15 March 2006 MAGNETI C RECORDI NG DI SK DRI VE W TH CONTI NUOUS CONTACT Al R-
BEARI NG SLI DER Technical Field 5 This invention relates in géadath2¢06
magneti c recording disk drives and in particular to a nagnetic recording
di sk drive that uses an air-bearing slider for continuous contact

recordi ng. Background of the Invention 10 In conventional magnetic recording
rigid disk drives, each of the read/wite transducers (or heads) is
supported on an air-bearing slider that rides on a cushion or beari ng of
air above the surface of its associated disk surface when the disk. is
rotating aMAGNEDE RECGQRDEYe &ISKDRINGE VEH @%W@P@@@HTMEMBat or by
means of a relatively fragile suffeaRING SLIBER suspensi on i ncludes a gi nbal
or flexure that supports the slider and allows it to pitch and roll, 15 and

a load beamwith a dinple or tip tEa(t: aEE!:?i a small force to bias the

slider toward the disk surface. T as an air-bearing surface (ABS)
designed to gept 3hendih refafes Af nhlrﬁgto rﬁ&'n@ﬁ‘c Fe@or@ iR @Fes ddtBinpaRufaPioce from
the | oad beam and thus assure that the slider "flies" above and out of

cont act wi migrdtie retiosding disk ddes thathises anemebﬂarlyg slidsn far somimsiouerntast r ecor di ng
has beenhrprog_osed that uses a head carrier 20 in the formof a slider with
an ABS t H&FO'8M& partially supports the slider above the disk surface, with
a rear portion of the slider that remains in contact with the di sk surface
during reading and witing of data. The interface between this type of

continuous contact slider and Backgroyindlof#heJnveation nvesti gated by J. Itoh, et

Technb ogy. - 1 ERen e as ARk sP e ARG DU KR S REERE ' 55" 106

Cont i NUOUgarz@ideds(or h@@l@)ﬁdlsmohaﬁ&r Mp&”asﬂngshda:sﬂatrhﬂetseﬁn hargkioheebeatiagcr i bed

in published patent application §2002/ 0024769. However, the prior art
t eaches t ¢fir abexe thssuefage of its associated disk surface when the disk is rotating at its operating

speed. The slider is connected to an actuator by means of a relatively fragile suspenswn. The

suspension includes a gimbal or flexure that supports the slider and allows it to pitch and roll,
I5 and aload beam Xli_th a rdimple or tip that applies a small force to bias the slider towa(d the
disk surface. The slider has an air-bearing surface (ABS) designed to generate an air-bearing
force to counteract the bias force from the load beam and thus assure that the slider “flies”
above and out of contact with the disk surface.
More recently, continuous contact recording has been proposed that uses a head carrier
20 in the‘form of a slider with an ABS that only partially supports the slider above the disk
surface, wi;th a rear portion of the slider that remains in contact with the disk surface during
reading and writing of data. The interface between this type of continuous contact slider and
the disk has been investigated by J. Itoh, et al., "An Experimental Investigation for Continuous
Contact Recording Technology,” IEEE Trans. on Magnetics, vol. 37, No. 4 July 2001,
25 p. 1806. Continuous contact recording head-suspension assemblies have been described in
published patent application US2002/0024769. However, the prior art teaches that the contact
force on the slider during continuous contact recording is made up of only a repulsive reactive

force acting normal to the disk surface and a friction force acting parallel to the disk surface.



force on the slider during continuous contact recording is made up of only a
repul sive reactive force acting normal to the disk surface afadack 20 i on
force acting parallel to the disk surface. 1 15 March 2006 Thus attenpts at
continuous contact recording have resulted in unacceptable friction and wear
of the slider and disk at the slider-disk interface. Wat is needed is

conti nuous contact recording disk drive that does not suffer from
unaccept abl e wear of the slider and disk and the slider-disk interface. 5

Summary of the Invention The inventign s based,in part e di scovery
that in aTewdttemateg C‘E:‘B‘r’?f‘ﬁ‘bstcof‘téﬁtd?‘tﬂ’ﬁ%ﬁg Ih%‘fq T t%l?“s‘ﬂ“‘??‘??@ﬁ%&i‘ “?‘h@%é” % a

st onif i capt@ghes kP bOkGRe QREMERR iddifce! | der and di sk that nust  be

consi dere 0 successtully achi eve continuous contact recording. The
invention is awhat ismgedet iccontmamud corgad reskrding disk dvivetthat doesmrbt suiggrdresi on
assenbly that provides _cont.inuous.,contact recording yet conpensates for the
nonent geH@C&?Pé@??W%Ofﬁ@S 6?{@&355@6‘?@8 sh%etrv@sgdntc{: & slider and the disk by
generating a counteracting nonent about the slider pivot point, whichis

the point where the load force is applied to the flexure that supports the
slider. The pivot point is |ofwnmirypbthednyentione front end of the slider

In
than the net Tor ok aRRhiELYishE ke JRDEINRT, PUERGR UnbiGe R ifler when

the disk is ro ationa 1 S assures net

ai r - bear i gief-aisk @R ER aRighivant adabul fobdedeie¢n theptilértant disRalkidt ikt y
counteract the flexure nonent and the nonment generated fromthe adhesive
force bet heemsidaesdde successtully pefevs| Gogdnuoys eemiachracording. Thedovsnten isgoi nt may be
| ocat b J . Ao ) . : | and the
ai r - bodr i AT rhiafui SRELte B hAR-SuAakion BRENDA dtraidesRbn e P07 o1

ai r - bear i oentdcdrecerding yee asrgensatesf fot the neimeniegenpratat frqpothetadhéshe fpice between Nt may

