APPARATUS AND METHOD OF CONFI GURI NG THE Al R BEARI NG SURFACES OF SLIDERS I N
Dl SK DRI VES FOR PRODUCI NG H GH TEMPERATURES | N THERMALLY- ASSI STED RECORDI NGS
BACKGROUND OF THE I NVENTION 1. Technical Field [0001] The present invention
relates in general to an inproved air bearing surface for disk drive
sliders, and in particular to an inproved apparatus and net hod of
configuring the air bearing surfaces of disk drive sliders in order to
produce high tenperatures on the surfaces of the disks during
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head and t heorfigatingfthé hér bearing surfaces of disk drive sliders in order to produce high

temperatures on the surfaces of the disks during thermally-assisted recordings

2. Description of the Related Art

[0002]  Generally, a data access and storage system consists of one or more storage
devices that store data on magnetic or optical storage media. For example, a magnetic
storage device is known as a direct access storage device (DASD) or a hard disk drive
(HDD) and includes one or more disks and a disk controller to manage local operations
concerning the disks. The hard disks themselves are usually made of aluminum alloy or
a mixture of glass and ceramic, and are covered with a magnetic coating. Typically,
one to six disks are stacked vertically on a common spindle that is turned by a disk

drive motor at several thousand revolutions per minute (rpm).

[0003] A typical HDD also utilizes an actuator assembly. The actuator moves
magnetic read/write heads to the desired location on the rotating disk so as to write
information to or read data from that location. Within most HDDs, the magnetic
read/write head is mounted on a slider. A slider generally serves to mechanically
support the head and any electrical connections between the head and the rest of the

disk drive system. The slider is aerodynamically shaped to glide over moving air in



di sk drive system The slider is aerodynam cally shaped to glide over noving
air in -1 order to maintain a uniformdistance fromthe surface of the
rotating disk, thereby preventing the head fromundesirably contacting the
di sk. [0004] Typically, a slider is formed with an aerodynam c pattern of
protrusions, or so called air bearing surface (ABS) on its body that
enables the slider to fly at a constant height close to the disk during
operation of the disk drive. A slider is associated with each side of each
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unit. Several sem -rigid arnms nay be conbined to forma single novable unit
having either,a linear bearing or a rotary pivotal bearing system 100051
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actuator, causing the signal to act as a brake, and ideally causing the

read/ write tosar pivotalthsprisgeystem-tl e directly over the desired track.

[0005] The head and arm assembly is linearly or pivotally moved utilizing a
magnet/coil structure that is often called a voice coil motor (VCM). The stator of a
VCM is mounted to a base plate or casting on which the spindle is also mounted. The
base casting with its spindle, actuator VCM, and internal filtration system is then
enclosed with a cover and seal assembly to ensure that no contaminants can enter and
adversely affect the reliability of the slider flying over the disk. When current is fed to
the motor, the VCM develops force or torque that is substantially proportional to the
applied current. The arm acceleration is therefore substantially proportional to the
magnitude of the current. As the read/write head approaches a desired track, a reverse
polarity signal is applied to the actuator, causing the signal to act as a brake, and ideally

causing the read/write head to stop and settle directly over the desired track.

[0006] There have been many successful attempts to increase the performance of
disk drives. One apparatus and method for improving disk drives employs
thermomagnetic recording technology. See U.S. Patent No. 6,317,280 to Nakajima, et
al. In that patent, a recording and reproducing head includes a floating slider, a heating

head, a reproduction-use magnetic head as an MR head, and a recording-use magnetic



[ 00061 There have been many successful attenpts to increase the performance
of disk drives. One apparatus and nethod for inproving disk drives enploys
t her nonagneti c recordi ng technol ogy. See U S. Patent No. 6,317,280 to
Nakajima, et al. In that patent, a recording and reproduci ng head includes
a floating slider, a heating head, a reproduction-use nmagnetic head as an
MR head, and a recordi ng-use magnetic -2 head as a thin-filminductive head
nmounted on the floating slider. The heating section of the heating head has
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thermal | y-assi sted recordi ngs would be desirable. -3 SUWARY OF THE

I N\VENTION : : . : . .
[0007]  Still other prior art thermomagnetic recording technology utilize laser optical

devices (see, e.g., U.S. Patent No. 6,288,981 to Yoshida, et al ) to provide a heat source.
Although these devices are workable, they make the head structure complex and
relatively expensive. Thus, an improved apparatus and method of providing a source of
heat to be utilized in thermomagnetic recording in order to produce high temperatures

on the surfaces of the disks during thermally-assisted recordings would be desirable.



[ 0008] One enbodi ment of a hard disk drive slider has an air bearing surface
that uses the anbient air in the disk drive as a heat source for
thermal | y-assi sted recording purposes. By optim zing the air bearing shape,
incomng air between the slider and the disk surface is pressurized to
produce air that is hot enough to heat the recording nedia on the disk. No
addi tional devices or processes, such as a prior art heater enbedded in a
slider, are required to achieve the desired results. Thus, the present
invention is conpatible w t$USSMMARYYOFEHE BNVENTUOD:. [ 0009] A very snall
thermal pad is located at the trailing end of the air bearing surface and
wraps around the nagnetic recordi ng head structure. The thernal pads can be
processed ugyi i0 r p t S
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recordi ng nixds theoambieat aidiiss khe dikledave ascamedaaoufoesfsuthez:ﬁallyt @ss&mr monaiﬁigal y 80
atm which is sufficient toraise the air tenperature up to a}g‘?rom mat el y
800 degr eesPWPRSES: n&YeDmltmer@sﬁh? #p bearsgIppe. dpepming 8 hetwrendhe akidesisad fthe

process. Thghed E 1?bfes%q.{ EE&ftoe{nf%dﬁ&‘ PRAL is ?regéﬁ%éh othlggt %ﬁ?é)crogchgggle%d' a by

