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invention generally relates to rigid or hard disk drives or tape recording
devi ces which store information or data on rotating or noving storage
medi a. More specifically, the inventibn-relates to a nethod and appar at us
for dynamically controlling the flying behavior of a read/wite nagnetic
head as a rotating nmagnetic disk spins under the head or as a noving
magneti c tape noves under theEhsad. RMAgReTiT @iBk storage devices known in
the prior art conprise an air-bearing slider. The slider itself is nounted
on a so- called suspension armwhich essentially functions as a | oad beam
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transducer is nDunted is pushed to t he recordlng medi um or puIIed away
from the recording nmediumwith a certain necessary |oad. Thus when the
recording nmedium for exanple a magnetic recording disk, is rotating, the
| oad exerted on the slider _and a aircushion force exerted on the air
bearin&a§5FFQF§DoPF THE IMNVETISe to an airflow are bal anced to each
other, so that the slider is fIying above the recording nediumwith a

very fine gap, the so-called_ "flying height". W 02/19330 PCT/EP01/09307 -
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a rotatdngapropetbeahandadisikes esicur eBkkY ihRoth8tion or data on

rotating or moving storage media. More specifically, the

invention relates to a method and apparatus for dynamically
controlling the flying behavior of a read/write magnetic head
as a rotating magnetic disk spins under the head or as a

moving magnetic tape moves under the head.

Magnetic disk storage devices known in the prior art comprise
an air-bearing slider. The slider itself is mounted on a so-
called suspension arm which essentially functions as a load
beam and which comprises a rigid portion and an elastic
portion, wherein the elastic portion generates a load for
urging the slider towards or away of the recording medium, so
that the slider on which an electromagnetic transducer is
mounted is pushed to the recording medium or pulled away from

the recording medium with a certain necessary load.

Thus when the recording medium, for example a magnetic
recording disk, is rotating, the load exerted on the slider
and a aircushion force exerted on the air bearing surface of
the slider due to an airflow are balanced to each other, so
that the slider is flying above the recording medium with a

very fine gap, the so~called “flying height™.



range of 20 nanoneters and will likely decrease in the future. 1In
currently known hard disk devices the flying height is substantially

det er m nedo by143Be parti cul ar design of an air bearing sup€rERIIOM3GThe
slider and a head ginbal assenbly. But thereupon variations of the flying
hei ght within a few nanoneters may exist for non-identical devices of the
same type owing to fabrication tol er@anees. These tol erances considerably
i nfluence the witing and reading characteristics to and fromthe hard
disk. Two different groups of types of prior art magnetic head suspension
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Two different groups of types of prior art magnetic head
suspension mechanisms are known. In a first group, a thin film
formed on the elastic portion of the suspension arm which is
expandable or shrinkable due to an internal stress of the f£ilm
itself causes the elastic portion and thereby the arm to bend
thus varying the flying height of the read/write head above

the disk surface.

However, the bending of the suspension arm towards the disk
surface increases the spring force pushing against the

aerodynamic lift of the slider.

As transducers for bending the suspension arm, piezoelectric
films or bi-metallic strips have been proposed in the art.
Approaches belonging to the first mentioned group are
disclosed for instance in U.S. Patent No. 5,825,590, ,Magnetic
Head Suspension Mechanism with a Thin Film Thereon For
Creating a Bent Portion of a Vibration Absorbing Portion®™
assigned to Fujitsu Ltd., Japan and in U.S. Patent No.
5,377,058 ,Fly Height Servo Control of Read/Write Head

Suspension“ assigned to IBM Corporation, New York.



of the bending of the suspension arm In Japanese Abstract JP 5189906 A,
during production of floating type nmagnetic heads, it is therein proposed
to set teodr/omsi ng anount of a slider at a small and exBCT/ERMYBGT by
transferring heat energy to the spring part of the suspension arm and
adjusting the spring pressure. Applying the heat is particularly
acconplished by irradiating the spriBg-with a | aser beam and setting the
bendi ng anount in the rolling direction of the spring part by a discrete
spring pressure regulation. After having set the bending amount the slider
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bending amount the gslider is mounted on the suspension arm.

According to another static approach disclosed in Japanese
Abstract JP 63281283 A, the spring part is made of a
superelastic material such as a shape-memory alloy which
allows that the initial form of the spring part is rather a
bent shape. The initial form is deformed until it is
approximately parallel to the disk surface. Since only the
spring part is made of the super elastic material, an in-plane
rigidity is ensured and in addition the spring constant is

minimized.

The above approaches using a transducer element have the
drawback that such an element requires larger areas on the
suspension what, for instance, complicates further

miniaturization of the suspension arm.
SUMMARY OF THE INVENTION

It is an object of the invention to provide a method and

apparatus for controlling the flying height of a read/write
head above a moving storage medium, like a rotating magnetic
hard disk or a tape of a tape recording device, which allow

for an active and/or dynamic flying height adjustment or,



the bearing pressure of its read/wite head. It is another object to
provide a nethod and apparatus to allow for precisely setting the flying
hei ght ofwonzlissddual storage devices, in particul ar har drdi/gRodoBores, at a
defined value in order to neet fabrication tolerances. It is another
object to provide a nmethod and apparatus which allow to conpensate
pressure changes in a hard disk drive4 and/or contam nation of an air
bearing surface in a hard disk drive or a tape storage device. It is yet
anot her object of the invention to provide a nethod and apparatus for

cont r oldairitd ddldr1ypiitre feaaied dfiVaSta@fe & edraiing idesrihegd s@iewe i fotat i ng
nagnet%&@p%fd di sk or aboveégi,nnving t ape of a tape store which allow for
an acti T giRe A OF° Hd rerTt TRV ESE 656t i es. The above objects
are solved by the features of the independent clains. Advantageous

enbodi nents are subject, matter of ;the subclains. The concept underlying to
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suspension itself. By disturbing this equilibriumstate of forces, the
flying height of the read/wite head can be changed in a controlled
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drive or a tape storage device.

