DESCRI PTI ON Sensor System for Di sk Device Using Floating Head Technical
Field The invention relates to a sensor system for disk devices using
ftoating heads, in particular, a sensor systemfor disk devices using :
“fltoating heads, by utilizing mcro-actuators, in the field of disk devices
and testing devices in which data are read fromor witten onto o

di sk-shaped recordi ng .nmedi a. Background Art Let us describe the invention
using a magnetic disk device as a disk device in question. In order to

rai se the recording density of a BESKRIPEYPNg hei'ght of a head has been
reduced year after year and has reached a nmor. less. In the
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amor |less. These trends are causing the following problens: (1) If
physi cal contact occurs between the head and the disk during a disk _
operation &uehto alcgnt i,n problem it.is necessary to detect the contact
and alert thEMRISE-c ITer to cause the head to nove out of the data
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the field of disk devices and testing devices in which data are

read from or written onto disk-shaped recording media.

Backgrouhd Art

Let us describe the invention using a magnetic disk device
as a disk device in question. In order to raise the recording
density of a disk, flying height of a head has been reduced Year
after year and has reached a level of 10 nm or less. In the
meantime, the track pitch is also shrinking and has reached a
level of 1 um or less. These trends are causing the following
problems:

(1) If physical contact occurs between the head and the disk
during a disk 6perat-ion due to a certain problem, it is necessary
to detect the contact and alert the host computer to cause the
head to move out of the data area.

- (2) In the case of a dynamic loading.type magnetic disk
device in which the h.ea,d is moved out of the disk when the disk
is not in operation, it is necessary to check if any disturbance
exists in the disk device prior to the ioadinglof the head on

the disk and to interrupt the loading if any disturbance is



(3) As the flying height dimnishes to 10 nmor less, it becomes difficult
to confirmif the head is truly floating at a designed hei ght on an actual
di sk device when it is assenbled. (4) Since a disk tester currently

“avail abl e on the market uses a slider that differs in shape fromthe actual
head for a gliding height test for testing the heights of disk surface
‘protrusi ons, accuracy of neasurenent is poor. Mreover, since the gliding
hei ght test and a confirmation test for checking recording and
reproducti%ﬁp%%aracteristics of the disk are carried out on separate
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"di sk operation. The nmethod intends to detect the contact between the head
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nost widely is so small as 1.2 mmin length, 1 mmin width, and 0.3 mMin
hei ght. Tharefmousions, iacciirhicycof mdasuyement isdoor. Moreover, since
the gliding height test and a confirmation test for checking
recording and réproduction characteristics of the disk are
carried out on separate heads, a longer testing time is
required.
(5) As the track pitch becomes narrower, ‘a servo band needs
be increased when the head is following the tracks, which in
turn may cause problems such as torsional resonance of a head
suspension.
The following proposals have been made for these problems.
As a countermeasure to deal with the contact problem between |
the head and thé disk as described above under (1), U.S. patent
5,856,895 propdses-a method for providing a piezoelectric
element on the side of a head slider so that the piezoelectric
element oscillates to generate a voltage when a contact occurs
between the head and the disk during the disk operation. The
method intéﬁds to detect the contact between the head and the
disk by means of such signal, but a typical slider currently

used most widely is so small as 1.2 mm in length, 1 mm in width,

and 0.3 mm in height. Therefore, it is difficult to secure a



space for nounting a piezoelectric elenent. U S patent 5,777,815

di scl oses -a nethod for using a thernmal asperity output of a nagnetic
resi stance effect head ("MR head"), however it is-only a MR head portion
“that detects an inpact, which is no nore than 1 gmin width. Thus, the
area of the portion that can be used as a sensor is very small, and
.moreover, a contact cannot be. detected if the contact occurs between the
di sk and - other portions than the MR device on_the slider. As for the
probl em of spaye. Torhmpuntdsnnal P4ezopierbiircelopenty7Usg- PPF@nklo. |
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bet ween th I'sK r portions t e MR device, in |Iike manner as

in (1). AsLar b%h‘?s%li ﬁo‘rams%ﬁsé?) is Vord $ma19404ndi met&sesr A dreohedctf or

using the magnetic fect of an electromagnetic induction type
magneti ¢ headnbit pa Q606ELEH X Hke cBnthat bBeursehetweon Hensiiskiangd i s
too low. Also, JP-A-10-27342 discloses a nethod for neasuring a gliding
hei ght usi g Heie poteithls thgme thiey MRUdpvticef onheheagildtier.r esi st ance ef fect
head (MR head), but a problemexists in that it takes nore than 10 m nutes
to check one @issifolrethesprobiemialf h( 2y, tToshibal@sadmalogy Diggiliosure

Vol. 17-55, File No. 99169634 disclosed a method for detecting
disturbances by adding an acceleration sensor, but the method
leads.to a cost increase as it requires an additional semnsor.

As for the problem of (3), although there is a possibility
of measuring th.e flying height of an assembled actual device
by using the thermal asperity output of the magnetic resistance

~effect head ("MR head") as described. in the aforementioned U.S. .
patent 5,777,815, é problem exists in that it cannot detect a
contact if the contact occurs between the disk and other

.portions than the MR device, in like manner as in (1).

As for the problem of (4), JP-A-9-259401 discloses a method
for -using the magnetic distortion effect of an electromagnetic
induction type magnetic head but a problem exists in that the
detection sensiﬁivity is too iow. Also, JP-A-10-27342 discloses
a method for measuring a gliding height using the thermal
asperity output of the magnetic res istancé effect head (MR head),
but a problem exists in that it takes more_thain 10 minutes to

check one disk because the width of the MR device is so small



3"as 1 ,um As for the problemof (5), US. patent 6,005, 750 discloses an
| dea of danping the torsional resonance of the suspension by adding a
danper to a | oad beam of the head suspension. However, the suspension is.
"getting even smaller and shorter these years so that it is' difficult to
attach a danper due to such space restriction. Disclosure of Invention
.Thus, the present invention intends to solve the foregoing technical
problens. In order to solve the problens, a sensor systemaccording to the
present i rd&ntiMR-conprises: a rotating disk having a data recording area;
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have been @gé@g§¢y§oﬁgsearch activities concerning mcro-actuators (two
‘stage actuators) '

Disclosure of InQention
Thus, the present invention intends to solve the foregoing
technical problems.
In order to solve the problems, a sehsor system according
to tﬁe present invention comprisesz a rotating disk having a
data recording area; a head element that floats over the data
recording area of the disk so as to write data thereon or read
data therefrom; a first actuator for moving the head element
over the data recording area of the disk; a second actuator
supported by the first actuator and supporting the head element
for precisely positioning the head element against the data
recording area of the disk; and a means for detecting any contact
between the disk and the head element, by utilizing a signal
- generated by the second actuator when the disk contacts the head
element dufing an operation of the disk.
The probléms mentioned above occur due tb the fact that
there is no proper sensor inside the disk device for detecting
impact and the like. There have been extensive research

activities concerning micro-actuators (two stage actuators)



4 for inproving truck density. For exanple, a Japanese magazi ne

"El ectroni cs" describes various types of mcro-actuators in its Septenber
1999 issue at pages 44 to 45. It predicts that alnmost all nagnetic disk
devices will have mcro-actuators in the future. The mcro-actuator is
basically used for mcro- driving a head el enent by inputting voltage.
Whereas the mcro-actuator is considered as a kind of converter between

el ectrical energy and mechani cal energy. Therefore, a voltage is generated
hy the mi crferaimprevingHernghdensds&yur sFar GHATIRYE c 3] JTAPIRSF D HRI2ZIRE as
an inpact on the head el enent I f the process of conversion betyween
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in the future the present invention makes it possible to detect any

contact betaretditaldefibrgptndnebnadiehtr@mérgy s h Thereforg) a voltage
is generated by the micro-actuator when there occurs a
mechanicalﬁdisturbance such as an impact on the head element,
if the process of conversion between electrical energy and
mechanical energy is reversible. In other words, a micro-
actuator éan be used as a high sensitivity impact sensor.

A micro-actuator sensor consisting of piezoelectric
elements is expected to achieve high conversion efficiency.
Moreover, this method is applicable to disk testers and head
testers. The present invention is intended to solve the
.problems (1)'through (5) mentioned above, by using the
micro-actuator as a high sensitivity sensor temporarily when
the micro-actuator is not used for micro-driving the head
element.

