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Disk and Glide Tester Using the Method

Background of the Invention

1. Field of the Invention

The pré_sent invention relates to a disk used for
calibrating floating height of a protrusion detection
head, a method of calibrating the floating height of
the protrusion detection head using the disk and a
glide tester using the method, and, more specifically,
relates to a bump disk which permits easy
identification of a standard protrusion on thée bump
disk wused for calibrating floating height .of a
protrusion detection head without.. necessitating
reference to an . index mark (hereinafter c.alled .as IND)
on the bump disk during | inspection of a protrusion on
a magnetic disk through a glide tester, a method of
calibrating t_hé floating height of the protrﬁsion
detection head with the bump disk and a glide tester
which automatically performs calibration of the
floating héight of the protrusion detection head.

2. Background Art
Magnetic disks which constitute one of information

t of Protr u5| on-Det ecti o tHepd | o



2. ¥ Background Art Magnetic di sks which constitute one of information 2
| recordi ng nmedia are manufactured while using alum niumor glass disks as
t he base and app : agnetic filmon the respeelisse-surfaces
thereof. The magnetic filmsurface is required to be fefit
and flat surface wth no .unevennesses such -as p&y
this purpose, the magnetic surface is burnished. AQyle
t he burni shing protrusions may remain. \Wen,there reégln
pr edet er mi ned nunber of protrusions having hei ght Ymr;
predeterm ned one, these protrusions bunp with a nag Fanmage
the same, andréscorddmarmetile! greo mamsEaetuared i whagiss '
For preventing these dangers a protrusion inspection f&/ngg
performed w tdra gtassusddsksspect the dbase, and pARP LR

tester which serves as rotrusi . nspection deyi i
Ellm on"tﬁepreSPec%gve ur%aces %h%%égfyelbhe‘

film surface is required to be formed into a smooth
and flat surface with no unevennesses such as
protrusions} For'this purpose, the magnetic surface
is burnished. However, even after the burnishing
protrusions may remain. When there remain more than a
predetermined number of protrusions having a height
more than a predetermined one, these protrusions bump
with a magnetic head and damage the same, and further
are likely to cause errors in data to be accessed.
For preventing these dangers a protrusion inspection
for magnetic disk. is performed with a protrusion
inspection device, in pérticular, with a glide tester

. which serves as a protrusion inspection device as well
as a burnishing device, and as the result of the
protrusion inspection when it was found out that more
than the predetermined number of protrusions having a
height mofe than the predetermined one still remain,

" the magnetic disk was again burnished with a
burniéhing head. '

A method of calibrating a protrusion detection
head in a protrusion .inspection device including such
glide tester was field by the same assignee as a US
patent application USSN 08/222,948 in the ‘title of
"CALIBRATION METHOD FOR PROTRUSION DETECTING HEAD

-
v



as” a-burni shing device, and as the result of the protrusion i nspection when
It was found out that nore than the predeterm ned nunber of protrusions
havi ng a hei ght nore than the predeterm ned one still remain, the nagnetic
di sk was agai n burnished with a burnishing head. A nethod of calibrating a
protrusion detection head in a protrusion inspection dewvice including such
glide tester was field by the sane assignee as a US patent application USSN
08/ 222,948 in the title of "CALI BRATI ON NEE?CD FOR PROTRUSI ON DETECTI NG
HEAD 3 UNI TS AND PROTRUSI ON | NSPECTI ON HOD AND PROTRUSI ON INSPECTION

DEVI CE USI NG THE SAME". For_the rotrusion detecti head _in
tester a pi ez%%tﬁ@e?&%‘lﬁi% HNSPECTEQN} ME'E“@Df i ANP lmT USION

oi6z0-el ectri AITERGRLON DEVECE Bhu Tl B “"nG L Vher

For- the protrusion detecting head in a glide

tester a piezo-electric element using quartz was for
the first used, howevef the detection sensitivity and
the saturation characteristic of the piezo-electric
element are unsatisfactory, and | further
miniaturization thereof was difficult, therefore an
ultrasonic piezo-eléctric sensor (hereinafter simply
called as ultrasonic sensor) having excellent
detection sensitivity and saturation characteristic
draws these days an attention. The same assignee
produced a protrusion-_detection head using such
ultrasonic sensor and filed a US patent application
USSN 07/977,634 in the title of "PROTRUSION SENSOR FOR
., SENSING PROTRUSION CN A DISC".

Fig.7 shows a fundamental constitution of a
protrusion inspection system in a glide tester. For
the protrusion inspection with the glide tester a
magnetic disk 1 which is an object for the inspection
is, for example manually, mounted on a spindle 21 in a
rotating mechanism 2. Then, a carriage mechanism 4 is
moved through.control of a carriage control circuit 5a
in a control circuit 5 and a protrusion detection head
3 is loaded on the magnetic disk 1. At the loading
position the rotation of a motor (M) 22 is ébntrolled

by a circumferential speed control ciecuit 5b in the
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the magnetic disk 1 and the protrusion detection head

3 is lifted by a predetermined standard height 3hs.

When the height of a protrusion T existing on the

magnetic disk 1 is higher than the predetermined

standard height 8hs, the detection head bumps to ‘the

protrusion- T to vibrate an ultrasonic wave sensor 3a
provided at a supporting arm in the carriage mechanism
4 and, after removing noises by a protrusion -detection
circuit 6, the output signals from the ultrasonic wave
sensor 3a are outputted as protrusion detection

signals. The protrusion detection signals are

inputted into a MPU 7a in a data processing unit 7

wherein protrusion data including position and number
of the &etected protrusions are prepared and are
displayed on a display 7c.

Numeral 7b is a memory provided in the data
processing unit 7 in which several types of progréms
are:stdred such as a protrusion detection program 7b
and a circumferential speed control program required
for protrusion detection execuited by the MPU 7a.
Further, numeral. 23 is an index detection circuit
provided in the motor 22. | |

In the course of the protrusion inspection with



4 tontr®l circuit 5 to rotate the magnetic disk 1 at a predeternined
circunferential speed. Via the rotation at the predeterm ned
circunferential speed of the magnetic disk 1 air flowis caused on the
. surface of the magnetic disk 1 and the protrusion detection head 3 is
lifted by a predeterm ned standard height [err]. When the height of a
protrusion T existing on the magnetic disk 1 is higher than the
predeterm ned standard height [err], the detgction head bunps to the
protrusion T to vibrate an ultrasonic wave sensor 3a provided at a

supporting armin the carria nmech m 4 and, .after re '
protrusi on detelRei &Hhus rgﬁlf’fsq'ﬁl Fﬁ@@ﬁ%ﬁi‘-cgugné *$ oﬁﬁ%%}g’??gs m

sensor 3a
protrusion
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Nuneral 7b |s me d t
?l.gatgrow E\1'1eJ.I hevgf‘:{es depending on the

circumferential speeds of the magnetic disk 1.

Therefore, the relationship of circumferential speeds

with respect to the standard height dhs is determined

in advance. Herein the predetermined circumferential

speed which causes the standard height dhs is called

as standard circumferential speed Vs.
The protrusion detection head 3 may often be
damaged through bumping to protrusions T. When a

protrusion detection head is damaged, the damaged

- protrusion detection head has to be replaced by a new

one. Since respeetive protrusion detection heads show
variations with regard to their configurations,
weights and sﬁpporting springs, they are not
necessarily lifted at an equal floating height even
with a same c:n.rcumferent:l.al speed. Therefore , it is
necessary for the respective protrusion detection
heads 3 which are newly installed to be calibrated of
their floating height at a correct | height. The
calibration is performed by determining the _standard

circumferential speed Vs with respect to the standard
height &hs. For this purpose, a disk called a bump
disk and used for calibrating the floating height is
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prScessﬁng unit 7 in which several types of prograns are stored such as a
protrusion detection program 7b and a circunferential speed control program
required for protrusion detection execuited by the MPU 7a. Further,
nuneral 23 is an index detection circuit provided in the notor 22. In the

course of the protrusion inspection with. 5 the thus constituted device,
it is necessary that the protrusion detection head 3 is always |ifted at
the predeterm ned standard height [err]. In this instance the floating,

hei ght varies dependi ng on the circunferential speeds of the
magnetic disk . 1. Therefore, the relationship of circunferential speeds
with respect tusede i apllace hef gbhe] madnetidetdiskndd in advance. Herein
the predeterm ned circunferential speed which causes the standard hei ght
[err] is called as Edghdhr BROVSUNES eeXampleecalvscurmentbyr utised bump

detection headdisiasy gf;tenﬂ% bump disk 8 is provided with an index
" mark (IND), which is used for positioning in the
angular direction, and a standard protrusion Ts for

calibration use having a  standard height &8hs at a
-coordinate position of angle 6s with respect to the

.IND and radial distance rg from the center O.

Further, the spindle 21 is also provided with an IND
of which position is detected by an - index detection
circuit 23.

During the floating height calibration the bump
disk 8 is mounted on the spindle 21 while !manually
registering the IND on the bump disk 8 with the IND on-
the spindle 21 as shown. Then the spindle 21 is
rotated and the MPU 7a,. ‘after accessing data stored in
the memory 7b or in responce to data inputted from an
external device , outputs a control signal which
positions the protfusion detection head 3 on a track

having the radial distance 1rg; representing the

standard protrusion Ts. - The control signal is then
fed to the control circuit 5 to move the carriage
mechanism 4 and the protrusion detection head 3 is

stopped at the position hé.ving radial distance rg. At

this poéition, when the circumferential speed of the
bump disk 8 is gradually reduced, the floating height

of the protrﬁsion_ detection head 3 is also gradually



dahmged¥ t hr ough bunping to protrusions T. When a protrusion detection
head i s damaged, the damaged protrusi on detection head has to be repl aced
by a new one. Since respective protrusion detection heads show vari ati ons
with regard to their configurations, weights and supporting

springs, they are not necessarily lifted at an equal, fl oating hei ght
even with a sane circunferential speed. Therefore, it is necessary for the
respective protrusion detection heads 3 which are newwy installed to be
calibrated of their floating height at a correct height. The

cal i bration i;@&ﬁ&g@ed R;E q:q{ rg&@&&r%%g?ﬁrtab r%p%b@ﬁ%eé%”tﬁg)? %%eeq(

Vs with respe To the standard hér ght I~ th¥s pu

cal | ed .a bunp gbhsktawh Uradifiy &Nd bra&‘:l.'&l t§e stlfitd NG hetﬂat otru :Lon
used in place of the magnetic disk 1. Fig.8 shows an exarrp e of Tturrent

used bunp di skfefectiith PHERJ 3K BimSs P €RE WdndArd"dS¥otrusion Ts.
The bumping is detected by the ultrasonic wave sensor
3a and the circumferential speed at ~this moment is
determined as the standard circumferential speed Vs
for the instant protrusion detection head 3. Through
these operations the floating height of the protrusion
detection head 3 is calibrated at a correct value.
In the above case, since the standard protrusion
Ts is very small, the standard protrusion Ts can be
mixed up with a dust deposited on the bump disk‘ 1.

