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‘DESCRI PTI AND APPARATUS FOR DYNAM CALLY CONTROLLI H%1 NG

BEHAVI OUR AND HEI GHT OF A READ/ WRI TE HEAD I N A STORAGE DEVI CE BACK

THE I NVENTI ON This invention generally relates to rigid or hard dis rlves
or tape recording devices which store’information or data on rotating
nmovi ng storage nedia. Mire specifically, the invention reJWMM‘MWﬁmmmmﬁthod
and apparatus for dynam cal Ig E]?g{tt(gg{]l ' % heofl i ng beha

read/wite magnetic head as a ati d! &%étic i sk spi ns undggiesk he head
or as a noving magnetic tape noves under the head. Magnetic di sk storage
devi ces knomn |n the prlor art conprlse an alr-bearlng sllder The slider
itself i P ANDo AP A WL Y NAROKLENG ] -

as alo heam.and. whi slelayel i A qi_d POQJ; |on and an elastlc oortlon
V\,herein% ottt ii"?ieg!‘u i / Sis1s AR e e Wards
or away of the recording nedlun1 SO that t he sllder on whi ch an

el ectromagnetic transducer is nounted is pushed to the recordi ng nedi um or
pul l ed away fromthe recording nediumw th a certain necessary |oad. Thus
when t hgatREeROGED oot Nrigkiresgnpl e a magnetic recording disk, is
rotating, the | oad exerted on the slider and a aircushion force exerted on
the air bearing surface of the slider due to an airflow are bal anced to
each othe{s $&-& | A qggg; wth a
very fine ga I?Vtﬂhgios%t]??g&kgﬂ §eié&’éé‘%€ﬁf¢&d@r 02 d%g%b%%

PCT/ EPoq;fo%teq Izet)ogmqo@@ucgsmlélglnw%rmetrgﬁqrmtnaprswzde@amrml ng a
magnet | foE&é‘ﬂﬁ%‘Wéf emb@ﬁﬁgagea@a@erﬁé@ta n%tﬁ@nbgﬁé&f@ééh% Skuté es currently
in the range o nanometers and W Il likely decrease i th uture. Tn
cur r ent FYVRRBHPE Hae bR BES Kt dedi %@Eh‘P‘Faeaffqi VARt wtht £ dubanbeaiby |y

det er mi asge by11 ey PaRt i sul ahgdeshgm Of &0 Aifohearting %M{% 288 Ofnddie slider
and a head gi nbal , assenbly. But, thereupon variations of flying hei ght
Wit hi n 3 f 2w Aoty &%gmyl%x%tkf%ﬁl%ﬁlﬁ%ﬁt@mh%.%sa%fa the sane
type owidigih® hadiéent i 0apé ohevancasded Nage Hl@r ances consi derably

i nfluence the witing and reading characteristics to and fromthe hard

di sk.

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 alrcushion force exerted on the air bearing surface of
the slider due to an airflow are balanced to each other, so
that the glider is flying above the recording medium with a

very fine gap, the so-called “flying height™.
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Two di ffepgpgoy@sups of types of prior art magnetic head 'p Al
‘mechani sns are known. zn a first group, a thin. filmformed on the el astic
portion of the suspension armwhich is expandabl e or shrinkable dud & SAN: 05
internal stress of the filmitself cauges the elastic portion and thereby
the armto bend thus varying the flying height of the read/wite head above
the di sk surface. However, the bending of the suspension armtowards the

di sk su ceqincre he spri for i.ng against the r odynam c
IR R e L R S e

pi ezoel beadi gbbivlene oothitimegt ablbhetitr hpsdhdvekbadaspeapeosadli-nihhehart .

Appr oac elenging . to the first, nentioned. grqup are disc|ose or

i nst ancgglﬁﬁgu.og. glgaggﬁpmﬁg_erg, 8vs. gég‘,i Rﬂ/&ﬁﬁgt aegFﬁaaeS&E‘pgﬁ@i gHL%Ehani sm
wi th a.IfhcorEshmyhenean RardCiéaki AgvacBenthBOFL9AgOhedgivt biation

Absor bi nng%rit iton" asgi gned.to F 'i%ﬁu Ltd,, Japan_and ir~ U S. Patent No.
5, 377, 0587 ERY Chg Kt CeLPyBiasht Hﬁl P RRLHAOVIEE ABEHIBUSHEeTRi DAY assi gned
to 1BM Kesapongt kapfadewo¥okke s1¥024348380h2a8 gBEHAEPRILOR3DY, 250 JAN
2005 Angpt her gr@oup of prior art approaches provides for a one-tine and

., _Pr, ¢ pr > 1
static aOfHStReRt Ver ipkdossr Phgthre§iuiroahaieht Hethkape &Yt he bending of

the suspenchefegkMalNedapanese ABSLIAGht JP-D188996e4 o HUEhagArLduUCtion o~
floati ntg}r’é%pg‘fvin{ggnetl ¢ heads, it is_therein proposed to set the floating

anount r E8t f3g§ﬂrﬁﬁ?:i8ﬂdt%§<%’é?n‘é%unTh%§etF‘é%%lf%ﬁl@‘?%g heat ener gy
t 0"t he spiéhgepablyofinfheesuspensi AAi @iﬂr]l;a@ﬁdaﬁéé'éiﬁé‘gcﬁé?ﬁaéﬁfi‘@tPéQSSW e.

