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Sel ective influencing of oscillation in fine or m cronmechani

sytenms Area of the invention The invention presented refers to a neans for
the selective influencing of natural oscillation in fine and

m cronechani cal cantil ever systens. In particular, the invention refers to ™

magnet head suspension systens in magnetic disk drives. Baﬁmn he
i nvention Magnetic disk drives which use a transducer noun mmM "Mﬂlﬂﬂjer
for reading and/or witing data to at |east one rotating magnetjg. di sk are
general |y known. In such systens, the slider is normally coupled using a
suspensi on systemto an actuator arm ~A“suspension system normally consists
of the base plate which creates the connection to the act uatmwmmmmmmlmal
suspensi on arm (| oadbean) and the ginbal, a flexible connect to
the slider. The suspension is normally designed in steel. The u3ecb«

| ami nated materials is also knBwh S ¥ thé Radufa@t¥re of slider suspension

systens (see US-A-4,996,623 and US-A 4, 761, 699) . In addition it is also
known that oscillations in the armand the suspension in nagnetic disk

rack or vari S GREE PHERE BPLPHIALOBat LG AT PRGORFT Ik R BreR 0 2

J U~ 2002 - 2 These oscillations occur due to the resonance phenonena at
certain natural frequencies of the slider. In this, extreme mechanica

i nfl uencexddy eyghhhendehveonair flow, etc. play a part. \Wen resonance
phenonena are éxcited, the whole structure (suspension) is deforned in
wave-type novenents, so-called oscillation nodes. The aimof a so-called
"nodal anaiysiisiveintiba phagantedi sefddie tdynam meahar acteri st CSe Dicttiie

System The nodal .paraneters _of resanance fr.equency anping and form of
The modes HHTCIREA B BRENT LB AORy B LRGN PERFORe S
si mul at i orcar@nid dveaws ystsssbi [ntyaftrculeducithg sueghnbson| rafeonnsto smag-

bring an t, I .t er.l into . t pensi 0n. s em supporting
t he sIideﬁh%éé%ﬁﬁiggéiﬁ%#gégﬁ4gg%g%ﬁ%ﬁg%fm'tezgg)sgﬁkegggyé%éciIIation
energy is converted to heat. To danp undesired oscillations, so-called
"constrai nggd- S t6aRnal SAvRRLUsed (see US-A-5, 606, 477) . Wth the
i ncreasin i L tion storage nedia such as magnetic
di sk drives, the necessity for slider suspension systens which reduce

oscil | ati ansgddr i MiRkTRi Ve sl PRI ERSIY a2 Hralhedketerbint eayodSa As bidei2, 387
descri besLﬁa "Head, Suspensi on Assenbl y" where the | padbeam s at | east

partly equiPpefaMtyy RUPESTEIGIRE R T o4t Aty 1°ASor GBF £BCahnpRrag™

oscil | ati amstid mild% Ar8, G@aGe4dT 1y akisdwrderins usjpdnsivenenyst ehei sli@scrided
whi ch has 1.nat e pension_where the | amp.nate.is Y ayer
consi sti ngl?%%ﬁa?lggpcﬁglrpﬁéﬁl g?,lng i selllset%:efnrgllc?np%lrpf%egnota j‘%UggEggg%Jé §,§LI m de
| ayer and Za stspangtileenisiysteay eproélbpewirsdisdtseolf. thepheser nlate"Vaheh ar eas”

i s etched épé&ééwchceo%%éaafe:cwoh%slr%hgrﬂ&e%hémt it aatﬁaﬁogggﬁémm ar ea

for the el asto-viscous dielectric |ayer. IS construction S existing
osci | | ati oS Haadbesgdpansi shesginead, Solfikaxdhd kronRersinfectamerhttState
of technol gy dwived.hand sadyantdge idhatomidihguaehstibarqdanpseseill ations
they are unable selectively to influence natural oscillations
(characterised by resonance frequencies and the shape of nodes). In this
¥\ay, thg osleél\_iﬁicf? ]rmdh £ tield ﬂ@ﬁgﬁiasslsisem@?cmeadytﬁst abhhsheﬂubeyl t he
ormand materjal of the suspension. wev i nges, . Loy _exanpl e,
the exter n%# 7jo]r4ﬁﬁ i OFIeS Sé’ﬁgﬁ}%k‘g > ef Séé_4d%%§$%??yl %PlangFr%\aes, rrPher e

