1 6 FEB 20D MAGNETI C MEDI UM TRANSFER QUALI TY CONTROL DEVICE Field of the
I nvention This invention relates to a nagnetic disk nmediumquality control
nmet hod, and nore particularly to a nagnetic nediumtransfer quality cont rol
device that detects an abnormal condition of a magnetic disk neglipgg sphi ch
stores servo information required for controlling a head p05|t|on of a
magnetic disk device, in a nmagnetic transfer process. Background of the

I nvention A magnetic disk device is widely used as a storage device for

o119, MAGNETICMEDIUR THANSFIRGUALY Ay oM ice=d =

regenerates data on and fromthe nagnetic dISk The magneti c di sk nust
performa servo operation in which the head is noved to a desired track so
as to regieldof the ¥avehfignr ecordi ng track and is positioned at a center of
the track. This servo operation stores a servo pattern, which is used for
acquiring data about the position of the head, on the magnetic disk.

Normal |y, a device called a servo witer wites this servo pattern after a

magneti ¢ di sk ddis davendonfRidtes 6 aseashbes diskesedhinh gu Bofiggpeti c

head and the like in one body. The servo witer wites ervo pattern

by gr aduah¢thodpuhdandrepahiadarly %na%bghél‘fc mRiignt trhnsfﬁpgﬁ?ggys cbhgopt or age

capacity of the nagnetlc di sk devi ce has been rapidly i I ng, and

accor di ngleyicd thart metduts anfabﬂdtﬁrak%onﬂlttdiﬁoﬂaiﬁ E%ﬂaﬂ@&sk%ﬁeéhﬁﬁ’ RAch

I ncreasing. This increases a period of | 1
stores servo information required for controllmg a head position of a

magnetic disk device, in a magnetic transfer process.

Background of the Invention

A magnetic disk device is widely used as a storage device for storing

a variety of digital data. A magnetic disk and a magnetic head are provided
in the magnetic disk device. The magnetic head stores and regenerates data
on and from the magnetic disk. The magnetic disk must perform a servo
- operation in which the head is moved to a desired track so as to read out a
desired recording track and is positioned at a center of the track. This servo
operation stores a servo pattern, which is used for acquiring data about the
position of the head, on the magnetic disk. Normally, a device called a
servo writer writes this servo pattern after a magnetic disk device
manufacturer assembles a magnetic disk, a magnetic head and the like in one
body. The servo writer writes the servo pattern by gradually moving the
head from outside. Recently, however, the storage capacity of the magnetic
disk device has been rapidly increasing, and accordingly, the number of

tracks in the disk device has also been increasing. This increases a period of




time required for witing the servo pattern, and results in the increase in
a manufacturing cost for the disk device. To address this problem there
have been devel oped nethods of witing the servo pattern by magnetic
transfer. In one exanple of known nethods, a so-called nast er ! 8i EKB i2006

whi ch a servo pattern has already been witten is adhered to a magnetic
disk fromwhich a servo pattern has already been erased. |In another
exanple, a master disk in which a pattern is structurally fornmed by a
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field is appli to the nmagnetic dis 0 € master disk.

Al t hough ngnififsdusia) '%tﬂﬁf‘%ﬁ@&f’skr&'&dé‘@n performthe magnetic transfer
. I .

process, it is preferable for a nagnetic di sk medi um manufacturer to
performthe magnetic transfer process in one step of a nmagnetic disk
manuf acturing process because a disk is only used before it is incorporated

into a di sk de{locaddrskst (8§ Grobldhe theRIhhoe Fedl %Q'ef(g%gl}[ Ingﬁ{lﬁdﬁ' ftGGI’, a

disk that is a subject of nmagnetic transfer in the ma ansft er

process witindehe Galve pattets By htfgndtickirandfer 2 ' RS fe%ragﬁilé koia%n@wﬁagnet i C

di sk product 1n which a servd signal is normally witt by the nmagnetic

transf er mwithbdfea seaddird magRgndick finFWHiéhfz@rseﬁUosFattéﬁﬁﬁﬁé ¥iliehdy eehnvent i on

I f such a magnetic transfer process is added to the nedium nmahufacturing

process, wiritegreis aditered bl emagnetie itk & ok viTeH 2Ug8rva Hatierd s R ad(06
problemw || be described herei nbel ow.
been erased. In another example, a master disk in which a pattern is
structurally formed by a ferromagnetic substance is adhered to a magnetic
disk, and a magnetic field is applied to the magnetic disk from the outside of

. the master disk.

Although a disk device manufacturer can perform the magnetic
transfer process, it is preferable for a magnetic disk medium manufacturer to
perform the magnetic transfer process in one step of a magnetic disk
manufacturing process because a disk is only used before it is incorporated
into a disk device and there is the need for a clean room. Hereinafter, a disk
that is a subject of magnetic transfer in the magnetic transfer process will be
called a transfer disk, and a transfer disk as a magnetic disk product in