Appl yi ne%t he_heat i ﬁhggg%lﬁ:gﬁl ar]y acconplished by irradiating the spring

with a tasBpéhfira 81{5 e bending anmount in the rolling direction
of the spring part by a discrete spring pressure regulation. After having

set. the%bengigg amount the slider is unted on the suspension_arm
Accor di h° t O LhGFRBF SFAEPE Gpph¥Reh of SefbReFTh Megnaleke ad ract JP

63281283udpehBeos phedfapibhsi Sratdeowh . arsuper BFastdLoumt &f idlisueinas a

shape-n}g_ecgmr% allo whiﬁh gllows that the initial formof the spring part is
rat her 20 B&TE %’Pia%lé.e THheSFAf t PAF ST OF P T sCRRr or TPt 1297 i pphoxi mat el y
par al | edxpanddleldi sk shriakeblSi dece onlan the-spid Nshadds iSE made of1i he '

super e j i an.in-plane rigidity i,s ensured and in addition the
spri ngelctgénésjfgn?&s%s %%?n% %%ﬁ?f%t%oﬁtbjo‘gﬂe ae{b‘%r%éec% S ttroa?Psed‘ti%er
el enenttiay evaheing avbacklyhay Bendham el erenteadou Ttes Herdjetbareas on t he

suspens yhat nstance, conplicates further mniaturization of the
suspen?i on arm %\Eﬁﬁfl}i "OF THE INVENTION Tt is an object of the invention

to provide a nethod and apparatus for controlling the flying height of a

read/ wid.e-head [ rﬁg_ﬁ ium_.like a rotating.magnetic
hard disk or a ;?g%vﬁg?ﬁ%@%pggr%%egr I gé}Fcfglv?lﬁceaflvawlztloc arzg%l %vtlx} girl% active
and/ or SRR FNGFeRERRi Uhe Sl ux nmtcomushing GR/al9B30 HRET/ EP01/ 09307

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.



2 0 JAN 2 particularly in case of a tape recordin
-ad;ustﬁengagPyFﬁe bearing pressure of its read/wite headQ? Mygﬁgﬁgth
object to provide a nethod and apparatus to allow for precisely setkl mgNﬂNﬁ
flying height of individual storage dgylces in particular hard disk
drives, at a defined value in order to" neet fabrication tolerances. It is
another obj ect to provide a nmethod and apparatus which allow to conpensate

pressure changes in a hard disk drive and/or contam nation of an air
bear i ngPEQEREEe FRUP 19 P ¥k aditi pEPEPaghegpPrevaragefadvacenerting yet
anot her a0bj gehbtal: 28 J Rt ttaeprsgwlﬂ@ ?r@%&ﬂ?g éﬂé/é?p%@t U aher
controlllng roéﬁ@wpltch and twi st of a read/wite head above a rotating
magnet i €fh isg stovdea swspiengivaparsf. ant dppaseseelblitchcsl Péw for
an acti wggakipgnien j?nggﬁ} f teh e S o j ects
are solveggtl?Og e F%gidgg éo%nggpgggent @I%&hé mié@%h g égﬁgg
enbodlnéﬁtsSaﬁéegubFe¢HOnnantmfsehetbabéﬂaah&anbmounhceﬁtauaﬂedbylng to
this inyenti [ SR WRY spri.ng_con 0
Uspenston i il PRt SR e FHBau 1By oA S Aeos: EPhthe
prenentSpnedgtpar&ppﬁ%r&ﬁefsnspemﬁana aemuhhﬂngdﬁnennh@etherspshngn

underneﬁkgsg ealr b r|n U of th § 'ﬂ t us_caus g g %

sink force-andth&rs orce prOV|5e8 5 the sp¥|ﬁﬁc?%P Pt ne
suspensn@nadusEhhg 3%&Msﬁnmﬁg mgthhasleqarlbbamuandtaéétbﬁgfohees t he
flying d/ hange |n a,contro
rranner.gghgtﬂl §§béﬁ%%%%32?§g g%gegg%ﬁng goﬁg an ﬁ e? ?F%lnﬁ hei ght
therefoaed¢anrbeeaspuskedEw&mwumeecegelyL1onV[AﬁEéﬁQBsﬁlﬂﬁﬂéEEOEh@9307 Z 0
JAN 200Eeﬁd§n9' Qm%%%:r%t t0 ;1A RE eﬂSﬁﬁEégegnp{:hQVs{i‘ééeﬁBEoHag? s, the
present “Inventi on provi or a passrve-as wel Mas™a@active nechani sm
where actuation of the read /WWIte head is acconplished only by varying the
spring a % t] LQr art
approacﬁegggéghg k2 QQ?% con%ﬁ%@%h gpgﬁgggglggggggggg %%a%%éaﬂéégere t he
suspensﬁbﬁtrgcéeﬂPeéﬁ@@1@@@|%elyhbySpr@vgdpﬂgtalbemdﬁagOfoace or bending
nnnentugh ae r t .Lhye reover, is
bei ng ben n%?é%h&@ h%t%%ﬁggq%gﬁgea% 4 Qﬁﬁggn%§ﬁ%§y #fgé¥un1o t he

mechani 8alower éb@ta@h%gm-ﬁéﬂlt Fern| plekhe| spnded tPant ofs areehatt#ve to the
bendi ngpehResaHpRENGHAN 1¢AR 13hS@.RR beNbeFOFALEYLRE: £VER pyckl ed by local Iy
varying the spring constant give by the elastic nodulus of the suspension
mat er i afPPFe¥peetPEl Parthileli hoehbpodithererbrec endbres adfvusthag of an

i ncorregprghgnbaad 9k WA BE @hamhesdr 08l ¥sbyc (xﬁ&ééifﬂw adaphlptahbe
spring constant appropriately. This_can be acconpljshed already, durlng t he

manuf ackuF g thr 6Ee8B=1get REdraKkadtbEhgRe Heti ver i FOHERRbishRnsi on
t oget henimimhzefie read/ wite head have been assenbled to the storage device
or it can be acconplished during HDD operation as an active adjustnent
tool. In addition, the proposed actuation schene can also be inplenented in