Slez iO gﬁg d lm%%ﬁcti%glag E}}eyggﬁlgllcgleggr;tirpgog goumeg cglngn ;[nor%re]:r(?t atbgl?t tﬁelz glﬁ}%? g{v{)tn oir?t}J rface
which is the point where the load force is applied to the flexure that supports the slider. The
pivot point is located closer to the front end of the slider than the net force applied by the air-

15  bearing surface of the slider when the disk is rotating at its operational speed. This assures
that the net air-bearing force generates a moment about the pivot point to partially counteract
the flexure moment and the moment generated from the adhesive force between the disk and
the slider’s contact pad. The pivot point may be located between the midpoint and the front
end of the slider body and the air-bearing surface may be designed and located to assure that

20  the net air-bearing force is rearward of the slider pivot point. The pivot point may also be
located at the slider body midpoint and the air-bearing surface designed with pads located
approximately at the midpoint to assure that the net air-bearing force is rearward of the center-
pivot point. An actuating element, such as a piezoelectric, electrostatic or thermal element,
may be located on either the suspension load beam or the suspension flexure to increase or

25  decrease the flexure moment to thereby adjust the counteracting effect of the net air-bearing
force. The actuating element may also enable the slider to be unloaded or loaded to the disk.
The head-suspension assembly thus minimizes the repulsive reacting force acting on the slider
normal to the slider-disk interface and thereby minimizes the friction and wear of the slider

contact pad and the disk at this interface.



approximately at the m dpoint to assure that the net air-bearing force is
rearward of the center- pivot point. An actuating el ement, sulchMarhg006

pi ezoel ectric, electrostatic or thermal elenent, may be | ocated on either

t he suspension | oad beam or the suspension flexure to increase or 25
decrease the flexure nonent to thereby adjust the counteracting effect of
the net air-bearing force. The actuating el enent nay al so enable the slider
to be unl oaded or | oaded to the disk. The head-suspension assenbly thus

m ni m zes the repul sive reactjing force actjing on thg slider . normal to the

1 ng g
sl i der-di sk i nfer¥ fidler wnderstanding oy theinaturg andadypnteges PEthe BFESEHANYRBLUPof t he
stider contagte BadiuHthdR% Bk wicdlind Bk HAGP akeriolandfAl#nR006 For a
full er undérstandi ng of the nature and a(?vant ages of the present invention,
r ef er ence asévmpadlyibg fipmée to the foll owing detail ed description taken
together with the acconpanying figures. 5 Brief Description of the Draw ng
Fig. | is atop viewof a prior art disk drive wwth the cover renoved Fig. 2

is an expl oded perspective Vi}ﬁ’{\éf@fesé’ri@dxp&ftﬁébrk'ﬁﬂ‘SUSPGnSi on assenbly in a
disk drive. Fig. 3 is a side View o €ad- suspensi on assenbly show ng
the slider in &gntlaca topMewwfdpridnertdiskldrive withdhe ¢aveoigmionetht act recording in
t he manner as descr.i bed '% he prj.or .art Fig. 4 is a si.de view of a

conti nuous contc ‘?%‘b‘?ﬁ‘tph ﬁé}ng&a#éYe ‘flﬁwggﬁpgg%r(,@etaﬂ-sgSpgpsg?g ?ﬁs?rﬂé\(wié?i ng the
forces ang;sopwets acting on the slider as described in the prior art. Figs.

5A-5B show the disk sides of two representative prior art continuous contact
recordi ng sl i d&iss 3 is 4 sideviewtof g hepdrsyspensiontassaniily gondngithe skides in eantact ont act

vad 3 oy e kAR AR QYR e ke B phepb 9o 1
ai r-bearing surfg@ass 4 sid€eiewAda catinub@ @ntact recording slider in contact with a disk
illustrating the forces and moments acting on the slider as described in the prior art.
Figs. 5A-5B show the disk sides of two representative prior art continuous contact
recording sliders, illustrating the front flying pads and the rear contact pad.

15 Fig. 6 is a side view of a continuous contact recording slider in contact with a disk
according to the present invention illustrating the net air-bearing surface force Fags acting on
the slider to the rear of the pivot point.

Fig. 7 shows the disk side of a center-pivot embodiment of the slider according to the
present invention wherein the primary air-bearing force carrying pads are located slightly to

20  the rear of the slider body centerline.

Fig. 8 is a side view of the head-suspension assembly according to the present

invention showing the slider in contact with the disk and an actuating element on the

suspension for moving the load beam tip.

25 Detailed Description of the Invention

Fig. 1 is a top view of a disk drive 10 with the cover removed. The drive 10 hasa
housing or base 12 that supports an actuator 30 and a drive motor for rotating magnetic
recording disk 14. The actuator 30 is typically a voice coil motor (VCM) rotary actuator that

has a rigid arm 34 and rotates about pivot 32 as shown by arrow 24. A head-suspension
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the slider to the rear of the pivot point. Fig. 7 shows the disk side of a
center-pivot enmbodi nent of the slider according to the preseftMprhefPdon
wherein the primary air-bearing force carrying pads are |l ocated slightly to
20 the rear of the slider body centerline. Fig. 8 is a side view of the
head- suspensi on assenbly according to the present invention show ng the
slider in contact with the disk and an actuating el enment on the suspension
for noving the |oad beamtip. 25 Detail ed Description of the Invention Fig.

