APPARATUS AND METHOD OF CONFI GURI NG THE Al R BEARI NG SURFACES OF SLIDERS I N
Dl SK DRI VES FOR PRODUCI NG Hl GH TEMPERATURES | N THERMALLY- ASSI STED
RECORDI NGS BACKGROUND OF THE | 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

nmet 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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configuring the air 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 accéﬁs 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
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support the head and any el ectrical connections between the head and the
rest of the disk 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 from undesirably
contacting the disk. [00041 Typically, a slider is forned 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
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read/ wite head approaches a desired track, a reverse
rotary pivotal bearing system.

[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
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polarity signal is applied to the actuator, causing the signal to act as a
brake, and ideally causing the read/wite head to stop and settle directly
over the desired track. [0006] There have been nmany successful attenpts to
i ncrease the performance of disk drives. One apparatus and net hod for

i nprovi ng disk drives enploys thernomagnetic recording 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
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density. [O Tu ot he nonagnetic re ng technol ogy
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Yoshida, et al) to proyide a heat source., Al though these devices are

wor kabl e, tﬁ‘%@}‘ﬁ%gaflhéeﬁgédn%?qsﬂ’& f BRI and relatively expensive.
Thus, an inproved apparatus and nethod of providing a source of heat to be

utilized in thernomagnetic recording in order to produce hi %h t enper at ur es
[0607]  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.




on the surfaces of the disks during thermally-assisted recordings woul d be
desirabl e. SUMVARY OF THE | NVENTI ON [ 00081 One enbodi nent of a hard disk
drive slider has an air bearing surface that uses the anbient air in the
di sk drive as a heat source for thermally-assisted recording purposes. By
optim zing the air bearing shape, incomng air between the slider and the
di sk surface is pressurized to produce air that is hot enough to heat the
recording media on the disk. No additional devices or processes, such as a
prior art heater enbedded in ider ' o achieve the desired
results. Thus, the present i§m‘%ﬂ?i(ym§%@$th exi sting head
structures. [00091 A very small thermal pad is |located at the trailing end
of the air bearing surface and waps around the nagnetic recordi ng head
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the preferred enbodi nent of the present invention, taken in conjunction

with the appended clains and the acconpanying draw ngs. ) .
[0009] A very small thermal pad is located at the trailing end of the air bearing

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.




BRI EF DESCRI PTI ON OF THE DRAW NGS [00111 So that the manner in which the
features and advantages of the invention, as well as others which wll
beconme apparent, are attained and can be understood in nore detail, nore
particul ar description of the invention briefly sumari zed above may be

had by reference to the enbodi nent thereof which is illustrated in the
appended draw ngs, which drawings forma part of this specification. It is
to be noted, however,” that the drawings illustrate only an enbodi nent of

the invention and theref Iﬁﬁ ' IALting of its scope
as the invention may admﬂt' 0 @Fﬁ@@%@&%ﬂp‘ﬁg‘?@c |vg‘dl\?a(;§odi ments 100121
Figure 1 is a schematic top plan view of one enbodi nent of a hard disk

drive constructed in accordance with the_ present inventioqr%. [ 00131 Figure
2 is a plan [l ofSodhat bammanaRin Wiich ther aursandrrdypntages addbs ivgntieiy @ ace

utilized by "56'11%;53 thégﬁ a&{icﬂvﬁ%@coﬂnef Eaﬂéﬁﬁ%&tﬁ%&&i & dafi '@Qﬁﬂ&&fo%ﬁ if hdrf®

surface of a S construct I n"accordance wth the invention.
[ 00141 Fi gudetad, horapatticolae desceiptioewf die inventiembriefty simiagzadealibvanday be
constructed in  accordance with the invention. .100151 Fi gure is a plan
view of an Me‘?yné"_? 8""8%6%!%%“ “ﬁenfte';f’ﬁﬁ’Pg“UHg}hﬂs d\h‘sua%gam ﬁbe §BP7“§8‘Z
utilized by d}é(}ﬁngé,'»%ﬁc}?ﬁraﬁﬁﬁ’gérﬁnﬁ of Pkt O BAUGEAGAIGD Tk FRUBAIHES oW Ve
surface of a disk and Is conStructed in accordance with the invention.
(00161 Fi gurtleatShe drawimgssiusttate anly arembéditiest 6fthe inrventién idytherstare arpingtdo
constructed ble r(]:ons% &g(li ﬂ%}t(%r?g of ittshsctogee as the ?t?\}elnggﬁ rrfa35f admit to other equally effective

embodiments

[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 5 is an isometric view of the feature of Figure 4 and is constructed in

accordance with the invention.




