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MAGNETIC MEDIA TESTER 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

200005784-4 
1 0 OCT 2000. 

The present invention relates to an apparatus for evaluating 

the perfonnance of a magnetic disk (a so-called spin stand) used 

in a hard disk drive. 

DESCRIPTION OF THE RELATED ART 

A hard disk· drive (hereinafter referred to as HDD) is widely 

u~ed as an information storage apparatus. 

Fig. 1 shows a schematic diagram showing the strµ.cture of 

HOD which is now widely used. ~ magneti~ disk 1 of HOD is rotated 

at a high speed of several. thousand rpm by a spindle motor 2. 

A slider 4 positioned at the tip of a rotary positioner 3 is 

slightly f l.oated by air stream flowing on the magnetic disk l:. 
Further, a magnetic head 5 is positioned at an end of the slider 

4. The magnetic disk 1 is magnetically wr~tten with a servo 

signal, which signal. is demodulated by a servo demodulation 

circuit 7 through apreampl.ifier 6, thereby obtain~ng a track 

information (representing on which track the head is positioned) 

and a PES signal (Position Error Signal. : representing how much 

the head is deviated from the track center). 

The HOD, by reading the servo signal. by the magnetic head 

5, knows the present head position, drives the rotary positioner 



- 2 -

3 by a voice coil motor (VCM) 8, and performs positioning on 

a track (target track) written with necessary information. That 

is., a difference between the target track position and the head 

position is detected as the PES signal which is inputted into 

a compensator 9. Next, the compensator 9 produces a drive 

instruction of the rotary posi tioner 3 based on the PES signal, 

and the rotary positioner 3 is driven by the voice coil motor 

(VCM) 8 through a power amplifier 10. 

Here, on the magnetic disk 1 used in the HDD, the above servo 

signal and data are recorded and reproduced using the magnetic 

head 5. At this moment, since, if there is a defect in the 

magnetic disk, recording or reproduction cannot be performed 

satisfactorily, it is necessary to test that the necessary 

minimum performance is satisfied by the magnetic disk 1 alone 

before incorporating in the HDD (that is, clamping the magnetic 

disk 1 to the spindle motor 2). In general, this test· is 

performed using a testing magnetic head, for successively 

testing a gliding character~stic, certifycharacte;-istic, and 
-· 

a contact start-stop(CSS) characteristic ...... of the ~agn~tic disk 

1. In the_gliding characteristic test, the number of 

protrusions on the magnetic disk 1 is checked, in the certify 

characteristic check, electrical characteristic of the magnetic 

disk 1 and presence of a defect is checked, and in the CSS 

characteristic check, durability characteristic of the magnetic 

disk 1 is checked. The magnetic disk performance tester used 

in this case is generally called as a spiri stand~- , 

Fig. 2 shows a schematic diagram showing the structure of 

a spin stand which is generally used. This spin stand comprises 

a base 11 as a support table of the apparatus, a spindle motor 



- 3 -

12 provided on the base 11 for rotating the magnetic disk 1 for 

testing at an optional rotational speed, a magnetic head 13 for 

testing for reproducing or recording a signal on the magnetic 

disk 1 for testing the magnetic disk l, a carriage 14 for mounting 

the magµetic head 13 for test.ing, a 6 stage 15 for adjusting the 

carriage at an optional angle, and a stage 16 {this stage 16 

is movable in the horizontal direction in Fig. 2 along a guide 

17) movable at least in one direction for flexibly changing the 

positional relation of the spindle motor 12 to the magnetic head 

13 for testing. 

The HDD of the head positioning type by the rotary posi tioner 

using the voice coil motor (VCM) which is now widely used, 

a1 though having an advantage of compact structure, has a problem 

in ttiat ~he head skew angle tends to vary at every track. This 

head skew angle relates to a floating amount of the magnetic 

head, which appears as a change in readback output from the head. 

Therefore, for performance test of the magnetic disk 1, when 

the above gliding char~cteristic check, certify characteristic 

check, and c~s characterist~c check are performed, it is 

necessary to perform the checking with the same skew angle as 

the HDD. Then, when performing checking, it is necessary that 

the posit:i..onal relation of the spindle mot'or 12 and the magnetic 

head 13 for testi.ng of the spin stand :Ls adjusted to be the same 

as the checking HDD, and therefore a spin stand is normally used 

which is of a type provided with a positioning mechanism by linear 

type stage 16 or a rotary type8stage 15 or the l~ke. 

