19 October 2005 DESCRI PTI ON Sensor System for Di sk Device Using Floating
Head Technical Field The invention relates to a sensor system for disk
devices wusing floating heads, in particular, a sensor systemfor disk

devices using floating heads, by utilizing mcro-actuat ' field
of di sk devices and testing devices in which data are ?g;(?jdb?%rmé@gswi tten

ont o di sk-shaped recordi ng nedi a. Background Art Let us describe the

i nvention using a magnetic disk device as a disk device in question. In
order to raise the recording denBEEGREPTEONI sk, flying height of a head
has been reduced gear after year and has reached a_level of 10 nmor |ess.
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| evel of 1 umor |ess. These trends are causing the following problens: (1
) I f physical contact occurs between the head and the disk during a disk
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and al er t- TR HEEEY ter 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.

Background 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. 1In the
meantime, the track pitch is also shrinking and has reached a
level of 1 #m or less. These trends are causing the following
problems:

(1) Ifphysical contact occurs between the head and the disk
during a disk 6peration 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 head 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 loading of the head on

the disk and to interrupt the loading if any disturbance is



becones difficult to confirmif the head is truly floating at a designed
hei ght on an actual disk device when it is assenbled. (4) Since a disk
tester currently available on the market uses a slider that differs in

shape fromthe actual head for a gliding height test fqpd&ghbigodde

hei ghts of disk surface protrusions, accuracy of measurenent 1S poor.
Moreover, since the gliding height test and a confirmation test for
checking cﬁﬁﬁPrd'ng and reproduction characteristics of the disk are
carried out on separate heads a Ionger testing tine is required. (5) As
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patent 5, 856, 95 proposes a net or provi |ng a plezoelectric elene t

on the side gyjacheed al idek e0stoRlcdiiredl 87 SRILOBLe S eRRhapReL! | ates

to generate a vo tage when a contact occurs t he di sk

during tigedi aksopaeat 'tﬁ@t dhe ferf%t hﬂdshaP@nﬁOhOtH@t getubfeneqnt a6k
bet ween the head and the disk by neans of such signal, but a typical

slider cargepdlig NEEghtDSEs W £6F )t dst Sy TR |he61§_.1h1:520&'nﬁh§k| Shgthcel MM in
width, and 0.3 mmin height. Therefore, it is difficult to secure a 2 19

Qct ober 206brapdoasf, cdcovuaty f acpsazeledtt { $ pRIreMeRbrebdver , paigeé

5,777,815 discloses a nethod for using a thermal asperity output of a

magnet i cthesgiidhng béfight heat ahdRaheanfjirmhvienetest for checking
recording and reproduction 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 betweén
the head and the disk as described above under (1), U.S. patent
5,856,895 proposes a method for providing a piezoelectric
element on the side of a head slider so that the piezbelectric
element oscillates to generate a voltage when a contact occurs
between the head and the disk during the disk operation. The
method intends 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




is only a MR head portion that detects an inpact, which is no nore than 1
umin width. Thus, the area of the portion that can be used as a sensor is
very small, and noreover, a contact cannot be detected if the contact

occurs between the disk and other portions than the MR | e
slider. As for the problemof (2), Toshi ba Technol ogy 012?%%?'2@0?%.
17-55, File No. 99169634 disclosed a nethod for detecting disturbances by
addi ng an accel eration sensor, but the nmethod |eads to a cost increase as
it requi rakaem teidindwnbingeaspiezegléotriheepenbhem U S¢ 3patealtt hough
there is a possibility of nmeasuring the flying height of an assenbled
actual de¥i ck/ r blb disrdosies 2 Rethed fepusing athpumadfaaper Hagnetpet
resistance effect head ("MR head") as described in the aforenentioned U S
patent 5C&77 gegnetis sisciitanes efifecthiead; (¢#Rnbeaddtechowevesnibict if

t he contact occurs between the disk and other portions than the MR device,
in |ike nen®®l¥ag MR pepd pariyentratprdmieskvfan 4mpacip- ¥hdchsdsono

di scl oses a hod, for using .the magnetic distortion effect of an

el ect r om@H& t8an JaddRi bh WY madhlsicc theadrsa: o8 BhebPeRt&RNstRatn t hat
the detectiopn senaitivit IS tgo low. Also, JP-A-10-27342 discloses

met hod f 6F me&sUP PR &ISRSF A& GRTY (L ¢ R RerRaN S as fef PRHA0ht pﬁt of
D N ke B ShaRaR Ry SF R MR s LR IR BN D
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resonance of aAkh@or the problem of (2), Toshiba Technology Disclosure
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 sensor.
As for the problem of (3), although there is a possibility
of measuring tr;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, a 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 effegt of an electromagnetic
induction type magnetic head but a problem exists in that the
detection sensitivity is too iow. Also, JP-A-10-27342 discloses
a method for measuring a gliding height using the thermal
asperity output of the magnetic resistance effect head (MR head),

but a problem exists in that it takes more than 10 minutes to

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



suspensi on by adding a danper to a | oad beam of the head suspension.
However, the suspension is getting even snmaller and shorter these years so
that it is difficult to attach a danper due to such space restriction

Di scl osure of the Invention Thus, exanples of the preseﬁg(?%§§§}é seek to
solve or at |east alleviate one or nore of the foregoi '

probl enms. A sensor system according to the present invention conprises: a
rotating di sk having a data recording area; a head el ement that floats
over the data recording area of the disk so as to wite data thereon or
read 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
actuat or ard dupporting the head el ement for precisely positioning the

head el enent agginst, thttmerP]{CﬁDcloe&rg ng ar of (he digke.and & gmanss or

detecting any contac sk and t'He head el’erment, by ut|I|Z|ng
a signal genﬁxﬁkﬁﬂxbyaﬁhedéacamdd@m@ﬁakpﬁjmhemorgﬁoﬂaskreeonaacEscﬁheﬂhead

el enent during an operation  of the djsk. The pr o L%QE ntlon d bove occur
due to the SUERERSHAN Prerddingho? pAsEBRrsenRof | ePPRE sk t8EVIRGR T or

deteCting'%?%?gn§¥&htheHéwg@érThgﬁg Qﬁ¥§eﬁ§§8neﬁge@%k%ﬁngrQ§Q§{Q£maller

activities conicerning micro-actuators (two stage actuators) for inproving
truck densiangd éhmrmaxumme$eaYeaapaﬁeséﬂnﬁgawlnES"ELééﬁﬁéhtc§© ded@dtbex

vari ous typgs oﬁrfg}cro acaﬂﬁtors in |ts qutenber 1999 issue at pages 44

to 45. It S HHDIPHIT Tgnetic di sk devices will 19 Cctober
2005 -5

Disclosure of the Invention

Thus, examples of the present invention seek to solve
or at least alleviate one or more of the foregoing technical
problems.