[0017] Figure 6 is a plan view of another alternate enbodi nent of a feature
on an air bearing surface utilized by the drive of Figure 1 for producing
hi gh tenperatures on the surface of a disk 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.
[00191 Figure 8 is a plan view of the air bearing surface of a slider
utilizing the featuré of Figures 2 and 3 and is constructed in accordance

with the in pon...100201 Fi.qur.e 9. s { e-dj i j i c..0l ot
of the pr esxw geraguedyisppl ﬁgwé)lflan%tggrr ‘?q{?g"aé%?‘gg@m%?@@ agfﬁ ?@F%g%%ﬁ?lgg
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to Figure 1, a schematic drawi ng of one , enbodi ment of an information

st orage systwifaesrof@atisk ansds constiyeigd in accordsngs WithAle mveRtet i ¢ hard di sk
file or drive 111 for a conputer systemis shown. Drive 111 has an outer
housing or base 113 containing a plurality of stacked, parallel magnetic
di sks 115 ( ¢oge183 hoRigurethiscih isometrit oiel of thp featude af Higure bi skdss tdistacted in
rotated by a spindle notor assenbly having a central drive hub 117. An
act uat or 12Bceasdgice yat tge JIERUPR-t v of parallel actuator arnms 125 (one
shown) in the formof a conb that is pivotally nounted to base 1:13 about
a pivot assenbly 123. A controller 119 is also nounted to base 113 for

sel ecti vel y [6d19] ng Rignerec® id aqflaraviesy ¢Pther @t detanng swiade sf s dider utibeidg ithe n

t he enbodi nent shaown, each grm 125 has extending, fromjt at |east one

cant | ever cdeatwED T £aad Cirds RARTHEE 7 ScOmBTOMIUE helaupie: o
transducer or head is mounted on a slider 129 and secured to a flexure

that is flexibly nounted to each ]
[0020] Figure 9 is a three-dimensional, isometric plot of the pressure generated by

the air bearing surface of Figure 8 during operation.




I ntegrated | ead suspension 127. The read/wite heads magnetically read data
from and/or magnetically wite data to disks 115. The level of integration
called the head ginbal assenbly is the head and the slider 129, which are
nounted on integrated | ead suspension 127. The slider 129 is usually
bonded to the end of integrated |ead suspension 127. In the enbodi nent
shown, the head nmay be pico size (approximately 1250 x 1000 x 300 m crons)
and formed fromceranic or internetallic materials. The head also nay be
nano size (approximately 2050 x 1600 x 450 microns), or fento size

(appr oxi mat el y S85DETAILED DESTRIRFION OF ARREFERRED EMBOIHMENdaded

agai nst the surface of disk 115 (preferably in the range two to ten gramns)
by integrated | ead suspension 127. [0023] Integrated | ead suspensions 127
have a spri.ng-like quality which biases or wurges the air bearing surface
(ABS) of sl ijoe21]12Redgsingsto Fignrdi Kka lstberhatice deiieg t dfeone reediodomentdf off he ai r
beari ng filnugetmeen the slider 129 and hedsurface of. di sk 11§. A -a.yoice
coi | 133 hodRiSHHAMtATage SEHEB AL iR Fecoriing de¥ieq Corppising.a JRagnels dard, 5k 134
(top pole Qﬂi/g?ﬁﬁ%hll?o@é SOmPRUP LR & SoWn, 1BEvERROHal an liker MRasngiorbal

assenbl i es. vement of the actuator 121 (indicated by arrow 135) by
control | er bag hb¥eentaining slplarality aDstacifedt paralelamagretisadiskss bnfrineeshown)

radially acrqgss tracks.on the disks.115 til _.the.heads settle aqn
Largot 1 r acRORChris FIBSRY Grirgd “Pads Rt 4L b it RS o L Pl bker St e
and al vays rHavigi 4 chifitts3 Qi¥ivel huib 02 aARtldsator LI essmytisey & pilidality S sparallel i pl e
I ndependent actuators (not shown) wherein the arns 125 can nove
i ndependent lagtugtor @rras 42 {angrshown) in the form of a comb that is pivotally mounted to base

113 about a pivot assembly 123. A controller 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

-7~




[ 0024] There are several paraneters that nmeasure the performance of the
slider 129. Fly height is the separation between a point on the ABS of the
slider 129 and the surface of disk 115, such as the center of the trailing
edge of the ABS and the surface of 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 | ateral

or transverse direction with respect to the plane of the disk 115. Fly

hei ght, pitch, an |1 are_.all dependent on raneters |ike '

