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Sl LI'CON COATI NG ON AI R BEARI NG SURFACE FOR NAGNETI C THI
FLM HEADS : BACKGROUND OF THE | NVENTI ON Teneed— ¢
of the Invention. This invention relates in general to sli ders for
magnetlc thin filmheads, and nore partlcul arly, to sliders for magnetic
thin filmheads having a silicon coatinglformed over the air bearing
surface ther eof . srifrcon PRAGINE! A dBkANEIsbace  VagDE] C
di sk devices have been 1M WI Feie as external '
storage. A magnetic di sk device incl udes a magnetlc di sk, a notor for
rotating the magnetic di sk, BACKGROBNDr @i EHE VINVEWZION al ong t he nmagnetic
di sk, and a magnetic head nounted on the sfider to performdata read and

write operations with respect to the magnetic disk. Achi evi ng hi gher
recordi ng densities has_requi [edhpa reduction in the separation between the
head and the surfice EiedfeOkalgietiVEREHRD St orage systens in use

comercially tod ys I:de ngﬁrg ai r bearing
during nor nal ope"rﬂall1 ?ngﬁ_ﬁl;i%? ?é%%%lﬁgcgfﬁer%%gg alubri cant,
such as perfljagnepekyehiar s{ BrfRadad 0 ME¥ert pdeeicithiig @doskiandrs! i der
dur| ng contact "start and stop

for magnetic thin film heads having a silicon coatlng formed

over the air bearing surface thereof.

2. Description of Related Art. -

Magnetic disk devices have been in widespread use and
are popular as external storage. A magnetic disk device
includes a magnetic disk, a motor for rotating the magnetic
disk, é slider radially movable along the magnetic disk, and;
a aagnetic head mounted on the slider to perform-data read
and write operations with respect to the magnetic disk.

Achieving higher recording densities has requiréd a
;eductiqnﬁiﬁ the separation between the head and the surface
of the ﬁégnetic disk. Storage systemé in use commexrcially
.today use a slider that rides on a hydrodynamic air bearing
‘during normal operation. The disk is typically coated with
a lubricant, such as perfluoropolyether (PFPE), to -prevent
weaf to the disk and slider during contact start and stop
%aneuvers and occasional asperity contacts. Two primary

recording concepts are currently being used: true contact



maneuver s and occasi onal asperity contacts. Two primary recording concepts
arfe currently being used: true contact

- 2- and near - cont act recordlng True contact recording uses very small
sliders coated with |ow wear rate materials that are allowed to slide
directly against the disk. In near- contact recording, a |iquid bearing
surface or an air bearing surface is useg_to separate the head fromthe
di sk. Neverthel ess, with either recording concept, the slider may
rest upon the surface of the nagnetic disk when not in use. During

i nformation retrieval and recordin however, the magnetic disk is
rotated. Whean@heedfsRontack ReR 1n9<nzﬁnu@909néa§F|aep0§diassu%¢%ng t he
surface of the netic.disk. Wth near-cqntact recordin i
rotational sPBEY %%a%%esﬁ+§?r?rﬁﬁia s¥1§Pl$9HhH§P§ F3§8rmg?eré? s Ehatyr ned

whi ch h d f f of th sk h
PGt T e L R S R 5%8@%%%% Bosgrt BRE, gipk: R8'Sedd (.

of . he di skontgLetL0ogtasssed: o Akl Ineldapbeasssacand,t g ghider 1ands

upon the dis ding a the ‘su unti| e di sk comes
to rest. beaPENE! ShrBAED! LB SEd S dpdbhe enat AaehdoErbhechl i desk.

Nevertheless, with either recofding concept, the slider
may rest upon the surface of -the magnetic disk when not in
use. During information retrieval and recording, however,
the magnetic disk is rotated. When the disk first begins
rotating, the slider slides along the surface of the
magngtic disk. With near-contact regording, as the
rotaﬁional speed of the disk increases, a boundary layer of
air is formed which causes the slide; to 1lift off of the
disk and "fly* above the.surface of the disk. When the
power to the disk drive is once again shut off, the disk
rotational. speed gradually decreases, and the slider lands
upon theldisk, sliding along the surface of.the disk until
the disk comes to rest.

Several problems arise from the contact of the slider
with the disk. With respect to both types of recording
systems, the slider may be sliding directly in contact with
the disk surface duripg start up and slow down of the disk.

This frictional contact causes wear of the disk and slider.



with the disk. Wth respect to both types of recording systens, the slider
may bersliding directly in contact with the disk surface during start up
and sl ow down of the disk. This frictional contact causes wear of the disk

and sli der. _ - 3- The excessi ve
wear on the di sk reduces the effective useful |ife of the disk.

Furthernore, even with near-contact recqrding systenms, contact between the
slider and disk also may occur when the disk is at full rotational speed.
Al t hough the boundary I|ayer of air normally acts to support the slider
above the disk, high points (asperities) on the otherw se snoboth surface
of the di skThé tkoessiagseetlneonl tHer di sk meddiceso hac te fifiecit itvige sige ful
projections on the disk. Wwen the slider inpacts these asperities on the
di sk, the sliflerofftba dgskges the disk surface, further degrading the disk
surface, as well as causing damage.,to the head and slid

