
-..... 

" , 

l 

MAGNETIC DISK TESTING METHOD 

AND SURFACE DEFECT TESTING DEVICE 

BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates to a magnetic disk 

testing method and a surface defect testing device and, 

particularly, to a magnetic disk testing method and a 

surface defect testing device with which the throughput of 

test of magnetic disks for high density recording can be 

improved. 

Background Art 

A hard disk device (HOD) which is one of external 

memory devices of a computer uses a hard magnetic disk as its 

recording medium. The magnetic disk is fabricated by forming 

a magnetic film on a surf ace of a circular disk of such as 

aluminum or glass by painting, and coating the magnetic film 

with a protective film. The surface of the circular disk 

having the magnetic film and the protective film thereon is 

preferably a flat plane having as small irregularity such as 

protrusions as possible and has a good recording 

performance. The smoothness of the surface of the magnetic 

disk is tested by a glide tester and the electric recording 

performance thereof is tested by a certifier. 

The number of tracks of a magnetic disk for high 

recordinq density is large and the efficiency of test of the 

magnetic disk is lowered with increase of the recording 

density of the magnetic disk. In order to improve the yield 

and the test efficiency of magnetic disk in the glide 

tester, it is a recent tendency to provide an optical 
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surf ace defect test step between a varnishing step and a 

glide test step. The glide test is performed after defective 

disks are preliminarily removed by optically testing surface 

defects of the magnetic disks in the surf ace defect test 

step. 

Fig. 8 shows a conventional fabrication and test steps 

of a magnetic disk. First, there is a magnetic film forming 

step (1) in which a magnetic film and a protective film are 

formed on a disk of such as aluminum by painting, in the 

order, and, then, in order to make the irregularity of 

surface of the magnetic disk having the magnetic film and 

the protective film formed thereon as small as possible, 

protrusions on the surface are removed in appearance through 

a varnishing step (2). Then, the surface defect of the 

magnetic disk is evaluated in a surface defect test step 

(3). In the surface defect test step, disks having defects 

whose size exceeds a predetermined reference value are 

excluded and, t~en, tested in a glide test step (4). In the 

glide test step (4), the existence and the number of 

protrusions are detected by a glide test head. The glide 

test step {4) i~cludes a varnishing step for lightly 

varnishing the magnetic disk. When, as a result of this 

test, it is found that there are residual protrusions the 

number of which exceeds a predetermined number, the result 

of test becomes no-good (NG) and the magnetic disk is 

returned to the varnishing step of the glide test step (4) 

to varnish the magnetic disk again. Magnetic disks which 

become good (G) in the glide test step {4) are processed in 

a certifying step (5). 

Incidentally, an invention in which a glide test and a 
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varnishing step are performed by one and the same device in 

the glide test step (4) was patented as U.S. Patent No. 

5, 423, 111. 

The surf ace defect test step mentioned above is 

intended to improve the yield of magnetic disk in the glide 

tester and to do not test maqnetic disks which may be 

certainly disqualified in the qlide test step. However, the 

number of magnetic disks which become disqualified in the 

surface defect test step is practically very small with 

recent improvement of :ma:nuf acturing preciseness of magnetic 

disk. Therefore, the test throughput (test efficiency) per 

magnetic disk for high density recording is not improved 

substantially even when such surface defect test step is 

introduced. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 

magnetic disk test method capable of improving the 

throughput of test of magnetic disks for high density 

recording to thereby solve such pro.blem of the conventional 

technology. 

Another object of the present invention is to provide a 

magnetic disk defect testing devi~e capable of improving the 

throughput of test of magnetic disks for high density 

recording. 

In order to achieve the above objects, a magnetic disk 

test method according to the present invention is featured 

by comprising a surface defect test step of optically 

testing a :magnetic disk to detect the size of surface defect, 

the continuity thereof, the number of surface defects and the 

position of surface defect with higher accuracy than that of 
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a test of an electrical .characteristics of a magnetic disk 

in a certifying test step to thereby obtain a defect data and 

a classification step of classifying magnetic disk on the 

basis of the defect data obtained in the surface defect test 

step to first magnetic disks whose surface defects do not 

provide any problem. on electric characteristics of the 

magnetic disks and which are to be passed through the 

certifying test step, second magnetic disks which require a 

further certifying test for detex:mining whether or not surf ace 

defects thereof provide a problem on electric 

characteristics of the magneti'c disks and third magnetic disks 

which have electric characteristics to be certainly rejected 

without necessity of a further certifying test, wherein the 

first magnetic disks are decided as being qualified and the 

second magnetic disks are decided as to be tested in the 

certifying test step. With using this method, it is possible 

to improve the efficiency of certifyinq test step. 

Further, a magnetic disk testing device according to 

the present invention comprises test means for realizing the 

above mentioned surf ace defect test step and classification 

means for realizing the classification step. 

By the way, the main difference between the optical 

test of surf ace defect of a magnetic disk and the certifying 

test of a magnetic disk is that the former detects the 

conf iquration of surf ace of magnetic disk optically while 

the latter electrically detects defects influencing the 

electric characteristics of magnetic disk by means of a 

magnetic head. Therefore, a result of the fo:oner optical 

test is not always coincident with a result of the latter 
electrical test. However, it is possible to select, in an 
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optical surface test, magnetic disks which certainly become 

qualified in also the electrical test by making the 

preciseness of the optical surface test higher to provide a 

high selection reference of qualified magnetic disk. As the 

selection reference, the size of defect, the continuity of 

defect, the number of defects and the position of defect are 

used in this invention. 

That is,· in the above mentioned test method and surface 

defect test device, a magnetic disk is classified to one of 

three kinds of magnetic disk, that is, first, second and 

third magnetic disks according to surface defect of the 

maqnertic disk. In order to classify the magnetic disks in 

this manner, the size of defect of the magntic disk, the 

continuity of defect, the number of defects and the position 

of defect· are obtained in the surface defect test step. 

Particularly, the size of defect is obtained under more 

severe condition than the conventional surface defect test 

condition shown in Fig. 8. 

