AHI; 93- 068 - ¥ 1 CONTACT RECORDI #4@s0f 2R
FI 1% AND HEAD ASSEMBLY FOR USE THEREI N Thi:s invention rel at.es
0 contact recording disk files (or "drives"), where the recording
transducer (or "Rp@eR@3JjeobS in contact with ; the magnetic recording disk
during read and wite operations.. 5 I n conventional noncontact
rigid disk flles . each of the read/wite heads i s supported on a

carrier (or "sli der")cdﬁm@hkgcbﬁl&si,sqﬁ R ﬁgﬁe ! Sﬁ; ASSEMBIRERGH 0k Sfrrel¥ above

the surface of its associ ated dISk rotating at its
operating speed. The slider is connected to a Ilnear or rotary aetuator
by neans of a rel ati V¢ ipYengione relaspetej entactheacerding disk fhkesalost ack of
di sks in the di skadivés?)wivhéret bige aedorainy traupPpeet (o "head") imUMbesmtedt with

sliders. The act ua Rigndbierecol®ing! didRTdur i ldl dhaSkritddpe@efdhs.  head may
access the recording area of its associated disk surface. In t hese

conventional disk files, the slider is biased toward the disk surface

by a small fofce fronft fRvEHpRalsRenRontaRE rigididiski Sled, et ofc the seadfprite; he
di sk surface froheadhdstsupportthe cii slcafriee (os 'tshideet)) ghichntiidks tohea cushion or

bearing of air above the surface of its associated disk when the disk is
rotating at its operating speed. The slider is connected to a linear or
rotary actuator by means of a relatively fragile suspension. There may
10 be a stack of disks in the disk file with the dctuator supporting a
number of sliders. The actuator moves the sliders radially so that each
head may access the recording area of its associated disk surface. In
these conventional disk files, the slider is biased toward the disk
surface by a small force from the suspension. The slider is in contact
15 with the disk surface from the time the disk file is turned on until the
disk re§ches a speed sufficient to cause the slider to ride on the air
bearing, and again when-the disk file is turned off and the rotational
speed og the disk falls below that necessary to create the air bearing.

In addition to the above-described conventional magnetic recording
20 disk files, “contact" recordlnq rigid disk files have been proposed
wherein the head is in contact or near contact with the disk during read
and wr1te_operat10ns. Contact recording disk files have the advantage of
much closer head-disk‘spacing and its associated improved writing
efficiency, read signal response and corresponding storage densities. In
25 one type of con;act recording, sometimes referred to ag !'dry" contact .
recording to distinguish it from liquid-bearing contact recording, the
disk file uses a head assembly in which the head carrier and sdépénsion
are formed as an integrated unit and the head carrier makes physical
contact with the disk surface during read and write operations. In this
30 type of head suspension, as described for example in U.S. Patent
5,041,932, a portion of the head pole piece and head carrier actually
wear away due to frictional contact with the disk over the life of the
disk file. Unfortunately, in this type of disk file it is extremely
difficult to assemble the disk file so that the head pole piece is
35 perfectly aligned and in complete contact with the disk. Thus, it is
necessary to either develop manufacturing processes with improved
tolerances or to operate the disk file for an initial wear-in period to
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di sk reaches a speed sufficient to cause the slider to ride on the air
beari¥ng, and again when the disk file is turned off and the rotational
speed of the disk falls below that necessary to create the air bear.ing.

I n addition taste®-08bove-descri bed convent2onal magnetic recording 20 disk
files, "contact" recordlng rigid disk files have been proposed wherein
the head is in contact or near contact with the disk during read and
wWrite operat ivaas. danti@Cheddeeqnirden® @usficiéntesmduay asol Btatatheahe#d)pold

much cl oser *Lfa%g Okssb. %9@&1&9 @oﬂ@aeé 5185 SRS IALpd hgn%gyetqe aa'algmr is

efficiency, rea onse and correspondi ng storage densjties. In 25
one type of cﬁ?ﬁ["%? r'iﬁ?*@F’cﬂeﬁg hasg fateriad F‘éPéF?reG%P(Y"‘é’sde'ao‘r‘%"‘tl"ééﬁt]&&?
recordi ng to MWifetfargthesdisk fiegmehisquinhikibkaeangincpetiag tcandso noaqegptakillye
disk file gsegng. head assenbly in which the head carrier and suspension
are formed as an integrated unit and the head carrier nakes physical

.contact with the disk surface during read and wite operations. In this 30
type of head suspélh’sim,selasim:'tb!bedeka)rtomrawfpﬂeeaiqwntﬂ% rezording disk
5,041,932, a faetdien & 1&%v@&@ia@ds@eﬂl@%1@ﬂ%ebﬂﬂ@ € he & pald padde/ to

wear away QU E)f%t‘L:]af ng’naaccug?q%tlg 1_1_‘évr'1tcl‘rié(]1l SEA ?gflgver the life of the

disk file. e o eit is extremely
difficult to assenble the disk file so that the head pole piece is 35
perfectly aligned azeerdingyonpi et €imsenaspett Wift the lieveditsdn, Tiwre, is prowided

necessaryyd 0 £hblelasiane) M- "RRUEAG Uodtade Wegsﬁﬁ.ﬁﬁsrl\ﬁi& s s v ed

tol er ances OI’ S ps&%&?'taecgrr}ge:dlhsabnig la Wefar pa fclarmcontact thg &)J.s'icl

wear pad comprising an outer wear layer and an inner layer in contact
with the outer layer and having a wear resistance greater than that of
the outer layer; and a head supported within the carrier for reading or

15 writ:mg data on the disk, the head having a pole piece extending into the
wear pad of the carrier. '

In a second aspect of the invention there is provided a contact
recordmg disk file incorporating a head assembly as defined in the
appended claims.

20 ' Thus is disclosed a contact recording‘Qi;k:¥i;e with a head-
'suspensi?n assembly having a head carrier with a dual-layer wear pad.
The outer wear layer of the pad is relatively soft compared to a harder
inner wear layer. The outer wear layer wears away at a relatively rapid
rate during initial wear-in of the head carr?er. In ggis manner the head;
25 pole piece, which extends into the wear pad, is rapidly put into contact
with the disk, thereby compensating for initial misalignment of the wear
pad with the surface of the disk. In the preferred embodiment, both the
outer and inner wear layers are formed of essentially amorphous carbon,
'with the inner layer being doped with various amounts of hydrogen to
30 *control wear resistance. 1In another embodiment the two layers are formed
as an essentially single continuous layer, with the hydrogen
concentration increasing or decreasing across the thickness of the layer.

