B that write servo
patterns PS2 of magnetic pattern signals 10 generated from the magnetic data 4 read out by the read
magnetic head 5B, and other means that are not explicitly drawn in Fig. 1. 10 The read magnetic head
5B opposing one surface of the master disk 2 and the servo heads 3B opposing corresponding
surface of the magnetic disks 1 are attached on the rotary positioner 11B such that every head can
access to the position of the same radius on the corresponding disk surface. 15 Fig. 4 shows
schematically anléanhsiadf#aekgerntotisAPnalsgicamprisesdbersaisie?. Fig. 5 shows an
example of detailed structure of the patterns on one track of the master disk 2. Fig. 5(a) shows
examples ftsettiftadtsectionsdsitheher@datackReryvanmdo2bdsevbehitadh tackrig. 5(b) shows

waveforms of magnetic data signals 4 read out from the pattern of Fig. 5(a). Of the magnetic data

signals 4 irs&iyosdn)i tpSBveopaisdsepe readerhaighetiefhedgk 8 thea srgaed sttive pattern of Fig.
5(a), and the negative pulse is generated at the right edge. 25 17 As shown in Figs. 4 and 5, every
sector of tmagastiadidiata idcfodas thecld pattewarB G urfacesef\th panastePd&iskvdth high
5 servo heads 3B that write servo patterns PS2 of magnetic pattern
signals 10 generated from the magnetic data 4 read out by the read

magnetic head 5B, and other means that are not explicitly drawn in

Fig. 1.

10 The read magnetic head 5B opposing one surface of the master
disk 2 and the servo heads 3B opposing corresponding surface of the
magnetic disks 1 are attached on the rotary positioner 11B such that
every head can access to the position of the same radius on the
corresponding disk surface.

15

Fig. 4 shows schematically an example of arrangement of pattern
regions on a master disk 2. Fig. 5 shows an example of detailed
structure of the patterns on one track of the master disk 2. Fig. 5(a)
shows examples of specific structures of the clock pattern PC 1 and

20 the servo pattern PS1. Fig. 5(b) shows waveforms of magnetic data
signals 4 read out from the pattern of Fig. 5(a). Of the magnetic data
signals 4 in Fig. 5(b), positive pulse is generated at the left edge of the
stripe of the pattern of Fig. 5(a), and the negative pulse is generated
at the right edge.
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precision written by magnetic duplication or a magnetic head. A servo pattern PS 1 of each sector in
this example consists of, in the 5 sequence along the scanning direction (a head orbit represented by
the dotted line), a pattern PS 11 of a track address (or track number, "Trk" described. later), a pattern
PS12 of a sector address (or sector number, "Sec" described later), and a pattern PS 13 of a precise
position ("PES" described later). 10 The precise position pattern PS 13 is a staggered pattern, which

is used in most magnetic disk devises. The magnetic pattern of the precise position pattern PS 13
uses the changefs sheoamplitudags. iy dalewmyesartonofhtha puasteratitle B portion in Fig. 5(a),
15 depending on the precise orbit of the magnetic head, and determines the precise radial position
(referred taschpileaschrekigeaptesitisry GHaebsiivrogpatteinsddSvhivithehrgbk. The PES is defined
by the following equation. 20 PES = (amplitude of the signal from A portion - amplitude of the signal

from B porgwalisianplitudtien they spagifetio duyplidatienaompditndegridatie digadl. frém B portion) The
contents written on the master disk 2 are restricted to the 25 18 clock patterns PC1 and the servo
patterns PSefucepatyesectd ICofisagheselitahemtinre dimpbedonsistovide im dhia area DTA,
5 sequence along the scanning direction (a head orbit represented by
the dotted line), a pattern PS 11 of a track address (or track number,
“Trk” described later), a pattern PS12 of a sector address (or sector
number, “Sec” described later), and a pattern PS13 of a precise
position (“PES” described later).
10
The precise position pattern PS13 is a staggered pattern, which
is used in most magnetic disk devises. The magnetic pattern of the
precise position pattern PS13 uses the change of the amplitude of the
signals generated at the A portion or the B portion in Fig. 5(a),
15 depending on the precise orbit of the magnetic head, and determines
the precise radial position (referred to simply as precise position) PES

(position error signal) within the track. The PES is defined by the

following equation.

20 PES = (amplitude of the signal from A portion - amplitude of the
signal from B portion) / (amplitude of the signal from A portion +

amplitude of the signal from B portion)

The contents written on the master disk 2 are restricted to the
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which is not the case of a magnetic disk 1 in which servo pattern PS2 is written. As a result, the clock
pattern PC1 and the servo pattern 5 PSI can be written on the whole surface of a master disk, thereby
enhancing accuracy of the head position. Fig. 6 is a timing chart illustrating operation of the writing
side functional sections of a magnetic data embedding apparatus having 10 checking function 01.
Line (a) of Fig. 6 is the same as line (b) of Fig. 5 and shows the magnetic data signals 4 from the
master disk 2. Line (b) of Fig. 6 shows clock CLK regenerated from the portion of the clock pattern
PC 1 in theohosdnpattases Fgnhigndithe scrvoomgtEEns S biferigwasigieatost the magnetic data
signals 4. Line (d) of Fig. 6 15 shows track address Trk, sector address Sec, and precise position PES
that are defeciase@aenidly)dfaa)mastiand iskarced siohproofidesa dash rigas Y Tnd (e) of Fig. 6 shows
magnetic pattern signals 10 being written to the magnetic disk 1. 20 Operation of the writing side
sections in Wigichwit beotitkeritase affarnmggodtig. diskné opevitich isoredgpatéarny Bs2head stack
servo unit 20A or 20B in the range of tracks that is assigned to the servo unit 20A or the servo unit
20B respedvelriftan cléck patsuls felctockipateno Béltbasddicsditen patitermaster disk 2 are
read 25 by the read magnetic heads 5A and 5B to detect the actual radial 19 position R of the read
magneiic hB&d Tdarthbemm tfeantity thetwekol¢rauaticel pbaitmafteandishe theyebposition Rs is fed
back through

enhancing accuracy of the head position.