~ which a servo signal is normally written by the magnetic transfer will be

called a magnetic transfer disk.
Summary of the Invention

If such a magnetic transfer process is added to the medium

manufacturing process, there is a problem in testing the medium. The




Fig. 4 shows an exanple of a manufacturing process after a magnetic film
Is formed on a nagnetic disk in the case where the nagnetic transfer is
not performed. In this exanple, a magnetic filmis formed by sputterlng
and a lubricant is then coated (refer to (D and 20), a tape clleiEBg206
performed so as to renove particles on a surface (refer to 0), and a total
test is finally conducted. The testing process is conprised of a glide

hei ght test (refer to (r)), aread/wite test (refer to (M and a visual
test (re ht test, it is determ ned whether

t here |sb§%lé%ﬁé%?} be ﬂ&c%fb%d%égﬁﬁﬂ%?&%th a head provided with a

pi ezoel ectric el errent by using the head. 1In the read/wite test, how many
defects there are on a disk is determ' ned by witing and readi ng a signal

inor fromt heFﬁ’% Sﬁfsﬁ\bﬁg di'lS@xa% ?rﬁgwtfg&ﬂnﬁg pghe?iseﬁlﬁéﬂ(a?ﬁ%’éfégip In the

vi sual test, her rei1s a y scrat surfa a disk

s det er gilmei forsiedl by a%ha ) ﬁpﬁﬂfééset %&t@gﬁgﬁd’;ﬁ%ﬁﬁ (ﬁﬁ?& {sest i ng

processes assure the quality of s | pped products ouches
the recopgi ?ﬂrﬁjﬂﬁeaceinthsdeﬁ&ﬁ ie) 4 hiRemehic oFRs 56 Yo 5% ormed at
t he final age of the nmedium nufac ring process. and,
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is formed on a nagnetic disk in the case
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conduct effShnt TR %d@rt%’ ' ﬁﬁ’é&ﬂfﬁ@éﬁ%é@% fseccﬁrﬁﬁhé%@ s efie Teiey) 3 ' The
glide heie%rtn(retfg @B "a POLaAME 5 @efer to ®) and a visual test (refer to ®).
In the gli'de height test, it is determined whether there is such a bump as to
conflict with a head provided with a piezoelectric element by using the head.
In the read/write test, how many defects there are on a disk is determined by
writing and reading a signal in or from the disk with use of the same head as
- in a disk device. In the visual test, whether there is any scratch or pit on the
surface of a disk is determined visually or using an optical testing device.
These testing processes assure the quality of shipped products because
nothing touches the recording surfaces of disks in these processes, which are

performed at the final stage of the medium manufacturing process.

On the other hand, Fig. 5 shows an example of a manufacturing
process after a magnetic film is formed on a magnetic disk in the case where

the magnetic transfer process is added.

If the read/write test is conducted after the magnetic transfer process,
a servo pattern written by the magnetic transfer is erased. To solve this

problem, the read/write test (refer to S5) must be conducted prior to the




conducted prior to the magnetic transfer. If the glide height test is not
conducted prior to the read/wite test, however, the read/wite test is
conducted in the state wherein a disk has such a bunp as to conflict with
the head, which is the glide height defect. This causes the hbnfen 266
damages in a test head to increase in the read/wite test, and results in
the increase in a testing cost. Mreover, one testing device conducts the
glide height test and the read/wite test in many cases. For these

reasons, nidiftil ndie (¥fer U8SST AN OIS Ie8e B3l AL g0l dably

be conducted prior to the magnetic tr rocess as own 1n To

the cont caniuctlNBioR BEEKO mABKRY fralfdrl SN e ARICTHEAS fosk igRIET 1S

not erased in the visual test refer to S8) e visual“test nm
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magneti c transfer process as stated above, the naster ered to

the  magnebhdueledkinihe earoliéredt widisk Ho8Suthabiap Al ®kontibl witimg damage
e

the surface of the transfer disk, and damage on the disk may affect

the readhend whict ipthe BHde heiklardofetf. ¢ calSS denibeP o Wi ddie
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master disk and the transfer disk during the magnetic transfer, t

di st ancein hettvebead be indreasy idilekreddwiie téstannd eesilisi thecRasas jar ound
the particles first. This may inhibit a nmagnetic transfer signal from

bei ng r eadesting cost.mEVloyeoves! Ohertesting desidd ebaduersithe asthdichefpht t8sit er di sk
and the transfer disk. To avoid this problem whether any particles are

put on t hadtthanghdiwrith séstiin maabesabky Bet tha¥enrdsbis,atheestidé deigitr ticl es
(refer to S6) just 4 LI 6 FEB 2006
test and the read/write test should unavoidably be conducted prior to the
magnetic transfer process as shown in Fig. 5. To the contrary, since a servo
pattern written by the magnetic transfer is not erased in the visual test
(refer to S8), the visual test may be performed at the final stage after the

magnetic transfer process.

In the magnetic transfer process as stated above, the master disk is
adhered to the magnetic disk to be manufactured (the transfer disk). This
may damage the surface of the transfer disk, and the damage on the disk
may affect the read/write action. Particularly if particles are put between the
master disk and the transfer disk during the magnetic transfer, the distance
between the master disk and the transfer disk increases around the particles
first. This may inhibit a magnetic transfer signal from being recorded
normally. Further, the particles may damage the master disk and the transfer
disk.

