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Disk Used for Calibrating of 

Protrusion Detection Head, Method of Calibrating 

Floating Height of Protrusion Detection Head Using the 

Disk and Glide Tester Using the Method 

Background of the Invention 

1. Field of the Invention 

The present 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 the bump 

disk used for calibrating floating height . of a 

protrusion detection head without necessitating 

reference to an.index mark {hereinafter called .as IND) 

on the bump disk durin.g inspection of a protrusion on 

a magnetic disk through a glide tester1 a method of 

calibrating the floating height of the protrusion 

detection head with the bump disk and a glide tester 

which automatically performs calibration of the 

floating height of the protrusion detection head. 

2.. Background Art 

Magnetic disks which constitute one of information 
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recording media are manufactured 
~ 

or glass disks as the base and app agnetic 

film on ··the respective surfaces thereof. The· magnetic 

film surf ace is required to be formed into a smooth 

and flat surface with no unevennesses such as 

protrusions. For this purpose, the magnetic surf ace 

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 particular, 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 pr~trusions ha:ving a 

height more than the predetermined one still remain, 

the magnetic disk was again burnished with a 

burnishing h~ad. 

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 
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UNITS AND PROTRUSION INSPECTION METHOD AND PROTRUSION 

INSPECTION DEVICE USING THE SAME". 

For· the protrusion detecting head in a glide 

tester a piezo-electric element using quartz was for 

the first used, however the detection sensitivity and 

the saturation characteristic of the piezo-electric 

element are unsatisfactory, and further 

miniaturization thereof was difficult, therefore an 

ultrasonic piezo-electric sensor (hereinafter simply 

called as ultrasonic sensor) having excellent 

detection se~sitivity 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 I 634 in the title of "PROTRUSION SENSOR FOR 

.SENSING PROTRUSION ON A DISC". 

Fig.7 shows a fundamental constitution of a 

protrusion inspection system in a glide · tester. For 

the protrusion inspe~tion 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 c·ircuit Sa 

in a control circuit S and a protrusion detection head 

3 is loaded on the magne~ic disk 1 • . At the loading 

position the rotation of a motor (M) 22 is controlled 

by a circumferential speed control ciecui t Sb in the 



.. • 
v. 

4 

control circuit 5 to rotate the magnetic disk 1 at a 

predetermined circumferential speed. Via the rotation 

at the ·- predetermined circumferential speed of the 

magnetic disk 1 air flow is caused on the surface of 

the magnetic disk 1 and the protrusion detection head 

3 is lifted by a predetermined ·standard height <>hs. 

When the height of a protrusion T existing on the 

magnetic disk 1 is higher than the predetermined 

standard height <> hs, 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 pr<?cessing unit 7 

wherein protrusion data including position and number 

o.f · the detected 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 programs 

are. stored 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 
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the thus cons.ti tuted device, it is necessary that. the 

protrusion detection head 3 is always lifted at the 

predetermined standard height a hs. In this instance 

the floating height. varies depending on the 

circumferential speeds of the magnetic disk 1 • 

Therefore, the relationship of circumferential speeds 

with respect to the standard height ahs is determined 

in advance. Herein the predetermined circumferential 

speed whiC?h causes the standard height ahs is called 

as standard circumferential speed_Vs. 

The protrusion detection head 3 may 

damaged through bumping to protrusions T. 

protrusion detection head is damaged, the 

often be 

When a 

damaged 

protrusion detection head has to be replaced by a new 

one. Since respective protrusion detection hea~s show 

variations with regard to their configurations, 

weights and supporting springs, they are not 

necessarily lifted at an equal floating height even 

with a same circumferential speed. Therefore, it is 

necessary for the respective protrusion detection 

heads 3 which are newly installed to be calibrated of 

their f~oating height at a correct height. The 

calibration is performed by determining the standard 

circumferential· speed Vs with respect to the standard 

height ahs. For this purpose, a disk called a bump 

disk and used. for calibrating the floating height is 



:.., 

6 

used in place of the magnetic disk 1. 