is the dangerel et)one will

In addition it is also known that oscillations in the arm and
the susﬁension in magnetic disk drives can produce undesired
effects such as departing from the read/write track or varia-

tions in the distance between the slider and the disk.



. simul taneously inadvertently affect the air flow Conversely, gq%§4§1? d
"to a changed excitation of oscillations. 'A need thus exists t

prevent undesired natural oscillations in the suspension. A further need
exists to be able to carry out a control of the oscillation nodes w thout
changi ng the basic material and geonetric formof the suspension. Summary
According to an aspect of the present invention, there is provided a
suspensi on system conprising: a |oad beam a ginbal for receiving a
transducer elenent; and a structure -hardened surface attached to the | oad
beam the hardened surface conprising a thin filmmaterial having a

har dness and bei ng adhesive to the | oad beam According to another aspect
of the pTésert osavkhdtioms tdvene dse pm)vtib@ecteaodahaespbemgﬁerwsﬁtemer—

conpri si e al o f n ns nent and a
ctract ar Snsr Besdte Lo PR ugrhe | e SRRt e h B e ol

conpri si shaaiept nllflflmﬁmsertihabu@mﬁh@ dr ifvgr deéss faad, betag raloﬁlea ve to the
| oad beaml,ra. twagﬁdy&%na%l@%men&am&m te@(ctlhf%d | ghe! éhelgagﬁd&%%d' ng

nedi a | ocat ed proximate t e transducer el enen a nedi a novenent device
for movi iGUSRENAREM h: 1% e o ednip (Haste TIPSRV eREVEEe SOTCHOVEhPIhe
transduceyilebenBAtme@dati ve to the nedi a. 02J UL 2002 -4

Advant ageously, enbodi ments of the invention nmay be realisable wthout
probl em for fine or mcronechanical systens using normal coating and

phot ol i t Itbgr aphi 6f pa osesssledBrnefia Uegtaliyetiison ief tbhehaif@w'_éhgssel ntHehe
foIIovm'ngl enbod ﬁqpts ot t.he |nvent| are S ai ne u5|n

v ehe PO a1 S br TRGspaiEng RREFEHYR dFi ves.

drawi ngs I'n corfn
The dr awimegeonshow. frequency, damping and form of the modes can be es—

tablished experimentally or through finite-element simulation.

One known possibility for reducing such oscillations is to
bring an elastico-viscous material into the suspension system
supporting the slider (see US-A-4,760,478, amongst others),

whereby oscillation energy is converted to heat.

To damp undesired oscillations, so-called “constrained layers”
can also be used (see US-A-5,606,477).

With the increasing storage density in information storage me-
dia such as magnetic disk drives, the necessity for slider sus-
pension systems which reduce oscillations to a minimum is in-

creasing.

State of technology

US-A-5,572,387 describes a “Head Suspension Assembly” where the
loadbeam is at least partly equipped with an elasto-viscous

coating in order to dampen oscillations.