1is atop viewof a disk drive 10 with the cover renoved. The drive 10 has
a housi ngssemblyfcinglpdesieciuspenpipo el hanhasoae god Yraches ta e epdpf peuatapiray 34 or
rotating magnetic ding,.qi chek cliat 8Q shshsiopPiiCaldiye @ Vvoi ce
coi | m)tof‘m?Q/Eﬁd cragfeg’ﬁgﬁlg%p%gtg é(:)rrﬁéf %%Cheﬂgstﬁea&@g?goa%ﬁk 35 ané rost a% es about
pi vot 32 ask9hovatebythamvostnad of AtiheadOslispetheihead oBtht raNmgehd 80adassenbl y
20 includes a suspension_ 21 that has _one, attached.to the end of actuator
arm 34 aReTisr Rephcesss ditferent f1§}bfr€§?~°'|1§ °§'Idi'5§<r;\(r1 erZt,E‘e éetcf’%rfgeﬂ‘dtrﬁ)adt“??eo@f’ﬁer end
of suspension £ laSdsgehisioR hakBBly 2018 nPY &RNTHE he ACYRGibn 30

al | owsgt he heagggo%%?%‘;éﬂ??& i ’ng e?nlg o% Iﬁ'ez;}{d carrier 22 toeaccg}gésn dri]ffer ent
dat a tr ackshids anoadibekm 48 ahde fiekee 56.cShalioad)beantd( kasdi rigyd teigictad2eat 1BstRi g. 2

shows t he head-suspension assenbly 2Q in nore detai]l. Th ad,.suspensi on 21

i ncl udes XOTHHAE B"é‘éfi] ‘ﬂbsearf‘_af raoqqtlgémegoa‘g&eaqaﬁgtqe@gﬁlah)éaml gﬁ?ﬁﬁsl)aa? "J8d

region 42 af.| £83hd ariémge&tildamsofrhMgie Redtion 48 B IfdRY stiRiaftg rals 41'@al @AshcBeam to
I g.

the actuator arm 34 ( ), aspring region 44, and a rigid section 46.
The ri gi d tizestifiness a#6 whinhl anelkwovat tofbk @ravidedrimp veriety of wais, imalding sidetrails as

o L1 15 A S SERPANON S50 R P5h s g v 0
sti ffeni ngtiffidsk 8f thé rightdeC@mesd tb prdvadecd fortdionddad to the slider 22 at the tip 48 near the
end of the load beam 40.
The flexure 50 provides a spring connection between slider 22 and the load beam 40
near the end of load beam 40. The flexure 50 permits the slider 22 to move in its pitch and
15  roll directions to compensate for fluctuations of the rotating disk surface. Many different types
of flexures, also known as gimbals, are known to provide the spring connection allowing for
pitch and roll movement of the slider 22. Any flexure is contemplated to be used with the
present invention. [llustrated is one specific example of a flexure 50 having a slider bond pad
portion 52 to which the top side or upper surface of slider 22 can be attached, such as by the
20  use of an adhesive. The slider bond pad portion 52 is typically provided from a cross piece 53
which is in turn connected to the mounting portion 54 of flexure 50 by arms 56. The
flexure 50 is typically attached to load beam 40 by spot welding at the mounting portion 54.
For alignment purposes, the load beam 40 is also provided with a tooling hole 49 for
alignment with a similar hole of the mounting portion 54 of flexure 50 during assembly. The
25  tip 48, also called a dimple, is provided at the end of load beam 40 providing a point load
| from the load beam 40 to the slider bond pad portion 52 to provide the requisite load to the
slider 22 and to permit the pitch and roll movements of slider 22 and slider bond portion 52

about the tip 48. The tip 48 contacts the slider bond portion 52 at a point called the pivot
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stiffness of the rigid section 46 to provide a force or load to the slider
22 at the tip 48 near the end of the | oad beam 40. The fl exufeMahgPeli des
a spring connection between slider 22 and the | oad beam 40 near the end of

| oad beam 40. The flexure 50 permits the slider 22 to nove in its pitch and
15 roll directions to conpensate for fluctuations of the rotating disk
surface. Many different types of flexures, also known as ginbals, are known
to provide the spring connection allowing for pitch and roll novenent of

the slider 22. Any flexure is contenplated to be ysed with th r esent
| nvent i onpoin prampalliBgPeiat hichdpibepp n&%van%lca t shides %&@?%@fﬁﬁ%i&ﬁ& a

slider bo Rtk REdRRotlsHoWhY i€ Rorkna@ oh R t&ilEle; B caRpShdgtpf ace of slider
22 can beﬂg??ggﬁegg, rsuch :"jl(sobS OWel 20nusg of arllq%dhesi ve. 1The slider bond

pad portion 52Figs3 isyguideavity optheneatsispersionasssmbdsshovéngcthg glidep? irhedntact n t ur n

connected to th ting, portion 54 of. flexure 50 by armns. 5 The fl exure
50 is typi""é‘glﬂi““y‘ﬁﬁinfgg’ﬁ8?1%{“§°Tso‘%§’8gﬁter§?ﬁrﬂ'ﬁgEﬁ/gﬁgW”M&F‘W&ggq mtqﬂ%prrlr%rt?ﬁtti ng
porti 0§ S4ne slkdRf 28| dcARABRNEONRL PRPGEneat 1he siiw@amﬁ@h&l@z hid BYiRQpIs@Mindad Wi th
a tooling hole 49 for alignment with a simlar hole of the nounting portion