To avoid this problem, whether any particles are put on the transfer

- disk is preferably determined in a test for particles (refer to S6) just




before the magnetic transfer. In an exanple of this test for particles, a

| aser beamis radiated to the disk so as to determ ne whet her any particles
are put on the disk according to the presence of scattered light. In this
met hod, however, it is inpossible to conpletely prevent partitheiER tilbch
are adhered to the disk between the test for particles and the magnetic
transfer, and fine particles, which have passed the test for particles,
from accunul ati ng on the master disk and becom ng | arger particles. If the

parti cl egetﬁﬁ% ﬂféhﬁfagﬂeﬁe t}%;gpstlﬁrqrggﬁa&r@?e %tfathﬁdt oy; 4 ?J#éict]&egﬁter ansf er

di sks ar ereafter unsati sfactori actur ed due e tic

transfer [epdns iE¥a818Ed t6tREAibDSo’ S Wet @gh@%h@@@ﬁ%ggjaﬂ@ educt ed

after the magnetic transfer process as state ove, ere t est

cannot aggdinsutt fie theadiskadorlifiey [@Qﬁétl%x%séﬁ@é‘%ff%ca?ﬂe%d 1{2h¢eCn Fhist he
Invention It is therefore an objrect of ‘the present Inventi®on to assure the
qual i ty pedthbchon@vet] & ti§ annpessiBicsko chtpibledy Lpré{?éh f]&0Iwhich t he

i nvention set forth in claiml™ conprises: "a fiTst read/wite’'testing neans
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read/ wite testing nmeans conducting a glide height test and a Iwite

test; a pantfosl @nﬂesﬁﬂé\gﬁaﬁiﬂés', aphitht hawd passed e t&Ft ifoe pRARgepr ovi ded
at the rear section of the magnetic transfér device;, a second read/wite

testing firmactemulatigtion ithg ntast@mliskgnd beesminelader Eﬁﬁicléﬁ!d a sanpling
read/wite test; an information collecting neans 5 FEB 2006 for
collecting at | east one of test results obtained by the respective testing

If the particles are adhered to the master disk as stated above, all the
transfer disks are thereafter unsatisfactorily manufactured due to the
magnetic transfer process. Further, since the read/write test cannot be

- conducted after the magnetic transfer process as stated above, the read/write

test cannot assure the quality of the magnetic transfer disk.

Object of the Invention

It is therefore an object of the present invention to assure the quality

of the magnetic transfer disk.

To attain the above object, the invention set forth in claim 1
comprises: a first read/write testing means provided at the front section of a
magnetic transfer device, the first read/write testing means conducting a
ghde height test and a read/write test; a particle testing means; an optical
surface testing means provided at the rear section of the magnetic transfer
device; a second read/write testing means for conducting a sampling glide

height test and a sampling read/write test; an information collecting means




nmeans; and a determ nation neans for nmaking a predeterm ned determ nation
according to the collected information about the test results to determ ne
whet her there are any abnormal conditions in the magnetic transfer
process. The npst serious problemoccurring in the nmagnetic trhfsFER 2006
process is that the consecutive disks are made defective due to the
particles adhered to the master disk or put between the master di sk and
the transfer disk. The damages on the transfer disk can be detect ed by the

optical foegbllocingandeadtt sie bh?ecemaﬁmlﬂs%!sthﬁiéﬂf BY- thEWé%Beétﬁk?e

testing device nonitors whether a plurality of continuous transfe dISkS
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particles put between the master disk and the tran er d cause only a

m nor dadet@minatiowkceordingtonht cotleessiifbim e AbbIt tlfhofersﬁi“ééiﬂtstﬂ&e di sk
device. If the optical testing device determnes the transfer disk as

bei ng detietdrinine dudetieers hérea ane naiy detiiRainalt benditione & thenmaBiegiet i ves is
| owered. To address this problem the results of the sanpling Tlide height
t est andtranafbryprotess.est are conpared with the results of the optical test
so as to check whether there are defects at the sane position or not.

Whet her the standards for the optical test should be stricter or nore
flexible is determ ned accordi to the result of -checking. On the other
hand, the gr eaﬂ“hstmomawmu&mahgzanpmaumhgsnahe magnetizetransfer hecemsst er
disk and the transfer disk is that the particles are s .1 6 FEB 2006

adher ed 1% thate the ssmfsecutivek sdibke creomadsedefighisti duert@nﬂfl@rparﬂiold@r event

adhered to the master disk or put between the master disk and the transfer
disk. The damages on the transfer disk can be detected by the optical
testing means after the magnetic transfer. Thus, the optical testing device
monitors whether a plurality of continuous transfer disks is defective or not.

If yes, an alarm is given for example.

If the particles put between the master disk and the transfer disk
cause only a minor damage, a problem does not necessarily occur in
operating the disk device. If the optical testing device determines the
transfer disk as being defective due to such a minor defect, the ratio of non-
defectives is lowered. To address this problem, the results of the sampling
glide height test and read/write test are compared with the results of the
optical test so as to check whether there are defects at the same position or
not. Whether the standards for the optical test should be stricter or more

flexible is determined according to the result of checking.

On the other hand, the greatest reason why the particles are put

between the master disk and the transfer disk is that the particles are




this, the test for particles is conducted before the magnetic transfer

process as stated above. It is, however, inpossible to detect all defects
including fine particles and renove the transfer disks to whi Cl\rh;?éﬁh fine
particles are adhered. Ordinarily, if the ratio of non-defecti Bt e
test for particles is low, an increasing anount of particles are omtted
fromthe test for particles. It is therefore inportant to give an alarm
when the ratio of non-defectives in the test for particles becones | ower

than a _BaReRUedTHRS dratRfate didko SEBICOGE! ! i pRERE WingFl o Hd Gtevalite. O

nore above-nentioned nethods are “used to assir sired quality of the
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di agram showi ng an enbodi rent of the present invention.”F s a flow

chart shprodtgsads staed! sbfe. a [fEshddwesler, HRpBEITDRY Y dMASHNEN ddTBER 1S an
abnormal condition in a magnetic transfer. process in Fig. 1. Fig. 3is a

fl ow chaifcladiog figeapatickss andnntow! the TRiMder Hixks detvliidhnsutth Waet her

there is an abnornmal condition in a magnetic transfer process in Fig. 1.