Therefore, in order to acertain the detection accuracy

the rotation angle 6 of the spindle 21 is detected by

an angle detector (not shown) and the MPU 7a checks

whether the detected rotation angle meets with the

an'gle 6s of the standard protrusion Ts with reference

. to the detect:l.on signal from the wultrasonic wave

sensor 3a. Through +this operation, the standard

protrusion Ts is acertained. The angle 0s can be

determined, not by the angle detector, as a rotation
amount from an index dei:ection signal (IND signal) of
the spindle 21 which is obtained from the index
detectlon circuit 23. |

These days, the mount:l.ng and exchanging of the
magnetic disk 1 and of the bump disk 8 for the spindle

21 are performed automatically through the provision



mark (IND), which is used for positioning in the angular direction, and a
standard protrusion Ts for calibration use having a standard hei ght [err]
at a coordinate position of angle Gs with respect to the IND and radi al

di stance [err] fromthe center 0. Further, the spindle 21 is al so provided
with an IND of which position is detected by an index detection circuit 23.
During the floating height calibration the bunp disk 8 i's nounted on the
spindle 21 while manually registering the IND on the bunp disk 8 with the
IND on the spindle 21 as shown. Then the spindle 21 is rotated and the

MPU 7a, after &fcgsﬁhm%dfﬁﬁeﬁ{egﬁhi the nmenory 7b or in responce to data

inputted froman externa vice, ou puts a control ~signal which
positions the protrmpgon defgct igon SEREMALAL 2 bk¥laharbly Veew adbgl a

distance [err] représenting the standard protrdsion Ts. The control
signal is thehdmdlingt hpoxbiom! inrcthé Shandidvegt mechanizge rechaniThe
4 and the protrusion detection head 3 is stopped at the position having
radi al di st ande@n@ting Aporiionpodingbadeshea tmatatabler epomtionskd and
the two hands 92a and 92b provided at the both sides
thereof. For example, the hand 92.a- holds the end
portion of the bump disk 8 via a éuction chuck of the
hand 92a, and moves down from the upper portion of the
spindle 21 so as -to mount the bump disk 8 onto the
spindle 21, then after cdmpleting the calibration the
bump disk 8 is again held at the end thereof via the
suction chuck and moved upward to disengage fro@ the
spindle 21. Under this condition the rotatable
portion 91 rotates by 180° to displace the magnetic
disk 1 held via a.suction chuck of the band 92b above
the spindle 21, and then moves down to mount the
magnetic disk 1 onto the spindle 21.
' When performiﬁg the automatic mounting of the
 disks with such handling mechanism 9, the bump disk 8
can be mb_unted onto the | spindle 21 without being
r-egiSteréd the both INDs on the bump disk 8 and the
spindle 21. If the both INDs are not régistered

whether the identification with reference to the angle

0s of the standard protrusion Ts is proper can not be

acertained. Moreover, the coordinate value of angle

8s and radial distance rg does not necessarily show a

desirable accﬁracy for the very small standard



buﬁp ditk 8 is gradually reduced, the floating height of the protrusion
detection head 3 is also gradually 7 reduced. At the circunferenti al
speed Vs at the track position having the radial distance [err] the
protrusion detection head 3 bunps to the standard protrusion Ts. The
bumping is detected by the ultrasonic wave sensor 3a and the
circunferential speed at this nonent is determ ned as the standard
circunferential speed Vs for the instant progrusion detection head 3.
Through these operations the floating height of the protrusion detection

head 3 is calibrated at t lue.. In th b . Sl .
st andard prot rﬂ}:&ﬁ’%ﬁuﬁéqlg \CF'g';;/egrréﬁyﬁ?ggﬁgrn&lan3&?%0§5$€%§i5£¢1§];?q?t€%§ﬁ%
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then the calibration is performed. However, the
acertaining whether the identification only with

reference to the radial distance rs of "_the standard
protrusion Ts is proper is difficult because of a
possible deposition of foreign_matters such as dust on
the bump disk 8, therefore there arises a problem that
a dust can be misidentified as the standard
protrusion. |

In order to avoid the above problem in the course
of the automatic mounting of the disks, it is pqssible
to provide an IND detection mechanism of the buﬁp disk
and to mount the bump disk onto the spindle so as to
registef the IND of the bump disk with the IND of the
spindle via the control of the handling mechanism.
However, with +this measure additional mechanisms
increase and complex and highly accurate controls are

required.

Summary of the-Inveﬁtion _

An object of the present invention is to resolve
the problems of the conventional art and to provide a
disk ‘used for Calibrating "the floating height of a
protrusion detection head which permits to easily

identify a standard protrusion on a bump disk without



aﬁgle @ of the standard protrusion Ts with reference to the detection
signal fromthe ultrasonic wave sensor 3a. Through this operation,
the standard protrusion Ts is acertai ned. The angle [err] can be
determ ned, not by the angle detector, as a rotation anount from an i ndex
detection signal (IND signal) of the spindle 21 which i,s obtained fromthe
I ndex detection circuit 23. These days, the nounting and exchangi ng of the
magnetic disk 1 and of the bunp disk 8 for 1@e spindle 21 are perfornmed
automatical ly through the provision 8 of a handling mechanism Fig.9 is

rochont om o, - HerREe ekt Sorake | £ R8P e Bl Wiskey (wo
hands 92a and 92b prytEes abbﬁgégxn si€g _tgggggnt fﬁﬁdﬁ%ﬁgﬁe’%sth%o
np dis of

hand 92a holds the end portion~of the bu via a suctiron chuc
t he provide -a method of calibrating the floating height of

a protrusion detection head in which through the use
of the above calibration use disk (bump disk) the
standard protrusion is identified'without'referring to
the IND of the bump disk &and based on the
identification the floating height of the protrusion
detection head is calibrated. |

Still. another object of the present invention is
to provide a glide tester whiqh performs an automatic
calibration of the floating height of a protrusion
detection head by making use of the above calibration
use bump disk and.withoht referring to the IND of the
bump disk and performs protrusion detection of a
magnetic disk. | , B

The calibration use bump disk of the floating
height of a protrusion detection head according to the
present invention includes a standard protrusion
having a predetermined height and a plurality of
reference protrusions positioned either on
substantially the .same radial 1line as the standard
protrusion or on a circumferential line . having
substantially the same radial distance as the sténdard
p;otrusion under a ' predetermined positional
relationship with respect to the standard protrusion.

Further, the method of calibrating the floating



hand 9%a, and noves down fromthe upper portion of the spindle 21 so as to
nmount the bunp disk 8 onto the spindle 21, then after conpleting the
calibration the bunp disk 8 is again held at the end thereof via the
suction chuck and noved upward to di sengage fromthe spindle 21. Under
this condition the rotatable portion 91 rotates by [err] to displace the
magnetic disk 1 held via a suction chuck of the band 92b above the spindle
21, and then noves down to nount the magnetig disk 1 onto the spindle 21.
When perform ng the automati ¢ nounting of the disks with such handling
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very small k&d.rgi'atd of a protrusion detection head including a
standard protrusion having a predetermined height and
a plurality of reference protrusions positioned either
on substantially the same radial line as the standard
protrusion or on a circumferential 1line having
substantially the same radial distance as the standard
protrusion under a predetermined | positional
relationship with respect to the standard protrusion
and a spindle on which either the bump disk or the
magnetic disk is seleétively mounted : comprises a
standard protrusion identification 'step in which the
protrusion detection head is loaded:over the bump disk
mounted on the spindle ; through the roﬁation of the
spindle the protrusion detection head is lifted; the
protrusions on the bump disk are inspected wvia the
protrusion detection head to detect the positions of
the Standérd protrusion and the reference protrusions
and the standard protrusiori ‘on the bump disk is
identified based on the condition that the reference
protrusions are pos:i.tioned either on substantially. the
same radial line as the standard protrusion or on a
circumferential line having substantially the same °
radial distance as the standard protrusion and based

on the predetermined positional relationship ; and a



9 brotrhsion Ts. Therefore, the protrusion detection head 3 is stopped
at the position of the standard protrusion Ts relying on the radial
distance rs and then the <calibration is perforned. However, the
acertaining whether the identification only wth reference to the
radi al distance [err] of the standard protrusion [err] i.s proper is :
difficult because of a possible deposition of foreign matters such as dust
on the bunp disk 8, therefore there arises gaproblemthat a dust can be
msidentified as the standard protrusion. In order to avoid the above

in o f _t.h ' ti of the disks,,it i .
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and highly accurate controls are required. _
spindle bumping of the protrusion detection head with.

the standard protrusion identified in the standard
- protrusion identification step occurs starting from a
condition in which no bumping of the prdtruéion
detection head with the identifified standard
protrusion occurs or another circumferentiai speed at
which in accordance with the variation of the rotating
speed of the spindle bumping occurrence is ceased
starting from a condition in which bumping is
occurring, wherein_the magnetic disk is rotated either
at one of' the circumferential speeds determined in the
'circumferential speed - determining step or at a
circumferential s?eed calculated based on the
determined circumferential speeds to 1lift the
protrusion detection head. -
Still further, the glide tester according to the
present invention includes the protrusion detection
head, the magnetic disk, the bump disk, the spindle, a
Standard protrusion identification means which
realizes the standard protrusion identification step
identifying the standard protrusionf'a circumferential
speed detecting means corresponding to the
circumferential speed determinig step and - for

detecting a circumferénfial speed, and further a



Suhnarylof the Invention An object of the present invention is to resolve
the problens of the conventional art and to provide a disk used for
calibrating the floating height of a protrusion detection head which
permts to easily identify a standard protrusion on a bunp di sk w thout

10 necessitating reference to an | ND on the bunp disk. Another object of
the present invention is to provide a nethod of calibrating the floating
hei ght of a protrusion detection head in whl8h through the use of the above
calibration use disk (bunp di sk) the standard protrusion is identified
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of a protrusi mounted -on the spindle, the spindle 1s rotated either
at one of the determined circumferential speeds or at
the calculated circumferential speed based on the
determined circumferential speeds to 1lift the
protrusion detection head, thereby a protrusion on the
magnetic disk is inspected. |

Now, dirt and dust usually deposit on a bump disk.
The amount of deposit increases depending on the use
times of the bump disk. Although it is pessible to
clean the surface of the bump disk, depending on the
manner of clearning of several times the condition of
the standard ©protrusion can be damaged. In
particular, when the floating 'height of a magnetic
head to be used is decreased, the height of standard
protrusion is lowered correspondingly, <thereby the
standard protrusion can not be separated from the
deposited dirt and dust.