D egour o’ 1 afise il 135 Roused idh g e RiruoRt ot DIBURt Fogut arveiiol 5 Lop s
from center ,gfe hdtesHdwily iRRAoGnSkntdd 46!ladhs 25 UppbsiteOthe Kedl)gimBKEHésamblies.
(angl e between the longitudinal axis of the slider and the tangent to the

current radiMeveimeninof e aetwater 12k (indisatgil ) arrqyy d 3p b cprtraller i@ amayss| thed
by, | e th ! ) B
e bt on xaRBkS170 0 SBRRTALER, s SHPREAMAL TR LA TOITR Suann & [

desi gn of tlig SkidicketdBSn tixehdrget fheksdedihgnhaall ginebab|dssiaiblikd opepdte cihsa a
| ow vel ocity and | ow skew dependent, fly hejght A profile that renains
subst ant i al icpnyentionalcnarner @apd alwalisuRowt 11 Heison yithiane anathers galessgrive dd heen

the head S ; S ah . ; roh
and rof . [ oooiie inde Rt QARG (b AR kRO Bl md 108 Byt O
ai r beari ng igtepéifentlf @f ohdrenagthdrder 129 is shown. For reference purposes,

the slider 129 has a | eading 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

e

f or mat i ons, Alydeight rig) thet bapadifidn shetweanea paind anhtiiel ARSdefpthe sliddr 329 amd the

x-y-plane s %L;fgc(::eeofo Jiskt PleS, gl?(i‘leass ¢ ge%éf'ro%tl?g trailing edge of the ABS and the surface of
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




slider 129. In this particular version of slider 129, the ABS has a
plurality of air bearing pads including a |eading end pads 211 and a
central trailing end pad 215. The shallow depth surface has a front step
210, side rails 213, a rear step 214, and lateral trailing end pads 217.
However, in no way is the slider of the present invention limted or
restricted to this configuration; it is nmerely shown as one exanpl e.
?ﬁreove{z any conination of these conponents may be altered dependi ng on
e application rt | der i
i nvention i "4 \%a?nyong %gﬂ%é g‘?’r?gsfs ?tg%%%iumﬁmﬁ?}‘lplg :dﬁﬁ? Eéevegﬁ%ﬁg{dé?(r)rg% ?ﬁcgﬁ%\r}\% S
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bearing pad are n In"order to focus on the various designs of
t he formati depthlhrfatehasreefrore sirpdilfeside railad18.0r reat stop 224 anil datetabtrailing lsedr i ng

is | ted h ir b | i . e, . i i
bad 215, | n PRGE. HyWessigin o s i atlEESE s eiesnd PR sfisddrdharifila °ne
base. [0027 Jt? fhif bdrtlouft DIt §s Pbrely $holhe ¥Rk @RampBlé. Morkdver Snfy@oftbinatiofiogur es

2 and 3 as ormati on 221a. In tHis version, the formation 221a has a first
feat ure 223 thdse chmpenents miaype altéred daradingrongheaprlicationetor fivflldsy bl ock.
First feature 223 has a first height 225 in the z-direction (Figure 3).
Fornatlpn 221 al so has a second feature 227 on the first feature 223

whi ch, in thgomrboditeerdy shawnt of shel pediamethvemidruil agvety emalisfoantic?22and

a central portion or body 231. Cross-bar 229 extends |aterall cross, first
feature 223 which,tinghe embpdiaens shovnds 9satedaljacent; tocthe dragling Hﬁ%?‘?%a Slider y

across fir St12t)§81§0%%ﬁ§§§2i1 r}nzijht?omprise 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




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 hei ght
225. A generally C shaped opening or hole 235 (e.g., blind hole 235) is

| ocated in the second feature 227 and has a depth in -9 the z-direction
defined by a bottom 237 (Figure 2). Blind hole 235 has a plurality of

sides or side walls 239 extending in the z-direction such that the blind
hol e 235 is surrounded on all of the plurality of sides 239 by the second

feature 227., [0028].. Th e 241 is ed ing,t con tur 7 of
the formati (!ililfl ?%ireguo iﬁ#ﬁ?gg\y%%ﬁ%rﬁgﬂaﬁﬁuﬁ%% 9@&36“’10% ?#eﬁ A gﬁ"ﬁiﬁ% gwn,
the bottom 2RiEs Qfr didkewhlls Pdo hakehding3indtheSz-HRectoatudh (HatSttblindVidlle i235tibe
“z-direction as the first height 225 of the first feature 223. In this

