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ticn relates in general to mlgmuc disk storage
systems, and in particular to a process for creating a slider feor
I mounting a magnetic transducsr within a magnetic disk storage system.

8till more particularly, the present invention ralates to a method for
controlling the crown and camber of a thin f£ilm slider.

Magnetic storags systems are employed for storing large smounts of
10 = information and are typically utilimed for long term storage in a date
: -pzuosuhg system, such as work station or a personal coemputer. In
particular, magnetic disk drive systems are amployed to read and write
information to and from magnetic disks. A magnetic head assenbly and a
slider are employed in a magnetic disk systems, such as a haxd disk
15  drive, and move relative to the surface of a magnetic disk in the hard
digk drive.

It is well known that during opszation, a magnetic head assembly
incorporated in, for example, a hard disk drive, floats a very small
20 distance above the magnetic recording medium (i.e., the hard disk), which
is rotated at high speeds. These magnetic head assemblies include a
electromagnetic head, such as a magnetic transducer, mounted on a movable
. a¥m to read or write information. 7The magnetic disk system moves the
nagnetic head to a desired radial position cver the surface of the
25 rotating hard digk, where the magnetic head reads or writes informatien.
Typically, the magnetic head is integrally mounted in a carrier called a
“slider'. A slider provides mechanical support for the magnetic head and’
the electrical connections between th- ugmue head and the rest of the
magnetic disk system.
30
It is desizable to have the slider float as close to the magnetic

recording medium as possible and maintain a constant height. It iz well
known that the degres of stability of flotation of the slider greatly
" influences the performance of the magnetic transducer in the slider.

35 Differant flotation chazacteristics may be provided by forming the
sliding surface of tha slider with a lapping process. - Mora information
on fabricating thin film head sliders frem a wafer may be found in United
States Patent Muber 5,055,613.

éo In some instances, it is desizable for the air bearing surface
" -: ("AB8*) of the slider to have a positive crowm, such as is illustrated in
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information and are typically utilized for |ong termstorage in a data

processing system such as work station or a personails:zh astBeénR laced
particul ar, magnetic disk drive systens are enpl oyed
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improve stability, reduce lead-to-disk stiction, and reduce sensitivity
to changes in the disk surface topology. In the fabrication process for
ananufacturing thin filn sliders for magnetic reccrding, a positive cxrown
s may be produced by lapping, as disclcsed in United States Patent Nes.
3,685,316 and 4,333,329, In other instances, the canmber of the slider is
izportant. With a lapping process, however, it is not pessible to
accurately define the curvature (cvown snd camber) of & thin £1lm slider.
The ourvature ccours about a mean that is largaly defined by the lapping
10 precess, but is uot as variable as desired in many instances.

United States Patent Number &,910,621 illustrates a method that may
be used to produce a curve iv a thin £ilm slider by creating a groove in
ocne end of the slider, placing a sealing agent in the groove, and

s thereaifter melting and stiffening a sealing agent in the groova. The
sealing agent is selected such that the sealing agent shrinks when
. stiffened, causing a curve in the slider. This method, however, requirses
& nunber of steps te produce a £inal product and reguires a sealing agent
; to be addad to the thin £ilm slider. This process reguires additional
@0 processing steps, time, and mn_l:erhll.

) Therefozre, it would ba desizsble to have an efficient process for
fabricating a slider and accurately controlling the curvature of the air
 bearing surface of the slider.
a5 )
Accordingly the present invention provides, in a first espect, a
Dethod for fabricaticn of a slider, said slider having a first side and a.
second side, said mothod comprising the steps of: placing u mask over
said first side of said slider, said mask having a number of spertures
30 exposing a nuxber of regions of said first side. wherein sach of said
nunber ‘©f regions has predetermined dimensicns and a predetermined
location on said nask: and inducing compressive stress within each of
said pzodoto:n:laad aunbexr of ragions exposed by said aumber of apertures,
wherein a selectable change in curvature at said slider is produced.
as - -
Thus ‘the present inmtien provides a pm.u for fabricating e
slider for mounting a magnetic l:nnsduur within a magnetiec disk storage
system. A preferred process includes idcatifying one side of the slider,
selecting at least one secticn on the selected side of the slider, and
40 inpinging the identified section with a stream of particles, wherein the
curvatuzs of the slider may be selectively altered,
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|ncorporated in, for exanple, a hard dISk drive, floats a ver srrall
di stance above the magneti c recordi.ng medi um (i . ac‘?ﬂm ch
is rotated at high speeds. These nagnetic head asserrbl HL
el ectromagheti c head, such as a nmgnetic trahsducer, vabl e
armto read or wite information. The magnetic di sk system noves the

magnetic head to a fGSihAvheiddicd th P1U8G) 8K aitited iy Bé the bidim or

canber of the slider, as measured by profils data frem the ralls., The

slider typically bas two or more rails on one side. Application of the

stream of particles on the side of the slider containing the rails

5 - produces an increase in the magnituda of the curvature, while nppueatien
of the stream on tha other sids of the slider produces a decrease in the
magnitude of the curvature. The curvature of ths slider may thexefore be
altered to scme desired amcunt. Both positive and negative curvatures
may be produced by the disclosed procass.

10
Preferred embodiments of the invention will now be described, by
way of exanmple only, with reference to the accompanying drawings in
whiochi
15 Figure 1 is a pictorial representation of u.u exploded view of &

diek drive system which inccrporates a slider produced in accordance with
a preferred exmbodiment of the presant invention;

Figures 3A-2C depict a perspective view of & processed wafer and a
20 detailed structure thereof produced in accordance with s preferred
enbodiment of the present inventien;

: gigures JA-3D are illustrations of a method for adjusting the crown
of a slider in accordance with a preferzed exbodiment of the present

as invention;

Figures 4A-4C illustrate masks that may be utilized to alter the
curvature of a slider unit in accordance with a preferred embodiment of

the present invention;

30
Pigurs 8 is a graph of slider crown correction depicting a change
in crown versus velocity in sccordance with a preferred embodiment of the
present invention;
as Figure € is a tup view of a slider prcenud to ebto.:l.n the results

depicted in the graph in Figure § in aceordance with a preferred
szbodiment of the present invention; and :

Figurs 7 ulutzn.tcl a mask placed over the slider depicted in

£, -~ a4 = al GWwa wmwacaend

an Wlanea £ in amnscdancne with =
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Typi cal I y, the nagnq«ﬁlgghegq.ﬁg]géeﬁ Mc&Orally mounted in a carrier called a
"slider". A slider p(r:|_ | cal support for the magnetic head and

the el ectrjcal conne the magnegi ¢ head and the rest of the
magneti c di sk system Ie to have the slider float as close to

H]e magheti c recordi ng medl po Si li&t%?.(lj na| P&%&&%&Oﬂft&%&f& %Lh

o vell all known mehu.niul configurations of disk drives or direct acvess
storage devices (*DASD"). With refersnce now to the figures, and in
particular with reference to Figure 1, thers is depicted a pictorial view

5 of an exploded viaw of disk drive 110. It should be noted that although
a rotary actuator is shown the invention described herein is alsc
applicable to linear actuators. Disk drive 110 includes housing 112, and
housing cover 114 which, after asseibly, is mounted within frame 116.
Rotatably attached within housing 112 on actuator shaft 118 is actuator

10 arm assembly 130. One and of sctuator arm assanbly 120 includes an B
" bloek or comb-like structura 122 having arms 133. Attached to arms 123
on the comb-like or N blook structure 132, are suspensicn units or load
springs 18¢. 2Attached at the end of sach load epring is a slider 1326,
which carries a alectromagnetic device for reading and/or writing data.
18 on the other end of actustor arm sssexbly 120, opposite losd springs 124
and sliders 126, is & voice coil 128.

Attached within Nousing 113 is a pair of magnets 130. Magnets 130

and voice ooll 138 are key purts of a voice coil imotor which epply a

40 force to actuator assambly 120 to rotate {t about actuator shaft 118.
Also mounted within houling' 112 is spindle shaft 133. _Rnutlbly attached
to spindle shaft 132 are a number of &isks 134. In Figure 2, eight diskse
are attached to spindle shaft 132. As shown in Figure 2, disks 134 are
attached to spindle shatt 132 in spaced apart velation. An internal

25 motor (not shown) is utilised to rotate disks 134.

~ Referring now to ¥igure 2A, a wafer 50 is depicted vhich may be
¢onstructed of any suitable and well known slider mataxrial euch as

ferzite, Al;0,-TiC, or the like. Wafer 50 may be of any comvenient sise,

30 such as four inches or six inches in diameter. lllcet:mmt':le dovieu.
{not shown) axe formed in wafer 50. Specifically, water 50 is a matrix
of slidexs 10, which when fully processed will becoms sliders, such as
slider 10 which is illustrated in Figure 2¢.

35 Refarring now to Figure 38, an end view of a row of slidezs 10 are
shown. Wafer 50 may be fabricited to contain any desirable number of
rows of saliders 10 in each yow, Wafer 28 depicted in Figure 2\ cecntains
14 sliders 10 in each row. In accordance with a preferred subodiment of
the present inventicn, wafer 50 may be broken up into rows as shewn in

40 Figure 33 for processing in accordance with a preferred smbodiment of the
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I nfl uences the performance of the magnetic transdycer. in. the slider.
Different flotation characteristics may be provi dégisgeek epl §&slidi ng
surface of the slider with a |-apping process, Mre 1

fabricating thin filmhead sliders froma waFer may nit'ed

States Patent Nunbeir 5,095,613. In sone instances, it is desirable for the
air bearing supfessat invention. Next, Figure 2C depicts a elider 10 from the row of

sliders 10 in Pigure 23.

With reference to Figure 2C, a perspactive view of a slider
5 manufactured accerding to a praferzed enbodiment of the pressnt invention
is depioted. Top surface 8 of slider 10 bas three rails 12, 14, and 16.
Rail 312 is adjacent to side 7, and rail 16 is adjacent to sida §.
Recessed sections 18 and 20 are found between the rails. Rails 12, 14,
and 16 are typically 6 jm to 20 um above recessed sections 18 and 30.
10 Rails 12, 14, and 16 have air bearing surfaces (ABSs) 23, 34, and 26.
Leading edge 38 of slider 10 includes tapered ssctions 30, 31 and 33.
Slider 10 includes slactromagnetic devices 23, which are used to detect
data on a magnetic media, as depicted on the side of back edge 27 of
slider 10. '
15
As can be seen, rails 12, 14, and 16 have been formad on slider 18,
but the desired “crown® and/or camber have not been set in slider 10.
The orewn of slider 10 is a measurement of a zall, 12, 14, or 16. The
i crown is defined as the pesk-to-valley difference of a cylindrical arch.
20 The cylindrical arch is teken from the leading edge 28 on rail 14 to
taper 31 of rail 14, To measure m crown, profile data of the rail is
taken and any tilt of the rail is subtracted from tha profile data. The
- profile data is then f£itted to an x-squared curve. 7The X-squared curve
is then utilised to calculate the peak-to-valley difference acyoss the
25 crown of the rail. The "camber® of slider 10 is the curvature measured
from side 36 to side 30. The camber is measured from the profile data of
the rails 13, 14, and 16. The camber is also fitted to a x-squared curve
frem the profile data of the three ralls measured from side 36 to side
38. ZThese measurements may be made by one of ordinary skill in the art
30 using a ZYGO interofermetric tosl available fram ZYGO Corporation,
located in Middlefiald, Connecticut. '

Referring now to Figure 3A, a top view of slider 10 from Figure 2C
is {llustrated. A mask 54 is placed over glider 10 in Figure 3B. Mask
35 B4 has a leading edge 56 and a tralling edge 50. Mask B4 includes
apertures 60 and 632. A stream of particles travelling at s selected _
velocity are directed at apartures €0 and 62 to induce compressive stress
in the exposed regions of slider 10. Noszle 64 propels a strean of
particles 66 into aperture 60 of mask 84. These particles “sandblast’ or
40 “shot psen” the exposed -ﬁ:u«- of elider 10. Particles in the stream
may penstrate and damage the grain boundaries of the material forming the
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i nprove stability, reduce head-to-disk stiction, and reduce

-2 - United States Pafent Nos. 5,136, 445, 4,939, 603, and -%ﬁ%ﬂdﬁ@g@g}pkgfigced

changes in the disk surface. 3
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wafer. The surface may open up and attempt To spread out. Raised
surfaces of about 20 um may ocour as a result of *sandblasting® or "shet
peening® the expossd surfaces. fThe particles prefersbly have jagged or
rough surfaces. Materials such as aluminum oxide or silicon carbide may
be exmployed in accordancs with a preferred ambodiment of the present
invention. In selscting particles, the particles should be hard eacugh
such that the surface of the wafer can be damaged by the particles.
Additionally, it is desirable to employ particles that are stable, .
econcmical, and non-toxiec.

The sise of the particles should be small encugh to enter the
apartures cresated in the mask. For most sliders manufactured for hard
disk drive units, a particle size from about 30 jm to about 75 iim in
diamster may be employed in accordance with & preferrsd embodiment of the
present invantion. 50 mic¢ren aluminum oxide and 50 micren silicen

-enxbide are sxaxples of abrasive particles, which may be employed in

accordance with a preferred embodiment of the present invention. Theses
abrasive particles nny be obtained from Crystal Mark, Inc., located in
Glendale, Califernia. In Figure 3D, slidér 10 is depicted with sand
blasted reglons 72 and 74 and a resultant erown.