As a result, when it is réquired to identify the
standard protrusion without referring to the IND on
the bump 'disk, discrimination which is the standard
protrusion fails. Further, if a dirt deposits near
the .standard protrusion the deposited dirt can be
mj.sidentified as .the standard protrusion even if the

IND of the bump disk is referred to. Accordingly, a

- reference protru_sion can be provided on the bump disk



detection head by naki ng use of the above calibration use bunp di sk and
without referring to the IND of the bunp di sk and perforns protrusion
detection of a magnetic disk. The calibration use bunp disk of the floating
hei ght of a protrusion detection head according to the present invention

I ncludes a standard protrusion having a predeterm ned hei ght and a

plurality of reference protrusions’ posi tioned ei t her on
substantially the same radial line as thelstandard protrusion or on a
circunferential |ine havi ng subst ant i ally the sanme radial distance as the
standard protgysi g ter edg I 0

rel ati onship éngt h%‘peslgg‘% ei.sﬁla Bpro r%m on. Iﬁ?’? 'Bfoﬁrus
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magnetic di sk accor g to t resent invention which nakes use of
cal i bration ugseapumthé sksbantiard | cprotg'wsalcmlt ohea mﬂ)trhlseonrdiemnu

head |nclud|ng a.
protrusions can be misidentified as the standard
protrusion, Further, if a single reference protrusion
is provided, the same relationship between the
standard protrusion and the single reference
protrusion can stand in a high possibility for a
relationship betweeh a deposited dirt and the
reference -protrﬁsion . Accordingly, misidentification
can not be avoided. With the provision of two
reference protrusions if a single dirt.is deposited
between or around the two reference protrusions, it
' becomes difficult to determine the relationship
.between the two reference protrusions. Accordingly,
with the simple"".provision of two reference protrusions
J.dentlflcatlon reliability of the standard protrusion
is still 1low. Moreover if the two reference
protrusions are provided without rules, it takes time |
to find out these reference protrusions. Still .
further, +the same rélationship between the two
reference protrusions and the standard protrusion can
also stand for the relationship ‘between the two
reference protrusioris and - a depoéited - dirt.
Therefore, a rule of setting the two reference
protrusions is added. a preferable setting rule which

permits to easily find out the reference prctrusiéns



st andar¥ protrusion having a predeterm ned height and a plurality of
reference protrusions positioned either on substantially the sane radi al
line as the standard protrusion or on a circunferential Iine having
substantially the same radial distance as the standard protrusion under
a pr edet er m ned positional relationship with respect to the standard
protrusion and a spindle on which either the bunp disk or the magnetic disk
is selectively mounted : conprises a standhbd protrusion identification
step in which the protrusion detection head is | oaded: over the bunp disk

rount ed on 1 hg pi e, 1SEEEEDN hnd Ol 2tgBr@ndde SPEBMA NG DT Ot sl 0

detection head is lifte the protrusions on are i nspec

via the protr esirrusi€eeeritobaleatlihe deaeing heheosskine)s raldidE _Sdia@eah@':e
protrusion and the reference protrusions and the standard protrusion on the

bunp di sk is iadgenthe edteasiardn phetrusdion odn hatiemheofef thencfact that
protrusions are positioned ejther on substantially the sane radial |line as
the standard Fh&rimp sisk aretatest.er enFuztheme m@’ﬁb,es.‘ubpmﬁemb&e

h I h
t he same radla.‘tlstaﬂce aﬁ.t e standard 582%&?'0” %1d bag

reference
protrusions on the same radial line as the standard
protrusion iﬁ view of the fact that thé 'protrusion
detection head performs the seeking operation in the
radial direction.
Through adding the above conditions the two
reference protrusions can be easily separated from a
- possibly deposited dirt and can be easily found out,
moreover by further adding the positional relationship
between the two reference protrusions and the standard
protrusion the standard protrusion is reliably
identified and can be easily found out. |
In the'fallowing embodiments, in order to further
énhance the reliability three or more than three
reference protrusions are provided and in order to
facilitate easy finding ‘out of these reference
protrusions the reference protrusions are positioned
either on the same radial 1line as the standard
protrusion or on a circumferential line having the
same radial distance as the standard protrusion,
however in the present invention it is satisfactory if
a plurallty of reference trotrusions are prov1ded with

a predetermined rule, therefore the reference



on the Predeterm ned positional relationship; and a 12 circunferential
speed determ ning step which obtaines either a circunferential speed at
which in accordance with the variation of the rotating speed of the spindle
bumpi ng of the protrusion detection head with the standard protrusion
identified in the standard protrusion identification step occurs starting
froma condition in which no bunping of the protrusion detection
head W th t he identifified st andar d épr ot rusi on occurs or anot her
circunferential speed at which in accordance with the variation of the

rotating speeéﬁggﬁ%%ﬁwﬂén@& bR NHefeSHd ITocgeaad éiﬁgi@s g?gf YRS

condition in nping Is occurring, whereih the magnetic

rotated eithegambe omadial heldnecurdsr epheal steardardet protedsion hor a
circunferential speed determning step or at a circunferenti al

speed  cal cutarecumfarentiialonlinehe hdotingi rkhe sameunfadiaili adistanees
to i FQS the standard protrusions. '

In the present invention, protrusions are formed

on the bump disk according to the above explained

'sense. . The protrusions are formed in the following

manner, in thaﬁ, other than the portions where these
protrusions are formed a resist is provided, a

magnetic film is applied on an aluminum substrate via
evaporation méthod likely when a magnetic disk is

produced and then a protective film is coated thereon

like the magnetic disk. Actually acceptable bump

disks are only one or two pieces among 100 bump disks

produced in théJmannér as explained above, however the

accepted one or two pieces of the bump disks are very

effective for performing the calibration of the

floating height of the protrusion detection head.

With the use of the thus produced bump disk the

épecific provisions are eliminated such as the

mounting mechanism which causes to register the INDs

on the bump disk and the.spindle and the registration

detecting circuit which were necessitated when

mounting the bump. disk.

Brief Description of the Drawings

Fig.l is an explanatory view of one embodiment of



prbtrusﬁon detection head. Still further, the glide tester according to the

t invention includes the protrusion detection head, the nagnetic

t he bunp disk, the spindle, a standard protrusion i dentification
whi ch realizes the standard protrusion identification step

I dentifying the standard protrusion, a circunferential speed detecting

correspondi ng to the circunferenti al speed determnig

presen
di sk,
means

means
step

and

for detecting a <circunferential speed, and further a

13 protrusion inspection nmeans in which the protrusion detectigr head is
| oaded . : . : .
rotated of t hebOHE ShEeksp (b WlIEHR Che presi  thFent foltus Aonlien: -

cal cul ated circunf gty alj Spge d 1edet £r m cifc ;
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speeds

to

the magnetic dnspectiosrederice in a glide tester in which the

calibration of the floating amount of a protrusion
detection head is performed with the bump disk shown
in Fig.1l;

Fig.3 is a flowchart of a standard circumfefential
speed measurement process for calibrating the floating
height of the protrusion detection head ;

Fig.4 is an explanatory view of another embodiment
of bump disks to which the present invention is
applied ; '

Fig.5 1is an explénatory _view of still another
embodiment of - bump disks to which the present
invention is applied ; |

Fig.6 is an explanatory view of a further
embodiment of bump disks to which the present
invention is applied ; o

Fig.7 is an explanatory view showing a fundamental
constitution 6f a glide tester ;

‘Fig.8 is an explanatory view of an example of
conventional bump disks ; and .

Fig.9 is an explanatory view of a handling

mechanism both for a magnetic disk and a bump disk.

Descriptién of the Preferred Embodiments

In Fig.l,-numerai 8 is a bump disk on which in



Now, di#t and dust usually deposit on a bunp disk. The ampbunt of deposit

i ncreases depending on the use tines of the bunp disk. Al though it is
possible to clean the surface of the bunp disk, - depending on the manner of
cl earning of several tinmes the condition of the standard protrusion can
be danmaged. In particular, when the floating- -height of a magnetic
head to be used is decreased, the height of standard protrusion is |owered
correspondi ngly, thereby the standard protrygi on can not be separated from
t he deposited dirt and dust. As a result, mﬁen it is required to identify

the standard protrusion without referring to,the | ND the b di sk,
di scrim nati oﬁcféﬂ-"'cﬁops Qe &t m&aﬁgogpﬁgpﬁﬁﬁlﬁms.%s ﬁ&’r‘f@ljﬁrr}r),relf¢r§nce
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protrusion Ts at the inner side from the standard
prétrusion Ts with an equal interval‘. Numeral 8a is
an opening provided at the center of the bump disk 8
for mounting the same onto a spindle 21. The heights

dhl ~ 8h3 of the respective reference protrusions Tl ~

T3 are substantially the same as the height dhs of the

standard protrusion - Ts. The intervals of these
reference protrusions Tl ~ T3 are substantially the
same as represented as d, however the interval

distance d is smaller than the distance ds from the

standard protrusion Ts to the nearest  reference

protrusion Tl, in that dg>d. With this difference the

star;dard protrusion is easily selected. Further, by
locating the standard protrusion Ts at the outerside
the bumping of the protrusion detection head is
limited only to the standard protrusion Ts.