A sgensor system according to the present invention
comprises: a rotating disk having a data recording area; a
head element that floats over the data recording area of the
disk so as toc 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 disgsk; 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.

The problems mentioned above occur due to 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) for improving truck density. For example, a
Japanese magazine "Electronics" describes various types of
micro-actuators in its September 1999 issue at pages 44 to

45. It predicts that almost all magnetic disk devices will



have m cro-actuators in the future. The mcro-actuator is basically used
for mcro-driving a head el enent by inputting voltage. Wereas the
m cro-actuator is considered as a kind of converter between electrical

energy and mechanical energy. Therefore, a voltage is QQQﬁ&BBﬁPZéUSthe
m cro- actuator when there occurs a mechanical disturbance such as an

i npact on the head elenent, if the process of conversion between

el ectrical energy and nmechani cal energy i reversible. In other words, a
m cro-actuator can be used as a high senSitivity inpact sensor. A

m cro-actuator sensor consisting of piezoelectric elenments is expected to
achi eve high conversion efficiency. Moreover, this nmethod is applicable to
di sk testermwmdnhead-aceseepss Branpresfoturke prE8enMicHpeRGtoiRtedekt$ o

sol ve or t least  alleviate one or NDLE. rohl UGN L5+ ;
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tenporaril yomhesyd he mhereagcthat oicks-anotiaused ikorcamisddertd \dng thindiead

el ement. More specifically, by temporarily enploying, as an, i ct sensor,
t he nicro-éb@ua?%FV?BFeﬁich@ﬁ%ﬁﬁqi(ﬁﬁ?ﬁf?%%gPhe H?QQMiCWWQ;i% a@%%ﬁ%% | e
for achievifig.a,ni gh FecoLebng, ddfnsfv&wa@,@ tihe Guhdrgre8Xaipl @e0fmi dieo-

present invention neke It possible to detect any contact between the disk
and the heartwEmenvhent hheeey dugirsensinechanycal t Host wriamgearpuch as

a0 U onal SeTeSh R e Rt oEL DRRRSALNG Seatoand: e,
can be det gadi8fhers0 asidymvg thediegd ouhdf romethandaba arencagd alest
the host conputer to make a data backup. Thus, a fatal |oss qof data._can be
prevent ed. reversible. In other words, a micro-actuator can 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. Examples of the present invention seek to solve or
at least alleviate one or more of 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 temporarily 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, examples of the present invention
make it possible to detect any contact between the disk and
the head element with very high sensitivity without using an
additional sensor. Consequently, if a contact between the
head and the disk occurs for some reason while the disk is
in operation, such contact can be detected, so as to move
the head out from the data area and alert the host computer
tc make a data backup. Thus, a fatal loss of data can be
prevented.

According to the invention, the gecond actuator 1is

preferably disposed on a load beam of a head guspension.



According to the invention, the second actuator is preferably disposed on
a | oad beam of a head suspension. 19 October 2005 -6 In accordance with one
aspect of the present invention, there is provided A flying height testing
net hod for a disk device by using a floating head, comppi§iiBger #6381 2i ng a
sensor systemconprising 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 read data therefrogn a first actuator for noving

t he head el ement over the data recording area of the disk; a second
actuator being supported by the first actuator and supporting the head

el ement for precise positioning thereof against the data recording area of
t he di sk, and aIrmaa@,cqman@%t@twngnanys%ﬁt:a@tf FEewWEETE e i RYEENR he

nead el emetcr by, ybLEGLB0aRsS AL OMNA Al ede by e secend aehual ais gpen

the disk contacts el emen n operati t he di sk
assum ng a erired botadimg =5 pEeshtofng ek, dwmmgLsn]@r ati on as a first
rotating speed; detecting a contact between a disk and a

i
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the head ehenpniy Wai | g dde re%%r&l@@ speed, of hbgadisSlkenesnd owared, £ Bork s
assum ng the rot atl ng speed of thé disk then as a second rotati ng speed,

and nmeasur iowem fheyi gt herghording harpeadfekbredd shased ash ta Wi Fierddice
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flying hei ghte adfedd€eclement 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 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;

assuming a normal rotating speed of a disk during
operation as a first rotating speed;

detecting a contact between a disk and a head element
by utilizing a signal generated by the second actuator when
the disk contacts the head element while the rotating speed
of the digk 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.

With such an arrangement, the head flying height of the
disk device can be measured directly after completing
assembly.

In a sensor system according to one example, the head

element is retreated from a disk surface by the first



head el ement has been known. Wth such an arrangenent, the head flying

hei ght of the disk device can be neasured directly after conpleting
assenbly. In a sensor system according to one exanple, the head elenent is
retreated froma disk surface by the first 19 Cctober ZQQQDaEb@pﬁb@gor when
the disk is not in operation, and the system preferably conprises a nmeans
for detecting a vibration disturbance by utilizing a signal generated by
the second actuator due to this vibratiop 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 bg any di sturbance before the head

i s | oaded Gttdateyr dvRRn &hE (Bt obSt RELI dadiPRETE 1Per e2P8 TRy SYstem

disturb d i t f ~ | | 90,
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there is p systemtfo sk device by using a floating
head, conprdisithgbanaet byi not idi skidwmviang iagrddt ageeeortedg by edhea dreend

el ement that floats over the data,recording.area, of th | sk as- 1o
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supported by the first actuator and supporting the head el enment for

preci sel y posi tdisrk mpuirce Homn & eratimeatgdiastt 19e data recordi ng area of

the disk; With this arrangement, it is possible to detect if the

disk device is affected by any disturbance before the head
is loaded onto the disk, and to stop the loading if there is
any disturbance.