It is yet another object of the invention to provide a method
and apparatus for controlling roll, pitch and twist of a
read/write head above a rotating magnetic hard disk or above a
moving tape of a tape store which allow for an active

alignment or adjustment of these properties.

The above objects are solved by the features of the
independent claims. Advantageous embodiments are subject
matter of the subclaims.

The concept underlying to this invention is to influence or to
vary the spring constant of a suspension and therefore to
influence the equilibrium state of the prementioned two
opposite forces, one resulting from the aircushion underneath
the air-bearing surface of the sgslider thus causing a 1lift or
sink force and the other force provided by the spring force of
the suspension itself. By disturbing this equilibrium state of
forces, the flying height of the read/write head can be
changed in a controlled manner. By a controlled variation of
the spring constant, the flying height therefore can be

adjusted very precisely.



mechani sm where actuation of the read-/wite head is acconplished only by
varying the spring constant k, and not by active deflection LX as in the
prior artwappisaches, F = k - LX In contrast to the pri oPCHEPOIAPpI7TOaChes,
where the suspension is deflected actively by providing a bending force

or bendi ng nonmentum according to the present invention the suspension,
noreover, i s being bent nerely as a-cénsequence of the new equilibrium of
t he nechani cal forces acting upon the slider. In addition or alternative
to the bending, the suspension can also be bent locally or even buckled by

| ocal | yin wasrtisegst heo siifd Rg-asidbeipeidy dhe fpdddhapdulis of the
suspension materi al respectlvek% This invention therefore enabl es
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suspension can also be bent locally or even buckled by locally

varying the spring constant give by the elastic modulus of the

suspension material, respectively.

This invention therefore enables adjusting of an incorrect
gramload or varying gramload only by (actively) adapting the
spring constant appropriately. This can be accomplished
already during the manufacturing process for the disk storage
device after the suspension together with the read/write head
have been assembled to the storage device or it can be
accomplished during HDD operation as an active adjustment
tool.

In addition, the proposed actuation scheme can also be
implemented in a very small area on the suspension thus, for
instance, enabling further miniaturization of the suspension

arm.

For measuring the flying height of the head, there exist a
number of methods and systems e.g. a thermal proximity sensing
technique used in scanning probe microscopy sensors and
exemplarily disclosed in U.S. Patent 5,527,110 (Abraham et
al.) entitled ,Method and Apparatus for Detecting Asperities

on Magnetic Disks using Thermal Proximity Imaging“. As the



spinning velocity of the hard disk is nearly constant during operation of
the di sk storage device, the |ift or sink forces are nearly constant too
for a gi weaoziesdgn of the slider, in particular its shaperCDEPW®307
air-bearing surface, thus allowing a one-tine adjustnment of an incorrect
gram oad. In addition, a particular flying height can be set during the
manuf acturing process. Besides a stagic adjustnent of the spring force by
way of varying the spring constant, also an active or dynam c flying

hei ght adj ustnent can be acconplished to guarantee a good read and wite
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and thys influence the |ift force actuating on the slider. Al these
ef f ect £ 59T 1" Tenci ng the flying height can be dynami cally adjusted by the
present invention. Thereupon, variations in the speed of rotation of the
hard disk.and its influence on the flying hei,ght of th read/ wite head
can belBa?cﬁ od SEEGHE ﬁ'&jﬁs et Ihr? iR E: glllgI r&‘?d%ﬁ’i JYp & or mance
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reli abiahd wrafcet h@afacad etiisktic and particularily the operation

characteristic of the underlying spinning storage system.

Thereupon, through the high-speed spinning of the disk, the
entire disk storage device will normally change its
temperature during operation. This does also raise the
temperature of the suspension arm and the alr temperature
inside a disk storage housing. Different temperatures of the
suspension arm particularily cause changes of the spring force
and thus corresponding changes of the flying height of the
head. Variations of the air pressure or contamination of the
alr bearing surface have an impact on the air streaming
underneath the slider and thus influence the 1lift force
actuating on the slider. All these effects influencing the
flying height can be dynamically adjusted by the present
invention. Thereupon, variations in the speed of rotation of
the hard disk and its influence on the flying height of the
read/write head can be adjusted accordingly, for example in a

low and high performance mode of the HDD.

Further environmental properties can be the degradation of
materials over the time of operation of the hard disk which
therefore has to be corrected to keep the optimum flying
height in order to achieve reliability of the hard disk.



