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Fitel d This inventi on relates to a magneti c recording disk, in particular to

a di sk havi ng a textured surface, and to the process for makl ng the disk.

‘The invention also relates to a rigid disk drive incorporating such a disk

and havi ng ‘ﬂIAG‘WE'pI@CRE@@R!DINGIDISE{merMEiHAE NETFEBE PENBRURING

‘Backgroundyof t—:'s@mmm@ IfHEODISK) AN DISK DRIVE!IWITH
rigid disk dr| ves Fﬁ)@ fAﬁ DISRSINeEBFatigheads) is
supported on a carrler (or slider) t i des on a cushion or bearing of

air above the surface of its assocLIat %dmdl il%l 1d

5 This invention relates to a magnetic recording disk, in particular to a
disk having a textured surface, and to the process for making the disk. The
invention also relates to a rigid disk drive incorporating such a disk and

having an improved head-disk interface and data readback signal.

Background of the Invention

10 In one type of rotating magnetic recording rigid disk drives, each of the
read/write transducers (or heads) is supported on a carrier (or slider) that
rides on a cushion or bearing of air above the surface of its associated disk
when the disk is rotating at its operating speed. The slider has an air-bearing
surface (ABS), typically in the form of a plurality of rails, and is connected to a

15  linear or rotary actuator by means of a suspension. There may be a stack of
disks in the disk drive with the actuator 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.

The slider in this conventional disk drive is biased toward the disk

20 surface by a small force from the suspension. The ABS of the slider is thus in
contact with the disk surface from the time the disk drive is turned on until
the disk reaches a speed sufficient to cause the slider to ride on the air
bearing. The ABS of the slider is again in contact with the disk surface when
the disk drive is turned off and the rotational speed of the disk falls below that

25 . necessary to create the air bearing. This type of disk drive is called a contact

| start/stop (CSS) disk drive To provide wear resistance for the ABS in a CSS

disk drive, a protective overcoat may be pldcod on the slider m]ls TBM’s

Fo : U.S. Patent 5,159,508 describes a .\_lldef mth air-bearing rails h_avmg an
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when the disk is rotating at its operating speed. The sl ider has an
air-bearing surface (ABS), typically in the formof a PM tiHlas/Bagh Repdacéds |
ard is connected to a linear or rotary actuator by maani u on.
There may be a stack of disks in the disk drive with th

supporting a nunber of sliders. The actuator noves the sliders radially so
that each daaehhigis eatRsSoddiecattintdisngdlosred tof thiet maibsbpei sifiedndidikesion

surface. The slider in this conventional disk drive is biased toward the
di sk surfdeseby a small force fromthe suspension. The ABS of the slider is

thus in contactpawwith . di 3 -t _he.-di i A, .
turned on unti IT?%én%élgﬁugégééﬁég{%agsg‘e{arggg$$?glgﬁsE\gﬁggéﬁzéét lgggryi‘ggrm}to
ride on tHgnaidisibesmipting kesiiisirafe, sheh s delisk dlagaimade of ghisaccevaric,t he

di sk surface when the disk drive is turned off ?nd t he rotational speed of
the disk felpssy pathew ehan aluminum-magnesium (AlMg) alloy with a

nickel-phosphorous (NiP} surface coating, and a cobalt-based magnetic alloy

film formed by sputter deposition over the substrate. A protective overcoat,

such as a sputter-deposited amorphous carbon film, is formed over the
magnetic layer to provide corrosion resistance and wear resistance from the
10  ABS of the slider. A liquid fluoroether lubricant is also maintained on the
surface of the protective disk overcoat to prevent damage to the head and the
disk during starting and stopping of the disk.
Protective carbon overcoats for thin film disks and slider air-bearing
surfaces are well known. They are typically formed by sputter deposition from
15  a graphite target, and-are generally called protective carbon overcoats,
"diamondlike"” carbon dvercoats, amorphdus carbon overcoats, or, in the case of
those overcoats formed by sputter deposition in the presence of a
hydrogen-containing gas, hydrogenated carbon overcoats. Tsai et al. in
"Structure and Properties of Sputtered Carbon Overcoats on Rigid Magnetic -
20  Media Disks", J. Vac. Science Te hnoio v A6(4), July/August 1988,
pp. 2307-2314, describe such protective carbon overcoats and refer to them as
amorphous "diamondlike” carbon films, the "diamondlike” referring to their
hardness rather than their crystalline structure. .IBM's U.S. Patent 4,778,582
describes a protective hydrogenated disk carbon overcoal formed by sputtering
25 a graphite target in the presence of Ar and hydrogen (H,). The carbon
overcoats may also be formed by plasma-enhanced chemical vapor deposition
(CVD) and may include nitrogen in addition to hydrogen, as described by
Kaufman et al., Phys. Rev. B, Vol. 39, June 1989, p. 13053.

In addition to the magnetic layer and the protective overcoat, the thin

30 film disk may also include a sputter-deposited underlayer, such as a layer of
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ﬁecessary to create the air beari ng. This type of di siis ey dasiBeenGRph QM 2
contact start stop (CSS) disk drive. To provide wear r t he ABS
in a CSS disk drive; a protective overcoat may be pl ack] lgﬂ,ﬂer
rails. IBMs U S. Patent 5,159,508 describes a slider with air- n
rail s having an - 2- anor phous carbon overcoat that is adhered to the
rails by carshliigo(Cadfiesi oirdraian-vaisalioag @tV caleycbaivegpnditsk substaraGss
L e bl S Pl L LSl SHRILR00.2 SRR 36y, Suen
tungsten (W) or titanium (Ti) layer, between the magnetic layer and the
protective overcoat. .
5 To improve the wear resistance of the disk, as well as to maintain
. consistent magnetic properties, it is desirable to make the disk surface as
smooth as possible. However, a very smooth disk surface in a CSS disk drive
creates what is called “stiction”. This means that after the slider ABS has
been in stationary contact with the disk for a pe.riod of time, the slider tends
10 to resist translational movement or "stick” to the disk surface. It is known
that this "stiction” force can increase over time. Thus, the stiction force
measured relatively soon after a CSS cycle is called "CSS stiction”, while that
measured several .hours after a CSS cycle is called "rest stiction”. Stiction is
caused by a variety of factors, including static friction and adhesion forces
15 between the disk and slider created by the lubricant or by capillary
condensation of atmospheric water vapor. Stiction in a CSS disk drive can
result in damage to the head or disk when the slider suddenly breaks free
from the disk surface when disk rotation is initiated. Because the sus;pensionl
between the actuator and the slider is relatively fragile to permit the slider to
20  fly above the disk surface, sudden rotation of the disk can also damage the
- suspension. '

To avoid the stiction problem associated with CSS disk drives, some
disk drives are of the "load/unload” type. In this type of drive, the slider is
mechanica_lly unloaded from the disk, typically by means of a ramp that