54 of fl eshersidg0rantiendgp. aBwemisitypicatly peioponilie cargpreggigosterngdee @5 detaveapths, i s

provided at th nd , of d-beam 40 i di ] . . oad

Peam 401 Goprsdo s Moy RG 0L 88 AlsipeBP kit B borp BRI 40 AP Rn ™

the sli defid 2Aoagadual gengd in dihBovpbéfofe thasir reattes orvimpas 6af Thkiskdr 22 and

slider bond portion 52 about the tip 48,  The tciug 48 contacts, the slider
thertiskode 196

bond por t P& s@isd?caée_dp?o‘?iﬂ?m@é? @6‘? torps the ;/'B?Iglitfffr 06 itlﬁt48&f the
gi mbalpi %8 LA 49}&@1&@ allSad BRe BOpiVt Jﬁhf?% ld/é’ﬁ!eﬁ Bt &E?niéﬂdirﬂeégsg&rmt ches and

rolls. The 't mread/wite head (not shown) 1s formed on the trailing

end 62 of betvweerethe Z@nt &Hid6 Aditilmgsnd62.viféve dillert ih effeadisls tispdidsi mrdyassenbl y
S S o3 EBAIE gt b, Tl Mgl G B A 2
i ncl udes gigpnh 4G, tRAFof@nd 88 hat BResSthé HRbmidgaiid AdWisPehL2uMthntiliy feqirgirds 64
near the slider front end 66. There is typically an ion-m[l'ed conpression
st ep edge t&Sswethgsthat thegear contact pad 60 establishes contact with the disk 14. When the
- 15 slider 22 is on the disk 14, as shown in Fig. 3, the load force flexes the flexure 50 to move the
slider to a smaller angle 6. This results in a flexure moment proportional to the change in 6,
i.e., (6o - 0), that acts about the pivot point 70. In a “load/unload” type of disk drive where the
slider is “parked” on a ramp off the disk surface when the disk drive is not operating, the
positive pitch angle of the slider 22 relative to the disk 14, as shown in Fig. 3, is also required
20  during loading the slider onto the disk to ensure that the rear contact pad 60 contacts the disk
first.
Fig. 4 shows the forces and moments acting on the continuous contact recording slider
as described in the prior art, for example as shown in the previously cited US2002/0024769
publication. The gram load force Fg_ is counteracted by the sum of the net air-bearing force
25  Fags and the contact force Fc from the disk. The slider’s contact pad 60 is maintained in
contact with the disk 14 as a result of the flexure moment Mg_x and the moment about pivot

point 70 caused by Fagps. The slider’s flying pads 64 are designed and located so that the Fags
is located forward of the pivot point 70 through which the load force Fgy is acting. This



front end 66 and the ABS of the flying pad 64 to provide an initial
conpression of the air flow and a nore gradual change in airl5¥Mewhi2806r e
the air reaches the flying pad 64. The | oad beam 40 is | ocated a di stance
referred to as the Z-height fromthe disk 14. The tip 48 of the 10 |oad
beam 40 applies a |oad force at pivot point 70 |ocated at the m dpoint of
slider 22 between the front end 66 and trailing end 62. If the slider is
of f the disk, the slider body mekes an angle OCo with respect to the | oad
beam 40. This is a "positive pitch" position of the slider 22 (i.e.,, the
front endes®resibat thegpegentgaused 8y Hedgassounterasts themgmeptfem Fognd thg dictjog
required Ss . r t i nt act
w th the SroifTarhhenlddRghid e R 00t A8'sngthodd pRly ABLURTRRL P °F o
3, the | oaigsf $K5-68 shbeximsdisihedd bfworepré@ntativei@neniidis costhétdedording slidersal | er
angle 0. This results ing? fleﬁgre mpnent proportional to the change in O,
i . e., (ooilluseytingthe{lyigg padsHedwithsiza epgss &) yl 9ntagipadie- 5 | oad/ unl oad" type
of disk drive where the slider is "parked" on a ranp off the disk surface
when the disk drive is not operating, the positive pitch angle of the
sl i der 22Pref¢reddi iebddgmertie di sk 14, as shown in Fig. 3, is also required 20

during loading the.slider onto.the disk to . ensure that the rear con t pad

50 cont acts { nEMEPR s RSP opsider o <iichel SR PdPiee SMEF bR BNt B fing on

the conti fHeQUstimRNS 86rtadt RO Widel dnd e diflS "ﬁﬁgﬁ&b@ﬁﬂvénﬂoﬁ R&aRdd iRpabh, for

exanpl e as shown in thedgreV|oust cited US2002/ 0024769 publication. The
5

gr am | oadtheclisseverp gf/thissadbenion ®reganed ifs bypartaacestathenfropdidesign ofd heaear i ng force
25 FAGS and the contact.fo Fc f t i sk e ider' s.contact pad 60
T armetr o SRR A il SR b S0, e RusP LR

is maintai a result exire nonent
MFLX and tlaee fophETessahaidpppoxiitely10inii, or Corgatisthel ARl skrAcd. a slbstaistlal der ' s

flying pads 64 are desi&ned and | ocated so that the FABS is |located forward
of “the pi RS Hrdisivererse grlsdomarpntherarbefdhs Yideeclpsat toghedisk spgfacernj s -5 15
Mar ch 2006, R0SHERS hidetar DRe TRAE N orfhRH oPYourlis, iRARSNE YUREF WehiE the roment

fromFc and the friction
interactions between the slider and disk, chemical bonding across the contacting interface,

" 15 electrostatic forces from a bias voltage on either the slider or disk, such as caused by disk
drive spindle motor charging or intentional application, electrostatic forces from the slider-
disk contact potential, electrostatic forces from charges generated by rubbing the slider against
the disk (tribocharging), and meniscus forces from lubricant or contaminant wicking up
around the contact points.