In accordance with another aspect of the present
invention, there is provided 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

a means for cancelling torsional resonance, the means
expanding and shrinking to cancel a twist generated between
the head element of the second actuator, by applying to the
second actuator sigmnal having a phase opposite to that of a
signal generated by the sgecond actuator when the head
element is floating.

Thus, even if the load beam of the head suspension is
too small and short to be attached with a damper, it is

possible to reduce torsional resonance of the suspension




and a neans for cancelling torsional resonance, the neans expanding and
shrinking to cancel a tw st generated between the head el enent of the
second actuator, by applying to the second actuator signal having a phase

opposite to that of a signal generated by the second ag t8heMPEs t he
head elenent is floating. Thus, even if the |oad bean1o?q%%e ﬁead

suspension is too small and short to be attached with a danper, it is
possi ble to reduce torsional resonance of,the suspension 19 Cctober 2005 -8
wi t hout adding a danper or the I|ike. An'é&énple sensor systemincludes a
single plate servo- witer device, and this single plate servo-witer
device preferably has a neans for detecting any contact between the disk
and the headit@reremddiien a ampeR ¢85 'b’fb%r]aﬁﬁlg, by wutilizing signals

generated by theAéeg}Qgrg%f%; gg}kgéﬁgﬁgggmcqnﬁe%%s LGee S servo-

arrangenent allows it nitor the Tfloating condition of a
witing heagriofet helesiingl e phdt echser vainalid epldew cecrdetectitamy device
abnormality of the floating condition caused by sonme reason

, d tak
necessary RiGtifietpashaesd siearss LPepPgterent oﬁqﬂu§QHQ?q9mF$gkﬁﬁéhéﬁF an

abnor mal I ty300€ULS 3 AMEXARRIE SPOROL: SYHem Ofe t B sinVest i riatGinidesba
single plate servo-witer device, and this single plate servo-witer

devi ce prefwrabl immss ionehnsgtoerappllybigthe sdeenskasHd akenaiern aS8rnal
havi ng a phase %ggosite to that of a signal generated by the second

act uat or WHertHe- e e

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
condition caused by some reason, and take necessary
countermeasures such as replacement of the writing head when
an abnormality occurs.

An example sensor system of the invention includes a
single plate servo-writer device, and this single plate
servo-writer device preferably has a means for 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, thereby canceling the resonance that
occurs between the head element and the second actuator.

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

An example sensor system comprises a head-testing
device preferably having 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 occurs.

With such an arrangement, it is possible to detect a
protrusion developed in a testing disk in an early stage of

its development so that a damage to the to-be-tested head



element is floating, thereby canceling the resonance that occurs between
the head el enent and the second actuator. Such an arrangenent reduces
undesi rabl e resonance of the head suspension during operation of the

single plate servo-witing device, so that servo-signaH935¥LB€92@ﬁ§uracy
can be inproved. An exanple sensor system conprises a head-1estiing device
preferably having a neans for detecting any contact between the disk and
t he head el enent when the disk is operating, by utilizing signals
generated by the second actuator when such contacts occurs. Wth such an
arrangenment, it is possible to detect a protrusion developed in a testing
disk in an early stage of its devel opnent so that a damage to the

t 0- be- t est €hThede 1P CeYweed 20850 - oreanabelprBverfed thSd rEiStabiFatt y 75

t he test c.qﬁy%véémwoved. An exanpl e sensor system i ncludes a di sk-testing
device, and this disk-testing device preferably has a nmeans for detecting
any contact between themdisk awrthstire heestenel eneoludhil e a hedtblsktést ing

operation by utilizing sjgnals _generated t he second t uat or when such
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head i n an eamantstelgele ther gkt d prioveprenatanng®yt dttiHe 2igihes 1R Y
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The testing device can preferably measure a gliding height
of the disk by changing the rotating speed of the disk.

With such an arrangement, it 1is possible to detect a
problem occurring to a testing head in an early stage,
thereby tc prevent a damage to the to-be-tested disk and to
improve the reliability 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

The invention is described, by way of non-limiting
example only, with reference to the accompanying drawings,
in which:

Fig. 1 is a plan view showing a disk device according
to a first example, when the disk device is mnot in
operation;

Fig. 2 is a plan view showing the disk device according
to the first example, when the disk device is in coperation;

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;




changing the rotating speed of the disk as nentioned above, so that it
becones possible to carry out a gliding height test of the disk and a
certifying test with a single head in a short tinme. Brief Description of
Drawi ngs The invention is described, by way of non-Ili mﬁib_'@cto?é%ﬁ only,
with reference to the acconpanying drawi ngs, in which: Fi pl an
vi ew show ng a di sk device according to a first exanple, when the disk
device is not in operation; Fig. 2 is a Bl an view show ng the di sk device
according to the first exanple, when t id"di sk device is in operati on;
Fig. 3 is an enlarged plan view of a suspension in Fig. 2; Fig. 4is a
cross section taken along A-Aline in Fig. 3; 19 COctober 2005 -10 Fig. 5
shows a nmotion dtig susPedst on fl‘KPiZJFCi’Fg of3; aﬁlgep@%mvsl% lﬁ%ﬁi ob of the

suspensi on 10 Fihg 3 4 1o, cORPRSL] 8ndLEeCHLON, Blgie: LrsoNy & moasy egent

of a flying he|g ot a"hedd “in a ht “measur i ng evi ce according
to a secontbpexaigy elifegtidhshows an exarrpl e of a rreasurerrent result by
the nmeasuring device in Fig. 7; Fig. 9 1is SE ws % f.l oati condé n ocfl a
head over an actifi %Il%ll%@w‘ﬁ@ m?és’s}ﬁ%m%nén x e 1o

in a flying height measuring device according to a second
example;

Fig. 8 shows an example of a measurement result by the
measuring device in Fig. 7;

Fig. 9 1s shows a floating condition of a head over an
actual disk;

Fig. 10 shows an example of an output from a
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 example;

Fig. 13 is an enlarged perspective view of a suspension
for explaining a fourth example;

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 examples 5 and 6;

Fig. 16 is a plan view of a head tester for explaining
example 7; and

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

example 8 and 9.

Best Mode for Carrying Out the Invention

Preferable examples of the present inventicon will be
described below using a general magnetic disk drive eguipped
with a micro-actuator as an example.