Alternatively ;, the distance ds can be made smaller
than the interval distance d, in that ds<d. In
principle, if the distance dg is differentiated from

the interval distance d, the standard protrusion Ts
~can be identified. However, the respective distances

d and dg are required to be determined larger than the

width of a slider in the protrusion detection.hea..d 3.



14" as a mark referring to the standard protrusi on. However, if many
reference protrusions are provided near the standard protrusion one of the
ref erence protrusions can be msidentified as the standard protrusion,
Further, if a single reference protrusion is provided, the sane

rel ati onship between the standard protrusion and ., the single
reference protrusion can stand in a high possibility for a relationship
between a deposited dirt and the refergfce protrusion.  Accordingly,
m sidentification can not be avoided. . Wth the provision of two

oo of o ence ORitFHERSrs tHE peksrkbeipry | BERSSELOR, HERY 2™ RHY" bilfip
rel ati onship Eﬁ&&f?ﬁahﬁﬁnﬁ r%ﬁ?”ﬁﬂSGPEE&ﬁﬁﬂ§i8ﬂ§; Accordingly, with the
lon o

sinple provis two refefence prottusions 1dentification reliability of
the standard protruheénbump sdikk 8 ous expbatned abdvet s ptodduced in

reference protrusions are provided without rules, it takes tine to find

out these rdhe eficdlogwingumanger, inithaturalaminim omnglass disk

relationship ibSEtt\zAgg?i éshea té"l’gbstrate, in a process prior to éoa_.ting
a magnetic f.:i.lm on the surface of the substrate a
resist is formed on the surface of the substrate like
a semiconductor device production process, the resist
at the regions along a same fadial line where the
reference protrusions Tl ~ T3 are to be form is etched
to formed apertures reaching to the surface of £he
substrate, thereafter using the remaining resist as a
mask the magnetic film is coated like the magnetic
disk _production process. ' The coating is performed
until the thickness of. the magnetic film reaches to

the heights dhl “ 8h3, after completing the coating

process, resist is formed on the regions where the
reference protrusions Tl -~ T3 are formed and the
resist at the region on the samé_ radial line where the
standard. protrusion Ts is to be formed is etched to
form an apérture 're_aching to the surface of the
substrate, thereafter using the resist as a mask
magnetic film is coated 'likely.  The coating is
performed until the thickness of the magnetic £film

reaches to the height 8hs and after completing this

process the ‘resist is removed. Further, the thus

produced bump disk 8 is coated by a protective film.



refererice protrusions and the standard protrusion can also stand for the
rel ati onship between the two reference protrusi ons and a deposi ted
dirt. Therefore, a rule of setting the tw reference protrusions is
added. a preferable setting rule which permts to easily find out the

ref erence protrusions 15 is to locate the referepce protrusions on
a circunferential line having the sane radial distance as the standard
protrusion in view of the fact that the bunpQdi sk rotates. Furt her,

anot her preferable setting rule is to locate the two reference
protrusions o a di I n st [ ot rusi Qn. iR Vi f
the fact that rti’%%@B?pﬁf ucgs]?lon%?ileelt ecgpg'%th%ged pg' r%tsg{)ﬁe. @gﬁ}}gw’opefé%ﬁéﬂ:
'nthe radial Hidrehboandioidhndddide tHe o¥EstOus! EOMadRe O above
reference protrusions can be easily separate roma possibly deposite
dirt and can kexphained oprbduttion processes of the bump disk are

substantially the same as wusual magnetic disk

production processes.

Of course as an alternative, the resist at the
regions where the reference protrusions Tl ~ T3 and
the standard protrusion Ts are to be formed can be
etched to form apertures and to thereby form these
protrusions simultaneously.

Among thus produced 100 pieces of bump disks one
or two pieces of bump disks 8 having a staﬁdard
protrusion Ts showing -the height of d&hs and three
reference protrusions Tl ~ T3 respectively showing

substantially the same height of 8hs are selected.

The probability of being produced. of bump disks 8
which satisfy the above conditions is a few % of the
total productions. |

The selection of an acceptable bump disk 8 among
the thus produced 100 pieces of the bump disks is, for
exampl'e, performed in the following manner, using a
master head of which <relationship between the
circumferential 'speed V and the floating height
already measured, the height of the standard
protrusion of the respective bump disks 'is measured
and bump disks showing a desired height with regard to

the standard protrusion are at first selected, then



nor eover by further adding the positional relationship between the two
reference protrusions and the standard protrusion the st andard
protrusion is reliably identified and can be easily found out. In the
foll owi ng enbodi ments, in order to further enhance the reliability three or
more than three reference protrusions are provided and in order to
facilitate easy finding out of these reference protrusions the
reference protrusions are positioned eitherapn the sane radial line as the
standard protrusion or on a circunferential |ine having the sane radial

sati of actory PROPG! G | (S0P TRPLPERES | H0HMs GhERar LLBRAN ddte 4hgn Ehe
ot necessar i FSteta: calBirher BMPhe hekFoq HETIRG oo e o BeFrehee
protrusion or ppotirfgddibasential - | i Bddrgéde SPORg" ashBLtEHPE PRTy the
same radial line as the standard protrusion Ts and
showihg substani:ially the same height as the standard

protrusion Ts are then selected.
In this instance, when one of the reference

protrusions Tl ~ T3 shows the desirable height which

can be used as that for a standard protrusion, the one
reference protrusion can be designated as the standard
protrusion and the remainders as the reference
protrusions while changing their positional order.
However, it is desiré.ble to select a protrusion
locating outward as much as possible as the standard
protrusion in érder to reduce the number of bumpings
with the protrusion detection head as much as possible.
and to avoid the damage thereof. |

Fig.2 is a protruSion detection device portion in
a glide tester which calibrates the floating height of
the protrusion detection head by making use of the
thus selected bﬁmp disk 8.

Differences of Fig.2 glide tester from Fig.7 glide
tester are that Fig.9 handling mechanism 9 is provided
above the spindle 21, the control circuit 5 is further
provided with a handling mechanism control circuit 5c¢
and the data processing unit 7 is replaced by a data

processing unit 70 of which memory 7b is provided with



as the standard protrusions. In the present invention, protrusions are
formed on the bunp disk according to the above expl ai ned sense. The
protrusions are formed in the follow ng nmanner, in that, other than the
porti ons where these protrusions are forned a resist is provided, a
magnetic filmis applied on an al um num substrate via gvaporation nethod

i kely when a magnetic disk is produced and then a protective filmis
coated thereon like the magnetic disk. Actually acceptable bunp disks
are only one or two pieces anong 100 bunpzaisks produced in the manner as
expl ai ned above, however the accepted one or two pieces of the bunp disks
are very ef eedtandbod pprowrmisfonheidehtifdication tgeoftrasat i py hai@hy of
the protrusion detection head. Wth the use of the thus produced bunp disk
the specifi standardi onircamferentilad: eépeadh dekectiomoprogpamech2oi sm
whi ch causes to register the |NDs on the bunp di sk and the spindle and the
regi strati oﬁ‘%hﬁgkngl%i R uiPArQMEEer WS korage-e £89408d Mhenimoubheng

the bum)dii@m&¥§e5bu¥ﬁéiRgégk@gltgié¥gﬂéggsds and d respectively

of the standard protrusion and of the refefence
protrusions Tl -~ T3 are stored. A protrusion
detection program 73 and a circumferential speed
control program in the memory 7b are programs used in
the conventional device shown in Fig.7.

In exchange with the magnetic disk 1 the bump disk
8 is :moﬁnted onto the spindle 21 in the rotatable
mechanism 2 by means of the'handling mechanism 9.

A measurement process for obtaining the standard
circumferential speed Vs which is used ‘for calibrating
the fioating height of the protrusion detection head
is explained according to the flowchart shown in
Fig.3. |

- At first, the measurement process for -obtaining
the standard circumferential speed is started via a
predetermined key input (step 100). Through this step
the handling mechanism 9 is actuated by the handling
‘'mechanism control circuit 5c and the bump disk 8 is
mounted onto the spindle 21 (step 101) . Then the
protr’usion detection program 73 is executed by the MPU
7a and the protrusion detection head 3 is 1ba_.ded on
the bump disk 8 (step 102), and the motor 22 is driven
to rotate the bump disk 8 and to thereby 1lift the



Fig.1l is an expl anatory view of one enbodi nent of 17 bunp di sks to which
the present invention is applied ; Fig.2 is a block diagramof mainely a
protrusion inspection device in a glide tester in which the calibration
of the floating amount of a protrusion detection head is perfornmed with the
bunp di sk shown in Fig.1; Fig.3 is a flowhart of a standard
circunferential speed neasurenent process for calibrating the floating

hei ght of the protrusion detection head ; Fhg 4 is an explanatory view of
anot her enbodi nent of bunp di sks to which tEe present invention is applied

Lo whi ch t he BT EEBRIGTh, Bbasnti ShagheRSd 3 Aty 8 BEOPSH BeSlia: SAFeD
view of a Tﬂﬁf?r %ﬁ@dbgggruéionbﬁgkegkigi 18 W petFormids Per
substantially the entire surface of the bump disk 8
while causing the protrusion detection head 3 to seek
in the radial direction. Such protrusion detection is
repeated several .times over substantially the entire
surface of the bump disk 8 while lowering the floating
height of the protrusion detection head 3 by reducing

the circumferential speed (step 104). The coordinate

position ré (represented by distance r from the center

and angle 6 from the index signal (IND signal))
indicating the position of a protrusion which is
obtained as the result of the protrusion detections is
stored in the memory 7b (step 105). |

/ Subsequently, the standard protrusion
identification program 71 is executed by the MPU 7a,

and the angle 6 from the IND signal poéition' on which

common radial line equal to or more than 4 protrusion
are located is calculated with reference to the
resultant data of the protrusion inspection stored in
the memory 7b (step 106). | |

Among respective calculated angles 6 each having

four detected protrusions, a group of four protrusions
which satisfies the interval distance relationship

from the outside, in that ds, d and d is selected, the

outer most protrusion is determined as the standard



invention is applied ; Fig.7 is an explanatory view show ng a fundanental
constitution of a glide tester ; Fig.8 is an explanatory view of an exanple
of conventional bunp disks ; and Fig. 9 is an explanatory view of a

handl i ng nechani sm both for a magnetic di sk and a bunp di sk. Description of
the Preferred Enbodiments In Fig.1, nuneral 8 is a bunp.disk on which in
18 addition to a standard protrusion Ts three reference protrusions T1, T2
and T3 are provided on a radial |ine connecéhng bet ween the center 0 and
the standard protrusion Ts at the .inner side fromthe standard protrusion
Ts with an equal interval. Nuneral  8a i_s an opening provided at the
center of thepnofprusirm T& apdntthe t@désiancents afygmdthei1cenker O
hei ghts [err] [err] of the respective reference protrusions Tl ~ T3 are
substantial |y dariid dcve st hErbm glthd erIND ofsigral are detected (step

107). Then these data are stored in the parameter
region in the memory 7b (step 108).