Accordi ngly, theFerrFBezmpzgd FﬁeﬁrU?EEtn??ﬁf%ﬂqﬁﬁﬁtzﬁﬁ?oﬁaiﬂg SYEEEEE f r om
O el Bt REaE 0B, TR AU e B By BB o e 17
durable intgrfpce, Betyeen LBE.ReRHadgpdiek MMM |thePRRARIIaG) Anot her
1ayer'of-air normally acts to support the slider above the
disk, high points (asperities) on the otherwise smooth
surface of the disk at times cause the slider to make
contact with these projections on the disk. When the slider
impacts these asperities on the disk, the slider often
gouges the disk éurfape, further degrading the disk surface,
as Well as causing damage to the head and slider.
| Accordingly, thére is a need to protect the slider and
disk surface from damage, namely by depositing a final layer
at the air bearing surface in the fabrication of magnetic
thin film heads. This surface provides a durable interface
between ﬁhe head and disk during file operation. Another
function of the final layer is to provide a surface on which
the flyheight can be measured, e.g. a surface with simple
and consistent optical properties. 1In order to pr;vide a
durable interface, a low friction, durable and mechanically
téugh coating is fequired. In order to provide surface

conducive to fly height measurements, an optically



function of the final layer is to provide a surface on which the flyheight
cah be measured, e.g. a surface with sinple and consistent optical
properties. In order to provide a durable interface, a low friction,
durabl e and nechanically tough coating is required. In order to provide
surface conducive to fly height neasurenents, an optically

-4- reflective, single |ayer material _s required. Many materials, such
as SiN, SiC, TiN, DLC, TiWetc. have been tried. Nevertheless, all such
materials have failed either by the first or second criteria. For exanple,
in_.the case of a silicon slider, the coating is not identical to the
silicon slideefbedyivehi singlealager atatiali dsarefeiradd Mavwani cal
stresses. Thus, a_stable slider dinension (crown, canber, pitch, etc.) can

not be mai ntBRREEIAMEh FRED 2@npeihe ur®lexdifsi BhCentolineeFedhdyet heen | e.
1o Qvercome Lheedeadedh b hgtethace fusll k. auebl el st sl e,
e LRy oLl or “AEol SPGB Wlaeme, b Soe TS
both of whichragesiiicon slider, the coating is not identical to the
silicon slider body, which creates thermal mismatches and
‘mechanical stresses. Thus, a stable slider dimension
{crown, camber, pitch, etc.) can not be maintained with the
tempéfature excursion encountered by the file.

To overcome the head disk interface durability problem
with metallic layers such as TiW, a thin and durable
hyd;ogenated carbon overcoat has been applied as the final

step in head fabrication. '
U.S. Patent No. 5,159,508 to Grill, et al., and U.S.
Patent No. 5,175,658 to Chang et al., both of which are
incorpo;ated by reference herein, describe the use of a DC
biased substrate in an RF plasma deposition apparatus to
deposit an adhesion layer and a thin layer of caibon upon
the air bearing surface of a slider. These references
describe depositing an adhesion layer to a thickness of
bgtWeen 10 and 50 angstroms (i.e., 1 to 5 nm), and a carbon
layer to a thicknéss of 50-1000 angstroms (i.e., 5 to 100

nm) upon the flat surface of a slider. An etching technique



I ncorporated by reference herein, describe the use of a DC biased
substrate in an RF plasna deposition apparatus to deposit an adhesion

| ayer and a thin |ayer of carbon upon the air bearing surface of a slider.
These references describe depositing an adhesion |ayer to a thickness of

between 10 and 50 angstrons (i.e., 1 to 5 nm, and a carbon |ayer to a
t hi ckness of 50-1000 angstroms (i.e., 515 100 nm upon the flat surface
of a slider. An etching technique " is then used to forma

patterned area, which includes rails, on the air bearing surface. A
solvent is then used to renove the photoresist |layer which is used to
control theisetbhhngsed to f3hwsa pethedseddren, fylviglsevmrlaldes rails,

di sadvantages. Prinmarily, the Gill and Chang references disclose a nethod

by whi ch th@nptb@ee@rvbeeaa{wn@u{ﬁﬁes a hra%qzlwm ayerthen uredtided in the
Chang reference

ect t sl jder. These |ayers e
necessary tb€ B?%FeE?‘e HgOEPFﬁﬁ?'gtd PYRp ¥ b%léq’c%rﬁseéjtctrﬂ rfg?%)% tﬁ'? done to
formthe pg%gg& d air bearing surface, and for subsequent sol vent
removal of toresist | ayer after etching. Unfortunately, this

met hod requires &ﬂ@s@|ﬁ€€H33§ Bhiffer from several disadvantages.

Primarily, the Grill and Chang references disclose a method
by which the protective coating (plus a masking layer ag-
described in the Chang reference), is placed to protect: the
slider. These layers are necessary to protect the slider
during subsequent etching which is done to form the |
patterned air bearing surface, and for subsequent solvent
remgval of the photoresist layef after etching.
Unfortunately, this method requires the placement of a
substantial thickness of coating across the entire slider so
that the sensor will not be damaged during the etching
process. Further, this method does not allow control over
the-depth.of the coating material across the air bearing
surface of the slider. In particular, during the etching
and solvent removal steps, which are done to form the
patterned surface in the slider and to femove a photoresist
material, the coating is removed in an uncontrollea fashion
This caﬁses the coating thickness to vary across the air

bearing surface of the slider.



substantial thickness of coating across the entire slider so that the
sensor:w || not be damaged during the etching process. Further, this

nmet hod does not allow control over the depth of the coating nateri al
across the air bearing surface of the slider. In particular, during the
etching and solvent renoval steps, which are done to formthe patterned
surface in the slider and to renove a phgtoresist nmaterial, the coating is
renoved in an uncontrolled fashion This causes the coating thickness to
vary across the air bearing surface of the slider.

- 6- A further problemw th this nethod is that the magnetic
spaci ng i s increas€drbfieirhprbbileknesshothihiretdendds tdedr tdet magnigitdc
increase in magnetic spacing is significant in the |l ow flying height file
because it spacdogupy ancweesedaby5pbsothiginess Af &HHE FFRIF degrade the

file performance. .Thus it can ,be seen that there.is a ne%gffor
overcoat nAVEEFSRL -whTEAShABCERBSEei PRFUHDI T ARG TFu P T 2E S d

heed for B EhoereUarivare: RarolkaFile Rt e B M SRR P e
' as 50% of the total spacing and degrade the file
performance. |
Thus it can be seen that there is a need for overcoat
material, which has the better combination of durability and
optical properties compared to TiW.
It also can be seen that there is a need for an
overcoat material that is compatible with different slider
'bod& materials such as silicon which imposes little concern
abéht the thermal expansion and mechanical stress effects on
the slider.
It can also be seen then that there is a need for an
overcoat material that does not create magnetic spacing

loss.



body nmaterials such as silicon which inposes little concern about the
t hermal expansi on and nechani cal stress effects on the slider. I t

can al so be seen then that there is a need for an overcoat material that
does not create magnetic spacing | oss.