conduction 10 achieve ace errpera ure grees C

Thi s is theor gralisk. o Iaaambnalerep&eabupmcmes,lsﬁ@ﬁasfaopnéx’rwt hen@agreiddded in
recording. [0010] The for&g{m ng and ot her objects_and advantages of the
present i nveshdenaig requirs e the desiredsieswlls; | Thus, jthe treseal inventien,iw of

the foll ow &?%?é&/ﬁ e gﬁ h&h'sﬂ‘ﬂctﬁfes the preferred enbodi nent of the
present invention, en | conjunction with the appended clains and the

acconpanyi ng draw ngs. -4 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] So that
the manner {000\9,\1hI CR 5&3 sfrr? ?1 %gregalaga% gdl\égz?cg %te%heoira}hgg éngvoefn%ﬂeoeﬂr bgasrmg
surface and wraps around the magnetic recording head structure. The thermal pads can
be processed using ion etching or carbon deposition processes, and includes small
pockets to contain the heated air in order to provide heat to the recording media on the
disk. The air can be pressurized to approximately 80 atm, which is sufficient to raise
the air temperature up to approximately 800 degrees C or more at isentropic conditions,
assuming an adiabatic process. The heated air transfers the heat energy to the recording
media by conduction to achieve a disk surface temperature of more than 200 degrees C.

This is the recording layer temperature required for thermomagnetic recording.

[0010] The foregoing and other objects and advantages of the present invention will
be apparent to those skilled in the art, in view of the following detailed description of
the preferred embodiment of the present invention, taken in conjunction with the

appended claims and the accompanying drawings.



wel | as others which will beconme apparent, are attained and can be

understood in nore detail, nore particular description of the invention
briefly summari zed above nay be had by reference to the enbodi ment thereof
which is illustrated in the appended draw ngs, which drawings forma part

of this specification. It is to be noted, however, that the draw ngs
illustrate only an enbodi nent of the invention and therefore are not to be
considered limting of its scope as the invention may admt to other equally

effective enbodinments [BRIEF DESICREPTION OF THEDRAWINGS pl an vi ew of one
enbodi nent of a hard disk drive constructed in accordance with the present

i nvention. [0013] Figure 2 is a plan view of one enbodi nent of a feature on
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[0012] Figure 1 is a schematic top plan view of one embodiment of a hard disk drive

constructed in accordance with the present invention.

[0013] Figure 2 is a plan view of one embodiment of a feature on an air bearing
surface utilized by the drive of Figure 1 for producing high temperatures on the surface

of a disk and is constructed in accordance with the invention.

[0014]  Figure 3 is an isometric view of the feature of Figure 2 and is constructed in

accordance with the invention.

[0015] Figure 4 is a plan view of an alternate embodiment of a feature on an air
bearing surface utilized by the drive of Figure 1 for producing high temperatures on the

surface of a disk and is constructed in accordance with the invention.

[0016] Figure S is an isometric view of the feature of Figure 4 and is constructed in

accordance with the invention.



[0018] Figure 7 is an isonetric view of the feature of Figure 6 and is
constructed in accordance with the invention. [0019] Figure 8 is a plan
view of the air bearing surface of a slider utilizing the feature of
Figures 2 and 3 and is constructed in accordance with the invention. [0020]
Figure 9 is a three-dinensional, isonetric plot of the pressure generated by
the air bearing surface of Figure 8 during operation. -6 DETAILED
DESCRI PTI ON OF A PREFERRED EMBODI MENT [ 00211 Referring to Figure 1, a
schematic diawng pisueed icaBREiviBnbS otk altbbRf iddaestloadBRuRYSE AP
data recordi ng device conprising a magnetic hard disk file or drive 11 1
for a conpubesringpytiaen ytdized bysthe duy gurenhfor prodigingr higlo tesnpegatores opdbe 113
containing a plurality of .stacke aral l.el magneti.c di.sks 115 (one shown)
which are CP5§@?§?§85%38d§%%¥F§u§f%rgmegmgﬁgNg%ﬁgfgﬁﬂﬁyna spi ndl e not or
assenbly having a central drive hub 117. An actuator 121 conprises a
plurality of parallel actuator arnms 125 (one shown) in the formof a conb
that is pivif0a8] y Figwredds ep iseasaic view apleufeatirypl/Biguze 6 and iy capguctad in
controller 119 js al noun to base 113 for selectively noving the conb
of arns 12Sa%@F%?f%g%ﬁéh%#¥%§g315. 10022] In the enbodi nent shown, each arm
125 has extending fromit at |east one cantilevered integrated |ead
suspension 127. A magnetic read/wite transducer or head is nounted on a
slider 129 HWd9kechismae®isaa plaaxview afiihe airsbqariagi wripceroliatdider ytibziag the

i ntegrated ' 7 [ it magnetical |y read data
from and/ olrte%&ng% §g§%§g€% %:/)QI\’\‘[}lgtaleldé;Q ¥ St?%q%kag 8%?%&%%% ﬁlg\}}éYe%@P % nt egration
called the head ginbal assenbly is the head and the slider 129, which are

nmounted on integrated | ead ) ) ) )
0020 Figure 9 is a three-dimensional, isometric plot of the pressure generated by

the air bearing surface of Figure 8 during operation.



suspensi on 127. The slider 129 is usually bonded to the end of integrated

| ead suspension 127. In the enbodi nent shown, the head may be pico size
(approximately 1250 x 1000 x 300 m crons) and formed from ceram c or
internetallic materials. The head al so nay be nano size (approximtely 2050
X 1600 x 450 mcrons), or fento size (approximtely 850 x 700 x 230
mcrons). The slider 129 is pre-loaded against the surface of disk 115
(preferably in the range two to ten grans) by integrated | ead suspension