WO 02/ 19330 PCT/ EP01/09307 7 The invention also allows for dynamcally
setting a particular flying height so that the read/wite head can be kept
at a m woum¥Byi ng hei ght only during the read/ wite heRdI/EB01/98@di ng or
witing to the magnetic disk. Wien there is no reading or witing access,
which is about 90 % of the hard disk spinning tinme, the read/wite head
can be withdrawn from the mninmum flyi ng height in order to enhance
mechani cal robustness of the hard disk. Thus, the invention enables
dynam c two- or nore-|level operation of the read/ wite head. Another
technical field for advantageously applying the invention is future read
and wite processes which mght need for both a different but defined
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damage tHuisnibeinug SHgckg ésdisghtvein Adild itmnadhanaheredtnisldlider is far
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t he dirsqr}! Ce che}&’fagbasfda Fhus ser ddesd MVER %rﬁ?&i}(ﬁfce, t he
power CHASHNR itid-WirC hnd1se +leedeld dersyiiior et hared sk wriHd [Heaanot her
advant ageous application field of the invention is use of disk storage

devices in portable devices |like
Another technical field for advantageously applying the

invention is future read and write processes which might need
for both a different but defined flying height in order to
achieve an ideal performance such as the storage density. For
example, it might be more convenient to write magnetic bits at
very small flying height while reading of bits is still
possible at a higher flying height. In particular during the
seek the servo pattern can be read with sufficient resolution
at higher flying height. This would result in a decreased seek
time. By actively controlling the flying height this could be
realized and would also increase the life-time of the hard
disk.

Changing the flying height thereupon enables to position the
read/write head in a kind of parking position, where it is
protected from damage thus being shock resistive.
Additionally, when the slider is far away from the disk
surface, the air friction force between the slider and the
disk surface decreases and thus decreases, as a consequence,

the power consumption which is needed to spin the hard disk.

Still another advantageous application field of the invention
is use of disk storage devices in portable devices like

laptops, mobile telephones or the like, where it might be



| apt ops, nobile tel ephones or the like, where it m ght be WO 02/19330

PCT/ EP01/ 09307 8 useful to reduce power consunption by reducing the

spi nni ngweet/ossiy of the hard di sk. Reduci ng the vel oci t pCDEPOIOMAT on  of
the di sk may have an effect on the air-bearing forces and therefore m ght
result in a variation of the flying height thus changing the performance
of the device. The variabl e suspensitop spring constant, in a first

enbodi ment, is realized by varying locally the nmaterial tenperature of the
suspension arm Such a tenperature variation can be realized by a smal

heat er geesi ted redted %w&umi@r{nbfyf Hed ISR AS A S iy thi ck
filmstructure deposited on_the surface of the suspension arm Varying the
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for the suspension arm or an according a |l ayer with a
magnet oel astic effect where the spring constant of the nmaterial depends on

the ma ti LaR. @gp j I contraql l y an external as
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used o, pLas 0k | LIGAN IS {8 c8LLeG! culsl 09 2,TBgNetqe! astig layer or
materi a as e
deposited on the surface of the suspension arm. Varying the
elastic properties of such a layer, which especially can
change the spring constant in dependence of temperature,
causes a variation of the bending of the suspension arm and
therefore a variation of the flying height of the read/write

head.

According to another embodiment, the variation of elastic
properties can also be realized by using a bulk material or
layer for the suspension arm or an according additional lavyer
with a magnetoelastic effect where the spring constant of the
material depends on the magnetization. The magnetization can
be controlled by an external as well as by an internal applied
magnetic field acting upon the magnetosensitive layer. An
internal magnetic field source can be realized by a second
e.g. hard magnetic layer deposited beneath or on top or close
to the magnetosensitive material or by adding a small loop as
inductive element to generate a magnetic field. Such a
magnetic layer can be also used to bias or linearize the
effect. Using a magnetoelastic layer or material has the
advantage that there is not needed a continuous power
consumption in the storage device since the magnetoelastic

effect is a quasi-static effect.



advant age that there is not needed a continuous power consunption in the
storage device since the magnetoelastic effect is a quasi-static effect.
WO 02/ 19380 0POBAEPOL/ 09307 9 It is noteworthy that the PemEPIlI®EGTCONCEpt S
can be carried out individually for each slider/hard di sk conbination and
do not depend on the peculiarities of the underlying disk-storage device.
Beyond that the concepts are not |imbed to magnetic hard di sk storage
devi ces and can al so advantageously be applied to other present and future
spi nni ng di sks based storage devices |like optical disks etc. BRIEF

DESCRI AH GN &b tEie MG Hes pasantbd M veiHddit Mddn naw Lg-deseri bed in
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whi ch conprises a at'i ng spension 110 and a read/wite head 120
according to the prior art. The read/wite head 120 is nounted on a slider

125. E'B‘%&Lsrsj ‘b@scﬂﬂ%‘%ﬂ)foﬁ %Q%&g ncl udi ng one or nore

The present invention will now be described in more detail by

way of embodiments and making reference to the accompanying

drawings.

Fig. 1 is a perspective view of a suspension arm
according to the prior art;

Fig. 2 is a schematic view of a suspension arm for

illustrating the air cushion mechanism

underlying the present invention;

Figs. 3a - 3d are schematic views of different embodiments of

the present invention;

Figs. 4a - 4c are schematic views to illustrate definition of

roll, pitch and twist;

Figs. 5a - 5d are schematic views of different embodiments of

the present invention.