25  contacts the suspension when the actuator is retracted at power down, and
‘then loaded back to the disk when power is turned on and the disk has
reached a speed sufficient to generate the air bearing. Even in load/unload
disk drives, however, stiction can be a problem in the event of failure of the

load/unload system.
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gI assy carbon or an al um num magnesi um (Al Ng) aI I oy WI t h a

ni ckel - phosphorous (N P) surface coating, andh cefmgnet i ¢ al | oy
ftlmfornmed by sputter deposition over the sub ective
overcoat, such as a sputter-deposited anmorphou is formed over

t he magnetlc | ayer to provide corrosion resistance and wear resistance from

the ABS of thergll ggte c@tﬂn‘x&l\"sglJtll(HP[@@F\@%ilch‘éhﬁbﬁé@'{ﬁml1% tal @R oBd Ohaidigld on
the surface of the protective disk overcoat to prevent damage to the head

and the dTylsichlly, thistsadonayaaldastveppolishiot aftéeddisk. btfbrsd;tael@t |“v'lalcbar bon
overcoats for thin filmdis and slider r-berln urfa
nonn. - THEGPHISIT FoieahT e e, HEC o OuRTe Lveas dopPoiion Aebia Pssiice
target, aUdsaPst&&nsrmb'%108555&*3@@&; Ridgntei CRERBRe PUST Boa! aescr%@mndl i ke"
carbon oveércoats, anorphousd carbon overcoats, or, in the case of
5  texturing the disk substrate by laser heatmor to form a pat,tcrn of pits in the
substrate surface. The disk overcoat replicates the texture of the substrate
and reduces the stiction when the slider is resting on the disk overcoat.
| However, abrasive polishing and laser texturing of the substrate adds to the
disk manufacturing cost and complexity because it cannot be done in situ in
10  the conventional sputter deposition process chamber.

IBM's U.S. Patent 5,053,250 describes an in-situ process for forming a
textured underlayer on the disk substrate. The 250 patent teaches the use of
a low melting point metal malterial that forms discontinuous liquid spheres as .
it is sputter deposited on a heated substrate. The magnetic layer and overcoat

15  that are deposited over the solidified spheres follow this discontinuous
topology, resulting in a textured surface at the head-disk interface.

Texturing of the entire disk substrate, whether by abrasive polishing,
laser texturing or an in-situ process, has the additional disadvantage that the
cryétalline growth of the magnetié layer can be adversely affected if the

20  texturing is not carefully controlled. This results in degraded magnetic
properties, especially at high recording densities where a high signal-to-noise
ratio (SNR) and a low soft error rate (SER) are required. To avoid this
problem, the texturing of the disk substrate may be liniited to a nondata band,
called the landing zone, where the slider is moved when the disk drive is

25  stopped. The landing zone, which adds to the complexity of the drive
electronics, is required to prevent the substrate texturing from adversely
aﬁ"ecfing the magnetic properties of the disk in the data region.

As an alternative to lexturing the substrate, texturing of the disk
protective overcoat has been suggested. This can be accomplished by abrasive

30  polishing or other mechanical processes, or by chemical or laser etching as
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t hose overcoats forned by sputter deposition in the presence of a

hydr ogen- cont ai ni ng gas, hydrogenated carbon overcoats. Tsai et al. in
"Sfructure and Properties of Sputtered Carbon Overcoats on Rigid Magnetic
Medi a Di sks", J. Vac. Science Technol ogy A6(4), July/August 1988, pp.
'2307- 2314, describe such protective carbon overcoats and refer to them as

anmor phous ;" di ndl rker frs 1 gRAbh ke 19881 8r bi ) i r
har dness ?%1%}% tﬁ]a“gQ TEERRRAL OisheutCBulfe, e&lloll%élteéqégsﬁ I%g'?gni\ﬁ(ﬂm’ell
4, 778, 582 qrsel bhrgost el @bhkYeadescetivstaledB il s k). Saltaden 0Bd3hdd-4f or med

by sputtering a graphite target in the presence of Ar and hydrogen (H.).
The car bomveVeescenspatirngithe coebew witly 0$berplfbﬁ§ﬁalaéﬁﬁéhldé%&%ﬁ‘i dal vapor

Gepos 1 RSB AR LB oL e 3
5  relatively smooth carbon overcoat surface and present a discontinuous
head-disk interface. These types of prior disk overcoat texturing techniques
either involve additional complex and costly ex-sifu process steps or result in
an overcoat which is not the preferred continuous film of amorphous carbon. |
What is needed is a thin film magnetic recording disk that presents a
10  continuous textured surface to the head éarrier and that can be fabricated
in situ using conventional processes. The disk must have reduced stiction and

no degradation in magnetic recording performance.

mmary of the Invention
The invention is a thin film magnetic recording disk having a metal
_15. nitride texturing layer located between the disk substrate and the top surface
‘'of the disk. In a preferred embodiment, the texturing layer comprises clusters
of aluminum nitride (AIN) that are formed on the substrate under the
'underlayer. The AIN texturing layer is formed by sputtering an Al target in
the presence of N, gas. This results in generally contiguous clusters of AIN
20  with generally rounded upper surfaces being deposited on the substrate. The
subsequently sputter-deposited underlayer, magnetic layer and disk overcoat
replicate this surface, resulting in a textured disk surface at the head-disk
interface. In an alternative embodiment, the metal nitride texturing layer is
formed above the magnetic layer, either directly on the magnetic layer or in
25  the middle of the protective carbon overcoat. The density and size of the AIN
clusters in the texturing layer, and thus the texture of the completed disk at

the head-disk interface, are controlled by the amount of N,, the sputtering

power and pressure, and the substrate temperature.
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In addition to the magnetic |ayer and the protective overcoat, the thin
filmdisk may al so include a sputter-deposited underlayer, such as a |ayer
of V -3- chromum (Cr) or a chrom umvanadium (CrV) alloy, between the
‘substrate and the nmagnetic |ayer and a sputter-deposited adhesion | ayer,
such as a Cr. tungsten (W or titanium (Ti) |ayer, between the magnetic

layer and the BEGLEGhiIKe JNRICAMdind Br'HB b MR E 2k BRISIAMIR Blodehe
di sk, as well as to nmarn o
invention, refexcnce should be made to the following detailed description taken

in conjunction with the accompanying figures.

Brief Description of the D
5 Fig. 1 is a view in section of a schematic of a prior art CSS disk drive.

Fig. 2 is an open top view of the prior art disk drive depicted
schematically in Fig. 1. _ | |

Fig. 3 is a view in section illustrating the layers forming the thin film
disk according to the embodiment of the present invention where the texturing

10 layer is formed on the disk substrate.

Fig. 4 1s an atomic force microscope (AFM) mic_rograph of the
topography of the outer surface of the thin film disk according to the
embodiment of the presenﬁ invention where the texturing layer is sputter
deposited on the disk substrate.