a very spal iabaveaapprbaeh%@smmﬁgoa t Pakssal & | SBdelee, henrabthag further

m ni atu i 0 the s spen5|on arm For neasuring the flying height of
t he heaéra$h%?g E&FEtSHC uﬁﬁe? Lenenk FRdsl BeR I Tnesqys %& T nal

proxi m sy¥ssensisg wrekni gue ﬂﬁgeahaescwﬁgpgcﬁ@@efﬁm@ﬁcopy sensors and
exenplar|ly di s¢closed in . Patent 5,527,110 (Abrahamet al.) entitled

us
" Met hodHHHE BopaFaFtenf 6F BBEeELFRERAsPRri¥ M es

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,



on Magnety,§ ofAsske using Thermal Proximty Imaging". As thecrEpéfddfBes 19330
+PCTI EPO1/ 09307 2 0 JAN 2005 - 6 spinning velocity o:f the hard disk is
nearly constant during operation of the di sk storage device, the |28tJAbr2005
sink forces are nearly constant too_fqgr _a given design of the slider, in
particular its shape of the air-bearing surface, thus allow ng a one-tine
adj ustnent of an incorrect gramoad. In addition, a particular flying

hei ght _can .be -set. during the nuf acturin rocess.., Besi des static

adj ust ﬁ&ﬁ%l&u]tarfel% pri ncgaﬁ?eorocégaab;!: Ty roﬁccglac%yr?%g&t\ﬁec%s'pra}dder{’dl Sg%%esl? M al so
an act itte Gresthinagmirerdd gling deighd wedistrend lesnd be acconplished to
guarantee a good read and wite characteristic and particularity the
operation characteristic of the underlying spinning storage system

Ther eugan.id Rrpudterdt hebd@h-tspegthbsiid M negeiod %cﬂia?@a_xt?ﬂﬂlserﬁd re disk
storage device will normally change .its tenperature during operation. This

does alfdd AWLifyr tHEGkiper Aafteingd Gt Shishun hohl Rladddive @al

t enper afddr@ dd s a4l sk Sloraga houside O i eented emmeratydmsf the
suspensi on arm particularity cause changes of the spring force and thus
cor r espEAdieng e RhffEs B nert fiahmigaiei ghttofekancatead. Vari ations of the
air pressure or contam nation of the air bearing surface have an inpact on
the air stream ng underneath the slider and thus influence the |ift force

act uat iffrg idn FRERGY RRYI e 1t R IGT se e iid GertiRpaarE s WRARP hei ght

can be adyRANICAl domRA e b iR ISR 1NV eNtHHE dihas euRe variations
in the speed of rotation of the hard disk and its influence on the flying

hei ght 88/OFe G Matel Heff GBh e hFakingt BEded dgl ¢ besid ddgtble in a

| ow angyivgh eerd argmnca:dmde fetites HDD. Further environnental properties
can be the degradation of nmaterials over the tinme of operation of the hard

di sk which therefore has to be corrected to keep the optinmum flying hei ght
in ordef 4@ & ey dIRld aliddy &f dihe afdhidigK .to PRl 333 thod

PCT/ EP01/ 09307 2 0 JAN 2005 The .inventigon also allows for dynamcally
setti ng"d FEREENY FIYiSRP T GHtSs & dat BiEh &3¢ Wit Rdad can be kept
at a NMriza@miditd nedeigiiveon Yyolauing hhemland Wadde diead ors abead rg or
i S JRIRG! L Al gk en f1%he 19 P JAdig QT i ng access,

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 eguilibrium state of the prementioned two
opposite forces, one resulting from the aircushion underneath
the air-bearing surface of the slider thus causing a 1lift ox
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,



di sk spi %9?14356“31 the read/wite head can be w t hdrawn pgprpév@3eT ni num
“flying height 1'h order to enhance nmechani cal robustness of the hard disk.

Thus, the invention enables dynam c two- or nore-level operation 2 JAb&05
read/ wite head. Another technical fiegld for advantageously applying the

invention is future read and wite processes which mght need for both a

different but defined flying height in order to achieve an ideal

performance such as the storage density. For exanple, it mg be nore
conveni@htCRF %@t - Pre tf?rcea‘%"r%c‘sr eq 5 e ¥ & 1 %ﬁ?@%sgh{&\%i | e reading
of bit phsssit | InPOssidh adviaide oher 4 |yasgihei ghtwellln gpard izdiare during
the seek the servo pattern can be read wth suffjciz%t d{esol ution at higher
f1yi ng BRGhplsn Wher Rt 3 Qi t°F nthe Jetidasttf & ded9 i By actively
controldd i hghtadH gy Cond dspei headdpchrant wWed rd s @

i ner easded{tﬂ%@%}féé-%ign%l%?ﬂ“tghea hl}aﬂ?? di sk. _%ﬁlén%i ng the fIying hel ght Y

t her eupott-isrmbietl eot bogi AX Gie the FeadPWikeE e2heaAPRYPAENESd of~ garki ng

posi ti re ji.is, pLot i ei resistive.
Addi ti g{r}{a‘l Y%}? c\’?%ljéﬁnr%%te é i%g% %%slélgiglg@m%g r%%{jt?%%e)' ﬁ%ﬂﬁace, the air
fricti cudpenel det wedef hectsdd dertidnely Hey dpekvbliviade MeseHaws %A/ t hus

decr easegs, co e, r.co i i +S; gdgd to spin
t he haro?d?egr%ﬁé‘?ilﬂ(ﬁlﬁ% ’eraéaét]%%nt a%e%ﬁs%%p@%%%%%%g%%? t he
i nvent isorepenwbsen of marekver orgdoatevd deent meoe bablie adaprEeuqnge (At ops,