By classifying magnetic disks under test to the three 

classes in the surf ace defect test step, magnetic disks 

which become qualified are determined in this step without 

using the glide test and the certifying test. In view of the 

fact that the number of qualified magnetic disks is dominant 

with respect to t~e number of disqualified magnetic disks, 

as mentioned previously, it is possible to obtain qualified 

magnetic disks which have electric characteristics to be 

qualified and which may be about 30% or more of a total number 

of magnetic disks which have optical defects in view of the 

defect data obtained by performing the surface defect test 

with high precision. As a result, it is possible to reduce 
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the number of magnetic disks to be tested in the qlide tes~ 

and the certification test by 70% or smaller of t:he total 

number of magnetic disks. 

Thus, the magnetic disks to be tested become 70% of the 

total number of magnetic disks to be tested by the 

conventional method and it is possible to improve the 

efficiency of magnetic disk test as a whole. 

According to another embodiment of ·the present 

invention, the surface defect test method comprises, in 

addition to the steps mentioned above, a defect data output 

step for providing at least defec~ position data of the 

second magnetic disks classified in the classification step 

and an identification info:r:mation for identifying the seco·nd 

magnetic disks as a defect information to be utilized in the 

subsequent test step. Correspondingly thereto, the magnetic 

disk test device according to another embodiment of the 

present invention comprises defect data output means for 

realizing the above mentior.ed defect data output step. 

By providing the defect data of t~e second magnetic 

disk for use in the subsequent test step, such as a qlid~ 

test step ar.d/or a ceryt~fying step, in this manner, it is 

possible to test concentrically a position of a magnetic 

disk in which a surface defect is detected while ~oughly 

testing or not testing the remaining positions of the 

magnetic disk in the subsequent test step. Thus, the 

throughput of tes~ for one magnetic disk can be further 

improved. 

A rnaqnetic disk ~avinq some defect frequently becomes 

usable practically by a provision of alternative tracks or 

alternative sectors or by a one-bit error correction, etc. 
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In view of this, among the th:ee classes of magnetic disk, 

it becomes particularly important to classify and test the 

second magnetic disks. However, it is difficult practically to 

precisely classify the second ·magnetic disks separately from 

the third magnetic disks according to mere the size and 

position of defect and the number of defects. When the 

number of the third magnetic disks is larqe, the yield of 

magnetic disk is reduced and the number of magnetic disks 

which become wastes is increased. That is, t~e reduction of 

yield is a problem even if the test efficiency is improved. 

Therefore, in order to improve the preciseness of separation 

of the second magnetic disks from the third magnetic disks, 

the continuity of defect and the type of defect are employed 

in the present invention in addition to the size, position 

and number of defects. 

Describing this in more detail, the surface conditions 

of magnetic disk such as shown by partial cross sections in 

Figs. 7{a) and 7{b) are detected as surface defects in the 

optical defect test. 

Fig. ?(a) shows a case where there is a shallow recess 

type defect usually called "dimple'' in a disk substrate 

including a plated layer and a magnetic fil:n is formed 

thereon. However, the number of ~gnetic disks which have 

magnetic fi]Jns detected as having such shallow recess, 

nevertheless, can guarantee data read/write there~o is not 

small although an electric data output level .is lowered more 

or less. On the other hand, Fig. 7(h) shows a case where 

there is a deep hole type defect usually called "pit'' in a 

disk substrate on which a magnetic film is fox:med: In the 

case of such deep hole type defect, a magnetic film itself 
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becomes thin locally or there is substantially no magnetic 

film formed loc~lly on a surface of the magnetic disk. In· 

such case, data read/write with respect to the magnetic disk 

is not guaranteed frequently. 

For these reasons, the preciseness in the optic~l 

defect test step is made·hiqher and the continuity of defect 

and the aforementioned type data are employed as defect data 

in addition to the size and number of defects. 

That is, in order to more precisely separate the second 

and third magnetic disks from magnetic disks disqualified in 

the optical defect test, magnetic disks which have surf ace 

defects in the form of shallow recesses called dimples such 

as shown in Fig. 7(a) are excluded from qualification 

reference. In order to do so; the continuity of defect and 

the type of defect are referenced. It is general in the 

optical defect test that a dimple appears as a surf ace defect 

havinq a relatively short length and a some area. Such 

defect is excluded from the defect data for classifying the 

second and third magnetic disks and it is determined whether 

or not the defect becomes problems in the subsequent 

certifying test step. In the latter step, such type of 

defect becomes an uncertain defect to be described later. 

on the other hand, the pit type defect has no continuity 
and appears as a short discrete defect. A disk having deep 

pits, data read/write for which are not guaranteed with 

respect to a magnetic disk and the number of which exceeds a 

reference nUitlber, is classified as the third.magnetic disk. 

A magnetic disk which has a predetermined number of long 

defects which are usually disqualified in views of the 

continuity and the type is also extracted as a third 
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magnetic disk. A magnetic disk having defect which causes 
the alternative track or alternative sector to be impossible 
is classified and extracted as a third magnetic disk. The 
classifying condition of these magnetic disks classified as 
the third magnetic disks is determined by repeating the 
certifyinq operation for actual magnetic disks having these 
types of defects. 

In concrete, magnetic disks which are judged as the 
third magnetic disks are those having, as defects by which 
data read/write with respect thereto can not be guaranteed, 
pit type defects large enough to make l bit correction 
impossible, which make alternative track or alternative 
sector impossible in view of the n~er of the pits, the 
positions thereof and the continuity thereof, those having 
such pit type defects the number of which exceeds a value with 
which usual alternative track or alternative sector is 
impossible, those having continuous type defects longer than 
a reference value and/or thos~ havinq a predetermined amount 
of continuous type defects having length excee_ding a 

predetermined value. The remaining magnetic disks are 
decided as the second maqnetic disks. The long continuous 
type defect may be a groove type scratch, etc. 

On the· other hand, when the preciseness of the optical 
surf ace test is made high, the number of the second and third 
magnetic disks which necessarily become disqualified with 
respect to the first, qualified :magnetic disks become 
increased, causing the separation of the second magnetic 
disks from the third magnetic disks to.be difficult. In the 
present invention, however, the second magnetic disks are 
further separated from the third magnetic disks in the 
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certifying step in view of the pit type defect in addition to 

the defects which usually cause related magnetic disks to be 

disqualified, as mentioned above. By extracting the third, 

disqualified magnetic disks from the magnetic disks 

disqualified in the optical defect test in view of the 

number of pits, the size thereof and the continuity thereof, 

the remaining magnetic disks can be classified as the second 

magnetic disks precisely and, thus, it is possible to improve 

the total test efficiency by testing only the second magnetic 

disks in the certifying test. 