A preferred embodiment of the invention will now be described, by

way of example only, with reference to the accompanymg draw:.ngs in
35 wh:.ch
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2 wear down the head carrier a sufficient amount so that the head pole
pieceis in conplete contact with the disk. Because the head carrier is
fformed of relatively hard material in order to provide a relatively |ong
life for the Aqgsgg -bbte, this initial wear-jn period can be unacceptably

| ong. The present invention seeks to provide a contact recording
disk file with an | nproved head assenbly Wmch permts the head pole p| ece
to be quickly and FagC rat el ccor , In
a first aspect of 't elil nven%é? “g %g'el §°'bt|’8t rﬁ%?fdé“?ledéakasserﬁﬂ‘l 'i‘q%r use
in a contact SPEETERIHSIr £oF d1b+5§ka¥%nse5fé'e'n1§#Fsﬁ1ﬁgtheamwr r‘FC@PmFm\Fan a wear
pad for contact with the disk, the wear pad conprising an outer wear |ayer

and an inner |ayef; nZCQQtaagide\MsEQutonevﬂUttﬁ" tll.ea)(&{eg?%dhﬂé’d Qus%e\‘}@ﬂfn

resi stance great n.that_ o e outer nd a hea
W hin the CABPPBLYIBR Ak A HEISSFaP: iR UeaL b bathesT ik "o CoREIAT ARG ng
a pol e pi ete thbxtddmlling into the wear pad of the carrier. In a

second aspect of ‘the invention there is provided a contact recording disk
file incor por ati ”918. gegsd aax_sns.eGWrrtgL‘yt boq:%forln rr‘;?'dd:.sﬂ silag of the wear pad of the

.'heaa'carfiér dgpiéted in Fig. 2;

~ Fig. 4 is an enlarged sectional view of the wear pad and pole piece
of the head carrier in initial misalignment with the surface of the disk;
10 and ' '

Figs. 5A-SF are illustrations of the integrated head-suspension
' assembly with head carrier during steps in the fabrication process.

Fig; 1 illustrates a contact recording disk file including a -
hqhéing 8 in which is mounted a rotary actugtor 10, and an associated :
15 magnetic storage disk 12 mounted on a spindle 13 which is rotated by a
 drive motor {not shown) mounted to housing 8. The rotary actuator 10
moves . the head-suspension assembly of the present invention in an arcuate
path across the disk 12. The rotary actuator 10 includes a voice coil
motor (VCM) which comprises a coil 14 movablq w1tﬁ1n the magnetic field

'ZQ of a fixed permanent magnet assembly having a core 16. An actuafor arm

20 is attached to the movable coil 14. The other end of the actuator arm
.20 is attached to a combination head-suspension éssembly 22 of the
present invention. The single-piece head-suspension assembly 22 includes '
a head-carrier segment 24 and a suspension section 26. *Although head-

25 _3uspension assembly 22 is depicted as a unitary body, it wmay also be of a
two-piece construction where the carrier segment 24 is joined to the
suspension section 26. The suspension section 26 can support the head-
carrier segment 24 in contact with the surface of disk 12. The actuator
arm 20 may include a plurality of arms with each arm supporting its own

30 head-suspension assembly 22, each of which is associated with a surface
of the disks located in the disk file. Therefore, for instance, the disk
12 can also have a head-suspension assembly 22 mounted to the actuator
arm 20 for association with the media surface on the underside of disk

12. Further, other head-suspension assemblies may be mounted to actuator



appended cl ainms. . In a third aspect of the invention, there is

provi‘ded a contact recording disk file conprising: arigid disk for
the storage of data; ‘means connected to the disk for rotating the
di sk; MaCedgber having a wear pad, fhe wear pad conprising a

pl asma- enhanced chem cal vapor deposited or sputter-deposited honpbgenous
outer wear |ayer and a plasnma-enhanced chem cal vapor deposited or

sputter-deposjited hompbgenous i r ar_ | ri i 4 :
| ayer and ha\s/l:ongmé a\ﬁ%%%l?%sﬁsgéé;i%%d gt\rgga?néirg‘%lﬁg% s?ﬁ%)%g%%f eélg‘ﬁét g'rﬁlﬁggingg ;
-a head suppdie declpdediin theeddsly £il8: for reading or witing data_on the

di sk. the head having a pole piece extending through the inner wear

lsgylegygpq into t%eoéﬂssgnmﬁrsection 26 of the head-suspensionREﬂeﬁQE}VEW SHEETS
" provides a load to the head-carrier segment 24 which is generally
5 perpendiculaf to the surface of digk 12. This perpendicular Joad
maintains the head-carrier segment 24. in contact with the data surface of

disk 12 during rotation of the disk 12.

Referring now to Fig. 2, the head-suspension assembly 22, which
includes suspension section 26 and head-carrier segment 24, is shown in

10 an enlarged sectional view and in contact with the surface of magnetic
recording disk 12. The head carrier 24 of head-suspension assembly 22
has on the end facing disk 12 a wear pad 30. As illustrated in the
sectional view, the head carrier 24 has embedded within it an inductive
read/write head which includes a pole piece {made up of pole tips 40,

15 42), a yoke 32, and a horizontally-oriented coil 34. The pole piecé
comprises adjacent pole tips 40, 42 which are spaced apart to define a
magnétic recording gap 44. 1In the embodiment depicted in Fig. 2, the
head carrier 24 is formed as a single piece and is integrated with the
suspension 26. However, it is possible that the head carrier 24 can be

20 fabricated as a separate segment, referred to as a "chiplet", and
attached to a separate suspension. Also, while in the embodiment
depicted in Fig. 2 the pole piece is part of‘an.iﬁéuctive read/write
head, the head carrier 24 with wear pad 30 is also usable with ofher
types of magnetic recording heads, such as heads wherein the pole pieces

25 are vertical recording probes (as described in the cited US Patent
5041932), magnetoresistive (MR) sensors with.their assgﬁ}ated shields, or :
magnetic flux guides for directing the magnetic flux from the disk to the
MR sensor. )

- Fig. 3 is an illustration of the end of wear pad 30 which faces
30 disk 12. The end of wear pad 30 has a wear surface 36 which is
essentially coplanar with the ends of pole tips 40, 42. During operation
of the disk file, the wear pad 30, in particular the wear surface 36, is
maintained in contact with the surface of disk 12 and partially wears
away over the lifetime of the disk file. The structure of the inductive
35 read/write head, including yoke 32 and coilé 34, and their method for
fabrication as part of the integrated head-suspension assembly 26, is