Variocus aperturs dimensiens {shapes and sizes) may be employed to

_ obtain different changes in curvatures in a slider unit in accordance

with a preferred embodiment of the present invention. Figures 4A-4C
illustrate examples of masks with different aperture dimensions that may
be utilized to alter the curvatura of a glider. Referxring first to
Figure 4A, mask 76 contains two ractangular apertures 78 and 80 that are
aligned with recessed regions in slider 10. Front edge 56 is aligned
with leading edge 28 of the slider 10. This mask shape and orieatation
results in a crown change that is greater than the canbsr change. If a
change in camber is desired, a mask such as mask €2 illustrated in Figure
43 should be employed. Mask 82 is similar to mask 76 except that
apertures 84 and 85 are formed such that they m wider than they arve

" long. 7Ths apertures nay be of any geometry, as shm by apertures 83 and

87 in nask 890 in Figure 4£C.

By exposing regions on slider 10 in a shape that is longer from
back edge 27 to leading edge 28 than from side 7 to side 9, changes in
crown may be made. When the exposed regions are wider from gide 7 to
side 9 than they are long, frem back edge 27 to leading edge 28, the
camber of a slidar may be adjusted. The exposed regions on a slider
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for magnetic recording, a -positive crown may be produced by appina.p Replaced
disclosed in United States Patent Nos. 3,685,216 and 4, 333, m&ﬁg‘

i nstances,, the canber of the slider is'inporgant. Wth a | appl
however, it is not possible to accurately define the curvatur
canber ) of a thin filmslider. The curvature ‘occurs about a nean that |s

largel y defi ndapngedhby |theopaxtigien sbould be wishin the Fepassed Fegicns faynd
i n many inst agtdesn ralls in accordance with a preferred embodiment of the mnnt

invention. Thus, in accordance with a preferred embodiment of the
present invention, the apertures in the mask may expose any region on the
5 slider, excluding the rails. Preferably, a distance from 40 jim to 50 um
from the edge of the rails should not be exposed by the mask when the
rails are excludad, in accordance with a preferred embodiment of the
present inventicn. s

10 Although the depicted masks illustrste three different types of
apertures, a nunber of different dimensicns and lecations for apertures
in a mask may be sslected by those of ordinary skill in the art, based on
the particular slider being processéd and based on the type of curvature
change desired, such as canmber or crown.

is .
The mask may be fabricated fzem a nunber of different materials.
In ascordance with a preferred ambodiment of the pressnt inveaticn, the
mask is fabricated frém Al,0,-TiC and apertures in the mask may be created
using a YAG laser. Other materials, such &s mital or metal alloys also
20 may be employed.

in accordance with a preferred axbodiment of the present inventien,
~the tapered gections of a slider are typically not "sandblasted" or ‘shot
peened® by particles because damaging the surface of the slider in these
25 sections will not effect the curvature of ths slider to any appreciable
amount. By applying the mask to the surface of the slider coentaining the
zails, a positive change in camber or crown may be intreduced. Reduction
of canber or crowa in s slider may be achisved.by exposing regions on the
back side of the slider and applying a stream of particles to the bottem
30 surface of the slider. In fact, a negative crown or canber may bes made
by ﬁwinging the bottem surface of the slider with a stream of particles,
Thue, increases and decreases in slider curvatures may be accamplished by
irmpinging the top or bottem surface of the slider. Although the depicted
slidar is a three rail slider, other eenﬁ.guza.tien- and types of sliders,
as such as a two rail slider, may be manufactured uuing the process
agcording to the present 4{nventicn. ~

uion-:l.ng now to Figure §, a graph of slidaer crown correction
showing the change in crowm versus the velocity is depicted. The delta
40 orown (nm) is illustzated in relation to the velocity (in/sec) of a
nossle moving over and past the apertures of a mask. These results were
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to produce a curve in athin filmslider by creating a groove’ | o&e eenRe lace
the slider, placing a sealing agent in the groove, and thereafter
and stiffening a sealing agent in the grooveg The sealing agent | m Hc’l ll
such that t he sealing agent shrinks when stiffened, causing a cu
slider. This t.h ver ires a nunber 'of steps to produce a final
product and re%‘gﬁg‘ g% RydsE §8dﬂ@‘?’b'ﬂ£’m AVeiiakle,
Thi s process r&xem m&ddﬂrmnﬁq.prmlr@ Slendale, icabiferpdlmateri al s.
nicroprocessor centrolled noxsle positicner, a SWAM-NOZ POZ, available
from Crystal Maxk, Inc. was used aleng with a rectangular abrasive
5 - nossls, part number 353-135X, having a noszle size of 0.006 inches by
0.100 inches available from Crystal Mark, Inc. was exployed. The noxzle
was positicned a Qistance of 2.5 mm from the norzle tip to mask and the
aluninum oxide was forced through the nezzle under a pressure of &0 -
pounds pexr square inch (psi). The changes in crown for different noszle
10 velocities are showa in Piguxe 5. The stream of particles was directed
at the top surfacs of the slider providing a positive change er increase
in the crown of the slider.

Figure € is a top view of a slider 10 processed as described above
15  with reference to Pigure 6. The rails are 20 um above the recessed
secticns. Sections 90 and 32 ave areas that were exposed to the strean
of 50 micron aluminum oxide particles forced threugh the nozzle under a
pressure of 60 psi. As can be seen, a margin of at least 0.050 mm or 50
pm was maintained betwsen the exposed areas and the rails. Figure 7
20 illustrates a mask that was placed over the slider illustrated in Figure
6. In practice, a mask including multiple sets of apertures, such as
that depicted in Pigure 7, would be created for placement over an entire
Tow of sliders and ths nossle 'would be programmed to pass over the row of
~ sliders at a preseslected velocity in accordance with a preferred
a5 exbodiment of the present .invention. 1In a situstion in which the orowns
for each slider in a row of sliders is already known, the microprocessor
controlled nozxzle positiocner can be progranmed to change the velocity of
the noszle as it passes from one set of apertures for one slider to the
next set of apertures so that the sliders san all be selectively
30 corrected to the same crown even though the original crowns may be
different. '

In accordance with a preferred embodiment of the present invention

slider units would be processed in rows selected from a wafer, as shown

35 in Figure 3B. The noszle would scan over a row at s selected velocity to
produce the desired change in crown. Although, the depicted exampla
enploys a nozzle scanhing over a row of gliders, other methods of
Propelling particles may be utilized in accordance with & preferred
enbodiment of the present invention. For exanmple, a nozzle may be

40 positicned over an individual slider and a stream of particles may be
forced through the noszzle for a selected ampunt of time eon to the regions
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anel i orate one or nore disadvantages of the prior art. According to one
aspect of the present invention there is provided a nethod for fabricating
a slider having a curvature and two sides, sg d nmethod conprising:
selecting one side of said slider; selecting at | east one section on said
sel ected side of said slider; and inducing a presel ected anount of

conpr essi ve st mEpesef by thesapertyren: dnctheamadks o STheapprewn or camber of the slider

also may be altered up to the poiat that the slider is suspended on the
" spring or suspension unit that is mounted on the actuator arm.

5 ¥hile the invention has been particularly shown and described with
reference to a preferred embediment, it will be understoed by those
skilled in the art that various changes in form and detail may be mde
therein without depazting from the sccps of the inventien.

This Sheet Has Been R

Hm ﬂ!l !ll Iill
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sect|3§F ggz%fel@ﬁz%@ Eﬁ n§ ”‘rtmcurvature \Ahetsersﬁms?%‘fd curvature of said Hel/i

slider may be altered_ by varying-said presel ected anount_of conpressi ve
stress and a | ocation of said at | east one section, wherein said ste

i nduci ng a presel ECTlﬁadS ressi valdstress withi m“mmﬂ“‘ﬁ G‘H“ft
| east one section co ng said at | east one SQ
plurality of particl ected of tinme: Atco?dl“ng to

anot-her aspect of the present I nvention th s provided a method of
fabricating a slider, said slider having a curvature and first and second

sides, said fig,st. a methea for fabrication of a slider, said slider having a first
side and a second side, said method céqpruinq the steps of:

placing a mask over said first side of said slider, said mask
having a number of apsrtures exposing a number of regions of said first
side, wherein sach of uid_ number of ragions has predetermined dimensicns
and a pzodat-mimd location on sald mask; and

10 _

indueing cempressive stress within each of gaid predetermined
nuzber of regions exposed by said number of apertures, wherein a
selectable change in curvature of sald slider is produced.

15 2, A methed as claimed in claim 1, wherein said slider has a crovm and
vwherain said etep of placing a mask over said first side of said slider
includes placing & mask over said first side having apertures dimensioned
and located to change said crown.

20 3. A mathod as claimed in claim 1, wherein said slider has a camber
and wherein said step of placing a mask over said first side of said
slider includes placing a mask over said first side having apnrr.urn
dimensioned and located to change said camber.

a5 g. A mathod as claimed in any previous claim, wherein said step of
induciag compressive stress withir each of said predetermined mumber of
regicns exposed by said numbaer of apertures comprises directing a stream -
of particles onto sach of said prodetarmined number of regions exposad by
salid nunbar of apertures.

30
5. A method as claimed in claim ¢, vherein said step of directing a
stream of particles onto sach of said predetermined number of regions
exposed by seid mask includes directing a stzeam of particles onto each
of sald predetermined number of regicns exposed by sald number of

35 apertures for a predetermined pezicd of time. '

6. A methed for fabrication of a slider, said a slider having first

side, a second side, and a first edge, wherein said £irst side includes a

nmumbar of rails, wherein said rails are disposed parallel with said fixwt
40 edge on said fiyst side, said method comprising the steps of: '
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side having a nunber of rails, said nethod correrqusg%: sel etting one sid

of said slider; selecting at | east one region on said setected side—and

i mpi ngi ng said selected at | east one region with a pk ' | cl es,
wherein sakd curvature of said slider is varjged. Accmﬁmgmﬂ“ﬂm“wnot her
aspect of the present invention there is provided a net " ation

of a slider, said slider having a first side and a second side, said nethod

conprising the stepplegingps askcharing ok phyxalityiof snertures go wvldsEizst side
slider, said of said slider, whersin a pumber of regions of said first side are

exposed, said plurality of apertures having predstermined dimensions and
locations and gaid plurality of apertures excluding said rails from
5 eXpogure) and

directing a stream of particles onto each of said exposed number of

regions, vharein a curvaturs of said slider is selectively altered.

10 7. A method as claimed in claim 6, wherein said slider has a crown and
wherein said step of placing a mask having a plurality of apexrtures on
said first side of said slider comprises placing a mask having a
plurality of aperturss on said first side, wierein said plurality of
aperturas are dimensicned and arranged to alter sald czown of said

15 slidex.

B A method as claimed in claim 6, wherein said slider has & camber
and wherein sald step of placing a mask having a& plurality of apertures
i on said first side of said slider comprises placing & mask having a
20 plurality of apertures on said first side, whaerein sald pluraliity of
apertures are dimansioned and arxranged to alter said camber of said
slider.

9. A method as claimed in any of ¢laims 4 to 8, whersin said step of
as directing a stream of particles onto each of said exposed number of
reglons comprises:

directing a noxgle over each of said nunber of exposed regions,
said pneoszle having an cpening; and - . ’
30 ' _
fbrd.ny particles through sald cpening in said nossle under a
preselected pressure.

10. A method as claimed in clainm 9, wherein said step of directing a

35 nogsle over each of sald number of exposed ch‘ieni includes positioning
said noxzle 2.5 miliimetres over said mask and moving said nozzle over
and past each of sald number of exposed regions st a preselected
velocity. S
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-3 mask having a nunber of apertures exposing a nunber_ of reg| ons of sai
first side, V\/nerei n each of said nunmber of regions has predeterm ned

di mensi ons and a predeternined |ocation on said mask;
conpressive stress within each of said predgjerm ned |r|“ le““ m' uﬂlllm
exposed by said number of apertures, wherei.n a L L

11. A methed as claimed in claim 9 ox claim 10, wherein said step of

forcing paxticles through said cpening under a preselected prassure
- ineludes forcing particles having jagged surfaces though said opening.

5 12. A methed as claimed in any of claims 9 to 11, wherein said step of
forcing particles through said opening under a preselected pressure
includes forcing aluminum oxide particles through said cpening.

13. A nethod as claimed in any of claims 2 to 11, whersin said step of
10 foreing particles through said cpening under a preselected pressure
includes forecing silicon carbide particles through said opening.

14. A nmethed as c¢laimed in claim 13, whereln said step of forcing
alumizun oxide particles through said cpening includes forcing said

is aluninum ocxide particles threugh said optatny undez a pressure of 60
pounds per sgquare :I.nch

15. A mathod as claimed in any of claims 10 to 14, wherein said step of
moving said norxzle over and past each of said number of exposed zegions
20 at a preselected welocity includes Mmoving said nossle over and past each
of said number of exposed regions at a velowity in a ranges of about 0.1
inches per secvond to about 1.5 inches per second, wherein a saild
cuzvature of seid slider may be altered frem about SO0 nanometres to about
$ nanometres. '
as
16. A methed for fabricating a slider, .said slider having a curvature
and fivat and second sides, sald first side bhaving a pumber of rails,
suid method comprising:

30 _ selecting said first side of said slider;
selacting at least one region on said selected side; and

inpinging said selacted at least ome ragion with a plurality of
35 particles, wherein said of qurvature of said slider is varied.