Fig. 4 ipasidesaramdhtredsiGidinaglyi if ehokatioiofthdnh-defetsesiiarthe test

manuf acturing a magnetic disk that does not perform magnetic transfer. 7 16
FEB 2006fd1 garticies & tiwgaaninofassyi shanseof pasticibgiare behittedrfoe@sthel or

manufacturing a magnetic disk that perforns magnetic transfer.
test for particles. It is therefore important to give an alarm when the
ratio of non-defectives in the test for particles becomes lower than a

predetermined value.

According to the present invention, one or more above-mentioned

methods are used to assure a desired quality of the magnetic transfer disk.
Brief Description of the Drawings

Fig. 1 is a block diagram showing an embodiment of the present
invention.

Fig. 2 is a flow chart showing an example of a method for
determining whether there is an abnormal condition in a magnetic transfer
process in Fig. 1.

Fig. 3 is a flow chart showing another example of a method for
determinung whether there is an abnormal condition in a magnetic transfer
process in Fig. 1.

Fig. 4 is- a diagram of assistance in explaining a process for

manufacturing a magnetic disk that does not perform magnetic transfer.




Detai |l ed Description of the Preferred Enbodinent Fig. 1 is a block diagram
showi ng an enbodi nent of the present invention. As stated previously, a
glide height test and a read/wite test are conducted out pridg FEB 2006
magnetic transfer process. One read/wite tester 11 conducts these two
tests. Data about the nunber of defects in the glide height test and the
positions thereof on each surface of a transfer disk, data about the
nunber of defects and the positions thereof in the read/ wite test, and so

forth can be ofai me Sf‘rlofﬁ Sm' ?ﬁd/"“g\gigt{a@c{?gs géx %:I‘ng%cgtgl?&e%sgl;%f t he

test results areread fromtthe read-w

transfer bt Vi I ?é?ﬁﬂhf's{ : . transfer device 2
t hen recg%aggﬂ%ét@eﬁﬁl 0 fgga%%‘lgﬁﬁ(ﬁ%gﬁ{satt te a lgvgfléttlﬁg&ggﬁég'si on of particles
to a master di sk causes problens. To avoid the problens, a test for
particles is conducted prior to the nmagnetic transfer process so as to
determ-”Dé@ﬁﬂkﬂefD@ﬁﬁpﬁbﬁsoﬁfm@th‘éf%ﬁréd’ Eﬁﬁ)odi er disk or not. The
results of this test for particles such as the nunber of particles are
forwarded to the transfer quality control personal conputer 4. Particles
are adhered to the surface of a disk that is determ ned as being defective
In the test foFigat tjbcéetﬁocmag@nt Akt he! diyaue B 2006
can be renoved eg;si ly, Thus, the di ség?vﬁﬁgtagregﬁ%%term ngi;tgglpggls%

def ecti vinventiohe test for particles are stored for a while. If a certain
amount of such di sks have been accunul ated, the disks go again through the

As stated previously, a glide height test and a read/write test are

conducted out prior to a magnetic transfer process. One read/write tester 11
conducts these two tests. Data about the number of defects in the glide
height test and the positions thereof on each surface of a transfer disk, data
about the number of defects and the positions thereof in the read/write test,
and so forth can be obtained from the read/write tester 11. Such data about

the test results are read from the read-write tester 11 and stored on a transfer

quality control personal computer 4.

A magnetic transfer device 2 then records a servo pattern. As stated
above, the adhesion of particles to a master disk causes problems. To avoid
the problems, a test for particles 1s conducted prior to the magnetic
transfer process so as to determine whether particles are adhered to the
transfer disk or not. The results of this test for particles such as the
number of particles are forwarded to the transfer quality control personal

computer 4.

Particles are adhered to the surface of a disk that is determined as

being defective in the test for particles. Most of the particles, however,




entire process beginning a tape cleaning process in Fig. 1. This enables
many di sks to pass the test for particles, so that the magnetic transfer
can be performed for these disks. After the magnetic transferjgiggess an
optical testing device 3 carries out a visual test for all di .Blﬁﬂﬁhe
visual test, it is determned whether there are any abnornmalities on the
surfaces of the disks such as pits, scratches and bunps. The optical
testing device 3 tests the entire surface of the disk including the part

at inner cgﬁaﬁ@tl%ﬁn@ﬁéﬁ téygﬂgar tT s,oﬂfeerdiﬁl&i IR Sfe atget@ﬂhineéla?irs?g%@ ezone.