2a means connected to the carrier for maintaining the wear pad of
the carrier generally in contact with the di sk during reading or writing
df data by the head; and means connected to the carrier for noving
the carrier angg Qﬁ gy ted head across the disk. In a fourth aspect
of the |nvent|on ere is provided a head"assenbly for use in a contact
recording rigid dISk file conprising: -a carrier having a mear pad
for contact with the_ disk, the wear pad conpr|5|ng a pl.asnma-enhanc

cheni cal vapore#ibed dafisither defail dm fheasaignes s Gapwistiag GBPHC""W\%IEP Myer
and a pl asna- saseric Gohbd heredcad/2yaglor deposited or sputter-deposited
honogenous i nner wear |layer in contact with the outer |ayer and having a

wear resistance greater than that of the ou
g Ezrrgng now to F{g 4, tge hea carr19§ assemgf; 24 is shown in

an enlarged view in a position so as to be initially m1sallgned with the

5 disk 12. BAs shown, because of this initial misalignment, the poie tips
40, 42 are not in contact with the surface of disk 12 and only a portion
of the wear surface 36 of wear paﬁ 30 is in contact with the surface of
disk 12. In accordance with the present invention, the wear pad 30
comprises two layers: a first outer layer 50, and a second inner layer

10 52 which is in contact with layer 50 and which has a wear resistance

significantly higher than that of outer wear layer 50.

In the preferred embodiment of head carrier 24, both outer layer 50
and inner layer 52 are formed of amorphous carbon by sputtering from a
graphite target or by plasma-enhanced chemical vapor deposition (PECVD).

15 Doping of these layers with variable amounts of hydrogen is used to
adjust wear resistance and hardness of these layers. Generally, either
low or high levels of doping lead to low wear resistance and hardness
while an intermediate, optimized level of doping results in the best wear
resistance and hardness. In the case of PECVD amorphous'carbon, low-

20 level hydrogen doping generally means less than approximately 15 atomic
percent (at %), intermediate level means approximately 15 to 35 at %, and
high level means above approximatély 35 at %.- Wﬁ;n both layers are
formed by PECVD or by sputtering, the first outer layer 50 is dé;osited
with low or high levels of dopant and the second inner layer 52 is

25 prepared with an intermediate level of hydrogen; Other dopants which
alter wear resistance and hardness of the wear layer, guch as nitrogen,

. can also be used. Alternatively, one layer can be formed by sPuttering
while the second layer can be deposited by PECVD. ther vacuum
deposition techniques, such as ion beam deposition and electron cyclotron

30 resonance, can be substituted for sputtering or PECVD. The outer layer-
50 has a thickness preferably in the range of 0.1 to 1.0 micron and the
inner layer 52 has a thickness preferably in the range of 1 to 10
microns.

With the wear pad 30 of the head carrier 24 according to the
35 present invention, the outer layer 50 wears significantly faster than the
inner layer 52 and provides a relatively quick alignment and initial
contact of pole pieces 40, 42 with the surface of disk 12. Thus, during



a head supported within the carrier for reading or witing data on the

di sk,» the head having a pole piece extending through the inner wear |ayer
and into the outer wear |ayer. Thus is disclosed a contact

recordi ng dllﬁé ;ilg with a head- suspen3|é)n assenbly having a head carrier
wi th a dual yer Wwear pad. The outer wear |layer of the pad is relatively
soft conpared to a harder inner wear Iayer The outer vvear Iayer wear s avvay
at a relativel idrate during initial wear-in of arrier.

this nmanner ft"ﬁé g e p8MY Bi BPE IR prisf ItEE Y KES f"hés rea??lre% £ ca"se

rapi dly put thetpoleotipsct0 WAE ko hemediigko cpmpewtbmmatmgaqeom n| tial

m sal i gnﬁentpoqiodlhﬁ MRainiRash Wehh-inhes %Eéﬁ@@aﬁﬁaf&l‘GSQI she ihiert eyepr B2 erred

enbodi ment bo;[rgdets ﬁ-teﬁg?%r rg‘snx‘fjstlarr\]cfnee%o he%&cga%r%r 21 %{xm B'I essentially

aror phous c&FB ayer Dbein W th various anmounts of
hydrogen $o WSRRtignal\dafe pEsthe éh‘ﬂ‘efl §'n anot her enbodi ment the two |ayers
are forned as an essentially single continuous |ayer, with the hydrogen

concentrat]on | nGHELLR0 A AARLEAX RENASEQRSY 1R LRLLKaBSPnGla-( he | ayer.

A preferred errbo ment of .the 1 nvention g\fscrl bed, .b vay of
exanpl e “onl ysusgeRsior gsgeiide 481{‘%&*‘50‘56%%\"%‘?{92%1 awk 7% Bene4pie %'he

with reference to Figs. S5A-5F. First, as shown in Fig. 53, a suitable
substrate 100, such as silicon or aluminum oxide/titanium carbide

10 ceramic, has a patterned etch stop 102 formed on it. The etch stop
material is preferably a thin layer of chromium or tantalum formed by
sputter deposition or evaporation. Next, as shown in Fig. 5B, an alumina -
(A1,03) layer 104 is deposited onto substrate 100 to a thickness equal to
the desired height of wear pad 30 (see Fig. 2). Following the deposition

15 of the alumina, a via is etched into the alumina down to the etch stop
layer 102, which results in the structure shown in Fig. SB..Thig creates
a template .for the.subseﬁuent formation of the wear pad. Aan alternate
technique to create theitemplate for the wear pad is to etch directly
into the substrate 100 to create a depression for the wear pad. In this

20 case, the height of the wear pad is determined by the depth of the etched
depression.

Referring now to Fig. 5C, the next stegﬁi; éﬂe deposition of a
release layer 106, preferably a material such.as copper, to a thickness
of approximately- 2 microns. The outer wear layer 50 is then deposited

25 onto release layer 106. In the preferred embodiment, the layer 50 is an
essentially amorphous carbon film formed by QECVD and i§iformed to a
thickness in the range of 0.1 micron to 1 micron. Next, the inner wear
layer 52 is deposited onto the outer wear layer 50. The inner wear layer
52 is preferably formed by PECVD and is a film of essentially amorphous

30 carbon doped with hydrogen. An organic source, such as cyclohexane, is
present during the PECVD process to form the relatively hard carbon inner
layer 52. The PECVD process may be further modified by a nitrogen
doping. The inner layer 52 is preferably formed to a thickness of 1 to
10 microns.