Incidentally, in Fiq. 7, a reference numeral ll depicts 

a disk substrate, 12 a plated layer of such as nickel alloy, 

13 a sputtered magnetic film and 14 a lubrication layer. 

The above description of the recess type and hole type 

defects is also applicable to protrusion type defect. As to 

a gentle protrusion type defect called "mound", there are many 

magnetic disks having such protrusion type defect, which can 

guarantee data read/write with respect thereto, since a 

relatively thick magnetic film is formed around the mound. 

However, as to protrusion type defect called "bump", a 

magnetic film itself may be locally broken by the bump and 

substantially lost or locally thinned. Therefore, there are 

many cases where data read/write with respect to a magnetic 

disk having such type defect is not guaranteed. By considering 

the number of bumps, the size thereof and the continuity 

thereof with using the magnetic disks having the latter 

defect as a reference similarly to the case of the pit type 

defect, it becomes possible to precisely separate the third 

maqnetic disks to be disqualified from the second magnetic 

disks which have defects to be tested in the certifying 
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step. Incidentally, the mound type defect becomes the 

uncertain defect to be described later. 

In the recent surface defect test, the type of de=ect, 

such as dimple, pit, mound, bump and scratch, etc., of a 

magnetic disk can be detected, respectively. 

By takinq the type·of defect into consideration, it 

becomes possible to precisely classify the third magnetic 

disks from the second magnetic disks which have defects to 

be tested in the certifying step, except uncertain defects 

prior to the electrical characteristics test in view of a 

relation between the size, the continuity and the type of 

defect and, thus, it becomes possible to decide the second 

magnetic disks to be tested. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fiq. 1 shows a flowchart of a general processing o: 

magnetic disk, to which the magnetic disk test met~od o: a4 

embodiment of ~he present invention is applied; 

Fiq. 2 is a flowchart of a general processing of 

magnetic disk, to which another embodiment of the present 

invention is applied; 

Fig. 3 is a flowchart of a surface defect test ~£thod of 

the present invention; 

Fiq. 4 is a flowchart of a glide test in the magnetic 

disk defect test method of the present invention; 

Fig. 5 is a flowchart of a certifying test of the 

magnetic disk defect test method of the present invention; 

Fig. 6 is a block diaqram of a magnetic disk defect 

test device cf the present invention; 

Fig. 7 shows partial cross sections of typical surface 

defects of a magnetic disk, in which Fig. 7(a) shows a 
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dimple type defect and Fig. 7(b) shows a pit type defect; and 

Fiq. B shows a flowchart of a conventional magnetic 
disk manufacturing and test step. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In Fig. l which is a flowchart of a whole processing of 

magnetic disk, to which a magnetic disk test method according 
to the present invention is applied, capital letter A 

depicts a surface defect test ~rocedure which corresponds to . 
the surface defect test step (3) shown in Fig. a. This 
procedure A is composed of a test step A-1, a defect data 

se~tioninq step A-2 and a qualified disk decision step A-3 
and a disqualified magnetic disk sectioninq step A-4, for 
classifying tested maqiletic disks to the first, second and 

third magnetic disks. 

The test step A-1 is to obtain the size of magnetic 
disk defect,. the continuity thereof, the number thereof, the 
type thereof and the position of defect of magnetic disk, as 
the defect data. The defect data sectioning step A-2 is to 
separate, from the thus obtained defect data, data of 

uncertain defect which may guarantee the data read/write 
with respect to a magnetic disk related thereto electrically 
while it is uncertain whether or not it is a defect in view 
of the electrical characteristics test in the certifying 
test step and data of certain defect whi'ch is certainly 

decided as defect on the electrical characteristics. 

Decision of the certain defect or the uncertain defect 
depends upon whether or not a data read/write with respect 
to a magnetic disk related thereto is quaranteed in view Of 
the type of defect such as dimple, pit, mound, bump or 
scratch. etc., the position thereof ~d/or the continuity 



13 

thereof. That is, defects with which a data read/write with 

respect to a related magnetic disk can not be guaranteed are 

the certain defects and other defects become uncertain 

defects. The certain defect includes pit or dimple having a 

size which does not allow 1-bit correction, a defect with 

which.the data read/write with respect to a related maqnetic 

disk can not be guaranteed in view of the position and 

length thereof and a defect which continues for a distance 

larger than a constant distance regardless of the position 

thereof, etc. 

Selecting condition of such certain defects with which 

data read/write with respect to related maqnetic disk is not 

guaranteed is decided by repeatedly writinq ·data of 

practically existing defects on magnetic disks and 

electrically reading it in a certifier and by confirming 

whether or not the defects guarantee data read/write 

thereto. 

The qualified disk decision step A-3 is to dete.rmine, 

on the basis of the defect data acquired initially, the 

first magnetic disks which have no problem with respect to 

the electric characteristics thereof and become qualified in 

the certifying test and to qualify the first magnetic disks 

with?ut electric characteristics test. The first magnetic 

disk has defects the number of which is smaller than a 

predetermined number, a predetermined number of which are 

not concentrated in a specific track of the magnetic disk or 

sector· thereof_ and with which the data read/write with 

respect to the magnetic disk_is guaranteed. Further, the 

selectinq condition of the defects with which the data 

read/write wi.th respect to a related magnetic disk is 
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guaranteed is detel:lnined by repeatedly writing and 

electrically reading data of practically existing defects in 

the certifier and confirming whether or not data read/write 

is quaranteed. 

The disqualified ma~etic disk sectioning step A-4 is to 

extract, from the magnetic disks which become disqualified 

in the qualified disk decision step A-3, the third ma.qnetic 

disks which will be disqualified certainly in the defect 

data sectioning step A-2, to separate the remaining magnetic 

disks as the second maqnetic disks to be tested in the 

certifying test from the disqualified magnetic disks and to 

ma.ke the second maqnetic disks as disks to he tested aqain. 