20 In the present invention, the net air-bearing surface force Fags acts on the slider to the
rear of the pivot point, creating a moment that helps counter the moment about the pivot point
by the adhesive force. This is illustrated in Fig. 6. The amount of gram load Fg, which acts
at the pivot point 70, and the overall center of air bearing force Fps (including both negative
and positive pressure components) in the fully loaded state are such that they result in a

25  negative moment on the slider 22 which, when added to the negative friction moment caused
by Frr, exceeds the positive moment Mr;x exerted by the flexure. This results in an "upward
pull” on the rear contact pad 60 which counteracts a fraction of the positive moment from the
adhesive force Fapy acting on the contact pad 60. The magnitude of the total net moment

(MrLx + d*¥Faps + t*FrR) is chosen so that the reaction or contact force F¢ exerted by the
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force FFR, which woul d ot herw se cause the contact pad 60 to nove amag from
the disk 14. Figs. 5A-5B show the disk side of two representlat¥ersh 2006
continuous contact recording sliders, illustrating the flying pads 64 (with
step edges 65) and contact pad 60. 5 Preferred Enbodi ments The prior art
fails to consider the effect of adhesion forces between the contact pad of
the continuous contact recording slider and the disk. The present invention
is based in part on the discovery of this adhesion force and its inportance
to the proper design of a head 10 suspension assenbly in a continuous

cont act ré&brlémghwléﬁ@r%ﬂf iwhich bajpapestthis tafplingemopghte i at Ejﬂeé%féettséﬁadi’ s@te | ess
than appr gl ITeel e APneigh aﬁ&Uﬁ[tﬂE srab Byl SLIAfifen 1BwSHBR B al
ul of t e slider

attractive or esive orce e part closest to
t he di sk saHiEa@eentiohkli S adheS|ve force can arise froma conbi nati on of
sour ces, |nclud|ng_van der Waal |nteract|ons between the slider and di sk,

é
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charges generated

r ubbi n slider ag t he sk (tribocharging),
and meni S@H%O“TP@Pt?ég’yiardﬁﬁg‘P ? %Wgeﬁﬁt@h{qﬁéﬁ‘f’v%t&# M rearsifd t he

contact pointsgeelst fhetsh@er%lgﬁcﬁﬂtls [Pk ld%ﬁ‘t»lontf@?cd?ﬁ&ntﬁ)‘nﬁr%@@fsusrﬂ)gnﬁé}f face
force FABS acts on the slider to the rear of pi vot ﬁOInt creating a

moment t hassemblips lasating e piviebpaintratirer tfe@b@uthetSh@ermldmmtmu tcauggymajpe adhesi ve
force., . This,is illustra whi ch
ot 10 eessiam ob o en ety &V ghF Pt B, e BE B RBRR G co
FABS (i nclchgtivathr iaibantegind ieviBina@diChrpeess tevieedopelsetFical conmeofi@toshe i n t he
fully loaded state are such that they result in a 25 negatlve nmoment on the
slider 22 rediwiite hmfbh@cﬁ%m@uth@éhqenera%@ga@q% Korithi regppenoseernd enhpdipent g FFR

exceeds t b BOSHE V& BTN entdrlplv B & dl BbheRYioh AehbfHiien ABS SedigiSul ts in an

"upwar d
shown in Fig. 7, that locates the Fags between the slider midpoint and the trailing end 162 of

15  the slider 122. The disk side of the slider 122 for this embodiment is shown in Fig. 7, wherein
smaller flying pads 164’ (with step edges 165”) are located near the front end 166 and larger
flying pads 164 (with step edges 165) are located near the slider midpoint with the major
portion of the total ABS area being located between the slider midpoint and the slider trailing
end 162. Because the air-bearing force on a flying pad increases with increasing pad area and

20  decreases with increasing spacing of the pad from the disk surface, it can be seen from Fig. 7
that the Fags is located rearward of the slider midpoint. The location of the Fags can be
selected by changing the relative surface areas and locations of the pads 164’ and 164.

The center-pivot embodiment shown in Fig. 7 utilizes a primary force carrying pad (or
pads 164) located approximately at the slider body midpoint or centerline (the half-length

25  measured from the slider front end 166). The small trailing contact pad 160 with no leading
compression step edge is provided to support the read/write magnetic head elements near the
trailing end 162. This small trailing contact pad 160 creates ver)‘l little air-bearing force and
also physically limits the maximum contact surface area. The small leading pad (or pads

164”) are used to ensure some support of the slider's front end during loading of the slider on
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pul " on the rear contact pad 60 which counteracts a fraction of the
positive noment fromthe adhesive force FADH acting on the clonMateh 2086 60.
The magni tude of the total net nmonment (MFLX + d*FABS + t*FFR) is chosen so
that the reaction or contact force Fc exerted by the -6 15 March 2006 di sk
14 on the slider 22, which balances this total net nonent, is at the target
steady-state |level. The present invention allows this target |evel to be
set at a much |ower level than wearlier inventions. Fig. 6 illustrates a
first enbodi ment of the present .invention wherein the pivot point 70 5 is
| ocat ed othediskianda seallopament aiidsing the slidep upward dgnspgssortagteot thi B3ilingpl y at a
poi nt bet i i i i-ng of the
pi vot poi }réﬁﬁ%lt)P%hepoo;nmlgé{gévggﬁaggth%tg@g%h{)%ﬁpe%ig g%‘ f'ﬁ)ggrst %t %-fi‘}ﬁ% ‘%E%%lé)ﬂ(f | yi ng
pads 64) idadtthesuasfivieanFARSpadsroen exsarevalos. pitse cafifisess vfthe slideder m dpoint is

the pivot location for conventional head-suyspension assenblies, |ocating
the pivot poi ni“ the ﬁ‘épo"(‘ﬁ‘&?\ts ?Scf'h@ @PV%EFna?ﬁlll’aHﬁﬁlﬁi’gégﬂfodf%&ﬂ%t”ﬁ’éﬁ‘%r 10
redesi gn QIEmgﬂrb\ﬁﬁer%krot'ﬂé‘ioag It F)Pih@'ﬂle)lux@‘f@}! cm&gtnggrt%yﬁnggfqame@naerme%mﬁvg