Fig. 6 1s a timing chart illustrating operation of the writing side

functional sections of a magnetic data embedding apparatus having

10  checking function 01. Line (a) of Fig. 6 is the same as line (b) of Fig. 5
and shows the magnetic data signals 4 from the master disk 2. Line (b)
of Fig. 6 shows clock CLK regenerated from the portion of the clock
pattern PC1 in the magnetic data signals 4. Line (c) of Fig. 6 shows
binarized signals of the magnetic data signals 4. Line (d) of Fig. 6

15 shows track address Trk, sector address Sec, and precise position PES
that are detected (demodulated) from the binarized signals of line (c) of
Fig. 6. Line (e) of Fig. 6 shows magnetic pattern signals 10 being |

written to the magnetic disk 1.

20 Operation of the writing side sections in Fig. 1 will be described
referring to Fig. 6. The operation is performed by the head stack
servo unit 20A or 20B in the range of tracks that is assigned to the
servo unit 20A or the servo unit 20B respectively. The clock patterns
PC1 and the servo patterns PS1 written in the master disk 2 are read

25 by the read magnetic heads 5A and 5B to detect the actual radial
19



the servo compensator 7 and the power amplifier 8. With the feed back, the target position is followed
up by the settled position of the 5 read magnetic head 5, which is the stabilized position after finish of
transient movement of positioning control. Consequently, the radial position over the magnetic disk
surface of each servo head 3 that is fixed coaxially with the read magnetic head 5 also follows up the
target position. Each of the servo heads 3 writes, in unison, servo 10 pattern PS2 on each surface of
the magnetic disks opposed by the servo head followin%rthe passage of successive sectors. In the
following up@sitnthR eictiwn Teadamagngticdicadshion haEtrotkapapatyibatyyeea demodulation
circuit 22 (See Fig. 2)) 15 regenerates the clock CLK (line (b) in Fig. 6) from the clock pattern PCl in
the magnetibeizaaighaposition B) andithe targeinpastaontRes nsafadr bask 2hggmighonizing with the
clock CLK, the track address Trki, the sector address Seci, and the precise position PESi (position
error sighathshsevmindopm pdinsiatar § arddtheqpairarmathplificr@aryWighathgifeed) of Fig. 6)
obtained by binarizing the magnetic data signals 4. The suffix "i" added to the symbol Trk, Sec, or
PES reprebaaks tie daggetpositsoansidgléevied ap by thectsatklad pesivioniof thestate, the
section for detecting head position 25 20 and clock 6 (more specifically the head position detection
circuiti6 (Sael Fuaghctimtdraddes, avdeichtes theastabsizadrpositiopeafter finish of

transient movement of positioning control. Consequently, the radial

position over the magnetic disk surface of each servo head 3 that is

fixed coaxially with the read magnetic head 5 also follows up the

target position. Each of the servo heads 3 writes, in unison, servo

10 pattern PS2 on each surface of the magnetic disks opposed by the

servo head following the passage of successive sectors.

In the following up state, the section for detecting head position
and clock 6 (specifically, the demodulation circuit 22 (See Fig. 2))

15 regenerates the clock CLK (line (b) in Fig. 6) from the clock pattern
PC1 in the magnetic data signals 4 (line (a) of Fig. 6) obtained from
the master disk 2. Synchronizing with the clock CLK, the track
address Trki, the sector address Seci, and the precise position PESi
(position error signal) shown in line (d) of Fig. 6 are detected from the

20 binary signals (line (c) of Fig. 6) obtained by binarizing the magnetic
data signals 4. The suffix “i” added to the symbol Trk, Sec, or PES

represents the sequence of scanning sectors along the track.

In the following up state, the section for detecting head position
25
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position of the read magnetic head 5 from a predetermined track pitch W, the track address Trki, the
sector address Seci, and the 5 precise position PESi by the equation below. Formula 2 The settled
position R in a sector address Seci = Trki x W + PESi 10 The servo pattern generator 9 generates
magnetic pattern signals 10 to be written on the magnetic disks 1 based on the track address Trk, the
sector address Sec, and the precise position PES that are detected by the section for detecting head
position and clock 6 as described above. The magnetic pattern signals 10 as shown in 15 Fig. 6(e)
consisting ahélgdiogkte (et speedicallirdbie dipndsposiiiemd ategtian, Circaidl frecise position
patterns sil, si2, si3, ... , and precise position pattern:ﬁi)il, pit, pi3, ... are written on the respective area

of the servESegtEng P determgnesiadskactedcaid prsitiencBgpfithaseidedads 3. 20 The

above-described operation is executed by the rotary positioners 11A and 11B sharing the range of
tracks to bp@sitiembpletlan geadomagn et thfsomma priddgtesenaned wake by N sets of
head stack servo units 20 using N servo heads 3 per every one 25 21 surface of the magnetic disks 1.
Therefore paim&Mor thasagkimddressdlick the sector address Seci, and the

S precise position PESi by the equation below.