127. [0023] Inte j 12 1 G- LI ality which
bi ase[s or ]ur ges%ﬁ%#%ggﬁgﬁﬁb&g@g%i&%ﬂgm&émnst %/he
disk 115 to enable the creation of the air bearing film between the slider
129 and the surface of disk 115. A -7 voice coil 133 housed within a

conventional voice coil notor magnet assenbly 134 (tgop pole not shown) is
al so nount el0RE] ar Refemmg ép Jignre 1y e sehematiy; fBWIinga 95 ans| praBodimepl et

of
t he actuato (.ndi.cat r . e
sliders 129fng%%faﬁlgh %gdarggaeg%%%%( ogél é@#ﬁ@é@g%ﬁ%ﬁ&%&%ﬁgﬁf&%ﬁ{%ggégﬁcsﬁ%rﬁr}ﬁ%ke
di sks 115 ufilei dr drivkel Hefods c@ifut® YBteinhis shawgetDriveatKishasTdieolteatogsingdat
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There are several pararneters measure the per ce o e 129.
Fl'y hei ght haviige sapalr dtiverhubelWeeAnaaqioitot 12h compridi3Sa gflurtality sf ipdeatlell 29
and the surface of disk 115, such as_.the center of the trailing edge of the
ABS and thea%'eﬂi?ra%lsolfﬁ (@ne ghopimy in the, form; of & ¢k that jsgvesplly H@upf’egitﬂ a8q i der

129 in the | pngidiHdi PRbt dikhBly 953.WA Rontroller 119 is also mounted to base 113 for

selectively moving the comb of arms 125 relative to disks 115.

[0022] In the embodiment shown, each arm 125 has extending from it at least one
cantilevered integrated lead suspension 127. A magnetic read/write transducer or head
is mounted on a slider 129 and secured to a flexure that is flexibly mounted to each
integrated lead suspension 127. The read/write heads magnetically read data from
and/or magnetically write data to disks 115. The level of integration called the head
gimbal assembly is the head and the slider 129, which are mounted on integrated lead
suspension 127. The slider 129 is usually bonded to the end of integrated lead
suspension 127. In the embodiment shown, the head may be pico size (approximately
1250 x 1000 x 300 microns) and formed from ceramic or intermetallic materials. The
head also may be nano size (approximately 2050 x 1600 x 450 microns), or femto size
(approximately 850 x 700 x 230 microns). The slider 129 is pre-loaded against the
surface of disk 115 (preferably in the range two to ten grams) by integrated lead

suspension 127.

[0023] Integrated lead suspensions 127 have a spring-like quality which biases or
urges the air bearing surface (ABS) of slider 129 against the disk 115 to enable the

creation of the air bearing film between the slider 129 and the surface of disk 115. A
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respect to the plane of disk 115. Roll is the tilting of the flying slider
129 in the lateral or transverse direction with respect to the plane of the
disk 115. Fly height, pitch, and roll are all dependent on paraneters |ike
anbi ent pressure, tenperature, air viscosity, linear velocity (product of
radius fromcenter of the disk and di sk angular velocity or rpn), skew
angl e (angle between the longitudinal axis of the slider and the tangent to
the current radius fromthe center of the disk), pre-load (the force applied

by, for exgqy% . 0

the pitch an r%?‘f fﬁ%%?ﬁ@%glﬁ I?%gagﬁgggﬁgf%ﬁgﬁm%ﬁ?%ﬂgp%ﬁatn@ggﬂ(ﬁﬂh t he
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and roll. Referring now to Figure 8, "an illustrative exanple of an
air beari ngtherhe%Bs seftler oh hthe sthrgéertraﬂz@ | Thes thoadh.gitbal astmbiec eppratepases, the
slider 129 has a.le edge o end 201, .a trajling d 203, apd sjde
edges 205, EPVERHA Een o o avas oy AR Upigosy w@onsranogwé cs lveahﬂ a
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nore than one etc ng process t It IeveI or mat i ons,
i ncludi ng ndepeABSithuoffaeanothed shal | ow depth pad on an x-y-pl ane surface of
the base structure of slider 129. In this particular version of slider 129,

the ABS has a plurality of air bearing pads including a |eading end pads
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disk 115. Pitch is the tilting of the flying slider 129 in the longitudinal direction with
respect to the plane of disk 115. Roll is the tilting of the flying slider 129 in the lateral
or transverse direction with respect to the plane of the disk 115. Fly height, pitch, and
roll are all dependent on parameters like ambient pressure, temperature, air viscosity,
linear velocity (product of radius from center of the disk and disk angular velocity or
rpm), skew angle (angle between the longitudinal axis of the slider and the tangent to
the current radius from the center of the disk), pre-load (the force applied by, for
example, the suspension), suspension moments (moments applied in the pitch and roll
directions by the suspension), slider flatness, and the design of the slider ABS itself.
The design of the slider 129 targets a low velocity and low skew dependent, fly height
profile that remains substantially flat across the radius of the disk 115. The spacing
between the head and the disk is described by fly height, together with its pitch and roll.

[0025] Referring now to Figure 8, an illustrative example of an air bearing or ABS
for the slider 129 is shown. For reference purposes, the slider 129 has a leading edge or
end 201, a trailing end 203, and side edges 205, a longitudinal or x-axis 207, a lateral or
y-axis 209, and a z-axis (into and out of the page). Typically, the slider 129 is made by



t hese conponents may be altered depending on the application for the slider.
[ 0026] The key elenent of the present invention is a very small formation
221 which, in the enbodi nent shown, is |ocated adjacent to the trailing end
203 of slider 129. Formation 221 may conprise nmany different

configurations, three of which are illustrated in the magnified view of
Figures 2 - 7. In the three configurations of Figures 2 - 7, other
conponents of the ABS, such as the detail of air bearing pads, are not
shown in orglgfe theh bACLEHIAB é)ﬁ'm_sélﬁﬁ'é{ préausashanpletepthRvEIYoRRARN, Réididgh One
enbodi nent, the formation 221 in the air bearing is |ocated on one of the