Next, the magnetic disk 1 which is checked using the above 

spin stand and passed the checking :Ls clamped to the spindle 

motor 2 and assembled as HDo.· Then, in the state with the 
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magnetic disk 1 incorporated in the HDD (that is, in the state 

with the magnetic disk 1 clamped to the spindle motor 2). a servo 

signal is written on th~ magnetic disk 1 by a device called a 

servo track writer (STW). 

Fig. 3 shows an example of the structure when servo track 

write is performed by the servo track writer (STW). In the past, 

the servo track writer (STW). while being positioned by pressing 

a pin 19, which is exactly positioned by an external actuator 

1 18, against the rotary positioner 3 in the HDD through a link 

20, determines the head positio~ by· a fine feed mechanism 

according to a scale in the actuator 18. Because the servo signal 

is written in each track on the magnetic disk 1, the servo track 

writer (STW) writes the servo signal while being exactly 

positioned through the link 2o on a11 tracks on the magnetic 

disk 1. 

However, since, recently with improvement of recording 

density, the number of tracks is increased and, on the other 

hand, ~he track width is decreased, the servo track writer (STW) 

is required to perform higher precision positioning on increased 

tracks. Because high regidity, high-cost mechanical 

positioning mechanism is required to achieve high precision 

positioning and an extended time is required for writing, a 

p1ura1i ty of servo track writers ( STW) are necessary for parallel 

processing, space is increased for clean room to dispose the 

servo track writers (STW), resulting in a cost increase. 

Then, recently, it is considered to omit the above servo 

track writer (STW) and write the servo signal on the magnetic 

disk 1 from the beginning. For exam~le, a method to copy the 

servo signal using a magnetic printing technique, a method in 
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which a magnetic disk substrate having recesses and protrusions 

corresponding to the servo signal is formed by a stamper and 

a magnetic layer is formed on the substrate, and the like are 

proposed. With these methods, writing of the servo signal can 

be remarkably accelerated compared with the use of the servo 

track writer {STW). 

However, when the servo signal is previously written on the 

magnetic disk alone by such methods, the performance of magnetic 

disk becomes impossible to be tested by testing of a single 

magn·etic disk such as the above-described gliding characteristic 

testing, certify characteristic testing, and CSS characteristic 

testing. That is, in addition to the prior art inspection, it 

is necessary to confirm that head positioning is possible by 

a previously recorded servo signal. 

The above-described prior art spin stand has the following 

problems. 

(1) First problem 

Since testing by the prior art spin stand is performed with 

the same skew angle as the HOD, it is necessary to adjust the 

positional. relation of the spindle motor of the spin stand and 

the positioner to tlie same as the HOD, therefore a spin stand 

provided with a positioning mechanism such as of a linear or 

rotary stage or the like is normal.l.y used. As described above, 

in the past, the magnetic head is positioned by a stage, the 

positioning is structurally much qifferent from the method in 

which head positioning of the rotary positioner is performed 

by the voice coil. motor {VCM) as in the actual HOD. 

ii 
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Further. the gliding characteristic testing, certify 

characteristic testin·g. and CSS. characteristic testing such as 

those in the prior art have been sufficiently possible to 

evaluate with positioning as stage, however. from the point of 

view of servo perfonnance test which is recently required, the 

prior art tester (spin stand) cannot perfonn sufficient testing. 

That is, to perform correct servo perfonnance test, it is 

necessary to check whether or not the magnetic head is 

positionable in the same condition as of the actual HDD. 

Describing more specifically, position error factors in 

tracking control to follow the magnetic head to the track 

(positioning on the track) include track runout, measurement 

noise, accelerational (or force) external disturbance. The 

track runout is a displacement viewed from the track position 

on the magnetic disk, which is divided into RRO synchronizing 

with the disk rotation and NRRO not synchronizing. Here, RRO 

is considered to be caused by eccentricity of mounting the 

magnetic disk to the spindle motor or an eccentricity of spindle 

motor its elf. On the other hand, NRRO is cons_idered as due to 

eccentrici. ty of the spindle motor itself caused by the beari.ng 

or the 1.ike. 