(Example 1)



pi ezoel ectric elenment 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
athird exanple; Fig. 13 is an enl arged perspective vie q%aa sug@@?sion
for explaining a fourth exanple; Fig. 14 illustrates a 3@i PQGE i onal

resonance of the suspension shown in Fig. 13; Fig. 15 is a plan view of a
single plate servo-witer for explaining,exanples 5 and 6; Fig. 16 is a
plan view of a head tester for explaining exanple 7; and Fig. 17 is a plan
view of a disk tester for explaining exanple 8 and 9. Best Mbde for
Carrying Qut the Invention Preferable exanples of the present inventjon

will be descri &t belbw iy ®1geherdr maghet Pc GYQRmaFiv%oéaﬁpgpeﬁypﬁﬁph
a mcro-act g%t%gs/ agsgxa@gge (a@fﬁ;ﬂ}&j%lgl)t&_gt@t eheL2QBnp1kl wid®. id i

a plan view o nam ¢ l'oading type gnetic disk device according to
the first ekanmpbe whencpkraksonot | Thepetizk odevihe diskedevppedi sviddui pped
with a base 1, a disk

2 Spindl o oA 3 A SOLBEnG o | SBaTRINEPA o oneUBRAOBPN e AETUETEr 3
and the tipydid,oh BPeaSl%H%@ﬁ!eOﬁ‘n&oﬂ esl's ANz@speARién Whers idtischdd to
operation, the actuator swi vel s around a pivot shaft 8 driven by the
electronagn@m¢cend of the actuator 3 and the tip 11 of the suspengion 5
rests on a rump 7. When it is in operation, the actuator 3
swivels around a pivot shaft 8 driven by the electromagnetic
interaction between a magnet 9 and an actuator 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
base 1. 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 1s a plan view of the magnetic disk drive in
operation. Next, the wmotion of the suspension 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 the
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 piezoelectric 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



I nteraction between a nagnet 9 and an actuator coil 10. The actuator coil
10 forns a voice coil notor in cooperation wth the magnet 9, and this
voi ce coil notor causes the actuator 3 to swivel so as to position a head
elenment 6 on a desired position on the disk 2. Crush s 4 are
made of cylindrical elastic nmenbers, and are fastened oﬁlgﬁ%w%ggggél. The
crush stops 13 and 14 are provided at both ends of the sw veling range of
the actuator 3 to restrict the sw vel range of the actuator 3 and to
soften t He'® rRRYemeRt tened ‘éOEBPP?QFén.lDFgQQ-ZA‘i-s Bhe| REeFPelretrife
magnetic disk drive in _operation. Next, the notion of the suspensiqgn 5
during Boh Sh@mdl i2¢ Br§. PPOoViArdpwighse rf bett wiestrade 23ands an
enl argedﬁﬁlsan view_of the suspension 5. Fig. 4 is the, A-A cross section of

Fig. 3. &CANSheL REFTOIRsEP 1 RS SXamprd i YRed atBRS HetatveH % dSa | oad

beam 23 are .coupled  together b i ezoelectrigc elenents 21 and 22 so as to
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e secon
electrode 24 and a positive voltage is applied 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 voltages to the piezoelectric elements
21 and 22 when the disk device shown in Fig. 2 is in bperation.
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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el ectrode 25, the piezoelectric element 21 expands while the piezoelectric
el ement 22 shrinks, thus causing the | oad beam 23 and the head el enent 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 origi j hye of
the piezoelectric elenents 21 and 22 that constitute tﬁg%%FQQ%FQQQ uat or
is to cause the head elenent 6 to follow the high frequency fluctuations
of the recording track in the radial difd@etion of the disk that cannot be
foll owed by the voice coil notor alone by applying voltages to the

pi ezoel ectric elenments 21 and 22 when the disk device shown in Fig. 2 is

In operati g s \WeR A3 £LONt aCt n el Meeind hes npad £| ewent Bnandsidgodiskeic
occurs for sonme reason while the head elenent 6 is floating over the disk
2 as shown elernks 421t hadhedl eteaenrntadsydiaipeernseht| depdn £ Inmaids e of

its inpact, and the.oscillations are transmtted_to e . e |
el enent s Zlar%@dtlfz ?ﬁ?%uéh ctaﬁle%q o%%t%%taenﬁazgc.’ cIﬂ'ﬁlérséf 8&1%, kﬁaﬁfﬁﬁé c%%ﬁ% t
circuit of fhenmagretigrd?2 shxLokolera?oP5 k3 Hosk dewipetés. monitforamg

signals fromthe piezoelectric elenents 21 and 22, the contact between the
head el enerRfBECtarte t KOUAILSR B G ShesHehe @ d dPb2c abRE tRe Head?6%r elf eat

fromthe datg;arcaand alerhobhe BOsh SQTRULS ofl iRl Rl aiNgad crasn

count er neasure ata p s taken at this point, accidents such
as | oss of «at dauerdwvedexdl. crash can be prevented. (Exanple 2) Next, the
second exanpl e iaﬁgggg{ébfp using Fig. 7 through Fig. 9.

Next, the second example is described 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 magnetic disk device, and
a glass disk 31 for the flying height measurement. The
glass disk 31 for the flying height measurement has its
surface finished ultra-flat. The first step here 1s 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 gpeed
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 wused for
measuring the flying height in Fig. 7. Such protrusions are

indicated Dby 2a. Since the head element 6 is



Fig. 7 shows a nethod for neasuring the flying height of the head el enent
6 by neans of the flying height mneasuring device. Fig. 7 shows a head
el enent 6, which is wused in the assenbly of an actual magnetic disk

device, and a glass disk 31 for the flying hei ght neas ber 365 9l ass
disk 31 for the flying height neasurenent has its surfgggﬂﬁpn?s%éd
ultra-flat. The first step here is to neasure the flying height of the
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pi ezoel ectric el ene 0 not produce any output except noise

| evel O%M§in§is%eeg)deéi‘@%e§l}%é‘ ﬂ%@g‘ h@3ghtbfitthe Bad d1®mest i cal

axis is the output of the piezoelectric enent and the horizontal axis is

the rot 3 kRgwaPeedief. b R Atsktd ddcidis Arbyhtdevilsecadsihfeonteicat i ng
speed decreases, the flying height of the head elenent 6 shown in Fig. 9

starts twitleaeagrotmasiiom [2a eFutheg saefadet ofwehl thekp2 ot musi arss 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

elements 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 outputs of the piezoelectric elements 21 and 22 start 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 disk
is assumed to be the same in the measurements shown in Fig. 8
and Fig. 10.