ai r bear i ngthe pdifssurface, andtshellowe depthipad oniahixayyrpland sprace2f3he basepiryeiuee &), and

i s adj t .t i | d 203 .of .the.base, L 0027], A.first. e of
Lhe f ot D10 LY s ralftuaf Sepsfon aeRljaa2onteraps Radd biin b7 in Se3HR © 1
this versi ophdstii@udifg ABéddp @rilFhds 231 and ia%%htril&?eﬁlﬂr‘i%er?dzﬁad’\@iﬂ?hﬂé stallow

sinplified ABS surface of a rectangular block. First feature 223 has a first
hei ght 225 depth surface ha 2 Goni ssep 2 H), gide eaiB) 2 1 3Fareaatstepr? 12 2andalateral igling eecond
feature 227 an e first .feature 223.whi in the enbodi.nent shown, is
T-shaped- | RARAA g HIVEY B 2t B SRaAUeer o s sant FOFRN ORI Brehay S SR ed
Cross-bar 2@nh@xbefslRaticH; %i@HeYel?@lﬁ%aJ brieSdxah@fl. WiBred9d, hily cdfiBination of
y-direction, and the body 231 extends |ongitudinally across first feature
223 in the thgsediompongms maykgratieted elepengling enythe pgpld@@ion Torshe slidemd f eat ure 227
has a second height 233 in the z-direction that is greater than the first
hei ght 225. A generally C-shaped opening or hole 235 (e.g., blind hole 235)
is located joo2éjhe TecRey ci@adntof #e prafdt MdenBodl§Ptahvirh smdll Fohatiodizgction
defined by a bottom 237 (Figure 2). Blind hole 235 has a plurality of sides
or side wal Which3m thrtearhoidimeritishown, is-ld¢atest adjagent t thet tieiting leed BOB rod stidére 235
is

129. Formation 221 may comprise many different configurations, three of which are
illustrated in the magnified view of Figures 2. - 7. In the three configurations of
Figures 2 - 7, other components of the ABS, such as the detail of air bearing pads, are
not shown in order to focus on the various designs of the formation 221. In one
embodiment, the formation 221 in the air bearing is located on one of the air bearing
pads (i.e., the central trailing end pad 215, in Figure 8), and is adjacent to the trailing
end 203 of the base.

[0027] A first example of the formation 221 is illustrated in Figures 2 and 3 as
formation 221a. In this version, the formation 221a has a first feature 223 which is a
simplified ABS surface of a rectangular block. First feature 223 has a first height 225
in the z-direction (Figure 3). Formation 221 also has a second feature 227 on the first
feature 223 which, in the embodiment shown, is T-shaped including a cross-bar 229 and
a central portion or body 231. Cross-bar 229 extends laterally across first feature 223 in
the y-direction, and the body 231 extends longitudinally across first feature 223 in the
x-direction toward the trailing end 203. The second feature 227 has a second height 233
in the z-direction that is greater than the first height 225. A generally C-shaped opening
or hole 235 (e.g., blind hole 235) is located in the second feature 227 and has a depth in



"surrounded on all of the plurality of sides 239 by the second feature 227.

[ 0028] The head 241 is nounted in the second feature 227 of the formation
221a adjacent to the blind hole 235. In the version shown, the bottom 237
of the blind hole 235 is located at a sane level in the z-direction as the
first height 225 of the first feature 223. In this version the head 241

al so extends into the blind hole 235 in the x-direction toward the trailing
end 203 of the base to give the blind hole 235 its C-shape. The head 241 is

| ocat ed at {HRe;-giesctiod deahahby addtein 23R (EigerN2). f Bahdhele235 tok 4 plardliey 6ot i on
221a such that the head 241 is substantially flush with the second hei ght

233 in the sidedpr sidei walls 330 shsnhing Thche gxdireptian sueh theé the bhad hele 23355 ar e
centered on_the secon t . i —di ti the formation
221la is cenf%oé‘&ﬁg(?lo?%%oglﬁlr% pg‘érglﬁzyﬁ’;f s%dr%ﬁﬁgyf/}% d{e‘?(gncdtti%%ﬁl.re 029] The present
invention may be forned, for exanple, by reactive ion etching shallow depth
surface of the slider 129, formng the air bearing including the first

feature 223[09281 he Thehaed 28h ipmpantsd inghe reqond fgatiemdlt of Menfpripton ddbmd
feature 2275800 e MilnAholPo 85, 28Xt Bh Fobl! B bl 837 SP IR mindhde!
alternative 0 Tabricating e ‘formati on a’l’'s 1o usée a super shalTlow

et chi ng prog®ss lbeatddit dalie 160t o thefaditadtion a2 hé fabcheidie 205 oNcheMfksefea®®e The
formation 221 al so. nmay be formed froma carbon_  depaosition process. In one

b
version, thé&2Yep hisErapniedicad 24 balsp gutepds g ts|tlind h9lg 235in the xedigeten of

it . ) RS . ; 40
<50 m [ otStHd MR PRUAER R of B 83800 s OBIER 608 255 T TRRBE, ThEREN 0 T
Figures 4 apd4l & lasated aff the RedondrheibBi 33 bthe RendeegtuR X oftthe fdratatioh 22ha  a

nunber of simlar conponents are present and the first feature 251 is
subst ant i al Pyehi thahthe head §41 He spbstantiglly fushswith dhe eeond height 233 in the z-

direction, as shown. The head 241 and the blind hole 235 are centered on the second

feature 227 in the y-direction, and the formation 221a is centered on the air bearing in

the y-direction.