Further, the measurement noise is mainly an electrical noi.se 

related to the head medium characteri.sti.c or reproducti.on 

circuit. The accelerational external di.sturbance includes 

windclge loss associ.atedwi.thmagnetic disk rotation or a cable 

tension mounted to the rotary positioner. 

That is, it is necessary to perform servo test in the state 

including these magnetic head posi tioni.ng error factors, whi.ch 

has been impossible to be achi.eved by the existing spin stand. 
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(2) Second problem 

The servo signal is stored alone on the magnetic disk. 

Therefore, as shown in Fig. 4, when the magnetic disk 1 is chucked 

to the spindle motor 12 of the spin stand, there is a possibility 

that the center position of track 21 formed by the recorded servo 

signal and the center position of the spindle motor 12 are 

deviated by a maximum of several tens to several hundreds of 

µm, whereby readback signal from the track is observed as an 

eccentric signal from the rotational center of the magnetic disk 

(in Fig. 4, an ecc~ntricity of a maximum size A is generated). 

Therefore, to follow the servo signal, it is necessary to form 

a control system in consideration of this eccentricity. 

The .above-described magnetic disk servo test can be 

performed, as is, in the actual HOD, however, in this case, 

considerable inconveniences are associated in replacement of 

the magnetic disk to be tested, disassembling and assembly of 

the positioner part and other parts replacement and the like, 

and problems such as damages to the magnetic disk by mistake 

or the like are considered. Therefore, there are problems of 

decreased working efficiency for testing. 

SUMMARY .OF THE INVENTION 

In view of the above problems, an object of the present 

invention is to provide a magnetic media tester which is possible 

to perform magnetic head positioning control in consideration 

of eccentricity amount generated due to chucking under the same 
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structure or condition as the hard disk drive of the actua1 

machine. 

In accordance with the present i.nventi.on which attai.ns the 

above object, there is provided a magnetic media tester 

comprisi.ng: a spind1e motor for rotati.ng a magneti.c disk to be 

eva1uated at a desired rotationa1 speed, a magnetic head for 

testi.ng for performing recording and reproduction to the 

magnetic disk, a stage provi.ded with means for moving the 

magneti.c head for testi.ng at least :in one directi.on for f1exib1y . . . 

changi.ng posi.ti.onal re1ati.on of the spind1e motor and the 

magnetic head for testi.ng, and a 1oad/un1oad mechanism for 

loadi.ilg the magnetic head. for testi.ng duri.ng the magneti.c di.sk 

testing and unloadi.ng the magneti.c head for testing after 

completion of the testing, wherein the stage has a thin 

suspension for supporting the magnetic head for testing, a thi.ck 

rotary positioner for supporti.ng the suspension, a voice coil 

di.sposed at the end side away from the magnetic head for testing 

of ends of the rotary posi ti.oner, a rotary shaft for supporting 

the magnetic head for testing,.the suspension and the rotary 

positioner, a pair of magnets for· sandwi.ching the voi.ce coi.1, 

whereby posi. tioning the magnetic head for testing on the magnefi.c 

disk by the same construction as a hard disk drive of the actual 

machine. 

Here, in the above magneti.c media test~r, i.t :is possibl.e 

to const~ct so that a l.ock pi.n contacti.ng the rotary posi. ti.oner 

for regul.ating :its position i.s provided on the stage, by the 

l.ock pin, the magnetic head for testi.ng i.s mechanically 

positioned on al.1 tracks of the magnetic disk, and when the 

magnetic head is positioned by a readback signal. from the 
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magnetic head for testing, the lock pin is retreated to a position 

out of the movable range of the rotary positioner. 