Formula 2

The settled position R in a sector address Seci = Trki x W + PESi

10 The servo pattern generator 9 generates magnetic pattern
signals 10 to be written on the magnetic disks 1 based on the track
address Trk, the sector address Sec, and the precise position PES
that are detected by the section for detecting head position and clock
6 as described above. The magnetic pattern signals 10 as shown in

15 Fig. 6(e) consisting of clock patterns cil, ci2, ci3, ..., track address
patterns til, ti2, t13, ... , and precise position patterns sil, si2, si3, ...,
and precise position patterns pil, pi2, pi3, ... are written on the
respective area of the servo pattern PS2 of a magnetic disk 1 shown

in Fig. 9 through the servo heads 3.

20
The above-described operation is executed by the rotary
positioners 11A and 11B sharing the range of tracks to be written by
each positioner at the same time. The writing operation is done by N
sets of head stack servo units 20 using N servo heads 3 per every one
25
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Next, description is made for the functional sections on checking 5 side in Fig. 1. Fig. 2 shows
detailed construction of the functional sections on the checking side of Fig. 1. The checking-dedicated
rotary positioner 12 in Figs. 1 and 2 stacks and holds a checking magnetic head 15 and checking
magnetic heads 13. The checking magnetic head 15 is a magnetic head that directly accesses the
downward 10 surface, in this example, of the master disk 2. The checking magnetic heads 13 are
magnetic heads, each of which directly accesses each surface of the M sheets of magnetic disks 1.
The checkiiy faggrefidheamagegticstisks the rhhsusfarsthattmesforesaivekngitagnetic heads
13 each opposite to the corresponding surface of the magnetic disks 1 are adjusted to access the
same radius reslteeehsatdy &bk 2 and the magnetic disks | respectively. Each means in Fig. 2
depicted left side of the checking-dedicated 20 rotary positioner 12 are the circuits involved with the
positioner. The section for detecting head position and clock 6V, the servo compensator 7V, and the
power amplifier 8V in the checking side respectively serve the same functions of the section for

detecting head Disstiodeset ipsiksis, thade for dhe fonsitonal saatiams goweheekingmplifier 8A in
the writing side. Thus, the section for detecting head position and clock 6V demodulates magnetic
data 4V thaide read gt fro igehsimevsidetailed construction of the functional

sections on the checking side of Fig. 1. The checking-dedicated rotary

positioner 12 in Figs. 1 and 2 stacks and holds a checking magnetic

head 15 and checking magnetic heads 13. The checking magnetic

head 15 is a magnetic head that directly accesses the downward

10 surface, in this example, of the master disk 2. The checking magnetic

heads 13 are magnetic heads, each of which directly accesses each

surface of the M sheets of magnetic disks 1.

The checking magnetic head 15 opposite to the master disk 2 and
15 the checking magnetic heads 13 each opposite to the corresponding
surface of the magnetic disks 1 are adjusted to access the same radius

on the master disk 2 and the magnetic disks 1 respectively.

Each means in Fig. 2 depicted left side of the checking-dedicated
20 rotary positioner 12 are the circuits involved with the positioner. The
section for detecting head position and clock 6V, the servo
compensator 7V, and the power amplifier 8V in the checking side
respectively serve the same functions of the section for detecting head
position and clock 6A, the servo compensator 7A, and the power
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5 by the checking magnetic head 15. The modulation is executed through a head amplifier 21 and a
demodulation circuit 22. The magnetic data 4V corresponds to the magnetic data 4 that is read out by
the read magnetic head 5A. Just as described referring to Fig. 6, the section for detecting head
position and clock 6V detects clock CLK 10 for synchronization and position information of the
checking magnetic head 15 including a track address Trk, a sector address Sec, and a precise
position PES in disk radial direction within the track. The section for detecting head position and clock
6V further d@ﬁétﬁ@fs,&ﬁréﬂ@ﬂil@ Wmtm@ﬁgdfbad position detection circuit 16, a detected head
position R that is an actual radial position of the checking magnetic head 15 on the master disk 2
obtained from the above-mentioned position information. 20 Information detected by the section for

detecting head position and clock 6V is%\éen to a CPU 28 that supervises and controls every
sections of the chéuisndhtiscatiertitakduteciingthe pd pasitinfoanatictoskifd/checking magnetic
head 15 including the track address Trk, the sector address Sec, and the precise position PES are 25
23 given todenoadbalies mgignetividzaadd o batrisicad@ub Hamrthgenastier @xkrhe servo
compensator 7V and the power amplifier 8V receives 5 the error quantity between a target position Rs
given by thbycthe 2Becking magnetic head 15. The modulation is executed

through a head amplifier 21 and a demodulation circuit 22. The

magnetic data 4V corresponds to the magnetic data 4 that is read out

by the read magnetic head 5SA. Just as described referring to Fig. 6,

the section for detecting head position and clock 6V detects clock CLK

10 for synchronization and position information of the checking magnetic
head 15 including a track address Trk, a sector address Sec, and a

precise position PES in disk radial direction within the track.

The section for detecting head position and clock 6V further
15 detects, through a containing head position detection circuit 16, a
detected head position R that is an actual radial position of the
checking magnetic head 15 on the master disk 2 obtained from the

above-mentioned position information.