The maqnetic disk which will be certainly disqualified 

is decided in view of the certain defects, the number 

thereof and the position thereof. Particularly, the position 

of defect depends upon the num'ber of certain defects in one 

and the same track or sector of the magnetic disk and the 

continuity of these defects. Since, when the number of the 

certain defects exceeds a predetermined constant value, an 

alternative track or alternative sector becomes not 

available, the magnetic disk is certainly decided as to be 

disqualified when the numl:Jer of the certain defects exceeds 

the predetermined value. Further, the magnetic disk is 

certainly decided as to be disqualified dependently upon the 

number of continuous defects ~hich are lonqer than a 

reference value or whether the position thereof makes the 

alternative track or alternative sector impossible to . 
provide. Further, the maqnetic disk is certainly decided as 

to be disqualified according to-the deqree of concentration 

of continuous defects longer than a predete.tmi.ned lenqth in 
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a specific track or sector. 

Capital letter B in Fiq. l shows a glide test step 

which corresponds to the glide test step (4} in Fig. 8, 

which is to perform the glide test for all tracks (whole 

surface) of the second maqnetic disks which is to be tested 

again. 

Capital letter c shows a certifying test step ~hich 

corresponds to the certification test step (5). in Fig. a. 
This step ts to perfo::cm a certifying test for all tracks 

(whole surf ace} of the second magnetic disks which are 

·qualified in the glide test step B. 

Fig. 2 shows a· flowchart of another embodiment of the 

surface defect test which differs from that shown in Fig. l 

in that a defect data ·output step A-5 is added to the 

disqualified maqneic disk sectioning step A-4 in Fig. 1 as 

the last step thereof. The added step A-5 is to output an 

identification (ID) number and defect data (data of defect 

prior to extraction of the data of certain defect data) of the 

second magnetic disk to be tested again to a recording 

medium such as floppy di~k (FD). 

The defect data output step A-5.outputs defect data to 

be used in the suosequent test step, which includes 

uncertain defect data and certain defect data prior to 

separation in the defect data sectioning step A-2, to the 

floppy disk together with the ID number of the second 

maqnetic disk. In this case, the data of the uncertain 

defect and the data· of the certain defect are stored in the 
floppy disk separately: 

The defect data output to the recording medium includes 
at least the position data of defect on the magnetic disk. 
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In concrete, in the glide test step B in Fig. 2, the 
defect test data of the second maqnetic disk obtained in the 
defect data output step A-5 is read from the floppy disk and 
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the ID nwnber of the magnetic disk to be tested is read out 

from the bar-code of the disk cassette and the pick-up 
position of the cassette and the detailed glide test is 

'• 

performed for the defect position of the defect data, the 

area before and behind the defect position including the 
latter or the track or sector in which the defect position. 
Magnetic disks disqualified in this test are tested aqain 
after varnishing them in the glide test step. The magnetic 
disk qualified in this test step is loaded in a disk 
cassette and, then, a bar-code label on the side faces of the 
disk cassette is read, a new ID nUlllber is produced from the 
loading position of the cassette, the initial ID number 
·thereof is replaced by the newly produced ID number and the 
latter is written in the floppy disk. In this case, the lot 
number of the disk cassette· is not changed unless there is 
any special condition. 

In the certifying step C succeeding to the glide test 
step B, the defect data detected in the qlide test step B is 
read from the floppy disk and the certifying test is 
performed for the defect_ position of the defect data, the 
area before and behind the defect position including the 

latter or the track or sector in which the defect position, 
on the basis of the defect data thus read out. 

In concrete, in the certifying step c, the defect data 
detected in the glide test step B is read from the floppy 
disk, the I~ number of the_ disk. to be t~sted is read ~ut 
from the bar-code on the disk cassette and the cassette 
pick-up position and the detailed certifying test is 

perfo:cmed for the defect position of.the defect data, the . .· 
area before and behind the·defect position including the 
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latter or the track or sector in which the defect position, 

according to the position data. Magnetic disks disqualified 

in the certifying step are abandoned. 

Fig. 3 is a flowchart of the surface defect test method 

according to the embodiments shown in Figs·. .1 and 2 . 

Describing the flow of the embodiment shown in Fig. 1, 

a bar-code is read out from a disc cassette of the magneti~ 

disk·passed through the varnishing step (2), a bar-code is 

read out from a bar-code label of a disk cassette and stored 

in a memory (step 101), a magnetic disk to be tested is set 

on a spindle of a test table (step 102), and the surface 

defect test is started (step 103). Then, a signal level of 

the defect detected and its position on the disk are 

acquired (step 104) and the level data and the positi~n data 

of the defect signal are stored in the memory (step 105}. 

Then, the size and continuity of the defect are.determined 

on the basis of the level data and position data of the 

defect siqnal, and data of them are produced and data 

thereof is stored in the memory (step 106). Further·, the 

above mentioned continuity and the type of defect are 

determined by, for example, one of the two light receiving 

detector systems to be described with reference to the 

embodiment shown in Fig. 6 (step 107). Then, certain defect 

data is detei:mined by excludi~q uncertain defects on the . 

basis of the size of defect, the continuity and the kind of 

the defec;:t and stored in the memory Cs.tep 108). The 

remaining c~rtain defects which may be dimple or mound as 

mentioned previously may be stored in another memory area as 
uncertain defect data. 

From the magnitude, the continuity, the number and the 
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position of the defect signal in the defect data before the 

classification of the certain defect data {not including the 

kind of defect), it is determined whether or not the 

magnetic disk is the first magnetic disk {step 109). When it 

is the first magnetic disk, it is qualified in this state and 

the glide test step B and the certificati.on step C are not 

performed basically. That is, the maqnetic disk is basically 

inspected by sampling in the gl.ide test step B and the 

certifying test step C or in the certifying test step to 

confirm the reliability of decision of magnetic disk 

qualified in the optical test on demand and, according to 

the result thereof, the judqe conditi·on is changed such that 

the judgement becomes more reliable. 

For the magnetic disks which were disqualified in the 

step 109, it is determined, with reference to the detennined 

defect data produced in the step 109, whether o~ not they 

are the third magnetic disks which are to be certainly 

disqualified and the remaining magnetic disks are detennined 

as the second magnetic disks to be tested aqain (step 110) . 