The above and other objects, effects, features, and 

advantages of the present invention will become more apparent 

from the following description of embodiments thereof taken in 

conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 i~ a schematic diagram showing HDD which is now widely 

used; 

Fig. 2 is a schematic diagram showing a spin stand generally 

used from the past; 

Fig. 3 is a diagram showing the structure whe~ performing 

writing on servo track by a servo track writer (STW}; 

Fig. 4 is a diagram for ex~laining a state in which the center 

position of track·21 formed by recorded servo signal and the 

center position of the spindle motor are deviated from each other 

when magnetic disk 1 is chucked to spindle motor 12 of the spin 

stand; 

Fig. 5 is a top view of the magnetic media teste~ according_ 

to the present embodiment; 

Fig. 6 is a side view of the magnetic media tester according 

to the present embodiment; 

Fig. 7 is a diagram showing a state of the magnetic media 

tester before starting testing; 

Fig. 8 is a diagram showing a state of the magnetic media 

tester following the state of Fig. 7; 

!. 



~----~---·---·......J.----··--

-. 10 -

Fig. 9 is a diagram showing a state of the magnetic media 

tester following the state of Fig. 8: 

Fig. 10 is a diagram showing a state of the magnetic media 

tester following the state of Fig. 9: and 

Fig. 11 i.s a di.agram showi.ng a state of the magnetic media 

tester following the state of Fig. 10. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

First, wi.th reference to Fi.g. 5 and Fig. 6, the enti.re 

construction of the magneti.c media tester according to an 

embodi.ment of the present i.nventi.on will be descri.bed. 

Fi.g. 5 i.s a top vi.ew of the magneti.c medi.a tester according 

to the present embodiment, Fi.g. 6 i.s a si.de view of the present 

magnetic media tester. In both figures, scµne components as 

those shown i.n the pri.or art (Figs. 1 to 4) are indicated by 

the same reference numerals and detailed descripti.on thereof 

i.s omitted, and only parts characteri.sti.c of the present 

embodiment are described. 

In the magneti.c media tester according to the present 

embodiment, a linear stage 16 is provided on the base 11 for 

adjusting so that the positional relation of the spindle motor 

with the magneti.c head for testing is the same as the spindle 

motor 12 for rotating the magnetic disk l as i.n the prior art 

spin stand. Further, on the stage 16, a half moon-fonned plate 

100 is mounted, and a lock pin 101 is provided on the plate. 

Further, on the plate 100, a tnagnetic head 102 for testi.ng 

for reproducing and recording a signal on the magnetic disk for 

evaluating the magnetic disk, a thin suspension 103 for 
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supporting the head, a thick rotary positioner 104 for supporting 

the suspension 103, a voice coi1 105 disposed at an end opposite 

to the magnetic head 102 for testing of the rotary positioner 

104, and a rotary shaft 106 direct1y mounted on the p1ate 100 

for supporting the magnetic head 102 for testing, the suspension 

103, the rotary positioner 104 and the voice coi1 105 are 

provided. 

Sti11 further, the voice coil. 105 is sandwiched between a 

magne~ 107b {Fig. 6} direct1y mounted on the p1ate 100 and a 

magnet 107a mounted to a magnet mounting piece 108. The magnet 

107a is disposed on the p1ate 100 through the magnet mounting 

piece 108. The voce coi1105, as a voice coil. motor {VCM), drives 

the rotary positioner 104 {in the direction of •a• shown in Fig. 

5} about the rotary shaft 106. 

Yet further, the p1ate 100, same as the rotary positioner 

104, is rotatab1e (in the direction of "b" shown in Fig. 5} about 

the rotary shaft 106, the l.ock pin 101 mounted thereon is al.so 

rotatabl.e to an optional. position about the rotary shaft 106. 

Yet further, a stopper 109 is provided at an end of the vo~ce 

·coil 105 side of the rptary positioner 104, whereby the l.ock 

pin 101 contact against the stopper depending upon. the position: 

of the l.ock pin 101, thus regu1at1ng the posit:lon of the rotary 

positioner 104. 

Yet further, on the end surface {upper end surface in Fig. 

5) of the base 11, a l.oad/un~oad too1 110 is disposed at the 

tip of a 1oad/un1oad mechanism 111 for unl.oading the magnetic 

head 102 at the compl.etion of testing or replacement of the 

magnetic disk 1 and for l.oading the magnetic head 102 on the 

magnetic disk 1 at the start of testing, which is movabl.e in 
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a longitudinal direction (direction "c" in Fig. 5) so as to lift 

the suspension 103. Yet further, for moving along with the stage 

16, the load/unload mechanism 111 has a structure to be movable 

also in a cross direction (direction "d" in Fig. 5). 