20 Information detected by the section for detecting head position
and clock 6V is given to a CPU 28 that supervises and controls every
sections of the checking side. The clock CLK and the position
information of the checking magnetic head 15 including the track
address Trk, the sector address Sec, and the precise position PES are
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and a detected position R of the checking magnetic head 15 detected by the section for detecting
head position and clock 6V. The checking- dedicated rotary positioner 12 is pivoted and controlled by
the servo compensator and the power amplifier so that the settled position R of 10 the checking
magnetic head 15 agrees with the target position Rs, which means the track position followed up by
the checking magnetic heads 15 and 13 agrees with the track position corresponding to the target
position Rs. 15 Comparison logic circuit 23 compares servo information in the magnetic data 14 from
each surfa@avsire LgraRatisrnllogis I intdrandoh GOTREGHAEhSEEVeRAIETFom the master
disk 2 under control of the CPU28. The servo information including clock CLK, track address Trk,

sector addmét(?haaprecise position PES 20 in the magnetic data 14 is read out by the checking
magnetic head 13 for each surface (that is, for each channel) of the magnetic disks 1 and
demodulated through head amplifier 21 and demodulation circuit 22 provided for each channel before
being fed to the comparison logic circuit 23. The servo information including clock CLK, track address
25 24 Trk, sectol gdsesESeompdnsatine Posish the povier aanpleficr dVargedivemd out by the
checking magnetic head 15 and demodulated through head amplifier 21 and demodulation circuit 22
in the Sectitincfertetaptiag htadeosition artdrgetipevitienr&pegien by the CPU 28

and a detected position R of the checking magnetic head 15 detected

by the section for detecting head position and clock 6V. The checking-

dedicated rotary positioner 12 is pivoted and controlled by the servo

compensator and the power amplifier so that the settled position R of

10 the checking magnetic head 15 agrees with the target position Rs,
which means the track position followed up by the checking magnetic
heads 15 and 13 agrees with the track position corresponding to the

target position Rs.

15 Comparison logic circuit 23 compares servo information in the
magnetic data 14 from each surface of the magnetic disks 1 with
servo information in the magnetic data 4V from the master disk 2
under control of the CPU28. The servo information including clock
CLK, track address Trk, sector address Sec, and precise position PES

20 in the magnetic data 14 is read out by the checking magnetic head 13
for each surface (that is, for each channel) of the magnetic disks 1 and
demodulated through head amplifier 21 and demodulation circuit 22
provided for each channel before being fed to the comparison logic
circuit 23. The servo information including clock CLK, track address
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5 fed to the comparison logic circuit 23. Correction servo pattern generator 27 carries out two
functions. One function is to generate a servo pattern on receiving servo information including clock
CLK, track address Trk, sector address 10 Sec, and precise position PES that are output from the
demodulation circuit 22 of the section for detecting head position and clock 6V at synchronization with
the clock CLK. Another function is to switch on or off the output of a servo pattern to a checking
magnetic head 13 for each surface (that is, for each channel) of the magnetic disks 1 15 according to
a command 8Kthsectay zldressySpartantiPradisd ROULORRESM IR g ReagARMCL that is selected
by the on-command. Examples of operation of the functional sections in the checking side will be
described iflat #Noisrgadfeihl Yothrchesking magnstie hrearbdsiyansk functional sections in the
checking side operates in parallel or simultaneously with the functional sections in the writing side.
The CPU 2dassleduslatethghoptigtkhoadhampdfecst 2Hcandghemods 2dionkeincitit 22quence
predetermined by a means not illustrated in the Fig. 2 and sequentially checks magnetic data written

in each traék oththeseetéerfondgsasiting e adpesitiercrulad aekighatefatederiagresponding to

the turn to be checked in the selected range of tracks in which magnetic data are
5 fed to the comparison logic circuit 23.

Correction servo pattern generator 27 carries out two functions.

One function is to generate a servo pattern on receiving servo
information including clock CLK, track address Trk, sector address

10  Sec, and precise position PES that are output from the demodulation
circuit 22 of the section for detecting head position and clock 6V at
synchronization with the clock CLK. Another function is to switch on
or off the output of a servo pattern to a checking magnetic head 13 for
each surface (that is, for each channel) of the magnetic disks 1

15 according to a command of the CPU 28. A servo pattern is written to

a surface of a magnetic disk 1 that is selected by the on-command.

Examples of operation of the functional sections in the checking
side will be described in the following referring to Fig. 2. As
20  described previously, the functional sections in the checking side
operates in parallel or simultaneously with the functional sections in

the writing side.

The CPU 28 selects a range of tracks on a surface of the magnetic
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finished writing. The designation of the track is made in terms of a target head position Rs, to which
the checking magnetic head 15 follows up on the surface of the master disk 2. As a result, the 10
checking magnetic head 13 also follows up the same track on the surface of the magnetic disk 1 as
the track on the master disk 2. When the CPU 28 detects that the checking magnetic head 15 is
settled at the aimed track by sensing the detected head position R of 15 the checking magnetic head
15 output from the head position detection circuit 16 of the section for head position and clock 6V, the
CPU 28 oudisks d denipseeancaiviadetermingd bona-nasaasd atd lstsdadom it circuit 23. 20
Receiving the command, the comparison logic circuit 23 compares the servo information from each
track output’ i tﬂ@M@d@MWr@ﬁQES@@S@WB@r%@(Wétt@,fidtﬂe%ﬁfbﬁ@ﬁke[)ﬁ)f the magnetic
disks 1 with the servo information from the track in the master disk 2 output by the demodulation
circuit 22 ofhBesstetiod foargeeefiitagk®6 head position and clock 6V. The servo information includes
clock CLK, track address Trk, sector address Sec, and precise position PES. If error (or
inconsistency) is found, the comparison logic circuit 23 5 sends error channel signal 24 that indicates
the magnetic disk surface including the error, error track signal 25 that indicates the track (that is
follow&d up) incltfdist, thedaBladd dasigamtssmadaack corresponding to the turn to