More specifically, by femporarily employing, as an impact
sensor, the micro-actuator for micro-positioning the head,
which is indispensable for achieving a high recording density
in the future, the present invention makes it possible to detect

any contact between the disk and the head element with very high

sensitivity without using an additional sensor. Consequently,



sensitivity wthout using an additional sensor. Consequently, 5 if a
contact between the head and the di sk occurs for sone reason while the
disk is in operation, such contact can be detected, so as to nove the head
out fromthe data area and alert the host conputer to nmake a data backup. -
Thus, a fatal |oss of data can be prevented. According to the invention,
‘the second actuator is . preferably disposed on a | oad beam of a head
suspension._ A flying height test nethod according to the. present
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el enent ig, Sl hpsed on a difference between the first rotating speed
and t he secoﬁg rotaf?ﬁg speed, under an assunption that a relation between
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has al ready been known. Wth such an arrangenment, the head flying height
of the di Prefdrdlsyy Eibgosd® £ Adid Hedny X t£mEEipdE idmsenbly.  In

t he sensor system according to the present invention, the head elenent is
retreated from £lYiing heilghte dast hethodstaccording to the present
invention can be implemented by using a sensor system for a disk
device having'a floating head, wherein a normal rotating speed
of a disk during operation is assumed as a first rotating speed;
a contact between a disk and a head element is detected by
utiliZing a signal generated by the second actuator when the
disk contacts the head element while the rotating speed of the
disk is lowered; the rbtating speed of the disk at this time
is assumed as a second rotating speed; and a flying height of
the head element is measured based on a differenqe between the
first rotating speed and the second rotating speed, under an
assumption that a relation between the rotating speed of the -
disk and the flying'height.of'the head element has already been
known. |
With such an arrangement, the head flying height of the disk
device'can be measured directly after completing assembly.
In the sensor system according to the present invention,
the head element is retreated from a disk surface by the first

actuator when the disk is not in operation, and the system

preferably comprises a means for detecting a vibration



actuator when the disk is not in operation, and the system preferably
conprises a neans for detecting a vibration 6 disturbance by utilizing a
signal generated by the second actuator due to this vibration disturbance,
"before the first actuator starts a | oading operation of the head el enent
onto the disk surface froma retreat position. Wth this arrangenent, it
‘is possible to detect if the disk device is affected by any di sturbance

before the head is | oaded onto the disk, and to.stq$ t he Ioadiqg | f there
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contact between the disk and thé head el ement when the disk is operating,
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occur.
disturbance.

The sensor system according to the present invention
preferably have a means for applying to the second actuator a
Signal having é phase opposite to that of a signal generated
by the second actuator when the head element is floating, so
that a resonance that may occur between the head element and
thé.second actuator can be cancelled.

Thus, even if the load beam of the head suspension is too
small and short to be attached with a damper, it is poésible
to reduce torsional resonance of the suspension without adding
a damper or the.like.

The sensor system of the invention includes a single plate
servo-writer device, and this single plate servo-writer device
preferably has a means for detecting any contact between the
disk and the head element when the disk is operating, by
utilizing signals generated by the second actuator when such
contacts occur. |

This arrangement allows it to constantly monitor the
floating condition of a writing head of the single plate

servo-writer device, detect any abnormality of the floating



This arrangenent allows it to constantly nonitor the floating condition of
a witing head of the single plate servo-witer device, detect any
abnornmality of the floating 7 condition caused by sone reason, and take
necessary counterneasures such as replacenent of the witing head when an
abnormality occurs. The sensor system of the invention includes a single
plate servo-witer device, and this single plate servo-witer device
preferably has a neans for applying to the second actuator a signal having
a. phase opFeddition cpusedi by somearegsnBnapdd tBker RECESEARY act uat or -when
the head elenent is floating t hereby cancelin the resonance that occurs
bet ween t hEORBASTIGASHERS SHON AS TRBLAGCHERt @b the EH Ll

reduces undesi able re onance of the head suspension during. operation of
the singl e®H YWPFFPEE deV|ce so that servo-signal writing
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by the second actuator when the head element is floating,
thereby canceling the resonance that occurs between the head
element and the second actuator.

Such an afrangement reduces undesirable resonance of the
head suspension during operation of the single plate servo-
writing device, so that servo-signal writing accuracy can be
improved.

The sensor syétem of the invention domprises a head-testing
device preferably having a means for detecting any contactl
betweenthediskandtheheadelémentwhenthediskisoperating,
by utilizing signals generated by the second actuator when such
contacts occur.

With such an arrangement, it is possible to detect a
protrusion_developed in a testing disk in an early stage of its
development so thét a damage to the to-be-tested head can be
prevented and reliability of the test can be improved.

The sensor system according to the present invention
includes a disk-testing device, and this disk-testing device
preferably has a means for detecting any contact between the

disk and the head element while the disk is in operation by



The sensor system according to the present invention includes a

di sk-testing device, and this disk-testing device preferably has a neans
for detecting any contact between the disk and the head el ement while the
"disk is in operation by 8 utilizing signals generated by the second
actuator when such a contact occurs. The testing device can preferably
-measure a gliding height of the disk by changing the rotating speed of

the disk. Wth such an arrangenent, it is possible to detect a problem
occur ri ng utol lai 2o isigyredal gemexnatest by $hegsecondragluatopréi@ntsuch damge
to the to-be-tested disk and to inprove the reliabilit of . the test.
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changi ng the rotating,speed of the disk as nentiqned above, so that_it
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certifyin%;te%i,wgth a single head in a short time. Brief Description of
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of the test. Further, it is possible to measure the gliding

height of the disk by changing the rotating speed of the disk

as mentioned above, so that it becomes possible to carry out

a gliding height test of the disk and a certifying test with

a single head in a short time.

Brief Description of Drawings
Fig. 1 is a plan view showing a disk device according to
| a first embodiment of the present invention, when the disk
device is not in operatioﬂ;

Fig. 2 is a plan view showing the disk device according to
the first embodiment of the present invention, when the disk
device is in operation; -

Fig. 3 is an enlarged plan view of a suspension in Fig. 2;

Fig. 4 is a cross section taken along A-A line in Fig. 3;

Fig. 5 shows a motion of a suspension in Fig. 3;

Fig. 6 shows a motion of the suspension in Fig. 3 in an
opposite direction;

Fig. 7 shows a measurement of a flying heighf of a head in

a flying height measuring device according to a second



Fig. 6 shows a notion of the suspension in Fig. 3 in an opposite
direction; Fig. 7 shows a neasurenent of a flying height of a head in a
f1ying hei ght nmeasuring device according to a second 9 enbodi nent of the
“present invention; Fig. 8 shows an exanple of a measurenent result by the
measuri-ng device in Fig. 7; Fig. 9 is shows a floating condition of a head
over an actual disk; Fig. 10 shows an exanple of an output froma

pi ezoelectric element in the condition shown in Fig. 9; Fig.. 11 is a

di agram f opmbediMAnkgOs thei BEeseREhinBenkipRBAd in an actual disk; Fig. 12
is a cross section illustrating an infl ence of an externa:l_%l di st.ur bance

inathird enb%ﬁgneﬂtsgﬁw§h%n ¥ample ¢ v%ﬁ??%ﬁur?mﬁpt1§e§ nP¥ntie ged

per spective view, of a?sus§e03|$n fog explaining a fourth enbodi nent of the
present i nYEREREARI Y1C34 P T8t raies a primary torsional resonance of
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Fig. 16 isd lan view of a head tester for explaining Enbodlnent 7 of the
present inventfon; and Fig. 17 is a plan view of a disk tester for -

expl aining Enppgli ey shots2AH &&ﬁpi@%ﬂ)ﬁﬁséﬂfpﬁf‘vﬁrﬁrﬂ @'piezoelectric -
element in the condition shown in_Fig. 9;

Fig. 11 is a diagram for obtaining a flying height of a head
in an actual disk;

Fig. 12 is a cross section illustrating an influence of an
external disturbance in a third embodiment of the present.
invention;

Fig. 13 is an enlérged perspective view of a suspension for
explaining a fourth embodiment of the present invention;

Fig. 14 illustrates a primary torsional resonance of the
suspension shown in Fig. 13;

Fig. 15 is a plan view of a single plate servo-writer for
explaining Embodiments 5 and 6 of the present'invention;

Fig. 16 is a plan view of a head tester for explaining
Embodiment 7 of the present invention; and

Fig. 17 is a plan view of a disk tester for explalnlng

Embodiments 8 and 9 of the present invention.