[0029] The present invention may be formed, for example, by reactive ion etching
shallow depth surface of the slider 129, forming the air bearing including the first
feature 223 of the formation 221a by ion milling, and forming the second feature 227
and the blind hole 235 by ion milling-liquid resist. Another alternative to fabricating
the formation 221a is to use a super shallow etching process to form the second feature
227 and the blind hole 235. The formation 221 also may be formed from a carbon
deposition process. In one version, the depth (z-dimension) of the blind hole 235 is on
the order of approximately 5 to 30 nm, and its x-and-y-dimensions are approximately 40

pumx 150 um.

[0030]  Another example of the present invention is depicted in Figures 4 and 5 as a
formation 221b. In this version of the formation, a number of similar components are
present and the first feature 251 is substantially identical to the previous first feature

223 of the preceding example. However, the second feature 253 and the blind hole 257
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223 of the precedi ng exanple. However, the second feature 253 and the blind
hole 257 -10 differ in shape fromtheir respective predecessors. The second
feature 253 of formation 221b is generally C-shaped with a recess 255

| ocat ed opposite the trailing end 203. The blind hole 257 is elongated in
the y-direction and has a central portion 259 (which contains the head),

| ateral ends 261, and two nedial portions 263 | ocated between the central
portion 259 and the lateral ends 261. The |ateral ends 261 have an x-axis

di mensi on t figfer 1B siEHe Tk tHeliaBspR ctiverprieeodisTry) ST se@bnd feature 5 Abf fembiions
263, and the x- axis dimension of the nedial portions 263 is greater_than a
x-axi s di meAditoig generahy C-dhaped with gapeasyAd poated oppasite e traiag gad 2@akPs e of

the present j.nventi i s depi.cted. in_ H.gqures 7 . [ 221 C.
i v or Bl BBl P17 P RRIFL R ohdh o b it PR oft®, BorliBh Y (e
predecessor gofihs thehedy,dadrdl @aldn61, 2438 tdBdnédigl purtiowb 163 Bc2éd beivdeR!thd n
shape from their respective predecessors. The second feature 273 of the

f or mati on 2geniral portianc2shgod £he laterhgpds 26 | Brealatagalopndsnddlf hawy an eaais e

271. The blind hol 7. HRY Lises t |4 R I hat ;
epaced apar EpsPorai’ ftalsr Hnte xORRERRPEI OF B8 rRuldDaPRiS Ry Bl &t on.
The three bhiigdlifehson 6O hiddiad pofivhg P63 iC-gebragetiabla 0dxisdihensid® odinbe t WO

| ateral blind holes 281 that are rectangular in shape. The head 283 extends

into the cepentel portion@SAol e 279 toward the trailing end 203 to define the C
shape. [0032] In operation, the present invention is utilized in a nethod of
thernmomagnetic recording in a data storage device. The nethod conpri ses

providing a[eisip Styet aﬁkﬁheﬂ@déh?ﬁa dflthe (prdsgitrifvéntiondy degicRd D Fagles 6 abiask 115
with tracks and an actuator 12
as a formation 221c. In this version of the formation, the first feature 271 resembles its
predecessors but the second feature 273 and the blind hole 277 differ in shape from
their respective predecessors. The second feature 273 of the formation 221c is
rectangular in shape and located on the first feature 271. The blind hole 277 actually
comprises three blind holes that are spaced apart from each other and symmetrically
arranged in the y-direction. The three blind holes comprise a central, C-shaped blind
hole 279 and two lateral blind holes 281 that are rectangular in shape. The head 283
extends into the central blind hole 279 toward the trailing end 203 to define the C-

shape.

[0032] In operation, the present invention is utilized in a method of thermomagnetic
recording in a data storage device. The method comprises providing a data storage
device 111 (Figure 1) having a rotatable disk 115 with tracks and an actuator 121
having a slider 129 with a head 241 (Figure 2) for reading data from and writing data to
the tracks on the disk 115. An air bearing is fabricated on the slider 129. The air
bearing has a formation (e.g., 221a of Figures 2 and 3) with a hole 235 formed therein
such that the head 241 is located in the formation 221a adjacent to the hole 235. The
disk 115 is rotated relative to the actuator 121 and the slider 129 is positioned over a

track on the disk 129 at a fly height.
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having a slider 129 with a head 241 (Figure 2) for reading data from and
witing data to the tracks on the disk 115. An air bearing is fabricated on
the slider 129. The air bearing has a formation (e.g., 221la of Figures 2
and 3) with a hole 235 fornmed therein such that the head 241 is located in
the formation 221a adjacent to the hole 235. The disk 115 is rotated
relative to the actuator 121 and the slider 129 is positioned over a track
on the disk 129 at a fly height. -11 [0033] The nethod of the present

i nvention CRYBS] SeThe HBMARSS e présent hveMgorN@drBpristd 2ohiprdsbing f0 iHbdhe tdle21a
as the disk 115 rotates adjacent to the slider 129 while the slider 129 is

at the fly P& ghthe formatitins22iayas thédiskolhdr otatesdadiaaent wadlgesdider 45 whig the

' in front of th d 241 and is thereb ted t desired
P ermper at ur e a1 22t % hoiefe 08 s SR BF Hofbreh A 058 w s 0
hi gh pressupgt ne@bRrbfttRe Bedd Ut arddUil dh&ebPh&FESR) ¥ dediretl Nemperhtuee BRiBlyHy t he

head 241. e high pressure air bundle is approximately 20 -tmx 15 m and
is | ocat ed eampressian heagingolTds hole 23y wetrainsrtheshigin atessurg segien ta @ tightoburgldel of

th ted by.the hole. in, th i on. of the air. bearin
SUr T ace. ( of PREGHY e Abys S oRf ool e et 4o e hied, pledtord e JRARI 28, o
| ocated al ogghrbXighaé@PeumRk IN@mtdndiik lt@tedcd ehd @ﬁ&@g&eg.smheeehdiﬁﬁpﬁbﬁaﬂ,sur e

bundle generated near the hole in the formation. [0034] The air in the hole
235 can be jsemstin ploed0i of dhp pesshuratgengragd by the hgledh the fompsion efhibeeir i nes

ter thap th ted by a. thonal ABS, , Thi | of
ressure i <oetv BFERS COPREPERS i dentfied MR 0y ofhs, Piken o ost RIS 500
degrees C Qjcat®B flodd thé Rkt VI Cthé ORliihd @dge remBbehtd) ghedhigdipadagirk Coutidpeess.