15 Fig. 5is a view in section illustrating the layers forming the thin film
disk according to the embodiment of the present invention where the texturing
layer is formed over the magnetic layer. _

Fig. 6 is an atomic force microscope (AFM) micrograph of the
topography of the outer surface of the thin film disk according to the

20  embodiment of the present invention where the texturing layer is sputter

deposited over the magnetic layer.

iled Description of the Invention
Prior Art
Referring to Fig. 1, there is illustrated in sectional view a schematic of a
25  prior art CSS disk drive. The disk drive comprises a base 10 to which are
secured a disk drive motor 12 and an actuator 14, and a cover 11. The base 10
and cover 11 .provide a substantially sealed housing for the disk drive. A

gaske't 13 is located b_et_wee_n{ ba'ée 10 and cover 11 and a small breather port

AM9-94-020 -6- B

eet Has Been Reﬁaced

T



consi stent magnetic properties, it is desirable to nmake the di sk surface as
snoot h as possi ble. However, a very snooth disk surface in a CSS disk drive
creates what is called "stiction". This nmeans that after the slider ABS has
been in stationary contact with the disk for a period of tinme, the slider
tends to resist translational novenment or "stick"” to the disk surface. It

i s known thatsHoW$) egidleidsoprestare ebagen nive easeinvetitd disk dhus,andehe
stiction force nmeasured relatively soon after a CSS cycle is called "CSS
stiction"gutshd¢ entyiranmesdsur ed several hours after a CSS cycle is called

tatic frictiof BRavaHraerantia Toe wineiileid s 8 Aokl saB M ot

the | ubrigapt1®to RhicRRi kd attacheadsryatdtvn b theyseherdior M2t eA dpivant
Stiction in a CSS disk drive can result in damage to the head or di sk when

the sbi defilmulienmaibtaaled dir ke surface of disk 16. "The substrate for disk 16 1s
typi..:lly made of glass, ceramic, glassy carbon or an AlMg alloy having a

textured NiP surface coating. The texturing of the substrate, which is most
commonly done by abrasive polishing, causes a replication of the textured
~ topography in the subsequently deposited underlayer, magnetic layer, and
| 10  protective overcoat so that the overcoat presents a textured outer surface at
" the head-disk interface. In CSS disk drives, the substrate may be textured
only in a nondata region referred to as the landing zone, where the slider 20 is
moved when the disk drive is stopped. '
A read/write head or transducer 25 is formed on the trailing end of a
15  carrer, such as an air:-bearing slider 20. Transducer 25 may be an inductive
read and write transducer or an inductive write transducer with a |
magnetoresistive (MR) read transducer. The slider 20 is connected to the
actuator 14 by means of a rigid arm 22 and a suspension 24. The
suspension 24 provides a biasing force that urges the slider 20 toward the
20 surface of the recording disk 16. _
| During operation of the disk drive, the drive motor 12 rotates the
disk 16 at a constant speed, and the actuator 14, which is typically a linear or
rotary voice coil motor (VCM), moves the slider 20 generally radially across
the surface of the disk 16 so that the read/write head may access different
25  data tracks on disk 16.
Fig. 2 is a top view of the intcrior of the disk drive with the cover 11
removed, and illustrates in hetter d:-tiil the suspension 24 that provides
force to the slider 20 to urge it tow:rd the disk 16. The suspension may be a
conventional type of suspension, such as the well-known Watrous suspension,

30  as described in IBM's U.S. Patent 4,167,765. This type of suspension also

AM9-94-020 _ -7-
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fromthe disk surface when disk rotation is initiated. Because the
suspensi on between the actuator and the slider is relatively fragile to
permt the slider to fly above the disk surface, sudden rotation of the
-di sk can al so damage the suspension. To avoid-the stiction problem
associated with CSS di sk drives, sone disk drives are of the "l oad/unl oad"

type. In thosidespe ghhibdldd attathtmesltidfahel stidechhivhcallby suhleogldbe fa prrchhe
di sk, typically by nmeans of a ranp that contacts the sgi‘pensi on \{\an tlhe
actuator iad zalk astiedidas powae adohanagd Thedatasissectsddkorodithe LRilsk Rihen
power is turned on.gand the disk.has reach p ffLehent, ho1id ate
Phe air belMRPRRANT Rshil B ARt oAl Sl e el n pineata, 2
a probl emg phseeeyiant ciduitd) {ikige dhtdgatddaidtuinl hag 1y kicaved on arm 22.

5  The signals from_transduéer 95 travel via flex cable 17 to chip 15, which sends

its output signals via cable 19.

Preferred Embodiment

The thin film disk 50 according to the present invention is illustrated in
10  section in Fig. 3. When used in place of the prior art disk 16 shown in Figs. 1
and 2, disk 50 results in a disk drive with an improved head-disk interface but
without adverse effects on SNR and SER. The disk 50 comprises a glass disk
blank as substrate 51, a texturing layer 52 formed directly on glass
substrate 51, a Cr underlayer 54 formed on the substrate 51, a CoPtCr alloy
15  magnetic layer 56 formed on the Cr underlayer 54, a protective overcoat 60
formed on the magnetic layer 56, and a lubricant film 58 on the protective
overcoat-GO. Alternative substrates usable with the present invention may be
made of silicon (Si), silicon-carbide (SiC), ceramic, glassy carbon or an AlMg
disk blank with a NiP surface coating. The texturing layer 52 comprises
20 clusters of aluminum nitride (AIN) that have generally spherically-shaped or
rounded surfaces. Underlayer 54 and magnetic layer 56 are formed by
conventional sputter deposition. The disk overcoat 60 may be 'formed of any
conventional disk overcoat material. However, in the preferred embodiment,
the overcoat 60 is hydrogenated essentially amorphous carbon. The
25 overcoat 60 xﬁay also be doped with nitrogen.
Disks as shown in Fig. 3 were fabricated using smooth glass substrates
(average surface roughness R, = 54) in a DC magnetron sputlering system
having multiple sputtering chambers. The glass substrates were first washed
using detergent and distilled water. As part of the normal manufacturing '

30  process, the substrates were heated to 180°C (x70°C). The substrates are

AM9-94-020 s
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-4- The nore common solution to the stiction problemis to texture the

di sk. Typically, this is done by abrasive polishing of the disk substrate.
whi ch results in a texturing of the conform ng | ayers deposited over the

.substrate. U S. Patent 5,108,781, assigned to Magnetic Peripherals, Inc.,

describes texturing the disk substrate by | aser heating to forma pattern

of pits inpth@dsuPahpad@ B fRee.deplsitlskl ayeesieat dlkgy meghesictiaget eXhur e
of the substrate and reduces the stiction when the slider is resting on the.
‘di sk over ctat firstosleamber.atmdsiviagpolcoshiengialhd atadabla bxiget iohgtlgmingan
substrate PQ%Q&Q’I/&Op&r%y), argon (Ar) and nitrogen (N, ) gases were introduced. The

Ar/N, volumetric flow rate ratio was épproximately 5:1, and is preferably in

5 the range of 10:1 to 3:1. The DC éputt.ering power was 500 watts and is

- preferably in the range of 200-1000 watts. Sputtering pressure was

maintained in the range of 5-20 mTorr. During this sputtering step, the

nitrogen gas reacts with the Al from the sputtering target and clusters

consisting essenfially of the compound AIN are formed on the glass substrate.

10 The clusters are generally contiguous so that the texturing 1ayer 52 can be
described as an AIN layer ha'ving rounded bumps over its top surface. The
thickness of the texturing layer 52 is controlled by controlling the deposition
time. In the preferred embodiment, the texturing layer 52 has a mean
thickness in the range of 100-300A.

15 The formation of the rounded AIN clusters is dependent on the
substrate temperature, the sputtering pressure and power and the At/N,
volumetric flow rate ratio. It has been discovered that for the specific Intervac
brand sputtering system used if power is below approximately 200 watts, the
AlN layer has no texturing; and if the power is above approximately

20 700 watts, the outer surface of the AIN layer is no longer in the desired shape
of rounded bumps, but has generally random projections with discontinuous
peaks and valleys.