Best Mode for Carrying Out the Invention
Preferable embodiments of the present invention will be
described below using a general magnetic disk drive equipped

with a micro-actuator as an example.

10



Best Mbde for. Carrying Qut the Invention Preferable enbodi nents of the
present invention will be described below using a general magnetic disk
.drive equipped wth a mcro-actuator as an exanple. 10 (Enbodinent 1) Fig.
1 is a plan view of a dynam c | oading type magnetic disk device according
to the first enbodi nent of the present invention when it is not in
‘operation. The disk device is equipped with a base 1, a disk 2, and an
actuator 3. The disk 2 rotates driven by a spindle notor 4. A suspension 5
is attached t{EFEWdiBPtofl)the actuator 3 and the tip 11 of the suspension

around . pi vor Bt 18 B PHER BIFHEE B SERPbGgRATER e MARIPHA ween a
motor in BeKaeic fcprithg K RBE 5irahoeRhpd hopt ot e AheREuses
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ina collision. Fig. 2 is a plan view of the magnetic disk drive in .
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Fig. 2 will be described below. Fig. 3 is an enlarged plan view
suspension 5 rests on a rump 7. When it is in operation, the
actuator 3 swivels around a pivot shaft 8 driven by the
electromagnetic ihteraction between a magnet 9 and an actuatbr
coil 10. The actuator coil 10 forms a voice coil motor in
cooperation with the magnet 9, and this voice coil motor causes
the actuator 3 to swivel so as to position a head element 6 on
a desired position on the disk 2. Crush stops 13 and 14 are
made of cylindrical elastic members, and are fastened on the
basell. The crush stops 13 and 14 are provided at both ends
of the swiveling range of the actuator 3 to restrict the swivel
range of the actuator 3 and to soften the impact force in a
collision.

Fig. 2 is aplan viewof themagnetic disk drive in operation.
Next, the motion of the suépension 5 during operation shown in
-Fig. 2 will be described below. Fig. 3 is an enlarged plan view
of the suspension 5. Fig. 4 is thé A-A cross section of Fig.
3. An arm 20 that constitutes a portion of the actuator 3 and.
a load beam 23 are coupled together by piezoelecfric elements

'~ 21 and 22 so as to constitute the micro-actuator. The tip of

the load beam 23 has a head element 6. The disk 2 is shown with
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of the suspension 5. Fig. 4 is the A-A cross section of Fig. 3. An arm 20
that constitutes a portion of the actuator 3 and a |oad beam 23 are
coupl ed toget her by piezoelectric elements 21 and 22 so as to constitute .
the micro-actuator. The tip of the |oad beam 23 has a head el enent 6. The
disk .2 is showmn with 11 the abovenentioned conponents in Fig. 4. The

pi ezoel ectric elenents 21 and 22 are provided with a first el ectrode 24
and a second el ectrode 25, for exanple, when a positive yoltage is

appl i ed t o thee ahoqvementdanedyomponents ddydiigre 4rol ThEPL8ZOGBFEELCI 0 the
| h ' | [ hri pks. whil h

o1 6306l oot FLERERERAL SPACIPARR PRV ALt arEsrst, eherertdn 24 B | oad

o] 23 d the head, el t .6 to displ -in the di ti h [
Fig 5 Ona HECODA B SHERMOE Afon TRTnERaRPYE, MR GePPE SELHR Lot Ca9E AR 11 r o
| ectrode 24 d R | t ' ' t r.qde 25,

the' pi ezcerbiiried JROTAR Bred S¥er ¥ Pa Bhd 3 Hatdvy ottt 15,
hrinks, t | { . <ol

o k. " o e il R | Bk SLEIBELLD e e

that case. JSsfpouRsiwh il tABYY fezddfed stk RAlemeRites lekpatidst,"&s shown

pi ezoel ectric elenments 21 and 22 that constitute the mcCro- actuator is to

cause the hgadigl.eBENtTRis x{dPWHa D bea’ 29USNEYLHS Ufdathtd1@ferdf t he
recording track in the radial direction of the disk that cannot be

foll owed by tiee di@placeoiin thet diracedienbp appsiows ¥nl Fbges5t o drneche
pi ezoel ectric elenments 21 and 22 when the disk device shown in Fig. 2 is
i n operati @ther hand, when a negative voltage is applied to the first
electrode 24 and a positive voltage is appiied to 'the second
electrode 25, the piezoelectric element 21 expands while the
piezoelectric element 22 shrinks, thus causing the load beam
23 and the head element 6 to displace in the direction C opposite
to the direction shown in Fig. 5. Fig. 6 shows that case.
As shown in the above, the original objective of the
piezoelectric elements 21 and 22 that constitute the micro-
actuator is to cause the head element 6 to follow the high
frequency fluctuations of the recording.track in the radial
direction of the disk that cannot be followed by the voice coil
motor 'alone by applying voli:ages to the piezoelectric elements
21 and 22 when the disk device shown in Fig. 2 is in operation.
When a contact between the head element 6 and the disk 2
occurs for some reason while the head element 6 is floating over
the disk 2 as shown in Fig. 4, the head element 6 develops
oscillations because of its impact, and the oscillations are
transmitted to the piezoelectric elements 21 and 22 through the

load beam 23. Therefore, if the control circuit of the magnetic
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Wien-a contact between the head elenent 6 and the disk 2 occurs for sone
reason while the head elenent 6 is floating over the disk 2 as shown in
Firg. 4, the head el enent 6 devel ops oscillations because of its inpact,
and the oscillations are transmtted to the piezoelectric elenents 21 and
22 through the |oad beam 23. Therefore, if the control circuit of the
magnetic 12 disk device is nonitoring signals fromthe piezoelectric

el ements 21 and 22, the contact between the head el enept 6 and the disk 2
can be det diskddevigguis mﬁﬁlﬁﬁﬁangosiGPﬁéﬁtfF?EthFhElﬁé?ﬁlﬁFEﬁlﬁnd al ert

t he host copputer. |f an effective counterneasure such a _ ackyp is
taken at tRLEMEBERt2]1 andRdenthe TR a%%th%%‘ft tk&e% ‘?{1%% 8P8sh can

Blii ﬁ;ezigt e @%Egbghc?(}?e S%ewétédft&?a%if%“%aen”%&aﬂ B EREEPARGEEHE
yl ng hei t e e t a e |

measuri ng i t d i Ko A The

f 886 faca’ fgd"3heraTRER tBsqtePErERmBurens; A 4 4‘%@4’5 %
asserbly . 8buRBeffiblah - P80ER' Esdhﬁkadﬁgkﬁgg 289¢3xeha3e. fhok éalﬁer the

fl.ying heig neasur enent | ass di's yi ng

measur erren&C??aeh{.'g sHHH 859 osisb A Radaddd Boltledla ci@'@h cfahrb'*é §E@8n€é&e is to

nmeasure the yi ng height of the head elenent 6 by changlng the rotating
speed of the npggsdedieftst) 31 and prepare a graph as exenplified in Fig.
8. Next, this head el enent % is built into an actual nmgnetic disk device

and floats at Negtpothal secdbadi egbotwent 0 Hbecribed using Fig. 7
through Fig. 9.

Fig. 7 shows a method for measuring the flying height of
the head element 6 by means of the flying height measuring device.
Fig. 7 shows a head element 6, which is used in the assembly
of an actual mégnetic disk device, and a glass disk 31 for the
flying height measurement. The glass disk 31 for the flying
height measurément has its surface finished ultra-flat. The .
first step here is to measure the flying height of the head
element 6 by changing the rotating speed of the measuring disk
31 and prepare a graph as exemplified in Fig. 8.