Then, for the first magnetic disks which were qualified 

in the step 109, they are put in disk· cassettes, and ID 

number (lot number + cassette n\lll\ber + storaq~ position) is 

produced by the acquired storage position da~a an~ stored in 

the memory as the qualification data (step 111). For the 

third magnetic disks which were disqualified in the step 

110, those .disqualified are stored in disk cassettes for 

disqualified disks and processed as disqualified (step 112). 

For the second magnetic disks which were qualified by 

the judgement in the step 110, ID numbers Clot numbers + 

cassette numbers + storage pos~tions). of the magnetic disks 
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and their defect data (defect data prior to separation of 

the certain defect data) are stored in the memory as disks 

to be tested again (step 113) • And, by determininq whether 

or not there are magnetic disks in a predetexmined cassette, 

it is determined whether or not the surface defect test is 

completed (step 114). When it ·is not completed as yet, the 

processing is returned to the step 102. When completed, the 

qualif.ied data in the step 111, the defect data in the step 

112 are tabled together with the ID numl:>ers and output to a 

floppy disk (FD) (step 115). 

When the qualified first and second magnetic disks are 

sto~ed not in the their original disk cassettes but in new 

disk cassettes, the bar-codes of the new disk cassettes are 

read to produce a new identification information. 

Although the dete:nnination of whether or not the 

magnetic disks are qualified is perfooned on the basis of 

the size of defect, the continuity thereof and the number of 

defects existing in, for example, l track or sector as 

mentioned above, the judgement of uncertain defect in the 

step 108 is based on the type of defect and the continuity 

thereof. Incidentally, the size of defect is determined by 

the signal level. 

The flowchart shown in Fig. 3 and described 

hereinbefore is for the embodiment shown in Fiq. l as 

mentioned previously. In. the case of the embodiment shown in 

Fig. 2, the proc.essing i.n the step 115 is replaced by a 

processinq in a step llSa as shown by a dotted line in Fig. 

3. That is, when it is decided in the step 114 that the test 

is completed, the defect data of the second magnetic disks 

acquired in the step 112 is.tabled·toqether with the ID 
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number thereof and the table is output to the floppy disk in 

the step_ llSa. In the glide test step B, the. tabled defect 
data is read out from the floppy disk and the qlide test is 
performed concentrically in the position of defect obtained 
from the defect data. Further, in the glide test step B, the 
defect data is tabled toqether with the ID number of the 
~gnetic disk and output to the floppy disk similarly. The 

defect data is read out from the floppy disk in the 
certifying step C and the certifying test is performed 
concentrically in the position of defect obtained from the 

defect data. 

The glide test step B in the case of the embodiment 

shown in Fig. 2 will be described in detail with reference to 

the flowchart shown in Fig. 4 .. 

First, the defect test data stored in the floppy disk 

in the step llSa is read in the memory (step 201), the bar­
code of the bar-code label of the disk cassette is read and 
stored in a memory (step 202), the magnetic disk to be 

tested is set on the test table (step 203) and an ID number 

(lot number + cassette number + pick-up position) is 
produced by obtaining the pick-up position of the cassette 
and stored in the memory (step 204). Then, the glide test is 
started (step 205). 

Next, the qlide test head seeks a track of the magnetic 
disk correspondinq to the position of defect data and 

performs the defect test of the defect position of t~e 
·defect data,. the area before and behind the defect position 

including the latter or the track or sector in which the 
def~ct position exists (step 206) and the test data is 
acquired (step 207). Then, it is decided whether or not the 
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test track is ended (step 208). When there is a further 

defect data, the processing is returned to the step 206 and 

the glide test head seeks a next track having defect and 

acquires a test data. This is repeated until the tes~ of all 

tracks having defects is completed. When the glide test data 

of the all tracks havinq defects are acquired, it is decided 

on the basis of the result of test whether or not the 

magnetic disk is qualified (step 209). Qualified magnetic 

disks are housed in respective disk cassettes and 

identification numbers Clot number + cassette number + 

storing position) thereof are produced according to the 

housing position data acquired (step 210) and, then, it is 

decided whether or not the test is completed_(step 211). 

When there is a magnetic disk to be tested next in the 

cassette, the processinq is returned to the step 203 and the 

tests are perfo:cmed similarly. 

When all of the tests for the magnetic disk stored in 

the cassette is completed, the test completion is decided in 

the step 211, the ID number of the tested maqnetic disk, 

which was stored in the memory, is rewritten to the ID 

number produced in the ~tep 210, the ID number in the floppy 

disk storing the defect data is updated {step 212), -and, 

when the magnetic disk is qualified, the magnetic disk is 

sent to the subsequent certifying step C toqether with the 

disk cassette. 

On the other hand, when the magnetic disk is 

·d~squalifie~ in the steps 206 and 209, the disqualified 

magnetic disk is stored in another disk cassette and handled 

in a disqualifyinq proces~- In the disqualifying process, the 

disqualified maqnetic disk is varnished in the qlide test 
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step and tested again through the steps 203 through 209. 

When the magnetic disk is disqualified in the steps a 
predetermined number of times, it is treated as wastes. 

In returning the magnetic disk which is disqualified in 
the step 209 to the varnishing step in the qlide test step, 
another ID number related to .the initial ID numl:>er thereof 

is attached thereto. 

Further, as mentioned above, when the qualified 

magnetic disk is not stored in its original disk cassette, 
the readinq of the bar-code of the disk cassette in the step 
202 is perfo:cmed for· a new disk cassette which stores the 
qualified maqnetic disk. 

Now, the certifying step c in the embodiment shown· in 
Fig. 2 will be described in detail with reference to Fig. 5. 

First, the defect test data read from the floppy disk 
whose identification information is updated in the step 212 
is stored in the memory (step 301), the bar-code read from 
the bar-code label of the disk cassette is stored in the 
memory <.step 302), the magnetic disk to be tested is set on 

the test table (step 303) and the ID number (lot number + 
cassette number + pick-up position) is produced from the 
pick-up position data of cassette and stored in the memory 
(step 304). Then, the certifying test is.s~arted (step 305). 