35 Alternatively, the outer and inner wear layers 50, 52 can be formed
by varying the hydrogen content of sputtered or PECVD carbon in each of
the layers. Specifically, outer layer 50 is deposited carbon with a low



Fig. 1is atop view of the contact recording disk file with the cover

removed for illustrating schematicalty the major conponents;

Fig. 2 is a side-secti.on view of the integrated head-suspension :
assenbly and disk illustrating the interface between the head carrier and
5 the disk; AM3=93-007 4 3 js a viewdf the bottomor disk side of the
wear pad of the head carrier depicted in Fig. 2; Fig. 4 1is
an enl arged sectional view of the wear pad and pol e pi ece of the head
carrier in irmrthigh heved| ¢@.hwémewc1°aa%eorscer¢@ééowng Hene dryer; §2 imd

Fi gs. 5A-5F afepoditedSdaiBéri BEGing ah Hatérmkeaitat @flchraadtions pf hydosyen.
assenbly with head carrier during steps in the fabrication process.
The wear layer 30 can also be formed by continuously varying the
hydrogen content of.the carbon during the period of deposition by PECVD -
5 or sputtering. Initially a high or low concentration of dopant is used
to provide a low wear resistance in the outer layer, followed by a
gradual change to an intermediate hydrogen concentration. This results
in essentially a single continuous layer with a graded hardness and wear-
resistant profile.

10 ~ Alumina may also be used.as the soft outer layer 50 in place of
amorphous carbon. '

Referring now to Fig. SD, portions of the wear layers 50, 52 are
removed by reactive ion etching in areas outside of the subsequently
formed head carrier 24 and in the central region 107 .where the pole piece

15 of the inductive read/write head will be formed.

Next, as shown in!Fig. SE, the pole piece, including pole tips 40,
42, yoke 32, and coils 34, is forméd. The yoke 32 and pole piedes 40, 42
are formed by depositing permalloy (NiFe). One pole.piece 40 is
deposited first and then a gap material, such as alumina or silica, is

20 deposited isotropically. Unwanted gap material is removed by an
anisotropic etch process, such as a reactive ion etch, so that gﬁB
material remains only on the vertical surfaces shown in Figure SE. Next,
pole piece 42 is deposited adjacent to pole piece 40 but is now separated
from it by gap 44. After formation of the pole tips 40&»gé and gap 44, )

25 the structure is covered with insulating polymers or inorganic materials,
copper coils 34 are then electroplated, vias are opened to expgse the
bottom of yoke 32, and the top of yoke 32 is plated to complete the head
structure. ' | -

Following the formation of the inductive read/write head, alumina

30 is next deposited, as shown in Fig. 5F, to the thickness desired for the

suspension 26. ?inally, the alumina layer 104 and the release layer 106

are etched in order to remove the completed head-suspension assembly 22
from the substrate 100 and the initial alumina layer 104.
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Fig.'llillustrates-a contact recording disk file including a housi ng 8

I'n which is-nounted a rotary actuator 10, and an associated 15 nagnetic
storage disk 12 nmounted on a spindle 13 which is rotated by a drive
notor (not shgwnh.rpynted to housing 8. Thg rotary actuator 10 noves

t he head-suspension assenbly of the present invention in an arcuate
path across the disk 12. The rotary actuator 10 includes a voice coi

notor (VCM, which_ copnqrises oi| .14 able wthin t magnetic field
20 of a fixed pe%ngﬁthmng?b& sgelr%ﬁf:g%‘é\ﬁ"ﬁ@r’geﬁgﬁlgy 1%?em,&ne ¢Fator arm
20 is attachetptes fdrevardouhmeterdials Mbicliisen dichusedeinl the wene PAdt ugherdagam

20 is attacheshst ebﬁiﬁéummatai 66hvaAeibnall SN8NfricANdiAkSRIIPE YopePatihg tare3600
‘present inve n. i ngd e- pi_e - ensi.o senb] v. L udes
a head-carri géﬂlgegrn%nfea%f%ngag %S gg%%gg?sggyi%cg%gn%gs 'ﬁrﬁ lt"?:soééﬁ ﬁg‘gﬁggﬁ
suspensi on5as¥uhBfs, 193dedsonfont gty sasbampYesrgatsddind tybrigared digkpeithia g
t Wo- pi ece conkdadind iforcenVber2® hdnef.C arifei Bocad egplpatty2df ithe jdiskagidén thinevear
suspensi on segld Qi 26-m/LBE. suspension section 26 can support the head-
carrier segnment 24 in contact with the surface of disk 12. The actuator
arm 20 may i Nedbde—a=phttal et bt iR 2 h=—a -G U Rer G E—0%y
head- suspensijon assenbly 22, each of which is. assocjated with a surfacg
of the disks || beteréal i n the di sk |finfisialTHeareRatee, fof Longstemclean Retedi s
12 can al so 1 d ' d—t-o—he—actoatof
arm 20 for a lation. with the fedi a surface on thefunderside of disk
12. Further, JotHEEnHead- suspensi ﬁ»ﬁeags‘ﬁ\/rﬁﬂ es may be| AU to act uat orf

10 sputtered carbon 150 nm/day 13 nm/day
(4 at % hydrogen)

=r==rrioorrepe

sputtered carbon 18 nm/day 5 nin/day
(30 at % hydrogen)
PECVD carbon 6 nm/day 2 nm/day

1s {33 at % hydrogen)

Table 1

By appropriate selection of the materials in Table 1 to create a
dual layer, or by gradually varying the dopant content in amorphous
carbon, such as by increasing the hYdfogen concenktration from the outer

20 layer to the inner layer to provide an essentially continuous single-wear
layer, it is possiblé to fabricate a wear pad which solves the problem of
initial misalignment with the disk and achieves high wear resistance over
the lifetime of the disk file.

While the preferred embodiments of the present invention have been
25 illustrated in detail, it should be apparent that modifications and
adaptations to those embodiments may occur to one skilled in the art
without departing from the scope of the present invention as set forth in
the following claims.,



AMB- 93- 007 4 10 for accessing associ ated

t oprand bottom si des of other disks which may be included in the disk
sfile. The suspension section 26 of the heaﬂlﬂ"ﬁﬂﬁm Hulﬁﬂmnbl y
22 prOVI$$ a | oad to the head-carrier segnent 24

perpendlcula.sﬁg %9 surface of disk 12. %his perpendlcular IYoa

mai ntai ns the head-carrier segnent 24. in contact wwth the data surface of
disk 12 during rotation of the disk 12. Referring now to Fig.

2, the head-suspension assenbly 22, whi €RIMS  j ncl udes suspensi on section
26 and head-carrier segnent 24, is shown in 10 an enlarged sectional view.

and in contagt \Mﬂ Iﬂe&ih%s§é”bf19%r0&se mgingéoﬂt‘ict recsmﬂéqllﬂgd QisK £2e The

head carrier 24 of head-suspension assenbly haS on the end facing
disk 12 a weSPPH4#"gd. As illustrated in the sectional view, the head
carrier 24 has enbedded within it an inductive read/ wite head which

includes a pol e pi @afriklBih ik aot:eaﬁobaa tebPoftbhctlPithdehe dfsky Okl adar pad a
hori zontall y-oriented co

|
Ui ps 40, 82 SPEFEInE el Butes ear, TR CENE P (B6Gr 2aver STRENPER GOMTRRE 00 °

ac apar I'C recor ng gap
44. In the médlarremanéépﬁveme peRrFFesispancehgreater ﬁéam thak PlftheZ&“'feé"
formed as a Edyegl enpi ece and is integrated with the suspensi on 26.
However, it is possible that the head carrier 24 can be
a head supported within the carrier for reading or writing data on
the disk, the head having a pole piece extending into the wear pad of the
10 carrier.