Thereafter, the standard circumferential. -speed_
detection program 72 is executed by the MPU 7a and the
protrusion detection head 3 is positioned on the track

having distance 'rs from the center O (step 109), then

the process enters into a ni_onitoring process in which
the circumferential speed of the bump disk 8 over this
track is successi\fely reduced from a high speed to a

low speed and a proti:usion detection -signal which
would be obtained at the position of angle 6s with

reference to the IND sighal' (step 110) is monitored.
The circumferential speed Vs at the moment wh_en the
protrusion detection signal is obtained is determined
as the standard cii:cumferential speed and is stored in
the parameter region in the memory 7b (step 111). The
circumferential speed ean be | determined based on the

rpm of the spindle 21 at this moment and the radius rs

from the center of the bump disk 8.

Then, the bump disk 8 is removed by means of the
handling mechanism 9 and the magnetic disk 1 which is
the object for i-nspection is mounted onto the spindle
21 (step 112). The protrusion inspection of 1_:he'
magnetic disk -1 is started via a key input for the

inspection start (step 113). 1In responsel to the key



sta:ndard protrusion Ts. The intervals of these reference
protrusions Tl ~ T3 are substantially the same as represented as d, however
the interval distance d is smaller than the distance ds fromthe standard
protrusion Ts to the nearest reference protrusion Tl, in that [err]. Wth
this difference the standard protrusion is easily sel ected. Further, by
| ocating the standard protrusion Ts at the outerside the bunping of the
protrusion detection head is |imted onlysgto the standard
protrusion Ts. Alternatively, the distance [err] can be nmade snaller than
the interval ,dis ar]l%e d, jn that berr]. ) In%’r’inci pl_? I f the
di stance [err]iPBUE $Rec REQEEWSAON HeEach PDaPXPITaRce/ 4, i eeFesnked
protrusion Ts n i dent i Lied ver, .the respeectjve.di stances,d.,and
[err] are requﬁ?eﬁ% gl?i}de??r rﬁ?\gd%ggrq "?‘ls"f'ﬁé vﬁg%#ﬁcaloé’sﬁefeq 3 18
t he protrusion I 0gphe : : Rer wi the pr I 0 ecti
oo s rmy bun%éﬁ&%‘& 6n€ahe. madietiBe’ W38k NE PrLLS O Fg) ect PR
circumferential speed Vs stored in the parameter
storage region 74 is read and the spindle 21 is driven
to rotate the magnetic disk 1 at the circumferential
speed Vs so as to perform the protrusion inspection
(step 115). In the present inspection the height of
the protrusion detection head 3 is already calibrated
by means of the circumferential speed Vs.
Fig.4 shows another bump disk which has a
different refernce protrusion arrangement from the
bump disk shown in Fig.l, wherein the reference

protrusions T1 (radial distance 1rj3), T2 (radial
distance rz) and T3 (radial distance r3) are arranged

on a circumferential 1line having the same "radial

distance r1=rz=r3 and having a smaller radiall distance
than the standard protrusion Ts (radial distance rs).

Except for the positions on the resist where the
apertures are formed, the production process of the
bump disk 8 shown in Fig.4 is the same as explained
above, the explanation thereof is omitted.

The reference protrusions Tl1, T2 and T3 are
positioned with angles of about- 100°, 180° and 260°
with respect to the standard protrusion Ts and the
respective radiuses thereof are determined in a

relation of rjsry=r3. Further, the radius rs of the



si nmul t aheously to two protrusions. The bunp disk 8 as expl ai ned above is
produced in the followi ng manner, in that alum niumor glass disk is used
as a substrate, in a process prior to coating a magnetic filmon the
surface of the substrate a resist is fornmed on the surface of the substrate
| i ke a sem conduct or device production process, the resi.st at the regions
along a sane radial line where the reference protrusions Tl ~ T3 are to be
formis etched to forned apertures reachingggo the surface of the
substrate, thereafter using the remaining resist as a mask the magnetic

filmis coated [ike_t magpnetic. dis roduct i on _pr.ocess., The coating is
per f or ned unt iqtﬁ‘ﬂgaﬁ:ﬁiecﬂﬁag§utﬁqu\e&£gﬁ§t icieif'? F’lﬁhé@ tH Fﬁg-q}d-ﬁﬁt of
[err], after cgﬁpletin t he coa%in grocess, r esi.st . i forggﬂd he

regi ons wher e G-} ef é?%?ﬁ% (F09r SeBk3-T1 -THS ap%lgaﬁ:ﬁed %t ki &he
at the region on the sane radjal |line where the standard _protrusion Ts s

to be formed EEEPeRESUS refRreRCe,RFOLXASIQREH Ty TEo a¥fe datermndaed

of the substrate, thereafter using the _resist _as a mask magnetic film is
coated |ikel proximate cdhengstandard height dJhs of "the standard

protrusion Ts. Of course, these heights 8hl~3h3 are

preferably lower than the_'standard height &hs as

shown. _
In this instance, the previous standard protrusion

identification rule using the distances dg and d as in

the step 106 is merely replaced by another standard
protrusion identification =rule that the reference
protrusions Tl1, T2 and T3 1lie substantially on a

circumferential line having a radial distance r; (risr2
sr3), the standard protrusion Ts lies on a-
circumferential line having a radial distance rg and

the angular relationships of thses reference
protrusions Tl, T2 and T3 with respect to the standard
protrusion Ts are reapectively about 100°, 180° and
260°, and :the other processes are substantially the
same as in the previous embodiment. Accordingly, the
explanation on the calibration method with the present
embodiment is omitted. . The . specific number of
reference protrusions -and their angular relationship_s
as explained above are only an example, and_more than
3 reference protrusions can ‘be provided and other

angular relationships can be used. Further, in such



performed until the thickness of the magnetic fil mreaches to the height
[err] and after conpleting this process the resist is renoved. Furt her,
the thus produced bunp disk 8 is coated by a protective film 20 Except
for the aperture formation through resist etching and the use of the resist
as a mask the above expl ai ned production processes of the bunp disk are
substantially the same as usual nmagnetic disk production processes.
O course as _an alternative, the resist at Rfe regions where the reference
protrusions Tl - T3 and the standard protrusion Ts are to be fornmed can be

etched to form gpe d t '
si mul t aneousl © Al o%élé{qﬁ'l@gpr%%c%%eéggegggﬁ%ngéglgzL?TZneTgr ?’rleg' T3
pi eces  of bur@%%xﬁlﬁés a&é‘h?«g BY o &! SUGHIARELRNIY Ofatie Tdial Ohame.

hei ght of [er and three erence protrusions Tl ~ T3 respectively
- 'showi ng Different from Fig.4, in Fig.5 the reference

protrusions T1, T2 and T3 and the standard protrusion
Ts are arrnged on a circumferential line having a same
radial distance (rg=rj3, rs=¥2, rs=r3) arranged with an
equal angular interval each other, and their heights
are also determined substantially the same. With such
configuration, any of the reference protrusions can be
used as a standard protrusion. Namely, the bump disk
thus configurated is equivalent to one having four
standard protrusions. Correspondin_gly the production
of such bump disk is facilitated.

In this embodiment, the four protrusions are at
the same time identified each other with reference to
the above angular relationship and when one of the
protrusions is designated as the stand_ard protrusion
the remaining protrusions serve as the reference
protrusions. The identification rule of these four
protrusions is that these protrusions are aranged on a
circumferential line of radial distance rg-(rgarlarza
r3) and further arranged with substantially the same

angular interval of 90° each other. | |

Fig.6 is a further example lof bump disks wherein
total of four reference protrusions are provided and
two of them are arranged on the same radial line as

the standard protrusion and the remaining two are



substantially the same height of [err] are selected. The probability of
bei ng produced of bunp disks 8 which satisfy the above conditions is a few
% of the total productions. The selection of an acceptable bunp disk 8
anong the thus produced 100 pieces of the bunp disks is, for exanple,
performed in the follow ng manner, using a master head. of which
relationship between the circunferential speed V and the floating

hei ght al ready neasured, the height of28the standard protrusion of
the respective bunp disks is nmeasured and bunp di sks showi ng a desired

21 among t he BRRARAPH. (B bohhea: AP ooy SRufiEePhatil o T8k s s

di sks “havi gt o derd | BEBRAAREI BROLT USHRES Proauld ik A3Ehalons such

substantiallyt e sanme r ne as the st protru3| on Ts an
show ng subst yn@E dYskheisagabtiamtiallyhetheastand as the embodiments

explained above. Namely, four reference protrusions

T1~-T4 are provided near and around a standard
protrusion Ts, the reference protrusions Tl and T3 are
located on the same radial 1line as the standard
protrusion and at radial positions away therefrom by a

distance *8r , and the reference protrusions T2 and T4

are located on the same circumferential line as the

standard protrusion and at angular positions away

therefrom by an angular distance *368. The heights 8hp
of the respective reference protrusions T1-T4 are
determined lower than the standard height &hs of the

standard protrusion Ts. With this bump disk in the
like manner as the first embodiment as explained
above, the stahdard protrusion Ts is identified, . the
standard circumferential speed Vs is determined and
the floating height of the protrusion detectioﬁ head 3
'is calibrated. |