Following the deposition of the texturing layer 52, the disks were moved
to the next successive sputtering chambers where the 500-10004 Cr

underlayer 54 and the 300-700A CoPtCr magnetic layer 56 were formed in an

[\
(97

Ar-only atmosphere. Finally, the disks were moved to the final sputtering
chamber where the hydrogenated carbon overcoat 60 was formed to a
thickness of 100-250A in an Ar-H, atmosphere.

* While the disks were made in a sputtering system with separate

307 . isolated sputtering chambers, it is also possible to make the disks using an
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di sk manufacturing cost and conplexity because it cannot be done in situ in
the conventional sputter deposition process chanber. IBMs U S Patent
5,053, 250 describes an in-situ process for form ng a textured underlayer on
t he di sk substrate. The 250 patent teaches the use of a |low nelting point
‘metal material that forms discontinuous |iquid spheres as it is sputter

depositec f0iife WGRLAA SO 1) g s Wiy BRAREHd Cab ANl ciafiHLOY Shie0dto HIWs ake

deposited over ‘the solidifie Rer e “fol Fow t di scont i nuous topol ogy,
resul ting mgvad tpgst Lthedixﬁbfcfracanﬁuteztnhg tbegztkdnsc}ucncestsemhada tiiexttpeialg of

or an i n- sistes SuEs s Wisscammesdally, av ot dduaian bephatd PRand Sy St ne
oD of NI ol B SFTRE AT AR Sl oxturina 1
5 ~ Fig. 4 is an atomic force microscope (AFM) micrograph of the
topography of the outer surface of the carbon overcoat 60 of the disk with the
texturing layer 52 formed directly on the glass substrate 51. As is apparent,
the outer surface of the overcoat 60 has replicated the texturing provided b_\_"
the clusters of AIN. Fig. 4 shows that the in-plane spacing of the tops of the

10 clusters is on the order of 0.1 microns (1000A) which is significantly greater
than the thickness of the cobalt-based alloy magnetic layer 56.

The SNR measured at 3000 flux reversals/mm for disks made with
varying amounts of N, gas in the sputtering chamber showed a generally
linear increase from approximately 32.5 dB to approximately 35 dB as N, was

15  increased from 0 to 20% of the Ar-N, gas mixture. These values indicate that
the addition of the N, to the Al favorably controls the crystallographic
preferred orientation and grain structure of the Cr underléyer and the CoPtCr
magnetic layer. X-ray diffraction analysis of the Cr layer and the CoPtCr
magnetic layer deposited over the AIN texturing layer shows a substantial

20 decrease in the [110] preferred orientation in the Cr layer and thereby the
[0002] preferred orientation in the CoP{Cr magnetic layer. Furthermore, a
strong (10.0) peak was observed in the CoPtCr magnetic layer, indicatihg the
alignment of the C-axis in the plane of the magnetic layer which enhances the
recording performance.

25 The measured SER for the disks showed significant improvement at
high linear recording densities (4000-6000 flux reversals/mm) compared with
conventional mechanically textured disks. This improvement is due to the
absence of the so-called "texture-induced noiaf'prgsentirlrnechanicauy

textured disks.
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properties, especially at high recording densities where a high
signal-to-noise ratio (SNR) and a Iow soft error rate (SER) are required.

. To avoid this problem the texturing of the disk substrate may be limted
to a nondata band, called the | anding zone, where the slider is noved when
the disk drive is stopped. The | anding zone, which adds to the conplexity

of the drive epRetdRRIGSand SifEOUHEAINOCIRERERhnt e conbrolledtiey that uring
- from adversely affecting the magnetic properties of the disk in the data

regi on. Asmannalofé¥pahbwuttetieg poriengitchpreisser and, theesuflrdlg of the di sk
. protective overcoat has been suggest %d. This can be acconpl is Q O¥p
- abrasj ve POMPRtREL o tA Igé‘re’hée‘ﬂ'gﬁp@azl P%P%Z%‘Se@?sw B* é'rﬁ({c;ag or 1 aser
- etching Afhcreasing N,. The cluster density is controlled by substrale temperature, '
| 5  sputtering pressure, and the surface energy of the substrate. For example, an
increase in substrate temperature reduces the density of the clusters. In the
above experimental examples, the substrates were heated. However AIN
clusters have been successfully formed on substrates without the application of
heat. While the process was described for disks with glass substrates, the AIN |
10  clusters have also been successfully formed on substrates of ceramic (e.g.,
Memcor brand substrate from Corning Glass), glassy carbon (e.g., the
amorphous carbon substrate available form Kobe Preciéion), semiconductor
grade Si wafer, and AlMg with a NiP surface coating. For each of these
substrates different process parameters of N, concentration, sputtering power
15  and pressure, and substrate temperature must be experimentally selected to
deposit the AIN clusters af, the desired size and density.
Thin film disks were.also fabricated as described above but with the
texturing layer 52 formed either directly on the magnetic layer 56 or, as
shown in the embodiment of Fig. 5, on a first carbon layer 61 of 50A thickness
20 with a second carbon layer 62 of 100A thickness being deposited directly on
the texturing layer 52. In the embodiment of Fig. 5, the carbon vvercoat thus
includes first carbon layer 61, texturing layer 52, and second carbon layer 62.
The process is the same as previously described except that the N, gas is
introduced into a sputtering chamber down line {from the sputtering chamber

where the magnetic layer 56 was deposited. In the embodiment where the

[\
Tt

texturing layer 52 is deposited directly on the magnetic layer 56, the
sputtering chamber containing the Al target is located between the magnetic
layer chamber and the carbon overcoat chamber.

The first and second carbon layers 61, 62 in the embodiment of FFig. 5

30  can also be deposited using RF CVD with substrate bias (-400 Vdc) applied.
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-5- described in | BM Technical Disclosure Bull etin, Cctaber 9%? p. 264.
Anot her type of overcoat "texturing", as descr iTBhﬂﬁE :
I
h

Y Pat ent
5,030, 494. i nvol ves cosputtering the carbon wt t addi ti ves,
such as tungsten carbide, to formclusters of t at project

above the relatively snooth carbon overcoat surface and present a

di sconti nupys PRl S preferdiaggo0Thes s angabegfasesiare dpsktoverteeadm),
texturing techniques either involve additional conplex and. cost] elx- situ
process stépd2accnesantd Npl khsesrat.cThe tatalcprassurpaurig oridd dp rdegm Torr.

conti nuous.film of anorphous carbon. at, i.s need i i LEm,pagneti c
recor di ng ’ngQWOﬁQgeBrcé’E‘é‘f‘H sogﬁbeogqlibﬁﬂoagbeeggqureeggigg’rs %{gc(gb’!tlj(;'? h‘émﬁgZd
carrier angedirt p&RBnbandatied BRAFSELN content is 4 (1) atomic percent.

5 : The disks as fabricated with the texturing layer 52 directly on the-

magnetic layer 56 and in the middle of the carbon overcoat 60 were then
tested for start/stop performance and the results compared with results for
control disks (without the texturing layer) teéted under identical conditions.

. The disk drives were commercially-available drives outfitted with sliders

10  having carbon-coated rails. The pass/fail stiction condition for the start/stop
measurements required that the maximum force exerted on the slider during
the initial 60 ms after the disk drive motor startup be kept below S gm.
However, different drives use different drive motors so this criterid can change
with drive design. The standard CSS cycle consisted of a 0.17 minute rest

15  period and a 0.10 minute flying period at a maximum rotational speed of
3600 rpm. The measured stiction after several CSS cycles was between
2 and 4 gm for all the disks with the texturing layer and greater than 80 gm
for all the control disks.