versi on t he shmeended bnalisd thecpluradity ofrides238 byithegecaed Ease22h t he
x-direction toward the trailing end 203 of the base to give the blind hole
235 its C-shape. The head 241 is |ocated at the second hei ght 233 of the

second feat yo#28]27 Tale lidad F4arigahodeddilthe ssomidl fehnire CD? ofiahe fatfhtios 221a
substantially flush with the second height 233 in the z-

shown. The Heiagenta thablindaole 23 mieevepien ghawn dht bottam gg'ﬂoﬁgﬁe;@%n fple
feature 227 2'3% id Fyﬁaﬁéd i £ Ghihd R0l iﬁ{ﬂgeo%g?eéfﬁh%%@ﬁrsg@i%ﬁt 2323 JTeRd ﬁfs?geeaﬁ{}et he

air bearing’l e y-direction. e present vention nay
fornmed, for 283aipiids vérgionahe héade24il aabsostxtdnida gnto streablinslhade 3 Hirste fxadieectibn t he

slider 129, form the air aring including.the first . feature. 223 of the
f or mat i on 22‘:’[‘3“?}&?93?\‘1% I"]“?.l ng ogﬂ’aqﬁﬂéﬁ?lgﬂje ﬂ"%é’ﬁlggéﬁl?dﬁsé&(g'ﬁé?‘%? eh5ad+ he
bl i nd hol e 23% DYkl alfiHe! debshd felight 338 @3 il secoMtPlchire 207 6f thaifbivfation 221a
fabricating the formation 221a i'S to use a super shallow etching process
to formthe ssecdmd thedtcad €41 is substantially flush with the second 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

pm x 150 pm.

[0030]  Another example of the present invention is depicted in Figures 4 and Sas 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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227 and the blind hole 235. The formation 221 al so nay be fornmed froma
carbon deposition process. In one version, the depth (z-dinension) of the
blind hole 235 is on the order of approxinmately 5 to 30 nm and its
x-and-y-di nensi ons are approximately 40 mx 150 m [0030] Another exanple
of the present invention is depicted in Figures 4 and 5 as a formation
221b. In this version of the formation, a nunber of sim/lar conponents are
present and the first feature 251 is substantially identical to the

previous fir feature. 223 .0f th re lng._e nd
et ure 253 e Do Tl r shaRve pEERsREs THE S nd T2 o fimifich
respective pnegespsRedls. C-Ehgedantiurebestass docktell @pobity thidtriallihg c2dD03i The
generally C-shaped with a recess 255 | gcated opposite the trailing end 203.

The blind Hiind by 252 is|elmgated dni the phdirsetign raadthasa genirah pertipnc &3 (yhich
tion 259 i i h , : B
Bg;t : 825 26§%¥\'@%§§P gg‘%@t \[A%g;ri\l ‘?ﬁg%g’)e?ﬁdr tg’foe{ﬁlglrhtafggﬁlfég %g%gﬂ:tqhetgv&at er a‘i%ends

261. The | atehaehl porden 269 dmlv thealatexal setids 26di nEhsilaaral Rads 261 dgreataarx-akian a
x-axi s di nensi on of the nedi al portionlii 263, an-;the x- axis di.nmension of

the medial pimensorthas greater than a x-adimension of thegnedinlpartions; 263, and the -y 5
portion 2.59'3'55509i§14elnsi ﬁtofaﬂﬂgtlﬂéfial e264 i fSatef GRANY xLAVEHAEBiohSof the
depicted in Figures and as ormati on 1 c. Inthis version of the
formati on, tdeatrilipostiof 28t ure 271 resenbles 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 221 ¢ is rectangul ar

in shape anqghpat efletOholtee ekdhfib of ARl pegent ibentldifistiebittbdnial Figdres eaidial | Y
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 predecessdrs. The second feature 273 of the formation 22lc 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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conprises three blind holes that are spaced apart from each other and
symmetrically arranged in the y-direction. The three blind holes conprise
a central, Cshaped blind hole 279 and two | ateral blind holes 281 that
are rectangul ar 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 nethod of thernomagnetic
recording in a data sforage device. The nethod conprises providing a data

storage deyj 11 Fi gur havi ng.a r t.abl i W D C and
an act uat or\ﬂl@] hiﬂgﬁgﬁ@@ ¥ prfﬁ‘?q ﬁ%ﬂégﬁgglggﬁ%l o?lll—‘?]r é%}ng é‘? léé‘% llrl(ﬁccalgtdi ng
data from andsvhithé REmAabM 200 ad the disiatks retikes Bajackrs ko HHebsliden 139 whileahe ng
is fabricated on the slider 129. The air bearing has a formation (e.g