Next, with reference to Fig. 7 to Fig. 11, operation of the 

magnetic media tester having the above construction will be 

described in detail.. However, the upper magnet 107a is not shown 

for simpl.icity of the drawings so that the voice coil. 105 is 

visibl.e. 

Fig. 7 is-a diagram.showing a state of the magnetic media 

tester before starting eval.uation. In this state, the mag~etic 

disk 1 to be tested is cl.amped to the spindle motor 12. At this 

moment, in the rotary positioner 104, the suspension 103 part 

is lifted by the load/unl.oad tool 110 and stops at the shown 

position by the spring force of the suspension 103. With this 

stage, when an electronic power supply is turned on to the 

apparatus, a current of one direction flows in the voice coil 

105, the rotary positioner 104 rotates in direction "e" of Fig. 

7, and the stopper 109 of the rotary positioner 104 contacts 

against the lock pin to recognize the initial position. 

Fig. 8 is a diagram showing a state following the state of 

Fig. 7, where the stage 16, load/unload mechanism 111 are moved 

to direction "f" in Fig. 8, until the interaxial distance of 

rotary shaft of the· spindle motor 12 and the rotary shaft 106 

of the rotary positioner 104 is a predetermined size "g". At 

this moment, the magnetic head 102 for testing is at a load 

position on the outer periphery of the magnetic disk 1. 

Fig. 9 is a diagram showing a state following the state of 

Fig. 8, where the spindle motor,.is started to ~otate the magnetic 

I ~ I 
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disk 1 and pull out the load/unload tool 110 in direction "h" 

of Fig. 9, thereby loading the magnetic head 102 for testing 

on the magnetic disk 1. 

Fig. 10 is a diagram showing a state following the state 

of Fig. 9, where the plate 100 is rotated about the rotary shaft 

106 in direction "I" of Fig. 10 to an optional position and, 

accordingly, the rotary positioner 104 is rotated until it 

contacts against the lock pin 101. Since the voice coil 105 of 

the rotary positioner 104 is applied with a current of one 

direction, it moves along with the J.ock pin 101. Then, the rotary 

positioner 104 stops at the position of Fig. 10 to be a 

mechanicall.y fixed state. With this state, the servo signal 

prev.iously written in the magnetic head 102 for testing can be 

reproduced to measure a positional deviation of the magnetic 

head. This deviation can be considered as an eccentricity 

amount of the servo signal~ thereby knowing the eccentric state 

of the magnetic disk 1 under the present testing condition. 

F.ig. 11 .is a diagram showing a state following the state 

of Fig. 10, where the plate 100 is rotated about the rotary shaft 

106 in direct.ion "j" in Fig. 11. At this moment, the J.ock pin 

101 is at a position retreated out of the movable range of the 

rotary positioner 104. Further, at the same time when the plate 

100 is rotated, the current of one direction flowing up to now 

in the voice coil 105 of the rotary positioner 104 is cut off, 

and positioning control. of the magnetic head is started according 

to the servo signal reproduced from the magnetic head 102 for 

testing. 

At this moment, magnetic head positioning control. in 

consideration of eccentricity is started by a fe_~d forward 
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compensation in which a desired control signal necessary for 

positioning control according to the eccentricity data of the 

magnetic disk 1 obtained in the state of Fig. 10 is applied to 

the prior art feedback system. By this operation, evalu~tion 

is made as to whether or not magnetic head positioning can be 

performed by the previously written servo signal. 

Next, after the completion of evaluation, a current of one 

direction flows again in the voice coil 105, the rotary 

positioner 104 rotates in one direction and the plate 100 

mounting the lock pin 101 is rotated, as shown in Fig. 9, the 

rotary positioner 104 is carried to an unload position. 

Similarly, using the reverse procedure of the above measuring 

method, the magnetic" head 10~ for testing is unloaded (Fig. 8). 