2. A head assembly as claimed in claim 1 wherein the head comprises an
inductive read/write head and wherein the pole piece comprises a pair of
pole tips separated by a recording head gap. '

3. A head assembly as claimediin claim 4 wherein the head comprises a
15 vertical recording head and wherein the pole piece comprises a vertical

recording probe.

4. A head assembly as claimed in claim 1 wherein the head comprises an
inductive write head and a magnetoresistive read head, and wherein the
pole piece comprises a magnetoresistive sensor and shields. )

20 5. A head assembly as claimed in claim 1 wherein the head comprises a
magnetoresistive read head having a magnetore__sistive sgp;sor, and wherein
the pole piece comprises a flux guide for directing magnetic flux to the
magnetoresistive sensor. i

6. A head assembly as claimed in any preceding claim wherein the wear
25 pad outer layer is formed of essentially amorphous carbon having

substantially no hydrogen.

7. A head assembly as claimed in claim 6 wherein the inner layer is

formed of essentially amorphous carbon c.ontaining hydrogen.

8. ‘A head assembly as claimed in any of claims 1 - 5 wherein the outer

30 layer is formed of essentially amorphous carbon containing less than

is Sheet Has Been Reﬂlaced

il



20 fabricated as a separate segnent, referred to as_a "chiplet", and
Stta6hed to a separate suspension. Also, while in the enbodi nent

epicted in Fig. 2 the pole piece is part of aninduum i

head, the heagl£g§ljesr 24 with wear pad 30,4is also uﬂ B"llmnnmlflﬂm
types of magnetlicC recordlng heads, such as heads wher&in" tte Pol & pfeces 25
are vertical recording probes (as described in the cited US Patent

5041932), nagnetor95|s%% % sensors wth thej assoqh?ted shi el ds, or
magneti ¢ f1 ux®RREPEIEEELY 10; Febts RETIant hudgodan &0 Vkﬁfef? e layet oS e
MR sensor. formed of esgenyiallyamogphdus| earbemichutaining Apprrontmaselndar tp38 30
whi ch faces 39“,,.@&%;@,4@“ hydidg@nd of wear pad 30 has a wear surface 36
which is essentially coplanar. with the ends of pole tips 40, 42. During
operation of the disk file, the wear pad 30, in particular the wear
surface 36, i% A HaphEsrerddyise ebaimad tinanth of dalng f 40eS dfhegrisk the and
partially weairher andawiterOVeers RE the @éarmpadiaré b eiseltfalle sindlee structure
of the | ndUCTLRsdRuk Shile wawngﬂéaﬁear' PEHYEIE HILE 1Her0s GRbh Sndd, and

t heir met hod cat1.0 e I ntegrated head-suspension
assenbly 26, ?\gtward to the inward direct:.on

10. A head assembly as claimed in claim 9 wherein the single continuous
layer is formed of essentially amorphous carbon containing hydrogen, the
10 hydrogen concentration varying across the thickness of the single layer.

11. A head assembly as claimed in any of claims 1 to 5 wherein both the
inner and outer layers are either PECVD-deposited or sputter-deposited
layers.

12. A head assembly as claimed in any of claims 1 to 5 wherein one
15 layer is a sputter-deposited layer and the other layer is a PECVD-
deposited layer.

13. A head assembly as claimed in any of claims 1 to 5 wherein the
outer layer is alumina.

i

-

14. a4 head assembly as claimed in any preceding claim further
20 ' comprising a suspension connected to the carrier.

15. A head assembly as claimed in claim 14 wherein thggcarrier and
suspension are formed as a single-piece integrated assembly.

16. A contact recording disk file comprising:
a rigid disk for the storage of data;
25 means connected to the disk for rotating the disk;

a head assembly as claimed in any preceding claim;
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AMB- 93- 007 5 described in fur it il
t he «assi gnee' s copendi ng application EP-A- 583921‘(566??5%25L5de+fﬁt5.
sReferring nowto Fig. 4, the head-carrier assenbly 24 i \‘“ﬁm‘ “‘K@(‘ﬁn
enlarged viewin a gosition so as to be initially nisad“l ) 5
di sk 12. As M3 "Yecause of this initialllnisalignment* the'pole tips
40, 42 are not in contact with the surface of disk 12 and only a portion
of the wear surface 36 of wear pad 30 is in contact with the surface of

di sk 12. In accor daswes wpanscted tpridseearrier £ar mgantaintnd &g vsag peg of the
conpri ses two dadyiRirSger@rillySin @ohedct! @itar tHe0disn during ecading rnerikingerf10
52 which is i i er 50 and which has a wear resistance
significantl y%?gg)%ge'?&%eh%ﬁtjhé‘?yof outer wear |ayer 50. In the
preferred enbodi nent of head carrier 24, both outer |ayer 50 and i nner
| ayer 52 are fornedeais ammreghedisoctheboarriber Sputmosintghe conyigr and gpegomited
target or by pleagRr&hancedsehem cal vapor deposition (PECVD). 15 Doping

of these layers with variable amounts of hydrogen is used to adj ust
wear resistance and hardness of these |ayers. Generally, either | ow or
hi gh | evels of doping lead to | ow wear resistance and hardness whil e

an internediate, optimzed |evel of doping results in the best wear
resi stance and hardness. In the case of PECVD anorphous carbon, |ow 20
| evel hydrogen doping generally nmeans | ess than approxinmately 15 atom c
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percent (at %, internediate |evel nmeans approximately 15 to 35 at % and
high | evel nmeans above approximately 35 at % Wen both |ayers are

formed by PECVD or by sputtering, the first outer layer 50 is deposited
with [ow or [ifBalfyel s of dopant and the econd i nner layer 52 is 25
prepared with an internmedi ate | evel of hy(]:1r ogen. O her dopants which
alter wear resistance and hardness of the wear |ayer, such as nitrogen,
can al so be used. Alternatively, one |layer can be forned by sputtering
whil e the second |ayer can be deposi t ed® BECVD. Ot her vacuum
deposition techniques, such as ion beam deposition and el ectron cycl otron