In addition to exlmibitiﬁg acceptable stiction levels, the disks with the

20  texturing layer 52 formed on top of the magnetic layer 56, or as part of the
carbon layer 60, were also durable and corrosion resistant. Also, the total
overcoat thickness, about 25OA, 1s well within the range necessary 'to minimize
the spacing between the read/write head and the magnetic layer on the disk
(i.e., less than about 350A).

25 In the experimental disks described above, the texturing layers were
formed by sputtering Al in the presence of the Ar-N, gascous atmosphere.
Titanium (Ti) and niobium (Nb) have also been experimentally determined (o

* provide a texturing layer with gencrilly rounded clusters of the respective
metal nitride. The density of these clusters was generally higher and their

30 height generally lower than the AIN clusters. It is believed that any metal

AM9-94-020 2.



In situ using conventional processes. The disk nust have reduced stiction
and no degradation in nmagnetic recordi ng performnce. Summary of the

| nvention The invention is a thin filmnagnetic recordi ng disk having a
nmetal nitride texturing |ayer |ocated between the disk substrate and the
top surface of the disk. In a preferred enbodi nent, the texturing Iayer

.cconpri ses (ghust@hS OEordbyThAUmLAl ditigtn(WINprh hiak Alch facRBd inp lhher since
substrate under the underlayer. The AIN texturing layer is formed by
sput t er i ngharfopmatianget Lhmccmn@olanésr@d@éenmchudaase lrmlpléur é)émhtcsm.eﬁﬂ atoms

gcne al. Y ORI, FLELEURaPL 0L BB S D SHPIFT e e s
under | ayeme {FROAGISOR AU @rdtitH phopeayiddring ok&&tzﬂld ENs watiac ehe
resulting in a textured d'sk surface at the head-disk
5 metal nitride forms on the substrate as generally rounded clusters rather than
as generally flat islands. For each such metal, the sputtering power and Ar/N,
ratio would be experimentally determined in order to provide a layer with
rounded metal nitride clusters having the desired density and size. The
substrate temperature is a less effective parameter to control cluster density
10 and spacing for metals with higher melting points than Al
While the present invention has been particularly shown and described
with reference to the preferred embodiments, it will be understood by those
skilled in the art that various changes in form and detail may be made
without departing from the spirit, scope, and teaching of the invention.
15 Accordingly, the disclosed invention is to be considered merely as illustrative

and limited in scope only as specified in the appended claims.
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interface. In an alternative enbodinent, the netal nitride texturing |ayer
is formed above the nmagnetic | ayer, either directly on the nagnetic |ayer
or. in the mddle of the protective carbon overcoat. The ' m 'ﬂ“lof
‘the AIN clusters in the texturing |ayer, and thus the tenmmammm M|
conpl eted di sk at the head-disk interface, are controlled*bycthe dhodnt *of

N, the splWheirt lggclmw apd pressure, and the substrate tenperature. - 6-
For a full erstan I ng of the nature and advantages of the present

inventlon, reference shoul d be nade to the follow ng detail ed description
t aken _

1 1. A thin film magnetic recording disk comprising:

2 a rigid substrate;

3 a magnetic layer formed over the substrate:

4 a protective overcoal formed over the magnetic layer and having an

5 outer surface; and
6 a texturing layer formed of clusters of a metal nitride, the texturing
7  layer being located between the substrate and the outer surface of the

8 protective overcoat.

1 2. A thin film disk according to claim 1 wherein the overcoat

2 comprises essentially amorphous carbon.

1 3. A thin film disk according to claim 2 wherein the essentially
2  amorphous carbon overcoat includes an element selected from the group

3 consisting of hydrogen and nitrogen.

1 4, A thin filin disk according to claim 1 wherein the overcoat
2 comprises first and second overcoat layers, and wherein the texturing layer is
3 formed directly on the first overcoat and the second overcoat layer is formed

4 directly on the texturing laver.

AM9-94-020 S 4 ——
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in conjunction with the acconpanying figures. Brief Description of the —————
Drawing Fig. 1 is a viewin section of a schematic of a prior art CS

drjve. Fig. 2 is an open top view of the prior art disk drlml‘mmlnz S“iﬁll‘lsm“‘
Fithe™ ° 7

'schematically in Fig. 1. Fig. 3 is a viewin section illust

| ayers forming the thin filmdisk according to the enbodi ment' o

‘present invention where the texturing layer is fornmed on the disk
substrate. Fig. 4 is an atomc force mcroscope (AFM m crograph of the -
topography of the oufef,: SUff 2GR 106 LG A DD fdibm Al fkrARCHLIRGul Brd NBe
embodi frent of the prés%lﬁﬁwihﬁ]\?gﬁ'tll fgﬁég\}\ﬁgﬁ%k‘?ﬁe 1t’e><’tur€§lntg IayLerL i§ sput t‘é’rr

deposited on the disk substrate. . .. :
P is formed directly on the magnetic layer and the overcoat is formed directly on

Lo

the texturing layver.

1 6. A thin film disk according to claim 1 wherein the texturing layer

2 s formed directly on the substrate.

1 7. A thin film disk according to claim 1 wherein the substrate is
2  glass, glassy carbon, ceramic, silicon, silicon-carbide or a NiP surface coating

3  formed on an aluminum alloy disk.

1 8. A thin film disk according to claim 1 further comprising an

2 underlayer formed between the substrate and the magnetic layer.

1 9. The thin film disk acco: ling to claim 1 wherein the clusters

2 forming the texturing layer consist essentially of aluminum nitride.

1 10. A thin film disk according to claim 1 wherein the clusters forming
2 the texturing layer consist essentially of titanium nitride or niobium nitride. -~

This Sheet Has Been Reﬂlaced :
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ng. 5is aviewin section illustrating the layers formng the thin film

di sk according to the enbodi nent of the present |nvent|o
texturing layer is formed over the magnetic layer. Fig. |mmmmr"’|””“|
force mcroscope (AFM micrograph of the topography of the-outer sur e+ of
the thin filmdisk according to the enbodi nent of the present invention

wher g the textyfingal@ygIGlhs dsVht@rdiepestcleth ouehetdia vhgrietiv-sl@yenin; |
Detail ed Description of the Invention Prior Art Referring to Fig. 1, there

'S Iggit%\l%t@gt%rm%eﬁk r\q\ Vfie?l\gigll@qqmﬂg%ﬁdre Senrfaar art CSS disk drive.

The ohprise cured a.di sk drive notor
12 and an actuator 14, and a cover 11. The base 10

1 12.  The thin film disk according to claim 1 wherein the metal nitride
2 clusters have a generally spherical upper surface, and wherein the upper
3 surface of the texturing laver is shaped as a plurality of generally contiguous

4 partial spheres of the metal nitride clusters.

1 13. A thin film magnetic recording disk comprising:
2 a rigid substrate;
3 a texturing layer consisting essentially of metal nitride clusters located

4 directly on :he substrate;

5 an underlayer formed directly on the texturing layer:

6 - a cobalt-based alloy magnetic layer formed directly on the underlayver;
7 and

5 a protectivé overcoat formed on the magnetic layer, the overcont hiaving

9 an outer surface topography generaily replicating the upper surface of the

10 texturing layer.