Thereafter, the magnetic head seeks a track of the 

magnetic disk corresponding to the position or the defect data 
read from the·floppy disk to test on defect for the defect 
position Of the defect data, the area before and behind the 
defect position including the latter or the track or sector in 
.which the defect position. exists {step 306) and the test 
data is acquired (step 307) . Then, it is decided whether or 
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not the test track is ended (step 308). When there is a 

further defect data, the processing is returned to the step 

306 and the glide test head seeks a next track having defect 

and acquires a test data. This is repeated until the test of 

all tracks having defects· is completed. When the certifying 

test data for the tracks having defects are completed, it is 

decided on the basis of the test data obtained whether or 

not the magnetic disk is qualified (step 309). Qualified 

magnetic disks are stored in respective disk cassettes and 

ID numbers (lot number + cassette number + storing position) 

are produced according to the storing position data acquired 

(step 310} and, then, it is decided whether or not the test 

is completed (step 311). When there is a magnetic disk to be 

tested next in the cassette, the processinq is returned to 

the step 303 and the tests are perfol:lned similarly. When the 

test for the magnetic disks. stored in the cassettes is 

completed, the decision of test completion is made in the 

step 311, coznpleti~q the certifying test. 

Qualified magnetic disks are sent to an appearance test 

step together with their disk cassettes. 

on the other hand, magnetic disks which are 

disqualified in the step 310 are stored in other disk 

cassettes for disqualified magnetic disks and processed as, 

for example, wastes. 

Fig. 6 shows a construction of a magnetic disk· test 

device of this kind. The detec:t.~on pr<?,cessinq perf Ollned by 

the magnetic disk test device will be described ma.inly in 

detail without detail of the scanning operation thereof. 

Such surf ace defect test device for detecting the k~nd of 

defect is described in,.-· for example, u .. s. Patent No. 
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This Sheet Has Been Replaced 

I \ll\111111111 \Ill Ill \Ill 
4,794,265 and Japanese Patent Application Laid-open No. Hei 
3-273141 "Defect Detection Method of Magnetic Disk Magnetic 
Film and Detection Optical System", etc. 

The surface defect test device 10 has two detection 
optical systems. 

In Fig. 6, a maqnetic disk l to be tested. is rotated by 
a spindle motor 2 and helically scanned by a laser light. 'A 

projectinq optical system 3 includes a first laser 
projecting light source 3a and a second.laser projecting 
light source 3b. Laser projection angles of the first and 
second laser projectinq light sources Ja and 3b are about 
70° , respectively, and are arranged perpendicularly to each 
other in a horizontal plane, although shown differently for 
convenience of illustration. A liqht receiving system 4 
corresponding to the light projecting system 3 and is 
composed of a first liqht receivinq system 4a for receiving 
a reqular reflection light which is projected by the first 
l.aser projecting light source 3a and reflected by the 
maqnetic disk 1 and a second light receiving system 4b for 
receiving a regular reflection light which is projected by . . 

the second laser projecting light source 3b and reflected by 

the magnetic disk l. Light receiving angles of the light 
receiving systems 4a and 4b are the same as those on the light 
projecting side and about 10• , respectively. 

The difference between the first light projecting 
system ~a and the.second light projecting system 3~ resides 
in the thickness of laser beam.· Laser beam emitted by the 
first light.projecting system is a thin laser beam 
collimated as much as possible. In this point, laser beam 
emitted by the second light projecting system is a wide 
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laser beam. With such difference, the first light receiving 

system 4a is used to detect pits and the second light 

receiving system 4b is used to detect dimples and mounds. 

A defect detection circuit 5 includes a first defect 

detection circuit 51 and a second defect detection ci~cuit 

52 correspondingly to the first and second light receiving 

systems 4a and 4b, respectively. 

The first defect d~tection circuit Sl is composed of a 

filter circuit Sla for receiving a detection signal of the 

first light receiving system 4a, an amplifier Slb for 

amplifying an output signal of this filter, a differential 

amplifier Slc for comparinq an output signal of the 

amplifier Slb with a predetermined threshold value v,H 1 and 

amplifying a portion of the output s·iqnal which exceeds the 

threshold value, a peak hold circuit Sld and an A/D 

converter circuit Sle. 

The second detection circuit 52 is co~posed of a filter 

circuit 52a fo~ receiving a detection signal of the second 

light receiving system 4b, an amplifier 52b for amplifying 

an output signal of the filter circuit 52a, a differential 

amplifier 52c for comparing an output signal of the amplif~er 

52b with a predeterIEdned threshold value vTBt and amplifying 

a portion of the output signal which exceeds the threshold 

value, a peak hold circuit 52d and an A/D· converter circuit 

52e. 

The threshold values VTHl and vT•z are.regulata.ble· and 

are set to appropriate values correspondingly to states of 

the detection signals of the respective liqht receiving· 

systems. 

As a result, defects of the two systems which are 
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detected correspondingly to the helical scan of the magnetic 

disk 1 are held in the respective peak hold circuits Sld and 

52d. The values held in the respective peak hold circuits 

are converted into diqital values by the A/D converter 

circuits Sle and ~2e correspondingly to a control signal of a 

data processinq unit 53 and taken in the data processing 

unit 53. The values held by the peak hold circuits Sld and 

52d are reset by the signals from the respective A/D 

converter circuits Sle and 52e and peak values of next 

detection signals are held by them, respectively. 

The data processing unit 53 is constructed with a micro 

processor unit (MPU) 53a, a memory 53b, a display 53c, a 

printer 53d and an interface 53e, etc., which are mutually 

connected through a bus 53f. In the memory 53b, a defect 

detection program 54a, a defect size and continuity judqe 

program 54b, a defect type judqe program 54c, decided defect 

sectioninq program 54d and a qualification judge program 

54e, etc., are stored and, further, a defect data area 54f 

and a decided defect data area 54q are provided therein. 

The MPU 53a drives the spindle motor 2 throuqh the 

interface 53e by executinq the defect detection program 54a 

and starts the helical scan by controlling it to move in an 

X direction (or a Y direction). An amount of this control is 

stored in a predetermined area of the memory 53b as a scan 

position. infoma.ti.on. Then, th~ data of the A/D converter 

circuits Sle and 52e are.taken in through the interface 53e 
. . 

with a predete:cmi.ned timing and the detection levels are 

stored in the memory 53b· correspon~ngly to the detectors of 

the first and second light re~eiving systems together with 

the scan position data, respectively. 
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The defect size and continuity judge program 54b is 

executed to read the defect data of the first and second 

light receivinq systems which are acquired and stored in.the 

memory 53b, to rank the sizes corresponding to the read 

defect data, to rise a flaq in a ranqe in which defect data 

of the respective first and second liqht receiving systems 

are continuous, to add the size information (data indicative 

of the size} the~eto and to store them in the defect data 

area 54f together with the defect detection position data. 