'~ In this instance, the previous standard protrusion

.identification. rule using the distances dg and d as

explained in connection with the step 106 is replaced.
by still another standard protrusion identification
rule that three protrusions lie on a circumferential

line having radial distance rs in which both end



protrusion Ts are then selected. In this instance, when one of the
reference protrusions Tl ~ T3 shows the desirable height which can be used
as that for a standard protrusion, the one reference protrusion can be
designated as the standard protrusion and the renmainders as the

ref erence protrusions while changing their positional order. However, it is
desirable to select a protrusion |locating outward as nuch as possible as
the standard protrusion in order to reduce gBe number of bunpings with the
protrusion detection head as nuch as possible and to avoi d the damage

thereof. Fig.2 is_a _protrusion detection.device poriian in a,glide tester
whi ch cali brat%oFﬂngllo&ﬁi @r%ei%gugﬁrtl% &%ﬁ%@f—‘aﬁ d ec‘[""ggn Eﬁi“b&'he
maki ng use of the thus selected bunp disk 8. Differences of Fig.2 glide
tester from FIREYLQri deProfdisien t headh g. PHRAHLI ngadstharfurtbers two

i ded above_the_spi.ndl e 21, the control circuit & is furt i d
W th a handl | RFVCERSHAI cohLPol OF 1 GHY SESHAAL nol Bea. Bifocddi® ngCRRtes

Lo nsPtaced P2 2h 38R ik Botn b Lhet he FEEE by o' A1HENREE" or

away from the_central protrusion. Still further, in
this instance at first groups of three protrusions
locating on a common radial line are detectéd, among
the detected groups of three protrusions wherein the

both end protrusions are separated from the center

protrusion: by a distance 18r are selected and then

among the selected groups a group wherein there exist

two protrusions which are reSpectively separated from

the central protrusion by an angular distance #30 can

be determined as a group- including the standard
protrusion as ekplained in connection with . Fig.6.
Then the protrusion located in the center position in
the thus determined group of protrusions is treatéd as
thé standard protrusion. |

As an alternative, if reference protrusions are
not provided on a circumferential line having the same
. radial distance as the standard protrusion,
possibility of bumping the - reference protrusions to
the protrusion detection head is reduced, therefore
the height of the reference .protrusions are determined
higher than that of the standard protrusion. of

course, even .when the reference protrusions are



22 a standard protrusion identification program 71 and a standard
circunferential speed detection program 72. Further, in a paraneter storage
regi.-on 74 in the nmenory 7b the interval distances ds and d respectively of
the standard protrusion and of the reference protrusions T1 ~ T3 are

st or ed. A protrusion detection program 73 and a circunferenti al
speed control programin the nenory 7b are prograns used in the
conventional device shown in Fig.7. In exchafgge with the magnetic disk 1
the bunp disk 8 is nounted onto the spindle 21 in the rotatable nmechanism?2

I ek st s R OIS

he™t | od ey RagRla NeaBquskon de! ok 1 sk i edatenty o eseie

obtaining  slight height differences cause no problems, therefore
thé present invention is ~not limited to the
embodiments as shown in Figs.5 and 6 wherein the
height of the reference protrusions are selected lower
than that of the standard protrusion.

Further, in the above embodiments, the standard
éircumferential speed Vs 1is determined as the
circumferential speed which is obtained when the
protrusion detection head first bumps to the standard
protrusion starting | from a condition that the
protrﬁsioh detection head yet bumps no standard
protrusion by lowering successively'the rotating speed
of the bump disk from a high speed to a low speed,
however, contrary thereto the standard circuﬁferential
speed Vs can be determined as the circumferential
speed which 1is obtained when bumpings of the
protrusion detection head to the standard protrusion
is ceased starting from a condition that the
protrusion detection head is bumping to the standard
protrusion by increasing successively the rotating
speed of the bump disk from a low speed to a | high
speed. Still further, the standard circumferential
speed Vs can be calculated as an average ‘of the above

obtained former and latter standard circumferential

speeds.



the standard circunferential speed is started via a predeterm ned key input

: i i i i d by the
handl i ng nechani smcontrol circuit 5c and the bunp disk ? s nmounted on

the spindle 21 -(step 101). Then the protrusion detect g ”’m
executed by the MPU 7a and the protrusion detection head lf’@he
bunp disk 8 (step 102), and the notor 22 is driven to rotate t He Uunp

8 and to thereby lift the 23 protrusion getection head 3 at a proper

hei ght (step 103). The protrusion detection 1s then perfornmed over
substantially the ga_ ire surface of the bunp disk 8 while causing the

(step 100)

protrusion detecti

Through this step the handling nmechanism9

8388 3 to seek in the radial direction. Such

protrusion detection i$ repeated several tines over substantially the
entire surface of the bunp disk 8 while lowering the floating height of the

t det ect h _
protrusion detect | 90 hgagad Miraedil "dskhaske W CtHd | P1oesly (Hetont

of a protrusion detection head comprising : a standard
protrusion having a predetermined height and a
plurality of reference protrusions positioned either
on substantially the same radial line as said standard
protrusion or on - a circumferential 1line having
substantially the same radial distance as said
standard protrusion under a predetermined positional

relationship with respect to said standard protrusion.

2. A calibration use disk of the floating height
of a protrusion detection head according to claim 1,
wherein said standard protrusion is positioned either

on the radial line or on _ﬁhe circumferential line.

3. A calibration use disk of the floating height
of a protrusion detection head according to claim 2,
wherein . said reference protrusions are three
protrusions arranged' substantially on the same radial
line and at the inner side of the disk from said

standard protrusion with an equal interval.

4. A calibration use disk of the floating height
of a protrusion detection head ackcording to claim 1,

wherein said - reference protrusions are three



poéitidn rO (represented by distance r fromthe center Wm
the index signal (IND signal)) indicating the position of a protrusi

which is obtained as the result of the protrusion detecgm ] in
the menory 7b (step 105). Subsequently, t he st mmmm@'ﬂgﬂ
protrusion identification program 71 is executed by the NPUt7aL am

angle [err] fromthe IND signal position on which common radial |ine equal

to or nore than 4 protrusion are |located is3@alculated with reference to
-the resultant data of the protrusion inspection stored in the nenory 7b

step 106). A lve ed I err). aving.fqur ..
gl.et ef:)t ed |)orot usi o%g,gﬁ'gﬁ%ér ouﬁ%gﬁég prgﬂ?u?%%s v‘\%ﬂ'gﬁ%%&?ﬁ% e J.lne
i nterval dista{eihal adi e t utsida, R4t Rhat lel angls gh i
sel ected, the out eégn%?ggﬁgﬁééggyi Qeggt e%én'#lﬁedfgg&?%e é e?n ar%%e rngh a
protrusion Ts paredébertiiviedcearyulafr ofel tensRip) with respect to

said standard protrusion.

5. A method of calibrating the floating height of
a protrusion detection head for a magnetic disk which
makes use of a bump disk including a standard
protrusion having a predetermined height and a
plurality .0f reference protrusions positioned either
on substantially the same radial line as the standard
protrusion or on a circumferential 1line having
substantially the same radial distance as the standard
protrusion under a  predetermined positional
relationship with respect to the standard protrusion
and a spindle on which either the bump disk or the
magnetic d.isk is selectively ‘mounted : comprising a
standard protrusion identification step in which the
protrusion detection head is loaded over the bump disk
mounted on the spindle'., through the rotation of the
spindle the protrusion detection head is 1lifted, the
protrusions on the bump disk are inspected via the
_protrusion detection head to detect the positions of
the standard protrusion and the reference protrusions
and the standard protrusion on the bump disk is
identified based on the condition that the reference

protrusions are positioned either on substantially the



and the Cs fr
are stored in
t he standard

MPU 7a and th
havi ng di stan
into a nonito
di sk 8 over t
speed and a p
position of a
noni tored. Th
detection sig
speed and is

The circunfer
21 at this no

omthe IND signal are detected (step 107A- Then—these data
the paraneter region in the nmenory 7b (s ter,
circunferential speed detection program 73@“‘]@@&!‘“{@@“& he
e protrusion detection head 3 is position - *

ce [err] fromthe center O (step 109), then the process enters
ring process in which the circunferential speed of the bunp

his track is successively reduggd froma high speed to a | ow
rotrusi on detection signal which would be obtained at the

HENEINYE e RIRUTRE R IR M) S
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eRld1 S ebeaﬁets?@ Nedanaasd OPrbhﬁ'dsPﬁbﬁf 4h8 %séhe

ment and the ra I us fromthe center of the bunp disk

Then, the bunprdi ke8 pgea@ﬂémlhédmpaswmﬂnﬂhemllaﬁadmmpl S %.rfdlda

t he magnetic

disk 1 which is
c:.rcumferentlal speed determining step which obtains

either a circumferential speed at which in accordance
with the variation of the rotating speed of the
spindle bumping of the protrusion detection head with
the standard protrusion identified in said stanard
protrusion identification step occurs starting from a
condition in which no bumping ofl the protrusion
detection head with the identified standard prot:ﬁsion
occurs or another circumferential speed at which in
accordance with the variation of the rotating speed of
the spindle bumping occurrence is ceased starting from
a condition in which bumping is bccurring, wherein the
magnetic disk 1is rotated either at one of the
circumferential speeds determined. in the
circumferential speed determining ~step or at a
circumferential speed calculated based on the
determined - circumferential . speeds to 1lift the

protrusion detection head.

6. A method of calibrating the floating height of
a protrusion detection head for a magnetic disk
according to claim 5, wherein the standard protrusion

is positioned -either on the radial line or on the



t he object for inspection is nounted onto the spindle 21 (step 112).