For exanple, 1t is known that the’optical testing device S a

| aser bedpfQfe imMehes Utdsace fgf dlgmicqiéssk nﬁoéﬁgtfgftas“;}ﬁpelve}f hatsems i n the

quantity of reflected Il ght and scattere the T easer beam so as

to det er gipRmthFtdneh diskdRhve BRES a@&mwggg@@giggg g@g@gn@g};@ pf ace. If

the particles are put between the master ISk in the

magnet i ¢ ehfifd préfessabBiinnirfe hotdfRd cRAnile ggbf%ssagfj Fig fpu ”H‘hhé§ g@?ﬁl@%d ar ound

the pit. The optical testing device 3 nee et ett thes ects. Even

i f the opidngalliskestoi passdthe aest faet patticledle spi tthey ﬂl@%ﬁnggﬁbic tfanisfer

| mpossi ble to determ ne whether they are fornmed in the etic transfer

process oan betperforeied fort thes@didkiscl es are put between a certain tran;fer
disk and the naster disk, however, there is no big problemsince this

transfer disk should only be determ ned as being defective if the
particles fall wthout 9 16 FEB 2006 adhering to the master disk. The
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carries out a visual test for all disks. In the visual test, it is determined
whether there are any abnormalities on the surfaces of the disks such as pits,
scratches and bumps. The optical testing device 3 tests the entire surface of
the disk including the part at inner diameter and the part at outer
diameter as well as a data zone. For example, it is known that the optical
testing device 3 irradiates a laser beam onto the surface of the disk and
detects the variations in the quantity of reflected light and scattered light of

~ the leaser beam so as to determine whether or not there are any
abnormalities on the surface. If the particles are put between the master disk
and the transfer disk in the magnetic transfer, a pit is formed on the disk and

a bump is formed around the pit. The optical testing device 3 needs to

detect these defects.

Even if the optical testing device 3 detects the pit or the bump, it is
impossible to determine whether they are formed in the magnetic transfer
process or not. Even if the particles are put between a certain transfer disk
and the master disk, however, there is no big problem since this transfer disk

should only be determined as being defective if the particles fall without




adhering to the master disk and formpits or bunps around themin all the
transfer disks. To avoid this, the adhesion of the particles to the naster
disk in the nagnetic transfer process needs to be detected qybc%tl%@?nd a
manuf acturing |line nmust be stopped tenporarily so as to clean th er
di sk or replace the master disk with another. In the easiest nethod for
determ ni ng whether or not the particles are adhered to the master disk,
the transfer quality control personal conmputer 4 gives an al arm when the

optical GaRbHAY @FYhé AndstertEER n%eggimrt%laé ié}*tﬁ‘{ ghéqngféﬁgﬁid i‘ﬂtaanfsgé}mf er

di sks as being defective (refer to (
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di sks is made defective in any other process than the nagnetic transfer

process adhéfinghe tieomatice disknsideforhi 9?@5&-521%\'2}3@%%8&%419 in afiCieves the

al arm nust nmake this determnation. Fig. 3 o} a nethod that 1s a

det er m ngfaneferadigles.i Tomadaid thishthé Bdhedibh ofahdipar@dies thithe imagteellR)r a

plurality of consecutive transfer disks is defective or not is deternined

as is degertheedhagridticr efams&ic proceds Geeds 10 b Rlete@bilt Yuihkly cangequt i ve
transfer disks is defective, it is determ ned whether the type of the

def ect detsunifactubingt lige aptistcbe stespeddeporatlyl o aspid clvanatHeunsteref er to
(D). It is then determ ned whether the defectS are |ocated at the sane

posi t i ondi{skedereplac®ihe ibswhrIdislk witleagotbendi ti ons are satisfied, it is

determned 10 4j |j FEB 2006 that the abnormal conditions such as the

adhesi on of particles occur in the nmaster disk (refer to 30-05)

Posi tional information about the defects can be

In the easiest method for determining whether or not the particles are

adhered to the master disk, the transfer quality control personal computer 4
gives an alarm when the optical testing device 3 determines a plurality of
consecutive  transfer disks as being defective (refer to (D-@). In this
method, it is impossible to distinguish whether a plurality of consecutive
transfer disks is made defective in any other process than the magnetic
transfer process or in the magnetic transfer process. An operator who

receives the alarm must make this determination.

Fig. 3 shows a method that is a determination algorithm for limiting

- the conditions.

First, whether a plurality of consecutive transfer disks is defective
or not is determined as is described with reference to Fig. 2. If a plurality of
consecutive transfer disks is defective, it is determined whether the type of

the defect detected by the optical testing device is a pit or a bump (refer to
D). It is then determined whether the defects are located at the same

position (refer to @). If all of these conditions are satisfied, it is determined

10




obtained with respect to positions in a radius direction and an angul ar
direction of disks. A reference position in the angular direction, however,
cannot necessarily be maintained at the same position if the digk %¥Vﬁ@ to
anot her testing device. For this reason, whether the defects a PR A8y at
the sanme position or not is determ ned according to whether the defects are
| ocated at the sanme position in the radius direction (refer to 20).