-7 SUVMARY OF THE | NVENTI ON To overcone the
limtations in the prior art described gbove, and to overcome other
limtations that will beconme apparent GBén readi ng and under standi ng the
present specification, the present invention discloses a silicon coating
on an air bearing surface for magnetic thin film heads. The present

I nventi on sol ves the aboye-degégﬁﬁﬁg ol e ens/ENrionovi ding a thick silicon
layer to replace netallic layers such as TiWas an overcoat for thin film
heads. The silices bayetowk! thar Dyinfieatichs abl eheegd-idirslarti descirdbedand
act as-a reflective surface for fly height neasurenent. The silicon layer
can be pl anabozed anBhtbhevepobwet bpber ol ividiat ians. rhgtemid 1s Pesoms | oss.
Further, the slider incorporating the invention is applicable in both

apparent upon reading and understanding the present '

specification, the present invention discloses a silicon

coating on an air beariﬁg'surface for magnetic thin film

heads.

The present invention solves the above-described

problems by providing a thick silicon layer to replace

metallic layers such as TiW as an overcoat for thin film

heads. The silicon layer will provide a durable head-disk

interface and act as a reflective surface for fly height’’

meésurement. The silicon layer can be planarized with the

pole tips to avoid any magnetic spacing loss. Further, the

slider incorporating the invention is applicable in both

contact and near-contact recording systems.

A system in accordahce with the principles of the

present invention includes a slider structure having leading

and trailing ends, a patterned area on said slider structure

forming én air bearing surface and a protective silicon

cqating on the patterned area.

One aspect of the present invention is that the

patterned area includes at least one rail.



contact and near-contact recording systens. - A systemin. accordance
wth the principles of the present invention includes a slider structure
having leading and trailing ends, a patterned area on said slider
structure formng an air bearing surface and a protective silicon coating

on the-.patterned area. One aspect of the present invention is that
the patterned area includes at |east ongrail. Anot her
aspect of the present invention is that the thickness of the silicon
coating is in the vicinity of 125 angstrons thick. Anot her aspect of

the present invention is that the thickness of said protective coating is
in the vicinity ahotds0aspgstr Ofs the pssgent inventd@ithds &PFdcthst the

present invention is that the _slider structure, is fabricated fr ilicon,
the siliconthigktess B& thei §ALroR cPating 17 1indPs I"f’t?é‘tnlggdy?f?ﬁ)@?’eby

preventing thernal ni?ﬁgkih t her ebet ween. "Still another aspect of the
pr esent i nvEREFGH TS ‘tthe silicon coating conprises optical properties

which provide a,gaod reterenee Fuihacprboin@CaVttidd Yheidie the

thickness of said protective coating is in the vicinity of
6500 angstroms or less.

Another aspect of the present invention is that the
slider structure is fabricated from silicon, the silicon
éoating being identical to the siiiqon slider body thereby
preventing thermal mismatch therebetween.

Still another aspect-of the present invention is that
the silicon coating'comprises.optical properties which
pré&ide a good'reference surfhée for accurate flyheight
measurement .

Another aspect of the present invention is that the
silicon layer is planarized to prevent magnetic spacing
loss.

Another aspect of the present invention is that the
silicon coating is applied using a sputtering technique.

Yet another aspect of the present invention is that the
sputtering technique provides a high rate of depoéition of

silicon to form a dense, low stress silicon layer.



measur enent . Anot her aspect of the present invention is that the
sklicop layer is planarized to prevent magnetic spacing | o0ss.

Anot her aspect of the present invention is that the silicon coating is
applied using a sputtering technique. Yet anot her aspect of the
present invention is that the sputtering technique provides a high rate of
deposition of silicon to forma dense, l.ew stress silicon |ayer.

-9- These and various ot her advantages and features of novelty

whi ch characterize the invention are pointed out wth particularity in the
cl ai ms annexed hereto and forma part hereof. However, for a better -
under st andi ng of Thesei audnvVREACUSt SLAEY ard R Ies @1ch & egbU&eFs O6bt ai ned
by its wuse, reference should be made to the draw ngs which forma_ further

part hereof , naNalty WbichpsherAGEaEieri pre AYRRTIAR 259, BRPERS: RBFe are
Ljustrated god, doscr88da208¢' 1hCen8 RIS AlndRLRYR 2nld" eBEROGINCE
.part hereof. However, for a better understanding of the
invention, its advantages, and the objects obtained by its
use, reference should be made to the drawings which form a
further part hereof, and to accompanying descriptive matter,
in which there-are illustrated and described specific

examples of an apparatus in accordance with the invention.



-10 - BRI EF DESCRI PTI ON OF THE DRAW NGS

Referring now

td the drawings in which |ike reference nunbers represent correspondi ng

parts throughout: Fig. 1 illustrates an exploded view of a magnetic
storage system Fig. 2 illustrates the formation of an exenplary thin
fil mmagnetic head which may utilize a silicon coating according to the
I nventi on; Fig. 3 illustrates a sltq%[ havi ng exenplary air bearing
surfaces forned thereon which may utilize™a silicon coating according to
t he i nventi on; Fig. 4 illustrates the nethod by which a protective

coating of silicon is placed upon the bottom of the slider;

Fig. 5

illustrates the contact starIEStppsORIPOIOMTrE THY DEaSITNder having a thick
4500 angstromsilicon coating; and Fig. 6 illustrates the contact

start-stop perfor Refrriogfg aacyt itercheadirvagiagshin Wiktclangiste are fertarcen

coati ng.

numbers represent corresponding parts throughout:

Fig. 1 illustrates an exploded view of a magnetic

storage system;

Fig. 2 illustrates the formation of an exemplary thin

film magnetic head which may utilize a silicon coating

according to the invention;

Fig. 3 illustrates a slider having exemplary air

bearing surfaces formed thereon which may utilize a silicon

coating according to the invention;

Fig. 4 illustrates the method by which a protective

coating of silicon is placed upon the bottom of the slider;

Fig. 5 illustrates the contact start-stop performance

of a slider having a thick 4500 angstrom silicon

coating; and

Fig. 6 illustrates the contact start-stop performance

of a slider having a thin 125 angstrom silicon coating.