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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call the disk speed at that point D. The rotating speed D can
be-determ ned by nonitoring the outputs of the piezoelectric elenents 21
and 22 while lowering the rotating speed of the disk 2. In Fig. 10, the
rotating speed D is shown as the point where the outpuyg tobée2005

pi ezoel ectric elements 21 and 22 start to rise fromthe noise |evel.
Lastly, the flying heights F and G that correspond to the rotating speeds
D and E are determ ned fromthe previouslig- prepared graph showmn in Fig. B.
Fig. 11 shows the result of this step. This means that the val ue obtained
by subtracting F fromGis the flying height of the head elenent 6 in the

actual devi£g,; Jhe,Ladi-ak RSkt 190 oot g head efemert 6ngveleildif disk: 1S
assunmed to be the sanme in the neasurenents shown in Fig. 8 and Fig. 10.
Si nce the filgtilmgd heisglst thanotddre: sk uheddonetiewkn2 of tiee hotbaltests

machi ne, the flyin ei ght. of the. actyal ine is. commonly det erm by
repl aci ng t%&?"‘f’{a’rggpégs g’i K 1§Wt hg taﬁlgiaﬁﬁllﬁ ﬁl@eel"u%i Sﬁ?mﬁ%gsgr ed bkg&?‘ﬁg

flying hei gitcdeasiy i Becd411996518ber 20RFeovkY ,mebi ngdast feAkl oneshsdir t he
above. The flying height test method uses the identical head el enent 6 for

bot h t est s negfnt nbri gddpdarde Ftlge beadd irhd-headceserehens o BT

o R S RO pan Ut 0ohcse130s fEEUS g be-adoe:
measur ed widdednielact uahusassgndlidindus apr omedsngementaswigrtent awi tiigh
hi gh reHa¥g££§3&15§¥gnple 3)

(Example 3)

Next, the third example will be described below. The
dynamic loading type magnetic disk normally has the head
element 6 retreated 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 1s 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 loading cperation. However, 1if a disturbance, such as
vibraticn, 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
shown in Fig. 12 can particularly cause significant damage.
Therefore, it is desirable to confirm if there are any
disturbances before starting the loading operation of the
head element 6.

When vibrations in the Z direction are applied from the
outside as shown in Fig. 12, the head element 6 and the load
beam 23 can easily generate micro-oscillations, which are
transmitted to the piezoelectric elements 21 and 22 to cause

the piezoelectric elements 21 and 22 to generate voltages.

Therefore, it is ©possible to check 1if there are any



Next, the third exanple will be described below. The dynam c |oading type
magnetic disk normally has the head elenent 6 retreated fromthe surface
of the disk 2 when it is not operating as it is shown in Fig. 1. Fig. 12
shows the HH cross-section of Fig. 1. Wien a data rec }

reproduction instruction is received fromthe host conpﬁ?g?&gagF%?oﬁhis
condition, the actuator 3 is swiveled in the counterclockw se direction in
Fig. 2 to float the head elenent 6 over 1ghe surface of the disk 2. This is
called the |oading operation. However, if a disturbance, such as
vibration, is applied to the magnetic di sk device fromthe outside, the

head eleneq§%§%£§g%ﬁgééidfpgathgﬁﬂﬁj§ﬂgﬂgfe ofpethe dippk12 o Gause depage.

Vi brati ons direc own in Fig. 12 can particularly cause
si gni fi cantpianegkect Ther eébement s |31 desnd abl2 tprionfitem i theheteadreIany

di sturbances before starting the, | oadin eratjon of the ad el ene 6.
When vi br at?RmE2 1T he thjdiag%tﬁfb]fﬂra'f'Jeogpggfséﬁrhﬁ}%e?hgreou%]%%%t%cg’ sﬁ%e\?m
in Fig. 12,14heikheadpekarenth Gaanthd henteadupbeamuad iqanleasdl yrgebenate

m cro-oscillations, which are transmtted to the piezoelectric elenents 21

and 22 to ceswseidehe piezoelectric elenents 21 and 22 to generate voltages.
Therefore, it is Qgsi?ée4}o check if there are any 19 October 2005 -16

di st ur bances by ﬁnan%rlng the signals fromthe piezoelectric elenents 21
and 22 prior to the FeadiRgexappelat wdnl e almsotiivead ilowl i stefdentes tpe
detected, the |oading operation can be interrupted until the disturbances
subsi de. the accompanyling drawings.

Fig. 13 1is an enlarged perspective view of the
suspension 5 when the disk device shown in Fig. 2 is in
operaticn. 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 prcblem 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 1is the primary torsional
resonance of the suspension 5. Fig. 13 shows this rescnance
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 the direction of
I, 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 piezoelectric 22
expands. This reciprocating cycle is repeated. When the
voltage between the first electrode 24 and the second
electrode 25 is monitored, it produces an AC voltage as
shown by a solid line 41 in Fig. 14. The freguency of this

alternating voltage is equal to the rescnance frequency of

the suspension 5 shown in Fig. 13.



(Exanple 4) The fourth exanple will be described below referring to the
acconpanyi ng drawi ngs. Fig. 13 is an enlarged perspective view of the
suspensi on 5 when the disk device shown in Fig. 2 is in operation. During
the operation, a servo-circuit is feeding a current to4bhsc¥ptcgos®i |
notor to swvel the arm20 mnutely left and right so that the head
element 6 can precisely follow the recording track on the di sk. However,
there is a problemin that the servo-band7ecannot be increased due to
mechani cal resonance existing between the coil 9 and the head el enent 6
under this condition. The typical resonance is the primary torsional
resonance of the;suspens] .G 0 S nditHongn
Thi s resonance n%%esdgo%%{ésg%naﬁ?]g?né? tgﬁemﬁ?gragi o%gﬁaﬁggg§of Etghe | oad beam
23 around idppa=iterphasedo the Fqglid3]inde4load beahreBens liwestddd 19
the direction of . L, in which the rtian J rises .and fhe piezqgelectyi

el enent 21 3B, 11 HHE 38 nggﬁné’é,eztoﬁ&elc dd heant2 t?sgﬁwaﬁ%dgz n
the directiopopposhiiesheikk it cahdel hehedichagiisonnof the tbadpwddmwmn K
rises and the piezoelectric 22 expands. This recjiprocating cycle is
repeated. Wien Eie Vol t agehet wesre g f it @bl r g 24landreHenadrednd

el ectrode ' [tored, it .praduces I shawn a solkd
line 41 in |égr.$qu4{.] Thégf Pg&h’é%g% 0 t?‘l?fs]eéatgl %‘gr%gtg?ﬁg%\%l tageS(lpis{vequal to
t he resonance & espreney. of the suspension 5 shown in Fig. 13. 19 Cctober