Al though there is a slight possibility that the pits or the bunps are

formed othdt thel abmdrial WndifoReSUER B BeSkdhedith bF RMMcRE &R ACcARS t han

the magnetic transfer process, such defects occur mainly in the nagnetic

t ransf er npfsegegisk (rdteet6(BL@) t PosRidral wo@inmi%ﬁyaﬂm%ﬁ glbgécté tah be, .

determ ned that the magnetic transfer process causes t ef ects.

plural i t ghedinE@NFARUTEsfRCt NN poSTdHsS kP d STalRisCHIFebhtn 230 P eIl GngliffeCt | Ve
P e gt tbn “and “a Sngtfl:

due to the adhesion of "particlfes to t mast er scri bed

d “the p N 4
et er m nalieerioMSMakst A fefenaice!patifibh i (e MlaPATeRABA, hVUREE o

grves an alarmto an oper at or manuf acturin I ne. €, an

al arm SouathénetesaiRNbemaRRSAeE At'teCHne Hositiin i ARESHRAesGh. .

particles causes a plurality of consecutive sks to

I's di spl aiethepriestin®diehite. S FoReMiLTedson, Wl?étﬁéletﬂ?]élk!@fédtéf a?@irlé{iﬂledpﬁr sonal

conputer 4 so as to urge the operator to clean e master d or replace

the mastigs sathekpoNitibn dRAidies- detienpRt &%or&i?%‘ﬂd‘ﬁrh%ﬂi’érctﬁe &FRBfCrel 1 Nd al |

defects of magnetic disks, and the read/ wi test cannot be conducted
he' enbor eey o e sBARpBgtiol T, thé dhuE BRePaRR (ofe? HBP AIGEERT "0 10
there is a slight possibility that the pits or the bumps are formed on a
plurality of consecutive disks due to any other process than the magnetic
transfer process, such defects occur mainly in the magnetic transfer process.
Therefore, there is hardly any problem if it is determined that the magnetic

transfer process causes the defects.

If a plurality of consecutive transfer disks is determined as being
defective due to the adhesion of particles to the master disk in the above-
described determination method, the transfer quality control personal
computer 4 gives an alarm to an operator in a manufacturing line. For
example, an alarm sound is given and a message indicating that the adhesion
of particles causes a plurality of consecutive transfer disks to be defective
is displayed on a monitor screen of the transfer quality control personal

- computer 4 so as to urge the operator to clean the master disk or replace the

master disk with another.

The optical testing device 3 cannot find all defects of magnetic disks,

and the read/write test cannot be conducted after the magnetic transfer. For

11




test and the read/wite test are conducted for several sanpled disks after
the nagnetic transfer process so as to confirmthe quality of final
products (refer to the read/wite tester 12). Servo signals vvr?mt%% @éﬁthe
magnetic transfer process are erased fromthe sanples disks, b S

that are determ ned as being non-defective in the sanpling read/wite test
can undergo the tests beginning fromthe magnetic transfer process. O
course, the results of the sanmpling glide height test and read/wite test

can be haidlredsom, tdveosding tortheesmbBeditient’ ediva Sn Tigt e fé guale He@ght

conducted by the optical testing device. In this case, i plurarity of
consecut itest ahidsthe fead/Wate tdst adé cohdusraefop @evetalRanipled Hisled ft&t fied t hat

the disks are nmade defective due to the nagnetic transfer. In the case of

the readiagnictie trassfer poveessrso as to confimeshe Qualityooffifal prodiRte(rekge t hat
the magnetic transfer causes the abnormaliti'es, ‘conpared with the case

where tbe thesehd/wviife tdstervl Bualetes kigials watiten b?cﬁi@smagﬂéﬁi'c Reihsfaf ective
di sks have sone defects and the type of defects cannot De determ ned

clearly poogesseate evasdd tivan the wainples disks, bubelisleathavare elct@siined sonduct ed
prior to the magnetic -transfer as showmn in Fig. 1, nedia that are

det er mi nbdirgs nbatdefedtvedni the sampling readdwrité ttestt esit waddeego tthe tesgnet i
transfer are made defective in the magnetic transfer process with the
hi ghest pegrinbiag fitoyn the niagnehertedisfer prrcess.pr ef erabl e to determ ne that the
magnetic transfer causes the abnornmalities of disks on the basis of the
fact that the defective disks are consecutively detected in the sanpling
glide height test and the read/wite test after the magnetic transfer. 12
1 6 FEB 20 Of course, the results of the sampling glide height test and read/write
test can be handled in the same manner as the results of the visual test
conducted by the optical testing device. In this case, if a plurality of
consecutive disks has defects at the same position, it is determined that the
disks are made defective due to the magnetic transfer. In the case of the
read/write test, however, it is impossible to clearly determine that the
magnetic transfer causes the abnormalities, compared with the case where
the results of the visual test are used, because even non-defective disks have
- some defects and the type of defects cannot be determined clearly compared
with the visual test. If the read/write test is conducted prior to the magnetic
transfer as shown in Fig. 1, media that are determined as being defective in
the read/write test after the magnetic transfer are made defective in the
magnetic transfer process with the highest possibility. It is therefore more
preferable to determine that the magnetic transfer causes the abnormalities
of disks on the basis of the fact that the defective disks are consecutively
detected in the sampling glide height test and the read/write test after the

magnetic transfer.
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If the magnetic transfer is performed, the optical testing device 3 nust
confirmthe quality of final products after the magnetic transfer. It is
therefore preferable to set the conditions of the optical teStiHQ§¢%§iﬁﬁ33
to be as close as possible to those of a magnetic read/wite test.
Therefore, according to the present invention, the results of the sanpling
glide height test and-the read/wite test after the nmagnetic transfer and
the results of the visual test conducted by the optical testing device 3