17. A method as claimed in olaim 16, wherein said step of selecting at
least one region on said sslected a.i.de includes selecting said at least
one Tegion such that sald at lmt ene rogicn exzludes said munber of
40 rails. T T
This Sheet Has Been Reﬁaced
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sel eO6RAAR0E naHIRZD LY At B of said sl de Sipgusgyoduced. According to -
still another aspect of the present invention there is provided a nethod
for fabrication of a slider, said a slider having first side, a second
side, and a first edge, wherein said first side includes a nunber of rails,
wherein shid-rails are disposed parallel with said first edge on said first
side, ‘said nmethod conprising the steps of: placing a mask having a
plurality of apertures on said first side said slider, wherein a nunber
of regions of said first side.are.exposed, said plurality of apertures-- -

Fig. 1
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apertures excl ud| ng said rails from exposure; and shot peening each of said,
exposed nunber of regions with a streamof particles, wherein a curvature
of said sligder is selectively altered. DESCRI PTI ON OF THE PREFERRED

EMBODI MENT(S) Preferred enbodi nents of the invention wll now be descri bed,
by way ol exanple only, with reference to the acconpanying draw ngs in
which: Figure 1 is a pictorial represent atlar}#)f an expl oded view of a disk
drive system . :
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whrch%aﬁéggporatgz g g I'i der produced in accordance with a preferred

enbodi nent of the present invention; Figures 2A-2C depict a perspective
view of a processed wafer and a detailed structure thereof produced in
accordance,w th a preferred enbodi ment of the present invention; Figures

3A-3D are illustrations of a method for adjusting the crown of a slider in
accordarice with a preferred embodi nent of the present invention;
319
24
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Fig. 2C
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Fi geasss2hepe 4C H2AasTTALE Fa®s that may be utilized to alter the curvature
of a slider unit in accordance with a preferred enbodi nent of the present

i nvention; Figure 5 is a graph of slider crown correction depicting a
change in crown versus velocity in accordance with a preferred enbodi nent
of the pirresent invention; Figure 6 is a top view of a slider processed to.
obtain the results depicted in the graph in Figure 5 in accordance with a
preferred enbodi nent of the present invengijgn; and

Fig. 3B
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Fi gegse 7R208 | ubeH230 74 17alk®l aced over the slider depi ct ‘ed in Figure 6 in
accordance with a preferred enbodi nent of the present invention. 4 The
i nvention described in this application nay be utilized with

519

Fig. 3D

' Fig. 3C
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al | kr?gmﬂﬁechal BRe ?E T’lfel gur(g%lons of disk éﬁls\ggl;sogr direct access stzorage #
deV| ces ("DASD'). Wth reference nowto the figures, and in particular with
reference to Figure 1, there is depicted a pictorial view of an expl oded
view of disk drive 110. It should be noted that although a rotary actuator
is shown the invention described herein is also-applicable to |inear
actuators. Disk drive 110 includes housing 112, and housing cover 114
whi ch, after assenbly, is nounted within féfag*re 116.

| .

Fig4A | 7 ;f_m
% -

L

Fig. 4B ~ |
- 158

Fig. 4C
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Rot:at abl y attached within housing 112 on actuator shaft 118 S actua94¥”%3%¥'#g‘

assenbly 120. One end of actuator arm assenbly 120 includes an E bl ock or
conb-like structure 122 having arns 123. Attached to arnms 123 on the
conb-like or E block structure 122, are suspension units or |oad springs
124. Attached at the end of each |oad spring is.a slider 126, which carries
a el ectromagnetic device for reading and/or witing data. On the other end
of actuator arm assenbly 120, opposite |oadP®ings 124

1 1.5
VELOCITY (in/sec)

SLIDER CROWN CORRECTION
. DELTA CROWN vs. VELOCITY

Fig. 5
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and sliders 126, is a voice: coil 128. Attached within housing 112-is a pair
of magnets 130. Magnets 130 and voice coil 128 are key parts of a voice
coil notor which apply a force to actuator assenbly 120 to rotate it about
actuator shaft 118. Al so nounted within housing 112 is spindle shaft 132.
Rotatably attached to spindle shaft 132 are a nunber of disks 134. In

Figure 2, eight disks are attached to spindle shaft 132. As shown in Figure
2, disks 134 are 8/9

1 .Mm(n—__* 3l et .100mm +
| 12—/ “ 1'“’;'""’
360 mm — -3 ‘- . '
Y o {
] o
e s
i \lll\\ | \lﬂ“\ ’

' : 0462755296 ;#10/:
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atitached to spindle shaft 132 in spaced apart relation. An internal notor
(not shown) is utilized to rotate disks 134. Referring now to Figure 2A, a-
waf er 50 i s depicted which may be constructed of any suitable and wel |
known slider material such as ferrite, Al[err]derr]-TiC, or the like.
Wafer 50 may be of any convenient size, such as-four inches or six inches
in diameter. Electromagnetic devices (not shown) are fornmed in wafer 50.
Specifically, wafer 50 is a matrix 9/9

e 1,700 MMM ———— >
[
2.580 mm
Y
Fig. 7 o
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of sliders 10, which when fully processed will beconme sliders, such as

slider 10 which is illustrated in Figure 2C. Referring MLQLJFG 2B, an
end view of a row qgf, sliders 10 are shown. Wafer 50 may be fabrlcateTto

contain any desirabl e number of rows of sliders 10 |ﬂ'he&ltelstHaegeen 106 2
depicted in Figure 2A contains 14 sliders 10 in each r nce
wth a preferred enbodi nent of the present invention,

broken up into rows as shown in )

The curvature of the slider to be altersd may be the crown or
camber of the tlidor, as. unuund by profils data from the rails. The
slider typically has two or more rails on one side. Aprplication of tha
stream of particles on th_- side of the slider containing the rails

- produces an increase in the magnituds of the curvatuzre, while application
of the stream on tha other side of the slider produces a docrease in the
magnitude of the curvature. The curvature of the slider may therefore be
altersd to scte desired amount. Both positive and negative curvatures
may be produced by the disclosed procass. :

~ Prefexred enbodiments of the iavention will now be described, by
way of example only, with reference to the accompanying drawings. in
whichi ' .

Tigure 1 is a pictorial spresentation of an exploded vi.cw of a
diek drive system which incorporates a slider produced in accordance with
a preferred smbodiment of the presant inventions

Figures 2A-2C d-pict':. a parspective view of a processed wa.f.o"r and a
detailed structure thareof produced in accordance with a pr-h:zd
enbodiment of the present imntion,

Pigures 3A-3D are illustraticns of a method for adjusting the crown
of a slider in accordance with a preferzed enbodiment of the prasent
N/ inventicn;

Figures 4A-4C illustrate mesks that may be utilized to alter the
curvature of a slider unit in accordance with a preferred embodiment of
the pregent invention;

Pigure 8 is a graph of slider cxrown correctien depicting a change
in crown versus velocity in accordance with a preferred embodiment of the
present invention;

Pigure € is a toﬁ view of a slider pra'cu"ud to obtain the results
depicted in the graph in Figurs § in accordance with a ‘preferred
snbodiment of the present inveation; and

H.gu:. 7 illustrates e mask placed over tha slider depicted in
F ig’ure 6 in accordance with a preferred embodiment of the present invent:l.on-

e ' .. Th:srsthe rep showt
B 1
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Figuree 2B for processing in accordance with a preferred enbodi nent of the

pr esent
sliders
a slider

rd

I nvention. Next, Figure 2C depicts a slider 10 fromthe row of
10 in Figure 2B. Wth reference to Figure 2C; a perspective view of

3

The curvature of the slider to be altered may be the crown or
canber of the slider, as measured by profile data from the rails. The
slider typically has two or more rails on one side. Application of the
stream of particles on the side of the slider containing the rails

: produces an increase in the magnitude of the curvature, while applicatien
of the ltrcm on the'ath,or sids of the slider produces a decrease in the
magnitude of the curvature. The curvatuzre of ths slider may therefore be
altered to scme desired amount. Both positive and negative curvatures
may be prodﬁ_cbd by the disclosed process. :

mtcr:od esxbodiments of the invention will now be described, by
way of ln.myh only, with ro".‘eranue to the u:acnpanyinc drawings in
whichi _ : _ o . .

Figure 1 i{s a pictorial representation of an exploded view of a
diek drive system which incerporates a slider produced in accordance with
& preferred smbodiment of the present inventions

-Hm'ia.-i‘:- 3A-2¢ depict a perspective view of & processed wafer and a
detailed structurs thareof produced in ascordance with a prt!o::cd
epbodimant of tho presant invention; f

Pigures 3A-3D are illustraticns of a method for adjusting the crown
of a slider in accordance with a preferred enbodiment of the praesent
inventicn;-

| Figures {A-C illustrate masks that mey be utilized to alter the
ecurvaturs of _a_' ‘slider unit in adcordance with a preferred ambodiment of
the present inventiocn; '

rigu:.-n 8 i- a graph of slider crown cerrection depicting a change
:Ln crown versua velocity in uccordanao with a preferred smbodiment of the
present inwntion; : .

Figure € is a top view of a slider proéuud to obtain the results
depicted in the graph in Figure $ in auac;-d:nc- wizh a prefexred
' enbodiment at tho present inmticn; and

!1:\;:. 7 illutra.to. a mask phcad cvcr the slider depicted in
Figure 6 in accordance with a preferred embodiment of the present invention.
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manufact urled aREPLACHED SHeEPsef egG®d efbodi nent of the presé"‘nt |nvent|on’
I s depi cted Top surface 8 9f sliderglOjhas three rails 12, 14, and 16.
Rail 12 is Gﬁeﬁ'é'é?ﬂ" ‘tR3ged de’-7to RASEd r4i+ { 16 is adj acent to side 9. Recessed

sections 1@Zemtm@D arpagéourf. tmeﬁage@r('th rails. Rails 12, 14, and 16 are

t ypi cal | t. [err ve@ recessed secti 0. Rails
12 14, gn%? il Cablaragj i ma@%@f Z;e (ABSs) 22, m&ﬁdmadi hg
%aF‘ 10 R u g‘%@ﬁ%‘i’ ed-settions 30, 31 and 32.

edge 28 of
MAGNETIC HEAD SLIDER FASRICATION

AU TUIUT\D

i

The present invention relates in general to magmetic disk storage
systens, and in m:iauh.é to a process for creating & slider for
mounting a magnetic tramsducer within a magnetic disk storage system.
$till more particularly, the present invention ralates to a msthod for
controlling the crown and camber of a thin film slider.

Magnetic storsge systems ars enployed for storing large amcunts of
infermation and are typically utilimed for leng term storage in a data
p:euuing systen, such as work station or a personal computer. In
partiecular, mgutte disk d::i.v- systems are amployed to read and w:ite
information to and Ixrom magnetic disks. A mapnetic bead assenbly and a
slider aze employed in a wagnetic disk systems, such as a haxd disk’
drive, and move relative to the surface of a magnetic disk in the hazd
disk drive.

It is well known that during operation, a magu-'t:lc head apsembly
incorporated in, for example, = hard disk drive, floats a very small
distance sbove the magnetic recording medium (i.e., the hard disk), which
is rotated at high speeds. These magnetic head assemblies include a
electromagnetic head, such as a magnetic transducsr, mounted on a movable
arm to read or write information. The magnetic disk system moves the
magnetic head to a desired rsdial position over the surface of the
rotating bard digk, where the magnetic head reads or writes informatien.
Typically, the magnetic head is integrally mounted in a carrier called a
*glider®. A wlider bravidu mehuieil support for the magnetie head and-
the electrical connections bitvom the magnetic head and the rTest of the
magnetic disk systen. '

it is desirable to have the slider float as close to the magnetic
recording medium as possible and maintain a constant height. It is well
known that the degres of stabllity of flotation of the slider greatly
influences the performance of the magnetic tmsduéez in the slider.

_ Differant flotation characteristics may be provided by forming the
sliding surfuce of tha slider with a lapping process. - Mere information
on fabzricating thin film head sliders frem a wafer may be found i.u United
States ?ataat mm-: 5,095,8613.

In some instances, it is desirable for the air bearing surface
( 'ABB") of tho alider to have a positive crown, such as is illustrated in

This is the replacement shest
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Slider 10 includes el ectromagnetic devices 23, which are used to detect
data on a magnetic nedia, as depicted on the side of back edge 27 of slider
10. As can be seen, rails 12, 14, and 16 have been formed on slider 10, but
the desired "crown" and/or canber have not been set in slider 10. The crown
of slider 10 is a neasurenent of a rail, 12, 14, or 16. The crown is
defined as the peak-to-valley differencg of a cylindrical arch

United States Patent Nos. 5,136,445, §,93%,603, and §,420,780 and to
improve stability, reduds Lead-to-disk stiction, and reduce sensitivity
to changes in the disk surface topolegy. In the fabrication process for
nanufacturing thin £ilm slidexs ,!cc magnetic reoording, a positive crown
may be produced by lapping, as disclosed in United States Patent XNos.
3,685,216 and 4,333,229, In other instances, the camber of the slider is
important. With a lapping process, however, it is not possible to
aceurately defins the curvature (crown and canber} of a thin £ilm slider.
The curvature ocours about a mesn that is largely defined by the lapping
process, but is not as variable as desired in many instances.

United States Patent Number ¢,910,621 illustrates & method that may
hmuumgmwat&ntihlnmwcutm.m!.n
one end of the slider, placing a sealing agent in the groove, and
thereafter melting and stiffening a sealing agent in the groove. The
sealing agent is selected such that the sesling agent shrinks whan
stiffened, eming a curve in the slider. This mthod. hewever, reguires
a aumber of steps to produce a um product and requires a sealing agent
to be added to the thin £ilm slider. This process requires additional
processing steps, tims, and materials.

. Thezefore, it would ba desirable to have an sfficient process for
fabriocating a slider and acourately controlling the curvature of the alr
' bearing surface of the slider.

Accordingly the present inventicn provides, in a first aspect, a
method for fabrication of a slider, said slider having a first side and a:
second side, said method comprising the steps of: plasing u mask over
seid first side of said slider, said mask having a numbar of apertures
exposing a number of regions of said first side, wherein each of said
aunber of regions has predetermined dimensicns and a predetermined
location on said mask; and iuduciﬁq compressive stress within each of
said predeternined numbexr of regions exposed by said number of apertures,
wherein a selectable change in curvature of said slider is produced.