be checked in the selected range of tracks in which magnetic data are

finished writing. The designation of the track is made in terms of a

target head position Rs, to which the checking magnetic head 15

follows up on the surface of the master disk 2. As a result, the

10 checking magnetic head 13 also follows up the same track on the

surface of the magnetic disk 1 as the track on the master disk 2.

When the CPU 28 detects that the checking magnetic head 15 is
settled at the aimed track by sensing the detected head position R of
15 the checking magnetic head 15 output from the head position
detection circuit 16 of the section for head position and clock 6V, the
CPU 28 outputs a comparison command CM1 for each channel to the

comparison logic circuit 23.

20 Receiving the command, the comparison logic circuit 23 compares
the servo information from each track output by the demodulation
circuit 22 for each surface (that is, for each channel) of the magnetic
disks 1 with the servo information from the track in the master disk 2

output by the demodulation circuit 22 of the section for detecting
25
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signal 26 that indicates substance of the error to the CPU 28. On receiving the error signals 24, 25
and 26, the CPU 28 gives on-off 10 command by channel CM2 to a correction servo pattern generator
27 to turn-on output of a servo pattern to the magnetic disk surface (channel) including the error,
thereby the servo pattern is overwritten on the track by the checking magnetic head 13 for the
magnetic disk surface (channel). 15 After the overwrite, the CPU 28 gives again a comparison
command by channe| CMI to the comparison logic circuit 23, which compares the magnetic data 14
overwritterf6ia¢chp@sitiosr and ghaskd ¥ thEhsagrua imfrrsnationvins ipdes shpekc data 4V on 20
the track in the master disk surface to verify proper overwrite. When the error correction is finished on

the track irCeldty tEaskmddeessidirk, seciesragdressibes, diidhpaesise RostaRPER e Rs for the

next track to be checked, and the correction 25 27 operation proceeds to the next track. Although the
checking-dedicated rotary positioner is only one in the apparatus of Fig. 1, a magnetic data
embedding apparatus of the 5 invention may.generéig have two or more sets of functional sections

for checking siddfcertamiag incastsisigrienickdavodnipo sasnpanieiariy siteedtdsed above.
5 sends error channel signal 24 that indicates the magnetic disk
surface including the error, error track signal 25 that indicates the
track (that is followed up) including the error, and error substance
signal 26 that indicates substance of the error to the CPU 28. On
receiving the error signals 24, 25 and 26, the CPU 28 gives on-off
10 command by channel CM2 to a correction servo pattern generator 27
to turn-on output of a servo pattern to the magnetic disk surface
(channel) including the error, thereby the servo pattern is overwritten
on the track by the checking magnetic head 13 for the magnetic disk
surface (channel).
15
After the overwrite, the CPU 28 gives again a comparison
command by channel CM1 to the comparison logic circuit 23, which
compares the magnetic data 14 overwritten on the track of the
channel in the magnetic disk surface with the magnetic data 4V on

20 the track in the master disk surface to verify proper overwrite.

When the error correction is finished on the track in every
channel containing an error, the CPU 28 designates a new target
value Rs for the next track to be checked, and the correction
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Fig. 3 shows a structure of a magnetic data embedding apparatus 10 having checking function of
second example of embodiment according to the present invention. The essential difference between
the magnetic data embedding apparatus having checking function 02 of Fig. 3 and the corresponding
apparatus 01 of Fig. 1 exist in that the apparatus of Fig. 3 has only one writing side rotary positioner
11 W 15 that is different from the rotary positioner in Fig. 1. The rotary positioner 11 W in Fig. 3 has a
plurality of (four, in this example) read magnetic heads 51 through 54 that are arranged along nearly
radial direOR§T ATy PEPISRA%RIS shamemabtackisk 2 and access to the master disk and the same
number of servo heads 31 through 34 as 20 the number of the read magnetic heads 5, for each
surface of the magnetic disks 1, the servo heads 3 for each magnetic disk surface being arranged
along nearly radial direction at regular intervals on the magnetic disk surface and access the magnetic
disk surface. ThéAltkenghdghaicheckia g-dedibatedrvotasdeB HiontesainbaeReds 28 and
pivotably supported on the rotary positioner 11W. The read magnetic head 5i opposing a surface of the
master diskhg appara sl fagdd 3eomaghelie dasatombadsingfapp atagueod thitsks | are
attached on the rotary positioner 11 W such that every heads access to the position of the same
radiuson theviensiendisly genetadlynhgvetioriiske muriessets of Riaghonal setfiomshe read

for checking side containing a checking-dedicated rotary positioner

performing as described above.

