6% 20208 16B22A:BATIY--zA®)  AS-SPRUSON P 0462755296: #12/24

P L 2283610

e i e 1l \‘iiin“\iﬁ‘ \|ﬂT““

[ Description : paged ..... ( . to paged f
tion relates in general to magmetic disk steorage

L]

@ Claim({s) :paged..l... 2 o paged .., ...
(& Drawing(s) : paged ..... to paged i
IZ/Abstract : paged A3 10 paged .......
systems, and in particular to a process for creating a slider for
I mnting a magnetic tyamsducer 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 desirable 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 Mumber s.oss,sia.

0 In some instances, it is desizable for the air bearing surface
: ("ABS*) of the ulider to have a poaiti.ve erown, such as is illustrated in
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United States Patent Nos. 5,136,445, &,939,603, and 4,420,780 and to
improve stability, reduce lead-to-disk stiction, and reduce sensitivity
to changes in the disk surface topoleogy. In the fabricaticn process for
ananufacturing thin filn sliders for magnetic reccrding, a positive cxrown
may be produced by lapping, as disclcsed in United States Patent Nes.
3,685,316 and 4,333,229, 1In other instances, the canber 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
precess, but is uot as variable as desired in many instances.

United States Patent Number &,510,621 ._hpnﬂunnuno- a nethod 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 -
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, requires
& 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

processing steps, time, and Bu.noﬂE-.

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

 bearing n.._nn ace of the slider.

. gﬂnﬁ% thes present »ﬂdg.npoa provides, in a E.M-n aspect, a

method for fabrication 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
axposing a number of regiona of said first side, wherein each of said
mumber ©f Yegions has predetermined dimensions and a predetermined .
location on said nask: and inducing compressive stress within each of
said predat uauuon aunbexr of ragions exposed by said aumber of apertures,
wherein a selectable change uunnn.qpnnnoon aid slider is produced.

Thus the pre Sngn»oﬂvuoaan:punonu for fabricating e
slider for mounting a magnetic transducer within & magnetiec disk storage
system. A preferred procesgs includes wﬁﬂ«»uﬁuﬂﬂ ocne 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 -

curvatuzs of the slider may be selectively altered,
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The curvature of the slider to be altered may be the crown 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

- 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.

Praferred embodiments of the imvention will now be described, by
way of exanmple only, with reference to the accompanying drawings in
whiochi

Figure 1 is a pictorial rspresentation of u.u exploded view of a
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
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

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;

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;

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

Wlsmea £ in ammacdenne wieth o
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The invention described in this application may be utilized with
a1l known mechanical configuraticns of disk drives or direct access
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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present invention. Next, Figure 2¢ depicts a elider 10 from the row of
sliders 30 in Pigurs 23,

With reference to Figure 20, a perspective 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 messure m crown, profile data of the rail is
taken and any tilt of the rall is subtracted from the 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 todl uvuuablo from ZYGO Corporation,
located in Middlefield, Cennceticut.

Ro!.:::.ng now to Figure 3A, a top view of glider 10 from Figure 2C

is illustrated. A mask 54 is placed over slider 10 in Figuze 3B. Mask

35 54 has a leading edge B6 and a tralling edge 53. Mask B4 includes
apertures 60 and €2. A etream of particles t:ravcllim At a selected
velocity are directed at apaertures €0 and 62 to induce compressive ut:-u
in the exposed regions of slider 10. Noszle 64 propels a stzean 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 penetrate and damage ‘.jho grain boundaries of the material forming thas
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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

35

&0

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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ixpinged by the particles should be within the recessed Tegions found
between rails in aceordance with a preferred embodiment of the present
invention. Thus, in accordance with a preferred 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 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 iaventien.

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.

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

iny 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
sections will not effect the curvature of the 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
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,
such as a two rail slider, may be manufactured uuing the process
agcording to the present 4{nventicn. ~

Referring now to Figure S, a graph of slider crown correction
showing the change in crowm versus the velocity is depicted. The delta
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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obtained using an abrasive powder, 50 micron aluminus oxice available
frem Crystal Mark, Inc., located in Glendale, Califcraim. A
microprocessor controlled noxsls positionexr, a SWAM-IOZ POZ, awvallable
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 employed. The noxzle
was positicned a distance of 2.5 mm from the nexzle tip to mask and the
aluminum oxide was forced through the nozzle under a pressure of 60 -
peuadi por 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 _m:ea.u
lin the crown of the slidez.

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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expossd by the apertures in the mask. The crown 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.
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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 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
regions expomed by said number 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
axposed by said mask includes directing a stream 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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placing a mask having a plurality of apsrtures on gaid firet eide
of said slider, wherein a number of regions of said first slde are
exposed, said plurality of apertures having predstermined dimensicns and
locations and gaid plurality of apertures excluding said rails from
exposure; and

directing a stream of particles onto each of said exposed number of
regions, vharein a curvaturs 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 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
slidex.

- 8. A method as claimed in claim 6, wherein said slider has & camber

20

as

30

35

and wherein sald step of placing a mask having a& plurality of apertures
on said first gide of said slider comprises placing a mask having a
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
directing a stream of particles onto each of said exposed number of

reglons comprises:

directing a noxgle over each of sald nunber of expoud regions,
said neule having an cpening; and -

sza!.ng 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
nogsle over each of sald number of exposed ch‘ieni includes positioning
said noszle 2.5 miliimetres over said mask and moving said nozzle over
end past each of sald nunber of capond vegions at a preselected
v.loeity.

This Sheet Has Been R
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1l. A method as claimed in claim 9 ox ciaim 10, wherein said step of
foreoing paxrticles through said ocpening under a preselected prassure
includes forcing particles having jagged surfaces though said opening.

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
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
aluninum cxide particles through said opaatng 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 nozzle ovar and past each of said number of axposed reglons
at a preselected welocity includes moving said nossle ovcé 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. '

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:

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
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 nczm- selecting said at least
one Teglon such thut sald at lmt ene rogicn axoludes said mumber of
rails., T
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