mobi | e hel ephongs. of; the.] i ke cphereida gt sohes MR102/ 19330 tn
PCT/ EPO‘%%%%%@ %%%Hk#%S&u%%?ﬁf c'fo_rrleduce %owesr ac.onlg%[rrpti on bye reduci ng
t he spisinideyr velmcadgivton her HaktrmnaklvRetect g Rending .odits of rotation
of 1he I SedBYoaus, alh & el ndik el 1y DA dng, hifesany, thayafar e
mght result 1n a variation of the flying height thus changing the
per f or mamoslnd the eleviee. catrtary igbie hﬂsfp@.s@wfslmiw%t%tﬁh? n a
first Lent, hscieali zed fy. viarying. locally the material tenperature
of the suspension arm Such a tenperattre variation can be realized by a
smal | heater deposited onto the suspension arm for instance a thin or

thick friy]sm siLUGHLN & dEROSLESL U dilEe S ULERGSE: Dlg tdie SUSRRRSHbEr m
Varyi ng the el astic properties of Such a |ayer, which %Zioecual | y .can change

t he spratRIteeE @t VaTY Hes oA S f OB BpaY af 3 et Vealls &82P 9 dth%n of the

bendi ng;of; Ahec SHSPARS | QP AsER Atk Tnereh s ecan Vi i addapldfside flying
hei ght of the read/wite head . According to ano}% her errtélo}di mesr‘gtd a} he
vari at i eF0e| FFRI prlop PATELTHH WS PHREFRAI T Yo F By Using BB %

mat er i @ewicd ayefef OFhd heuSpienenst loge ther altlactios diaxgl /addittd dresld | ayer
wi th a_magnetoel astic effect V\Qere the s r%n‘?. const ant of tbhee mat eri al
o 24tV o

depend$EF tPREPeyFRETIHE Heyrey T ¢ be EohtTol 1 ed by an

ext er nalccasinyel shed Hyr by | MbEr e rappdh eds nagnedt iovd iseljohseotérriy upon t he
magnet osegsi tive layer. An internal magnetic field source can be realized
by a s "e.g. hard magnetic |ayer deposited beneath or on top or close
to the magnetosensitive material or by adding a snmall |oop as inductive

elenment_to nerate magnetic field... Such magnet.i c -l can be al so
used toIIbiaéggjotFlcP?he‘g]i’?z PSS R T RS ah%%nceafnoﬁlésgi%ce | ayer or
mat er i almgiasndiee@dirans agert hata 1 heieed somot haeedgrbras icontihmeoust power

consumption in the storage_devi ce sjnce the magnet oel gsti t s a
Guns! - ST cepabELGD BT e aRe BT DoR0y o the sudidffiol

arm.

For measuring the flying height of the head, there exist a
number of methods and systems e.g. a thermal proximity senging
technigque 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



Z 0 JAN 2QQPothosdet is noteworthy that the described concepisygmnobf-carried
-out individually fox each slider/hard di sk conbination and do not depend on
the peculiarities of the underlying disk storage device. Beyond thatJANHES
concepts are not limted to magnetic hérd di sk storage devices and can al so
advant ageously be applied to other present and future spinning disks based
storage devices |like optical disks etc. BRI EF DESCRI PTI ON OF THE DRAW NGS
The present invention wll now be described in nore detail by way of

enbodi nERLBNARE WEkPA§tYePdr Eheeheyd: Ré s¥cdonpanyilg carakngsduEigy 1 is a
per spechbhyeayiey ok @héuaﬁgﬂﬁhggr%b%'?EQQEanQhEOlHQ% Bﬁ'gﬁnﬂrkbrgég' 2 1s
a schematic view of a suspension armfor illustrating the air cushion
mechani 8¥eungairllyi agnehangr ssentornvegtiven; desggn & thadsdideschématic

. o ‘. : ¢ : L on: ELgs. 4
schenat PaobTeatar, PPy BEpPETLE  hel ATrBRESEThe) PUSEREL SRy S Bripdss™ 5.
-- 5d amkeoseh&nmei edyhetment diff fer éntoenkeodi geatdocafi.t e pddsehbn, a

i nventi ; Lg. Lhere.is,s . _suspension_arm 100 _whjch.is

i sol os AT RETeY slrahd°RBibRes09MORR oRY RRPERSCshEr Ml etOt AP LA g
suspensponcé&B.and a read,/wite head 120 according to the prior art. The
read/ wite head 120 is nounted on a slider 125. Electrical supply of the
head 120 i ncl udi ng one or nore WO 021 19330 PCT/ EPO01/ 09307 2 0 JA N 2005 -
10 sighekibienea Bsaftcoapliiishrdnvi afekret speahgWEbeselbd. wbp, oft s opposite

side, t epsion_arm 100 i unted on_an _engi ne_flange, of hard di sk
drive (§§F§§ﬁ§mgﬁ er gy By ﬁ%&ﬁgaB ’aagﬁﬁn?Pnacgﬁgﬁg8r1§§? lﬁi%ﬁ%ﬁ?@ctric
fil m 14Beiighboadgdstmenhecauspenaconmal ichefd. tA Hlhyragtbei ghtosar resdi on
vol t age_ ] Le fLLm, 140 .t hrough el ectrical wres, 150. Applying

t he cor?%ét?ggkﬁo??ég%%ggﬁés¥% n?gﬂop%§§gﬁﬁgafﬁ3¥hgﬁﬁl%Pﬁr%Fl?%e suspensi on
arm 100chadadbertetihecfidhbsi ondbelweéeng thénfhihm d46rapd shetsuspensi on arm
100 introduces 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
suspenstharanprnoOthvwagdsthe (hoghshpend dpshnsugfatethacdeslsestiide spring

120 or "TRe oF Ger 1950 L AE Re TV a o L oo FeR e hoTEBR0 68 | PO U oser o

t he di skeBReFacere THUSInGeoPeyahgonei Ghisi doadj adsedrayseheheorrection

V0|tagetemperature of the suspension arm and the air 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.