devel opnment of the conductor |eads and wire i on process required
for el ect td thabuspersimag tndthereby thaeging dt. wiigt &illusteades thesatwd alternathee sl i der

trailing end 62. For this reaso secqnd odi ment  of  the present '
i nvent i on®§tating glemeats: fj'iﬂ\?b’?lewgg(r}-og&%cﬁgeﬁ?Péﬁengg‘g{é?‘?ﬁ] Ji/o\?,f ?lﬁmﬁﬂt Z&égoﬁge i%n, as
shown in feGlexdre Sohalctib AfAtoTsheldhandnf\BSD, RRIWE SN thitfleSHHiRIRY rdBidPRI INtvilgNd t he
trailing end 162 of 15 the slider 122. The disk side of the slider 122 for
t hi s enbociusethe elesnephtovireni,rmeing the tip Wl dewnwardsrd deereasinigyd toghgrekisindrease (wi t h

step ges 165')  are |l.ocated near, the,fron nd, 166. and. | arger, .. flvjng pads
Toa"( 1 e pindng e BTl M dmiseiing S o FRuIS e SRR i vl e

Mmaj or  pobitb @t Ak ifie sofleadasdiBBic 36@actpad N6 tacadue df bnitasveaith tieadisd i4jeuch

m dpoint and the slider trailing end 162. Because the air-bearing force oil
a flying podighhesunifdle ydhesion forgecigsientsdpidoad keamaghameny 20 isusekivstedd eth

IFlngr e‘;ISi nﬂeﬁﬂ@&liefﬁgntoj%tihrﬁa)pﬁgo bd 1BEAL % ¢ lﬁhgesxlééit)ﬁ‘%gtwegﬁ s&ﬁ&spﬁ re§ibnk 44 om

and 42 (see Fig. 2). If flexure element 203 is used, activation of it will decrease the angle 6.

15  The actuating elements may be piezoelectric, electrostatic or thermal. The actuating elements
may also be used to move the tip 48 away from the flexure 50 or to reduce the angle 0 to
thereby reduce Mg x or to unload the slider from the disk. For example, a bimorph type of
piezoelectric material, such as commercially available PZTSH from Morgan Advanced
Ceramics, located at a hinge region would enable bidirectional movement. Similarly, a

20  thermal element located on each side of the load beam 40 near a hinge region would enable
both clockwise and counterclockwise rotation, by heating one or the other of the thermal
elements, and thus bidirectional movement of tip 48. The thermal elements may be formed of
brass/steel bimetallic strip and attached to the suspension by epoxy or welding. A
piezoelectric actuator for a suspension load beam is described in U.S. Patent 6,501,625.

25

While the present invention has been particularly shown and described with reference

to the preferred embodiments, it will be understood by those skilled in the art that various

changes in form and detail may be made without departing from the spirit and scope of the



that the FABs is |ocated rearward of the slider mdpoint. The |ocation of
the FADS can be selected by changing the relative surface aradaghd006

| ocations of the pads 164" and 164. The center-pivot enbodi nent shown in
Fig. 7 utilizes a primary force carrying pad (or pads 164) |ocated
approximately at the slider body m dpoint or centerline (the half-length 25
nmeasured fromthe slider front end 166). The small trailing contact pad 160
with no | eading conpression step edge is provided to support the read/wite
magnetic head elenments near the trailing end 162. This small trailin

cont act paiyventon. checordnglydhg dis¢lpsed dnvgntiois 4 bhepnsigered merely agillygiraiiyy Qiugal ly
limts th i The. smal |l | eadi ng pad (or pads
164") are%ﬁggﬁlggﬂ%ggﬁ %ggﬁﬁgkéﬁggS%%&%Pa% %n§lider's front end during

| oadi ng of the slider on 15 March 2006 the disk and a snall nonent pitching
the slider upward to ensure contact of the trailing contact pad 160.
However, since the mddle | arge pads 164 support nost of the suspension

| oad, the small front and rear pads can ensure a low pitch stiffness of the
slider. In the enbodi nents descri bed above it nmay be desirable to provide an
actuating 5 elenent on either the | oad beamor the flexure for changing the
angle the slider nakes relative to the suspension, and thereby changing
MFLX. Fig. 8 illustrates these two alternative actuating elenments: either
el ement 200 | ocated on the | oad beam 40, or elenent 203 |ocated on the

fl exure 50. Activation of the elenent 200, shown at a thinned "hinge" region
201, will cause the elenent to bend, noving the tip 48 downward and
decreasing 6 to thereby increase 10 the nonment exerted by the flexure MFLX
This would al so be desirable to "reload” the slider onto the disk if for
sone reason the contact pad 160 cane out of contact with the disk 14, such
as mght occur if the adhesion force decreased. If |oad beam el enent 200 is
used instead of flexure elenment 203 it nay al so be | ocated at the hinge
regi on between suspension regions 44 and 42 (see Fig. 2). If flexure

el ement 203 is used, activation of it will decrease the angle 6. 15 The
actuating elenents nay be piezoelectric, electrostatic or thermal. The
actuating el enments



may al so be used to nove the tip 48 away fromthe flexure 50 or to reduce
the angle 6 to thereby reduce MFLx or to unload the slider frloivak2006k.
For exanple, a binorph type of piezoelectric nmaterial, such as conmercially
avai | abl e PZT5H from Morgan Advanced Ceramics, |ocated at a hinge region
woul d enabl e bidirectional novenent. Simlarly, a 20 thermal el enent |ocated
on each side of the | oad beam 40 near a hinge regi on would enable both

cl ockwi se anhggynﬁﬂggkgckmﬁse rotation, by heating one or the other of the
t hermal el enent hus bidirectional novenment of tip 48. The therma

el ements may be fornmed of brass/steel binetallic strip and attached to the
suspensi on by epoxy or welding. A piezoelectric actuator for a suspension

| oad beamis desc¢ribed in U S PategHﬂ? 52} P%ﬁ 12@ gﬁt %]the Fesent .