are coll ected | Al o] I 4sand are
automatical ly ([:f]ort%é;?%a e\%ﬂf%%@g%ﬁ igt %rrfgﬂ%la’slt%‘??\ﬁgﬂég tF%t?Egnrgaeﬁ%en 3t hat is
useful i tdonfind F i ' j [ . one
met hod o?ug’?od\ﬂ di ngﬂ?ehgﬁﬁpfé# gf%%l ?rr]’oa{iﬁtgoﬁ@[r?%ﬁ? @?g?ﬁggft%\ég@m?ng @ef ects

to the tdicbforerpreferablelff séitthe cRIdESRI 0PI ?@ggﬂ%@@ﬁﬁg Yevics kQpedevi ces

are calculated, and the results of the calcu on are di splayed on the
moni tor asreiese ais passibl@ntsf tHoseuat id Yna@itid PtadMrteN&lst COTRt&fore, 1)

defects detected at the sanme position in the glide height test or the

read/ wr i hecoreliig aodhehsrexestuplventish; thd réailecbs thiesafipghgoplide ihéééﬁti) glide
an

hei ght test; 3) defects detected only in the read/wite test;

defects tht emidetheorsay/writé best\vifearathetaapnetid titansferaindthe?tesahd aDthar e hi gh,

the conditions of the optical testing device are strictly set. If the

rati o 4)vismahitgét, cohducteddby ithesopticdlMestingi d&licé €3 tar® ollRYeE §n ahe

rel axed. The results of the test for particles prior to the magnetic
transfer transﬁrqumsht% gbha@l pdrionhal kenipires emdone! ddtyneeichll9! corgpaedal

conputer 4 in Fig H

with each other. This provides information that is useful in setting the
conditions of the optical testing device. In one method of providing the
information, the ratios of the following defects to the total number of defects
detected by the respective testing devices are calculated, and the results of
the calculation are displayed on the monitor screen of the transfer quality
control personal computer:

1) defects detected at the same position in the glide height test or the
read/write test and the visual test;

2) defects detected only in the glide height test;

3) defects detected only in the read/write test; and

4) defects detected only in the visual test.
If the ratios 2) and 3) are high, the conditions of the optical testing device
are strictly set. If the ratio 4) is high, the conditions of the optical testing

device are relaxed.

The results of the test for particles prior to the magnetic transfer

are also collected in the transfer quality control personal computer 4 in Fig.

13




| I C FEB 2M5 1. The nunber of particles adhered to each surface is
required as the results of the test for particles. Al though |arge
particles can be detected as being defective, in the glide h@ifgREBt2M
sone of small particles cannot be detected in the glide height test. Even
the smal|l particles, however, may cause accunul ation of particles. If the
particles are increased in the environnent of the manufacturing |ine due
to the deterioration of the environment, particles are omtted fromthe

det ecti of.i MHeohantbee of i partidled ghtherst tardchhartast id @é(%lﬁ?éd il @ This

i ncreases the nunber of particles comng into contact with the master
di sk. Fi neSuly slithie desti tfont paicless Althokll lagrepqrgiiblee tan beed&boted

i mportant in assuring the magnetic transfer quality. If the particles are

i ncr easeds deeng deféwndeiretlicoghde dieiglit testrsomemn of sgnathvpartioient casngtt at ed
above, the particles that can be detected in the test for particles and

t he part bel detected irc thnglidbehalghietdsed Even ke sheal fpurtiobost | hbesver,e
increased at the same tine. Thus, it is possible to detect the increase in
t he nunb@aytaasthacedmplatiorn lof pdsticlasmells the particlbs ewryiingremsbd shoieam
representing the nunber of adhered particles in the test for particles. In
short, tRaviraninendfohdhedsfasufactesingnlinbeduesto fthe dpterioratien of theni t or ed,
and when the ratio of non-defectives becones |ower than a specified val ue,
t he transhewonmgnt.t y pastickes! pre oamiedctoputhe détecgionemn bothalthe mlideccor di ng
to the enbodi ment shown in Fig. 1, the glide height test and the

read/ wr i heighéstestrandc deiudestd for particlas. ndhis ibefcases tthe mayber iof
transfer process. If, however, the quality of nedia to be manufactured

sat i sfi epartides eqmingdntpueentagt with the pastarndisk: Findmgsuctoasimationt h of
the glide ) . . . . .
J as quickly as possible is therefore important in assuring the magnetic
transfer quality. If the particles are increased due to the deterioration of
surrounding environment as stated above, the particles that can be detected
in the test for particles and the particles that cannot be detected in the
test for particles are increased at the same time. Thus, it is possible to
detect the increase in the number of adhered particles by time-series
observing a histogram representing the number of adhered particles in the
test for particles. In short, the ratio of non-defectives in the test for
particles 1s monitored, and when the ratio of non-defectives becomes
lower than a specified value, the transfer quality control personal computer 4

gives an alarm.