In US-A-5,606,477, a slider suspension system is described
which has a laminated suspension where the laminate is a con-

ductive layer consisting of a copper alloy, a dielectric poly-



Fig. 1 A a schematic diagram of a suspension system as an over vileds JUIEZ002
1B the sane suspension systemas a side view Fig. 2 two exanples for
oscillation nodes which can affect the read signal and Figs. 3A and 3B a
schematic di agram of a suspension system_nodified according to the

i nvention. Description of the invention Erfbodi nents of the invention are

not limted to nagnetic head suspension systens for magnetic disk drives
and can be; I £ i C j V u

ant i | over srREda AR R i o o s AR D fah of VBN TeaS Tt

si npl i ci ty,intocthecondudtive lalwescwhphi functidiass  alohgtvaning aren farrthe elefstoraigenasi c

suspensi on stenms. Fig.. 1 sho a,schemat. c di.agram. of, the structure of a
cusponsi on A &ETyer e fuRgt ol uRHERILE o RIAT el Ufshbibl St
car dani ¢ suspensiSetutiont &nowalih thadutréie s of ptchhélogy hihe shd Sistdbadtags tiaat

bet ween th or arm (nhot ho,wn? and, t he nagnet head

connection el ement act uat

suspensi on a%hogg%e the)s sterw &%Clﬁﬁtr‘ﬁqss ra?%(e affa MRy lblﬁesej?“’tvﬁ ¥s 1@ yatlupRgeo gatuggl o
magnet  heagsdiflafichsC@h&tateAdd by saoRSRASFe@bndifle aftl theOfhabB S fah&des). Gn2nid U L
2002 - 5 The natural frequenclies of the suspension are given by the use of
certai n matve shesosoillationemgdesnipt roymal pystenes atssalready mbhglbd dycthsdorm iade
nat ural oscgj t jt 0 nent t I yst em
such as thgn%%lia\}eogqﬁ%g‘gs%gg%@'tﬁ%#él < thcg{ & e(rgegdgnea?{f‘]@élem c%&%é% #Ogg ﬁt o]
faul ty readfrddri foeattdbay anueffeandn bstilldinwalodés, cthee, ist thet Gengeaithatr eneofwillhe
whol e system One exappl.e of su oscillation states iis shown in Fig. 2. In
this, fig. SyRulangaRsly Hiadvestrntlzatisetihe-ain o VEISElYs 91 eolzad (ha chitiged
"in-pl ane" BERichldresitatidlgni s Mee and Eric D. Daniels, "Mgnetic
récording", Vol. 2, page 45, New York 1988). In order selectively to

i nfluence these Aamgehithussexists 4o iselaetiviche pesventeundgsised: natbial ogciatiensnigt dei al
layer is applicfdonThi s means that the whol e suspension does not necessarily
have to be cdated with this hard materi al | ayer but that a nore or |ess

| arge area of the\ futpemsedaxivadotbe dbde oetrgdowtcr cordioh@fttlne ofvellattonghodey
oscillations.,, An exanpl f.this.is shown in Fig.'..3a. Here the suspension
armis coat‘%@c\}#]?l??nlgﬂ% tﬁ%ﬁ%‘“%@?@ﬁ@%ﬂdﬁﬁm{%%ﬁﬁé’é thesSPRISIE- i de vi ew
shown in Fig., 3b it can be seen that the geonetry is unaffected by the
application of the hard ° material layer. In this way, the existing natural
osci | | ati or3Ipayhe suspensi on can be selectively influenced or transl ated
as the materi al | St ta&d% i t -t Watal
change t hrough t%ag&ggg#§£da?li gﬁégf t g'ﬂ: %Sr% fgrlgfagoﬁéﬁleféai?eélsvﬁlﬁgaﬁégﬁ%&&m

mat eri al | aygemeongirsing: of a thin filmof great hardness and good adhesive
force so that it aclggdg%n?ppl ied to the magnet head suspension in such a way
that it is not |oosened t’hrough normal stresses. 02J UL 2002 - 6