Fig. 8 shows an example of currently used bump 

disks 8 ~ The bump disk 8 · is provided with an index 

mark ( IND) , which is used for positioning in the 

angul.ar direction, and a standard protrusion Ts for 

calibration use having a· standard height ahs at a 

. coordinate position of angle es with respect to the 

. IND and radial distance rs 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 i manually 

registering the IND on the bump disk 8 with t~e 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 input~ed from an 

external device,. outputs a control signal which 

positions the protrusion detection head 3 on a track 

having the radial distance rs 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 

~topped at the position having radial distance r 6 • At 

this position, when the· circumferential speed of the 

bump disk 8 is gradually reduced, the floating height 

of the protrusion detection head 3 is also gradually 
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reduced. At the circumferential speed Vs at the track 

position having the radial distance rs the protrusion 

detection head 3 bumps to the standard protrusion 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 0 of the spindle 21 is detected by 

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

whether the detected rotation. angle meets with the 

angle es of the standard protrusion Ts with reference 

to the detection signal from the ultrasonic wave 

sensor 3a. Through this operation, the standard 

protrusion . Ts is acertained. The angle es can be 

determined, not by ·the angle detector, as a rotation 

amount from. an index detection signal (IND signal) of 

the spindle 21 which is obtained from the index 

detection circuit ·23. 

These days, the mounting and exchanging of the 

magnetic disk i and of the bump disk 8 for the spindle 

21 are- performed automatically through the provision 
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of a handling mechanism. 

Fig.9 is a schematic explanatory view of a 

handling portion in the handling mechanism 9. The 

handling· portion includes a rotatable portion 91 and 

two hands 92a and 92b provided at the both sides 

thereof. For example, the hand 92a · holds the end 

portion of the bump disk 8 via a suction 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 completing the calibration the 

bump disk 8 is again held at the end thereof via the 

suction chuck and moved upward to disengage froi:n the 

spindle 21. Under this condition the rotatable 

port1on 91 rotates by 18 0 ° 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 performing the automatic mounting of the 

disks with such handling mechanism 9, the bump disk 8 

can be mounted onto the spindle 21 without being 

registered the .both INDs on the bump disk 8 and the 

spindle 21. If the both INDs are not registered 

whether the identification with reference to the angle 

es of the standard pi;otrusion Ts is .proper can not be. 

acertained. Moreover, the coordinate value of angle 

es and radial distance rs does not necessarily show a 

desirable accuracy for the very small standard 
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protrusion 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 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 pf foreign matters such as dust on 

the bump disk B, 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 possible 
i 

to provide an IND detection mechanism of the bump disk 

and to mount the bump disk onto the spindle so: as to 

register 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. 

Smmnary of the-Invention 

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 easil~ 

identify a standard protrusion on a bump disk without 



"' f 

.:1 

10 

necessitating reference to.an IND on the bump disk. 

Another object of the present invention is to 

provide .. a methoq 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 he·ight of the protrusion 

detection head is calibrated. 

Still. another object of the present invention is 

to provide a glide tester which performs an automatic 

qalibration of the floating height of a protrusion 

detection head by making use of the above calibration 

use bump disk and without referring to the IND of the 

bump disk and perf o~s protrusion detection of a 

magnetic disk. 

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 line as the standard 

protrusion or on a circumferential line having 

substantially the same radial distance as the standard 

protrusion under a 

relationship with respect 

Further, the method 

predetermined positional 

to the standard protrusion-.· 

of ca)..ibrating the floating 
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height of a protrusion detection head for a magnetic 

disk according to the pres.ant invention which makes 

use of ··a caiibration use bump disk of the floating 

height of a protrusion detection head including a 

standard protrusion having a predetermined height and 

a plurality of re.ference protrusions positioned 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 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 selectively 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 rotation of the 

spindle the protrusion detection head is lifted; 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 

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 
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circumferential speed determining step which obtaines 

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 the standard 

·protrusion identification step occurs starting from a 

condition in which no bumping of the protrusion 
detection head with the identifified standard 
protrusion 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 

occurring, wherein the magnetic disk is rotated either 
at one of' the circumferential speeds determined in the 
circumferential speed determining. step· or at a 
ci+cumferential speed calculated based on the 
determined circumferential speeds to lift 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 protrusion,· a circumferential 

speed detecting means corresponding to the 

circumferential· speed determinig step and for · 

detecting a circumferential speed, and further a 
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protrusion inspection means in which the protrusion 

detection head is loaded· over the magnetic disk 

mounted ··on the spindle, the ·spindle is rotated either 

at one of the determined circumferential speeds or at 

the calculated circumferential speed based on the 

determined circumferential speeds to lift 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. Al though it is possible to 

clean the surface of the bump disk, depending on the 

manner of clearni~g 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 required 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 

misidentified as the standard protrusion even if the 

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

· reference protrusion can be provided on the bump disk 
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as a mark referring to the standard protrusion. 