Next, this head element 6 is built into an actual magnetic
disk device and floats at the normal rotating speed E of the
operation. Fig. 9 exemplifies the floating condition. Fig. 9
shows the head element 6 being measured at its flying height
in Fig. 7 and the surface 2 of the magnetic disk of the actual
device. The surface 2 of the magnetic disk of the actual device
has greater irregularity compared to the surface of the glass
disk 31 used for measuring the flying height in Fig. 7. Such

protrusions are indicated by 2a. Since the head element 6 is
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operation. Fig. 9 exenplifies the floating condition. Fig. 9 shows the
head el ement 6 being neasured at its flying height in Fig. 7 and the
sarface 2 of the magnetic disk of the.actual device. The surface 2 of the
‘magnetic disk of the actual device has greater irregularity conpared to
the surface of the glass disk 31 used for neasuring the flying height in
Fig. 7. Such protrusions are indicated by 2a. Since the head elenent 6 is
13 flying higher than the protrusions of the surface of the disk 2 under
this condi f1pingtnbgherdwmdie ereltasm:-ﬁpgszqf avle Burfpase @f ﬁh@d%ékany
output except noise |evel outputs. Fig. shows, such a condition. [

10, the ve?tWRRAEr akhis conditichx ke (Ffletwlyﬁ%éi &lements eleapd a?na t he .

Hori zontal _axis is he rotati hg speed of the djs JZ_ of the actyal ﬂgw ce.
As the  rofaio 8BV QLERUE tqt@emfymésr%eiaﬁ? Ao B et 6
shown in Fig. 9 st ts to crease entu causi nt act {:g

pT ot r usi onS73YS FUTH LA R +fB i'ét‘gk %tte Jertd taﬁ{é‘sdllgk ﬁeed at

o N ot A
rotating S{\%’ﬁedr&a\&]{&?% %é‘ed of {:ﬂ Fifsx Pofl Eﬁe@&%ﬁéﬂ%éﬁ?@@ Da gs gown as

the point of t e plezoelectric enents 21 and 22 start

to rise fromthRgnfieda he&eleasbasttwe £f158 nk Wé PghPR0bhE H:eat'ii‘élginéﬁﬁt
correspond to the rotating speeds D and E are determ ned fromthe

previouslys gicRiRiad Gf ApIsteittoiddrbase, Eventidlshwsudiing c6auhetof

this step. This neans that the val ue obt ai ned by subtracting
with the protrusions 2a of the surface of the disk 2. Let us
call the disk speed at that point D. The.rotating speed D can
be:determined by monitoring the outputs of the piezoelectric
elemehts 21 and 22 while lowering the rotating speed of the disk
2. InFig. 10, the rotating speed D is shown as the point where
-the oufputs of the piezoelectric elements 21 and 22 stert to
rise from the noise level.

Lastly, the flying heights F and G that correspond to the
rotating speeds D and E are determined from the previously
prepared graph shown in Fig. 8. Fig. 11 shows the result of
this step. This means that the value obtained by subtracting
F from G is the flying height of the head element 6 in the actual
device. The radial position of the head element 6 over the tiisk
is assumed to be the same in the measurements shown in Fig. 8
and Fig. 10.l

Since the flying height cannot be measured on disk 2 of the
actual machine, the flying height of the actual machine is

commonly determined by replacing the flat glass disk 31 with

the flying height measured by the flying height measuring
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FfromGis the flying height of the head elenent 6 in the actual device.
The radi al position of the head elenent 6 over the disk 1is assuned to be
the sane in the nmeasurenents shown in Fig. 8 and Fig. 10. Since the flying
“hei ght cannot be neasured on disk 2 of the actual machine, the flying

hei ght of the actual nmachine i's commonly determ ned by replacing the flat
-glass disk 31 with the flying height neasured by the flying height
measuring 14 machine as nentioned in the above, The flyin _h%ight t est

met hod acdeaching tas menpienediin hhaakaveseFhend Lydos: Pg’ﬁ-ﬂ th&&8tel enent

6 for both tests shown,jn Fig. 7 and Fig. .9 and. the head elg t.6Js
bui I t i nt dethedARArdHng &o %86?5?,’_1% *BVER F-Ppoﬁﬁ?ssgkﬁo’r&%g%a o be

?;ﬂﬁ:‘éet ?rﬁéi‘ﬁ:ﬁrﬁ%flde;i%‘rr# Peﬁefcé%i? I FeREmEpovPndd BR8oi & AL teactraiin:

St . c Enbodi. , o .

Bﬁeseﬁp ihﬁgﬁﬁﬁﬁkﬁﬁhﬁhgﬁﬁe d@%%?h Siﬁg%daﬁgt éﬁgﬁhégyégFSQB@%SQ?@%%Pf the
t

of "the dili SRR B0t oy, €0 ENqded g ShEThed P A Wne LT 20T,

shows the &t oFGRent e F98.00 did) thk rYf8RiAgisbéed P ednIbEMmeisured

reproduction instruction IS received fromthe~host conputer under this
condi ti on,y{#if tafd ta@t%ral?»ass-eﬁm¥<;l €Rus préVRIDRy i aeakatienent @itRcaion in

Fig. 2 to float the head elenment 6 over the surtface of the disk 2. This is
call ed thehigh reliability.
| (Embodiment 3)

Next, the third embodiment of the present invention-will
be described below. The dynamic loading type magnetic disk
normally has the head element 6 retreatea from the surface of
the disk 2 when it is not operating as it is shown in Fig. 1.
Fig. 12 shows the H-H cross-section of Fig. 1. When a data
recording or reproduction instruction is received from the host
computer under this condition, the actuator 3. is swiveled in
the counterclockwise direction in Fig. 2 to float the head
element 6 over the surface of the disk 2. This is called the
1oading operation. However, if a disturbance, such as vibration,

.is applied to the magnetic disk device from the outside, the
head element 6 may collide with the surface of the disk 2 to
cause damage. Vibrations in the Z direction éhown in Fig. 12
can particularly cause significant damage. Therefore( it is
desirable to cohfirm if there are any disturbances before
starting £he loading operation of the head element 6.

When vibrations in the Z direction are applied'ffom the

outside as shown in Fig. 12, the head element 6 and the load
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| oadi ng operation. However, if a disturbance, such as vibration, s
applied to the magnetic disk device fromthe outside, the head elenent 6
nmey collide with the surface of the disk 2 to cause damage. Vibrations in
the-z direction shown in Fig. 12 can particularly cause significant
damage. Therefore, it is desirable to confirmif there are any '

di sturbances before starting the | oading operation,of the head el enent 6.
When vibrations in the Z direction are applied fromthe outside as shown

in Fig. 12begme 2egancieandly generatice Misxe-ossiddatnionseawhdgli P¥Fegenerat e
m cro-oscillations, which are transmtted to the gi ezoel ectric elenents 21
and 22' to &Fademitited,te,sbrepirreelPEREhfsShanant 221 1and Afertl €3PS ages.

Therefore, it is possible to check .if ther re any distyrbances by .
nonNi t or | ngtg‘ﬁepéie&l?ﬁiecfttr&ﬂ “}ﬁ"&fo@lle@t"%i gzeltgrrgﬁp?r? € Xﬁé%?ﬂeﬁr‘i or to

(he 02! "gobeatlon, 1l Sy YLPER Shec ¥ HDRISSS 27 1Sk Sh e e
(Enboot rent, o FS £ OWe! BrETbogh Gt £l e IS ASAN dOMS | bptils 0

descri bed OW rererrrn e acconpanyi n aw ngs

I d ti | i ony WO [ ' h
eniarged pPEnaP 92 ‘ﬁo%fi g:‘# ‘i‘%ﬁ riﬁg%it?nﬁg%?e%%mﬁ. £f Sﬂg fiBFatigyhce shown

in Fig. 2 is in opera peration, a servo-circuit is

feeding a @YEifibanRdshAredidet ect@d, BHLNMoaAiNY WPleratod’ BaOba Nut ely
:left, and right so that the head elenent 6 can precisely follow the

recordi ng tintelfrapted antiigk theHdiRttirbandeise subsdder.obl emin that the
servo- band . ' _
(Embodiment 4)
The fourth embodiment of the present invention will be
described below referring to the accompanying drawings.
Fig. 13 is an enlarged perspective view of the suspension -
5 when the disk device shown in Fig. 2 is in operation. During
the operation, a servo-circuit is feeding a current to the voice
coil motor to swivel the arm 20 minutely.left and right so that
the head element 6 can precisely follow the recording track on
. the disk.. However, there is a problem in that the servo-band
cannot be increased due to mechanical resonance existing
between the coil 9 and the head element 6 under this condition. -
The typical resonance is the primary tbrsional resonance
of the suspension 5. Fig. 13 shows this resonance condition.
This resonance mode consists mainly of the torsional mode of
the load beam 23 around its centerline 40. In Fig. 13, the load
beam 23 is twisted in thé direction of L, in which the portion
J rises and the piezoelectric element 21 expands .- In the next

instance, the load beam 23 is twisted in the direction opposite

to L, i.e., in the direction of M, the portion K rises and the
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cannot be increased due to nechanical resonance existing between the coi