Fig. 2is tic side view of a suspension armwith g, i di ng
.above a’ dyﬂi sur?ﬁce of a magnetic hard disk. Wile the nagn/Fﬂﬁhﬁﬁh

is rotating, an air cushion disposed under the slider exerts a forgéﬁd%y %5
or towards the hard disk. In equilibriumof the force Fa and the spring
force F5, the head is flying above tﬁe7r6tating hard di sk at a bal anced
flying height (FH). According to the invention, the suspension arm
conprises a material or alternatively a | ayer deposited on the surface of

t he suspensation arm mhere the spring constant strongly varies with a

physi CalTh(E ARSI i Y fn] mlqd@ aﬁ i Vﬁyﬁa?nltcea;ﬁﬁgf aélel‘gt%. % & é)%%g%ﬁﬂl%le | ux

through 1t or an app electrrc tage spring
first apgpryexiomieigt (S@r theet thﬂ)x@%ldl@ﬁﬁﬁ:e Hebd RER EROKERIZRE 2 0 JAN

2005 wri mher IS t sprr canstant of, the materi al
I&J’Pﬁ% ong§ 1]gh lg'r bridid S ST e S i

and 15§ 9076 sion arm
Accor di rx@atdlmgherr mMncgn td rtéa§prrag:@tmr cH gk .i hear itderiey ichamgi ng t he

spring const.ant arratron .causes . a arratr of the

def | ect i or?%lﬁfgwof:hwf 161§nsatcceisﬁ’ a 2’{ c?k’ltmgtr dn ot &‘Fﬁg‘ now t o
Fig. 2, dak ewidepinet itighed hﬂfed xﬁadiarr:a%semaldy 200 b@amrtmlrawhy feorpri si ng
a slrder 210, Iocate%gat a ?i ce to hard di sk surfac s shown in

order t &Y PHOEFEFe HHA TG ont @5 Epttu en&eF nﬁF@ ent
i nvent i anbuEteckkybfig thei flatrd Ia-_ri)srd n Thhe ,f @hlecoinigntiiblh baatlebisned as the
m ni num.di st ance between t he sl |g§r and ,t.he dg§k surfagg 22 The _spati al

orientat#@ﬁm&ﬁd%Wﬁe BENTIORG S3Se SPEREISH qdr “BFoFECAETESt BPfle di sk
surface can be characterized by the pitch angle a and the crown val ue 230.
Due to el ati tmeen t he rface.220 and the slider
210, de er%%ﬁédkﬁcgpﬁe A pii JQF r 8P EagFoPﬁgYh§P81HFEE &gﬁrcted by
arrom/2ﬂ&weatapecnbrGuammesumﬁﬁhmzﬁowmithopmadewheehwhachomdgng heetihe
pitch a,. results_i forc ue to the ai CUShI the air, _bearing
surf ace fgb% dekoa rrgﬁ%f he%hgh%hunFareFaE glﬁﬁ 819h§ &PsﬁrguFfESe 220. The
flying h@hgbwe(ﬁﬂ)ldbaﬂh@esﬁbdmﬁnEEOSuchthe headstbeagecﬂemehyy i Bototal ly

det er m nedy ol o akopedenar ihed Lhylog,char 6! SLLSL Gaun 8 Bhegl UL and

sink forces prodice aero ynanlcs rcé with
whi ch t Neryuspessdi ﬁﬂryanm m@gﬁmw@sleheestindgr of1bite tLheSdrlélk surface 2Q0.

Tne f oL EOsRBIE ol gopdtne 1daRLChadlbler O pERPOdLIER! Suetng EHgPENS] on

armaccording to the invention: Now re errrng
enbodi mBREKCERpr PSEYCaPsESFERsCan RENT8Od Whéhuauﬁélaléntc@ﬁ%@%@th@nof a

bul k WO 9241423301v1dg nBELLEPORL023Q 4,230,480 209R 2 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



material widgd3gpring constant with a relatively |arge grpgigpéi et he
‘el astic nodul us DE versus DI, where DT is the bulk tenperature of t(h

suspensi on arm 300. The suspension arm 300 is conprised of an el asti JAN 2005
portion 310 with a thickness dl and a élgld portion 320 with a thickness
d2. At the free end of the suspension arm 300, a slider 325 is nounted on
t he suspensi on arm 300, 310 by neans of a glue 327. The bottom surface of

t he sI| J:3 5 has di stance FH to a t,op ;urfa(ae of a hard disk 329. The
suspenS| an FrmT306 S5TT R AR EES: PYh&adusing ér?@ntsP}@@l@lgsposed at

a parti mdla:rc:LeJyasifotwsmﬁd/Qim{t IREURA P Heh e D G tiRtRT i) aMiieh 1S
hi ghl i ghﬁﬁg&@ SS I| es and which conprises an el evated gradi ent of the

el astic &9%e "W?g & GRERCc3 0 Ghe eHe prasydme debseisment, i s

i NPl enentRteore RASHY ARG 18, heivag 1WRURs AU the i) narm
Al ter nat| veI y, the heati ng el enment 330 lcan be rea&%z %,alslé;@lfeﬁlﬁﬁgor a thick

| ayer of-ByF il'léég R mrEcs iodl tepesiviis® .ont o one or both
surfaces al ong the portl on 340. An electric current r~ flow ng through

el ectrical supplgvvl res 350 causes the tenperature of the el asto-sensitive
mat er i alt$4ya%d apilee Sy TRt (ﬁpe‘lmlgecgpﬁltﬁgtteom antfighktt he material 340
to decr easRaiheaet he Wd "1 c ti the air