30 resonance, -cmonmmubeduntmmdsl&cmmmbtmnrasmrfﬁ@dﬂrm Thereant er | ayer

50 has a thickness preferably in the range of 0.1 to 1.0 micron and the

i nner |ayer 52 has a thickness preferably in the range of 1 to 10
ni crons. - B contgrf recAEIingfigk, fillegusss i%é"?@éﬂt%’a?‘?ﬂdeﬁu?&“awbr di ng
to the 35 prsseehly hawisgta dead tcherimut eithl aydwl-S@ysweaesr padrioki @mnatyingast er

than the s tHeNgfdk h@éi% é&am RER d&e%a@lornel atrhé/%'u).’eﬂ%% 1%&&@?‘3% and
initial c%nJLs relauvgf)l eﬁ/gé gs 49 ron Wi ;[nhat e Surfa fddl sk
Thus, duringp Y §3d jtppr prone compared to a har er and gore wear-
resistant inner layer. The outer wear layer wears away at a relatively
rapid rate during initial wear-in of the head carrier. 1In this manner
the head pole pieces, which extend into the wear pad, are rapidly put
10 into contact with the disk, thereby compensating for initial misalignment
of the wear pad with the surface of the disk. The inner wear layer then
provides wear resistance over the life of the disk file. In the
preferred embodiment, both the outer and inner wear layers are formed of

essentially amorphous carbon doped with different amounts of hydrogen.
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fabrication, only a relatively brief initial wear-in is required to cause
thé>pole tips 40, 42 to cone into contact with the di sk surface 12.
Following the initial wear-in of outer wear |ayer 50, the inner |ayer 52
provi des the wear resistance for the head carrier 24 during the 5

operational life of the disk file. The preferred nethod of

manuf acturing the integrated head- susp¢$§ion assenbly 22 with the head
carrier 24 wll now be explained with reference to Figs. 5A-5F. First,
as'shown in Fig. SA a suitable © substrate 100, such as silicon or

al um num oxi de/ ti tani um carbi de 10 ceram c, has a patterned etch stop 102
formed on it. The etch stop material is preferably a thin |ayer of h
chrom um or tantalum formed by - sputter deposition or evaporation. Next,
as shown in Fig. 5B, am alum na (A1203) layer 104 is deposited onto
substrate 100 to a tjhickness equal to e desired heirght ¢f wear pad 30

(see Fig. 2). Follow ng the depa alumna, a yiais etched
into the alum na do to the t’ch”stop which reésults in the
structure shown in Hg. SB. Al s creates he subsequent

ht e t he
pbstrate 100 to
hei ght of the
fon.

i1
~ 12

formati on of the we pad.
tenplate for the wear page/is to etch directly
create a depression for/ fhe wear pad. In this 20
wear pad is determn py the depth of the etched
Referring now to FiglfpC the next stepF5<tlje deposition 0




rel ease | ayer 106, preferably a material such as copper, to a thickness
of approximately 2 mcrons. The outer wear layer 50 is then deposited 25
onto rel ease |ayer 106. In the preferred enbodi nent, the layer 50 is an
essential ly anorphous carbon filmformed by PECVD and is fornmed to a

t hi ckness in the range of 0.1 micron to 1 mcron. Next, the inner wear

| ayer 52 is deposited onto the outer wear h?%ﬁ: 50. The inner wear | ayer
52 is preferably formed by PECVD and is a ffl4m of essentially anorphous 30
carbon doped wi th hydrogen. An organic source, such as cycl ohexane, is
present during the PECVD process to formthe relatively hard carbon inner
| ayer 52. The PECVD process may be further nodified by a nitrogen

doping. The inner layer 52 is preferably formed to a thickness of 1 to

10 m crons. 35 Al ternatively, the outer and inner wear |ayers 50,
52 can be forned by varying the hydrogen content of sputtered or PECVD
carbon in each of the layers. Specifically, outer layer 50 is deposited
carbon with a | ow AMD- 93- 007 ' 7
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or high |l evel of hydrogen dopant concentration and inner |ayer 52 is
deposi ted carbon having an internedi ate concentrati on of hydrogen.

The. wear layer 30 can also be formed by continuously varying the

hydr ogen content of the carbon during the period of deposition by PECVD 5
or sputtering. Initially a high or |Iow concentration of dopant is used

to provide a |l ow wear resistance in the outer_Ilayer, followed by a
gradual change to an internediate hydrogen cohbBntration. This results

in essentially a single continuous Ia¥$r with a graded hardness and wear -
resistant profile. 10 Al um n& may al so be used as the soft outer
| ayer 50 in place of anor phous cagbon. R&ferring now to
Fig. 5D, portions Q§ t he wear |ayers 52 are renoved by reactive-ion

etching in areas oujside _of t
in the central regibn 10 et
read/ wite head wi |l N\ be fpgng

ggnt | y formed kead carrier 24 and
d §ece 15 of ¢ Kodyuctive .
ext, as Sshow Y Fig. 5E, the

pol e pi ece, includiny polg s 34, is
fornmed. The yoke 32 a R X _pdeposi ting
permal | oy (N Fe). One pol [ ‘ L\ ; [ ' afd then a gap
materi al, such as al um nalbdy ¥ ACPOSI [ pilcal | y.
Unwanted gap naterial is >

52
50




ani sotropic etch process, such as a reactive ion etch, so that gap
material remains only on the vertical surfaces shown in Figure 5E. Next,
pol.e piece 42 is deposited adjacent to pole piece 40 but is now separated
fromit by gap 44. After formation of the pole tips 40 , 42 and gap 44, 25
the structure is covered with insulating polyners or inorganic materials,
copper coils 34 are then electroplated, vias are opened to expose the
bottom of yoke 32, and the top of yoke 3%/% plated to conplete the head

structure. Foll owi ng the formation of the inductive read/wite
head, alum na 30 is next deposited, as shown in Fig. 5F, to the thickness

desired for the suspension 26. Finally, the alumna | ayer 104 and the

rel ease | ayer 106 are etched in order to renove the conpleted

head- suspensi on assenbly 22 fromthe substrate 100 and the initial

al um na.l ayer 104. AMB- 93- 007 8
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rates for various materials which can be used in the wear pad. The data
was” obit ai ned from a conventional 2.5-inch disk drive operating at 3600
RPM The wear pad had a contact surface area of 35 mcrons x 35 mcrons 5
and was | oaded onto a snooth carbon-overcoated and | ubricated disk with a
| oadi ng force of 20 ngnf. The |ocal velocity of the disk under the wear

pad was 10 m sec. Mat eri al Initial Wear Rate
Long-term Wear Rate al uni na 515 3800 nni day

75 nmday 10 sputtered carbon 150 nm day 13 nm day
(4 at %hydrogen) sputtered car bon 18 nnf ;