The protrusion inspection of the magnetic disk 1 is ﬂﬂ%
i nput for the inspection start (step 113). In responseﬁlmnmnnﬁlm"
‘input the protrusion detection program 73 is executed by the® MU 7a and" t he
protrusion detection head 3 is | oaded on the magnetic, disk 1 (step
114), the circunferential speed Vs stored in the parameter storage region
74 is read and the spindle 21 is driven to g@tate the magnetic disk 1 at
the circunferential speed Vs so as to performthe protrusion inspection
(step 115). In the present, ction the height of the protrusion

det ection hea@iFGUmEeEE %ﬂ i&%ﬁed by neans of the circunferenti al
speed Vs. Fig.4 shows another bunmp disk which has a different
refernce protrusion arrangenent fromthe bunp disk shown in Fig.1l, wherein

the reference protrusi gngetfod( /¥ @h1li¥rdthg HHE " Floating(HAght of
a protrusion detection head for a magnetic disk
according to claim 6, wherein the reference
protrusions are .three protrusions arranged
substantially on the same radial line and at the inner
side of the disk from the standard protrusion with an

equal interval.

8. A method of calibrating the floating height of
a protrusion detection head for a magnetic disk
according to claim | 5, wherein the reference
protrusions are three protrusions arranged on the
circumferential 1line having substantially the same
radial distance with a  predetermined angular

relationship with the standard protrusion.

9. A method of calibrating the floating height of
a protrusion detection head for a magnetic disk
according to claim 5, wherein the plurality of
reference protfusions are four protrusions, two of
them are positioned substantially on the same radial
line at both sides of the standard protrusion with an
equal interval therewith and -the other two are
positioned on the circumferential line having

substantially the same radial distance at both sides



di St‘ance r2) and T3 (radial distance [err]) are arranged on a

circunferential |ine having the sane radial distance [errTM
smal l er radi al distance than the standard protrusion Ts (r

[err]). Except for the positions on the resist where the. a , ”@ﬂ!ﬁ ”"I
formed, the production process of the bunp disk 8 shown,in Fige

sane as expl ai ned above, the explanation thereof is onitted. The reference

protrusions T1, T2 and T3 are positioned w §1 angl es of about [err], [err]
and [err] with respect to the standard protrusion Ts and the respective
radi uses thereof are determined in a relatjon of [err]. Further, the

radius [err] Of tkhe obandandr PFPsTUsIOR TWith jeaBr rggupln angular
relation of [erg er The heights [err] of the respective

ref erence pr 01!'?=§§i:‘%7r‘?siTEﬁ e!i‘f }het erm ned proxi mate the standard hei ght
[err] of the standard protrusion Ts. O course, .these heights [err] are

10. A method of calibrating the floating height of
a protrusion detection head for a magnetic disk
according to. claim 5, wherein the reference
protrusions and the standard protrusion are positioned
on the circumferential line having substantially the
same radial distance and with an equal angular
distance, the heights of the respective reference
protrusions and the standard protrusion are determined
substantially the same and one of the respe_f;tive
reference protrusions and the standard protrusion: is

selected as the standard protrusion.

11. A glide tester comprising : a protrusion

detection head for a magnetic disk ; a bump disk
including a standard protrusion having a predetermined
height and a plurality of reference protrusions
positioned either on substantially the same radial
line as the standard protrusion or on a
circumferential 1line having substantially the same
radial distance as the standard protrusion under a
predetermined positional relationship with respect to
the standard protrusion ; a spindle on which either
said bump disk or the magnetic disk is selectively

mounted ; a standard protrusion identification means



preferably lower than the standard hei ght [err] as_shown—n—this—
I nstance, the previous standard protrusion identification rule

di stances [err] and d as in the step 106 is nerely repl aced ﬁﬂ!‘mﬁt\m‘“\“\
standard protrusion identification rule that the reference *

T2 and T3 lie substantially on a circunferential |ine having a radi al

di stance [err] [err], the standard protrusion Ts lies on a

circunferential |line having a radial distangg [err] and the angul ar
rel ati onshi ps of thses reference protrusions T1, T2 and T3 with

and [orr] . ant; KB hes b EEuRiot ST bhe Bt Fobhe vk
Do, Cr éﬁgrzsgn@ SO 100 A" BB C,ig'gwwﬂmmr
oo orty e RSSO sl SEMSE | 854 OB IRBE RO apRRL EISHC
provi ded andheabderianddlfired gl eﬁhe)nplnbm:rwj:bhs usrdsaidubuif . digks Ugke
inspected via said protrusion detection head to detect
the positions of the standard protrusion and the
reference protrusions and the standard protrusion on
said bump disk is identified based on the condition
that the reference protrusions .are positioned either
on substantially the same radial line as the standard
protrusion or on the circumferential 1line having
substantially the same radial distance as the standard
protrusion and based on the predetermined positional
réiationship ; a circumferential speed determining
means which obtains either a circumferential speed at
which in accordance with the variation of the rotating
speed of said spindle bumping of said protrusion
detection head with the standard protrusion identified
in said stanard protrusion identification means occurs
.starting from a condition in which no bumping of said
- protrusion det.ection ‘head with the identified standard
protrusion occurs or another circumferential speed at
which in accordance with the variation of the rotating
speed of said spindle bumping occurrence is ceased
starting from a condition in which bumping is
occurring '; and a protrusion inspection means whieh

performs a protrusion inspection by rotating the



27" Hodi’fi cation the reference protrusions T1l, T2 and T3 c__a_m b\i‘ﬂ[‘&

a substantially sane radial line. Different from Fig.4, Jm iﬂmm‘m“\

reference protrusions T1, T2 and T3 and the standard protr awe s
arrnged on a circunferential line having a sane radial distance [err]
arranged with an equal angular interval each other, and.their heights are
al so determ ned substantially the sane. Wth such configuration, any of the
ref erence protrusions can be used as a star®¥ard protrusion. Nanely, the
bunmp di sk thus configurated is equivalent to one having four standard
protrusions. Correspondi ngly the production of such bunp disk is
facilitated. In this enbodi nent, the four protrusions are at the same tine
identified each other with reference to the above angul ar rel ati onshi p and
when one of t meagpetie disk either at onel ef ilgroitcacfarsntidl epadds dériwined @ kaidi on t he
remai ni ng protrusions serve as the reference protrusions. The

i denti fi cati osircumgerential ppeed deteamining means or at a circumferential speed calculated based

on the determined circumferential speeds and by lifting the protrusion detection head.

12. A glide tester according to claim 11, wherein the standard protrusion
is positioned either on the radial line or on the circumferential line.

13. A glide tester according to claim 12, further comprising a handling
mechanism which causes to selectively mount the magnetic disk and said bump disk

onto said spindle.

14, A calibration use disk substantially as hereinbefore described with

reference to any of Figures 1, 4 and 5.

15. A method of calibrating the floating height of a protrusion detection
head, the method being substantially as hereinbefore described with reference to the

accompanying drawings except Figure 8.

16. A glide tester substantially as hereinbefore described with reference to

Figure 2 and/or 7.



prbtrﬁ§ions Is that these protrusions are aranged on a circunferential |ine
of radial distance [err] r3) and further arranged with substantially the
sanme angul ar interval of [err] each other. Fig.6 is a further exanple of
bunmp di sks wherein total of four reference protrusions are provided and two
of themare arranged on the sane radial line as the stapdard protrusion and
the remaining two are 28 arranged on the sane circunferential |line as

t he standard protrusion. The production &Bthod of such bunp disk is
substantially the same as the enbodi nents expl ai ned above. Nanely, four
ref erence protrusions T1~T4 are provided near and around a standard

. protrusion Ts, the reference protrusions Tl and T3 are |located on the

sane radial |ine as the standard protrusion and at radial positions
away t her ef r om bPISKATSERROR CALIBRATING FEOANNGHEEGHTOOF PROTFRUSPONNd T4
are located on the sane circunferential line as the

DETECTION HEAD, METHOD OF CALIBRATING FLOATING HEIGHT OF
PROTRUSION DETECTION HEAD USING THE DISK AND GLIDE TESTER
USING THE METHOD '

ABSTRACT

A bump_ disk (8) includes a standard protrusion (Ts) having a predetermined
height and a plurality of reference protrusions (T1, T2, T3) positioned either on
substantially the same radial line as the standard protrusibn (Ts) or on a circumferential
line having substantially the same radial distance as the standard protrusion (Ts) under a
predetermined positional relationship with respect to the standard protrusion (Ts).

There is also disclosed a method of calibrating the floating height of a protrusion
detection head (3) .by making use of a standard circumferential speed determined with
the bump disk (8) and a glide tester using such calibration method.

Figure 1.
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standard protrusion and at angul ar positions away t her ef r om by an angul ar
di stance [err].The heights [err] of the respective refer OII’U
T1~-T4 are determ ned | ower than the standard height [err] 'EH'SF'H Tstﬂ@%%&dr
protrusion Ts. Wth this bunp disk in the |ike manner as }he. fR&P

enbodi ment as expl ai ned above, the stadddrd protrusion Ts rdentifled,
the standard circunferential speed Vs is deternined and the fl.oating hei ght
of the protrusion detection head 3 is calibrated. I.n this instance, the
previ ous standard protrusion identification rule using the distances ds and
d as explained in connection with the step 106 is replaced by still

anot her standard protrusion identification rule that three protrusions |i e
on a circunferential |line having radial distance rs in which both end . 29
protrusions.are angul arly separat ede')‘@ fI] fromthe center protrusion
each other, and further two
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hi gher than that of the standard protrusion. O course, even
ref erence protrusions are 30 provided on a circunferent a2 i
the sane radial distance as the standard protrusion, their 154\$§H§:
di fferences cause no problens, therefore the .present i nvent i off
limted to the enbodinents as shown3{h Figs.5 and 6 W the
hei ght of the reference protrusions are sel ected | ower than that of the
standard protrusion. Further, in the above enbodi nents, -the standard
~circunferential speed Vs i s 3:%“65 as the circunferential speed
whi ch i s obtained when the protrudi etettion head first bunps to the

standard protrusion starting from a condition that the protrusion

detection head yet bunps no standard protrusion by |owering successively
. the rotating speed of the bunp disk froma high speed to a Iom1speed

however, contrary Qeé“rk%f h)st andard circunferenti al

100 .
§ - _198
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101 - _ 109
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speed Vs can be deternined as the circunferential speed whi ch i s obtained

when bunpi ngs of the protrusion detection head to the stand@rd_protrusron
is ceased starting froma condition that the protrusion deteEW?éﬁfﬁ%ﬁﬁsﬁéﬂq
bunpi ng to the standard protrusion by increasing successively th&8tER i ng
speed of the bunp disk froma Iom1speed4(6 a high speed. Still further
the standard circunferential spee s.can, be cal cul ated as an average of

t he above obtai ned fornmer and Iatgji@a ard circunferential speeds. 31
Clains 1. A calibration use disk of the fl'oati ng height of a protrusion
detection head conprising : a standard protrusion having a predeterm ned
height and a plurality of pr ot rusi ons positioned either on
substantially the sge radi sgig dfglard protrusion or on a
circunferential |ine Ddvi