cushi on effeét underr?eat hﬂt e sI I der&é’tZLgtq goléglﬁgu t?)e Q}Qte"r g‘%dl ng

cur vat urETBPRTARE LSy §fe idico rFuanarEdonwRl . aﬁgehdecmmrahusel ncreasing th.e
flying RerghtibH ebnt Be slddsr, e%Z%yaQO\éﬁa&ﬁeE%%fﬁr %%%&%%%nﬁ’é rQt her
enbodi nent of tlae invention depa Cted i'ses, ITnstead of a
bul k mefE¥EPENSign erfst dodedsistioneel a ehlnoerdébgs;ﬂq édlmnsarSGSpEﬁm on arm
410 andd@@@@&teaﬂgnathemghg%%%%B%Q EEZ/QEQ§QHQ§QE arfh. J@%r% §

t hi cknesi dl ayer Depending on the difference between the t nesses dl ayer
and dhuF -@SalEhEﬁ@@eESFlﬁﬁe°§pﬁPﬁ§ Bohdvaht whicheekryeiaddy @knl al so cause

a changehkfgkhenbepgirnagCuwatune 9h EQEeﬁHéH@QSb@ntéﬁBﬁ}éQ rdhi s
enbodi ment al so conpri ses a heating el enent in tlh pr esent

enbodi nERESP s HPE&AERCEd s téleneaﬁééﬁgsﬁﬁpeher eesaeaﬁéenwﬁm am@ An

el ectri eakregbrent sHpRLi-a@nbyrsunpl fl%ﬁ&shéé’ghénéff LAwW P b Pugh the
resi sta c WI re 420 causes heating primartl the | ayer 400 and thus

causes ange of the spring constant of the | ayer 400, accordingly. This
will also cause a change in the bending curvature of the suspension arm 410

due to the s ve bi-metallic eff t he decrease of the
bendi ngkmg)ronleﬁ ﬁ?n o? ?ﬂ§%ﬁ§§efmﬁﬁél‘%wngt]iﬁ‘f)oha’fh%t%B’%p@hs?%ﬁs‘aﬁ’n 410. In

thi s arpangenthés thae atbuabeoreaid ngdtioytheihdnetvhikcneféerdl and the

eI astl Cy C a site_signs. Miterials can_be chose whi ch show
"zero g%téﬁa%ogaghgyggg 58/5%60 rlf‘e%e?rat%?%oréﬂ'?%rﬂ%‘??%??ﬁll Y al s
WI th a mgh ellasgneteélestlcaefbectmlsere vitth€ hsow i ¢ ospedisaie dheche

bi met al a rrphaS| zed her eby hat the djrection of change
of the Bafalfet MeBBnar cobh bEU R o H et D SRR S Sigh of t be
i nter nabesc«me‘ssobledi hey't @an- EXyernzs:ysangeaIm ddusy cafl bet@tnad Negasiesddr

decr eas g t._when_raisi the tenperature. Fig. 3c shows
an errbolgagre 1%{‘8 H%i‘?: gggqug 50003 T ?tb‘e?%fﬁjr lYﬁatt I ipg1 deposi t ed
on a suspeasiah maSHio. fAetdiaagLer@é ddre let as¢d i pedubyisa ofeddigl | ayer 500
is indu net| fleld hi Ch i.s ener ed b ans of a
wire vvo%n% %aﬁ%éqlg%%?%ﬁ%yeﬁ At Tl T It % QS%(? & Sar ound

t he suspensie agegTheosentinive ﬁi@en&]smaplbﬁdaddﬁ@@p&n}ew respb 3k W O
02|19339nduct1ve 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.



- 14 PCT/JP01/09307 2 0 JAN 2005 Fig. 3d shows an enbodi a hard
vnagnetrc‘wgyé?m??L) is placed on top or very close or on ?Egkgpg§297
proximty to a magnetoel astic portion of the suspension. The nagneqqgﬁﬂiﬂm5
of the hard nmagnetic | ayer defines the direction of nmagnetization of
magnet oel astic portion o the suspensidn, and therefore its elastic
properties. The nmagnetization of HL can be switched by an externally
applied field, even a field applied outside the HDD, or set by a short
cur r ent Tpul s enetrewegbhy @ﬁr@tlth@ndﬂ@f’é@(ﬂé@@e@@%@eﬂﬁp%@%db%nc?%’ﬁl% the HL.
After t e a e i 0, Nk : bzation
in the EE#r%%é%é%&?%lgidgg%rg%g%i%%%?%%ﬁ%%% ?hggeggﬁéfﬁgg?ﬁggggﬁgaelastic
proper thetls @ép&td. o hehenbedi hibat 1 thes bef delse gwedebyybng ydugk ngtarage

magnet oel astic portion_whjc in_i Lf, ] a 1 etc jal. Fig.
4a is agg%ﬁﬂﬁhtg%y%?ng%?%ngh?o%%?%%ﬁﬁ%a?fgxﬁgpt%Q?Eggae%? %%BEE%%ﬁ sl i der
620 andhardodisn stodege 646vitédiagl aboveabsdi sgvantégeeusiyab@magnetic hard
di sk 600. Wile the netic hard disk is.r Ik Lr i on di sposed
under tHEPLIF eFOeQEggg BrForte %ﬁayg%Féf%m%égéh?ﬁ% ﬁg?gnggﬁéaAs scet ched,
sl i der ss6@fagbif@evbycbel preabbpeicdzedoskoléfcor angled with respect to the
di sk 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 di sk 600.
Wi | e tBerEmopesceTbarondoskTiie pRAWIN®E, an air cushion di sposed under the
slider exerts a force away or towards the hard disk. As scotched, the ABS
of sliders 620, 640 may be parallel (0 pitch) or angled with respect to the
di sk suffacsrebehd. iA6chbidnSehRIBLLG Bé dBeytebell anbmbiemistatrbg40
sliding above a dish surface_of a,nagne#ic hardtdbéﬁ @00, Asa§§§%§hed, t he
slider Way Bk eHPeErBeRF8ng foRgFtadi natSESPSe *owD 62719335