DETAI LED DESCRI PTI ON' OF THE | NVENTI ON In the foll ow ng description of
the exenplary enbodinent, reference is nade to the acconpanyi ng draw ngs
whi ch forma part hereof, and in which is showmn by way of illustration the
specific enbodiment in which-the invention nmay be practiced. It is to be
under stood that other enbodiments nay be utilized as structural changes
may be made without departing fromthe sgope of the present invention.
The present invention provides a thick silicon layer to replace netallic

| ayers such as Ti Was an overcoat for thin filmheads. The silicon | ayer

wi Il provide a durable interface between a transducer and storage nmedi um
while also acting as apDeghitED DESSHIPAT IONreasur enent .

Further, the silicon |layer can be planarized wth the pole tips to avoid
any magnetic spacingthesfollowing Riggcrintiogsofaths gHeBRpREHed vi ew of a
magnetic storage_ system 10. The disk drive 10 includes a hoysing 12 and a
housi ng covefmBadifeRt, EPERFenEs cih Npds & BGRMPRFY 1Y Pramings.

Mo d within, housi ' i ndl haft .22, .R I d
he spindl o YRR 59588 BRES Hureeh. ot METeh ao e pR Yo e s o7 1
mul tipl e di skg;gde 8LEi R EAE NGod fr M emRiditentS Ba khden BnePafeEneRaA!

rel ation.
may be practiced. It is to be understood that other

embodiments may be utilized as structural changes may be
made without departing from the scope of the present
invention.

The present invention provides a thick silicon 1ayer to
replace metallic layers such as TiW as an overcoat for thin
film heads. The silicon layer will provide a durable

'intéiface between a transducer and storage medium, while
also acting as a reflective surface for fly héigﬁt
measurement. Further, the silicon layer can be planarized
with the pole tips to avoid any magnetic spacing loss.

Fig: 1 illustrates an exploded view of a magnetic storage
system 10. The disk drive 10 includes a housing 12 and a
housing cover 14 which, after assembly, is mounted within a
frame 16. Mounted within the housing is a spindle shaft 22.
Roﬁétably attached to the spindle shaft 22 are a number of
ﬁagnetic storage aisks 24. In Fig. 1, multiple disks 24 are

attached to the spindle shaft 22 in spaced apart relation.



-12- - The disks 24 rotate on spindle shaft 22 which is powered by a
not or (snot shown). Information is witten on or read fromthe disks 24 by
heads or nmagnetic transducers (not shown) which are supported by sliders
26. Preferably, sliders 26 according to the invention are coupled to the
suspensions or load springs 28. The | oad springs 28 are attached to
separate arns 30 on an E block or conb 33,  The E block or conb 32 is

attached at one end of an actuator arm assenbly 36. The actuator arm
assenbly 36 is rotatably attached within the housing 12 on an actuator
shaft 38. The rotary actuator assenbly 36_noves the integrated

transducer/ s Bpesisks 2dssethty bn apindiensieft t22 whecbr ésepbwene@ivy on i n
an arcuate path across the surface of the storage disk 24. However, those
skilled in twotan (pot shewagni ZEnformatinn ipnvertion ¢n croreadafrondhre

limted to use in the particular storage device_descri bed abhove.. Far,
exanpl e, t hosHsXg I?';eo&( nheg %?tmﬁ???g?"éc'bﬁﬁw‘ied%ﬁ h@%eﬁ%@m"mw# m

hES 219 i, BB BRI e B RELA SUBRE UE S0t

S UCeE HIEE titton axs ot L0 SRR 151 o

Wil recogniggiiiridad 20t.herh8eldudl sp¥ihds/ B8Sad ATRGNRHISL tBeddparBe arms
30 on an.E block or comb 32. The E block or comb 32 is
attached at one end of an actuator arm assembly 36. The
actuétor arm assembly 36 is rotatably attached within the
housing 12 on an actuator shaft 38. The rotary actuator
assembly 36 moves the integrated transducer/suspension
assembly in accordance with the present invention in an
arcuate path across the surface of the storage disk 24.
However, those skilled in the art will recognize that the
inventioh is not meant to be limited to use in the particular
storage_dévice described above. For example, those skilled in
the art Qill rgcognize that magnetic thin film heads having a
silicon éoating on the air bearing surface thereof according
to the invention are equally applicable to other récording
devices such as tape drives.
_ .. Fig. 2 illustrates the formation of an exemplary thin
film magnetic heéd 200. Again, those skilled in the art will

recognize that other methods and types of magnetic heads may



-13- be fabricated, and that the invention is not neant to be I|imted
to thespecific magneti c head described herein. A thin filmhead assenbly
200 i s nade by depositing thin film layers on a prepared substrate 202,
such as_silicon. The substrate 202 may have a ridge 204 anisotropically
etched into the surface, and the ridge 204 may be bounded by three
crystal | ographi c pl anes 206, 208, 210. The_l ayers 206, 208, 210 are
deposited so that the head pol e pieces 2123are formed on the crystal face
at the end of the ridge 204. Excess pole tip material 214 is renoved to
formthe transduci ng gap 216. _ The fabrication process begins with the

maski ng“and pf ChAPE: Qi A, OXhdi 28fhtS| th&€0MnVeheloX02s T ehebhRO el dde
silicon wafer 202 is achieved in an anisotropic etchant, which |eaves a

ri dge 204 thatinizddbursleehenspeoi £fstdaaghytidehesdydeakiropedphieteinanes
206, 208, 210. The silicon 202 is reoxidized, and a thin filmhead 220 is
fabri cat ed orchtime fishw fleesad cissdmly [30brid agele 202 depes ithing fihim hisialdn 220
is positioned so that the pole tips 212 lie flat on the surface of the
ridge 204. lPVergafe? fsPERRPAYEPgIRURELIEItesROR t FuFtendFesdtdesn-pol®hg i p
material 214. Fol | owi n wafer 2Q0 is sLiCﬁgyinto r ows of