T3 r = l'z =Trs3
T1
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rs > I';
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Sha ,___—E';i I_Z_Lj h2 1,1§—{J Jﬂjﬁ hi
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subsfantially the same radial distance as said standard_pr ot-rusi on
under a predeterm ned positional relationship with respect tlg ,ﬁggﬁ% T andard
protrusion. 2. A calibration use disk of the floating heightf o HAS BEEN

protrusi on detection head according to claim1, wherein sai qtanﬁ gED
protrusion is positioned either on the5yadial |ine or on t he
circunferential line. 3. A calibration use disk of the floating height of a

protrusion detection head according to claim2, wherein sai d reference
pr ot rusions are three protrusions arranged substantially on the sane
radial line and at the inner side o dipsky fr sai d standard protrusion
with an equal interval. 4. AcalibrE’G 6 of the floating height of
a protrusion detection head according to cIa|n11 wher ei n sai d

r.ef erence pr ot rusions are three 32 protrusions arranged on the
circunferential line having substantially the Bame radi al di stance with a
8 Ts

56

FIG.6(b)
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predeterm ned angul ar relationship with respect to said staﬂg
0
b

'SHEET HAS BEEN
protrusion. 5. A nethod of calibrating the floating height géﬁgigégysion

detection head for a nagnetic disk which nakes use of a unp . di sk
including a standard protrusion havigg a predetermned height and a
plurality of reference protrusions posﬁiioned ei ther on substantially the

sane radial line as the standard protrusion or on a circunferential
line having substantially the sane radial distance as the standard
protrusion under a pr edet er m ned posi tixonal relationship with

respect to the standard protrusion

nd a spindle
di sk or the magnetic disk is sel |

n which either the bunp
. - : t andar d

protrusion identification step i the protrysion detectiog hgad is
| oaded over the bunp di sk nbunte spindl e \through the r& at]li on of
t he spindle the protrusion detect) #lepd i1 b lilfted, the p rugaors on the
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o .
identified based on the condition that the reference protru hgg N
positioned either on substantially the 33 sane radial |ipe §”$hﬁH ~
standard protrusion or on a circunferential |ine having sub .aquﬂAqéﬁﬁﬂm/
sane radi al distance as the standard protrusi on and based on the
predet ermined positional relationship ;7/4hd a circunferential- speed
determ ning step which obtains either a circunferential speed at which in
accordance with the variation of thg.rotating speed of the spindle bunping
of the protrusion detection head W JzE} ggandard protrusion identified in
said stanard protrusion identificatlon Step occurs starting froma '
condition in which no bunping of the protrusion detection head wth the
identified standard protrusion occurs or another circunferential speed at

which in accordance with the 8ariati g rotating speed of the spindle
bunmpi ng occurrence is ceased stNariang fr ndiqgon in which bunmping is
occurring, wherein the IND -
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.A-"

pﬁbnetlc disk is rotated either at one of the circun _ WHQ%ENfSHE@?.dS

'deternlned in - the C|rcunferent|al speed det

a circunferenti al speed .cal cul ated based on

circunferenti al speeds to lift ghp protrusio .

met hod of calibrating the floating height of a protr head
for a magnetic disk according to claimb5, wherein th $ﬁad&ﬁﬁd> D(ru i on

is positioned either on the radial line or on the T4 ggentsg
line. 7. A nethod of calibrating the floating height of a ﬁ* si oh #
detection head for a nagnetic disk according to claim 6, wherein
t he ref erence protrusions are three protrUsions arranged
substantially on the sane radial i t ‘the inner side of the disk
fromthe standard protrusion w.th aﬁfiggbjf]nterval .

3"1% ‘L_[Jhs

| T/
dhs T2




: 8. A met hod of cal [ brat| ng the floating height of a protrt@mcéﬁtﬁﬁfs}.@@r
head for a magnetic di sk according to claim 5, whegr et e
ref erence protrusions are three protrusions arranged on tjh fi4rmlRfﬂg5nt 4l
| i ne having substantially the sane radiz?'l di stance  wijt :
pr edet er m ned angul ar rel ationship w { the standard priotLiusi-on QA
met hod of calibrating the fl oaﬁ ng lei gk of—a prdMrusi det ecti on head:
for a magnetic disk dccording 'jo cl'ts m B3 reinfthe pltgrality of

reference protrusions are fo ' . , ~0—POS+t-ered
-substantially on the sane rafigg—] i ne|a pLN sfded of The gtanda
protrusion with an equal int arkl t herd Qand|the other tvo are
posi ti oned on the cigeupflegent i al havi ng| substjanti al
sane radial distance at et JiBek K fgndprd gretjugi
an equal angular interval [Hetelm t
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; 10. A met hod of callbratlng the floating height of a pFOtrUSanm\ﬂ@f
head for a magnetic disk according to . claim 5)RE
reference protrusions and the standard protrusion are pds tlg?gﬁk
circunferential |ine having substantia y the sane radi 1 a
with an equal angular distance, the" heights of th re
reference protrusions and the standard protrusion are determ ned
substantially the sare and one of:tqgér ective referen ot rusi ons and
t he standard protrusion is selec eJ .EBE standard protrusion. '11. A
glide tester conprising : a protrusion detection head for a magnetic - di sk
;a bunp disk including a standard protrusion having.a predeterm ned hei ght .
and a plurality of reference protrusions positioned either on substantially

t he sane radi al 'ng Hg?f t he standard protrusion or on -a -
circunferential U ng substantially the sanme radi al distance as the

standard protrusion unfler a predeterm ffed posittong relationship with
respect to the standargl protrusion ; al|spindle on which either said bunp
di sk or the magnetic d{sk is sel et@Ovelly |
) { y . ' —_1/08
STANDARD CIRCUMFERENTIAL '
SPEED MEASURMENT START STORE ©s, I's IN MEMORY ,
101 | . — 109
' | [ |
BUMP DISK MOUNTING by :
ONTO SPINDLE o RADIAL DISTANCE s
! 102
DETECTION HEAD =
LOADING ] PROTRUSION
: _ 03 DETECTION
i Y '/- T
ROTATING BUMP DISK m
STORE —
104 CIRCUMFERENTIAL
! ~ | SPEED Vs
PROTRUSION DETECTION ) 2
' - MAGNETIC DISK MOUNTING
f105 ONTO SPINDLE
STORE PROTRUSION DETECTION : 13
RESULT IN MEMORY Yy - (~
' STARTING PROTRUSION
106 INSPECTION OF
MAGNETIC DISK
CALCULATE ANGLE 6 , . ! _ f—-114
- | OF RADIAL LINE ON
-%\II#&S%%RS%LPS!AEOCATE 1 DETECTION HEAD LOADING
‘ 107 .15
DETECTING ANGLE 6s AND ) _ SETTING
RADIAL DISTANCE [I's OF CIRCUMFERENTIAL
STANDARD PROTRUSION SPEED Vs AND STARTING
PROTRUSION INSPECTION
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A

sounted ; a standard protrusion identification neans 3 .Ln—wh%cﬁf’q1§;\
protrusion detection head is | oaded over said bunp disk wEPesC E i
spindle, through the rotation of said spindle said protrudiy .eteﬁh@%
head is lifted, the protrusions on saiQ/@unp di sk are i nspeft dﬁﬂ1 ' H

protrusion detection head to detect the“positions of the s§
~protrusion and the reference protgﬂﬂxgységpd t he standard

said bunp disk is i-dentified base h&¥condition that tHhe

protrusions are positioned either on substantially the sane radial |ine as

t he standard protrusion or on the circunferential |ine-having substantially

the sane radial dis f d_pr ot rsi on and based on the

pr edet er mi ned posit ' ciTcunferential speed :

det er mi ni ng nmeans whi sunferential speed at which in

accordance with the yariation of the'rotating peed of said spindle bunping

of said protrusion S
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.detection head with the standard protrusion identified in :
protrusion identification nmeans occurs starting froma con hepuncEMEnmﬂHﬁET

no bunpi ng of said protrusion detection head with the idenfiffTed standard
protrusion occurs or another circunferepzal speed at whicpjin chARqQQ&e b
with the variati-on of the rotating speed of said spindle b |ng occur renget
is ceased starting from a condition in which bunping} “s—eeettrrng-;

and a protrusion inspection neans which perforns a protruslon_inspection..by
rotating the 37 magnetic disk,elFﬁj €Ene of the circunferenti al
sed on' t

speeds determined in said circunfer determ ning nmeans or at- a
circunferential speed cal cul ated ba etermned circunferentia

speeds and by lifting t.he protrusion detection head. 12. A glide tester -
according to claim 11, wherein the standard prpﬁru5|on is positioned either
on the radial line or on the circunferential |fne. A glide tester

according to claim-12, fur
to selectlvely nDunt t he
spi ndl e.

her conprls'-- a_ha dIingrgechanlsn1mh|ch causes
) sk onto said

| dhs > 8hp



214, A calibration use disk substantially as hereinbefors ' f
reference to any of Figures 1, 4 and 5. 15. A met hod of !GEHALBEEMENG SHRET
floating height of a protrusion detection head, the nethod ibEi ng . I
substantial |y as hereinbefore describegmith reference to th? fdic YiaiBfibng!

as : :

drawi ngs except Figure 8. 16. A glide tester substantiallly
herei nbefore described with reference to Figure 2 and/or 7.
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