PCT/ EPO4££9884sZ 0 JAN 2005 Zn Fig. 5a from CGernan patent application DE

| 9603192 Al, Fig. 6, a front part of a suspension arm2la with -slider 24 is
depi cted. The suspension armis nodified by U shaped slits 31. and 32 near
the sligeg. 24 and straight pertpsedBivadvBdw dhi s mappenskHohi Remhead
nmounting region is forned, é&th pridggs §P¢r3§rtand 39 formng a

kardani c-1i ke suspensi BA°8YStBe “ThieC stsphsion’ system suffers from bei ng
non-i deal kardanic. Forces required to bend or twi st the bridges prevent
the head,to align the slider gorrectly. e_dj b ace ns of air
cushiongbgesgure onIy,lFfasFFgSTa§%% %%%ﬁt%% %o%agﬁég%ggg[a?MSEEEhoms a
nmodi fi cation of the sy$iénsofaEigy Baewkih treldges meohaRdsm®20 or parts of
the bridges 730, 740, 75 rj Lak:gp.alternatively a

| ayer deposited on theggég?%ggﬂgfk?ﬁgpg¥?%%g?£§ﬁéggl?%é spring constant
strongly varies with a physical property of the material like its

tenper apfg, 05,3 mBgneLie LEHENLRIOUGNoYE 88 aifeadindesabbherehos bhe
suspension arm By sel ectively changing the spring constant of bridges,
mounting tol erances of theepskpeaE AVIEBE @I rect ed~to adjust roll, pitch or
twst. Fig 5c shows a different enbodi nent of the invention using another
kardani c |ike suspension system conprised fromcrossed bridges, 710 and
720. Systess #deprcted aneFSghsaatéCSE}e§%f¥@rll?@ﬁFB?Fﬁg@§f&ngF%ﬂ ?b each
other. Thus an individyghladggkggnaﬂﬁ g(@idcand pitch can not be maintained.
Fig 5d shows a suspension systemw th decoupl ed axis. Bridges 71.0a, 710b
and 720 or parts 770,780,790 oi~ the bridges are conprised by a material or
al ternativelyza Laygr depogifed.on. Lhe,sutfagerebrihe ehbbdamenwvbese the

sprang OAgt an strongl'y varies with a physical property of the material.
the present invention.

In Fig. 1, there 1s 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 1is mounted on a slider

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



2 0 JAN 25 oz/B30hat is clained is: 1. A nethod of controbbhﬂﬂnhgﬁgflylng
‘hei ght of a readlwite head, conprising: providing a readlwite head
nounted on a suspension arm suspending the head above a storage nepgqﬁwﬂmB
a spring force. having a spring congtﬁEtL pushing on the head with the
spring force against an aerodynamc |rft force acting upon the head; and
varying the spring constant of at |east part of the suspension armto

adj ust the f y'ng hei.ght, a roll,  and ,a pitch of the head. 2. The nethod of
claiml ,Sl%?hhéﬁ e8npri &FRgmPhisheflepiaf earyragalheiremparat uba otst he
suspensbpposiBeatiligasthkogakb¥nh bh Qrﬁohbo“ﬁgpﬂﬁﬂnﬁégugﬂ ah EESE&ea .
portion ff the suspension arm 3. The nethod of claiml, Turther conprising
the stepldfI9apfi Agharfagheki érivel dnappshednt beae) | bgstiepast obf at he

. ] g ¢
suspensj ] hod of claim1, further conprising the step o
varying gﬁngFg%t?%gE ?e?gbin at | east part of the suspension al-m 5. The

nmet hod of claim1, further conprising the step of varying the spring
A piezoelectric £ilm 140 is bonded to the suspension arm 100.

A flying height correction voltage is applied to the film 140
through electrical wires 150. Applying the correction voltage,
the film 140 expands in the plain of the suspension arm 100
and due to the adhesion between the film 140 and the
suspension arm 100 introdhces 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 surfaée. Thus the flying height is adjusted by the

correctlon 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
Fs, the head is 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



const ant ‘Qkogh Jsgast part of the suspension ann to adj ust paripdepheszei the
. head. 6. " ata st orage device, conprising: a novable storage nmedi um and a

readlwite head placed in proxinmty to the storage nediumat a flyi#&8 JAN 2005
hei ght and nounted on a suspension armfor flexibly suspending the head
above the storage nmedi um and for pu§h3r?=|g‘on the head with a spring force
agai nst an aerodynam c facing survivors. lift force acting upon the head;
wherein R "v.f | BE] 04446. doc: cdg 2 0 JA N 2005 -17 at least part of the
suspensiont gem haska =it er ilal whierle & par &lnst sprdape FOEFRL YT i4fg ©C6hst ant ;

and neans_for controll] e ] t ant ] tsn Lp adjust
the fl )}P%%eﬂ%‘?gh?%léai r%%jlg]%ﬁ%nld&gé%g?%ﬁg%f c?]ﬂel%%%?i g?lﬁﬁgﬁg?ei n the

par anetighie i sugpshseogtdrmf Acomghendg ctd i ehel. inverftieonlat Bhet epugeddevi ce of
claim6, wherein the neans for controlling the spri tapt by said

par arret%‘?r%?sﬁ 5] ‘lﬁ%?%e‘gq?}év %I%I?g%?gt%léeh Jal.nq&cpclrh%“gad‘gtggﬁétgrage devi ce of
cl ai m 6yahes el Bnadk| Bastbp bensknga pastiofidine Susdpendébheat hogobpri ses a
bulk material with a paramatgr pendent . sgri ng constant. 9. The data

- de d
st or age"HER £e”oFORFhr B SnEtETh FPTRANTA WY of the suspension arni

conprises a layer of a material with a paraneter-dependent spring constant.