1 4. A thin film disk according to claim 13 wherein Lthe overcoat

2 comprises essentially amorphous carbon.

v i i



and cover 11 provide a substantlally seal ed housing for the di sk drive. A
gasket 13 is | ocated between base 10 and cover 11 and a IH ﬂ rt
~-7- (not shown) equalizes pressure between the interior I“n u m|ﬂm"ﬂ|“ﬂu
and the. outside environnent. A magnetic recording disk 16 *i s¢cohnett €d t'o
~drive nmotor 12 by nmeans of hub 18 to which it is attached for rotation by
"the drive notars, 12.AAhlwfilhcdintk fdédorddQ icsclaminnt -hAiwledcan thheessanfiabe of

- disk 16. The substrate for disk 16 is typically made of glass, ceramc,

gl assy cay ?&Q)lﬂ) s B N LY BRUIAG & clement selected from the group

3  consisting of hydrogen and nitrogen.

1 16. A thin film disk according to claim 13 wherein the substrate 1s
2 . glass or a NiP surface coating formed on an aluminum alloy disk.
1 17. A thin film disk according to claim 13 wherein the underlayer is

2 chromium or an alloy of chromium.

1 18. " The thin film disk according to claim 13 wherein the metal nitride

2 clusters are generally rounded halls consisting essentially of aluminum nitride.

1 19. A thin film disk according to claim 13 wherein the metal nitride

2 clusters consist essentially of titanium nitride or niobium nitride.

1 20. The thin film disk according to claim 13 wherein the metal nitride
2 clusters have a generally spherical upper surface, and wherein the upper
3 surface of the texturing layer is shaped as a plurality of generally contiguous

4  partial spheres of the metal nitrnide ciusters.

This Sheet Has Been Reﬂlaced
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textured Ni P surface coating. The texturing of the substrate, whitch—is—est—
comonl y done by abrasive polishing, causes a replication

‘topography in the subsequently deposited underl ayer, nagne g m&ﬁlﬂ;mgﬂ!l,
‘protective overcoat so that the overcoat presents a texture

‘at the head-disk interface. In CSS disk drives, the substrate may be
textured only ipla nansaktaetieFeosrdiafatgieddisk @ﬁ\bhenhandnugg zone, where

the slider 20 is noved when the disk dr|ve is stopped. A read/wite head or

transdycer 25 i xﬁ&’ég&‘?‘cr?@coﬁ B d a?gigb&qpﬁg% 2 AefREUhSruSUEhag @l laver

air-bearing slider 2 ransduce An i Aductive read and write

t d d t te tr d t
s o 1L SN Lol LY 8 TG b5 RiEne o

arigid arm22 and a suspensi on 24, The
; 4 layer and having an outer surface, and a texturing layer formed of metal \

5 nitride clusters locatéd between the substrate and the outer surface of the

6  protective overcoat;

7 a motor connectécf to the disk for rotating the disk;
8 a head for reading data to or writiﬁg data from the magnetic layer «n
9 the disk;

10 a carrier for supporting the head, the head carrier being urged toward

11 the surface of the disk, whereby the disk overcoat outer surface generally
12 replicates the disk texturing layer; and
13 an actuator connected to the head carrier for moving the head across

' 14 the disk.

1 22. A disk drive according to claim 21 wherein the disk overcoat

2 comprises essentially amorphous carbon.

1 23. A disk drive according o claim 21 wherein the essentially
2 amorphous carbon overcoat includes an element sclected from the group

3 consisting of hydrogen and nitrogen.

This Sheet Has Been Re; laced
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suspen5|on 24 provides a biasing force that urges the slider 20 toward the
surface of the recording disk 16. During operation of the dlﬁmnl

«drive nmotor 1.2 rotates the disk 16 at a constant speed, and mnﬂ""m,”m
‘14, which is typically a linear or rotary voice coil notor (VCMS rovds fhe*
slider 20 generally radially across the surface of the di sk 16 so that the

read/write head2#my Acdieksddi-é frecemtingad aldimackswarrdinsthdBiskFgerc@ais a
top view of the interior of the disk drive with the cover 11 renoved, and

1 ust;at (?)rf)ﬁngs gk, dRRA oﬁ@%&%l’kﬁﬁ?qﬁl&rk 2hd Raberprovhdesy @l io¥ 8 dioist he

slider” e it tomar t he Thé ‘suspensi on may be a
h
_22”522%??8 axr}eﬁpﬁgmv”Swsﬁ”qaﬁfélnefei-?%n??a%gﬁem.cgn%fwgrgm‘%1 LiSRTET o

4 directly on the texturing layer.

1 25. A disk dive according to claim 21 wherein the disk texturing layer
2  is formed directly on the disk magnetic layer and the disk overcoat is {ormed

3 directly on the texturing layer.

1 26. A disk dnive according to claim 21 wherein the disk texturing

2 layer is formed directly on the disk substrate.

1 ' 27. A disk drive according to claim 21 wherein the disk substrate is
2 glass, glassy carbon, ceramic, silicon, silicon-carbide or a NiP surface coaling

3 formed on an aluminum alloy disk.

1 28. A disk drive according to claim 21 further comprising an

2 underlayer formed between the substrate and the magnetic layer,

1 29. A disk drive according to claim 21 wherein the clusters forming
2 the disk texturing layer consist essentially of aluminumn nitride.

Sheet Has Been Reﬂlaced
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- 8- provi des a ginbal ed attachnment of the slider which allows the slider to

.pitch and roll as it rides on the air bearing. The data deg "‘ﬂ'lm]m”uuﬂbﬂli
16 by the transducer 25 is processed into a data readback m

anplification and processing circuitry in the integrated ci reui® ¢hip 15
.located on arm 22. The signals fromtransducer 25 travel via flex cabl e 17

‘to chip 15, whigh sendRsk idyi@UARrdEIGMRLRIiM 81 Galhéid hcR gf @ik €0rming
- Enbodi ment The thin filmdisk 50 according to the present invention is.
il UStJ at %Sjlel(fﬂwlx texturing laver consist essentially of titanium nitride or niobium

3 niiride.

1 - 31. A disk drive according to claim 21 wherein the clusters forming

2  the texturing layer have generally rounded upper surfaces.

1 32. The disk drive according to claim 21 wherein the metal nitride
2 clusters have a generally spherical upper surface, and wherein the upper
3 surface of the texturing layer is shaped as a plurality of generally contiguous

4  partial spheres of the metal nitride clusters.