When, among the data stored in the defect data area 54f, 

there is defect data in the A/D converter circuit Sle whose 

level is within a predetermined value range and which has a 

continuity and there is no defect data in the A/D converter 

circuit 52e·(or it is defect data whose level does not exceed 

a predetermined value), the defect type judge program 54c 

rises a flag indicating the defect data as a dimple or 

mound. This is the defect data which is defected in only the 

first liqht receivinq system 4a for detecting dimple or 

mound or bump and has the continuity and low detection 

level. Therefore, the condition that there is no defect 

detected in the second light receiving system 4b for 

detecting pit is necessary. 

The. level of the defect data in the A/D converter 

circuit Sle within the predete~ned value range is used to 

exclude bumps. The level of the detection signal becomes 

high when there is .a bumP. Further, the bump has almost no 

continuity. 

The certain defect sectioning program 54d is executed 

to. extract other defect than the defect which is determined 

as dimple or mound by· the defect type judge proqram 54c as 
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certain defect from the data in the defect data area 54f 

together with the size and continuity thereof and to store 

it in the certain defect data area 54g together with its 

position data. In such case, it may be possible to exclude 

the certain defect data from the data stored in the defect 

data area 54f and to make data in that area as uncertain 

defect data. 

The qualification judge program 54e determines the 

first magnetic disks on the basis of the Qetermination 

references of the size, the continuity, the number of 

defects and the position thereof from the data in the defect 

data area 54f and determines the third magnetic disks on the 

basis of the detennination references of the size, the 

continuity, the number of defects and the position thereof 

from the data in the decided defect data area 54g. 

As mentioned previously, a magnetic disk which 

certainly becomes qualified in the electrical test can be 

selected by the optical test by making the qualification 

reference of magnetic disk high by imp~ovinq the preciseness 

of the optical surface t~st. Practically,· however, the 

optical surf ace test for all defects is not always 

guaranteed in the certifying test due to the difference in 

characteristics between the optical surf ace test and the 

elect~ical test and there may be.some difference b~tween 

them because the optical test condition and the optical test 

environment which are varied to some extent influence on it. 

Further, there may be defects whose electrical and optical 

characteristic·s tests do not coincide dependently upon the 

material and thickness of the magnetic film and the material 

and polishinq of the disk substrate. 
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Therefore, it is necessary as described previously to 

confirm the reliability of decision of magnetic disk to be 

qualified in the optical test by the certifyinq test of 

sampled first magnetic disks qualified in the optical 

surfac~ test or change the test condition correspondingly to 

the state of test such that the decision becomes more 

reliable. 

However, the quality of magnetic.disks .tested before the 

more reliable condition is set becomes a problem. However, 

it is possible to deal with such problem of the first 

magnetic disks by preventinq deqradation of the quality of 

manufactured magnetic disks by a sampling certifying test, 

a certifying test at rouqh pitch, a certifyinq test for a 

defect position and in the vicinity _thereof or a combination 

of these tests. 

The sampling test does not cause any degradation of the 

total test efficiency even if the sampling amount is 

increased to some extent, provided that all of the first 

magnetic disks qualified by the optical are not sampled. 

The test for only the vicinity of a defect which is 

performed for the second magnetic disks in the described 

embodiment is performed for_ the first magnetic disk 

qualified in the optical surface test. That is, the defect 

position and the area in the vicinity thereof are tested on 

the basis of the defect data of the first magnetic disks. 

FUrther, the certifying test with rough track pitch is more . . 
efficient than that of the conventional whole surface test. 

·The above mentioned matters are important in view of 

guarantee of magnetic disk quality and do not substantially 
. . 

degrade the test efficiency because the ·conventional 

11ii11ii1ir 
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certifying test is the whole surface test. 

Although, in these embodiments, the defect type data is 

used as the defect data to classify defects to uncertain 

defects and certain defects, this classification may be to 

extract only certain defects from data of merely the size, 
. . 

the number and the position of defect by taking the continuity 

of defect into consideration, since it is enough to obtain 

the certain defects. 

Further, as also described, it may be possible to 

qualify the uncertain defect as well as the certain defect 

by excluding certain defect data from the data in the defect 

data area 54f of the memory, providing only the position 

data of the remaining uncertain defect data of the defect 

data area and performing the qlide test step B and the 

certifying step C for the position of the uncertain defect. 

In the embodiments of the presen~ invention, both the 

continuity of defect and the type of defect are considered 

in order to precisely classify the second and third magnetic 

disks. However, when only the continuity of defect is 

considered, only the number of the second magnetic disks may 

be increased. Therefore, it is still possible to improve the 

test efficiency since the first magnetic disks are not 

tested, and the consideration of the type of defect is not 

always indispensable requirem~nt in the present invention. 

Although the management of defect data is perfor.med by 

using the floppy disk in the described ~odiments, it is 

possible to use other memory medium than the floppy disk .and 

it may be possible to transmit the defect data to the 

subsequent steps by utilizing an on-line network. 
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1. A magnetic disk testing method comprising the steps of: 

optically testinq surf ace defects of magnetic disks by 

detecting the size of the surfac~ defects, the continuity _ 

thereof, the numbe~ thereof and the position thereof to 

obtain a defect data; and 

classifying the magnetic disks hav~ng the surface 

defects thus tested in the optical test step to first 

magnetic disks, second maqnetic disks and third magnetic 

disks on the basis of the defect data obtained in the 

surface defect test step, the first magnetic disks to be 

qualified in a subsequent test step, the second magnetic 

disks including magnetic disks to be decided as qualified in 

the subsequent test step, the third magnetic disks to be 

certainly disqualified in the subsequent test step. 

2. A magnetic disk testing method as claimed in claim 1, 

wherein the defect data further includes the type of defect, 

and further comprising the step of qlide-testinq the second 

magnetic disks between the classifying step and a subsequent 

certifying step, only magnetic disks of the second magnetic 

disks, which are qualified in the glide test step, being 

tested in the subsequent test step. 