Thus ‘ths present invention provides a process for fabricating a
slider for mounting a magnetic transducer within a magnetic 4isk storage
system. A preferred process includes identifying one side of the slider,
selecting at least cne secticn on the selected side of the slider, end ’
impinging the identified section with a stream of particlas, wherein the -
curvatuzre of the slider may be selectively altered.

e : This is the replacement sheet
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The cylindrical arch is taken fromthe | eading edge 28 on rail 14 to taper

31 of rail 14. To neasure a crown, profile data of the rail is taken and
any tilt of the rail is subtracted fromthe profile data. -The profile data
is then fitted to an x-squared curve. The Xx-squared curve is then utilized

to cal cul ate the peak-to-valley difference across the crown of the rail.
The "canber"” of slider 10 i.s the curvature neasured fromside 36 to side

38. The canber is neasured fromthe profBle data of

The curvature of the slider to be altered may be the erown or
canber of the slider, as measured by profile data from tha rails. The
slider typically has two or more rails on one side. Application of tha
stream of particles on the side of the slider containing the rails

* produces an increase in the magnitude of the curvature, while epplicatien
of the stream on tha other side of the slider produces a decrease in the
magnitude of the curvaturs. The curvature of the slider may therefore be
altersd to scme desired amcunt. BSoth positive and negative curvatures
may be produced by the disclosed procass.

Prefexred embodiments of the invention will now be described, by
way of example only, with reference to the accowpanying drawings in
which:

Figure 1 is a pictorial represantaticn of an sxploded view of a
disx drive system which incoxperates a slidexr profuced in accordance with
a preferred -nbed:l.mnt of the present inventiom

Figures 2A-2C dapict a perspective view of a processed wafer and a
detailed structure thereof produced in accordance with s preferred
exbodiment of the present inventien;

Piguzes 3A-3D are illustrations of a method for sdjusting the crown
of a slider in accordange with s preferzed enbodiment of the present

inventicn;

Figures 4A-4C illustrate masks that may be utilized to alter the
curvature of a slider unit in accordance with a p:efer:ed smbodiment of

the present inventien:

Figure 8 is & gruph of slider crown correction depicting a ¢hange
in crown versus velocity in mecordance with a p:oto::od enbodiment of the
present invention)

Pigure € is a tep view of a slider praeuud te ehtl.in the results
depicted in the graph in Figurs S in acoordance with a preferred
sabodiment of the present invention; and :

Figure 7 illustzates & mask placed over the slider depicted in

{'l-ll-. £ 1n smnncdevne with 2 acafavved amhadiment ol Gba ceecacs )
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the rails 12,

14, and 16. The canber is also fitted to a x-squared curve

fromthe profile data of the three rails neasured fromside 36 to side 38.
These neasurenents nay be made by one of ordinary skill in the art using a
ZYAO interofermetric tool available from ZYGO Corporation, |ocated in

M ddl efi el d,

Connecticut. Referring now to Figure 3A, a top view of slider

10 fromFigure 2Cis illustrated. A nmask o4 I's placed over slider 10 in
Fi gure 3B. Mask

The invention described in this application may be utilized with
all known mechanicel configuraticns of disk drives or direct access
storage devices (*DASD"). With refersnce now to the figures, and in
particular with zeference to Figure 1, there is depicted a pictorial view
of an exploded view of disk drive 110. It sheould be noted that although
a rotary actuastor is shown the invention describad herein is alse
applicable to linear actuators. Disk drive 110 includes housing 112, and
heusing cover 114 which, after assembly, is mounted within freme 116.
Rotatably attached within housing 112 on mctuator shafe 118 is actuator
arm asserbly 120. One end of actuator axm assenbly 120 includes an B
block or comb-like structurs 122 having arms 123. Attached to arms 123
on the canmb-like or B block structure 132, are suspension units or load
springs 134. Attached at the end of sach load spring is a lud& 138,
vhich sarries a electromagnetic device for reading and/or writing data.
On the other end of actustor arm assapbly 130, cpposite load springs 1aé
and sliders 126, is & voice coil 130, '

Attachad within Housing 113 is a pair of magnets 130. Magnets 130
and voice ooll 138 are key parts ¢f a voice coil motor which apply a
force to actuator assambly 120 to rotate it about actuator shaft 116.
Also mounted within housing 113 is spindle shaft 133. Rotatably attached
to spindle shaft 133 are a number of disks 134. In Figure 2, eight disks
are attached to spindle shaft 132. As shown iz Pigure 2, disks 134 are
attached to spindle shuft 132 in spaced apart rvelation. An internal
motor (mot shown) is utilized to rotate disks 134.

Referring now to Figuze 2A, a wafer 50 is depicted vwhich may bs
¢onstructed of any suitable and well kunown slider matarial such as
ferrite, Al,0,-TiC, or the like. Wafer 50 may bs of any convenient sise,
such as four inches or six inches In diamster. Electromagnetic devices
(not shown) are formed in wafer 50. Specifically, wafer 50 is a matrix
of #lidexs 10, which when fully processed will become sliders, such as
slider 10 which is illustrated in Figure 2¢.

Referring now to ¥igure 28, an end view of a row of sliders 10 are
showm. Wafer 50 may be fabricited to contain sny desirable mumber of
rows of sliders 10 in each row. Wafer 28 depicted in Figurs 2A contains
14 51iders 10 in each row. In scoordance with a preferred ambodiment of
the present invention, wafer 50 may ba broken up into yows as shown in
Figuzre 2B for procesaing in accordance with a preferred embodiment of the

* 'This Sheet Has Been Relilla,ced _ This.is the replacement sipst
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54 has a |l eading edge 56 and a trailing edge 58. Mask 54 includes apertures
60 and 62. A streamof particles travelling at a selected velocity are
di'rected at apertures 60 and 62 to induce conpressive stress in the exposed
regions of slider 10. Nozzle 64 propels a streamof particles 66 into
aperture 60 of mask 54. These particles "sandblast” or "shot peen" the
exposed surfaces of slider 10. Particles in the stream may penetrate and
darmage the grain boundaries of the materidal form ng the

presment invention. Next, Figurs 2¢ depicts a slider 10 from the row of
slidezrs 10 in Pigurs 2B.

With reference to Figure 2C, a perspective view of a slider
magufactured according te a praferred exbodiment of the pressnt invention
is deploted. Top surface 8 of slider 10 bhas three rails 13, 14, and 16.
Mail 32 is adiacent to side 7, and rail 16 is adjacent to sida S.
Recessed sactions 18 and 20 are found between the rails. Rails 13, 14,
and 16 are typically 6 jm to 20 jm above recessed sections 18 and 20.
Rails 132, 14, and 16 have air bearing surfaces (ABSs) 232, 34, =nd 326.
Leading edge 38 of slider 10 includes tapered sscticns 30, 31 and 32,
Slider 10 incliudes electromagnetic devices 23, which are used to detect
dats on s magnetic media, as depicted on the side of back edge 27 of

slider 10.

As can bo seen, rails 12, 14, and 16 have been formad on slider 20,
but the desired “crown® and/er caxber have not been set in slider 16,
The crewn of slider 10 is o measurement of a rall, 12, 4, or 16. The
orown is defined as the peak-to-valley difference of a cylindrical arch.
The aylindrical arch is teken from the leading edge 28 on rail 14 to
tapsr 31 of rall 4. To mearsure u crown, profile dats of the rail is
taken and any tilt of the rail is subtracted from the profile data. The
profile duta is then f£itted to an x-squared curve. The X-squared ¢urve
is then utilized to calculate the peak-to-valley difference across the
czown of the rail. The "caxmber® of slider 10 is the curvature meesured
from side 36 to sida 39. The camber is msasured from the profile data of
the rails 13, 14, and 16. The camber is alsc fitted to a x-squared curve
from the profile data of the three rails measured from gide 38 to side
3e. whou measurenents may be made by one of ordinary skill in the art
using & ZYGO intercfermstric tool av:uablo from ZYGO Corperation,
located in Middlefiald, Connacticut.

Referring new to Figure 3k, a top view of slider 10 from Figure 3¢
is illustyated, A mask BL is placed over gslidar 10 in Figure 3B. Magk
B4 has a leading edgs 56 and a tralling edge 58. Mask Bé includes
apertures 60 and 632. A stream of particles travelling at a selected
velocity are direscted at apartures $0 and 62 to induce compressive -:z:u-
in the exposed regions of slider 10. Nozxzle 64 propels a stream of
particles 68 into aperture 60 of mask 854. These particles "sandblast” or
*shot psen" the exposed surfaces of slider 10. Particles in the stream
Il!v penatnte and dmgc the grain boundaries of the material forming the
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é waf er. The surface may open up and attenpt to spread out. Raised surfaces
of about 20 nm may occur as a result of "sandblasting”" or "shot peening"
the exposed surfaces. The particles preferably have jagged or

wafer. The surface mey cpen up and attenpt to spread cut. Raised
surfaces of about 20 am mey ocour as a result of “sandblasting® or "shot
pesning™ the expossd surfaces. The particles prefersbly have Jagged or
zough surfaces. Materials such as sluminum oxide or silicon cerbide may
be exployed in accordance with a preferred ambodiment of the preseat
invention. 2In selscting particles, the particles should be hard encugh
such that the surface of the wafer can be damaged by the particles.
Additionally, it is desizable to employ particles that axe stable, .
sconomical, and acn-toxiec.

The sise of the particles should be spwll encugh to entexr the
apartures created in the mask., For most sliders manufactured for hard
disk drive units, a particle size from about 20 pm to abeut 75 jiim in
diameter may be employed in accordance with & preferzed embodiment of the
present invantion. 50 micron aluminum oxide and 50 microen c:u:lec_u
.eaxbide are examples of abrasive particles, which may be employed in
accozdance with a preferred smbediment of the present invention. Thesa
abrasive particles may be obtained frem Crystal Mark, Inc,, located in
Glendale, Califernia. Iz Figure 3D, slidér 10 is depicted with send
blasted regions 72 and 74 and a resultant crown.

Various sperture dimensions (shapes aund sizes) may be employed to

obtain different changes in curvatures in a slider unit in accordancs
with a preferred embodiment of the present inventicn. Figures 4A-4C
illustrate examples of masks with different aperture dimensicns that may
be utilized to alter the curvatura of a glider. Reforring first to
Figure 4A, mask 76 contains two ractangular aperturss 76 and $0 that are
aligned with :dc-:nsa regione in slider 10. ¥Front odge 56 is aligned
with leading edge 38 of the slider 10. This musk shape and orientation
results in a ¢rown change that is gresater than the canmber change. If a
change in camber is desired, a mask such as mask 62 illustrmted in Figure
43 should be axmployed. Nask 82 is similar to mask 76 except that
apertures 84 and 86 are formed such that they aie wider than they are

" long. Tha apertures may be of any geometzy, as shovn by apertures 85 and
87 in nask 09 in Figure £0.

By exposing regions on slider 10 in a shape thet is longer from
back edge 27 to leading edge 28 than frem side 7 to aide 9, changes in
ermwbemdt When the exposed regions are wider from side 7 to
side 9 than thny are long, frem back edge a7 to leading edge 28, the
camber of a slider may be adjusted. The axposed regions on a slider
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rough surfaces. Materials such as al um num oxi de or silicon carbide may be
enpl oyed in accordance with a preferred enbodi nent of the present

i nvention. |

n selecting particles, the particles should be hard enough such

that the surface of the wafer can be damaged by the particles.

Addi tionally
econom cal ,
to enter the

, It is desirable to enploy particles that are stable, :
and non-toxic. The size of the particles should be small enough
7 .

izpinged by the particles should be within the recessed regions found
between ralls in accordancs with a preferred embediment of the present
invention. Thus, in accordance with a preferred embodinent of the
presant inventicn, the apertures in the mask may expoase any regioen en the
slider, excluding the rails. Preferably, a distance from 40 jim to 50 um
frem the edge of the rails should not be exposed by the mask when the
rails are excluded, in accordance with a preferzed embodiment of th.
prepent invention.