9 and the head el enent 6 under this condition. The typical resonance is the
pri mary torsional resonance of the suspension 5. Fig. 13 shows this
resonance condition. This resonance node consists nmainly of the torsional
node of the |oad beam 23 around its centerline 40. In Fig. 13, the |oad
beam 23 is twisted in the direction of L, in which the portion J rises and
the piezoelectric elenent 21 expands. In the next ipstance, the | oad beam

23 i's twi spd@zoRlersrdcs a2t pspangFosi TR1S  EEEIPFORALING €¥El|i +8ction of M

Feci pr ocat FABeaFeRs | Bhen die 04 taghaRCENER (IS S THE: FLETEFRES A4 apd

il ectrode 24 and t d I rode .25 | i.tored, it d AC

Vol tage  abhenBinony SEe PRois BoR tBrgd. 15t PR e, 0arAS YHitRets

| t ti t ' I h f Si

5 shown | nag 088y ;2 FRITA Adaefy a4 e Bedd of RER™ 7
1 . s _ Li Y i :

Chr s case, HLe2tpd Py ade 4L BqtR1 B0 ME P4G0nanRR Fouiey i ts"

cancel thegl 'gtngigf?htg,hg baad ihediy2318f, Fig. 13, thus Ilowering the gain

of this reso\r%?nce. erePore, It provides an effect of allow ng the

servo-band to B¢ haysPEagé HERPHiGRAN eFualherbijhthcgmbs dindnin eppokater esent
invention will be described belowreferring to Fig. 15.. First, the single
pl ate seryphagel ter thel kohéddeifei dedas Fa brdken Slineplsn is appdied dn
this case, the piezoelectrid elements 21 and 22 expand and
shrink to cancel the twists of the load beam 23 of Fig. 13, thus
1owéring the gain of this resonance. Thérefore, it'provides
an effect of allowihg the servo-band to be raised.

(Embodiment 5)

The fifth embodiment of the present invention will be
described below referring to Fig. 15. First, the single plate
servo-writer will be described. Fig. 15 is a plan view showing
the operating principle of the single plate servo-writing. A
magnetic disk 50 is rotated, being fastened on thé motor hub
of the single plate servo-writer (not shown). The symbol 51
denotes the rotating center of the motoi‘ hub. A head elemént
52 is affixed to the tip of an arm 54 via a load beam 53 and
floats over the disk 50 as the disk 50 rotates. A suspension
53 is eqﬁipped with piezoelectric elements 58 and 59 having the

'same constitutions as those shown in Fig. 3. On the other end
of the arm 54 is connected to a swivel shaft 55 and the head.

element 52 can swivel around the swivel shaft 55. A positioning

device 56, such as an optical encoder, is attached to the swivel
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the operating principle of the single plate servo-witing. A nagnetic disk
50 is rotated, being fastened on the notor hub of the single plate
servo-witer (not shown). The synbol 51 denotes the rotating center of the
motor hub. A head elenent 52 is affixed to the tip of an arm54 via a | oad
‘beam 53 and floats over the disk 50 as the disk 50 rotates. A suspension
53 is equi pped with piezoelectric elenents 58 and 59 having the sane
constitutions as those shown .in Fi](?. 3. On the_other end _ of the,armb54 is
connect ed 8Bagts3R seIthatarhediead.glenentoican beArsiraebyRoshtdenred; ound
the swivel shaft 55. A _positionin device 36, . sych as an optical encoder,

i s attache8Mt EhFhépméP% ??sé-ﬁ&gf’ 88 §§et a&tb‘kt Hg'head el ement 52 can be

nead o ambnt sOPS Ehe, Raed| SLABRGE oif orb rReCeyY rik S oH SRuPPEE on on
he di sk 5 Is i di ' agad
Gl ament 52 1ibE" KT BfrRbeipn o' EhEa%Bc 36, e BetRplbati A1 RE,

element S2yrifcZRVEd Ehaukssk Yo' lgiig RAkPnaha! BEefBNECSY . CTRER LR ! O

wite the next servo-track 1n an i cal manner. Repeating this process,

a | arge nughekifly Bl bhel 8ePP6VLLAERCKS Eoifple¥dd [ Ahehdde dishlent052The

disk with many sérvo-tracks witten thereon is renoved fromthe single

plate serveswmbied miflubelytwithtohe HEDPSf kil PptivdIc@ncddede 58 sbngl e
head el enent 52 is used to wite servo-tracks on nunerous disks 50 in the

singl e pl awgiser thewiétersenvm-traek dnwant sdebebeak manmt £ Repeattiag
servo-tracks correctly
this process, a large number of multiple servo-tracks are
written on thedisk 50. The disk with many servo-tracks wfitten
thereon is removed from the single plate servo~writer and built
into a magnetic disk device.

Since a single head element 52 is used to writle servo-tracks
on numerous disks 50 in the single plate servo-writer, the
servo~writer becomes unable to write servo-tracks correctly
once the head element 52 starts to make contact with the disks

~ 50 during floating. If the servo;-writing operation continues
feeding new disks 50 without correcting the problem, a great

. many defective disks with improperly written servo-tracks will
be produced and shipped. .

In a case where the head element 52 and the disk 50 makes
contact for some reason while the head element 52 is floating
over the disk 50 as in Fig. 15, similar to a case described in
the first embodiment using Fig. 4, the impact causes an
oscillation of the head element 52 and that oscillation is

transmitted to the piezoelectric elements 58 and 59 via the load

beam 53. Thérefore,' if the control circuit of the single plate
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once the head el enent 52 starts to make contact with the disks 50 during
floating. If the servo-witing operation continues feeding new disks 50
Wi t hout correcting the problem a great many defective disks with
“inproperly witten servo-tracks.will be produced and shipped. In a case
where the head el enment 52 and the di sk 50 nmakes contact for sone reason
‘while the head elenent 52 is floating over the disk 50 as in Fig. 15,

simlar to a case descr,ibed in the first, enbodi nent using Fi 4, the
i npact cakIFomLLLeY |18 MeRibPring Hhe s ignaksnfron the R%%%O‘%ﬁﬁ‘}#]é?t ionis

Tt o SHET L FHATERLE o AR08 BB AR

honi [ ts 58 S t

e A SR AR i 0 R BB T2,

the host SQURMLEn Ay £ "8y ARODHRLL Ly oBled AL EIROLLAR A0nElLRELINE
Jh e cenen ?

C
counterrreasure suc he 'servo-signal chased

on the al ! Be glfla%é?r[é?{ﬂ oF ‘Efclj;eo%%ilUS' ?%gﬁtﬁﬂyyf'!‘.ﬁiﬁg"‘héﬁd ﬁgé%ﬁ’%ﬁ Yengtr i tten

servo-trac e prevente nbod 6 I XT I ment of the
present i nugiim Ol |drdifl entl &5€ 'h ffh 81 P any) &1 55K & Qr A 1R Clifp PP by the

single plate servo writer shall” be the data for the head el'enent .
position wirittldn edne-treakdlidith b PeraMeitddie nagnetic di sk devi ce S

ready to operate as shown in Fig. 2. Therefore, these servo-tracks should
be recorded ayHmbesHmentpds)si ble to true
The sixth embodimeht of the present;_ invention will be
described below. The servo-tracks written by the single plate
servo-writer shall be the data for the head element 6 to position
itself on the recording track when the magnetic disk device is
ready to operate as shown in Fig. 2. Therefore, these
servo-tracks should be recorded as close as possible to true
circles on the disk 50 by the single plate servo-writer shown
in Fig. 15. | |
However, since the positioning of the head element 52 by
the single plate servo-writer relies on the optical encoder 56,
the positioning accuracies of the components between the swivel
shaft 55 and the head element 52 are dependant on the mechanical
rigidities of the aim 54 and the load beam 53. The key element
in _rigidity from the swivel shaft 55 through the head element
52 is the primary torsional resonance of the suspension 53,
which was described cohcerning the fourth embodiment shown in
.Fig. 13.
However, since this resonance problem is the same as in the