2005 -17 If a voltage having an equal frequency to and an
(Example 5)

The fifth example will be described below referring to

Fig. 15. First, the single plate servo-writer will be
described. Fig. 15 is a plan view shown the operating
principle of the single plate servo-writing. A magnetic

digsk 50 is rotated, being fastened on the motor hub of the
single late servo-writer (not shown). The symbol 51 denotes
the rotating center of the motor hub. A head element 52 is
affixed to the tip of an arm 54 wvia a load beam 53 and
floats over the disk 50 as the disk 50 rotates. A
suspension 53 is equipped 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



opposite phase to the solid line 41 as a broken line 42 is applied in this
case, the piezoelectric elenents 21 and 22 expand and shrink to cancel the
twists of the | oad beam 23 of Fig. 13, thus |lowering the gain of the

resonance. Therefore, it provides an effect of allow ngqt and to
be raised. (Exanple 5) The fifth exanple wll be descriggéﬂggﬁgﬁgg% erring
to Fig. 15. First, the single plate servo-witer will be described. Fig.

15 is a plan view shown the operating rinciple of the _single plat

Servo- ur BRARS. SRSRUgHE LBe HPAT SI6MERt, 01 SAEe BECHS HAaRRA HOTIR. ot or
hub of the ingle |l ate servo-witer ot sh The synbol 51 denotes

t he rot aPi“nify]S‘@e PEF 15 eth @AFottdP h e (ti‘%éfi‘ch% nt 52 is affixed to the

i 950 r ot abben khe fepdnet Aot P2 LRuRGHBERbPLK prLdosh cat? o Benen s
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held on P0enPOLAlnihRe LS H2Ehatnd! REFDIOF Ofe 4o Ak Ofbodesesd/qd rack 57

is witten on the 0 using the 52. When the witing of

one ser vige§ £ 8Cknhd SRR s Ht%agneiégﬁﬂicgi maSn&PY ehefeutiglgy Wi th
o

the help of the optical encoder 56
this process, a large number of multiple servo-tracks are

written on the disk 50. The disk with many servo-tracks written
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 write 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 cscillation is
transmitted to the piezoelectric elements 58 and 59 via the load

beam 53. Therefore, if the control circuit of the single plate
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wite the next servo-track in an identical manner. Repeating this process,
a |l arge nunber of nultiple servo-tracks are witten on the disk 50. The
disk with many servo-tracks witten thereon is renoved fromthe single

plate servo-witer and built into a magnetic disk devigg.~.Si i ngle
head el enent 52 is used to wite servo-tracks on nunerg§§m§P§§§2@3§in t he

single plate servo-witer, the servo-wwi%gr becones unable to wite
servo-tracks correctly once the head el-dffent 52 starts to make cont act
with the disks 50 during floating. If the servo-witing operation
continues feeding new disks 50 without correcting the problem a great
many def ectseevoliwkstewt h Lepr operiicosrding en slee vo- sigokdswi | IErdse prdeced

and shipped., In case, where the head el t 52 and t di.sk_.50 Kk
cont act forpﬁﬁﬁﬁéi%%gﬁhcmﬁﬁ?@ePﬁﬁ %gaduﬁfgﬁghtl§2c9§ FF%ﬁFFnéﬂu%vggn?%%t
di sk 50 as pd-fkdn Lhe YidHd aE1t@eArCase Lascehbediiigk $heahtr slenbodhaent

using Fig. 4, the inpact causes an oscillation of the head_el enent 52 and
that oscil |zesn ¢empytansneft ceheo abreopnakbeyect riBYel EHRhEESEBI8Hd 39

via the | oad am 53. r r i_f contr ' i.t. Of £t [ -
plate 16 lge% cg Jé‘rfézﬁﬁ)g%?e% %s?%}u\#g- V\%’\? erglg’s 2 nllcdt%ér%#gn%tt%g rs?:iehge?\alggimfgcr)om
the piezoesbghai c watianend s Hehdandas8d i vncarheletadetrn he thent actblbat weén
the head el enent 52 and the di sk 50, and alert the host conputer o£ thﬁ
abnor mal i t YPXEHUGHEP e RSN nG1EKS oFf et i VP IORFRBf m¥ASGFE S uBRT ¥R ~TEACKRs
repl acenent of the ser¥Qee§i gnal witing head based on the alarm the
probl em of produci ng many di sks with inproperly witten servo-tracks
(Example 6)

The sixth example 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 sghown 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 arm 54 and the
locad beam 53. The key element in rigidity from the swivel
shaft 55 through the head element 52 1is the primary
torsional resonance of the suspension 53, which was
described concerning the fourth example shown in Fig. 13.