In Fig. 1, there is shown a suspension arm 100 which is
disclosed in U.S. Patent No. 5,377,058 and which comprises a
floating suspension 110 and a read/write head 120 according to
the prior art. The read/write head 120 is mounted on a slider

125. Electrical supply of the head 120 including one or more



WO 02/ 19330 PCT/ EP01/09307 - 10 signal lines is acconplished via
electrical wires 160. On its opposite side, the suspension arm 100 is
nount ed ovoamssgi ne flange of a hard di sk drive (not shP@IVER&r®po7by neans
of a nounting flange 130. A piezoelectric film 140 is bonded to the
suspension arm 100. A flying height correction voltage is applied to the
film2140 through electrical wres 15@ -Applying the correction voltage,
the film 140 expands in the plain of the suspension arm 100 and due to the
adhesi on between the film 140 and the suspension arm 100 introduces a

bendi ”%15%@6 1&91efsh“:lsa 11\ ?1hvf1%r =5) tt*i%c% m,1QQ.t q dhenehal;qng its
| ongi tudirnal axis | ts ateral axis. h | ng ofs the suspension arm
100 t owRPgsSige( @Gﬁesh(illw) sugipskssdoinf age iLHOr e&swmh@ds Ay feaigdeepushi ng

agai ns rd f i up / ad 120 or the
sli der%%%gger egp%c g&ea ?ﬂls'k tdtr%%te Q h%glngél I%Ses c%ﬂ 521% tgéﬁ he di sk
sur f aceounhidsgt éaflow AgOhei ght i s adj usted by the correction voltage.

Fig. 2 is a schematic side view of a suspension armwith a slider sliding
above a disk surface of a magnetic hard disk. Wile the magnetic hard disk
is rotat pthgzoarlea:itn:imfhjlmn 14di ipobedden’ideb tche: slds@ens&xmr bgma 1fodr.ce away

or towar the _hard disk. UI| rium,of th r and .t pring
for co AFEIVEG RESHTICS SPHFERGLBRoVE ERET DarPRY e Godroe ALl 4D anced
flyi ngthebgbhh EEH-trAecedr ditgst cn5nheApp\19ﬁhi;;ornhet hersuspensi Oblakhe,
conprises a,.material or alternativ a l.ayer deposited on th urface of
Chel SubBenLion ol Simercd i€ LB Rtonotanbes CROREP S va FEE 1ATLh a
physi cahdpegpetby thte bdgegabar bakwkeke thes riefmpenat uhg tae a magnetic fl ux
througgugéegglgg % %!&%% ?l %%&hggg a bending force to the arm 100

which forces the arm 100 to bend along its longitudinal axis

and its lateral axis.

The bending of the suspension arm 100 towards a (not shown)
disk surface increases the spring force pushing against the
aerodynamic 1lift acting upon the read/write head 120 or the
slider 125, respectively, so that the head 120 flies closer to
the disk surface. Thus the flying height is adjusted by the

correction voltage.

Fig. 2 is a schematic side view of a suspension arm with a
slider sliding above a disk surface of a magnetic hard disk.
While the magnetic hard disk is rotating, an air cushion
disposed under the slider exerts a force away or towards the
hard disk. In equilibrium of the force F, and the spring force
F,, the head ig flying above the rotating hard disk at a
balanced flying height (FH). N

According to the invention, the suspension arm comprises a
material or alternatively a layer deposited on the surface of
the suspension arm, where the spring constant strongly varies
with a physical property of the material like its temperature
or a magnetic flux through it or an applied electrical

voltage. The spring force F, in a first approximation, can be



voltage. The spring force F, in a first approxi mation, can be WO 02/19330
PCT/ EPO1/ 09307 - 11. witten as F. = k x 1, where k is the spring

const ant vob 0r/ims330 material and 1 is the |ongitudinal or | arer/arod®sdrecti on
of the suspension. arm According to the invention, the spring force Fis
varied by changing the spring constant k. A variation Dk hereby causes a
variation of the deflection D with4 = const. in a first approximtion.
Referring nowto Fig. 2, a view depicting a head slider assenbly 200
particularly conmprising a slider 210 | ocated at a distance to a hard di sk

surface,.2 j _i rder il ust e i [,oNn_cOo pt
under | &Iﬁﬁéﬁi a%{]gégntﬂ ?ngénﬁlgﬁe hgéff:gléngf) g?gh%o%]%&?h?no'?hgﬁgol | ow ng
w || baatgeficdednds 1t e rhd momaditsidined vet iedrree dsifildertiam afhe  di sk

surface& %.2%11 Fé ti (o] %-i nd.th i .. the slider
210 rel r?tl ve o%tsﬁgidiag 'sf}r;ace 151% tl;%eq:hc gﬁ%%?‘%rﬁ%glédig%ot elpr)ll ch angle a
and t h€ooaw? via werded byDedeangitdee thel atoniegmoveserntbét.wéen t he di sk
surface 220 and he slider 210, determ ned by the spjinning.direction of
the  hYPH R TIEN GEEE Ty CAIESE Fad A AISR e The CetrsAmiSE Hs  f or med
whi ch, wdatordi=ngonett.hénpial dirat regsitddxd matianf.orce due to the aircushion
at the air bearing surface 260 conprising the mninumdistance FH to the
di sk surface 220. The flying height (FH) of the slider 210 or the head,
r especRiefelry,ings nbat &bl yidet ar,maned sy dhe cafiapede seridbed i ddryi ng
characteristics, i.e. the Lift and sink . forces_producge by the slider
aer ody A2FE0Yard % RETEHFG ST SO 10N @hSlt’“ﬁ-l@rséégelJré’iC@ﬁe% 280
pushes dike agidedeb 31Batrd BHekdissk fasi Dace 136@hothe iholhrawingoFi gures 3a -
3c depi, di fferent enhodi nents of a sus%en5| n.armaccording to the
i nvent i ustrate the alr cushion concept underlying the present

invention. The flying height (FH) in the following will be

defined as the minimum distance between the slider and the

disk surface 220. The gpatial orientation and the bending

shape of the slider 210 relative to the disk surface can be

characterized by the pitch angle a and the crown value 230.