fourth embodiment, it can be solved with the same method as in
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citcles on the disk 50 by the single plate servo-witer shown in Fig. 15.
However, since the positioning of the head elenment 52 by the single plate
servo-witer relies on the optical encoder 56, the positioning accuracies
‘of the conmponents between the swivel shaft 55 and the head el enent 52 are
dependant on the nechanical rigidities of the arm54 and the | oad beam 53. .
The key element inrigidity fromthe swivel shaft 55 through the head
element 52 is the primary torsional resonance of the suspensio 5%9 whi ch
was describbel Enekh rﬂ“ﬂ%j’cillﬁ@%uﬁpho‘éh%dmﬁdﬁ' §FoFAOWR L iFgl.g'lg.‘1 Bever,
since this resgnance g&gblen1is the same as_in the . fourth enbodinent, it

can be sol YR8 #PRRtRhemBadimgREnobhgsIprin 28 the PLiMeRYchBLEIARAL. I n
oth ds, h in Flg. ,14 f t he .f t di .th | f
Che. pri marEEORERERATE Shes Had st SonEan o Ao esaby AP 16 coehg
| yi to.th ' I ' I ] I
P01V 00, 23 LDSe  BLEEOS! BELGLRCE! SH°RhA 57, 8"JoT0afe PhhPOALAIoCRRET LS
. ¢ . : - . |
stcrai/rerﬁ% eﬁg;&)iﬂ?%@%gﬁ_ E Ee(—'edp%tgs{éﬁtg [?nvent | oér?&vmﬁﬁlelbe gesé%%ggeiﬂei?ri ng
to Fig. 16toF£ﬁétFriﬂé‘rﬁ)e@gréﬁéﬁﬁi PebbnahBe U8 CEhBCHusHBASionl 585 assuned
that the head tester 1s"a device for testing a head equi pped with a

m cro- act uat or(Eﬁ,gdiﬁén{;s-;? pl an vi ew showi ng the operating principle of
such a head tester. As the first step,. a testing disk 70 is

The seventh embodiment of the present invention will be
described referring to Fig. 16. First, the head tester will
be described. Here, it is assumed that the head tester is adevice
for testing a head equipped with a micro-actuator.

| Fig. 16 is a plan view showing the operating principle of
such a head tester. As the first step, a testihg disk 70 is
fastened on the motor hub of the head tester (not shown) and
is rotated. The symbol 71 represents the rotation center of
the motor hub. A head element 72 is affixed on an arm 74 via
a load beam 73 and floats over the disk 70 as the disk 70 starts
to rotate. Piezoelectric elements 75 and 76, which have a
similar configuration to those shown in Fig. 3, are mounted on
the load beam 73.

| After the head element 72 is positioned accurately at one
point in the radial direction over the disk 70, data recording
and repfoduction are executed on the disk 70 using this head |
element 72 to check if the head operates properly. The head
herein means an assembly consisting of the head element 72, the
load beam 73, and the piezoelectric elements 75 and 76. The

head that has passed the test will be removed from the head tester
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fastened on the notor hub of the head tester (not shown) and is rotated.
The synbol 71 represents the rotation center of the notor hub. A head
elFenent 72 is affixed on an arm74 via a-load beam 73 and fl oats over the
‘disk 70 as the disk 70 starts to rotate. Piezoelectric elenents 75 and 76,
which have a simlar configuration to those showmn in Fig. 3, are nounted
on the | oad beam 73. After the head elenent 72 is positioned accurately at
one point in the radial direction over the disk 70, data recording and
repr oduct i BRdabdidkedntedtbe dASKJASN1®B-using this head element 72 to _
check if the head operates properly., The head herein peans an aise ly

S¥&F ectric

consi sting of ESABCRESIRULEEAStANG digk 7047jusedhorsest pymerous;

I ts 75 and 76, T head, that h the test will, .b d f
the hoad  BBFE thOBeRIELERFR 14 BEPALS RCRAHE AL Y HEED LY FGRELhdst i ng
disk 70 i d test nL head | 7 ts t
et (o SOUBR 7R ehE bl TERUE S BepaRe8Cybipadced FREEBhe BebAl S [0
test the h?@g%ec%igr aak! %odHSmsged%BHQﬁet %e%E‘ingea&lsﬁgFQhééﬁCB .Sgdcpy such
contact. | € head testing pracess i s continuéd Sinply changing the

heads 19, DephEabEd h£NONL RERACCLLEMS Frb Ol o oonOi5da TBINERT ot i ve

heads wi |l be produced and s ( e head elenment /2 and the disk 70
nmakes cont aphnh9hg SRR Pt bSLEA riRARFhtebeFRBEL {Rgitthd geafbueﬁ,over
o]

the disk 70 in Fig. 16, identical to that indicated in Fig. the first
enbodi ment a geatnmaay delfectdvecheads! tvdlllobe protiieeliceadd shipped.

If the head element 72 and the disk 70 makes contact for
some réason while the head element 72 is floating over the disk
70 in Fig. 16, identical to that indicated in Fig. 4 of the first
embodiment, the impact will cause oscillations of the head
element 72 and the oscillations will be transmitted to the
piezoelectric elements 75 and 76 via the load beam 73.
Therefore, if the control circuit 6f the head tester is
monitoring the signals from the piezoelectric elements 75 and
76, the contact between the head element 72 and the disk 70 can
be detected to alert.the host computer;

If an effective countermeasure such as the replacement of
the head testing disk 70 is taken at this point, problems such
as producing and éhipping a great many defective heads can be
prevented.

(Embodiment 8)

The eighth embodiment of the present invention will be
described referring to Fig. 17. First, the disk tester for
testing humerous disks with a single testing head will be

described. Fig. 17 is a plan view showing the operating
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el ement 72 and the oscillations will be transnmtted to the piezoelectric
elements 75 and 76 via the | oad beam 73. Therefore, if the control circuit
of the head tester is nonitoring the signals fromthe piezoelectric
“elements 75 and 76, the contact between the head el ement 72 and the disk
70 can be detected to alert the host conputer. If an effective

‘count erneasure such as the replacenent of the head testing disk 70 is
taken "at this point, problens such as producing and shipping a_ great nmany
def ect i ve Pretsipke dfe the disk: EG?tGEnb%%Ii‘F%thB‘?StTﬁé?e@'ggt ﬂlgﬁb%ﬂi Hent of

L A Y A T
di sk test teirs.st%tél]*r:é-ri E%‘P §¥§%,°ia_83i §EP§85F?€Sf§§?eﬁ%€gBh°? HEeRETE Hub of
rorati on cot Aottt noke ol AR gl Sntl B e HIRSEIPE Hh RERSTVAT T
o Totat e, Aessoaran s 38 LORLE QA chefatuR/adilelent Wk BO, fEhstar ' ©

conf i gur ati Hn-4 Gt HOS P 1SRN dot il e13meditd TBUBNAC 6@ whien dadebeam 83.

Wth the above-described configuration, after the head elenent 82 is
posi t i oneds ARTIHRIRINE iRfur@tSdiP kBt thosé hdwatliial Figl reclaremouitedhen di sk

80, data recording and reproduction are
the load beam 83.

With the above-~described configuration, after the head
element 82 is positioned accurately at one point in the radial
direction over the disk 80, data recording and reproduction are
executed on the disk 80 using this head element 82 to check if
the characteristics of the surface of the disk 80 are normal.
After completing this test over the entire surface of the disk,
the disk that passed the test will be removed from the disk tester
and built into the disk device.

Since a single testing head is used to test numerous disks,
once the head element 82 starts to make contact with the disks
80 for some reason, it becomes unable to test the disks 80
cofrectly due to damage to the tésting head caused by such
contact. If the disk testing process is continued, simply
changing the disk 80 to be tested without correcting the problem,
a great many defective disks will be produced and shipped.