Fig. 3 shows a structure of a magnetic data embedding apparatus
10  having checking function of second example of embodiment according
to the present invention. The essential difference between the
magnetic data embedding apparatus having checking function 02 of
Fig. 3 and the corresponding apparatus 01 of Fig. 1 exist in that the
apparatus of Fig. 3 has only one writing side rotary positioner 11W
15 that is different from the rotary positioner in Fig. 1. The rotary
positioner 11W in Fig. 3 has a plurality of (four, in this example) read
magnetic heads 51 through 54 that are arranged along nearly radial
direction at regular intervals on the master disk 2 and access to the
master disk and the same number of servo heads 31 through 34 as
20 the number of the read magnetic heads 5, for each surface of the
magnetic disks 1, the servo heads 3 for each magnetic disk surface
being arranged along nearly radial direction at regular intervals on
the magnetic disk surface and access the magnetic disk surface. The
read magnetic heads 5 and the servo heads 3 are integrally stacked
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magnetic head 5 and the servo heads 3 representative of the specific suffix 1, 2, 3, or 4. 10 In Fig. 3,
the section for detecting head position and clock 6W detects the servo information in the magnetic
data 4 that is read out by a read magnetic head 5i representative of the read magnetic heads 51
through 54. The servo pattern generator QW receives the servo 15 information and generates a servo
pattern for the servo head 3i representative of the servo heads 31 through 34 provided on each
surface of the magnetic disks 1. The servo pattern is written on the respective surface of the magnetic
disks 1 by thed pirestabilyiry ppoctdited 3hedotheyspomtidaateldding head position and clock 6W
detects a detected head position R that is an actual radial position on the master disk 2 of one read
magnetic head, for example, read magnetic head 51, selected beforehand from the read magnetic
heads 51 25 29 through 54. The rotary positioner 11 W is controlled and pivoted through the servo

compensator 7\ aied pewderaagtiteiSiésd Hid heosiag 2 vagiaeicdedicthintewdighk the track
corresponding to the target head position Rs.
2 and the servo heads 31 opposing respective surface of the magnetic
5 disks 1 are attached on the rotary positioner 11W such that every
heads access to the position of the same radius on the master disk 2
and the magnetic disks 1. Wherein “1” is a general suffix to the read
magnetic head 5 and the servo heads 3 representative of the specific
suffix 1, 2, 3, or 4.
10
In Fig. 3, the section for detecting head position and clock 6W
detects the servo information in the magnetic data 4 that is read out
by a read magnetic head 5i representative of the read magnetic heads
51 through 54. The servo pattern generator 9W receives the servo
15 information and generates a servo pattern for the servo head 31
representative of the servo heads 31 through 34 provided on each

surface of the magnetic disks 1. The servo pattern is written on the

respective surface of the magnetic disks 1 by the corresponding servo

head 3i.
20
The section for detecting head position and clock 6W detects a
detected head position R that is an actual radial position on the
master disk 2 of one read magnetic head, for example, read magnetic
head 51, selected beforehand from the read magnetic heads 51
25
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Write operation of the servo pattern on each magnetic disk surface is executed simultaneously by a
plurality of servo heads, four 10 servo heads 31 through 34 in this example. Although the same
number of read magnetic heads 5 as the number of the servo heads 3 is provided in the apparatus of
Fig. 3, the number of the read magnetic head 5 can be only one. For 15 example, only the read
magnetic head 51 that is used for following-up the track is provided. In that case, a certain means is
to be appended that receives the servo information from the actually existing read magnetic head 51
and generathsotglr 34rvo information corresponding to virtual read magnetic heads 52, 53, and 54
by 20 transforming the servo information from the read magnetic head 51. The generated servo
information is fed to the servo pattern generator. Advantageous Effect of the invention As described
so far, a magnetic data embedding apparatus 25 30 having checking function according to the
present inventio ke mptags posiaderenadiWwtics diskn arul la ¢ laraditp ofatbid chraggktihelisks that are

stacked on a shaft of a spindle motor. The apparatus also comprises one or more read magnetic
heads dispseeviooodhepensaster Tk and pplweatiympdifier B¥dsodibagtdnt aeadery surface of the
object disks. The plurality of servo heads write embedded data based on the magnetic data that is
read ofit framdpadtiesteeddiSbyfollows up the track corresponding to the target

head position Rs.

Write operation of the servo pattern on each magnetic disk
surface is executed simultaneously by a plurality of servo heads, four

10 servo heads 31 through 34 in this example.

Although the same number of read magnetic heads 5 as the

number of the servo heads 3 is provided in the apparatus of Fig. 3,
the number of the read magnetic head 5 can be only one. For

15 example, only the read magnetic head 51 that is used for following-up
the track is provided. In that case, a certain means is to be appended
that receives the servo information from the actually existing read
magnetic head 51 and generates other servo information
corresponding to virtual read magnetic heads 52, 53, and 54 by

20 transforming the servo information from the read magnetic head 51.

The generated servo information is fed to the servo pattern generator.

Advantageous Effect of the invention
As described so far, a magnetic data embedding apparatus
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the read magnetic head onto the surface of the object magnetic disk in parallel while sharing a range
of tracks. 10 The apparatus further comprises one or defined plurality of checking magnetic heads
disposed on one surface of the master disk and every surface of the object disks. The checking
magnetic head disposed on the master disk reads the magnetic data on the master 15 disk, and the
checking magnetic heads disposed on the object disks read the embedded data on the corresponding
surface of the object disks, during the servo heads are writing embedded data on the object disks.