i nvention has beén partlcularly quEEpipEe ﬁ‘re?é? fice to the
preferred enpodi NS und I u rstood skilled in the art
that vari ousmoéé{rgﬁa e n V\M ”5?1 g orrcco'gé’gﬁ‘%ﬁ%qh R i departing from
the spirit and écogergg E 1 2006 i nvention. Accordingly, the

di scl osed inven Yergn e digk the conS| eréﬂwﬁeﬁély as illustrative and linited

in scope onl y as ﬁgCIfgltﬁq@cﬁan%%gwngﬁg;gq agnls s1%¢ SE’ox%el an'gaa “‘"é??g What is

clainmed is: rrve havin a nagn

magnet o 'r?é A, L?%eerﬁ?%m%%%ﬂ‘ﬁ%‘ﬁ?% TR BEe e

for the head;and, Bawiigs 8l op side, a disk side, a front end and a trailing
end, the carrierhaving an air-bearing surface on the disk side and a contact

pad on the di sk apnactuator for movisig the carrier across the disk; and
a suspension connccting the carrier to the actuator and comprising a flexure

attached to the top side of the carrier and a load beam attached to the flexure and having a
tip contacting the top side of the carrier at a pivot point, the camer having a positive pitch
with its front end hngher above the disk than its traxlmg end if the contact pad is notin .
contact thh the dxsk, the load beam applying a force to urge the carrier contact pad to
contact the disk and the flexure applying a flexure moment about the pivot point to urge
the carrier contact pad to contact the disk, wherein the pivot pointis located approximately
at a midpoint between the camer front end and the carrier trailing end and closer to the
front end of the carrier than the net force applied by the air-bearing surface of the carrier
when the disk is rotating atits operational speed, and wherein the major portion of the air-
bearing a'urfaue islocated closer to a inidpoint belween the carrier front end and the carrier
trailing end than to the carrier front end; whereby said net air-bearing force generates a

moment about the pivot point to partially counteractthe flexure moment and the moment

generated from the adhesive force betweenthe disk and the carmer contact pad.

-10-



side near the trailing end; an actuator for noving the carrier across the

di sk; and a suspensionconnccting the carrier to the actuator asdMaciPdissi ng
a flexure attached to the top side of the carrier and a | oad beam attached
to the flexure and having a tip contacting the top side of the carrier at a
pi vot point, the carrier having a positive pitch wth its front end higher
above the disk than its trailing end if the contact pad is not in contact
with the disk, theé |oad beanfphkdnvrpfalafm} fethegomprunganactestingi er cont act
pad to contact the disk and the flexure applying a flexure nonent about the
pi vot poi nt tlymentpaiacheite teegbpncasiondprthanging rangloofdhsrreeier retatize @ithek, wher ei n
the pivot point i s |ocated approximately at a m dpoint between the carrier
front end andwpPte©Barrier trailing end and closer to the front end of the
carrier than the net force applied by the air-bearing surface of the carrier
when the disk is rotating at its operational speed, and wherein the nmgjor
portion of the air- bearing surface is |located . closer to a m dpoint between
the carrier front>end and th&ediskdpgrof clpimy yhesgn the Aefuatmg plememt tshe carri er
front end; whereby said net air-bearing force generates a nonent about the
pi vot point t¥A5dPrhafePrecount eraett he fl exure noment and the noment
generated fromthe adhesive force between the disk and the carrier contact
pad. -10 15 March 2006 2. The disk drive of claim!]l

furtherconprisinganactuating,, el.enent .gttached.to the suspension for

changi ng the angl & of the capfiééﬁ?‘df’éel%%‘{f‘zz‘f’ ’%"h‘ﬁ““é‘tj‘é‘ﬁ% SPYR™OES The di sk
drive of claiim,2 erein the actuating el nt s |ocated the flexure. 4.
The disk dri \t/heel%ap c?"é?’?r’]nf dlv(/le"lcet'r0 ’é?ennefah)é&%f‘ %%1 a|l-rngt'}e“f %af’?leernps'rflﬁ\?og%’m he | oad beam

tipin a di rgggnigpgi&gggrally perpendicular to the carrier top side to
t her eby ' ’

5. The disk dnive of claim 2 wherein the actuating elementisa

piezoelectric element.

6. The disk dnive of claim 2 wherein the actuating element is an

electrostaticelement.

7. The disk drive of claim2 wherein the actuating elementisa
thermaklement,
8. The disk drive of claim 1 wherein the air-bearingsurface

comprises a plurality of air-bearingpads.

-11-



change said angle. 5. The disk drive of claim2 wherein the actuating
elenment is a piezoelectric element. 6. The disk drive of clalhMarsth2l06i n
the actuating elenent is an electrostatic elenent. 7. The disk drive of
claim2 wherein the actuating elenent is a thernmahl enment. 8. The di sk drive
of claim1l wherein the air- bearingsurfacc conprises a plurality of
air-bearingpads. 11 15 March 2006 9. A disk drive head- suspensionssenbly
conprising; as] ider having a top side,, a disk side, a front end and a
trailing end, the9slider having arf“g{?q?‘i’ﬁég‘?afj'rf&?ﬁﬁsﬁ'%?é"é“‘ﬂ%"?'H@’Smg'sk side and

o 20, o o L 8, LS04 R0 S0 05T, BT ©
(1oLl 10g e B L1e R Seh A R M G SUSRADRL R TR 2 11 2o
[ exure, (1o skl gel, Do, b SUBEDIA B, L SUSRRROLAD M DB BRgli e | Len
DEaM V.1, Sy BSOS BR T BB b, FL 00T 2 3 PV b

slider contact pad_toward the. dis th i yot., poi n ei | ocated cl oser to
the front end of t A& BT der thanet éexmrfe%a&(gggoeﬂ“%? ?h&ct(f{e easﬁ%-rﬁréagaﬁf’?]dg surface