However, since this resonance problem is the same as in
the fourth example, it can be solved with the same method as
in the fourth example. 1In other words, as shown in Fig. 14
for the fourth example, the gain of the primary torsional
resonance of the load beam 53 can be reduced by applying to

the piezoelectric elements 58 and 59 a voltage that cancels



can be prevented. (Exanple 6) The sixth exanple will be described bel ow
The servo- tracks witten by the single plate servo-witer shall be the
data for the head elenent 6 to position itself on the recording track when
the magnetic disk device is ready to operate as shown | | -

Therefore, these servo-tracks should be recorded as clggéﬁggb%§%%?%le to
true circles on the disk 50 by the singl% pl ate servo-witer shown in Fig.
15. However, since the positioning of t heVfead el ement 52 by the single
plate servo-witer relies on the optical encoder 56, the positioning
accuraci es of the conponents between the swi vel shaft 55 and the head

el enent 52 tire vdépegdangeoereiednewhanieabiergpdectedcofeliemerdem 5 and

the |oad beam,53. The key elenent in rigidity fr h el :
t hr ough thésﬁegﬂengngﬁFaé%r}%aY¥et%??ﬁ% ¥ {é?g?%ﬁ%% ?ﬁigﬁéﬁc%uégéiﬁééé
suspensi on 3, which was described concerning the fourth exanple shown in

Fig. 13. However, since this resonance problemis the sane as in the
fourth exanpl e, (Exa@ml®e’so0lved with the same nethod as in the fourth

exanpl e. In ot hefhé‘ﬂ%géen@ﬁ %QQW@lE”w’iiﬁ- o4 gy e faurd hr fxanpberighe
gain of the prinmary tforsional resonance of the |oad beam 53 can be reduced
by applyingiéo Fhespiezdel dotad ccetteamenvslb8bandeserdabedl.t agéenshat icahdel s
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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 testing disk 70
is fastened on the motor hub of the head tester (not shown)
and 1s 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 reproduction 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 and built into the disk device.

Since a single testing disk 70 is used to test numerous
heads, once the head element 72 starts to make contact with
the testing disk 70 for some reason it becomes unable to
test the heads correctly due to damage to the testing disk
caused by such contact. If the head testing process 1is
continued simply changing the heads to be tested without

correcting the problem, a great many defective heads will be



(Exanmpl e 7) The seventh exanple will be described referring to Fig. 16.
First, the head tester wll be described. Here, it is assuned that the
head tester is a device for testing a head equipped with a m cro-actuator.

Fig. 16 is a plan view showi ng the operating principle 4@f ad
tester. As the first step, a testing disk 70 is fastengg(%§5§ﬁ%g%g?or hub
of the head tester (not shown) and is rghated. The synbol 71 represents
the rotation center of the notor hub. A“héad elenment 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
confi gur at iprodwcedozed shlovppédh. Fig. 3, are nounted on the | oad beam 73.

After the head t 72 i sitipn accur Iy e i i

r adi al directioﬁigcg etﬁgﬁﬁfs§976?nga?% F%to %%ndigﬁa ?Qppgﬁﬁ%%igﬁngggt
execut ed onfd¢headinsk r&Q disi Nghildi shbeadael efeniert? D dhedKl ddtide dread
operates properly. The head herein neans an_assenbly consisting of the

head el engte 7915knd0| gad Hicam 8, dABNEhe2hi EPoéhEct rindid t¥ F59and
76. The head thal hagepaseafhd he et be chemugihddom theiheagdalgs! er

and built into the disk vice. Since a single testing disk 70 is used to
t est numer cuscihbsdson®ned t hbehdazhd| edenen?? 32 ararsl t theakescobhiaciongt h
k. 70 for sqnme reaso

(e, Cost! 19, 10,8, FATELeR0N AL BecRIEF MDabLe ARy Lest e dense,

head testing; Pregessohs el i7iied shabtyopbangkngheheditads toibeuiessed

wi thout <correcting the problem a great many defective heads wll be 19

Oct ober 200she head tester 1is Tmonitoring 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 shipping a great many defective heads
can be prevented.

(Example 8)

The eighth example will be described referring to Fig.
17. First, the disk tester for testing numerous disks with

a single testing head will be described. Fig. 17 is a plan

view showing the operating



-21 produced and shipped. If the head elenent 72 and the disk 70 makes
contact for sone reason while the head elenent 72 is floating over the
disk 70 in Fig. 16, identical to that indicated in Fig. 4 of the first

enbodi ment, the inpact will cause oscillations of the q§qﬁﬂ§b§p§ﬁﬁ572 and
the oscillations wll be transmtted to the piezoelectric elenents 75 and

76 via the |oad beam 73. Therefore, if the control circuit of the head
tester is nonitoring the signals fromthe piezoelectric elenents 75 and
76, the PEORAD Ise Pl ERG! ABSKHERETEF bRtV GRE T IREaR <R H6SKaR0 LS
detected to alert the, host conputer. If an effective counterneasure such
as the r épF4E88EnEN Ehet RetREaBubesti RBediiRk7befEeE akBAt ST NPWR & nt,
probl enms, such as produci ng and shi pg' reat many defective heads can

be preverfedOteELdnpl t8)SiRBOL: BhiH éﬁ%ﬁ%ﬂgsmxm? BREYELRR | BRALPE( X ring to
% v BB B ook T B IR LSS D 7
2 ok o8 T T RAAERIERT Tt PYPrEbe Tt B0 SR e iEX PR EiiGhn)  and
e Ot B e PSR Lo Bl DL EPETLIROR,LOBE! LA, BENT Bhyh,ybla HDtOr M
on Ak LRI, S bl PSS 3 2208, st Baghpent
are mountgd P8ad beam 83.

With the above-described configquration, 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 B0 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
correctly due to damage to the testing head caused by sﬁch
contact. If the disk testing process is continued, simply
changing the disk 80 to be tested without correcting the problen,

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

22



the | oad beam 83. Wth the above-described configuration, after the head

el ement 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 elenent 82 to check if the charactegphsil e
surface of the disk 80 are normal. After conpleting thﬁg??g§§eﬁ%29§2he
entire surface of the disk, the disk that passed the test will be renoved
fromthe disk tester and built into the?2di-sk device. Since a single
testing head is used to test nunerous di sks, once the head el enent 82
starts to make contact with the disks 80 for sone reason, it becones

unabl e to t@fééhméx'{'@ dézgksarﬁf fornactwdue tiq 1dagaget tanthetkest i Bg head

caused by su cont act . the disk testing process is continued, sinply
changi ng t heieickl 80t tic belsmstes b thaodt8€oviacthagleoad beabl By a great

many defective di,sks will be_produced and shipped. |f .the t.82

and the di sk 80 MRKES ChRtatf FOF C?Bﬁﬁordte%&ﬁ \%%i |°eff tthh} hll‘;e: ef‘%‘a%‘g% 551 s
floating ougsnitherdhsk 10 bighhls IAdleahicapidpodhadtindi edteettnits F8y. 4
of the first enbodinent, the inpact will cause oscillations of the agsd 22

19 COct ober 200586 23tbeepeRtag? BREVESHE that iNees (LB 1§t t tRS he
pi ezoel ectric eéag;mgstﬁg §§5§99e§6 y&asatféefe ogd beapu83. Jhenelpere. ik the

control circuit téster i moni toring the signals fromthe
pi ezoel ect réefeteteat scdBmtamkdtird heuotnt ast beplwesmene head tdleendhsk 82
and the disk 80 can be_detected to alert the host conmpu

ter. |f
effective cotPtErPediti® stRh & Feplifcemdnt oP R -di Eogiems Slch as

producing and shipping a great many defective disks can be
prevented.