Thls Sheet Has Been Reﬂla

AM9-94-020 20



section in Fig. 3. Wen used in place of the prior art disk-16-shown in
Figs. 1 and 2, disk 50 results in a disk drive with an inproved head-di sk
i nterface but wthout adverse effects on SNR and SER. The di l] "llt WHHIII
a glass disk blank as substrate 51, a texturing |layer 52 for _
gl ass substrate 51, a C underlayer 54 formed on the substrate 51 a
all oy magnetic layer 56 fornmed on the C underlayer 54, a protective
overcoat 60 formed on the magnetic |ayer 56, and a lubricant film58 on the
protactive overgoalsGRacdl ffé@w% BRSL] AL NEANEBIER dihecPresent
i nventi on may be made of silicon carb § é)
gl assy carbon.or an AI My di sk bl ank vmth a Ni P surface coati ng The
text dri nG°I'HRIEF 82 conprises clusters of aluminumnitride (AN) that have
general |y spherically-shaped or_rounded surfaces. Underlayer 54 and
magneti ¢ | ayer® Begaediciigeprdingydisk comprising a rigid substrate; a texturing layer
4  consisting essentially of metal nitride clusters formed directly on the substrate
5  and having an upper surface shaped as a plurality of generally contiguous
6 partial spheres of the metal nitride clusters; an underlayer formed directly on
7 the texturing layer; a cobalt-based alloy magnetic layer formed directly on the
8 underlayer; and a protective overcoat formed on the magnetic layer, the
9 overcoat having an outer surface topography generally replicating the upper
10  surface of the texturing layer;
11 a drive motor connected to the disk for rotating the disk:
12 a head for reading data to or writing data from the magnetic layer on
13 the disk;
14 a carrier for supporting the head, the head carrier coming into contact
15 with the textured surface of the overcoat on the disk during starting and
16 stopping of the drive motor; and
17 . an actuator connected Lo the head carrier for moving the head across

18 the disk.
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conventional sputter deposition: The disk overcoat 60 may be formed of any
~conventional disk overcoat material. However, in the pref ﬁlﬂﬂ

the overcoat 60 is hydrogenated essentially am)rphous car H"ﬂ“ﬂﬂﬂmulm
60 may al so be doped with nitrogen. Disks as shown in Fig. "3 \ie

fabricated using snooth glass substrates (average surface roughness [err]
5A) iin a DC nmBgnet fodisspdiit-erdcogrdiygttenlban iysgwinel-éinpliee dpikt sebsurgte 15
chanbers. The gl ass substrates were first washed using detergent and

di stbl | ed)aatH{d w‘f‘%x@ﬁ{ Eh@fmétﬁf F@ﬁ&fk JERE aﬁi\w NG cRERERSSS afiRinum

substrat 8s were heat ed err The substrates are
3 nitride.

1 35. A disk drive according to claim 33 wherein the underlayer is

2 . chromium or an alloy of chromium.

1 36. A process for making a thin film magnetic recording disk

2 comprising:

3 providing a rigid substrate;

4 sputter depositing a magnetic layer over the substrate;
5 sputter ciépositing a protective overcoat over the magnetic layer; and
6 sputter depositing, from a target consisting essentially of a metal

~

selected from the group consisting of aluminum, titanium and niobium, and in
8  an atmosphere containing nitrogen gas, a texturing layer formed of clusters
9 comprising nitrogen and the metal from the sputtering target, the texturing

10 llayer being deposited between the substrate and the outer surface of the

11 protective overcoat.

This Sheet Has Been Re‘ilaced
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-9- heated to i nprove the l[ater deposition of the cobalt aIon magnetic
'Iayer In the first chanber, containing a commercially avai ummmm,

al um num (99.99% purity), argon (Ar) and nitrogen (N.) gase ﬂmm”!!,,
i ntroduced. The [err] volunetric flowrate ratio was approxi fat &l yt5:¥, san
Is preferably in the range of 10:1 to 3:1. The DC sputtering power was 500

watt sl and is p3eferabbnyocess stverdange olfaiR086 100Q-cwatths . stSputl tsguithg pressure
was nmaintained in the range of 5-20 mlorr. During this sputtering step, the

ni trogen ca%bh@asttﬁe%mut Re | &ed E&th@& SPMh LR lf@lgexta@f\g@énﬁﬂgo&i wstar s
consi sting essenfl all'y of the conpound AIN are Torned on the gl ass

A S PP BTG T AP o

surface. The
4  plurality of wenelallx contiguous partial spheres of the metal nitride clusters.

1 38. A process according to claim 36lwhorein the steps of sputter

2  depositing the overcoat and the texturing layer comprise spuLt.er depositing a
3 first overcoat layer, sputter depositin,t';I the texturing laver directly on the first
4  overcoat layer, and sputter depositing the second overcoat layer directly on the

texturing layer.

(W1}

1 39. A process according to claim 36 wherein the step of sputter
2 depositing the texturing layer comprises sputter depositing the texturing laver

3 directly on the magnetic layer.

1 40. - A process according Lo claim 36 wherein the step of sputter
2 depositing the texturing layer comprises sputter depositing the texturing layer

3 dircctly on the substrate.

1 41. A process according to claim 36 further comprising the step of

2 heating the substrate prior to sputter depositing the texturing layer,

This Sheet Has Been Re[ilaced
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t hi ckness of the texturing layer 52 is controlled by controlling the
deposition tine. In the preferred enbodi nent, the texturing |layer 52 has a
nmean t hi ckness in the range of 100-300A. The formation of the rounded AN
clusters is dependent on the substrate tenperature, the sputtering pressure
aEd power and the Ar/N2 volunetric flowrate ratio. It has been discovered
that for the specific Interv o J temused if power is

bel ow approxi mately 200 matt%?“p' e Pistly ¥§'texturing; gnd if the
power is abovesappk FhiBsIRLY aT09 wathstic trBeoni@it erdislutfaace nodlal metAN | ayer
Is no longer in the desired shape of rounded bunps, but has generally
random prlajyeciswmned Wiet Weei sbeortislhsubstiaéakadadie v sesface p ﬂﬂé%ﬁﬁgtﬂhe

depositi O[?ro(e-gdet ee.\''Ltu_xe'1>§1tgu(r)tL (% !i@{{e?rit ﬁ%e htegg-cﬂ'sl%kiﬁté’ﬁﬁge.mf‘Y]%dte,\'Luring layer is

5 made up of generally contiguous clusters of aluminum nitride (AIN) with

rounded upper surfaces that are formed on top of the substrate and under the
conventional Cr underlayer. The AIN texturing layer is formed by spuitering
an Al target in the presence of N, gas. The subsequeﬁt]y sputter-deposited Cr
underlayer, cobalt alloy magnetic layer and protective amorphous carbon

10 overcoat replicate the upper surface of the contiguous AIN clusters, resulting
in a textured surface at the head-disk interface. The AlN texturing la._yer may
also be sputter deposited above the magnetic layef in the middle of the
prdtective‘ carbon overcoat. The density and size of the AIN clusters in the
texturing layer, and thus the texture of the completed disk at the head-disk

15 interface, are controlled by the amount bf N,, the sputtering power and

pressure, and the substrate temperature.
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to the next successive sputtering chanbers where the 500- 1000A Cr

under | ayer 54 and the 300- 700A CoPtCr magnetic |ayer 56 were forned il
Ar-only atnosphere. t he di sks were noved to the final
of 100-250A in an Ar-H2 at nosphere.
sputtering systemw th separate isolated sputtering chanbers,
possi bl e to make the di sks using an -

Finally,
chanber where the hydrogenated carbon overcoat 60 was fornmed to a thickness

VWhil e the disks

10 -

only a single vacuum chanber and the dirsks are
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noved past the different sputtering targets in succession. In this type of
system such as the commercially available Uvac and Leybold brand systens,
the [err] gas is added only in the region of the A sputtering target. Fig.
4 is an atomc force microscope (AFM m crograph of the topography of the
outer surface of the carbon overcoat 60 of the disk with the texturing

| ayer 52 forned directly on the glass substrate 51. As is apparent, the
outer surface of the overcoat 60 has replicated the texturing provided by
the clusters of AIN. Fig. 4 shows that the in-plane spacing of the tops of
the clusters is on the order of 0.1 microns [err] which is significantly
greater than the thickness of the cobalt-based alloy magnetic | ayer 56. The
SNR neasured at 3000 flux reversal s/mmfor disks nade with varying anmounts
of N2 gas in the sputtering chanber showed a generally