I his, th
sliders, eacPUPRRERFS ﬁP@g‘F% Iéﬁe‘%%&y%éﬁﬁﬁ 194 ged sofpeRica etales YHP are
bevel ed to flf:rl';[ehegug'%ghgg ahd! Ehge%f.é"gqe 204 may be bounded by three

¢rystallographic planes 206, 208, 210. The layers 206, 208,
210 are deposited so that the head pple pieces 212 are formed
on the crystal face at the end of the ridge 204. Excess pole
tip material 214 is removed to form the transducing gap 216.
The fabrication process begins with the masking and
etching of an oxidized silicon wafer 202. The etching of the
si_i:icon wafer 202 is achieved in an anisotropic etchant, which
leévés a ridge 204 that is bounded on four sides by the
crystallographic planes 206, 208, 210. The silicon 202 - is
reoxidized, and a thin film head 220 is fabricated on the
surface of the silicon layer 202. The thin film head 220 is
positioned so that the pole tips 212 lie flat on the surface
of the ridge 204. The wafer is thén lightly polished to
remove excess pole tip material 214.
.' Following this, the wafer 200 is -sliced into rows of
sliders, each having integral aerodynamic ridges. Then, the

ridges 204 are beveled to further define an air bearing



-14- surface and the individual units are then diced fromthe rows. The
head fabrication techni que enploying etching sinplifies mnachining and
pol i shi ng operations. Fig. 3 illustrates a slider 300 having
exenplary air Dbearing surfaces fornmed thereon. Those skilled in the art

wi |l recognize that other types of sliders may be fabricated, and that the
invention is not neant to be linmted to LQ@_ specific slider described

her ei n. The slider 300 includes a | eading edge 312, a trailing edge
314 and two side edges 316, 318. Two side air bearing surfaces or rails
320, 322 and a center rail 324 for a given aerodynam c performance

st andar d nay shefdicepaesddtha fndingpiudl ustitgcae eI3R6diAetlr fnow uder raws .
magneti c head 328 is disposed on the center rail 324 at the trailing edge
314 for perf @hei mpad cabyikcateiepcreshwimieoremieydngk etahiaon simpdiif iesne
or nore transducers 328 may he fornmed on the side rails 320, 322 for a
side-rail coRfrHdrdtdoRns pOldEhdnEaPPEERESBIRS- 322 in this case being

Ul extended o Lok g o968, S crsaer, 5 SAEHIG "BEHG D, o "

coating of  gLLiLGAR RLAMASSE OFboltdita PORLABL! hfosd | SRE1144C5HILRE Lhe
will recognize that other types of sliders may be fabricated,
and that the inventidn is not meant to be ‘limited to the
specific slider described herein.

The slider 300 includes a leading edge 312, a trailing
edge 314 and two.side edges 316, 318. Two side air bearing
surfacés or rails 320, 322 and a center rail 324 for a given
aerodynamic performance standard may be disposed on a support
stf#cture 326. A transducer ér magnetié head 328 is disposed
.on the center rail 324 at the trailing edge 314 for performing
read/write operations on the disk. Alternatively, one or wmore
transduqefs 328 may”bé fofmed on the side rails 320, 322 for
a side-réil configuration, the side rail(s) 320, 322 in this
case being fully extended to the trailing edge 314.

Referriné now to Fig. 4, an important aspect of the
invention is the method by which a protective coating of
siiicon provided on the bottom of the slider, including the
air bearing surféce. Preferably a DC magnetron sputtering

technique is used to deposit silicon. However, those skilled



air bearing surface. Preferably a DC magnetron sputtering technique is
used tp deposit silicon. However, those skilled

- 15- in the art will recognize that the silicon coating nmay be forned
during the formation of the slider or nmay be applied to the slider using
ot her techni ques. Neverthel ess, the DC nmagnetron sputtering techni que

provides a high rate deposition, which Lgga desirable manufacturing
process because it provides a dense filmdue to higher energy bonbardnent
during the deposition process. Accordingly, this high rate mnagnetron
sputtering technique gives rise to a dense and low stress filmon the .
slider. inPféfeeramt ywidd stemtomnhizieotdiatsithiec oriliisatepoatiot may| bei ng
a DC magnetron sputtering process. _First, the bottom of the slider 420,
i ncl udi ng t hEorPedpduring ke riuanatiom ofsthe &ligder orgray kg |applded to
Sputtering source 450 or "target" is ,simlarly cleanse Next, the
protective cﬁg‘Fi R L19eE qB558 FRGE ¢ ﬁ&cg;["r%‘é‘?gzlzo Mo MFﬁ&'SLﬁr}fedCBCSi de
according to r er 'ng 46 . Ac | to_the jnventiaon,
the sputter 8%8@%??§§ sir%. con - igeﬁrsnenc'iq%% t ggg%g ’lsngaf o_(rehJ_f(ﬂ)é a%rgl@'g
3?2{:] ng sur L 8epod3Ribal wAPERCld & BesdsaBik hadt rhbeuPiAg P rodddsL pRchaad

it provides a dense film due to higher energy bombardment
during the deposition process. Accordingly, -this high rate
magnetron sputtering technique gives rise to a dense and low
stress film on the slider.