221a of Fi gshder 1294pat thy flyiheight Tnghis ways thegiompressed pis repches A desitpd PrestEe head
241 is | ocated.] I ' ' t sk
115 is rot at]'gsg e Oénggél%tﬂég@ Egpgﬁ%iﬁtﬁh g&??ﬁ%ﬁ]&i@? ﬁ%ﬁg{&gglrp %%gge ;Egﬁrel)dw

pos iht ido nfed %ﬁﬁipra%sioh heating) NThdkold 23K rdstaimstth@highyprésightgion 1d a[tiyhs Bindlbe

nmet hod of the present invention c rise onpressing air in the hoJe 235
in the formPrscawly 21 othg sWiitke Pales R?%BS }Féga s aﬁﬁ%\c}lé%i A5 Shlre 24| Wﬂéir‘e 159
whil e the | ' t | I ' , air
reaches a dZ“E’P’?’Z‘({P %trg%sjsoalfl@x}g?ﬁ ﬁd Prqg%it%do?t t{ﬂﬁéﬂﬁgggﬁgﬁi& gﬁ%&?ﬁ“ﬁg’?‘g%y
heated to a isbmsdtrieplateificofather pressntd gaieyattxd) by dbenboksii the foonationyof Hieeainol e

235 restrains the high £0] t,0. aiight bundle. i sel t th
wite pol o Graimswids 6 Fieseds deptaliorrieuty 0. o i Sikd' 56 8 plesdlie ol y
20 pm x 15 M@kl hfongofet &htdtoff BR Waillnf RfeCfopredeitd! Be-KlbigiedstRAbundle

g’enérated near 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.
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I sometric plot 301 of the pressure generated by the hole in the formation
of the air bearing surface (of Figure 8) is depicted in Figure 9. The

"spi ke" 303 of pressure |ocated along the center of the trailing edge
represents the high pressure bundle generated near the hole in the
formati on. 100341 The air in the hole 235 can be pressurized to
approximately 80 atm which is about three tines greater than the pressure
generated by a conventional ABS. This IeveI of pressure is sufficient to

| aent ropi o dBHRTC | ohs st iR e Rend ik of 8¢ g eyopsdit
transfers the.dGsh aﬁﬂ%@’c&ﬂpﬁsﬁ%hgﬁﬁg rusis ﬂmefmsd rénclivd fort étdﬁh% ion niilltngcthe k
115) by conduction to achieve a surface te&rperature of npre than 200

degrees C. ‘B lszam;g indheding e @pdiqﬂdelgay'éfr firse ﬁ?@é‘%rgl the farmation andgien milling-

thernDnagne ecor I I on
heats a por ﬁlé ﬁ?ISCET%edfaE’E‘\Q% g %g?h %%Sﬁl}ﬂ Er- Q%aﬁl@ Ftcgglpet%Q to
a suffici entfomragalﬂﬁ@hmth t he conpression-heated air as the disk 115

rotates to enabl e thernomagnetic recording by the head 241 to said portion
of the track. The heat transfer fromthe air bundle to the nedia is |inear

Wi th pressung f hal d A

t her mal - assi S? (ghr ecor}(Lj[gngs 1ﬁ\£f:§§br§]£%$g%ngungﬁﬂta§s d\f&h%@ﬁv}’ 11h18p2# eseghr e air

st r eam enhangad diskeddecsizlengondtnicted Withtanpait fbetung erfaned(2eB$)oof the present

t her mal - assi sted recor The ai o ket als rovi des heat s | el

since the dBYﬁﬁtlégéﬁs%&ﬁ@%ts%ﬁ“éfrrmt G fs éir't"Fé’ﬁﬁg?fp 2} 3Yreglo e “‘E?r ﬁ

acts as a hea@élstéﬁ'}%gdlﬁ%@ ThORBS e§sﬁH%Qﬁcd?ﬁﬁE air%?wéd’notﬁbfsﬂ&r%ﬁttﬁ‘éjdwkl te

pol es. This again results In a system and proCess that has a higher

ef ficiency tsasfaceptd heatauit ththess hotsencuph to heat the recording media 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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[ 0035] As stated previously, the fabricating step of the nmethod 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 the formation, and ion mlling- liquid resist the hole. The
fabricating step may conprise super shallow etching the formation and the
hol e. [0036] The present invention has nmany advantages over conventi onal
designs. A hard disk”drive slider constructed with an air bearing surface