3. A magnetic disk testing method as claimed in claim 2, 

further comprisinq the step of obtaining a defect 

information including the data of at least the position of 

defect and an identification infonnation.for identifying the . . . 

second magnetic disks _from the o~~er magnet~~ disks, ~he 

second magnetic disks beinq tested in the glide test step or 

certifying step according to the defect information. 
. . 

4. A magnetic disk testing method as claimed in claim l, 
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wherein the subsequent test step includes a glide test step 

and wherein a glide test is performed in a position of the 

surf ace defect of the second magnetic disk, an area in the 

vicinity of the position, a sector of the second magnetic 

disk including the position of defect or a track of the 

·second magnetic disk including the position of defect 

according to the defect position data obtained 

correspondingly to the identification information of the 

second magnetic disks tested in the qlide test step by 

reading the defect information obtained in the defect data 

obtaining step and a defect information of magnetic disks of 

the second magnetic disks which are qualified in the glide 

test step is newly. produc'ed according to a result of the 

glide test step. 

5. A magnetic disk testing method as claimed in claim 1, 

wherein the subsequent test step further includes a step of 

certifying the second magnetic disks by reading the defect 

inf or:mation obtained in the glide test step and testing the 

defect position of the second magnetic disk, an area around 

the defect position thereof, a sector including the defect 

position thereof or a track including the defect pos~tion 

thereof on the basis of the defect position data obtained 

from the new identification info~tion. 

6. A magnetic disk testing method as claimed in claim 2, 

wherein the t"ype of defect includes defect with which a data 

read/write with respect to the magnetic disk is not 

guaranteed, wherein the classifying step is to extract first 

magnetic disks from the maqnetic disks to be tested and to 

extr~ct third ma.gnetic ~isks from the remaining· maglietic 

disks by referencing the defect with which the data 
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read/write with respect thereto is not gua~anteed. 

7. A magnetic disk testing method as claimed in claim 6, 

wherein the defect with which the. data reads/write with 

respect to the magnetic disks related thereto is not 

guaranteed is a pit type defect. 

a. A magnetic disk testing device for optically testing 

defects of a magnetic disk, comprising: 

detection means for detecting the size of surf ace 

defects of the magnetic disk, ~he continuity thereof, the 

number thereof and the position thereof as a defect data; 

and 

classification means for classifying the magnetic 

disks having the surf ace defects thus tested in said optical 

magnetic disk test to first magnetic disks, second magnetic 

disks and third magnetic disks on the basis of the defect 

data obtained by said detection means, said first magnetic 

disks being to be qualified in a subsequent test device, 

said second magnetic disks including magnetic disks to be 

decided as qualified in said subsequent test device, said 

third magnetic disks being to be certainly disqualified in 

said subsequent test device. 

9. A magnetic disk testing device as claimed in claim 8, 

wherein:the defect data further includes the type of defect 

and ~aid subsequent test device comprise~ a qlide tester and 

a ce~tifier for certifying an electric characteristics of the 

ma_gnetic disk, said certifier ·certifying magnetic disks of 

said second magnetic· disks, which are. qualified in said 
glide tester. 

10. A magnetic disk testing device as claimed in claim 9, 

further comprising defect data oµtput means for providing at 
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least the defect position data of said second magnetic disks 

and an identification information for distinguishing said 

secQnd magnetic disks from other magnetic disks as a defect 

infoJ:ma.tion. 

11. A magnetic disk testing device as claimed in claim 10, 

wherein the d_efect info:cmation is read by said glide tester 

and performs a glide test in a position of surface defect of 

said second magnetic disk, an area in the vicinity of the 

position, a sector of said second magnetic disk including 

the position of defect or a track of said second magnetic 

disk including the position of defect according to the defect 

position data obtained from the defect position data. 

12. A magnetic disk testing device as claimed in claim ll, 

wherein said glide tester newly outputs at least the defect 

position data and an identification information for 

distinquishinq said second magnetic disks from the other 

magnetic disks as a defect information correspondingly to 

said second magnetic disks tested by said glide tester a~d 

said certifier performs a certifying test in a position of 

surface defect of said second magnetic disk, an area in the 

vicinity of the position, a sector of said second magnetic 

disk including the position of defect or a track of said 

second magnetic disk including the position of defect 

accordinq to a new defect position data obtained from the 

new defect information. 

13. A ~aqne~ic disk test~ng device as claimed in claim 9, 

wherein ~e type of defect includes def~ct with which a data 

read/write with respect to a magnetic disk related thereto 

is substantially impossible and said classification means 

extracts said first magnetic disks from said magnetic disks 
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to be·tested, extracts said third magnetic disks from said. 

magnetic disks said first magnetic disks of which are 

removed, classifies the remaining magnetic disks to said 

second magnetic disk, said classification means references 

said defect with which a data read/write with respect to a 

magnetic disk related thereto is subst~ntially impossible 

when said classification means extracts said third magnetic 

disks. 

14. A magnetic disk testinq method as claimed in claim 1, 

wherein the defect data further includes the type of·defect 

and-wherein the first magnetic disks are tested in a 

subsequent certifying step and a classification condition is 

set in the classifyinq step according to a result of the 

test in the certifying step. 

15. A magnetic disk testing method as claimed in claim l, 

wherein the defect data further includes the type of defect 

and wherein a subsequent certifying test step is performed 

on the first magnetic disk sampled, on the defect position 

of the first magnetic disk and an area in the vicinity of the 

defect position thereof or on a track of said first magnetic 

disk with a pitch of the track beinq roughed. 

16. A magnetic disk testing device as claimed in claim 8, 

wherein the defect data further includes the type of defect 

and said certifier perf oz:med the certifying test on said 

first magnetic disk and a classification condition in said 

classification means is set according t6 a result of the 

certifying test. 

17. A magnetic disk testing device as claimed in claim a, 
wherein the defect data further includes the type of defect 

and the certifying test step ·is performed on the first 

• 
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magnetic disk sampled, on the defect position of the first 

magnetuic disk and an area in the vicinity of the defect 

position thereof or on a track of said first magnetic disk 

with a pitch of the track being roughed. 

1iiili~f 