Preferably, as stated above, silicon is deposited
utilizing a DC magnetron sputtering process. First, the
bottom of the slider 420, including the air bearing éurface
439,: is cleanéd. Similarly, a sputtering source ‘450 or
"target" is similarly cleansed. Next, the protective coating
is deposited on the slider 420 air bearing surface side
according to a predetermined mask 460.

Accarding to the inﬁentioﬁ, the sputter deposited silicon
429 is used as the coating fér the air bearing surface 439 for
magnetic heads such as the planér silicon head disclosed in
U.S. Patent No. 4,949,207, herein incorporated by reference.
This silicon coating.429 provides a debris-free interface
Sétween the head and disk, which results 1in excellent

storage medium/transducer interface reliability.



U.S. Patent No. 4,949,207, herein incorporated by reference. This silicon
coating 429 provides a debris-free interface between the head and di sk,
which results in excellent storage nediunftransducer interface
reliability. -16- In the case
of a silicon slider, this silicon coating is preferably identical in
conposition to the silicon slider body, hgnce no thermal m smatch exists
and a stable slider dinension (crown, canber, pitch, etc.) can be

mai ntai ned regardless of the tenperature excursion in the file. Finally,
since the optical properties of silicon are well known, silicon also
provi des a good r afeterCease bica 9liect wldider,f thhei ghlioceascrxner .is
Sliders with thick (on the order of 4500 A) and thin (on the order of 125
A) single | agerefeirabdgn tdenthgsl 429 heomposiddenpriepakbel &idicest &iliden he
standard Contact Start-Stop CSS) _station Igs. 5 an |II trate he
excel | ent redgdys haneg ned & ?Ema@wéﬁﬁwaFﬁBu§§hﬂt€yépg i}l r

illustrates the contact start- sto erfor C 0 ,of _as der
t hi ck, 4500 Qﬂﬁ“rsdﬁnsllf:’c?wncoa‘f TqnpP nlé § he ¥ c |eonm Aﬂg&é‘

plotted f .O'r L h%ﬁ%%s%fskﬁét texﬁ;ggpaﬁﬂ:é %%cﬁgéloﬁh{ﬁ)'“lﬂ@':ﬁltehe %11&9

process,
' since the optical properties of silicon are well known,

silicon also provides a good reference surface for accurate
flyheight measurement.

Sliders with thick (on the order of 4500 A) and thin (on
the order of 125 A) single layer silicon coatings 429 have
been prepared and tested in the standard Contact Start-Stop
(CSS) statioh. Figs. 5 and 6 illustrate the excellent results
obtained after twenty thousand cycles .i

Fig. 5 illustrates the contact start-stop performance 500
of a slider having a i:hick 4500 angstrom silicon coating. In
FJ.g 5, the stiction 502 is plotted for the range of start-
stop cycles 504. Throughout the cycling process, i.e., twenty
thousand cycles 506, the stiction remains relatively constant
at less than two grams 508.

F.ig. 6 illustrates the contact start-stop performance 600
o.f.'a slider.having' a thin 125 angstrom silicon coating. In
Fig. 6, the stici:ion 602 is plotted for the range of start-

stop cycles 604. Again, the stiction remains relatively



t housand cycles 506, the stiction remains relatively constant at |ess than
two grans 508. Fig. 6 illustrates the contact start-stop perfornmance
600 of a slider having a thin 125 angstromsilicon coating. In Fig. 6,
the stiction 602 is plotted for the range of start- stop cycles 604.

Again, the stiction remains relatively

-17- constant at less than two grams 608 throughout the cycling 606.

In tests, sliders having a silicon overcoat according to the invention
exhi bit no debris accumulation on their air bearing surfaces after

prol onged contact start-stop testing. |In contrast, sliders with a TiW
coating overcéhera@ht hBeaniedg tian acs eyddds tedeahrdsihout adeeinoyalimf on
the air bearing surface after the sane test. 1In fact, sliders with a TiW

coating overedée air bearing surface began to crash after |ess than one
t housand (1000) contact start-stop cycles due to the heavy debris

accunul ati on. In testRmtdrders favilagna Riiiqen oNg¥icRgtaapeprding to
conbi nation of dyrability andq QqQpti cal Erggerties as. coppared to .Ti Whas
been di scl ostl® HRYEQLLPRy P a0 BeREID A PFEPTULIF HRR g PP dMSTE sFHher

body ”ater'aﬁéaégﬁg gﬁrfééégqgf€g¥cgkolonged contact start-stop testiﬁg.

In contrast, sliders with a TiW coating over the air bearing
surface exhibit heavy debris accumulation on the air bearing h
surface after the same test. In fact, sliders with .a TiW
coating over the air bearing surface began to crash after less
than one thousand (1000) contact start-stop cycles due to the
heavy debris accumulatiqn.

- In summary, a silicon overcoat haviné’ a Dbetter
combinati§n of durabilit'iy and optical propefties as compare.d
to TiW has been disclosed. The silicon overcoat is compatible
with different slider body materials such as silicon which
-imposes little concern about the thermal expansion and
mechanicz;ll stress effects on the slider. Since the silicon
layer can bé planar'iz.ed with the pole tips, magnetic spacing
loss is avoided.