According to the embodiment shown in Fig. 1, the glide height test

- and the read/write test are conducted for all the media before the magnetic
transfer process. If, however, the quality of media to be manufactured
satisfies the required quality, it is possible to replace one or both of the glide

height test and the read/write test with the visual test conducted by the
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hei ght test and the read/wite test with the visual test conducted by the
14 optical testing nmeans. This woul d achieve the effects except for the
above- stated effects relating to the glide height test or the. read/wite
test before the magnetic transfer. It is also very inportant! &d el ze
the conditions of the visual test by using the results of the glide height
test and the read/wite test after the magnetic transfer. Wile the
foregoing is directed to the preferred enbodi nent of the present

i nvent i opptiehhfdstiaRdmbind haThie FWAdH RMiSyveOthd BfcéRVEReh? Tor ﬂ?é’aﬁﬁvé’-e‘” sed

wi t hout departing fromthe basic scope thereof, and the scope thereof is

det er ni neghtéd efh@ts?fahﬁﬁ%ftd%he Blibe hwighterest 6r t}iﬁ?te;%ﬂy\#ﬁ?@!ééslt@ceffﬁé tef the

I nvention According-to the present invention, I's possible to quickly

detect  ifupnebiccramifer ofidist AlSOS/e8f imPOSRBYtH b@tﬁxﬁé@%ﬁéhoﬁﬁﬁﬁﬁlscé‘ﬂﬁ@d by the

magnetic transfer in which the particles are adhered to the master disk,
and det efdual hestftor nsinigathe absulesef dse glﬁdé heigtitaest £id dhe ksad/aufgdefy the

abnormal conditions. It is also possible to optim ze the conditions of the
optical ufist thgnhgvietie ttdimferconfirms the quality after the magnetic

transfer, and quickly detect the state wherein the deterioration in the
envi ronnent of the manufacturing |ine increases the nunber of particles
adhering to the nmaster disk. The present invention therefore provides a
transf er VWhd¢ i the doregoahg sisstaectadattoi stheapabferred embodanshndof hihe
satisfactory quality in the nmagnetic transfer process. 1
present invention, other and further embodiments of the invention
- may be devised without departing from the basic scope thereof,
and the scope thereof is determined by the claims that follow

herein,
Advantageous Effect of the Invention

According: to the present invention, it is possible to quickly detect
the abnormal conditions of consecutive  transfer disks caused by the
magnetic transfer in which the particles are adhered to the master disk, and

~ detect the formation of damages on the transfer disks caused by the
abnormal conditions. It is also possible to optimize the conditions of the
optical testing device that confirms the quality after the magnetic transfer,
and quickly detect the state wherein the deterioration in the environment of
the manufacturing line increases the number of particles adhering to the
master disk. The present invention therefore provides a transfer quality
control system that is capable of maintaining the satisfactory quality in the

magnetic transfer process.
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15 16 FEB 2006 Clainms 1. A magnetic nediumtransfer quality control device
for use in a nmagnetic disk manufacture line, in which a magnetic transfer
process is perforned by bringing a master disk, on which magnetic
properties are previously fornmed in a predeterm ned pattern, 1imt;:@80§55g act
with a magnetic disk to wite a nagnetic servo pattern, said magnetic
medi um transfer quality control device conprising: data -collection neans
for collecting data on results of at |east one of the following tests: a
glide height test, a read/wite test and a test for particles adhered to
t he nagqg i.c di sk conducted before said magnetic transfer process; a

vi sual t MS5 sanpling glide height test and a sanpling read/wite test
after said magnetic transfer process; determ nation neans for nmaking a
predet erm ned determ nation_ according to the collected data about test
resul ts o dét er miABNGiffetediugr thtsfer Waplity combradbAeyivsl fefondrtiton in said

magnet i Gnid Rl GisiP RESSctide ﬁnsr,agﬁe%@qm%diw&gﬁe&ﬁn%Ia%rsfé}ughéé%acgm rol

device according to claim 1, wherein said determ nation neans determines a
pl ur al i tBerbfrmedndacbringéng di skastgs diskngprderkichi wergnetisaptopartigal aneest

said sa i i I . | I JAT RN t.after
sai d magnet sy KGR AFLANY phEfheBhingt b B ARTIMS SoRBAE Itk £ BRI, |
cont rol dgvitcevraccomhgngticosechaipattetn, sdidmeagnesmi thedatreimnséién Qualimyans
conpare%otI%l%%s(gc&%gefg%§ults of said sanpling glide height test and
sai d sarrplnl ng r adl wriPR Y&t after said 16

data collection means for collecting data on results of at least one of
the following tests: a glide height test, a read/write test and a test for
particles adhered to the magnetic disk conducted before said magnetic
transfer process; a visual test, a sampling glide height test and a sampling

read/write test after said magnetic transfer process;

determination means for making a predetermined determination
according to the collected data about test results to determine whether or not

there is an abnormal condition in said magnetic transfer process.

2. A magnetic medium transfer quality control device according to claim
1, wherein said determination means determines a plurality of consecutive
disks as being defective in said visual test, said sampling glide height test or

said sampling read/write test after said magnetic transfer process.

3. A magnetic medium transfer quality control device according to claim
1, wherein said determination means compares the respective results of said

sampling glide height test and said sampling read/write test after said
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1 6 FEB 2006 nmagnetic transfer process with the results of said visual test
after said magnetic transfer process, thereby enabling output of data for
use in optimzing a set value for determ ning whether nmagnetic disks are
defective or not. 4. A magnetic mediumtransfer quality cont? 8l FERilbe
according to any one of claiml to claim3, wherein said determ nation
nmeans i s capable of determning that a result of test for particles before
said nmagnetic transfer process is worse than a predeterm ned val ue. 17

magnetic transfer process with the results of said visual test after said
magnetic transfer process, thereby enabling output of data for use in

optimizing a set value for determining whether magnetic disks are defective

or not.

4, A magnetic medium transfer quality control device according to any
one of claim 1 to claim 3, wherein said determination means is capable of
determining that a result of test for particles before said magnetic transfer

. process Is worse than a predetermined value.
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