Due to the relative movement between the disgk surface 220 and

the slider 210, determined by the spinning direction of the

hard disk depicted by arrow 240, a specific air stream 250 is

formed which, according to the pitch o, results in a force due

to the aircushion at the alr bearing surface 260 comprising

the minimum distance FH to the disk surface 220.

The flying height (FH) of the slider 210 or the head,
respectively, is totally determined by the aforedescribed
flying characteristics, i.e. the lift and sink forces produced
by the slider aerodynamics, and the spring force with which
the suspension arm 280 pushes the slider 210 to the disk

surface 260.

The following Figures 3a -~ 3¢ depict different embodiments of

a suspension arm according to the invention.

Now referring to Fig. 3a, a first embodiment comprises a

suspension arm 300 including a or consisting of a bulk



Now referring to Fig. 3a, a first enbodi nent conprises a suspension arm
300 including a or consisting of a bulk WO 02/19330 PCT/EP01/09307 - 12
mat eri al wOoh®3epri ng constant with a relatively | arge pewdPamo3of the

el astic nmodul us DE versus DT, where DT is the bulk tenperature of the
suspensi on arm 300. The suspension arm 300 is conprised of an elastic
portion 310 with a thickness d,_ andi;af¥igid portion 320 with a thickness
d2. At the free end of the suspension arm 300, a slider 325 is nounted on
the suspension arm 300, 310 by neans of a glue 327. The bottom surface of

the sl intere328 haixh disgrdnee Jdhdara: toitls W fracietidfela, il sk 329. The
suspensi on_arm 300 particularly c rises a heatin el enrent 330 di sposed

at a pARECRH F IoLEREHS WEPHT A SHF S e "HRIE M &S diR&hi ch i s

hi ghl i ghted tamgaressidd rEs trNGuMHGT ICTRIYNS &9 AN ele\Riaeb o ad] ety of the
elastic _modul us. The heating el enment 330, in _the present enbodinent, is
i mpl emetfted- s aREsed Sfc@ e HeihPardurrh &ldurid the Rugierrsohar m

Al ternaddy el Yoi dilte epatiing selerBntn 33Q RN d eali zedeas 2-LBi Bygr a thick
| ayer of an electric resistance material deposited onto one or both

sur f acéf difshFuarensdion Gim 340, A Blistan i3 5o munted |witde t hrough
el eCt I IRl SHARLY 2l 1589 330 WS eRddle JPIPYIAIIIR-0f e sldshp- sensi ti ve

material 340 to rise and therefdre the spring constant o mat eri al 340

t o decradg@cerfetther sdiidera 3@dndtaanta frsdance Fés Ha isng- 9o emndeseai r
cushi on, ef f ?gﬁq&r&g]@%@bh the slider 325 (see Fig. 2), the bending
: ’

curvature o e suspension arm 300 will also decrease thus increasing the
flying height FH of the slider 325 above the disk surface 329.

The suspension arm 300 particularly comprises a heating
element 330 disposed at a particular elasto-sensitive portion
340 of the bulk material which is highlighted by cross lines
and which comprises an elevated gradient of the elastic

modulus.

The heating element 330, in the present embodiment, is
implemented as a resistance wire being wound around the
suspension arm. Alternatively, the heating element 330 can be
realized as a thin or a thick layer of an electric resistance
material deposited onto one or both surfaces along the portion
340. An electric current I, flowing through electrical supply
wires 350 causes the temperature of the elasto-sensitive
material 340 to rise and therefore the spring constant of the

material 340 to decrease.

Together with a constant force F, resulting from the air
cushion effect underneath the slider 325 (see Fig. 2), the
bending curvature of the suspension arm 300 will also decrease
thus increasing the flying height FH of the slider 325 above
the disk surface 329.

Another embodiment of the invention depicted in Fig. 3b
comprises, instead of a bulk material, an elasto-sensitive

layer 400 deposited on a suspension arm 410 and comprising a



Anot her enbodi ment of the invention depicted in Fig. 3b conprises, instead
of a bulk material, an elasto-sensitive |ayer 400 deposited on a

suspensi om0 az/m340L0 and conprising a WO 02/ 19330 PCT/ EPO1/ POBBFP01/093W3

t hi ckness di ayer Depending on the difference between the thicknesses

dl ayer and dbul k, a change of the spring constant of the Iayer 400 wil |

al so cause a change in the bending- gquwvature of the suspension arm 410.