(ABS) of the .present ipvention uses. the anmbient ahr in the.di sk dr. as a
heat sour ce & Frotee tpﬁetﬂmql-§§51s§g%irg?0é§inge PHIRIES m’l’ﬁ‘e(?1 perfgélgﬁ I'zes
I ncomng al 'M&%BV@?ﬂletalihep(ﬁth vﬂ@ﬂhédﬂ%hi&lcﬁﬂfg a§ﬂ!ﬁ:fo@ rés@iohﬂ;%htcdlalir ﬁ-ﬁp@bc_il S
hot enough to heat the recording nedia on the disk. addi ti onal devices

or processesn theymicketsacts asmaihsat shreudandireducesihent dnsy fiom heated Wete polgse

required to achieve the desired results. Thus, the present invention is
conpatible with existing head structures. [0037] The small thermal pad
| ocated at tjjg3g)r aiWhi@tierigvetion has BRH shewwordgseeibedimorniyg sohe ofritg furtriscit

recording head. A high pressure region is fornmed in a tight bundle and
preci sel y | sheuldbegpparprt tpythase skifpd insthe prdhaidbig .nowlmﬁegm lsp‘éi&%epeﬁﬁ Be
processed ysj:n St r A | |

D ocesses. iR Flngay WARRA UpRAfg T U2 Kool ol WP Rl RAGH B GLEbiEhe

i ncl ude snalpreseacisventisronagrifeaémploled braitha typés of datarrdenrding gavecei bissidesat
to the recording nedia on ,the disk. The air can be pressurized up to
approxinateﬁbmﬁﬁhﬁﬁﬁFdﬂﬁFEh is approximately triple the pressure created
by conventional ABS. This pressure is sufficient to raise the air
tenperature up to approximtely 800 degrees C at isentropic conditions.
The heated air transfers the
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heat energy to the recording nedia by conduction to achieve a disk surface
tenperature of nore than 200 degrees C. This is the recording |ayer
tenperature required for thernonagnetic recording. The present invention
uses conpressed air as a potential heat source, and optim zes the ABS
shape to maxi m ze air conpression. The thermal or air pocket holds the hot
air to provide heat to the sensor. Since the heat transfer is linear -13
with pressure, the thermal-assisted recording takes place at a higher
efficiency. Moreover, the air pocket provides heat shielding as the
conpression-heated air trapped in thecpagkgd acts as a heat shroud and
reduces heat |loss fromheated wite poles. [00381 While the invention has
been shown or described in only some of its forns, it should be apparent
to those skilled in the art that it is not so limted, but is susceptible
to Vario“SVQHQQQaii L §Qout departing fromthe scope of the invention. For
exanpl e, the "present 1nvention may be enpl oyed on other types of data
recordi ng device sides t e described herein. CLAIMS What is clainmed
is: 1. A slider, ‘%B elr’i%olmrPd{}&;base having an x-axis, a y-axis, a z-axis, a
trailing end, and kuséHA¥iAEen kaxBNaX¥-akis, plzaixés, aaailinganl, afd 4 hefar @sanefHi-ni ng
X, Yy, and z-directions, respectively; an air _bearing forned on the surface
of the base;planef gheachohtherpxehdefing Hon andg direpiions ﬂ%etcpg‘?ﬁyhavi ng a hei ght

in the z-directiqn, 'Pbeahﬂ%?oﬂn%ﬁ%hetﬂe L SrfRyABd. 1 on and extending toward
a depth in ’

the surface of the base a o
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; and
a head for reading and writing data, the head being mounted in the formation

adjacent to the hole in the formation.

2. The slider of claim 1, wherein 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.

3. 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.

4, The slider of claim 1, wherein the hole has a plurality of sides extending in the
z-direction and is walled off such that the hole is surrounded on all of the plurality of

sides by the formation.
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the z-direction; and a head for reading and witing data, the head being
nmounted in the fornmation adjacent to the hole in the formation. 2. The
slider of claim1, wherein 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 the z-direction. 3. The slider of claim1, wherein the head
and the hole are centéred on the formation in the y-direction, and wherein