The heated air transfers the heat energy to the recording nmedia (the tracks
on the di skganestepyear the hole in the formation.

[0034]  The air in the hole 235 can be pressurized to approximately 80 atm, which is
about three times greater than the pressure generated by a conventional ABS. This level
of pressure is sufficient to raise the air temperature up to approximately 800 degrees C
or more at isentropic conditions, assuming an adiabatic process. The heated air
transfers the heat energy to the recbrding media (the tracks on the disk 115) by
conduction to achieve a disk surface temperature of more than 200 degrees C. This is
the recording layer temperature required for thermomagnetic recording. In this way the
method of the present invention heats a portion of the track adjacent to the hole 235 in
the slider 129 to a sufficient temperature with the compression-heated air as the disk
115 rotates to enable thermomagnetic recording by the head 241 to said portion of the
track. The heat transfer from the air bundle to the media is linear with pressure, which
lends itself to a higher efficiency for thermal-assisted recordings. The narrow bundle of
the high pressure air stream enhances the focusing of the heat path to the media for
thermal-assisted recordings. The air pocket also provides heat shielding since the
compression-heated air that is trapped in the hole or pocket acts as a heat shroud and
thereby reduces heat loss from the heated write poles. This again results in a system

and process that has a higher efficiency than prior art designs.

-12-



conduction to achieve a disk surface tenperature of nore than 200 degrees C
This is the recording |ayer tenperature required for thernonmagnetic
recording. In this way the nethod of the present invention heats a portion
of the track adjacent to the hole 235 in the slider 129 to a sufficient
tenperature with the conpression-heated air as the disk 115 rotates to
enabl e t hernonmagnetic recording by the head 241 to said portion of the
track. The heat transfer fromthe air bundle to the nedia is linear with
pressure, Wiyl | adsfdiSicliohly? i alifloatid IsKoBE ] GhethiPiofol: ansict od
recordi ngs. gl na??%ostva%un%eeloo?y’ tlﬁgeg{bi?éﬁ p% esg?ure a%r estream erelfl%ﬁces t he
f ocusi ng of inveatitrealso patyhconaprishahayeni thefstider bhemantive masitetieg] ioecaloigrths. The
air pocket al so provides heat shielding.sipce th C ressi on-heated air
that is traﬁgieammg mgldma %%‘F‘%é%%efhea@ts%gég“%? 9idag TosagioRs AKdon ol épy
reduces heag; L assst o hAle. PEA BriMinkSsy - cohi LsHRW EShing the
system andhglrugc%gg{ ﬁ?at ﬁas a ﬁ?gﬁ%frn%g‘%gﬁ chgﬂrﬁgﬁﬂglﬁi%raﬂgﬂ delsggns. -12
[ 0035] As sfatmtiopandileuwle, the fabricating step of the nethod of the
present invention also may conprise shaping the slider by reactive ion
etching, ion mlling the air bearing including a portion (e.g., the first
feature) of (§iag)  ONMBLir&ins BEANRAY fahfGavartgidh bvELShiNontibfa N &ns. THE
fabricati ng[stea) may c%np?i se rsluper sﬁa{l*]owvet%#i ng t he 5 olr rra'?lgo%nsénd t he
hol e. [ 0036harfhdiskrdeive dlidenvemstiuoted haish marair hearany agése (ABS)cahthenpriesemal
designs. A . hard disk drive.slider constructed with an air beari surface
(ABSy o ¢ nimaRaR HEes the RIS AL 6 S DAk GHie Ao Atedt oorss OIRISHEKITIAY: ag

heat sour 0 ol gupf RN CHEABY pralsdiat SekohRAOE bBGRen THE SRS aRA BRANL 265

incomng air between t urface to heat air that is
hot enough torfiveato hdae airethat i ha enedpla toheaththediesdedinomedia on the disk. No

additional devices or processes, such as a prior art heater embedded in a slider, are

required to achieve the desired results. Thus, the present invention is compatible with

existing head structures.

[0037] The small thermal pad located at the trailing end of the ABS is wrapped
around the magnetic recording head. A high pressure region is formed in a tight bundle
and precisely located at the write pole of the head. The thermal pads can be processed
using carbon deposition processes or super shallow etching processes. With the latter
process, no deposition is needed. The pads include small pockets to contain the heated
air in order to provide heat to the recording media on the disk. The air can be
pressurized up to approximately 80 atm, which is approximately triple the pressure
created by conventional ABS. This pressure is sufficient to raise the air temperature up
to approximately 800 degrees C at isentropic conditions. The heated air transfers the
heat energy to the recording media by conduction to achieve a disk surface temperature
of more than 200 degrees C. This is the recording layer temperature required for
thermomagnetic recording. The present invention uses compressed air as a potential
heat source, and optimizes the ABS shape to maximize air compression. The thermal or

air pocket holds the hot air to provide heat to the sensor. Since the heat transfer is linear
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addi ti onal devices or processes, such as a prior art heater enbedded in a
slider, are required to achieve the desired results. Thus, the present
invention is conpatible with existing head structures. [0037] The small
thermal pad |ocated at the trailing end of the ABS is wapped around the
magneti c recording head. A high pressure region is fornmed in a tight bundle
and precisely located at the wite pole of the head. The thernal pads can be
processed using carbon deposition processes or super shal | ow etching