Thi s enbodi ment al so conprises a heating el ement 420 which, in the present
enbodi ment, is inplenmented as a nmeander-shaped resistance wire 420. An

el ect rigalo ek seatéadsup@eb%%d%gswp'tme \lef%%r gi%ea@%qde%\ﬂ d hrough the

resistance wire causeés heating primrily ayer 50 and t hus
causes thigkargeest dithe 29t idagx constangefof highe asf@rlw@ocommidlmgl y. This

wi | ac'h%"l%%%%%%oc Qge 1réot f&%-ul%%ng_l @?laﬁgrevg %eOfbetnr&n spension arm

410 due to the so-c passi ve Dbi - ic e fect t he decrease

of theC@gwdtngenpﬁemh@NB@EpEMSlbayemm4@QO acting upon the suspensi on arm

410. In this arrangenent, the actuation owing to the binetallic effect and

the elastic effect may have opposite signs. Materials can be chosen which

shom1aT%deremboﬂﬂaehanélbp vampirigetshe heamémgteﬂ@menklMQMnahﬁmainn

naterl% s Wwth a &E@@ﬁ%§tlc ef fect -can chosen which o) rc npensat e
Etﬁ

the bi metaPr~e<H S &SenPRASTSE eﬁlef—’lgb)‘—il 556 Ee S i on of
change refk ichencbhendireg 4c0r.vanaed echus chile cliryieng b@p@hﬁedlemn@&p@uyt he sign
of the i.nterggl stre% of, th t Wo- %%r Séstem and t hus (:4 an increase
or decl&iSE 6f °t AR §°W§n9e| &HPL\%}‘?E FalfSPhG PRES Merfer uF@uSﬁS‘g 3c
shows araethgdprentraber &fa th@yeayéeo 400 andnagnet eehaslsi 6 Fhkekkeabfi s
deposited on suspensi on arm C e of t el.astic ,nodyl.ys of the
IaSer Fgrgﬁguggas% nt of tge 1ayer Q%Bg accorgingly T%ls wglg

also cause a change in the bending curvature of the suspension

arm 410 due to the so-called “passive bi-metallic effect™,

i.e. the decrease of the bending momentum of the layer 400

acting upon the suspension arm 410. In this arrangement, the

actuation owing to the bimetallic effect and the elastic

effect may have opposite signs. Materials can be chosen which

show a ,zero actuation“ by varying the temperature.

Alternatively, materials with a high elastic effect can be

chosen which overcompensate the bimetallic actuation.

It is emphasized hereby that the direction of change of the
bending curve and thus the flying height depends on the sign
of the internal stress of the two-layer system and thus can be
an increase or decrease of the flying height when raising the

temperature.

Fig. 3c shows an embodiment where a layer 500 of a
magnetoelastic material is deposited on a suspension arm 510.
A change of the elastic modulus of the layer 500 is induced by
means of a magnetic field which is generated by means of a
wire wound in the form of a flat coil on top of the layer 500
or around the suspension. The coil wire 520 is supplied via

supply wires 530.



means of a magnetic field which is generated by nmeans of a wre wound in
the formof a flat coil on top of the |ayer 500 or around the suspension.
The coi |l wOpB1B20 is supplied via supply wires 530. WO ORCT/BBNI307

PCT/ EPO1/ 09307 - 14 Fig. 3d shows an enbodi rent where a hard nagnetic

| ayer (HL) is placed on top or very close or on the close proximty to a
magnet oel astic portion of the suspendidor. The magnetization of the hard
magnetic | ayer defines the direction of nmagnetization of the
magnet oel astic portion of the suspension, and therefore its elastic

proper trigs. 3Ehehdagnell 2abddimh tHvhea ke hswid eheghdry angeermal)l y
applied field, even a field applied outside_the HDD, or set by a short
cur r ent:SpRLEESCh PHUGIPRA OTs HEYY iISHAFE (e O81 &en € 1RiSSh ELEFK 181 o % t he HL.

Al ter bheneevethRah ARRHAG] i rer SReetinient mid $Rgrdhe BRARe! izati on
inthe H rotates in a desired direction and therefore defines the elastic

pr oper t1€s her 5P gnTid cenfommEint io@s fbedddirgrsd ompplompgnesiisgtdon
magnet Qg %ﬁfe' ﬁla_a%ttb%na@lw@ﬁ plo'f%i!orns Blel hleS s%sp%%rsqﬁ@@g Beld engRlebhal - Fig.

4a is a schematic view alonglongitudinal axis to the rear of a top slider
620 andts BoESEHCsPrePert4@ss| (THengagbete zagiginskefsHif §68 & a magnetic

hard di i i Is IS ati n_atf scushi on
disposgﬁgggggg pQEEES%%ggggggg%i%pgﬁﬁggcgl%%gy Sr %b%a?gglt gﬁ %ﬁ%adisk. As
scet chedtsgbedéhe ERD, 640 siedy bye apahalkitekufrend pullse ¢hrodgll ed with

respec t i urf Fig. 1S emgt e _sitde vi (o] top
sIidergg%glaggdgC%gg%tgﬁ?%%?ﬁégggféggpigﬁngggbg?etgeaﬁgk éﬁ? gc%h%f a
magnet iextelrapd dippk 1600.£iWHid et ibenmaymeent badgedi $he sagoesatizagioan air

cushi on_di_sposed g r tg lB%In ert tarc I [ e hard
di sk. Eg.gggtc ea%@ %gsA %‘%f S%ﬁ %?Sd%§8?t a4 %n%W%%e%efo&%m%e%in%g
the elastic properties of 500. The embodiment can be designed
by only using a magnetoelastic portion which, in itself, is a

hard magnetic material.

Fig. 4a is a schematic view along longitudinal axis to the
rear of a top slider 620 and a bottom slider 640 sliding above
a disk surface of a magnetic hard disk 600. While the magnetic
hard disk is rotating, an air cushion disposed under the
slider exerts a force away or towards the hard disk. As
scetched, sliders 620, 640 may be parallel (zero roll) or

angled with respect to the disk surface.