5 nnif day (30 at % hydr ogen) PECVD car bon - 6

nm day 2 nm day 15 (33 at % hylb 50

Table 1 appropriate sel SN Sereel s in Table 1 to
create a dual ‘\V‘h\"’m"’?ﬁ\ A ':\ \\_ '9"‘.' SRSEINt ent i n

anor phous ‘ = 104
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carbon, such as by increasing the hydrogen concentration fromthe olftst? 2%
| ayer tq the inner layer to provide an essentially continuous single-wear
| ayer, it is possible to fabricate a wear pad which sol ves the probl em of
tnitial msalignment with the disk and achi eves hi gh wear resistance over

the lifetinme of the disk file. Wil e the preferred enbodi nents
of the present invention have been 25 i lPustrated in det ai |, it should be
apparent that nodifications and adaptations to those enbodi nents may
occur to one skilled in the art wi t hout departing fromthe scope of the
present invention as set forth in the follow ng clains.
9 CONTACT RECORDING DISK FILE ANB’HEAD ASSEMBLX EOR{GUSE THEREIN ng
disk file conprising: arigid disk for the storage of data;
means connected to the disk for rotating the disk;

ABSTRACT

| A contact recording disk file uses an integrated head-suspension assemblsr 22)
having a head carrier (24) with a dual-layer Wear pad (30) for contacting the disk (12)
- during read and write operations. The outer wear layer of the pad (30) is relative_ly soft and
wear prone compared to a harder and more wear-resistant inner layer. The outer wear layer
‘wears away at a relatively rapid rate during initial weaf—in of the head carrier (24). In this
manner the head pole pieces (40, 42), which extend into the wear pad, are rapidly put into
coniacf with the disk, thereby cdmpensating for initial misalignment of the wear pad (30)
with the surface of the disk (12). The inner wear layer then provides wear resistance over
- the life of the disk file. In the preferted embodiment, both the outer and inner wear layers

are formed of essentially amorphous carbon doped with different amounts of hydrogen.

Fig. 2
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If

‘a“ carrier having a wear pad, the wear pad ¢
“*cheni cal vapor deposited or sputter-deposit

“and a plasma-enhanced chenical vapor deposiitigd or sputter- osited
-honpbgenous i nner wear |ayer in contact wtl the out er | ayer Jand having a
wear resistance greater than that of the o nemceme =t @ head

- supported within the carrier for reading or witing data on the disk, the
head havi ng vaapaoiown piheckeask cerrfienga tsufbimghnt Reointney thetartht dyed redd i nto

the outer wWedkce lig@y&f complete con¥Bafs.i¢RNAECdied. t@e&mecal@meala EHrier is
mai ntai ni ng 4 he A’Vgi”reﬁé‘gm%fl t%erdcfa‘”'rﬁﬁl lﬂeJ‘rgr?' tlo'algeo”t?‘eﬁtatmel he d' Sk

during reading or Wwi neans onn
to the carr |1é§le ffoF H’t?vfi tfhke c&Pis elrnlé%‘?d eaaspht Pé’ﬂque‘éﬁﬂ‘ ‘a%r%é‘écepttﬁ%lﬁﬂl sk
2. The dilskgfile according to claim1 wherein the head conprises an
I nductive readfwite head and wherein the pole piece conprises a pair of

ole tips separated by a
P P P Tﬁe px)ésent invention seeks to provide a contact recording disk

file with an improved head assembly which permits the head pole piece to
be quickly and accurately aligned with the disk.

Accordingly, in a first aspect of the invention, there is provided
a head assembly for use in a contact recording rigid disk file
comprising: a carrier having a wear pad for contact with the disk, the

K./’ wear pad comprising an outer wear layer and an inner layer in contact

with the outer layer and having a wear resistance greater than that of
the outer layer; and a head supported within the carrier for reading or
writing data on the disk, the head having a pole piece extend:.ng into the
wear pad of the carrier.

In a second aspect of the invention there is providéd a contact
recording disk file incorporating a head assembly as defined in the
appended claims.,

In a third aspect of 1;he invention, there is provided a contact recording disk file
comprising:

arigid disk for the storage of data;

G, means connected to fhe disk for rotating the disk;

a carrier having a wear pad, the wear pad comprising a plasma-enhanced
chemical vapor deposited or sputter-deposited homogenous outer wear layer and a
p.l;sma-enhanced chemical vapor deposited or sputter-deposited homogenous inner
wear layer in contéct with the outer layer and having a wear resistance greater than that
of the outer layer;

-a head supported within the carrier for reading or writi'ng data on the disk. the
head having a pole piece extending through the inner wear layer and into the outer wear
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recordi ng head gap. 3. The disk file according to claim1 wherein the
;Head conprises a vertical recording head and wherein the pole piece
conprises a vertical recording probe. 4. The disk file according to
claim 1l wherein the head conprises an inductive wite head and a
magnet or esi stive read head, and wherei n“Ehe pol e pi ece conprises a
‘magnet oresi stive sensor and shi el ds.

10 5. The disk file according to aim 1 wherein th e conprises a
mgniet or esi st 1 v PEAORBSIh R i St e el e 08 Betrobod SEine BB
the pole piece conprises. a fluyx quide for directing magnetic flux to the
magnet or es BERSTILY %@f"ﬁ? with the glﬂf%@“’éﬁ EeR&PB 0B WERbRg Pg Fl?f@%%}t‘%h%ﬁdmd wher ei n
the wear pad outer layer is formed of .

means connected to the carrier for moving the carrier and supported head across

the disk.

In a fourth aspect of the invention, there is provided a head assembly for use in a
contact recording rigid disk file comprising:

a carrier having a wear pad for contact with the disk, the wear pad comprising a
plasma-enhanced chemical vapor deposited or sputter-deposited homogeneous outer
wear layer and a plasma-enhanced chemical vapor deposited or sputter-deposited
homogenous inner wear layer in contact with the outer layer and having a wear

~ resistance greater than that of the outer layer; and |

a head supported within the carrier for reading ot writing data on the disk, the
head having a pole piece extending through the inner wear layer and into the outer wear

layer.

Thus is disclosed a contact recording'disk file with a head-
suspension assembly having a head carrier wifh a dual-layer wear pad.
The outer wear layer of the pad is relatively soft compared to a harder
k,i inner wear layer. The outer wear layer wears away at a relatively rapid
rate during initial wear-in of the head carr}er. ;n ;E}s manner the head:
pole piece, which extends into the wear pad, is rapidly put into contact
with the disk, thereby compensating for initial misalignment of the wear
pad with the surface of the disk. In the preferred embodiment, both the
outer and inner wear layers are formed of essentially amorphous carbon,
with the inner layer being doped with various amounts of hydrogen to
control wear resistance. In another embodiment the two layers are formed
as an essentially single continuous layer, with the hydrogen

concentration increasing or decreasing across the thickness of the layer.