Although the depicted masks illustrate three different types of
apertures, & nunber of different dimensions and locations for apertures
in a mask may be selected by those of ordinary skill in the art, based on
the particular slider being processéd and based on the type of curvature
change desized, such as canber or crown. '

The mask may be fabricated from a number of different materials.
In ascordance with a preferred azbodiment of the presant inventicn, the
mask is fabricated f¥dm Al,0,-TiC and apertures in the mask may be created
using a YAG lager. Other materials, such as matal or metal alloys also

iuy be enployed.

in accordance with z preferred exbodiment of the present invention,
the tapered sections of a slider are typically not "sandblasted" or *shot
peened" by perticles because damaging the surface of the slider in these
sections will not effect the curvature of the slider to any appreciable
amwount. By applying the mask to the surface of the slider containing the
rails, a positive change in camber or crown may be introduced. Reduction
of camber or orowa in a slider may be achieved.by exposing regions on the
back side of the slider and applying a stream of particles to the bottem
surface of the slider. In fact, a negetive crown or camber may be made
by impinging the bottem surface of the slider with a stresm of particles,
Thus, increases and decreases in slider curvatures may be accamplished by
impinging the top or bottom surface of the slider. Although the depicted
slider is a three rail slider, other oenfigurations and types of sliders,
such as a two rail slider, may be manufactured uling the process
agoording to the present inventicn. -

Referring now to Figure 8, a graph of slidar crown correctien
showing the changa in crown versus the velocity is deplcted. The delta
orown (nm) is illustrated in relatiecn to the velocicy (in/sec) of a
noxgle meving over and past the apsrtures of a mask. These results were
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apertures created in the mask. For nost sliders manufactured for hard disk
drive units, a particle size fromabout 20 [err]mto about 75 [err]min

di aneter may be enployed in accordance with a preferred enbodi nent of the
present invention. 50 m cron alum num oxide and 50 micron silicon carbide
are exanpl es of abrasive particles, which may be enpl oyed in accordance
with a preferred enbodi nent of the present invention. These abrasive
particles may be obtained from Cryst al rk, Inc., located in

cbtained using an abrasive powder, 50 micren aluminum oxide available
from Czystal Mark, Inoc., located in Glendale, California. A
nicroprocessor controlled noxsls positicner, a SWAN-KOZ POE, awvallable
- fzem Crystal Mark, Ine. was used aleong with a ractangulay abrasive
noxsle, part number 353-135Z, having a nosxle size of 0.005 inches by
0.100 inches available from Crystal Mark, Inc. was enploysd. The nozzle
was positioned a distance of 2.5 mm from the neexle tip to mask and the
aluminum oxide was forced through the nozzle under a pressure of 60 -
pmd-' por square inch {pul). The changes in crown for different noszle
velocities are showa in Piguve 5. The stream of particles was directed
st the top suvrfacs of the slider providing a positive change er increass
in the crown of the slidsz. '

Tigure 6 is & top view of a slider 10 processed as described above
with reference to Figure 6. The rails are 20 um above the resessed
sections. Secticns 90 and 92 are areas that were exposed to the stream
of 50 micron aluminum exide particles forced through the nozzle under a
pressire of 60 psi. As can ba seen, a maygin of at least 0.050 mm or 50
jn was maintained between the axposed areas and the rails. PFigure 7
illustrates a mask that was placed over the slider illustrated in Figure
6. In practice, & mask including multiple sets of apertures, such as
that depictad in Pigure 7, would be created for placamant over an entire
row of sliders and the nossle 'would be programmed to pass over the row of
sliders at a presslected velocity in accordance with 2 preferred
endodiment of the present -invantion. In a situation in which the crowns
for each slider in a row of sliders is already known, the microprccessor
controlled noxzle positioner can be programmed to change the veleccity of
the noesle as it passes from one set of apertures for one slider to the
next set of apertures so that the sliders can all be selectively
corrected to the same crown even though the original crowns may be
different.

In accordance with a preferred ambodiment of the present invention
slider units would be processed in rows salected from a wafer, a8 shewn
in Figure 38. The nozzle would scan over a row &t a selected velocity to
produce the desired change in crown. Although, the depicted exampla
employs a nozrzle scamning over a row of gliders, other methods of
propelling particles may be utilized in accordance with a preferred
enbodimant of the present imvention. PFor exanmple, a norzzle may be
positicned over an individual slider and a stream of particles may be
ferced thraugh thn nonln fer a sslected amount of time on to the z'cgim
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d endale, California. In Figure 3D, slider 10 is depicted with sand bl asted
regions 72 and 74 and a resultant crown. Various aperture di nensions
(shapes and sizes) may be enployed to obtain different changes in
curvatures in a slider unit in accordance with a preferred enbodi nent of

the present invention. Figures 4A-4C illustrate exanples of nasks with
different aperture dinmensions that may be utilized to alter the curvature
of a slider. Referring first to s

exposed by the apertures 1n the mask. The crown or camber of the slider
also may De altered up to the peiat that the slider is suspended on the
spring or suspension unit that is mounted on the actuater arm.

While the invention has bsen particularly shown and described with
refersnce to a preferred ambodiment, it will be understood by these
skilled in the art that various changes in f.omanddntailmyhemde
therein without departing from the scope of the inventiem.

T~ . .
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Figure 4A, mask 76 contains two rectangul ar apertures 78 and 80 that are
aligned with recessed regions in slider 10. Front edge 56 is aligned with
|-eadi ng edge 28 of the slider 10. This mask shape and orientation results
in a crowm change that is greater than the canber change:—H—a Tthange~in

canber is desired, a mask such as mask 82 illustrateq tn_Fj ' uld

be enployed. Mask 82 is simlar to nmask 146 except th i“ﬁ“(ﬂ“ﬂ“ﬂﬂ H Fud 86

are formed such that they are wider than they are =~ "5 e "L m s #
CLATMS

1. - 2 method for fabrication of e slider, said slider having a fixst
side and a seocnd side, said mothod comprising the steps of:

placing a mask over sald first side of said slider, saild mask
having a number of apsrtures exposing a number of regicns of saig first
side, wherein each of said nurber of Ysgicns bas predsterzined dimensicns
and a predstermined location on said mask; and

induecing cempressive strass within each of said predetexrmined
nuzbar of regions axposed by said number of apertures, wherein a
selectable change in curvature of salid slider is produced.

2. A method as claimed in claim 1, wherein said slider has a crown and
wherein said step of placing s mask over said first side of said slider
includes placing a pask cver said first side having apertures dimsnsioned
and located to change said crown.

!
3. A mathod as claimed in claim 1, wherein said slider has a canber
and wherein said step of placing a mask over said £irst side of said
slider includes placing a mask over said first side having apertures
dimensioned and located to change said cambex. '

4. A mathod as claimed in any previocus claim, wherein said step of

~ inducing conpressive stress withir asach of said predetsrmined number of
regions exposed by said number of apertures comprises directing a strsam -
of pazticles onto sach of said predetermined number of regions exposasd by
said number of apertures.

.5+ . A methed as claimed in clalm ¢, vherein sald step of directing a
streanm of particles onto each of said predetermined aumber of regions
exposed by said mask includes directing a stxeam of particles onto each
of sald predetermined number of regiocns expesed by said number of
apertures for a predetermined periocd of time. '

5. A methed for fabrication of a slider, said a slider having first
side, a second eide, and a first edge, vherein said £irst side includes a
numbayr of rails, vherein said rails azre dispesed parallel with saild fixst
edge on said first side, smaid method ocmprising the steps of:

placement shest
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| ong.

The apertures may be of any geonetry, as shown by apertures 85 and

87.in mask 88 in Figure 4C. By exposing regions on slider 10 in a shape
that is |onger from back edge 27 to | eading eerS“thaﬂ fromside 7 to

side 9,
fromside 7 to side 9 than they are |ong, from
28, the canber of a slider may be adj usted The e

changes in crown nmay be nmade. Wen the @greﬂl ons are w der

W, eae

placing a mask having a plurality of spertures on said first eide
of said slider, wheresin a number of regions of said first gilde ave
exposed, said plurality of apertires having predetermined dimensiens and
locations and said plurality of apertures excluding said rails frem

axposure; and

directing a stream of particles onto each of said saxposed mumber of
regions, wharein a curvature of said slider is selectively altered.
7. A method as claimed in olaim 6, wherein said slider has a crown and
wherein said stasp of placing a mask having a plurality of apertures on
said first side of said slider comprises placing a mask having a
plurality of apsrtures on said £irst side, wlierein said plurality of

aperturas are dimensicned and arranged to alter said crown of said -
.11«:.'

8, A method as claimed in claim 6, wherein said slider has s camber

and vherein sald step of placing a mask having a plurality of apertures
en said first eide of said slider comprises placing a maek having a
plurality of spertures on said first side, wharein sald plurelity of
apertures dre dimansioned and arxranged te alter sald camber of said
slider.

5. A method as claimed in any of claime ¢ to 8, whersin said step of
directing a stream of particles onto each of said axposed number of
regions comprises:

directing a noxgle ovar each of u.id nunber of exponad regions,
said nogzle having an opening; and -

féreiag particles through said cpening in said nogzle under a
preselected pressure.

10. A method as claimed in olaim 9, wherein said step of directing a
nossle over each of saild mumber of exposed regions includes positionming .
said nexzle 2.5 miliimetres cver sald mask and moving said nozzle over
and past sach of sald number of -xpeud vegions at a preselected
velocity.
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7 inpinged by the particles should be within the recessed regions found
between rails in accordance with a preferred enbodi nent of the present

i‘nvent i on.

Thus, in accordance with a preferred embodi ment of the

R O A

13

11. A method as claimed in claim 9 or claim 10, wherein ¢aid step of
foreing perticles through said cpening under a preselected prassure
ineludes forcing particles having jagged surfaces though said opening.

12. A methed as claimed in any of claims 9 to i1, wherein said step of
fercing particles through said cpening under a preselected pressurs
inciudes foreing aluminum cxide particles through said cpening.

33. A method as claimed iz any of claims 9 te 11, whersin said step of
foreing particles through said cpening under a presslected pressure
includes foreing silicon carbide particles through said opening.

14. A methed as claimed in claim 13, wherein said step of forcing
alumizum oxide particles through said cpening includes forcing said’
aluminum oxide particles threugh seid cpening under a pressure of 60
peunds per square inch. .

1B, A mathed as claimed in any of claims 10 to 14, wherein said step of

moving said nozzle ovar and past each of said number of exposed zegions

at a preselected welcaity includes moving said nossle cver and past each
of said number of exposed regicns at a veloeity in a rangs of about 0.1
inches pez second to absut 1.5 inches per second, wherein a said
cuzvature -of said slider may be altered from sbout S0 nancmetres to about
S nancmetres. '

16. A mathod for fabricating & slidez, .said slider having a curvature
and first and second sides, sald girst side having a nunmber of zails,
said method comprising:

selecting said first side of said slider)
selecting at least one region on said sslected side; and

inpinging said sslacted at least c¢cnme ragion with a plurality eof
particles, wherein said of curvature of said slider is varied.

17. A mathod as claimed in elaim 16, wherein paid step of selecting at
least one region on said sslected side inciudes gelecting said at least
cne Tegion such that said at least one ragion excludes said mumber of

raile.
\‘_
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present invention, the apertures in the mask nmay expose any region on the
slider, excluding the rails. Preferably, a distance from40 [err]mto 50
[errfmfromthe edge of the rails should not be exposed by the mask when
the rails are excluded, in accordance with a preferred enbodi nent of the
present invention. Although the depicted nmasks illustrate three different
types of apertures, a nunber of different dinensions and |ocations for
apertures

13

ABSTRACT
MAGNETIC HEAD SLIDER FABRICATION

A process for fabricating a slider for mounting a magnetic
transducer within a magnetic disk storage system. The process includes
identifying one side of the slider, selecting at least one section on the
selected side of the slider, and impinging the identified section with a
stream of particles, wherein the curvature of the slider may be

selectively altered.

—————
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in a mask may be sel ected by those of ordinary skill in the art, based on
the particular slider being processed and based on the type of curvature
change desired, such as canmber or crown. The nask -may be fabricated froma
nunber of different materials. In accordance with a preferred enbodi nent of
‘the present invention, the mask is fabricated fromA [err](err]-TiC and
apertures in the mask may be created using a YAG |laser. Qther materi al s,
such as netal or netal alloys al so

119
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may be enpl oyed. In accordance with a preferred enbodi nent of the present

I ngention, the tapered sections of a slider are typically not "sandbl ast ed”
or "shot peened" by particles because damagi ng the surface of the slider in
t hese sections will not effect the curvature of the slider to any
appreci abl e anount. By applying the mask to the surface of the slider:
containing the rails, a positive change in canber or crown may be

i nt roduced. Reducti on
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of canber or crown in a slider may be achi eved by exposing regions on the
back side of the slider and applying a streamof particles to the bottom
‘surface of the slider. In fact, a negative crown or canber rmay be made by
I mpi ngi ng the bottom surface of the slider with a stream of particles.

Thus, increases and decreases in slider curvatures nmay be acconplished by
| npi nging the top or bottom surface of the slider. Although the depicted
slider is a three rail slider, other configurations and types of sliders,

3/9
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such as a two rail slider, may be manufactured using the process according
to the present invention. Referring nowto Figure 5 a graph of slider
ctown correction show ng the change in crown versus the velocity is
depicted. The delta .crown (nm is illustrated in relation to the velocity
(in/sec) of a nozzle noving over and past the apertures of a mask. These

results were

&9

Fig. 3B
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"8 obtai ned using an abrasive powder, 50 micron alum num oxi de avail abl e
fromCrystal Mark, Inc., located in dendale, California. A mcroprocessor
.controlled nozzle positioner, a SWAMNOZ PQZ, available from Crystal Mark,
Inc. was used along with a rectangul ar abrasive
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nozzl e, part nunmber 353-125X, having a nozzle size of 0.006 inches by 0.100
I nches available from Crystal Mark, Inc. was enpl oyed. The nozzl e was
positioned a distance of 2.5 mmfromthe nozzle tip to mask and the

al um num oxi de was forced through the nozzle under a pressure of 60 pounds
per square inch (psi). The changes in crown for different nozzle velocities:
are shown in Figure 5. The streamof particles was directed at the top
surface of the slider providing a positive change or i-ncrease

mf_sa_
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inthe crown of the slider. Figure 6 is a top view of a slider 10 processed
as, descri bed above with reference to Figure 6. The rails are 20 [err]m
above the recessed sections. Sections 90 and 92 are areas that were exposed
to the streamof 50 micron alum num oxi de particles forced through the
nozzl e under a pressure of 60 psi. As can be seen, a margin of at |east
0.050 mMm or 50 pm was nmi nt ai ned betmeen t he exposed areas and the rails.

Figure 7
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I'tlustrates a mask that was placed over the slider illustrated in Figure 6.
In practice, a mask including nultiple sets of apertures, such as that
depicted in Figure 7, would be created for placenment over an entire row of
sliders and the nozzle would be progranmed to pass over the row of sliders
at a preselected velocity in accordance with a preferred enbodi nent of the
present invention. In a situation in which the crowns for each slider in a
row of sliders is already known, the m croprocessor
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controll ed nozzl e positioner can be programmed to change the velocity of

the nozzle as it passes fromone set of apertures for one slider to the
next set of apertures so that the sliders can all be selectively corrected
to the sanme crown even though the original crowns nmay be different. In

accordance with a preferred enbodi nent of the present

i nvention slider

units would be processed in rows selected froma wafer, as shown
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MAGNETIC HEAD SLIDER FABRICATION

The present invention relates in general to magnetic disk storage
systems, and in particular to a process for creating a slider for
mounting a magnetic transducer within a magnetic disk storage system.
Still more p&rticularly, the present invention relates to a method for

controlling the crown and camber of a thin f£ilm slider.