Fig. 4b is a schematic side view of a top slider 620 and a
bottom slider 640 sliding above a disk surface of a magnetic
hard disk 600. While the magnetic hard disk is rotating, an
air cushion disposed under the slider exerts a force away or
towards the hard disk. As scetched, the ABS of slidexs 620,
640 may be parallel (0 pitch) or angled with respect to the

disk surface.

Fig. 4c i1s a schematic side view of a bottom slider 640
sliding above a disk surface of a magnetic hard disk 600. As

scetched, the slider may be twisted along longitudinal axis.



640 may be parallel (O pitch) or angled with respect to the disk surface.
Fig. 4c is a schematic side view of a bottomslider 640 sliding above a

di sk surfve@e2/of33@ nagnetic hard di sk 600. As scetched, tpPeT/EPIId®B0TMAY be
tw sted along longitudinal axis. W 02/19330 PCT/EP01/09307 - 15 1In Fig.
5a from German patent application DE 19603192 Al, Fig. 6, a front part of
a suspension arm2la with slider 24 i1$ -depicted. The suspension armis
nodi fied by U-shaped slits 31 and 32 near the slider 24 and straight slits
33 and 34. This way, a H1like head nounting region is forned, with bridges
36, 38n and. 38afdmmmn@eamhar@ambmilb@@lﬁmﬁﬁ&@@i@ﬂ gpstemo2Thils rFIdspensi on
systenlsuff%rs from ei&g non-i deal, kardani requi.red to bend or

twist the®orr8ges? atﬁésﬁgﬁﬁloFoaéﬁiéﬁatW&%élFiége offectly to the

di sk sdebaeeeay qm@n%u@ben@ubnca&hlqg ﬁk@ﬁ&ﬁb@ %9|Wrshﬁp%61@Qﬁt@aSIHDUHted
non i deal dification of th ystemof  Fig. 5a with

brldge§n¢162a %a726h8rsﬁéﬁF§n§# FH@~ﬁFF@@@?t7§él?§03?56n¢6é4 cgﬁﬁﬁlsed by a

mat eri a@hyor aakt-ennat heely mduhdy el depesht a¢ ebrmbhe gHthaseiebekhedyri dge,
where the sprlgg constant strongly varies with a phyS|caI property of the
S

mat eri 81 PRE fOF@%B§r§t5ﬁ§d6Pl§ ragfeSUEPPRG OPhFYEER™- t TS Sal r eady

descrlEagpehgaohh%y%%%ae@%E@@r@rEkoﬁybé@h@chbﬁehmeamangkaanaee spring
constant of bridgeS, nounting tol erances_of the slider can be corrected to

adj ust FPEFES BRERATEE tw $endrpg 5w1§ﬁo%§eabapﬂgéﬁeﬁre§ﬁﬁ§dtb@nhe@ﬁ-the

'”Ve”tk%”a@%bﬂgth@”%ﬁﬁ%@rk@69§@b%1§'E% %H%paaékogu§¥ahgnbycagahgs%% from
crossed bridges 710 and 720. Systeins depicted in Fig 5a to 5c, suffer from

bri dgedigogpEBdont pregenret RBLY  Thifs sdaderdiasduabnigdpapenigeatol | and
pitch can not be maintained.

Fig. 5b shows a modification of the system of Fig. 5a with
bridges 710 and 720 or parts of the bridges 730,740,750,760
comprised by a material or alternatively a layer deposited on
the surface of the bridge, where the spring constant strongly
varies with a physical property of the material like its
temperature or a magnetic flux through it as already described
for the suspension arm. By selectively changing the spring
constant of bridges, mounting tolerances of the slider can be

corrected- to adjust roll, pitch or twist.

Fig 5¢ shows a different embodiment of the invention using
another kardanic like suspension system, comprised from
crossed bridges 710 and 720.

Systems depicted in Fig 5a to 5c¢, suffer from bridges coupled
to each other. Thus an individual adaption of roll and pitch

can not be maintained.

Fig 5d shows a suspension system with decoupled axis. Bridges
710a, 710b and 720 or parts 770,780,790 of the bridges are

comprised by a material or alternatively a layer deposited on
the surface of the bridge, where the spring constant strongly

varies with a physical property of the material.



Fig 5d shows a suspension systemw th decoupled axis. Bridges 710a, 710b
and 720 or parts 770,780,790 of the bridges are conprised by a material or
al t er nat iweby19w30 ayer deposited on the surface of the brpPdhEPoMi98t7e t he
spring constant strongly varies with a physical property of the material.
WO 02/ 19330 PCT/EP01/09307 - 16 CL Al MS 1. Method for controlling the
flying height of a read/wite head pgléaced in proximty to a rotating disk
surface of a disk storage device or a noving tape of a tape recording or
t ape storage device and nounted on a suspension arm conprising a spring
force with a spring constant forc il gxtbliygsuspendi ng the head above the

di sk surface or the tape, respectively, and for pushing on the head with
the spring force against an aerodynamc lift force acting upon the head,

charactieri ze@d Rhav ¥ RPnihe 19RMLNEHORSLARy elidhtl 835k RALW Qf-ithe
suspension armto_adjust the flying height, "and/or the roll and/or the
pitch of th&ckapplagedVirhedoxdsdridi e Bo roltaitmny, ddiskr strdsicee®@hy varyi ng
the tenperature of Si a I |1 3 t]Jggg]

accordi ng tgtlgF(ais%ofIa%r% ?g%g%%r gg?g“ zeg y%%é)téer )???l% é:ér?ggrﬂfeelggac el d
applied to ar ltepst sfartgef delvecesaspenouortedr wrard swspens Livrgreen zat i on of

at | east par f: L u i.0 r . v I I ri ield in at
| east part g%’“?%éstsl%?p%ns?%%% r%fﬁfg %{%%S‘e %)r%ll?%s?%(ﬁ%\llc%%tg (]:E%r]r:fpri sing a
nmovabl e st ofdgeibiwdiswspandiagr ¢ad/ Wweiete abese phac €d sikn sprdrice oy t o t he

ot orage ey (s, 5L lRe; gLyl SR e L. aNIPHR e 8. SHSRETSI o
the spring force against an aerodynamic 1ift force acting
upon the head,
characterized by
varying the spring constant of at least part of the
suspension arm to adjust the flying height, and/or the

roll and/or the pitch of the head.