processes. h the |atter roces no d |t|o i S nee . Th ads

i ncl ude smal'l ﬁp@@ﬁ%‘f% %ﬁ‘g?ﬁ ?‘?Sl{sﬁg Fr&8t ?JllfeF PACOrHet lghﬁfr Sﬁcgeélcﬁeat to
the recor di P@rdpRet Ihéd W%B@kéd '_p?éﬁﬁlde-ghﬁataé}ﬁeléﬁ@ aB%he @dﬁgx@gﬁérzﬁéhtwalk @apped
approxi mately 80 atm is approximately tri he pressure created by
convent i onain tiBSockEhacss ay @beay slgou@ a@inreﬂu@ﬁsehﬁat lt)ss fremdeated avrié poleenper at ur e
up to approximately 800 degrees C at isentropic conditions. The heated air
transfers the heat energy to the recording nedia by conduction to achieve a

di sk sur f acposgmenailtBe irEntiBN s bRANsIW SlaRs&fsedGn ofly dnleSoftiREoFRE S di NY
| ayer tenperature required for thernomagnetic recording. The present

i nventi on ugesldchmampessbt) thbse skilled ip theeart that it lshmzttso Simitedebutamsusegptibé tes t he
ABS shape to nmaxih ze ai r essi he the air pocket oIds t he
ot a1 o PP b vl EEER fPin §FReess HokdRent Pl SREAREP[Y iy

-13 Wi th pragsit envednfien trhdr BRlenipisyiedt@dother g’p@!‘) g daBKRIoRHAE Qevike %eﬁﬂ&her
efficiency. Mreover, the air pocket provi des heat shielding as the

conpr essi onthhsmdfedrﬂaﬁdrhqﬂtlapped in the pocket acts as a heat shroud and
reduces heat |oss fromheated wite poles. [0038] Wile the invention has

been shown or described in only sonme of its forns, it should be apparent to
those skilled in the art that it is not so limted, but is susceptible to
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vari ous changes w thout departing fromthe scope of the invention. For
exanpl e, the present invention nmay be enployed on other types of data
recordi ng device besides those described herein. -14 CLAIMS Wat is
claimed is: |I. A slider, conprising: a base having an x-axis, a y-axis, a
z-axis, atrailing end, and a surface in an x-y- plane, and each of the axes
defining x, y, and z-directions, respectively; an air bearing fornmed on the
surface of the base; a formation in the air bearing, the formation having a
height in the z-direction, a hole | ocaredM$ the formati on and extendi ng
toward the surface of the base at a depth in the z-direction; a head for
reading and witing data, the head being nounted in the formation adjacent
to the hole Hﬁh&h?dﬁﬁkﬁﬁ&ion? and the head extends into the hole in the
x-direction toward the trailing end of the base and is |ocated at the

hei ght of the formation such that the head is substantially flush wth the
formation in fhe z-gh{ection” 2. The slider of claim1l, wherein the head and
the hole are kcent ¢ S CHAPRES™Eor mation in the y-direction, and wherein the

formation is centersack Kividdwh 2hXis HeantinG A-dkis, bR irgtink e4id Odrfade infnd-jder ,
T o 1 Bvonang oach Ot axas desming x.y, i sdsctions, remedtivelys |- | 0 s and
an air bearing formed on the surface of the base;
a formation in the air bearing, the formation having a height in the z-direction, a
hole located in the formation and extending toward the surface of the base at a depth in
the z-direction;
a head for reading and writing data, the head being mounted in the formation
adjacent to the hole in the formation; and
the head extends into the hole in the x-direction toward the trailing end of the

base and is located at the height of the formation such that the head is substantially flush

with the formation in the z-direction.

2. The slider of claim 1, wherein the head and the hole are centered on the
formation in the y-direction, and wherein the formation is centered on the air bearing in

the y-direction.

3. A slider, comprising:

a base having an x-axis, a y-axis, a z-axis, a trailing end, and a surface in an x-y-
plane, and each of the axes defining x, y, and z-directions, respectively;

an air bearing formed on the surface of the base;

a formation in the air bearing, the formation having a height in the z-direction, a
hole located in the formation and extending toward the surface of the base at a depth in

the z-direction;
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pl ane, and each of the axes defining x, y, and z-directions, respectively;
an air bearing fornmed on the surface of the base; a formation in the air
bearing, the formation having a height in the z-direction, a hole |ocated
in the formati on and extending toward the surface of the base at a depth in
the z-direction; - 15 a head for reading and witing data, the head being
nmounted in the formation adjacent to the hole in the formation; and the
hol e has a plurality of sides extending in the z-direction and is walled off
fsuch that the hﬁl a }%eﬁcé Sorr fefadiﬁlgadd cwritiad\;%:1 datd, thichRead| hefirgd mbynted is ilgeformztidnhe
ormation. 4. The slider aof claim]l, erein the hole is a blind hole havin
a botton1def@ﬁ@ﬂmﬂB&ﬂ@%@bHBﬂE”ggpﬁﬁméWBEed in the z-direction nearest the °

surface of the bagg hAB%hat BSINGE oFded TxRAGR IR thdS dFedidnCedl OTWARPRF t ©
the bottom 5. The slider of clarm1, wherein a shallow depth of the air

bearing is fondetatthe holeassursogndesronetlodfithegpluralipyorfisides by thet flogndtmmmat i on i s
formed by ion mlling, and the hole is fornmed by ion mlling-liquid resist.
6. The slider of claim1l, wherein the formation and the hole are forned by a
process selected fromthe group consisting of a super shall ow etching
process and a carbon deposition process. 7. The slider of claim1l, wherein
the air bearidg hddegligerafglaimyl, gtheggin thsiols isg bladshole baydng s bottesp dafinedn i s
| ocated on o tﬁé hbie% Hfgrcl(%%@riﬁ e zgﬁ%%ti&gh@a?@smhets%rfag@ofﬁl@'bl(léepgnc? dngfe the
surface of th ase. 8. °A'data recor I'ng device, conprising In conbination:
being open in the z-direction opposite the bottom.