If the head element .82 and the disk 80 makes contact for
some reason while the head element 82 is floating over the disk

80 in Fig. 17 identical to that indicated in Fig. 4 of the first

embodiment, the impact will cause oscillations of the head
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executed on the disk 80 using this head elenent 82 to check if the
characteristics of the surface of the disk 80 are normal. After conpleting
this test -over the entire surface of the disk, the disk that passed the
test will be renoved fromthe disk tester and built into the disk device.
Since a single testing head is used to test nunerous disks, once the head
el enent 82 starts to nmake contact wth the disks 80 for sone reason, it
beconmes unable to test the disks 80 correctly due to dapage to the testing

head causeﬁlﬁwegﬁcﬂz ébﬂtﬁ%?lllﬁt%%EsdW%kltﬁgtFﬁﬁnﬁmﬁEE%g Q EBﬁtlnued

S|nply chan the ¢disk_80 to be tes W t ho ctin e problem
a' great naﬂ& g%%??%écd?%ﬁ@eﬂf?lg5eaﬂé gﬁc@ﬁaa %eﬁea f®?he head

el enment - 82 and_t he di sk 80 n€ﬁes co t t for %h+le t he, head
el enent 82 is ThoEEFAEeovef dc+ﬁc$+ o3t iy

el | Tatt hendtridartnd Midndy, frgﬁﬁf"ﬁﬁéﬁ% %#%# %n%él e 89°8na.
transm ttegdg fqil‘ﬁ]@%on@ Oﬁlﬁ%éhct}f% %ﬁ&t ﬁléxge@e%ﬁgnw nbheidi0ag be m 83.
(0] e

Ther ef or e, cont crrcurt ster 1s nonitoring t

signal s frgg §0RePLEAObERIEEE ShETROEE Eonditer. B0t ldiP drUAEvd et ween

the head el ement 82 and the disk 80 can be detected to alert the host
conput er. ébuifefhéasiirdts kel AsCEEP2aYERCAUWE 2hel §RERAMBY nPhedeigdi sk

testing head is taken at this point, problenms such as producing and
shi ppi ng takerait neinys dsd Bet ) \wroblses caichbasppevdatédg (aﬁdbsﬁippmng%
a great many defective disks can be prevented.

(Embodiment 9)

The ninth embodiment of the present invention will be
described. The constitution of the ninth embodiment is
identical to that of the eighth embodiment shown in Fig. 17.

The functions of the disk tester can be divided into two
major categories, i.e., the gliding height test and the
confirmation test. The confirmation test is to check the
fecording/reproduction.characteristics of the disk as
described in the eighth embodiment. On the other hand, the
gliding height test is to check the height of the protrusions
of the disk surface, which hitherto required a special head
separate from the head for the confirmation test. This special
head is used by mounting the piezoelectric element elastically
on the arm of the head for the gliding height test as shown in,
for example, JP-A~4-178920.

On the contrary, according to the present invention, the
head equipped with micro-actuators can be used as a sensor for

detecting protrusions on the disk as described in the second
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The ninth enbodi ment of the present invention will be described. The
constitution of the ninth enbodinent is identical to that of the eighth
enbodi ment shown in Fig. 17. The functions of the disk tester can be
divided into two nmjor categories, i.e., the gliding height test and the
confirmation test. The confirmation test is to check the
recordi ng/ reproduction. characteristics of the disk as described in the

ei ghth enbodi nent. On the other hand, the gliding height test is to check
t he hei ght eBbodameptqt FastRAL the alidismgskeightaean hiimansuradbyothequired
a special head separate fromthe head for, the confirnmgtion _test. i

speci al h&ame; Befhed BHedotor i FRASHELRY &R Hekding hed el Foifxom gg:efy on
th f t head f t he, gl j.di hei ght t h in, f | e,
I A4 175598 E ARG, RRSEBR LT 19rc ddrcl RRCEGESHE: FIS GHER RRSHETORTEhe
head i d wi Ry - d f det. i

B ot r ot onhg st L EhaRh A 8T 47 oA BE e s SE BRI RS a1 LA1BY | n2
th I di aei.gh . 3 d fot i

the oi di ndef8hd keRel a8 FRASUORE: Phat 36y RABE, "ERYS s URGT1cRInGPERY ! 1D

di sk testegedtifg FRE1§9RSEELUtI ON shown in Fig. 17 can be used for both
the gliding heiaht test and the confirmation test, thus sinplifying the
testing facilities. 24 | 1LLLEEL FREEEE rreer terd 1 i €L MS

24



CLAIMS 1. A sensor systemfor a disk device by using a floating head,
conprising: a rotating disk having a data recording area; a head el enent
that floats over the data recording area of the disk so as to wite data
thereon or r a first actuator for noving the head

el ement overimunyuﬂ"mmgj&mrng area of the disk; a second actuator being
supported by t*hecfirstwa or and supporting the head el enment for
preci se positioning thereof against the data recording area of the disk;
and a nmeans for detecting any contactClfeiMRen the di sk and the head -
element, by utilizing a signal gener.ated by the second ctyator_when the
di sk contaéts RH¥# Syis FOgLﬁ ﬂ’r&s‘a e‘%ﬁ%&ﬁ{ PS&“&f%ﬂé’%m& h?‘."‘g.’ The
sensor systemfor.a disk device by using a floating head according to
Caimi1, wWiBPBEAStRE®second actuator is a piezoelectric element. 3. The
sensor systemfor A | C sLn f ' e according to
daim1l or CIa%n???agkégeg%¥khga§éggné g% ﬁa%%?gkggngigg%%éd on a | oad beam

of ‘2 head SUSPENGLAY.<1imehd EXLBOEIGh OBt S LnRallEh L SRI1 Ay Yt i o

by using a flo rising: ut e sensor stemftor a

di sk devi cgnByq¥8kNgodas 260 "witite [dDa ItHe G AC1@ad BAthOthesbfrdm;

a first actuator for moving the head element over the data

recording area of the disk;

a second actuator being supported by the first actuator and
supporting the.head element for precise positioning thereof
against the data recording area of the disk; and

a means for detecting any contdct between the disk and the
head element, by utilizing a signal generated by the second.
actuator when the disk contacts the head element during an

operation of the disk.

2. The sensor system for a disk device by using a floating head
according to Claim 1, wherein the second actuator is a

piezoelectric element.

3. The sensor system for a disk device by using a floating head
according to Claim 1 or Claim 2, wherein the second actuator

is disposed on a load beam of a head suspension.
4. A flying height testing method for a disk device by using

a floating head, comprising:

utilizing the sensor system for a disk device by using a
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éssuning a hormal—rotatitng speed of a di sk during opefation as a first

rotating speeg: ' nt act between a di sk and a head el enent by
~utilizing a frml‘mwn%mﬁ ‘ﬂmﬁy t he second actuator when the disk contacts
the head ele Iie e rotating speed of the disk is |owered, and
assum ng. the rotating speed of the disk then as a second rotating speed;
“and neasuring a flying height of the head el enent based on-a difference

between the. first rotating speed and the second - rotating speed, under an
- assunpt i ohlPARLNG hefdt pEROEALNG et hka ol ating speed of the disk and the
flying height_of the head elenent has been kpown, 5.. A.sensor_systemfor a
di sk devi ce bFSTEMHRIA PPBﬁ?l!lrfgoEtr?eta’d’,g SPEffr gia\r,g’.‘sﬁqudrﬂé‘tgi ﬂﬁeﬁ?gkoﬂavi ng a
dat a recorging area; .a %Ead eleneag that floats over.the data recording
area of & d?sﬁ £3C X3P BPEECA thereon or read data therefrom a

first actuato e{gétfgﬁigagﬁéﬁgaé@%&%%? g}\é?{]gtnﬁeﬁgpggdrgi%ghgg rea of

t he di sk; and a Sécon or ~ suppor actua

SUPPOr L nge + 16, Biach SLEGRDL J&HeliRb] 35) WP Hedodll Atk obe@lenchfgEt

agai nst t ata recor ea t wherein the head el enent is

retreat edgi sRMechtiSts THe BBV dént Wilidle 2ABUAGLAL NG BP BiFSkhes not
I n operation, and 26 111111 112112 111j1 1211211 illl
disk is lowered, and assuming the rotating speed of the disk
then as a second rotating speed; and
‘measuring a flying height of the head element based on-a
difference between the. first rotating speed and the second
rotating speed, under an assumption that a relation between the

rotating speed of the disk and the flying height of the head

element has been known.