A preferred embodiment of the invention will'now be described, by
way of example only, with reference to the accompanying drawings in

which: REPLACEMENT SHEET
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essenti al ly anorphous carbon having substantially no hydrogen. 7. The
disk file according to claim6 wherein the inner |ayer—Ts formed—of——
essential |y anmorphous carbon containi hg hydrogen. 8. . ' e el -
raccording to claiml1 wherein the outer layer is for neg”“ilmmjmlmlulml
anmor phous carbon containing | ess than apbroxi mately 15 ata@m ¢ percents
* hydrogen and wherein the inner layer is formed of essentially anorphous -
carbon containing approximately 15 t CL2dMS8 omi c. percent hydrogen. 9.
The disk file according to claim1 wherein the one layer is a
sputter-deqosi t edlcohtaneecortinagidivk flk Bemplisigr i s a pl asma- enhanced chenmi cal
- vapor deposited |layer. 10. The disk file according to claim1 wherein

the outer layer j$oialdiiBfthe sbobage of dagy; di sk file according to claiml1
wherein the carrier and the neans for "nmaintaining the wear pad of the

carrier in cont ] ' : f .a0 integrated
head- suspensi on%gésaélémﬁéﬁ/e%&%fgﬁé(dlggﬁoéﬁlggsgtg%@fs%’for use in a contact

recording rigid adlcgrlf'ie; Ihlasin%ogp Wear. Ir)]ach, the wear pad comprising a plasma-enhanced

b

chemical vapor deposited or sputter-deposited homogenous outer wear layer and a
plasma-enhanced chemical vapor deposited or sputter-deposited homogenous inner
wear layer in contact with the outer layer and having a wear resistance greater than that

N of the outer layer;

a head supported within the carrier for reading or writing data on the disk, the
head héviﬁg a pole piece extending through the inner wear layer and into the outer wear
layer;

means connected to the carrier for maintaining the wear pad of the carrier
generally in contact with the disk during reading or writing of data by the head; and

means connected to the carrier for moving the carrie_r and supported head across
the disk.

\/ 2. The disk file according to claim 1 wherein the head comprises an inductive
read/write head and wherein the pole piece comprises a pair of pole tips. separated by a
recording head gap.

3.-. The disk file accbrding to claim 1 wherein the head comprises a vertical
recording head and wherein the pole piece comprises a vertical recording probe.
4. The disk file according to claim 1 wherein the head comprises an inductive write

head and a magnetoresistive read head, and wherein the pole piece comprises a

magnetoresistive sensor and shields.
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a car rier having a wear pad for contact with the disk;—the—wear patd—-—
-conprising a pl asma- enhanced chem cal vapor deposit. : osited
honbgeneous outer wear |ayer and a pl asma-enhanced'Fﬂﬂmmﬂrm&@”rﬂﬂ

- deposited or sputter-deposited honbgenous inner wear =l ayerc | t with
the outer layer and having a wear resi dfPance greater than that of the
- outer layer; and a head supported within the carrier for
reading or witing data on the disk, the head having a pole piece
ext endi ng Bhr oudhet Iiski rfpler agerdingaytar claig jlnt wherpa gh? eﬁe%a‘ioml?réﬁ?ér a 13
The head assenbly according to claim 12 wherein the head conprises an -
i nduct i ve negdétordsistiveiceatl haatl Waeing i annageetprshistiys eenso odr whersing theapeleof
pole tips _
piece comprises a flux guide for directing magnetic flux to the magnetoresistive sensor.
6. The disk file according to claim 1 wherein the wear pad outer layer is formed of
essentially amorphous carbon having substantially no hydrogen.
7. The disk file according to claim 6 wherein the inner layer is formed of
essentially amorphous carbon containing hydrogen.
8. The disk file according to claim 1 wherein the outer layer is formed of
essentially amorphous carbon containing less than approkimately 15 atomic percent
hydrogen and wherein the inner layer is formed of essentially amorphous carbon
containing approximétely 15 to 35 atomic percent hydrogen.
9. The disk file according to claim 1 wherein the one layer is a sputter-depdsited
layer and the other layerisa plasma-enhancéd chemical vapor deposited layer.
10.  The disk file according to claim 1 wherein the outer layer is alumina.
11.  The disk file according to claim 1 wherein the carrier and the means for
maintaining the wear pad of the carrier in contact with the disk are formed as an
integrated head-suspension assembly.
12. A head assembly for use in a contact recording rigid disk file comprising:

a carrier having a wear pad for contact with the disk, the wear pad comprising a
plasma-enhanced chemical vapor deposited or sputter-deposited homogeneous outer
wear layer and a plasma-enhanced chemical vapor deposited or sputter-deposited

homogenous inner wear layer in contact with the outer layer and having a wear

resistance greater than that of the outer layer; and
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séparated by a recording head gap. 14. The head assenbly according to

Jclaim l1l2—wherein the wear pad outer layer is fornmed of essentially

anor phous nt;stantial |y no hydrogen. 15. The head assenbly
-accordi ng|m|m1m“m}mmu i.n the inner J.ayer is fornmed of essentially
anor phous car Sontcoht al ni*ng hydrogen. 16. The head assenbly according to
*claim12 wherein one layer is a sputter- deposited |ayer and the other

| ayer is a plasna-enhanced chem cal vapor_ depgsited | ayer.

assenbly accor dihbeadosuppasted mth%ﬂmférrleeéﬁrpﬁaéms@raﬂrs%%.omh

17.

The head

diskntha ed

to the carrier. 18. The head assenbly according to claim 17 wherein the
carri er ancesdbpengiagolapiece éxtemting theoughsthegginer Wle@deyftrrmégmatthfdoaslswm y.

layer.

13.  The head assembly according to claim 12 wherein the head comprises an

inductive read/write head and wherein the pole piece comprises a pair of pole tips

separated by a recording head gap.

14,  The head assembly according to claim 12 wherein the wear pad outer layer is

formed of essentially amorphous carbon having substantially no hydrogen.

15.  The head assembly according to claim 12 wherein the inner layer is formed of

essentially amorphous carbon containing hydrogen.

16. The head assembly according to claim 12 wherein one layer is a sputter-

deposited layer and the other layei' is a plasma-enhanced chemical vapor deposited

layer.

17.  The head assembly according to claim 12 further comprising a suspension

connected to-the carrier.

18.  The head assembly according to claim 17 wherein the carrier and suspension are

hod formed as a single-piece integrated assembly.
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