The magnéipviagn tlaeckingd futdtopnthecoadiergdiekthe qorepentdnwintierembedded data that is

read out from the object 20 disks, and errors, if any, are corrected. Thus, the contents in the master

disk can be gxapiiseyisanstee erygatveit disknatd disiuiateveohiectotahipmetiequired by the
processes from start of writing to end of checking can be reduced. 25 31 Claims 1. A magnetic data

embeddingijgipardiiag hevisgalcheeking S aphidlearoseindiEnecippazdinga shaft; 5 a
master magnetic disk with magnetic data containing servo information written on at least one surface
thereof angy i glesipAtedisae or more read magnetic heads disposed on the
5 master disk and a plurality of servo heads disposed on every surface
of the object disks. The plurality of servo heads write embedded data
based on the magnetic data that is read out from the master disk by
the read magnetic head onto the surface of the object magnetic disk in
parallel while sharing a range of tracks.
10
The apparatus further comprises one or defined plurality of
checking magnetic heads disposed on one surface of the master disk
and every surface of the object disks. The checking magnetic head
disposed on the master disk reads the magnetic data on the master
15 disk, and the checking magnetic heads disposed on the object disks
read the embedded data on the corresponding surface of the object
disks, during the servo heads are writing embedded data on the
object disks. The magnetic data that is read out from the master disk

is compared with the embedded data that is read out from the object

20  disks, and errors, if any, are corrected.

Thus, the contents in the master disk can be exactly written on
every object magnetic disks. Moreover, the total time required by the
processes from start of writing to end of checking can be reduced.
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magnetic disks in which information is written, the master disk and the object magnetic disks being
stacked and integrally installed on the shaft of the spindle motor; 10 a plurality of rotary positioners
disposed around the magnetic disks, each stacking and holding integrally and pivotally a plurality of
magnetic heads, the plurality of rotary positioners including first and second write- dedicated rotary
positioners, and a checking-dedicated rotary positioner, the first write-dedicated rotary positioner
having a first read magnetic head and 15 a plurality of first write magnetic heads, the first read
magnetic hepgipgading out the magnetic data on the master disk, the first write magnetic heads
including a first write magnetic head corresponding to each object magnetic disk surface of the object

cLrtace, e second v B R e o

surface, the second wri icated rotary positi aving a secon
plurality Of@‘gﬁ?ﬁﬂﬂdﬂﬁ magnetic heads, the second read magnetic head reading out the magnetic
data on the master disk, the second write magnetic heads including a second write magnet head

corresponding t% %??B&E%[B?Wﬁ’l%%(ﬁ?éﬁce of the object magnetic disks stacked on the shaft

of the 32 spindlé motor for accessing sail each object magnet surface, wherein each of the first write

ragntc esdeySisse AAUTEE A Ul SRR Ul CRRRPBREs drosed on e
disk S (hergurBiAT R N O HReH U genetis il SR AR HHYRROEIHIPY MfFality of object
magnetic disks in which information is written, the master disk and the
object magnetic disks being stacked and integrally installed on the shaft of
the spindle motor;

10 a plurality of rotary positioners disposed around the magnetic disks,
each stacking and holding integrally and pivotally a plurality of magnetic
heads, the plurality of rotary positioners including first and second write-
dedicated rotary positioners, and a checking-dedicated rotary positioner, the
first write-dedicated rotary positioner having a first read magnetic head and

15 a plurality of first write magnetic heads, the first read magnetic head reading
out the magnetic data on the master disk, the first write magnetic heads
including a first write magnetic head corresponding to each object magnetic
disk surface of the object magnetic disks stacked on the shaft of the spindle
motor for accessing said each object magnet surface, the second write-

20 dedicated rotary positioner having a second read magnetic head and a
plurality of second write magnetic heads, the second read magnetic head
reading out the magnetic data on the master disk, the second write magnetic
heads including a second write magnet head corresponding to each object

magnetic disk surface of the object magnetic disks stacked on the shaft of the
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embedded data) onto said each first object magnet surface of the object magnetic disk to which the
first write magnetic head corresponds, in such a way that the second write magnetic head
corresponding to the same surface of the object magnetic disk and writes the embedded data in
parallel while 10 sharing a range of tracks, the plurality of rotary positioners further including a
checking-dedicated rotary positioner stacking and holding integrally and pivotally a first type checking
head and second type checking heads, the first type checking head reading out the magnetic data on

the master @ik RS ARGEKEHIRAAERASHY ﬁ@éﬁ?%}éx@@ﬁgﬁémﬁﬁé@é, REIErBIAVERM of

corresponding to one surface of the object magnetic diSks for checking and reading out the embedded

data corrqq{pfﬁgt%?i{l&%ﬁh?g{@ﬁﬁ HRiEds %ﬁt&%ewﬁgﬁéﬂ% @Eﬁeﬂﬁ%@eiﬂe&ﬁ%tﬁmf%t

checking head; and respective comparison means, corresponding to each surface of the 2

magnetic qiskg fgq IMEINE §IBPEYEGISRIN L ATUL f o Bife(UTASE ilhR PRIRAEagestic

disk by the second type checking head with the magnetic data that is read out by the first type

checking heprigisianeque wiereo apesaties ofshedial andsgrant Wite magneicdispds. 33

2. A magnetic data emt Z Ing apparatus hav_lng a checking function acc_:ord_ing to claim 1, further
e L e O S e U

embedded data) onto said each first object magnet surface of the object
magnetic disk to which the first write magnetic head corresponds, in such a
way that the second write magnetic head corresponding to the same surface
of the object magnetic disk and writes the embedded data in parallel while

10  sharing a range of tracks,

the plurality of rotary positioners further including a checking-dedicated

rotary positioner stacking and holding integrally and pivotally a first type
checking head and second type checking heads, the first type checking head
reading out the magnetic data on the master disk for checking, and each of