Then, the spindle motor stops rotating, from the present 

position, the stage 16 moves to an evaluation end position shown 

in Fig. 7, thus completing a series of servo test. 

Effects of the embodiments 

(1) Since with the construction in which a thin su~pension for 

supporting the magnetic head for testing, a thick rotary 

pos~tioner for supporting the suspension, a voice coil disposed 

at the end side away from the magnetic head for testing of ends 

of the rotary positioner, a rotary shaft for supporting the 

magnetic headfor testing, the suspension and the rotary 

positioner, a pair of magnets for sandwiching the voice coil 

are provided on the stage of a prior art spin stand, and the 

same construction as a hard disk drive of the actual machine 

is provided in the spin stand, 

I 
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it is possible to perfonn perfonnance test of the magnetic 

disk using the same magnetic disk drive apparatus as the actual 

machine. 

(2) Since the lock pin contacting against the rotary positioner 

for regulating its position is provided on the ~tage, by the 

lock pin, the magnetic head for testing ·is mechanically 

positioned on all tracks of the magnetic disk, when the magnetic 

head is positioned by a readback signal. from the magnetic head 

for testing (seek operation), the lock pin is retreated to a 

position out of the movable range· of the rotary positioner, 

when obtaining control data, the magnetic head can be 

mechanically positioned on an optional track. Further, when 

magnetic head positioning operation (seek operation} is 

performed by the readback signal from the magnetic head, the 

rotary positioner becomes a free state where magnetic head 

positioning control can be perfonned as in the ordinary HI)D. 

As described above, with the present invention, a magnetic 

media tester can be achieved which is possible to perform 

magnetic head positioning control. in ~onsideration of 

eccentricity amount generated by chucking or the like under the 

same structure and condition as the hard disk drive of the actual 

machine. 

More specifically, the magnetic media tester according to 

the present invention provides the foll.owing specific effects. 

(1) Performance eval.uation of magnetic disk can be performed 

using the same magnetic disk drive apparatus as the actual. 

machine. 

I 
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(2) Using the present media tester, it is possible to observe 

an eccentricity amount of magnetic disk easily, and then, by 

the feed forward compensation· in which a desired control signal 

necessary for positioning control according to the observation 

data is applied to the prior art feedback system, thereby 

enabling magnetic head positioning control in consideration of 

eccentricity. 

The present invention has been described in detail with 

respect to various embodiments, and it will now be apparent from 

the foregoing to those skilled in the art that changes and 

modifications may be made without departing from the invention 

in its brqader aspects, and it is the intention, therefore, in 

the appended claims to cover all such changes ·and modifications 

as fall within the true spirit of the invention. 

ii 
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WHAT IS CLAIMED IS: 

1. A magnetic media tester characterized by comprising: a 

spindle motor for rotating a magnetic disk to be evaluated at 

a desired rotational speed, a magnetic head for testing for 

performing recording and reproduction to said magnetic disk, 

a stage provided with means for moving said magnetic head for 

testing at least in one direction for flexibly changing 

positional relation of said spindle motor and said magnetic head 
. . 
for testing, and a load/unload mechanism for loading said 

magnetic head for testing during evaluation of said magnetic 

disk and unloading said magnetic head for testing after 

completion of said evaluation, 

whe~ein said stage has a thin suspension for supporting said 

magnetic head for tes_ting, 

a thick rotary positioner for supporting said suspension, 

a voice coil. disposed at the end side away from said magnetic 

head for testing of ends of said rotary positioner, 

a rotary shaft for supporting said magnetic head for 

testing, said suspension and said rotary positioner, and 

a pair of magnets for sandwiching said voice coil., whereby 

positioning said magnetic head for testing on said magnetic disk 

by the same construction as a hard disk drive of the actual. 

machine. 

2. The magnetic media tester as cl.aimed in Cl.aim 1, 

characterized in that a lock pin contacting said rotary 

positioner for regul.ating its position is provided on said stage, 

by said -l.ock pin, said magnetic head for testing is mechanical.l.y 
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positioned on all tracks of said magnetic disk, and when said 

magnetic head is positioned by a readback signal from said 

magnetic head for testing, said look pin is retreated to a 

positi~n out of movable range of said rotary positioner. 