Referring now to Fig. 2, a view depicting a head slider
assembly 200 particularly comprising a slider 210 located at a
distance to a hard disk surface 220 is shown in order to
illustrate the air 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 spatial 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 disk 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 a, results in a force due
to the aircushion at the air 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 - 3c 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



10. The Qg?%zﬁgg%age device of claim5 wherein the springpegiighansopf the
-material 1Ts Characterized by an in-honogeneous distribution. 11. The data

storage device of claim5 wherein the spring constant of the mat er iZdl JAR 2005
characterized by an elevated sensitivity that aligns longitudinally or

| aterally relative to an axis of the Suspension arm 12. A suspension
system for a data storage device, conprising: a novable storage nedium a

read/ wite head placed in proximty to the storage nmediumat a flying
hei ght , TAREFARh PhEAREatPT L AoTHLEIPBh U Chspehel ofr ArHR FOFIFI ext bl y
suspendipgal barhead:abo¥Ea s PEc Shoaates Medi Wst sS4IChT | hahekbeDFuspenseon arm

pushes the head with a spring force against an aeroq%nanic lift force
acting bpdk trEPRBABur® Chetle? nSPsrerfian] N4l QocTRAgSHSPERSIAN 2HB5 - 18

at |easgppatl QbnhDesSHSPENSh 081 ALEN-CABPELEERSI B MRLER! &l tWikRndss 4,
par anmet er - dependent spring constant; nagnetic nmeans for acting upon the

mat er i afndi ahribédpapahibeer32® wifhse thecknesngdheifghtthea ¥o¥¢ enf pitch,

and a tykSty fshegelas&lgnbyﬁﬂ sbbetghg ot ga,-magnel i cpbihglda 8adewherein the
material wth a paraneter-dependent spring constant forns a |layer in the

suspenséveapensioh Rl BPG A4y gpeardgot a glue 327. The bottom

AL A 1?{&%%%82\%?@ %%}f‘h N?fg_hég{g%fsté&c@w, Lo A 2oP@ubrads=PS kyze
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] ca] ca] o] eaheaficftapsaped] ca] cal caU] ca] ca zp
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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. 3Db
comprises, instead of a bulk material, an elasto-sensitive

layer 400 deposited on a suspension arm 410 and compriging a
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10\, )#Igﬁﬁgp()magﬁﬂ@w@&pp3051te 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 1s 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.
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magnetoelastic portion of the suspension. The magnetization of
the hard magnetic layer defines the direction of magnetization
of the magnetoelastic portion of the suspension, and therefore
its elastic properties. The magnetization of HL can be
switched by an externally applied field, even a field applied
outside the HDD, or set by a short current pulse through a
small inductive element disposed on top of the HL. After the
external applied field or the current pulse, the magnetization
in the HL rotates in a desired direction and therefore defines
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) oxr

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 slidexrs 620,
640 may be parallel (0 pitch) or angled with respect to the

disk surface.
Fig. 4c is 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.
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suspension system suffers from being non-ideal kardanic.

Forces required to bend or twist the bridges prevent the head

to align the slider correctly to the disk surface by means of

air cushion pressure only, if slider was mounted non ideal.

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 ﬁroperty 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 5c 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 oxr 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.
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1. A method of controlling the flying height of a read/write head, comprising:
providing a read/write head mounted on a suspension arm;

suspending the head above a storage media with a spring force having a

spring constant;

pushing on the head with the spring force against an aerodynamic lift

force acting upon the head; and

varying the spring constant of at least part of the suspension arm to

adjust the flying height, a roll, and a pitch of the head.

2. The method of claim 1, further comprising the step of varying the temperature of
the suspension arm at least locally with a coil wrapped around at least a portion

of the suspension arm.

3. The method of claim 1, further comprising the step of varying a magnetic field

applied to at least part of the suspension arm.

4. The method of claim 1, further comprising the step of varying an electric field in

at least part of the suspension arm.

5. The method of claim 1, further comprising the step of varying the spring

constant of at least part of the suspension arm to adjust a twist of the head.
0. A data storage device, comprising:

a movable storage medium and a read/write head placed in proximity to
the storage medium at 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 lift force acting upon the head;

wherein
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flying height, a roll, and a pitch of the head; and wherein
the parameter is a strength of a magnetic field.

7. The data storage device of claim 6, wherein the means for controlling the spring

constant by said parameter also adjusts a twist of the head.

8. The data storage device of claim 6 wherein at least a bending part of the
suspension arm comprises a bulk material with a parameter-dependent spring

constant.

9. The data storage device of claim 6 wherein at least part of the suspension arm

comprises a layer of a material with a parameter-dependent spring constant.

10. The data storage device of claim 5 wherein the spring constant of the material is

characterized by an in-homogeneous distribution.

11. The data storage device of claim 5 wherein the spring constant of the material is
characterized by an elevated sensitivity that aligns longitudinally or laterally

relative to an axis of the suspension arm.
12. A suspension system for a data storage device, comprising:
a movablc storage medium;
a read/write head placed in proximity to the storage medium at a flying
height, wherein the head is mounted on a suspension arm for flexibly suspending
the head above the storage medium, such that the suspension arm pushes the

head with a spring force against an aerodynamic lift force acting upon the head,;

wherein
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magnetic means for acting upon the material with the parameter to
adjust the flying height, a roll, a pitch, and a twist of the head by a stretch of a

magnetic field; and wherein

the material with a parameter-dependent spring constant forms a layer in

the suspension arm.
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