5. The slider of claim 1, wherein a shallow depth of the air bearing is formed by
reactive ion etching, a portion of the formation is formed by ion milling, and the hole is

formed by ion milling-liquid resist.

6. The slider of claim 1, wherein the formation and the hole are formed by a
process selected from the group consisting of a super shallow etching process and a

carbon deposition process.

7. The slider of claim 1, wherein the air bearing has a plurality of air bearing pads,
and the formation is located on one of the air bearing pads adjacent to the trailing end of

the surface of the base.

8. A data recording device, comprising in combination:
a housing having a disk mounted and rotatable thereto, and an actuator mounted

to and pivotable relative to the housing and the disk, and a slider mounted to the
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a housing having a disk nmounted and rotatable thereto, and an actuator
nmounted to and pivotable relative to the housing and the disk, and a slider
nounted to the -16 actuator, the slider having a head for reading data from
and witing data to the disk; the slider further conprising: a base having
an x-axis, a y-axis, a z-axis, atrailing end, and a surface in an x-y-

pl ane, and each of the axes defining x, y, and z-directions, respectively;

an air bearing formed on the surface of the base, the air bearing having a

plurality of aiuatoBahé siir Badfg a AeddfoBdating dafh fidie add writiagldafado tiRCAtgeheOn ONE
of the air beari nfg Eads adjacent to the trailing end of the base, the
formati on hawlidey farthericemprigiggiure with a first height in the z-direction, a

second feature on  thie. fdvist af £atilrey- W 0g 1Al d i L n heyz-
direction that is agdr&e%t erlr?gt%an tIE’eae%‘ ?’pg’ta e)lllgj%t : la% g’ %@nﬁbﬁfﬁ e 21tnoc}ét ed in
the second fpateuarsl eapldoftheiang defidimgtxhy, andizhbreztiaisy espacovelgef i ned by a
bottom a plurality of sides,. extendjng in the z-direction such that the
b1t nd hol i 5. our A HERTIE Behion e BHEraeT (§F Dot gt Byvnsatae dha
feature; and gihalifyeddiribsaripupided in the second feature of the formation
adjacent to the blind hole. 9. The data recordi ng device of claimS8,
wher ei n the bot t ort formatipa ip|thdreir hearimgilecatadgmaenecpfdbe air Searing rade pdjpeent fve
z-direction i Laht .af - £ . ordi ng
Gevi e of "ol are g EREbt BE LA i fomioh Hihg wF e fong i o s LA 5 862
X-direction tmdiescdon,eesdcoad féange endhofirst lieativased havidgiassecachbaghtah thdie-
second hel ot oft 1% °520E HAUHE S8l e S IRHLERRUBRLTR! e SeligRe 1o

feature and having a depth in the z-direction defined by a bottom, a plurality of sides

extending in the z-direction such that the blind hole is surrounded on all of the plurality

of sides by the second feature; and

the head is mounted in the second feature of the formation adjacent to the blind

hole.

9. The data recording device of claim 8, wherein the bottom of the blind hole is

located at a same level in the z-direction as the first height of the first feature.

10. The data recording device of claim 8, wherein the head extends into the blind
hole in the x-direction toward the trailing end of the base, and is located at the second
height of the second feature of the formation such that the head is substantially flush

with the second height in the z-direction.

11. The data recording device of claim 8, wherein the head and the blind hole are
centered on the second feature of the formation in the y-direction, and wherein the

formation is centered on the air bearing in the y-direction.
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with the second height in the z-direction. Il. The data recordi ng device of
claim8, wherein the head and the blind hole are centered on the second
feature of the formation in the y-direction, and wherein the formation is
centered on the air bearing in the y-direction. -17 12. The data recording
device of claim@8, wherein a shallow depth of the air bearing 1is forned by
reactive ion etching, the first feature of the formation is formed by ion
mlling, and the second feature and the blind hole are fornmed by ion
mlling-1iquild. r&%ksdhta rd@rdingdevded &f odldmas, dihaeeinlevhatewodep 6ff the 8ir bedrizigei n
the formation and e blind hole formpd b process selected froma

gr oup consisﬂ?ﬁﬁ“ﬁ%% ‘§ﬂ§@?‘§%§@h@&>ngﬁ?ﬂéam5¥8€g§§QHﬂﬁ“ﬁ?%d?ﬁ%ﬁiﬁ%5$3|tlon
process. 14. pff hﬁlgdaﬁ@mees&aﬁa Thde \dn@ GhOblifd BbR fe HIELH] lédﬂﬁnhﬁ lqﬁ?&t ends
into the blind Hhole toward the trailing end to define a Cshape for the
blind hol e, aesstt he second feature of the formation is generally T-shaped
with a body extending toward the trailing end and a cross-bar. 15. The data
recordi ng device of claim@8, wherein the second feature of the formation is
rectangul ar in shape, and the blind hole conprises three blind holes that

are spaced apart fromeach other, in_the é direction, the three blind holes
conpri si ng a 3centlhgdataceeiding dlevics aficlrin & whereinihe formatian apd fheblinghels + hat

are rectangulgl fdrﬁ'le& fi&gpﬁ{)rotc&‘s‘ selReRd X & r%@uﬁiegﬁngllsféﬁ@ of8up&H shllidwdidafige

toward the trailing e o define the G sha
process and a carbon deposition process.

14.  The data recording device of claim 8, wherein the head extends into the blind
hole toward the trailing end to define a C-shape for the blind hole, and the second
feature of the formation is generally T-shaped with a body extending toward the trailing

end and a cross-bar.

15.  The data recording device of claim 8, wherein the second feature of the
formation is rectangular in shape, and the blind hole comprises three blind holes that are
spaced apart from each other in the y-direction, the three blind holes comprising a
central, C-shaped blind hole and two lateral blind holes that are rectangular in shape, the

head extends into the central blind hole toward the trailing end to define the C-shape.
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