the formation is centered on the air bearing in. the y-di.rectiogn. 4.. The
slider of cPaim i[ﬁe\ﬁﬁé?fe?frﬂ%lﬁblah‘ﬂh%‘“ﬁége &"‘gllﬁlﬁ‘gll‘inflg‘og haying.a EQ‘P‘Qrﬂﬁﬁﬂﬁ‘?i n
the z-direggi i t i al |
of the pl ur o eGP belrk ARLe i - gRticiont iahest (1F SIRNEE SEHENEEDURSGHS e ™
wher ei n t he bbi@@pes irathblziditctiah eppuaite thg battbot t om defined by the hol e being
closed in the z-direction nearest the surface of the base, and the hole
being open in the z-direction opposite the bottom 6. 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 mlling, and the hole
is fornmed by i ofheislidemef ¢laiguil dwhersinsa shatlowrdepth of gher aipbearing i formeghby ei n

he f ' d. t he hol f b . b .
consi St i ng STRCRVE pLreRea Siiet hRqomRa LiaE by SEL FERE, R DG 9701

process. formed by ion miiling-liquid resist.

7. 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.

8. 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,
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8. The slider of claim1, wherein the air bearing has a plurality of air
bearing pads, and the formation is |ocated on one of the air bearing pads
adjacent to the trailing end of the surface of the base. 9. A data
recordi ng device, conprising in conbination: a housing having a disk
nount ed and rotatable thereto, and an actuator nmounted to and pivotable
relative to the housing and the disk, and a slider nounted to the
actuator, the slider having a head for reading data fromand witing data

to the disk; the | i der f.urt.her conpr.i.sing: base having an x-axis, a

y-axis, a z-axi ;,Aaﬂtﬁf%qqr ing deviee: c_ﬁ%”ﬁ‘f‘%b‘??%{ﬁ@n%ﬁo%n x-y- plane, and each

of the axes defi njRghskhe MvingHkigk HouRel afdSotatabeRREEioY 8hd/an adtudtbf mbaated ng

formed on the surface of the base, the air bearing havi ng a plurality of
1

ai r beari ng tpaud; pizothblenmldtion torthe Housing andathe rdjsk. candt e ¢lider meanigd topndea; r

bear i ds adj t.. the traildi f > f '
navi ng a1 retiekEee LG ekt 4 1P T3 R o 441F B8 ok M 8 BEIER e
feature on tdiger fufthér doR@risiy: and having a second height in the z- direction

that is greater than the first height, and a blind hole Iocath i,n the
second feature arkhshhovinganXd&is B Yraxis Re-axigpliedingsndgerd H8Ua56 Hah ¥t om

a plurality of sides ' ' =dir k iLiet the blind hole
is surr oundé’gﬁrﬁ;rf'%éE acggﬂtﬁeemg%gg?ﬁéﬁ?é g’ey’é?ggidg—%%ﬁ@{/&’ lt%ﬁgéagecg’nd feature; and
the head i s nount@dair rbeafisg Temmustdoh aht surfacf of itlee basenihd eir Bedriagdmvingoat he
blind hole. 10. The data recording device of claim9, wherein the bottom of
the blind plurality of air bearing pads;
a formation in the air bearing located on one of the air bearing pads adjacent to
the trailing end of the base, the formation having a first feature with a first height in the
z-direction, a second feature on the first feature and having a second height in the z-
direction that is greater than the first height, and a blind hole located in the second
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.

10. The data recording device of claim 9, 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.

11.  The data recording device of claim 9, 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.
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hole is located at a sane level in the z-direction as the first height of
the first feature. 11. The data recording device of claim9, 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 wth the second
height in the z-direction. -17 12. The data recordi ng device of claim?9,
wherein the head and the blind hole are centered on the second feature of
the formation in the y-diregctiqn, and wherein the  formatiop i ntered on
the air bearl2ng ithe {ﬁcél}’dﬁ‘é% PHifE of glaim P Whgteln FlEclbqag?ar?ﬂ ‘B%f?f‘&‘i?% Tfai m
9, wherein %eﬁﬂe?éd' HeRAnd fedthie & thebRRRih irl thef privRstidly ah@aghdrva then
etching, the first teature of the formation is forned by ion mlling, and

t he second ffemnation iapeht¢red opthavdr besiriagan thetyodimesdiody ion nilling-1iquid
resist. 14. The data recording device of claim9, wherein the formation and
the blind hole are forned by a process selected froma group consisting of
a super shallow etching process and a carbon deposition process. 15. The
data recording device of claim9, wherein the head extends into the blind
hol e toward IBhe tFheidatargcending devirsraf séaim owdisegie 2 shallav denth phtherasy Reariggy
the second .featur.e of r | i e - ]

ext endi ng tdﬁ?‘a‘“‘t"ﬁ"e” ferag{fﬁ L"g‘ ggthhg’gtrqa%ar&cﬁég{s@ EgFﬁE %Eﬁ H%ewdmgﬁ 2’?&?& ng
devi ce of clmilhag),andhde gktoridhfzates and the blind dolef art ferméd byeibn anillirg-liquid

general ly C—shatped wWith a recess |ocated opposite the trailing end, and the
resist.