However, if many reference protrusions are provided 

near the standard protrusion one of the reference 

protrusions can be misidentified as the standard 

protr~sion, 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 between a deposited dirt and the 

reference· protrusion. 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 pr.ot:r;usions 

identification reliability of the standard protrusion 

is still low. Moreover if the two reference 

protrusions are provided without rules, it takes time 

to find out these reference protrusions. Still 

further, the same relationship between the two 

reference protrusions and the· standard protrusion can 

also stand for the relationship between the two 

reference protrusions and . a deposited dirt. 

T~erefore, a rule of setting the two reference 

protrusions is added. a preferable setting rule which 

permits to easily find out the reference protrusions 
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is to locate the reference protrusions on a 

circumferential line having the same radial distance 

as t~e standard protrusion in view of the fact that 

the bump disk rotates. Further, another preferable 

setting rule is to locate the two reference 

protrusions on the same radial line as the standard 

protrusion in view of the fact that the 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 reliablf 

identified and can be easily found out. 

In the following embodiments, 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 

either on the same radial line 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 plurality of· reference trotrusions are provided with 

a predetermined rule, therefore the reference 
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protrusions are not necessarily located either on the 

same radial line· as the standard protrusion or a 

circumferential line having the . same radial · distance 

as 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 that, other than the portions where these 

protrusions are formed a resist is provided, a 

magnetic film is applied on an aluminum substrate via 

evaporation method likely when a magnetic disk is 

produced and then a protective film is coated thereon 

like the magnetic disk. Actual·ly acceptable bump 

disks are only one or two pieces among 100 bump disks 

produced in the manner as explained above, however the 

accepted one or two pieces of the bump disks ar~ 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 

specific provisions are eliminated such as the 

mounting mechanism which causes to register the INDs 

on the bump disk and ~he spindle and the registration 

detecting circuit which were 

mounting the bump disk. 

necessitated when 

Brief Description of the Drawings 

Fig.1 is an explanatory view of one embodiment of 
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bump disks to which the present invention is applied ; 

Fig. 2 is a block diagram ·of mainely a protrusion 

inspection device 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.1; 

Fig.3 is a flowchart of a standard circumferential 

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 

embodiment 

is an explanatory 

of · bump disks 

invention is applied ; 

view of still another 

to which: the present 

Fig. 6 is an explanatory view of a further 

embodiment of bump disks to which the present 

invention is applied ;' 

Fig.7 is an explanatory view showing a fundamental 

constitution of 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. 

Description of the Preferred Embodiments 

In Fig.1, . numeral 8 is a· bump. disk on which in 
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addition to a standard protrusion Ts three reference 

protrusions Tl, T2 and T3 are provided on a radial · 

line connecting between the center O and the standard 

protrusion Ts at the inner side from the standard 

protrusion Ts with an equal interval. Numeral Sa is 

an opening provided at the center of the bump disk 8 

for mounting the same onto a spindle 21. The heights 

5hl - ah3 of the respective reference protrusions Tl -

T3 are substantially the same as the height ahs 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 iSj smaller than the distance ds from the 

standard pro~rusion Ts to the nearest· reference 

protrusion Tl, in.that d 6 >d. With this difference the 

standard 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 d 6 <d. In 

principle, if the distance ds is differentiated from 

the interval distance d, the standard protrusion Ts 

can be identified. However, the respect.ive distances 

d and ds are required to be determined larger than the 

width of a slider in the protrusion detection head 3. 
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Otherwise, the protrusion detection head 3 may bump 

simultaneously to two protrusions. 

The. bump disk 8 as explained above is produced in 

the following manner, in that aluminium or glass disk 

is used as a substrate, in a process prior to coating 

a magnetic film on the surface of the substrate a 

resist is formed on the surf ace of the substrate like 

a semiconductor device production process·, the resist 

at the regions along a s·ame radial line where the 

reference protrusions Tl - T3 are·to be form is etched 

to formed apertures reaching to the surf ace of the 

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 <> hl ,.. <> h3, 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 same radial· line where the 

standard protrusion Ts is to be formed is etched to 

form an aperture reaching to the surf ace of the 

substrate, thereafter using the. resist as a mask 

magnetic film is coated ·1ikely. The coating is 

performed until the thickness of the :magnetic film 

reaches to the height <>hs and after completing this 

process the resist is removed. Further, the thus 

produced bump disk 8 is coated by a protective film. 
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Except for the aperture formation through resist 

etching and the use of the resist as a mask the above 

explained production processes of the bump disk are 

substantially the same as usual 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 standard 

protrusion Ts showing the height of <> hs and three 
i 

reference protrusions Tl T3 respectively showing_ 

substantially the same height of <>hs 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 btµnp disk 8 · among 

the thus produced 100 pieces of the bump disks is, for 

example, 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 



:y 

.> 

21 

among the thus sele.cted bump disk likely using the 

master head bump disks having the reference 

protrusions Tl - T3 arranged along substantially the 

same radial line as the standard protrusion Ts and 

showing substantially 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 desirable to select a protrusion 

locating outwartl as much as possible as the standard 

protrusion in order 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 heig~t of 

the protrusion detection head by making use of the 

thus selected bump 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 

p~ovided with a handling mechanism control circuit Sc 

and the data processing unit 7 is replaced by a data 

processing unit· 70 of which memory 7b is provided with" 
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a standard protrusion identification program 71 and a 

standard circumferential speed detection program 72. 