Magnetic storageée systems are employed for storing large amounts of
information and are typically utilized for long term storage in a data
processing system, such as work station or a personal computer. In
particular, magnetic disk drive systems are employed to read and write
information to and from magnetic disks. A magnetic head assembly and a
slider are employed in a magnetic disk systems, such as a hard disk
drive, and move relative to the surface of a magnetic disk in the hard

disk drive.

It is well known that during operation, a magnetic head assembly
incorporated in, for example, a hard disk drive, floats a very small
distance above the magnetic recording medium (i.e., the hard disk), which
is rotated at high speeds. These magnetic head assemblies include a
electromagnetic head, such as a magnetic transducer, mounted on a movable
arm to read or write information. The magnetic disk system moves the
magnetic head to a desired radial position over the surface of the
rotating hard disk, where the magﬁetic head reads or writes information.
Typically, the magnetic head is integrally mounted in a carrier called a
"glider". A slider provides mechanical support for the magnetic head and
the electrical connections between the magnetic head and the rest of the

magnetic disk system.

It is desirable to have the slider float as close to the magnetic
recording medium as possible and maintain a constant height. It is well
known that the degree of stability of flotation of the slider greatly
influences the performance of the magnetic transducer in the slider.
Different flotation characteristics may be provided by forming the
sliding surface of the slider with a lapping process. More information

on fabricating thin film head sliders from a wafer may be found in United

States Patent Number 5,095,613.

In some instances, it is desirable for the air bearing surface

("ABS") of the slider to have a positive crown, such as is illustrated in
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9: exposed by the apertures in the mask. The crown or - canber of the slider

also may be altered up to the point that the slider ig; @ilaéehe

sprl ng .or suspen5| on unit that is nounted on the act ua““
United States Patent Nos. 5,136,445, 4,939,603, and 4,420,780 and to
improve stability, reduce head-to-disk stiction, and reduce sensitivity

to changes in the disk surface topology. In the fabrication process for

2

manufacturing thin film sliders for magnetic recording, a positive crown
may be produced by lapping, as disclosed in United States Patent Nos.
3,685,216 and 4,333,225. 1In other instances, the camber of the slider is
important. With a lapping process, however, it is not possible to
accurately define the curvature (crown and camber) of a thin film slider.
The curvature occurs about a mean that is largely defined by the lapping
process, but is not as variable as desired in many instances.

United States Patent Number 4,910,621 illustrates a method that may
be used to produce a curve in a thin film slider by creating a groove in
one end of the slider, placing a sealing agent in the groove, and
thereafter melting and stiffening a sealing agent in the groove. The
sealing agent is selected such that the sealing agent shrinké when
stiffened, causing a curve in the slider. This method, however, requires
a number of stepé to produce a final product and requires a sealing agent
to be added to the thin film slider. This process requires additional

processing steps, time, and materials.

Therefore, it would be desirable to have an efficient process for
fabricating a slider and accurately controlling the curvature of the air

bearing surface of the slider.

Accordingly the present invention provides, in a first aspect, a
method for fabrication of a slider, said slider having a first side and a
second side, said ﬁethod comprising the steps of: placing a mask over
said first side of said slider, said mask hafing a number of apertures
exposing a number of regions of said first side, wherein each of said
number of regions has predetermined dimensions and a predetermined
location on said mask; and inducing compressive stress within each of
said predetermined number of regions exposed by said number of apertures,

wherein a selectable change in curvature of said slider is produced.

Thus the present invention provides a process for fabricating a
slider for mounting a magnetic transducer within a magnetic disk storage
system. A preferred process includes identifying one side of the slider,
selecting at least one section on the selected side of the slider, and
impinging the identified section with a stream of particles, wherein the

curvature of the slider may be selectively altered. t
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Wi | e the I nvention has been particularly shown and described with
reference to a preferred enbodiment, it will be understood by those skilled
in the art that various changes in formand detail nmay be made therein

wi t hout departing fromthe scope of the invention.

3

The curvature of the glider to be altered may be the crown or
camber of the slider, as measured by profile data from the rails. The
slider typically has two or more rails on one side. Application of the
stream of particles on the side of the slider containing the rails
produces an increase in the magnitude of the curvature, while application
of the stream on the other side of the slider produces a decrease in the
magnitude of the curvature. The curvature of the slider may therefore be
altered to some desired amount. Both positive and negative curvatures

may be produced by the disclosed process.

Preferred embodimeﬂts of the invention will now be described, by
way of example only, with reference to the accompanying drawings in

which:

Figure 1 is a pictorial repreéentation of an exploded view of a
disk drive system which incorporates a slider produced in accordance with

a preferred embodiment of the present invention;

Pigures 2A-2C depict a perspective view of a processed wafer and a
detailed structure thereof produced in accordance with a preferred

embodiment of the present invention;

Figures 3A-3D are illustrations of a method for adjusting the crown

of a slider in accordance with a preferred embodiment of the present

invention;

Pigures 4A-4C illustrate masks that may be utilized to alter the
curvature of a slider unit in accordance with a preferred embodiment of

the present invention;

Pigure 5 is a graph of slider crown correction depicting a change
in crown versus velocity in accordance with a preferred embodiment of the

present invention;

Figure 6 is a top view of a slider processed to obtain the results
depicted in the graph in Pigure 5 in accordance with a preferred

embodiment of the present invention; and

Figure 7 illustrates a mask placed over the slider depicted in
Plgure 6 in accordance with a preferred embodiment of the present

invention. e
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--"10 - CLAIMS 1. A nethod for fabricating a slider having a curvature and
two sides, said nethod conprising: selecting one side of said slider;
selecting at least one section on said selected side of said slider; and

i nduci ng a presel ected anmount of conpressive stress within said sel ected at

I
east ‘

The invention described in this application may be utilized with
all known mechanical configurations of disk drives or direct access

storage devices (*DASD"). With reference now to the figures, and in

1"

particular with reference to Figure 1, there is depicted a pictorial view
of an exploded view of disk drive 110. It should be noted that although
a rotary actuator is shown the invention described herein is also
applicable to linear actuators. Disk drive 110 includes housing 112, and
housing cover 114 which, after assembly, is mounted within frame 116.
Rotatably attached within housing 112 on actuator shaft 118 is actuator
arm assembly 120. One end of actuator arm assembly 120 includes an E
block or comb-like structure 122 having arms 123. Attached to arms 123
on the comb-like or E block structure 122, are suspension units or locad
springs 124. Attached at the end of each ldad spring is a slider 126,
whiéh carries a electromagnetic device for reading and/or writing data.
On the other end of actuator arm assembly 120, opposite load springs 124
and sliders 126, is a voice coil 128.

Attached within housing 112 is a pair of magnets 130. Magnets 130
and voice coil 128 are key parts of a voice coil motor which apply a
force to actuator assembly 120 to rotate it about actuator shaft 118.
Also mounted within housing 112 is spindle shaft 132. Rotatably attached
to spindle shaft 132 are a number of disks 134. In Figure 2, eight disks
are attached to spindle shaft 132. As shown in Figure 2, disks 134 are
attached to spindle shaft 122 in spaced apart relation. An intermal

motor {not shown) is utilized to rotate disks 134.

Referring now to Figure 2A, a wafer 50 is depicted which may be
constructed of any suitable and well known slider material such as
ferrite, Al,0,~TiC, or the like. Wafer 50 may be of any convenient size,
such as four inches or six inches in diameter._ Electromagnetié devices
{not shown) are formed in wafer 50. Specifically, wafer 50 is a matrix
of sliders 10, which when fully processed will become sliders, such as
slider 10 which is illustrated in Figure 2C..

Referring now to Pigure 2B, an end view of a row of sliders 10 are
shown. Wafer 50 may be fabricated to contain any desirable number of
rows of sliders 10 in each row. Wafer 26 depicted in Plgure 2A contains
14 sliders 10 in each row. In accordance with a preferred embodiment of
the present invention, wafer 50 may be broken up into rows as shown in

Figure 2B for processing in accordance with a preferred embodiment of the
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orfe section to effect a change in curvature, wherein said curvature of said
slider may be altered by varying said presel ected anount of conpressive
stress and a location of said at | east one section, wherein said step of

i nduci ng a presel ected anmount of conpressive stress within said selected at
| east one section conprises inpinging said at | east one section with a
plurality of particles for a preselected msnount” of tinme. 2. The nethod of
claim1l1, wherein said step of inducing a presel ected anount of conpressive

stress within,gahe SSLASLEY e, Fi%hed 38 RBEILOD TR 165800 BRI 0G4 G S2I d

at
sliders 10 in Figure 2B.

With reference to Figure 2C, a perspective view of a slider
manufactured according to a preferred embodiment of the present invention
is depicted. Top surface 8 of slider 10 has three rails 12, 14, and 16.
Rail 12 is adjacent to side 7, and rail 16 is adjacent to side 9.
Recessed sections 18 and 20 are found between the rails. Rails 12, 14,
and 16 are typically 6 um to 20 pm above recessed sections 18 and 20.
Rails 12, 14, and 16 have air bearing surfaces (ABSs) 22, 24, and 26.
Leading edge 28 of slider 10 includes tapered sections 30, 31 and 32.
Slider 10 includes electromagnetic devices 23, which are used to detect
data on a magnetic media, as depicted on the side of back edge 27 of

glider 10.

As can be seen, rails 12, 14, and 16 have been formed on slider 10,
but the desired "crown® and/or camber have not been set in slider 10.
The crown of slider 10 is a measurement of a rail, 12, 14, or 16. The
crown is d&fined as the peak-to-valley difference of a cylindrical arch.
The cylindrical arch is taken from the leading edge 28 on rail 14 to
taper 31 of rail 14. To measure a crown, profile data of the rail is
taken and any tilt éf the rail is subtracted from the profile data. The
profile data is then fitted to an x-sguared curve. The x—sqﬁared curve
is then utilized to calculate the peak-to-valley difference across the
crown of the rail. The "camber® of slider 10 is the curvature measured
from side 36 to side 38. The camber is measured from the profile data of
the rails 12, 14, and 16. The camber is also fitted to a x-squared curve
from the profile data of the three rails measured from side 36 to side
38. These measurements may be made by one of ordinary skill in the art
using a ZYGO interofermetric tool available from ZYGO Corporation,

located in Middlefield, Connecticut.

Referring now to Figure 3A, a top view of'slider 10 from Figure 2C
is illustrated. A mask 54 is placed over slidef 10 in Figure 3B. Mask
54 has a leading edge 56 and a trailing edge 58. Mask 54 includes
apertures 60 and 62. A stream of particles travelling at a selected
velocity are directed at apertures 60 and 62 to induce compressive stress
in the exposed regiong of slider 10. Nozzle 64 propels a stream of
particles 66 into aperture 60 of mask 54. These particles "sandblast® or
"shot peen” the exposed surfaces of slider 10. Particles in the stream
may penetrate and damage the grain boundaries of the material forming the
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| east one section with a plurality of particles for a presel ected anount of
ti'me, wherein said plurality of particles are fromabout 20 nmto about 75
nmin dianeter. 3. The nethod of claim2, wherein said step of inpinging
said at |east one section with a plurality of particles for a preselected

anount of tinme includes inpinging said at

al um num oxi de particles for a preselected anount of tine. 4. The met hod

of claim3,

wherein said step of inpinging said at | east one region
wafer. The surface may open up and attempt to spread out. Raised

surfaces of about 20 nm may occur as a result of “sandblasting® or "“shot
peening® the exposed surfaces. The particles preferably have jagged or
rough surfaces. Materials such as aluminum oxide or silicon carbide may
be employed in accordance with a preferred embodiment of the present
invention. In selecting particles, the particles should be hard enough
such that the surface of the wafer can be damaged by the particles.
Additionally, it is desirable to employ particles that are stable,

economical, and non-toxic.

The size of the particles should be small enough to enter the
apertures created in the mask. For most sliders manufactured for hard
disk drive units, a particle size from about 20 um tco about 75 pm in
diameter may be employed in accordance with a preferred embodiment of the
present invention. 50 micron aluminum oxide and 50 micron silicon
carbide are examples of abrasive particles, which may be employed in
accordance with a preferred embodiment of the present invention. These
abrasive particles ﬁay be obtained from Crystal Mark, Inc., located in
Glendale, California. In Pigure 3D, slider 10 is depicted with sand

blasted regions 72 and 74 and a resultant crown.

Various aperture dimensions (shapes and sizes) may be employed to
obtain different changes in curvatures in a slider unit in accordance
with a preferred@ embediment of the present invention. Figures 4A-4C
illustrate examples of masks with different aperture dimensions that may
be utilized to alter the curvature of a slider. Referring first to
Pigure 4A, mask 76 contains two rectangular apertures 78 and 80 that are
aligned with recessed regions in slider 10. Front edge 56 is aligned
with leading edge 28 of the slider 10. This mask shape and orientation
results in a crown change that is greater than the camber change. If a
change in camber is desired, a mask such as mask 82 illustrated in Figure
4B should be employed. Mask B2 is similar to mask 76 except that
apertures 84 and 86 are formed such that they are wider than they are
long. The apertures may be of any geometry, as shown by apertures 85 and

87 in mask 88 in Pigure 4C.