2. Method according to claim 1, characterized by varying the

temperature of the suspension arm at least locally.

3. Method according to claim 1 or 2, characterized by
varying a magnetic field applied to at least part of the
suspension arm and/or the magnetization of at least part
of the suspension arm or by varying an electric field in

at least part of the suspension arm.

4. Storage or test device comprising a movable storage
medium and a read/write head placed in proximity to the
storage medium thus defining a flying height and mounted
on a suspension arm for flexibly suspending the head
above the storage medium and for pushing on the head with
a spring force against an aerodynamic 1lift force acting
upon the head, characterized by
a suspension arm with at least part of it comprising a

material with a parameter-dependent spring constant and



above the storage medi umand for pushing on the head with a spring force
agai nst an aerodynamc |ift force acting upon the head, characterized by a
suspensi wmoarm3sth at |east part of it conprising a mnatRCT/APOMI9BIT a

par anet er - dependent spring constant and WO 02/ 19330 PCT/EPO1/09307 - 17
means for controlling the spring constant by said paraneter to adjust the
flying height of the head. 5. Stor-ade’ or test device conprising a novable
storage nediumand a read/wite head placed in proximty to the storage
medi um t hus defining a flying height and nmounted on a suspension arm for

flexibly suspend mart kedead 1iakpwhd hesier agagedituimanshfor pushing on
the head with a spring force against an aerodynamc |ift force acting
upon the heéif&raérf%%éctt&i Y sly P sperd &ie Wk R Beddt part of it
conprising a nmaterial with a paraneter-dependent spring constant and
means for controlling the spring constant by said paranmeter to adjust
roll, twist SHRFasa OF eSthéavdss PMEdied VAN GE t-agen 4 or 5,

characteri zeghditmf Rals S3hdRharialndgl 1 ARer or $ansiiMs, (i dar amet er
bei ng the tenperature, and/or magneto-sensitive, said paraneter being the

strengt h of sfovagiteresitmeltirusy debaviiay acfdwdingg hed oy a91d @laainkedt to 6,
characteri zegd a{(%#g?%hs@tonl %@E&' 2 DENUNG1RAIL, Yo NS SUYSRERRILN arm

conprises a bul rial with a paraneter-dependent ~spring constant. 8.

Devi ce accordioyg ttéeamfosas iagsul teards foghdusdtiend ped the hiaeal witth east
o o S SN o Rk ARnls 2! dale W
upon the head, characterized by
a suspension arm with at least part of it comprising a
material with a parameter-dependent spring constant and
means for controlling the spring constant by said

parameter to adjust roll, twist and pitch of the head.

6. Device according to claim 4 or 5, characterized in that
said material being thermo-sensitive, said parameter
being the temperature, and/or magneto-sensitive, said

parameter being the strength of a magnetic field.

7. Device according to any of claims 4 to 6, characterized
in that at least a bending part of the suspension arm
comprises a bulk material with a parameter-dependent

spring constant.

8. Device according to any of claims 4 to 6, characterized
in that at least part of the suspension arm comprises a
layer of a material with a parameter-dependent spring

constant.

9. Device according to any of claims 4 to 8, characterized
in that said material comprising an in-homogeneous

distribution of said spring constant.



9. Device according to any of clains 4 to 8, characterized in that said
mat eri al conprising an i n-honogeneous distribution of said spring

const ant wo\/0B509330 PCT/ EPO1/ 09307 - 18 10. Devi ce acepor/@poig9s@ any of
claim4 to 9, characterized in that said material conprising an el evated
sensitivity of said spring constant aligned essentially |ongitudinal or

| ateral to the suspension arm axis.- 118 -Suspension system for a storage or
test device conprising a novable storage nmediumand a read/ wite head
placed in proximty to the storage nmediumthus defining a flying height

and nourg ed mu ik e UsReNsd Oy afdndf d4 iy 4 suspending-ddehead; akove the
storage nedium and for pushing on the head with a spring force agai nst an

aer odynani ¢ % Sodrt @HQT IRy [HEPTie e s iRt eteuwt i Bhat at

| east part ofaitdherFUSRE NSO MM 2 CORNY e hdmier aloMitid®nal or
par anet er - dependent spring constant. 12. Suspension system according to
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suspending the head above the storage medium and for
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characterized in that at least part of the suspension arm
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12. Suspension system according to claim 11, characterized by

means for acting upon said material with said parameter.

13. Suspension system according to claim 11 or 12,
characterized in that the suspension arm comprises a bulk

material with a parameter-dependent spring constant.

14. Suspension system according to claim 11 or 12,
characterized in that at least part of the suspension arm
comprises a layer of a material with a parameter-

dependent spring constant.