Possi bl e mat eri alasgifbal foheechiving armamesducer eleayeat; and t he i nvention are

adamanti ne carbon such as njtrides. and, carbi des rticu-. lar Ji N.and
BN By the structRBEupeRIsaed GRTRR peleq 15 8¢ 1B ey sha et sHEREs o
‘the slider opppemgORirfilth Slepial havtlg/a haransh ah@Being BillfesBRNo B 198IBeaE
required, i.e. depending on which of the natural frequencies is critical
for the special peding oy anether aspaet 9lothgnsesephinvertaqn, (thare ds Prayaded & datape

i nfluenced 3 o that the locations of the oscillation bul ges
can generalsll?(%/ﬁl %ﬁlﬁ%v}ﬂe%ﬁ%%{{sgn%on-criti cal range. Even different nodes can be
affected in differlead besays by non-isotropic structuring. The thickness of
the thin filmlayer. nog | 1y. moves | he,range of approx. 10 - 100 nm
Particul ar advantaa%glgaoﬁf%‘%‘s""%%é%‘ﬁagénﬂ%%eg%ggfagged by a nmonolithic

i ntegration of slddgicteetadusqientichdal dhaidad Heem( dmthiakdthed Buifiver@agiridsmg

future mniaturjsation {p storage syst ; re.the hard terial |ayers
which are B ot Paa Papsse ang PRingadiisie (6 bt 1689 Bfict ur ed 2o ¢ hat
in a second functj@msHiRY ekaltnbatRREd 168y gibfa;uence the oscillations. An
addi tional application of the described procedure can be found in the

application in a astdhrecoling mbdiadesstad ppoximatefedbetransdued clan®@uency and
oscillation nodes b1 &gqﬁ for certain applications
and which can be aﬁﬁ@??ﬁ%@ﬁ%ﬁﬁaﬂﬁ%ﬁg’g he&élg(shgf)l‘irbcgd procedure. 02JU
L 2002 CLAIMS 1.a tharsdsqee msovemesy d¢vaen foompovisg thg:traasdusad eloman relative to the

media.



a ginbal for receiving a transducer elenent; and a structure har ﬂeBQdUL 2002
surface attached to the | oad beam the hardened surface conprising a thin
filmmaterial having a hardness and bei ng adhesive to the | oad beam 2. The
system of claim 1, wherein the hardened s4urface overlies only a portion of
the | oad beam 3. The systemof claim 1, further conprising a slider having
the transducer elenent ' connected to the ginbal. 4. The systemof claiml1,

wherein the har de&&%&ge&a &Hﬁ&hﬁkﬁts%f %é*%&‘éh’tl@h &Y e6d Gf@'alfsﬁlﬂ@‘ WhtBowtr oup
containing nitrides rbi dés, and adanmantine carbon. 5. The syst em of
claim4, weekiem foh&ntar mécrentechanicabsystemsTisigororBhl caatinghnd phefolithogfaphicai m
1, V\/nerel n trh rdened surface has a thickness in the range of 10-100
nanonet er s.P™? e systemof claim1l, wherein the hardened surface
conprises a plurality of longitudinal stripe sections. 8. The system of
claim?7, wherejn the | ongi tudr nal stripes conprise three parallel stripes,

gess'%

a first strPieddeserption ofMeMawlgS cont r e | ongi tudi nal axis of the | oad beam
from the base re%ometfalmaggldmah ethB&liSBARNGE ﬁi&dmtvght'idix §1ter bﬂﬁ&n@d %@iﬁgng
the first stripe and running fromthe base to an edge of |'oad beam™ 9.

A dat a st ordigwingy st egnneetigr Wish slider suspersionsdammnagnayicrdisk drf‘@s receiving a
transducer el emen ecﬁﬁ? s Shdwicture har dened surface attached to the | oad
beam the hardenedhsur ace conprising a thin filmmaterial having a

har dness and bei ng adhesive to the | oad beam a transducer elenent attached

to the gi 2 J UL 200 ata recordin ia |ocated
proxi mat e t]rI% transducer a3 r{fwadéam%aﬁm’&ﬂ%g?s g‘?ﬁé%anYerWB\Wi ng the