By exposing regions on slider 10 in a shape that is longer from
back edge 27 to leading edge 28 than from side 7 to side 9, changes in
crown may be made. When.the exposed regions are wider from side 7 to
side 9 than they are long, from back edge 27 to leading edge 28, the

camber of a slider may be adjusted. The exposed regions on a slider
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wtth al um num oxi de includes inpinging said at | east one region with a
stream of 50 m cron al um num oxide particles for a presel ected anount of
time. 5. A nethod of fabricating a slider, said slider having a curvature
and first and second sides, said first side having a nunber of rails, ‘said
met hod conprising: selecting one side of said slider; selecting at |east
one region on said selected side; and 7

impinged by the particles should be within the recessed regions found
between rails in accordance with a prefe:rgd embodiment of the present
invention. Thus, in accordance with a preferrgd embodiment of the
present invention, the apertures in the mask may expose any region on the
slider, excluding the rails. Preferably, a distance from 40 um to 50 im
from the edge of the rails should not be exposed by the mask when the

rails are excluded, in accordance with a preferred embodiment of the

present invention.

Although the depicted masks illustrate three different types of
apertures, a number of different dimensions énd_locations for apertures
in a mask may be selected by those of ordinéry_skill in the art, based on
the particular slider being processed and based_on the tybe of curvature

change desired, such as camber or crown.

The mask may be fabricated from a number of different materials.
In accordance with a preferred embodiment offﬁhe present invention, the
mask is fabricated from Alﬁ%-TiC and apertures in the mask may be created
using a YAG laser. Other materials, such asimetal or metal alloys also

may be employed.

In accordance with a preferred embodiment of the present invention,
the tapered sections of a slider are typically not "sandblasted" or "shot
peened" by particles because damaging the surface of the slider in these
sections will not effect the curvature of the slider to any appreciable
amount. By applying the mask to the surface of the slider containing the
rails, a positive change in camber or crown may be introduced. - Reduction
of camber or crown in a slider may be achieved by exposing regions on the
back side of the slider and applying a stream of particles to the bottom
surface of the slider. In fact, a negative crown or camber may be made
by impinging the bottomlsurface of the slider with a stream of particles.
Thus, increases and decreases in slider curvatures may be accomplished by
impinging the top or bottom surface of the'slider. Although the depicted
slider is a three rail slider, other configurations and types of sliders,
such as a two rail slider, may be manufactured using the process

according to the present invention.

Referring now to Figure 5, a graph of slider crown correction
showing the change in crown versus the velocity is depicted. The delta
crown (mm) is illustrated in relation to the wvelocity (in/sec) of a

nozzle moving over and past the apertures of a mask. These results were
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211 - I mpi ngi ng said selected at | east one region with a plurality of

-

particles, wherein said curvature of said slider is varied. 6. The met hod
"of claim5, wherein said step of selecting one side of said slider includes
"selecting said first side and wherein said step of selecting at |east one

regi on on .

obtained using an abrasive powder, 50 micron aluminum oxide available
from Crystal Mark, Inc., located ih Glendale, California. &
microprocessor controlled nozzle positioner, a SWAM-NOZ POZ, available
from Crystal Mark, Inc. was used along with a rectangular abrasive
nozzle, part number 353-125X, having a nozzle size of 0.006 inches by
0.100 inches available from Crystal Mark, Inc. was employed. The nozzle
was positioned a distance of 2.5 mm from the nozzle tip to mask and the
aluminum oxide was forced through the nozzle under a preséure of 60
pounds per square inch (psi). The changes in crown for different nozzle
velocities are shown in Pigure 5. The stream of particles was directed
at the top surface of the slider providing a positive change or increase

in the crown of the slider.

Pigure 6 is a top view of a slider 10 processed as described above
with reference to Figure 6. The rails are 20 um above the recessed
sections. Sections 90 and 92 are areas that were exposed to the stream
of 50 micron aluminum oxide particles forced through the nozzle under a
pressure of 60 psi. 2As can be séen, a2 margin of at least 0.050 mm or 50
jm was maintained between the exposed areas and the rails. Figure 7
illustrates a mask that was placed over the slider illustrated in Figure
€. In practice, a mask including multiple sets of apertures, such as
that depicted in Figure 7, would be created for placement over an entire
row of sliders and the nozzle would be programmed to pass over the row of
sliders at a preselected velocity in accordance with a preferred
embodiment of the present invention. In a situation in which the crowns
for each slider in a row of sliders is already known, the microprocessor
controlled nozzle positioner can be programmed to change the velocity of
the nozzle as it passes from one set of apertures for one slider to the
next set of apertures so that the sliders can all be selectively
corrected to the same crown even though the original crowns maj be

different.

In accordance with a preferred embodiment of the present invention
slider units would be processed in rows selected from a wafer, as shown
in Figure 2B. The nozzle would scan over a row at a selected velocity to
produce the desired change in crown. Although, the depicted example
employs a nozzle scanning over a row of sliders, other methods of
propelling particles may be utilized in accordance with a preferred
embodiment of the present invention. For example, a nozzle may be
positioned over an individual slider and a stream of particles may be i

forced through the nozzle for a selected amount of time on to the regions
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sai d sel ected side includes selecting said at | east one region such that
said at | east one region excludes said nunber of rails. 7. The net hod of
claim6, wherein said step of selecting said at | east one region such that
said at | east one region excludes said nunber of rails includes selecting
said at | east one region such that a distance from about 40 nanoneters to
about 50 nanoneters separates said at | east one region fromeach of said
nunber of rails. 8. The net hod of cl ai m®5, wherein said step of inpinging
said sel ected at | east one

' exposed by the apertures in the mask. The crown or camber of the slider

also may be altered up to the point that the slider is suspended on the

spring or suspension unit that is mounted on the actuator arm.

While the invention has been particularly shown and described with
reference to a preferred embodiment, it will be understood by those
skilled in the art that various changes in form and detail may be made
therein without departing from the scope of' the invention.
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regi on with a plurality of particles conprises inpinging said selected at
| east one region with a plurality of particles for a presel ected period of
time. 9. The nethod of claimb5, wherein said step of inpinging each of
said selected at |east one region with a plurality

presel ected period of time includes inpingi ng said gmﬂl m Imﬁlmﬁmrone
region with a plurality of particles travelling at a*préselecteds velocity.

10. The method of claim5, wherein said step of selecting at | east one
region on said CLAINS

1. A method for fabrication of a slider, said slider having a first

side and a second side, said method comprising_the steps of:

placing a mask over said first side of said slider, said mask
having a number of apertures exposing a number of regions of said first
side, wherein each of said number of regions has predetermined dimensions

and a predetermined location on said mask; and

inducing compressive stress within each of said predetermined
number of regions exposed by said number of apertures, wherein a
selectable change in curvature of said slider is produced.

2. A method as claimed in claim 1, wherein said slider has a crown and
vwherein said step of placing a mask over said first side of said slider
includes placing a mask over said first side having apertures dimensioned
and loéated to change said crown.

3. A methed as claimed in claim 1, wherein said slider has a camber
and wherein said step of placing a mask over said first side of said
slider includes placing a mask over said first side having apertures

dimensioned and locgted te change said camber.

4. A method as claimed in any previocus claim, wherein said step of
inducing compressive stress within each of said predetermined number of
regions exposed by said number of apertures comprises directing. a stream
of particles onte each of said predetermined number of regions exposed by

said number of apertures.

5. A method as claimed in claim 4, wherein said step of directing a
stream of particles onto each of said predetermined number of regions
exposed by said mask includes directing a stream of particles onto each
of said predetermined number of regions exposed by said number of

apertures for a predetermined period of time.

6. A method for fabrication of a slider, said a slider having first
side, a second side, and a first edge, wherein said first side includes a
number of rails, wherein said rails are dispbséd parallel with said first

edge on said first side, said method comprising the steps of:
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firrst side conprises placing a nmask over said slider, wherein said nask
I ncl udes at | east one aperture exposing said at Ieasf"dne“regrbn‘and'

I npi nging said selected at |east one region expose t one
aperture with a plurality of particles noving at a city.

.11. The nethod of claim 10, wherein said step of |np|ng|ng ected at
| east one region with a plurality of part¥cles for a preselected period of
time conprises noving a nozzle over and past said at |east one region

fexposed by said @i&ln&@h@émhﬁng aﬂBZ\Zzlanty of apertures on said first side
of said slider, wherein a number of regions of said first side are
exposed, said plurality of apertures having predetermined dimensions and

locations and said plurality of apertures excluding said rails from

exposure; and

directing a stream of particles onto each of said exposed number of

regions, wherein a curvature of said slider is selectively altered.

7. A method as claimed in claim 6, wherein said slider has a crown and
wherein said step of placing a mask having a plurality of apertures on
said first side of said slider comprises placing a mask having a
plurality of apertures on said first side, wherein said plurality of
apertures are dimensioned and arranged to alter said crown of said

slider.

8. A method as claimed in claim 6, wherein said slider has a camber
and wherein said step of placing a mask having a plurality of apertures
on said first side of said slider comprises placing a mask having a
plurality of apertures on said first side, wherein said plurality of
apertures are dimensioned and arranged to alter said camber of said

slider.

9. A method as claimed in any of claims 4 to 8, wherein said step of

directing a stream of particles onto each of said exposed number of

regions comprises: -

directing a nozzle over each of said number of exposed regions,

said nozzle having an opening; and

forcing particles through said copening in said nozzle under a

preselected pressure.

10. A method as claimed in claim 9, wherein said step of directing a
nozzle over each of said number of exposed. regions includes positioning
said nozzle 2.5 millimetres over said mask and moving said nozzle over
and past each of said number of exposed regions at a preselected

velocity.
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i's novi ng at a preselected velocity and a plurality of "parti-cles-.._..__
originating fromsaid nozzle inpinges said at | east mﬁﬂlﬂmil on exposed by

sarca Least one aperiure. iz 12 Amenod Y A =
12

11. A metheod as claimed in claim 9 or claim 10, wherein said step of
forcing particles through said opening under a preselected pressure

includes forcing particles having jagged surfaces though said opening.

12. A method as claimed in any of claims 9 to 11, wherein said step of
forcing particles through said cpening under a preselected pressure

includes forecing aluminum oxide particles through said opening.

i3. A method as claimed in any of claims 9 to 1l, wherein said step of
forcing particles through said opening under a preselected pressure
includes forcing silicon carbide particles through said opening.

i4. A method as claimed in claim 12, wherein said step of forcing
aluminum oxide particles through said opening includes forcing said
aluminum oxide particles through said opening under a pressure of 60

pounds per square inch.

15. A method as claimed in any of claims 10 to 14, wherein said step of
moving said nozzle over and past each of $aid number of exposed regions
at a preselected velocity includes moving said nozzle over and past each
of said number of exposed regions at a velocity in a range of about 0.1
inches per second to about 1.5 inches per second, wherein a said
curvature of said slider may be altered from about 50 nanometres to about

5 nanometres.

16. A methed for fabricating a slider, said slider having a curvature
and first and second sides, said first side having a number of rails,

said method comprising:

selecting said first side of said slider;
selecting at least one region on said selected side; and

impinging said selected at least one region with a plurality of

particles, wherein said of curvature of said slider is varied.

17. A method as claimed in claim 16, wherein said step of selecting at
least one region on said selected side includes selecting said at least
one region such that said at least one region excludes said number of

rails. R
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si-de,” said nmethod conprising the steps of: placing a mask over said first
'side of said slider, said mask having a nunber of apertures exposing a
nunber of regions of said first side, wherein each of said nunber of
-regions has predeterm ned di nensions and ? predeterm ned | ocation on said
mask; and inducing conpressive stress within each of said predeterm ned
nunber of regions exposed by said nunber of apertures, wherein a selectable

change in curvature of SMAGNETR' HEAD SIIDERIFABRICATION
ABSTRACT |
A process for fabricating a slider for mounting a magnetic head within a magnetic disk
storage system is described. The process includes the steps of isolating particular areas
of the slider using a mask, and directing a stream of abrasive particles through apertures
in the mask onto the particular areas. This has the effect of inducing compressive stress

in the slider wherein its curvature may be controlled.

Fig. 1
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13+ The nethod of claim 12, wherein said slider has a crown and wherein
sai d step of placing a mask over said first side of said slider includes

pl aci ng a mask over said first side having apertures di nensi oned and
[ocated to change said crown. 14. The method of claim 12, wherein said
slider has a canber and wherein said step ﬁi pl acing a mask over said first
side of said slider includes placing a nas Sver said first side having
apertures di nensioned and | ocated to change said canber. 15. The net hod of
claim2, wherein said step of inducing conpressive stress within

Fig. 1
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each of said predeterm ned nunber of

pr edet er mi ned nunber of

regi ons exposed by said nunber of
apertures conprises directing a streamof particles onto each of said

regi ons exposed by said nunber of apertures.

16.