F‘;C ;[‘g q SIT deryeo dQuracl Bifto AR HERRE Yne Wi ae? bithd RufportY il L REsiPl it a RGOS 1S
pitch withits front end closer to the load beam than its trailing end, the load beam having a
tip contacting the top side of the slider at a pivot point and the flexure applying a flexure
moment about the pivot point to urge the slider contact.pad toward the disk, the pivot point

being located closer to the front end of the slider than the net force from the air-bearing

surface of the slider.

10. The assembly of claim 9. whereinthe pivot pointislocated

closertothe slider front end than to the slider trailing end.

11. The assembly of claim 9 further comprising anactuating

element attached to the suspension for bending the suspension.

12. The assembly of claim 11 wherein the actuating element is

located on the flexure.

-12-



closer to the slider front end than to the slider trailing end. 11. The
assenbly of claim9 further conprising an actuating el ement ai$ ¥nad2G06 t he
suspensi on for bending the suspension. 12. |ocated on the flexure. The
assenbly of claim 11l wherein the actuating elenent is -12 15 March 2006 13.
the assenbly of claim 11l where in the actuating el ement noves the | oad beam
tipin a direction generally perpendicular to the slider top side. 14. The
assenbly of claim 11 whereinthe actuating elenent is a piezoelectric

el ement. 15. The assenbly of claim 11 wherein the actuating elenent is an

el ectrostatic elemsnt. 16. Thee assuRObACIA 1 CvBdrbinthe lctidiQf Skt hoddst uat i ng
elenment is a thermablenent. 17. The assenbly of claim9 whereinthe air-
bear i ngsur f ac e 1020 Bk 5616 e Airdali ot gahérhlyy pafpepdichd ar totheslidtr ispdide. pads bei ng a
contact pad near the trailing end of the slider. 18. The assenbly of claim
9 further conmprising a Toad/ wite head | ocated on the slider near the slider
trailing end. -13 15 March 2006 19. A disk drive having a rotatable disk
with a magneti c rkcordi ng | &yeassembly of claim 11 whereinthe actuating elementis a

piezoclectric element. -

15. The assembly of claim 11 wherein the actuating element is an

clectrostatic element.

16. The assembly of claim 11 whereinthe actuating elementisa
thermaktlement.
17. The assembly of claim 9 whereinthe air-bearingsurface

comprises a plurality of pads, one of said pads being a contact pad near the trailing end of

theslider.

18. * The assembly of claim 9 further comprising a read/write head

located on the slider near the slider trailing end.
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and a head for reading data fromor recording data to the magnetic recording
| ayer on the disk, the disk drive conprising: a carrier for thMateha2P0and
having a top side, a disk side, a front end and a trailing end, the carrier
havi ng an air-bearing surface on the disk side and a contact pad on the disk
side near the trailing end, the contact pad contacting the disk during

readi ng and recordiong of Aaishdri@rhadicg b aktabld disk withdinagndtld@ecoalidgil8er acr 0Ss

t he di sk, and a suspension connecting the carrier to the actuator and
conprising a iddedidfor @bdisydaedrdiroortirdverdirgplatiteciie wigntlivere cading Ryerafithea | oad
beam attached to the flexure and having a tip contacting the top side of
the carrier atislgtheidiskidripodomprisiighe carrier having a positive pitch wthits
front end higher above the disk than its trailing end if the contact pad is
not in contact watchmihfer tie Bdid adtaving atbplsiele,ma dighpidy,iarftpneeridand etdibingir ge t he
carrier contact pad to contact the disk and to maintain the contact pad in
contact w th éndetheltaKerdaving g aireiashng Gurfiaelon the disk senfid oot padanchetdise f | exur e
applying a flexure noment about the pivot point to urge the carrier contact
pad to cont actidd ieer ¢ gkilingend rthei contedt @adriontatting diierslisk derirgaesmiingdndteomding t 0 t he
front end of the carrier than the net force applied by the air-bearing
surface of thefdtarrier when the diskis rotating at its operational speed,;
whereby said net air-bearing force generates a nonent about the pivot point
to partially countaeetstorfpranaving shercarrigpaeeass thadisk andhe noment generated from

t he adhesive force between the disk and the carrier contact 20. The disk
drive of clai m 19 agi¥ersocprreging g cpicte the sctpgerapderryrisgssp e he carri er

front end than to the carrier trailing end. -14 )
attached to the top side of the carrier and'a load beam attached to the flexure and having &

tip contacting the top side of the carmier at a pivot point, the carrier having a positive pitch
withits ﬁoﬁt end higher above the disk than its trailing end if the contact pad is not in
contact with the disk, the load beam applying a force to urge the carrier contact padto
contact the disk an;l to maintain the contact pad in contact with the disk during reading and
recording of data and the flexure applying a flexure moment about the pivot point to urge
the carrier contact pad to contact the disk, wherein the pivot pointis located closer to the
front end of the carrier than the net force applied by the air-bearing surface of the carrier
when the disk s rotating at its operationh] speed; whereby said net air- bearingforce
generates a moment about the pivot point to partially counteract the flexure moment and

the moment generated from the adhesive force betweenthe disk and the carrier contact

pad.

20. The disk drive of cfaim 19 whereinthe pivot pointis located closerto

the carrier front end than to the carrier trailing end.
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