The foregoing description of the exemplary embodiment of
the-- invention has been presented for the purposes of
illustration and description. It- is not intended to be

exhaustive or to limit the invention to the precise form



imposes little concern about the thernal expansion and nechanical stress
ef fects on the slider. Since the silicon |ayer can be planarized with the

pole tips, magnetic spacing |oss is avoided. The foregoing
description of the exenplary enbodi nent of the invention has been
presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limt LQ@_invention to the precise form
-18-  disclosed. Many nodifications and variations are possible in

| ight of the above teaching. It is intended that the scope of the
invention be limted not with this detailed description, but rather by the
cl ai n8 appendieschesed 0. Many modifications and variations are possible inWHAT
IS CLAIMED | S: 1. A slider for supporting a naqyetic head

conpri si ng: light of the above teaching. It is intended that the scope of
the - invention be limited not with this detailed description,

but rather by the claims appended hereto.



a slider body having a |leading end, a trailing end, and an air bearing
surfacg; and a silicon coating on the air bearing—surface—

The slider of claim1 wherein the air bearing surface_in east
il. 3. h i i i ﬁ““ﬂﬁﬁ f& nf
one r ai The slider of claim1 wherei {H!I‘“j“ Ml I.t ‘! het he

silicon coating is substantially 125 angstroms thic
slider of claim1l wherein the thickness of;the silicon coating is

substantially 6500 angstrons or |ess. 5. The slider of claim1l

wherein the slider body is fabricated fromsilicon. 6. The
slider of claim1 wherein_ the silicon coating is applied on top of the
slider body.wHaT 1s crLEXIMEDThg:slider of claim 1 wherein the silicon

coating is
-20-

pl anari zed to prevent nmagnetic spacing | oss.
8. The shidkidetr Thmisnpbomidng A naanetic dmed eMPAESing:

a slider body having a leading end, a trailing end, and
an air bearing surface; and

a silicon coating on the air bearing surface.

2. The slider of claim 1 wherein the air bearing

surface includes at least one rail.

3. The slider of claim 1 wherein the thickness of the:

silicon coating is substantially 125 angstroms thick.

4. The slider of claim 1 wherein the thickness of the

silicon coating is substéntially 6500 angstroms or less.

5. The slider of claim 1 wherein the slider body is

fabricated from silicon.

6. The slider of claim 1 wherein the silicon coating is

applied on top of the slider body.

7. The slider of claim 1 wherein the silicon coating is

planarized to prevent magnetic spacing loss.

2.



applied using a sputtering technique. 9. The lider of <claim 8
~wWherein the sputtering technique is selected to provide a highT

deposition of . silicon. 10. The slider of claiiumw 1 9 hi gh
rate deposition of silicon is selected to forma densé mnmﬁﬂ g"ﬂ .

silicon | ayer. 11. A transducer assenbly for usé ifh atcon

start/- stop data recording disk file haeorg a rotatable disk for the
storage of data, the assenbly conprising: a slider body having a
front end, a rear end and an air- bearing surface, a silicon coating

on at least a portion qf the . air ge ring _surface; and ., ._. a transducer
formed on the rea!'8 -end Gte Fﬁég?lrl a rcﬁ.ﬁl 1 Whe’i?rn t%?e.s&&&é"ﬁﬁl 90%1'6?:‘.65? dithg
to C'a'”‘ll‘MBﬁfﬁé&thinéﬂé'éﬁ%%é%%%%b”%ekﬁn§88£'ed using a sputtering
t echni que. _ . -21-
9. The slider of claim 8 wherein the sputtering
technique is selected to provide a high rate deposition of

silicon.

10. The slider of claim 9 wherein the high rate
deposition of silicon is selected to form a dense,-low stress

silicon layer.

11. A transducer éssembly for use in a contact start/-
stéﬁ data recording disk file having a rotatable disk for the
storage of data, éhe assembly comprising:

a slider body having a front end, a rear end and an air-
bearing surface,

a éilicon coating on at least a portion of the air
bearing surfacg; and

a transducer formed on the rear end of the slider;

12. The assembly according to claim 11 wherein the

silicon coating is applied using a sputtering technique.



13. -The assenbly according to claim 12 wherein the sputtering technique

I s selgcted to provide a high rate deposition of silicon. 14. The
assenbly according to claim9 wherein the high ra?t‘5556§rrf0ﬁ~eL~sLLicon
is selected to forma dense, low stress silicon Iagm The
assenbly according to claim.11 wherein the thickne m ”MMI@

coating is substantially 125 angstrons thiek.

according to claim 11 wherein the thickness of the S|I|con coatlng |s 6500

angstroms or |ess. 17. The assenbl y of claim 11 wherein the slider
body is fabricated from sili corrr}la . The assenbly of claim 11
wherei n the silicdm codtishgasPemapy |a€6’°5ﬂlf18p G FhBLY |Jt?erwt18691n the

19. The assenpl of clal vvherel the,silicon coatin |s planarized to
prevent magnes[pt.%c spacf-’hg I]i que selecte& to prov:gde {11 E{:

deposition of silicon.

14. The assembly according to claim 9 wherein the high
rate deposition of silicon is selected to form a dense, low

stress silicon layer.

15. The assembly according to claim 11 wherein the
thickness of the silicon coating is substantially 125

angstroms thick.

16. 'The assembly according to claim 11 wherein the

*

thickness of the silicon coating is 6500 angstroms or less.

17. -The assembly of claim 11 wherein the slider body is

fabricated from silicon.

18. The assembly of claim 11 wherein the silicon coating

is applied on top of the slider body.

19. The assémbly of claim 11 wherein the silicon coating

is planarized to prevent magnetic spacing loss.



-22- 20. A data storage device conprising: a storage nedi um
including a plurality of tracks; an air-beaPFﬂg—sLLd§L~QggX_E§éing a
front end, a rear end and an air-bearing surface, a silicon toating
~on at least a portion of the air bearing surfacej;;u"mum r

di sposed on the rear end of the slider body; Crall! ,’mﬂﬂﬂmt?o t he

storage medium for noving the storage medi-umrel ative to ¥hestransducer;
and an actuator assenbly connected to the slider body for noving the
slider body generally transversely relative to the direction of a track on
the storage medium so the transducer pmy access different regions on the
storage fredi um whe? eby® ERER o FO¥RER | IRY GF CRERTARAEBKe transducer are

protected 1 om darnge byt "Gedh i SHR-EREAT Y mhamars il BT,
o R ar ey af s ars A S0 el onccosl g, o cagelpad
20 wherein thgndséﬁiggp_gggfiﬁ@ &$r&pdd i ed using a sputtering technique.
a silicon coating on at least a portion of the air
bearing surface; |
a transducer disposed on the rear end of the slider body;
a motor, coupled to the storage medium, for moving the
storage medium relative to the transducer; and
an actuator assembly connected to the slider body for
moving the slider body generally transversely relative to the
direction of a track on the storage medium so the transducer
may access different regions on the storage meaium, whexreby

the air-bearing surface and the transducer are protected from

damage by the silicon coating.