Further, in a parameter storage region 7 4 in the 

memory 7b the interval distances ds and d respectively 

of the standard protrusion and of the reference 

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 mounted 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 ~or calibrating 

the floating 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 mec·hanism 9 is actuated by the handling 

' mechanism control circuit Sc and the bump disk 8 is 

mounted onto the ·spindle 21 (step 101). Then the 

protrusion detection program. 73 is executed by the MPU 

7 a and the protrusion detection head 3 is loaded on 

the bump disk 8 (step 102), and the motor 22 i.s driven· 

to rotate the bump disk 8 and to thereby lift the 
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protrusion detection head .3 at a proper height {step 

103). The protrusion detection is then performed over 

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· 

surf ace 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 ra {represented by distance r from the center 

and angle 0 from the index signal {IND signal)) 

indicating the position of a protrusion which is 

obta~ned as the result of the protrusion detections is 

stored in the.memory 7b {step 105). 

Subsequently, t~e standard protrusion 

identification program 71 is executed by the MPU 7a, 

and the angle 0 from the IND signal position· 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 0 each having 

four detected protrusions, a group of four protrusions 

~hich satisfies the interval distance relationship 

from the outside, in that d 9 , d and d is selected, the 

outer most protrusion is determined as the standard 
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protrusion Ts and the distance rs from the center o 

and the 0 s from the IND signal are detected (step 

10 7) • Then these data are stored in the parameter 

region in the memory 7b (step. 10 8) . 

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 10 9) , then 

the process enters into a ~onitoring process in which 

the circumferential speed of the bump disk 8 over this 

track is successively reduced from a high speed to a 

low speed and a protrusion detection signal which 

would be obtained at the position of angle es with 

reference to the IND signal (step 110) is monitored. 

The circumferential speed Vs at -the moment wnen the 

protrusion detection signal is obtained is determined 

as the ·standard circumferential speed and is stored in 

the parameter region in the memory 7b (step 111). The 

circumferential speed can 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 inspection is mounted onto the spindle 

21 (step 112) • The protrusion inspection ·of the_ 

magnetic disk · 1 is started . via a key input for the 

inspection· start (step 113) • In response to the key 
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input the protrusion detection program 73 is executed 

by the MPU 7 a and the protrusion detection head 3 is 

loaded ··on the magnetic disk 1 (step 114); · the 

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 c.alibrated 

by means of the circumferential speed Vs. 

Fig.4 shows another bump disk which ·has a 

different ref ernce protrusion arrangement from the 

bump disk shown in Fig.1, wherein the reference 

protrusions Tl (radial distance r 1) , T2 (radial 

distance r2) and T3 . (radial. distance r3) are arranged 

on a circumferential line having the same ·radial 

distance ri~r2~r3 and having a smaller radial 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 omit~ed. 

The reference protrusions Tl, 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 ri!:;r2~r3. Further, the radius rs of the 
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standard protrusion Ts is determined in a relation of 

The heights a hl-a h3 of the 

·respective reference protrusions Tl-T3 are determined 

proximate the standard height ahs of the standard 

protrusion Ts • Of course, these heights C>hl-C>h3 are 

preferably lower than the standard height C>hs as 

shown. 

In this instance, the· previous standard protrusion 

identification rule using the distances ds and d·as in 

the step 106 is merely replaced by another standard 

protrusion identification rule that the reference 

protrusions Tl, T2 and T3 lie substantially on a 

circumferential line having a radial distance ri (r1~r2 

~ r3) , the standard prot:r;usion Ts lies on a · 

circumferential line having a radial distance rs 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 

2 6 0°, 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 relationships 

as explained above are only an example, and-more than 

3 refer~nce protrusions can ·be provided and other 

angular relationships can be used. Further, in such 
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modification the reference protrusions Tl, T2 and. T3 

can be arranged on a subs·tantially same radial line. 