15 the second type checking heads being provided corresponding to one surface
of the object magnetic disks for checking and reading out the embedded data
corresponding to the magnetic data that is read out from the master disk by
the first type checking head; and

respective comparison means, corresponding to each surface of the

20  object magnetic disks for comparing the embedded data read out from the
surface of the object magnetic disk by the second type checking head with
the magnetic data that is read out by the first type checking head
simultaneously with writing operations of the first and second write

magnetic heads.
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the second type checking heads disposed on the surfaces of the object magnetic disks when the
comparison means detects an inconsistency, simultaneously with the writing operation of the first and
second write magnetic heads. 10 3. A magnetic data embedding apparatus having a checking
function comprising: a spindle motor having a shaft; a master magnetic disc with magnetic data
containing servo 15 information written on at least one surface thereof and a plurality of object
magnetic disks in which information is written, the master disk and the object magnetic disks being
stacked and integrally installed on the shaft of the spindle motor; a plurality of rotary positioners
disposed around the magnetic disks, 20 each stacking and holding integrally and pivotally a plurality

of magnetg. heads. the plaibt! miareRspLaRis Bpbiians wiviApdicatdraiRRRAREiliers.

and a checking-dedicated rotary positioner, the write-dedicated rotary positioner having a plurality of

read magnglieieRfls %B%Paﬂﬁ@'itYLﬂftH@F@dﬁﬁ?ﬂ@fﬁé‘ﬁﬁdévg’&fﬂ@ﬂlg‘ﬁ%&fiﬁ fgagls reading out

the magnetic 34 data on the master disk, the write maghetic heads including plural write magnet

e corgREFUT A bR B aRL OB e
objectymagaetitisiagnetic data that is read out by the first type checking head, through
the second type checking heads disposed on the surfaces of the object
magnetic disks when the comparison means detects an inconsistency,
simultaneously with the writing operation of the first and second write
magnetic heads.

10
3. A magnetic data embedding apparatus having a checking function
comprising:

a spindle motor having a shaft;
a master magnetic disc with magnetic data containing servo

15 information written on at least one surface thereof and a plurality of object
magnetic disks in which information is written, the master disk and the
object magnetic disks being stacked and integrally installed on the shaft of
the spindle motor;

a plurality of rotary positioners disposed around the magnetic disks,

20 each stacking and holding integrally and pivotally a plurality of magnetic
heads, the plurality of rotary positioners including a write-dedicated rotary
positioners, and a checking-dedicated rotary positioner, the write-dedicated
rotary positioner having a plurality of read magnetic heads and a plurality of

write magnetic heads, the read magnetic heads reading out the magnetic
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5 surfaces of the stack, each of the write magnetic heads corresponding thereto writes in parallel
while sharing a range of tracks magnetic data read out by the read magnetic heads disposed on the
master magnetic disk or magnetic data made from the magnetic data that is read out from the master
disk (hereinafter the two types of magnetic data are collectively referred to as 10 embedded data). the
plurality of rotary positioners further including a checking-dedicated rotary positioner stacking and
holding integrally and pivotally a first type checking head and second type checking heads, the first

type checking ieas theagingreyldRa magnelie ot A e MaRsiersdint ff R g Pae Rach of 15 the

second type checking heads being provided corresponding to one surface of the object magnetic

disks for chisgdeeiasdbpespdinsmpedlantriashcernrapndiig ndkampseetrdae hat is

read out from the master disk by st type checking head; and respective comparison means,

comespOnYRI SRR AUIRSHIOk I aER A MRS P LLRITIEAR P FEIPRddERita reac

out from the ‘surface of the object magnetic disk by the second type checking head with the netic

data that i saacauhhyie Uistdvee PURFIHNG okl RSOV rihw dheansiAgRes afdke writ

magnetic heads. 35 4. A magnetic data embedding apparatus having a checking function according

T MR RS RS,
through  yrites in parallel while sharing a range of tracks magnetic data read out by
the read magnetic heads disposed on the master magnetic disk or magnetic
data made from the magnetic data that is read out from the master disk
(hereinafter the two types of magnetic data are collectively referred to as
10 embedded data).
the plurality of rotary positioners further including a checking-dedicated
rotary positioner stacking and holding integrally and pivotally a first type
checking head and second type checking heads, the first type checking head
reading out the magnetic data on the master disk for checking, and each of
15 the second type checking heads being provided corresponding to one surface
of the object magnetic disks for checking and reading out the embedded data
corresponding to the magnetic data that is read out from the master disk by
the first type checking head; and
respective comparison means, corresponding to each surface of the
20  object magnetic disks for comparing the embedded data read out from the
surface of the object magnetic disk by the second type checking head with

the magnetic data that is read out by the first type checking head

simultaneously with writing operations of the write magnetic heads.
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5 the second type checking heads disposed on the surfaces of the object magnetic disks when the
comparison means detects an inconsistency, simultaneously with the writing operation of the first and
second write magnetic heads. 10 15 36

4. A magnetic data embedding apparatus having a checking function
according to claim 3, further comprising an overwriting means that
overwrites onto the object magnetic disks, the embedded data corresponding
to the magnetic data that is read out by the first type checking head, through
5 the second type checking heads disposed on the surfaces of the object
magnetic disks when the comparison means detects an inconsistency,
simultaneously with the writing operation of the first and second write

magnetic heads.
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