14.  The data recording device of claim 9, wherein the formation and the blind hole
are formed by a process selected from a group consisting of a super shallow etching

process and a carbon deposition process.

15.  The data recording device of claim 9, 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.

16.  The data recording device of claim 9, wherein the second feature of the
formation is generally C-shaped with a recess located opposite the trailing end, and the
blind hole is elongated in the y-direction and has a central portion, lateral ends, and
medial portions located between the central portion and the lateral ends, the lateral ends
having an x-axis dimension that is greater than a x-axis dimension of the medial
portions, and the x-axis dimension of the medial portions being greater than a X-axis

dimension of the central portion.
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blind hole is elongated in the y-direction and has a central portion,

| ateral ends, and nedial portions |ocated between the central portion and
the lateral ends, the lateral ends having an x-axis dinension that is
greater than a x-axis dinmension of the nedial portions, and the x-axis

di rensi on of the nedial portions being greater than a x-axis dinmension of
the central portion. -18 17. The data recording device of claim9, wherein
the second feature of “‘the formation is rectangular in shape, and the blind

hol e conprises three blind holes that are, spaced apart fro ach other in
the y- dirrPect]i on, hh?ed?‘ﬁr ’@'@0‘211“?31 eHigr f Eaimpr ’s‘f"ﬁ GHP eﬁ?crogg], %&t-“'g%é’dgﬁ‘e
blind hol e aggnfo ik dcirpulPid ShpLon@shd BiRtd RIIE cofipian Gtk blihdhslBafiat arehe

head extends into the central blind hole toward the trailing end to define
t he C shape.spa@d dpamefroodeash other irothegndireetione dhe dirpg blind heless¢amprising a

provi di ng a dat t or age devi ce havi a . kot I Lsk with,tr an
act uat or haﬁcﬂﬁglaééﬁ%?ﬂgfbw%[}f??%a@&ﬂgﬁal P @3@?@19%3 g}f? Ez'arefr?%&nﬁg%lg\ l%ﬁ%ﬁg’ dat a
to the trackfad eRehEinth K cedtedd biiad@hble Jowdrdahe triitiag endtoxdefindehesCistigpe. t he
air bearing having a formation with a hole fornmed therein such that the
head is |located in the formati on adjacent to the hole; rotating the disk
relative to the actuator and positioning the slider over a track on the
disk at a fly height; conpressing air in the hole in the formation as the
di sk rotates adjacent to the slider while the slider is at the fly height,
such that the conpressed air reaches a desired pressure in the hole and is
thereby heated to a desired tenperature entirely by
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conpression heating; heating a portion of the track adjacent to the hole in
the slider to a sufficient tenperature with the conpression-heated air as
the disk rotates to enable thernonagnetic recording by the head to said
portion of the track. 19. The nethod of claim 18, wherein the fabricating
step conprises formng a shallow depth of the air bearing by reactive ion
etching, ion mlling the air bearing including a portion of the formation,
and ion mlling-liquid resist a feature surrounding the hole. 20. The

net hod of claim 18, erein the fabricating step _conprises super shall ow
etching the r el i Oéiﬁfth?@%gé?tlc recording, comprising:

providing a data storage device having a rotatable disk with tracks and an
_ actuator having a slider with a head for reading data from and writing data to the tracks

on the disk;

fabricating an air bearing on the slider, the air bearing having a formation with a
hole formed therein such that the head is located in the formation adjacent to the hole;

rotating the disk relative to the actuator and positioning the slider over a track on
the disk at a fly height;

compressing air in the hole in the formation as the disk rotates adjacent to the
slider while the slider is at the fly height, such that the compressed air reaches a desired
pressure in the hole and is thereby heated to a desired temperature entirely by
compression heating;

heating a portion of the track adjacent to the hole in the slider to a sufficient
temperature with the compression-heated air as the disk rotates to enable

thermomagnetic recording by the head to said portion of the track.

19.  The method of claim 18, wherein the fabricating step comprises forming a
shallow depth of the air bearing by reactive ion etching, ion milling the air bearing
including a portion of the formation, and ion milling-liquid resist a feature surrounding
the hole. '

20.  The method of claim 18, wherein the fabricating step comprises super shallow

etching the formation and the hole.