5. A sensor system for a disk device by using a floating head,
comprising:

a rotating disk having a data recording area;

a head element that floats over the data récordingtarea of
a disk so as to writé data thereon or read data therefrom;

a first actuator for moving the head element over the data
recording area of the disk; and

a second actuator supported by the first actuator and
supporting the head element for precisely positioning the head
element against the data recording area of the disk;

wherein

the head element is retreated from a disk surface by the

first actuator when the disk is not in operation, and

26



~s* the systemfurther—eenprises a neans for detecting a vibration

di sturbance b L hiimi b 2 Slegnal generated by the second actuator due to
this vibrati o%(!mwmmgﬂﬂﬁlﬁm,! ore the first actuator starts a |oading
operation of thke head onto the disk surface froma retreat
position. 6. The sensor systemxfor a di sk device by using a floating head
according to Claim5, wherein the second actuator is a piezoelectric

el enent. 7. The sensor systemfor a disk device b d%Jsin a fl.oating head
according to Gthg AYSIAM FUELRYE SOARRILISFS i ’%eé’éb% U dRhS A% A sposed

e U

oL A5G B LRl b B RS o ©

actuat or fP_{r e a[%%.' Q%%‘}t%l gnfﬁéd_?%gr?ﬁé}eﬁ%l?of’ E£har H%Q@ éf&ﬁexﬂf t he
y 1 rst ac an

di sk; a second actuator supported uat or supporting the

head el emmagie oty T LI hyr AR {EASH W S dahod OBy agai nst the data

recording area o i sk; and a neans for canceling a resonance generated
between the head elenment and the second actuator, by applying to the
second actuator a signal having a phase opposite to that of a signal 27

I1'1l C L éJ SThe sensor system for a disk device by using a floating head
according to c1aim'5, wherein the second actuator is a

piezoelectric element.

7. The sensor system for a disk device by using a floating head
according to Claim 5 or Claim 6, wherein the second actuator

is disposed on a load beam of a head suspension.

8. A sensor system for a disk device by using a floating head,
comprising:

a rotating disk having a data recording area;

a head element that floats over the data recording area of
the disk so as to write data thereon or read data therefrom;

a first actuator for moving the head element over the data
recording area of the disk;

a second actuator supported by the first actuator and
‘supporting the head element for precisely positioning the head
element against the data recording area of the disk; and

ameans for canceling a resonénce generated between the head
element and thé second actuator, by applying to the second

actuator a signal having a phase opposite to that of a signal
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génerated'béﬁ;?E_EEEQﬁQ_QQLuaLQr when the head element is floating. 9. The
sensor syst or a disk device by using a floating head according to

Seﬁls{)nr 8sy\é\?g;ne\lf\m“um\lﬂﬂﬁu I2‘ﬁuat or is a piezoelectric elenent. 10. The

@“ by using a floating head according to
Claim8 or Claim 9 wherein the second actuator is di sposed on a | oad beam
‘'of a head suspension system 11. A sensor systemfor a disk device by using
a floating head, including a sipgle-plate sh}rvo witer, said servo witer

conpri si neReRALRA et §9RANG |askuatRr when fihe FiPeftedsHr  a

rotating disk so as to wite servo information thereon or read servo

I nformati q Yom a first actuator for noving the head el enent over

the data recording area of the disk; a second actuator supported by the

first actuator and supporting the head el enent for precisely positioning

he head I ' ' sk
Lhe head LR BHBbRNy4 e 9807 LS dbUiasimuBtl i sdbakind i moons
utilizing c%maguggdﬁe&laéﬁp g)'y v}ﬂ@réﬁpfqﬂﬁ £ Id}gi'qc%lt he dj sk contacts

the head el enent ring an operation o sk. 28 L L S 12. A sensor
system f opiedicsledavic elimaming a floating head, including a

single-plate servo witer, said servo witer
10. The sensor system for a disk device by using a floating head
according to Claim 8 or Claim 9, wherein the second actuator

is disposed on a load beam of a head suspension system.

11. A sensor system for a disk device by using a floating head,
including a single-plate servo writer, said servo writer
comprising: |

a head element that floats over a data recording area of
a rotating disk so as to write servo information thereon or read
servo information therefrom;

a first actuator for moving the head element over the data
recording area of the disk;

a second actuator supported by the first actuator and
supporting the head element for precisely positioning the head
elemeht égainst the data recording area of the disk; and

a means for detecting any contact between the disk and the
head element, by utilizing a signal generated by the second
actuator when the disk contacts the head element during an

operation.of the disk.
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cbnprising: at floats over a data recording area of a

rotating dis ' ervo information thereon or read servo
‘i'nformati on qm@‘ﬂmm\mm‘w actuator for noving the head el enent over
"the data rec lng Lar ea 6f the disk; and a second actuator supported by
the first actuator and supporting the head el enent for precisely
"positioning the head elenent against the data recording area of the disk;

and a nmeans for canceling a resonance generated between the head el enent
and the sédon®t SRASRK SYSHEMERr\A Ad skodeviice it ¥8d ndar tilaading Brghal
havi ng a pha e.oggosite to that of a signal, generated b¥ the.gecond
actuat or WREMUERBInB81BPLRERLALE SPrBY hdtets. SATdRELVOSWELERTfor a di sk

devi ce by usinﬁ a floating head, including a head tester,.said head tester
conpri si nG°MR H84B9E| enent that floats over a data recording area of a

ot ormati on' t Reberi ohfelst RSt Fot e W ofaty ERYAFERLeRTPES, o,
the data anReandidifadths Olast 86 it »8:60NbARHUAPENSLBRRTSdell ¢ he

first actuator an supporting the preci sely positioning

the head ggl-¢BERNhf88RLESbN! RRcPBEROpSCOrding area of the disk; and 29.C L M
S a neans for detecting any contact Detween the disk and the ’
a first actuator for moving the head element over the data
recording area of the disk; and |
a second actuator supported by the first actuator and
supporting the head element for precisely positioning the head
element against the data recording area of the disk; and
a means for canceling a resonance gen_erated between the head
element and the second actuator by applying to the. second
actuator a signal having a phase opposite to that of a signal

generated by the second actuator when the head element is

floating.

13. A sensor system for a disk device by using a floating head,
including a head tester},said head tester comprising:
a head element that floats over a data recording area of
a rotating disk so as to write servo information thereon or read
servo information therefrom;
a first actuator for moving the head element over the data
recording area of the disk;
| a second actuator supported by the first actuator and
supporting the head element for precisely positioning the head

element against the data recording area of the disk; and
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head el ement—by ht...Luug a—stgnal generated by the second actuator when
t he di sk cont ment during an operation of the disk. 14. A
sensor syste !lmim“ﬁmm‘ e by using a floating head, including a disk
“tester, said dis ester conprising: a head elenent that floats over a data
recording area of a rotating disk so as to wite servo data thereon or
"read servo data therefrom a first actuator for noving the head el enent

over the data recording area of the disk; a second actuator supported by
the first act 3RANRAPT debsetinaaRy Canarte PetwRen: bhe fisk aad th

Bnd & mooheafopLaBeaE, | hﬁ”ﬁﬂ%le%ﬁb&i% BLona Eé‘eﬁéﬁé’ﬁéﬁ”ﬁxﬁﬁﬁﬁegéﬁéﬁ sk
a EL’EQZma%‘F atne KBER LRenBRPkaRPRACER CHRcharfioh BReFRCIAFLRS 48 The
SFnsor YebEkE Phaot) §553§é%=%?eb¥o“§;2§u?ef 2 gl i”gi g hei ght of the. di sk

by changing a rotating speed of the disk. 30

'14. A sensor system for a disk device by using a floating head,
including a disk tester, said disk tester comprising:

a head element that floats over a data recording area of
a rotating disk so as to write servo'data thereon or read servo
data therefrom; |

a first actuator for moving the head element over the data
recording area of the disk;

a second actuator supported by the first actuator and
supporting the head element for precisely positioning the head
element agaiﬁst the data recording area of the disk; and

a means for detecting any contact between the disk and the
head element, by utilizing a signal generated by the  second
actuator when the disk contacts the head element during an

operation of the disk.

15. The sehsor system for a disk device by using a floating head
according to Claim 14, wherein it is possible to measure a
gliding height of the disk by changing a rotating speed of the
disk.
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