The met hod of claim 15, wherein said step of directing a stream of

particles onto each of said predeterm ned
mask i ncludes directing a stream of particl

pr edet er mi ned nunber of
predet ermi ned period of tine.

er of

regi ons exposed by said

s’ onto each of said
regi ons exposed by said nunber of apertures for a

Fig. 2A

4 ¢ ]
i ] ] ]

A DB A AR R Y .
[] f i

A i

1 kB v 1
SV N ] 1

1 b
i 1 1

Fig..2B

This is the replacement sheoet

Date:

03 SEP 1997



17. A nethod for fabrication of a slider, said a slider having first side,
a second side, and a first edge, wherein said first side includes a nunber
of rails, wherein said rails are disposed parallel with said first edge on
said first side, said nethod conprising the steps of:
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-713 - placing a mask having a plurality of apertures on said first side of
said slider, wherein a nunber of regions of said first side are exposed,
said plurality of apertures having predeterm ned di nensions and | ocations
and said plurality of apertures excluding said rails from exposure; and
shot peeni ng each of said exposed nunber of ?egions with a stream of
particles, wherein a curvature of said slifef is selectively altered.

ig. 3B

Fig. 3A
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18. The nmethod of claim 17, wherein said slider has a crowm and wherein
said step of placing a mask having a plurality of apertures on said first
side. of said slider conprises placing a nmask having a plurality of
apertures on said first side, wherein said plurality of apertures are

di nrensi oned and arranged to alter said crﬁgn of said slider. 19. The nethod
of claim17, wherein said slider has a ca £9 and wherein said step of

pl acing a mask having a plurality of apertures on said first side of said
slider conprises placing a mask having a plurality of apertures on said
first side, wherein said plurality of
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apertures are dinensioned and arranged to alter said canber of said slider.
20. The nmethod of claim 17, wherein said step of shot peening each of said
exposed nunber of regions with a streamof particles conprises: directing a
nozzl e over each of said nunber of exposed regions, said nozzle having an
openi ng; and forcing particles through sai ﬁfenlng In said nozzle under a
presel ected pressure. 21. The nethod of cl 20.,Wherein said step of
directing a nozzle over each of said
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nunber of exposed regions includes positioning said nozzle 2.5 mllineters
over said mask and novi ng said nozzle over and past each of said nunber of
exposed regions at a preselected velocity. 22. The nmet hod of claim 20,
wherein said step of forcing particles through said opening under a

presel ected pressure includes forcing paﬂjfyﬁs havi ng j agged surfaces

t hough sai d openi ng.
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- 14*- 23. The nethod of claim 20, wherein said step of forcing particles

t hrough sai d openi ng under a presel ected pressure includes forcing alum num
oxi de particles through said opening. 24. The nmethod of claim 20, wherein
said step of forcing particles through said
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openi ng under a presel ected pressure includes forcing silicon carbide
particles through said opening. 25. The nethod of claim 23, wherein said
step. of forcing alum num oxi de particles through said opening includes
forcing said alum num oxi de particles through said opening under a pressure
of 60 pounds per square inch. 26. The nethod of claim 21, wherein said step
of nmoving sai d nozzle over and past each $f9sai.d number of exposed regions
at "a presel ected velocity includes noving said

—————— 1.700 mm ————————»
|
2.530 mm
7
1 4
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nozzl e over and past each of said number of ex] Tﬁ’e:d ren fcﬁn§~§?da=‘*\ﬁ@lmcif€y

¢

In a range of about 0.1 inches per second to a Clgings ncf?@é“%r tg acgnt/¥ :
wherein a said curvature of said slider may bel u}é‘ef“éﬁigfsr)omﬂé%b{ﬁri@@aged ..... ;
nanoneters to about 9 nanoneters. Abstract paged £ to paged.7. |

2 | DATE OF recerk 9, DEC 1997 ,

United States Patent Nos. 5,136,445, 4,939,603, and 4,420,780 and to improve stability,
reduce head-to-disk stiction, and reduce sensitivity to changes in the disk surface
topology. In the fabrication process for manufacturing thin film sliders for magnetic
recording, a positive crown may be produced by lapping, as disclosed in United States
Patent Nos. 3,685,216 and 4,333,229. In other instances, the camber of the slider is
important. With a lapping process, however, it is not possible to accurately define the
curvature (crown and camber ) of a thin film slider. The curvature occurs about a mean
that is largely defined by the lapping process, but is not as variable as desired in many
instances. '

United States Patent Number 4,910,621 illustrates a method that may be used to
produce a curve in a thin film slider by creating a groove in one end of the slider,
placing a sealing agent in the groove, and thereafter melting and stiffening a sealing
agent in the groove. The sealing agent is selected such that the sealing agent shrinks
when stiffened, causing a curve in the slider. This method, however, requires a number
of steps to produce a final product and requires a sealing agent to be added to the thin
film slider. This process requires additional processing steps, time, and materials.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a method for
fabricating a slider having a curvature and two sides, said method comprising: selecting
one side of said slider; selecting at least one section on said selected side of said slider;
and inducing a preselected amount of compressive stress within said selected at least one
section to effect a change in curvature, wherein said curvature of said slider may be
altered by varying said preselected amount of compressive stress and a location of said at
least one section, wherein said step of inducing a preselected amount of compressive
stress within said selected at least one section comprises impinging said at least one
section with a plurality of particles for a preselected amount of time. '

. According to another aspect of the present invention there is provided a method of
fabricating a slider, said slider having a curvature and first and second sides, said first
side having a number of rails, said method comprising: selecting one side of said slider;

- selecting at least one region on said selected side; and impinging said selected at least
one region with a plurality of particles, wherein said curvature of said slider is varied.

According to still another aspect of the present invention there is provided a
method for fabrication of a slider, said slider having a first side and a second side, said
method comprising the steps of: placing a mask over said first side of said slider, said
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mask having a number of apertures exposing a number of regions of said first side,
wherein each of said number of regions has predetermined dimensions and a
predetermined location on said mask; and inducing compressive stress within each of
said predetermined number of regions exposed by said number of apertures, wherein a
selectable change in curvature of said slider is produced.

According to still another aspect of the. present invention there is provided a
method for fabrication of a slider, said a slider having first side, a second side, and a
first edge, wherein said first side includes a number of rails, wherein said rails are
disposed parallel with said first edge on said first side, said method comprising the steps
of: placing a mask having a plurality of apertures on said first side of said slider,
wherein a number of regions of said first side are exposed, said plurality of apertures
having predetermined dimensions and locations and said plurality of apertures excluding
said rails from exposure; and shot peening each of said exposed number of regions with
a stream of particles, wherein a curvature of said slider is selectively altered.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Preferred embodiments of the invention will now be described, by way of example
only, with reference to the accompanying drawings in which:

Figure 1 is a pictorial representation of an exploded view of a disk drive system
which incorporates a slider produced in accordance w1th a preferred embodiment of the
present invention;

Flgures 2A-2C depict a perspective view of a processed wafer and a detailed
structure thereof produced in accordance with a preferred embodiment of the present
invention;

Figures 3A-3D are illustrations of a method for adjusting the crown of a slider in
accordance with a preferred embodiment of the present invention;

Figures 4A-4C illustrate masks that may be utilized to alter the curvature of a
slider unit in accordance with a preferred embodiment of the present invention;

.- Figure 5 is a graph of slider crown correction depicting a cha.nge in crown versus
velocity in accordance with a preferred embodiment of the present invention;

Figure 6 is a top view of a slider processed to obtain the results depicted in the
graph in Figure 5 in accordance with a preferred embodiment of the present invention;
and

Figure 7 illustrates a mask placed over the slider depicted in Figure 6 in
accordance with a preferred embodiment of the present invention.
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CLAIMS

1. A method for fabricating a slider having a curvature and two sides,_ said method
comprising:

selecting one side of said slider;

selecting at least one section on said selected side of said slider; and

inducing a preselected amount of compressive stress within said selected at least
one section to effect a change in curvature, wherein said curvature of said slider may be
altered by varying said preselected amount of compressive stress and a location of said at
least one section, wherein said step of inducing a preselected amount of compressive
stress within said-sélected at least one section comprises impinging said at least one
section with a plurality of particles for a. pfeselecteci amount of time.
2. The method of claim 1, wherein said step of inducing a preselected amount of
compressive stress within said selected at least one section comprises impinging said at
least one section with a plurality of particles for a preselected amount of time, wherein
said plurality of particles are from about 20 nm to about 75 nm in diameter.
3. The method of claim 2, wherein said. step 6f impinging said at least one section
with a plurality of particles for a preselected amount of time includes impinging said at
least one region with a stream of aluminum oxide particles for a preselected amount of
time.
4. The method of claim 3, wherein said step of impinging said at least one region
with aluminum oxide includes impinging said at least one region with a stream of 50
micron aluminum oxide particles for a preselected amount of time.
5. A method of'fabricating-é slider, said slider having a curvature and first and
second sides, said first side having a number of rails, said method comprising:

selecting one side of said slider;

selecting at least one region on said selected side; and
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impinging said selected at least one region with a plurality of particles, wherein
said curvature of said slider is. varied. )
6. The method of claim 5, wherein said step of selecting one side of said slider
includes selecting said first side and wherein said step of selecting at least one region on
said selected side includes selecting said at least one region such that said at least one
region eicludes said number of rails. |
7.  The method of ciaim 6, wherein said step of selecting said at least one region such
that said at least one region excludes said number of rails includes selecting said at least
one region such that a distance from about 40 nanometers to about 50 nanometers
separates said at least one region from each of said number of rails.
-8. The method of claim 5, wherein said step of impinging said selected at least one
region with a plurality of particles compriées impinging said selected at least one region
with a plurality of particles for a preselected period of time.
9. The method of claim 5, wherein said step of impinging each of said selected at
least one region with a plurality of particles for a preselected period of time includes
impinging said selected at least one region with a plurality of particles travelling at a
preselected velocity.
10. The method of claim S, wherein said step of selecting at lgast one region on said
first side comprises placing a mask over said slider; wherein said mask includes at least
one aperture exposing said at least one region and impinging said selected at least one
region exposed by said at least one aperture with a plurality of partigles moving at a
preselected velocity.
11. The method of.claim 10, ‘wherein said step of impinging said selected at least one
region with a plurality of particles for a preselected period of time comprises moving a
nozzle over aﬁd past said at least one region exposed by said mask, wherein said nozzle
is moving at a preselected velocity and a piurality of particles originating from said

nozzle impinges said at least one region exposed by said at least one aperture.
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12. A method for fabrication of a slider, said slider having a first side and a second
side, said method comprising the steps of: ) | |

placing a mask over said first side of slaid'. slider, said mask having a number of
apertures exposing a number of regidns of said first side, wherein each of said number of
regions has predetermined dimensions and a predetermined Jocation on said mask; and
inducing compressive stress within each of said predetermined number of .regions
exposed by said number of apertures, wherein a selectable change in curvature of said
slider is produced. -
13. The method of. clalm 12, wherein said slider has a crown and wherein said step of
placing a mask over said first side of said slider .inéludes placing a mask over said first
Side having apertures dimensioned and Jocated to change said crown.
14. The method of claim 12, wherein said slider-has a camber and wherein said step of
placing a mask over sélid first side of said Slider includes placing a mask over said first
side having apertures dimensioned and located to chéhge said camber.
15. The method of claim 2, wherein said step of inducing compressive stress within
each of said predetermined number of regions exposed by said number of apertures
comprises directing a stream of particles onto. each of said predetermined number of
regions exposed by said number of apertures.
16. The method of claim 15, wherein said step of directing a stream of particles onto
each of said predetermined number of regions exposed by said mask includes directing a
stream of particles onto each of said predetermined number of regions' exposed by said
number of apertures for a predetermined period of time.
17. A method for fabrication of a slider, said a slider having first side, a second side,
and a first edge, wherein said first side includes a number of rails, wherein said rails are
disposed parallel with said first edge on said ﬁrSt_ side, said method comprising the steps
of:
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placing a mask having a plurality of apertures on said first side of said slider,
wherein a number _of regions of said first side are exposed,— said plurality of apertures
having predetermined dimensions and locations and said plurality of apertures excluding
said rails from exposure; and

shot peening each of said exposed number of regions with a stream of particles,
wherein a curvature of said slider is selectively altered.
18. The method of claim 17, wherein said slider has a crown and wherein said step of
placing a mask having a plurality of apertures on said first side of said slider comprises
placing a mask having a plurality of apertures on said first side, wherein said plurality of
apertures are dimensiéned and arranged to alter said crown of said slider.
19. The method bf claim 17, wherein said slider has a camber and wherein said step of
placing a mask haviﬁg a plurality of apertures on said first side of said slider comprises
placing a mask having a plurality of apertures on said first side, wherein said plurality of
apertures are dimensioned and arranged to alter said camber of said slider.
20. The method of claim 17, wherein said step of shot peening each of said exposed
number of regions with a stream of particles comprises:

directing a nozzle over each of said number of exposed regions, said nozzle having
an opening; and |

forcing particles through said opgning in said ﬁozzle under a preselected pressure.
21. The method of claim 20, wherein said step of directing a nozzle over each of said
number of exposed iegiohs includes positioning said nozzle 2.5 millimeters over said
mask and moving said nozzle over and past each of said number of exposed regions at a
- preselected velocity. o | |
22. The method of claim 20, wherein _said step of forcing particles through said
opening under a preselected pressure includes forcing particles having jagged surfaces

though said opening.
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23. The method of claim 20, wherein said step of forcing particles through said
opening under a preselected pressure includes forcing aluminum oxide particles through
said opening. |

24. The method of claim 20, wherein said .step of forcing particles through said
opening under a preselected pressure includes forcing silicon carbide particles through
said opening. _

25. The method of claim 23, wherein said step of forcing aluminum oxide particles
through said opening includes forcing said aluminum oxide particles through said
opening under a pressure of 60 pounds per square inch.

26. The method of claim 21, wherein said step of moving said nozzle over and past
each of said number of exposed regions at a preselected velocity includes moving said
nozzle over and past each of said number of exposed regions at a velocity in a range of
about 0.1 inches per second to about 1.5 inches per second, wherein a said curvature of

said slider may be altered from about 50 nanometers to about 9 nanometers.
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MAGNETIC HEAD SLIDER FABRICATION
ABSTRACT |
A process for fabricating a slider for mounting a magnetic head within a magnetic disk
storage system is described. The process includes the steps of isolating particular éreas
of the slider using a mask, and directing a stream of abrasive particles through apertures
in the mask onto the particular areas. This has the effect of inducing compressive stress

in the slider wherein its curvature may be controlled.

Fig. 1
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