Dif.ferent from Fig ;4, in Fig. 5 the reference 

protrusions Tl, T2 and T3 and the standard protrusion 

Ts are arrnged on a circumferential line having a same 

radial distance (r8~r1, r 8~r2, r8~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. Correspondingly 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 standard 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 di~tance rs· (rs~r1!:ir2!:i 

r3) and further arranged with substantially the same 

angular interval of 90° each other. 

Fig. 6 is a further example of 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 
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arranged on the same circumferential line as the 

standard protrusion. The production method of such 

bump disk is substantially the same as the embodiments 

explained above. Namely, four reference protrusions 

Tl-T4 are provided near and around a standard 

protrusion Ts, the reference protrusions Tl and T3 are 

located on the same radial line as the standard 

protrusion and at radial positions away therefrom by a 

distance ±6 r, 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 ±ae. The heights ahp 

of the respective reference protrusions Tl-T4 are 

determined lower than the standard height a hs of the 

standard protrusion Ts. With this bump disk ~n the 

like manner as the first emb~diment as explained 

above, the standard protrusion Ts is identified, . the 

standard circumferential speed Vs is determined and 

the floating height of the protrusion detection head 3 

is calibrated. 

In this instance, the previous standard protrusion 

. identification rule using the distances ds 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 radi_al distance rs in which both end 
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protrusions are angularly separated by ±ae from the 

center protrusion 

protrusions lie on 

each other, and further two 

the radial line of the center 

protrusion at the both sides thereof by a distance ±ar 

away from the central protrusion. Still further, in 

this instance at first groups of three protrusions 

locating on a common radial line are detected, among 

the detected groups of three protrusions wherein the 

both end protrusions are separated from the center 

protrusion by a distance ±ar 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 ±ae cari 

be determined as a group including the standard 

protrusion as explained in connection wi~h .Fig.6. 

Then the protrusion located in the center position in 

the thus determined group of protrusions is treated as 

the 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 
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provided on a circumferential line having the same 

radial distance as the standard protrusion, their 

slight height differences cause no problems, therefore 

the 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 

circumferential speed Vs is 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 

protrusion 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 circmnferential 

speed Vs can be determ;i.ned as the circumferential 

speed which is obtained when bumpings of the 

protrusion detection head to the standard protrusion 

is. ceased starting frc;>m 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 ana latter standard circumferential 

speeds. 
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Claims 

1 . ·A calibration use disk of the floating height 

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 line 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 the circumferential line. 

3. A calibration use disk of the ·floating height 

of a protrusion -de!tection head according to clCl:im 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 according to claim 1, 

wherein said · reference protrusions are three 
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protrusions arranged on the circumferential line 

having substantially the same radial distance with a 

predetermined angular relationship 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 .of reference protrusions positioned 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 under a · predetermined posi tl.onal 

relationship with respect to the standard protrµsion 

and a spindle on which either the bump disk or the 

magnetic disk 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 lifted, 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 th~ 
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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 

circumferential 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 protrusi~n detection head with 

the standard protrusion identified in said stanard 

protrusion identification step occurs starting from a 

condition in which no bumping of the protrusion 

detection head with the identified standard protrusion 

occurs or another circumferential speed at which in 

accordance with the variation of the rotating speed of 

the spindle bumping occurrence is ceased starting ~ram 

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 speed calculated based on the 

determined · circumferential 

protrusion detection head. 

speeds to lift the 

6. A method of calibrating the floating he·ight. of 

a protrusion detection head for a magnetic disk 

according to claim S, wherein the standard protrusion 

is positioned ·either on the radial line or on the 
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circumferential line. 

7. A method of calibrating the floating height of 

a protrusion detection head for a magnetic disk· 

according 

protrusions 

to claim 

are 

6, 

three 

wherein the 

protrusions 

reference 

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 

prot+usions three protrusions i the are arranged on 

circumferential line 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 protrusions 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 
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of the standard protrusion with an equal angular 

interval therewith. 

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 resp~ctive 

refer~nce 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 line 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 



\ 1\1111) \Ill~ 11111 Ill' II 1\11 
.:·, 

36 

in which said protrusion detection head is loaded over 

said bump disk mounted on said spindle, through the 

rotation of said spindle said protrusion detection 

head is lifted, the protrusions on said bump disk are 

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 line having 

substantially the same radial distance as the standard 

protrusion and based on the predetermined positional. 

relationship ; a circumferential speed determining 

means which obtains eithe~ 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 detection 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 

performs 

; and a protrusion inspection means which 

a protrusion inspection by rotating the 
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magnetic disk either at one of the circumferential speeds determined in said 

circumferential speed determining 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 describ~ 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. 