nedl a; and Mgl f@nsducer nmovemRYanfdubfelsibR sydidh a8 stde&idw ansducer el ement
telative to Fhe medi a. 10. The system of claim9, wherein the hardened
surface ovefiBiZzs only a portmﬁemnnln%foremllﬁmqueﬁ whiehecanyaffeshiheead ai m
9, further conprising a slidegf hayisng the transducer el ement connected to
the ginbal. °~ , 12. The syster%nof cI aim9, wherein the hardened surface
consi sts ofFigs.3et ard 3 sel ecnedcﬁemxmct rdmgga:mupfcaonlsmpnnmgl néystandesiodified
car bi des, and adamanti ne carhon '%[lhe S tem of claim 12, wherein the
har dened surface is Ti N or BR oqlrngﬁ.' eé’i}v ?r\lof claim?9, V\/nerel n the

har dened surface has a thickness in the range of 10-100 nanoneters.

Description of the invention

Embodiments of the invention are not limited to magnetic head suspension
systems for magnetic disk drives and can be used generally for fine and micromechanical
systems such as cantilevers, as used in scanning probe microscopy. For the sake of
simplicity, however, the description that follows is in terms of magnetic suspension
systems.

Fig. 1 shows a schematic diagram of the structure of a suspension system 2.
Basically, it consists of the suspension arm 4, a cardanic suspension 6 (gimbal) and the
base plate 8. This is used as a connection element between the actuator arm (not shown)
and the magnet head suspension 2. The suspension arm is the backbone of this

suspension. The magnet head 10 is cardanically suspended at the end of the arm.



.15 The system of claim9, wherein the hardened surface conpris a
plurality of longitudinal stripe sections. 16. The system of C|;fg\igJL 2002
wherein the longitudinal stripes conprise three parallel stripes, a first
stripe running along the center |ongitudinal axis of the |oad beam from

t he base region to the ginbal, the second and third stripes flanking the
first stripe and running fromthe base to an edge of the | oad beam

AR AL AA A A3 A A2 AL- /09:cf "ic
}xsnid_ZLﬂca]ca]ca]ca]c(a]ca]ca]ca]ca]caFta]ca]ca]ca]ca]ca]ca]ca]ca]c“a]ca]

cal ca] ca] ca] c"a] cal] cay] c<a] cal] c<a] c*al] c*a! Jw0
Y#nuc$1{vq| a]c aj caj ca ca]ca]ca]cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c(a] ca] ca] t& % Qﬂﬂ 3 &Fé&Fca}c%ﬂ?xﬂQ§99H§H9n are given b

]TI F]9Az uiokf ?&W&@z]edmi ?@]t@&h@a}scah@am@] @@dn‘?@j!x@( alnc takcabeal ﬁﬁ@bﬁ@\hﬁ@il?@] ca
ca] cMa]ca] cal calgcalc ¢ cal
drrirnot N ?M' HiRs ﬁ%&i' 8§ ﬂ % Gérﬁ’if > ANCdfes) by) e&Res] EYRAT cal c(a
] ca] ca] cal caian’ai o] dalec ajvealadd] sg];ca&ca}da]m]tﬂ(ea]cha]v@a] o3] eakealtd) calcalc
/x//O 000 ?& %&é% Iggfff fcaYca ca.%%f%% tfbé?cleafgﬁfégf%BTG%ﬁca]c
a] ca] ca] ¢( aljlémac}l@a]amirca]ncé:]h@a}voa]staq:@aqca*]Q:at]hm fedlleglcaf the whole
-1 K+&* 10983&, 6y sy S10%& () - @O%& ()-y# 109%& () - 10%&'() "10%&'() #109%&' () -1
dE:/ 10 10II4'I10%&'()-I110%&'() Y.3"109&' ()-S3!' Y'10%&' ()- 3 10%& () -
& 10%-F& ()- "ic JIxY:/ 10,#& 10% U&' ()--s 10% U& ()-s& 10% U& ()--s !10%
U&T()'loquBhé)eﬁﬂﬁﬁée of such oscillation states is shown in Fig. 2. In

this, fig. 2a shows the “out-of-plane” mode and Fig. 2b shows

the “in-plane” mode (from C. Denis Mee and Eric D. Daniels,

“"Magnetic recording”, Vol. 2, page 45, New York 1988).