(Example 8)

The ninth example will be described. The constitution
of the ninth example is identical to that of the eighth
example 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
recording/reproduction characteristics of the disk as
described in the eighth example. On the other hand, the
gliding height test 1is to <check the height of the
protrusions of the disk surface, which hitherto required a
special head separate from the head for the confirmatiocn
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, the head equipped with micro-actuators
can be used as a sensor for detecting protrusions on the
disk as described in the second example, so that the gliding
height can be measured by the same method used for measuring
the gliding height F from the rotating speed D in Fig. 11.

Therefore, the disk tester with the constitution shown in



testing head is taken at this point, problens such as producing and

shi pping a great many defective disks can be prevented. (Exanple 9) The
ninth exanple will be described. The constitution of the ninth exanple is
identical to that of the eighth exanple shown in Fig. . i ons of
the disk tester can be divided into two nmgjor categoriiéfmﬁsgeﬁﬂ@ﬁ%
gliding height test and the confirmation test. The confirmation test is to
check the recording/reproduction charact2dri stics of the disk as described
in the eighth exanple. On the other hand, the gliding height test is to
check the height of the protrusions of the disk surface, which hitherto
required a papeci al cheadeseRrrate,l KM Radead dioly theigantisamtian chest.
This special head is used by nmounting the piezoelectric elenment _

el asti cal | vonfiteaaion ofeshe Hdaw foimpl hey g dihg Hasghing eSachsishemn
in, for exanple, JP-A-4- 178920. On the contrary, the head equi pped with

m cro-actuators can be used as a sensor for detecting protrusions on the
di sk as described in the second exanple, so that the gliding height can be
measured by the sanme nethod used for neasuring the gliding height F from
the rotating speed Din Fig. 11. Therefore, the disk tester with the
constitution shown in 19 October 2005 -24 Fig. 17 can be used for both the
gliding height test and the confirmation test, thus sinplifying the
testing facilities. 19 COctober 2005



-25- CLAIM5S 1. A flying height testing nethod for a disk device by using a
floating head, conprising: utilizing a sensor system conprising a rotating
disk having a data recording area, a head elenent that floats over the
data recording area of the disk so as to wite data th?@?ﬂﬂoﬂ%ri dat a
therefrom a first actuator for noving the head el enent over at
recording area of the disk; a second ac? at or being supported by the first
actuator and supporting the head el enent™for precise positioning thereof
agai nst the data recording area of the disk, and a neans for detecting any
contact between the disk and the head elenent, by utilizing a signal
generated by the second actuator when CLAdM&i sk contacts the head el enent
during an operation of the disk; assum ng a normal rotating speed of a
disk during operation as a first rotating speed; detecting a contact
between a di sk amdfafiead etegent cdayrivig | ngthgda signal desier atesd day bhe
second actuator when the disk contacts the head el enent while the rotating
speed of tHRIRH sk FECFiRY L2 @AndcARIHFHE t he rotating speed of the disk

then as a secon%gﬁﬂjfgfg%%pesgﬁséﬁd JIRAYN | Bem?rﬁgx'h?g deightsahdt hei bead

el ement based on a di ence between the first rotafing speed and the
second rotving speedatandecamliagsuapeaon & hhead releneénh bdrweehloahe

otating, Snset, olelNgyfhskeBntatls CATBIelA: g P adead, skatenbalic,
conprisiNg:thereon or read data therefrom, 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 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;

assuming a normal rotating speed of a disk during
operation as a first rotating speed;

detecting a contact between a disk and a head element
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, 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.

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

a rotating disk having a data recording area;



a rotating disk having a data recording area; 19 Cctober 2005 -26 a head

el enrent that floats over the data recording area of the disk so as to
wite data thereon or read data therefrom a first actuator for noving the
head el enent over the data recording area of the disk; g gsggbqgguator
supported by the first actuator and supporting the head el enent for
precisely positioning the head el enent ggainst the data recording area of
the disk; and a means for canceling a torsional resonance, the neans
expandi ng and shrinking to cancel a tw st generated between the head

el ement of the second actuator, by applying to the second actuator signal
havi ng a phase Oppb%a@eeiemﬁhattbﬁtafl9ﬁ§ﬁapvgehéﬂ&%eﬁﬂby ¥PRPERERPgaTrea

act uat or whe head elenent fl g. S e r sk
devi ce by ust n f|%§é‘;tl ng © héid, éas"g at{'érnlre asca t%%r}%%rn \M}%Ir elmﬁeglahe&%g%ond

act uat or |sth@r¢9f1_e<z@el ectric elenent. 4. A sensor system for a di sk device

by using a floating head, as clainmed in Claim2 or g] wher ei n %Ee
second actuatordi 1Hﬁ§pﬂdlad7r?ra Feadmp¥aREofthe h]%%?ldsﬁ’ FESTorP vy stBR

5 A sensordgggtf@&$§al déf% |g§ebdlg§lng a floating head, as clained
in daim2, 1including a |ng ate servo witer.

a second actuator suppecrted 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 torsional resonance, the means
expanding and shrinking to cancel a twist generated between
the head element of the second actuatcor, by applying to the
second actuator signal having a phase opposite to that of a

signal generated by the second actuator when the head

element is floating.

3. A sensor system for a disk device by using a floating
head, as claimed in Claim 2, wherein the second actuator is

a piezoelectric element.

4. A sensor system for a disk device by using a floating
head, as claimed in Claim 2 or Claim 3, wherein the second
actuator 1is disposed on a load beam of a head suspensicn

system.

5. A sensor system for a disk device by using a floating
head, as claimed in Claim 2, including a single-plate servo

writer,