21. The data storage device according to claim 20
wherein the air bearing surface comprises at least omne.rail,
and wherein the silicon coating is applied over the at least

one rail.

22. The data storage device of claim 20 wherein the

silicon coating is applied using a sputtering technique.



- 23- 23. The data storage device of claim 12 wherein the

- sputtering technique is selected to provide a high rate deposition of
silicon. 24. The data storage device of claim23 wherein the hig

rate deposition of silicon is selected to forma denjﬂmﬂmuﬂltlmﬂml I | con
| ayer. 25. The data storage device of claim

thi ckness of the silicon coating is -gyubstantially ‘125 #ngstrons

t hi ck. 26. The data storage device of claim20 wherein the

t hi ckness of the silicon coating is 6500 angstrons or | ess. 27. The
data storage device of claim20 wherein the slider body is fabricated from

silicon. 283 . THbedstedast Dr@XRIC eI EECDf OF| SilMiR0 IhetReFeimethe

silicon coating is applied on top of the slider bod
sgutterggg technlune is sel ecteJ to >£>rov:Lde a high rate

deposition of silicon.

24. The data storage device of claim 23 wherein the high
rate deposition of silicon is selected to form a dense, low

stress silicon layer.

25. The data storage device of claim 20 wherein the
thickness of the silicon coating is substantially 125

angstroms thick.

26. The data storage device of claim 20 wherein the

thickness of the silicon coating is 6500 angstroms or less.

27. The data storage device of claim 20 wherein the

slider body is fabricated from silicon.

28. The data storage device of claim 20 wherein the

silicbn coating is applied on top of the slider body.



- 24- 29. The data storage device of claim20 wherein the silicon
coating is planarized to prevent magnetic spacing | GSsS. 30. The

- data storage device of claim 20 wherein the storage

31. The. data storage device of claim20 wherein the s EUHM i'ﬁ”ﬂ"mmll

magnetic tape, the silicon coating providing protection ritngrcont act -

recor di ng. 32. A nethod of fabrireating a slider, conprising the
steps of: form ng a slider body having a | eading end, atrailing
end, and an air bearing surface; and providing a silicon coating on
the air bearing surface met hod |_a erekn the
step of formng sllg@ﬁ Hﬁﬂ@acﬁﬁﬁrﬁggdeﬁécgtE% 6§3F8}H%% mg?rFéﬁsfhﬁhe
rail. [ t proydi
silicon coatlﬁé'éﬁﬁ%r?égépﬁﬁe stg(l éﬁ%%g <§ grégégﬁbgggﬁ%Fa Iyé%i%hg

angstrom si |l iyjcquy | ayer.

30. The data storage device of claim 20 wherein the

storage medium is a disk.

31. The data storage device of claim 20 wherein the
storage medium is magnetic tape, the silicon coating providing

Pprotection during contact recording.

32. A method of fabricating a slider, comprisinj the
steés of: | | ' |

forming a slider body having a leading end, a trailing
end, and an air bearing surface; and

providing a silicon coating on the air bearing surface.

33. The method of claim 32 wherein the step of forming

a slider body comprises the step of forming at least one rail.

34. The method of claim 32 wherein the step of providing
é silicon coatihg comprises the step of depositing a.

substantially 125 angstrom silicon layer.



- 25- 35. The nethod of claim32 wherein the step of providing a

si.l ¥ con coating conprises the step of depositing a s f 6500
angstrons or |ess. 36. The net hod of cl ai n the step of
formng the slider body conprises the step of fa@l‘mﬁm der body
fromsilicon. 37. The nethod of claim 36

providing a silicon coating conprises thesstep of formng a SI I | con
coating substantially identical in conposition to the slider body.

38. The nethod of claim 32 wherein the step of providing the silicon
coating conprises the step of applying the silicon coating on top of the
slider body. 35. 3drherme 6d slatnadyrwberaAB, ehe 48P SfeBroyiding

providing a siljcon coatin urt her ri the st.e Ianarlz n
silicon coat |éhgs’tlo“b‘?ré\f'e‘?ﬂ‘t’%é%n%‘?'?%r’sﬁ)%% p of de o5 Phg 3" £ fon" "

layer of 6500 angstroms or less.

36. The method of claim 32 wherein the step of forming
. the slider body comprises the step of fabricating the slider

body from silicon.

- 37. The method of claim 36 wherein the step of providing
a silicon coating comprises the step of forming a silicon
coating substantially identical in composition to the slider

body.

38. The method of claim 32 wherein the step of providing
the silicon coating comprises the step of applying the silicon

coating on top of the slider body.

39. The method of claim 32 wherein the step of providing
a silicon coating further comprises the step of planarizing

the silicon coating to prevent magnetic spacing loss.



- 26- | 40. The nethod of claim 32 wherein the step of providing a

. siljicoR coating conprises the step of sputtering a_s4—l—|—een—l—ayef—en—the
. air bearing surface. 41. The nethod of claim40 wherein “EB@I
tlon

_sputtering a silicon layer is selected to provide a :I“ﬂuwl |

-~ of silicon. 42. The nethod of cl aim 41l wherei

.deposition of silicon is selected to fornké&-dense, | ow st ress silicon
| ayer. :

40. The method of claim 32 wherein the step of providing
a silicon coating comprises the step of sputtering a silicon

layer on the air bearing surface.’

41. The  method of claim 40 wherein the step of
sputtering a silicon layer is selected to provide a high rate

deposition of silicon.

42. The method of c¢laim 41 wherein the high rate
deposition of silicon is selected to form a dense, low stress

silicon layer.