In order selectively to influence these naturai‘oscillations
therefore, a structured hard material layer is applied. This
means that the whole suspension does not necessarily have to be
coated with this hard material layer but that a more or less
large area of the suspension has to be coated according to the
existing oscillations. An example of this is shown in Fig. 3a.
Here, the suspension arm is coated with the hard material 12 in
stripes. From the side view shown in Fig.. 3b it can be seen
that the geometry is unaffected by the application of the hard
material layer. ’

In this way, the existing natural oscillations in the suspen-
sion can be selectively influenced or translated as the mate-
rial characteristics and the spring rate of the suspension

change through the application of the hard material layer.

The hard material layer consists of a thin film of great hard-
ness and good adhesive force so that it can be applied to the
magnet head suspension in such a way that it is not loosened

through normal stresses.
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Possible materials for the hard material ‘layer in the invention
are adamantine carbon such as nitrides and carbides, particu-
larly TiN and BN.

By the structured application of this layer, the natural fre-
quencies of the slider suspension are selectively translated.
This can be done as required, i.e. depending on which of the
natural frequencies is critical for the special system.
Equally, the form of the oscillation modes can be influenced by
the structure so that the locations of the oscillation bulges
can generally be moved to a non-critical range. Even different
modes can be affected in different ways by non-isotropic struc-
turing. The thickness of the thin film layer normally moves in

the range of approx. 10 - 100 nm.

Particular advantages of this invention are offered by a mono-
lithic integration of slider and suspension as will be required
in increasing future miniaturisation in storage systems. Here
the hard material layers which are applied to the slider to
minimise wear can be structured so that in a second function

they can selectively influence the oscillations.

An additional application of the described procedure can be
found in the application in a scanning probe cantilever, whose
natural frequency and oscillation modes represent critical pa-
rametefs for certain applications and which can be generally

adapted using the described procedure.
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a gimbal for receiving a transducer element; and

a structure hardened surface attached to the load beam, the hardened surface

comprising a thin film material having a hardness and being adhesive to the load beam.

2. The system of claim 1, wherein the hardened surface overlies only a portion of

the load beam.

3. The system of claim 1, further comprising a slider having the transducer element

connected to the gimbal.

4. The system of claim 1, wherein the hardened surface consists of a material

selected from the group containing nitrides, carbides, and adamantine carbon.
5. The system of claim 4, wherein the hardened surface in TiN or BN.

6. The system of claim 1, wherein the hardened surface has a thickness in the range

of 10-100 nanometers.

7. The system of claim 1, wherein the hardened surface comprises a plurality of

longitudinal stripe sections.

8. The system of claim 7, wherein the longitudinal stripes comprise three parallel
stripes, a first stripe running along the centre longitudinal axis of the load beam, from the
base region to the gimbal, the second and third stripes flanking the first stripe and running

from the base to an edge of the load beam.

9. A data storage system comprising:

a load beam;

a gimbal for receiving a transducer element; and

a structure hardened surface attached to the load beam, the hardened surface
comprising a thin film material having a hardness and being adhesive to the load beam,

a transducer element attached to the gimbal,
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10. The system of claim 9, wherein the hardened surface overlies only a portion of

the load beam.

11. The system of claim 9, further comprising a slider having the transducer element

connected to the gimbal.

12. The system of claim 9, wherein the hardened surface consists of a material

selected from the group containing nitrides, carbides, and adamantine carbon.
13. The system of claim 12, wherein the hardened surface is TiN or BN.

14. The system of claim 9, wherein the hardened surface has a thickness in the range

of 10-100 nanometers.

15. The system of claim 9, wherein the hardened surface comprises a plurality of

longitudinal stripe sections.

16. The system of claim 15, wherein the longitudinal stripes comprise three parallel
stripes, a first stripe running along the center longitudinal axis of the load beam, from the
base region to the gimbal, the second and third stripes flanking the first stripe and running

from the base to an edge of the load beam.