58 1y
t

\\ /

SN\ e NN TN
NN NV W
N O S )

VAV

\}\':\,

This Sheet Has Been Replaced

ARG




| inear increase fromapproximtely 32.5 dB to approximately 35 dB as N2 was

I ncreased fromO to 20% of the Ar-N2 gas m xture. These val ues indicate

that the addition of the N2 to the Al favorably controls the

crystall ographic preferred orientation and grain structure of the Cr

under |l ayer and the CoPtCr magnetic layer. X-ray diffraction analysis of the

Cr layer and the CoPtCr magnetic | ayer deposited over the AIN texturing

| ayer spaws _a oubotant Loc s iamaimimage 110] preferred orientation in
R EN] orientation in the CoPtCr

magnet i Wcak was observed in the
CoPt Cr of the C-axis in the plane
of the per f ormance. The

N

e p—
I
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hi gh linear recording densities (4000-6000 flux reversals/m conpared with
conventional nechanically textured disks. This inprovenent is due to the
absence of the so-called "texture-induced noise" present in nechanically
textured disks. The density and size of the AIN clusters can be
controlled by the amount of [err] the sputtering power and pressure, and
the substrate tenperature. At a given sputtering power, the cluster size
decreases with increasing [err]. The cluster density is controlled by
substrate tenperature, sputtering pressure, and the surface energy of the
substrate. For exanple, an
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I ncrease in substrates tenperature reduces the density of the clusters. In
t he above experinental exanples, the substrates were heated. However AIN
clusters have been successfully fornmed on substrates w thout the
application of heat. Wile the process was described for disks with glass
substrates, the AIN clusters have al so been successfully formed on
substrates of ceramc (e.g., Mentor brand substrate from Corning d ass),
gl assy carbon (e.g., the anorphous carbon substrate avail abl e form Kobe
Preci si gol, WataTals) . Sro—— nand AlMgy with a Ni P surface
Wgle - ent process paraneters of [err]

concent B . o and substrate tenperature
nmust b : g Al N clusters at the desired
size a at ed as descri bed above
but wt
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'téitUring | ayer 52 formed either directly on the magnetic |ayer 56 or, as

shown in the enbodinent of Fig. 5, on a first carbon |ayer 61 of 50A

t hickness with a second carbon | ayer 62 of 100A thickness being deposited
directly on the texturing layer 52. In the enbodlnent of Fig. 5, the carbon
overcoat thus includes first carbon I texturing layer 52, and

Sxcopt thar MAGNETIC Q%E&D@iﬁ&\riia@h%ﬁ 30 JepAl ﬁg ggﬁmc;

line from thbé Bﬁéﬁ{ Efgd

&,

I n the enmbodi nent where théM%RQYEEbHE@L&DJ K INIdp *LGE directly on the

magnetic | ayer 56, the sputtering chanber containing the Al target is

|l ocated between the nmagnetic |ayer claghficah®iélke carbon overcoat chanber.

The first and second carbon | ayers 61, 62 in the enbodinent of Fi 5

Py

This invention relates to a magnetic recording disk, in partica ar to a
disk having a textured surface, and to the process for making the disk. The
invention also relates to a rigid disk drive incorporating such a disk and

having an improved head-disk interface and data readback signal.

B nd of the Invention

In one type of rotating magnétic recording rigid disk drives, each of the
read/write transducers (or heads) is supported on a carrier (or slider) that
rides on a cushion or bearing of air above the surface of its associated disk
when the disk is rotating at its operating speed. The slider has an air-bearing
surface (ABS), typically in the form of a plurality of rails, and is connected to a

linear or rotary actuator by means of a suspension. There may be a stack of

disks in the disk drive with the actuator 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. |

The slider in this conventional disk drive is biased toward the disk
surface by a small force from the suspension. The ABS of the slider is thus in
contact with the disk surface from the time the disk drive is turned on until

the disk reaches a speed sufficient to cause the slider to ride on the air

- -bearing: The ABS of the slider is again in contact with the disk surface when

!

the disk drive is turned off and the r_q_tational speed of the disk falls below that

necessary to create the air bearing. “This type of disk drive is called a contact

start/stop (CsS\) disk drive. To provide wear resistance for the ABS in a CSS
dlskqdrwe a prot{:ﬁt ve overcoat may be placed on the slider rails: IBM's

U S:'Patent 5 , 159 5468 describes a sllder with air-bearing rails having an
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can al so be deposited using RF CVD with substrate bias (-400 Vdc) appli ed.
- 12 - The RF power is preferably 300 Watts and the gases are c-pentane (4
.sccm, Ar (2 sccm, and [err] (14 sccm. The total pressure during CVDis
33 niforr. The hydrogen content of the carbon | ayers made using RF CVD is 27
([err]3) atom c percent and the nitrog-enzc:antent Is 4 (1) atom c percent.
The di sks as fabricated,w.th urT th t el
magneti c Ia)?é?°r§’é‘°§ﬁocairh°‘tll?é'eﬁ?°(?&lt a&flsa eEGa g%ﬁl?%\t/.g{rl g)gt bl%v?\)é]r ggphbelr?n

‘tested for qgﬁért./stop performance and the results conpared with results for

The magnetic recording disk in a CSS rigid disk drive is typically a thin
film disk comprising a substrate, such as a diék blank made of glass, ceramic,
glassy carbon or an aluminum-magnesium (AlMg) alloy with a

“nickel-phosphorous (NiP) surface coating, and a cobalt-based magnetic alloy
film formed by sputter deposition over the substrate. A protective overcoat,
such as a sputter-deposited amorphous carbon film, is formed over the
magnetic layer to provide corrosion resistance and wear resistance from the
ABS of the slider. A liquid fluoroether lubricant is also maintained on the
surface of the protective disk overcoat to prevent damage to the head and the
disk during starting and stopping of the disk.

Protective carbon overcoats for thin film disks and slider air-bearing
surfaces are well known. They are typically formed by sputter deposition from
a graphite target, and are generally called protective carbon overcoats,
"diamondlike" carbon overcoats, amorphous carbor overcoats, or, in the case of
those overcoats formed by sputtér deposition in the presence of a
hydrogen-containing gas, hydrogenated carbon overcoats. Tsai et al. in
"Structure and Properties of Sputtered Carbon Overcoats on Rigid Magnetic
Media Disks", J. Vac. Science Technology A6(4), July/August 1988,

PP. 2307-2314, describe such protective carbon overcoats and refer to them as
amorphous "diamondlike” carbon films, the "diamondlike” referring to their
hardness rather than their crystalline structure. IBM's U.S. Patent 4,778,582
describes a protective hydrogenated disk carbon overcoat formed by sputtering
a graphite target in the presence of Ar and hydrogen (H,). The carbon
overcoats may also be formed by plasma-enhanced chemical vapor deposition
(CVD) and may include nitrogen in addition to hydrogen, as described by
Kaufman et al., Phys. Rev, B, Vol. 39, June 1989, p. 13053.

In addition to the magnetic layer and the protective overcoat, the thin
film disk may also include a sputter-deposited underlayer, such as a layer of

et
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control disks (wthout the texturing layer) tested under identical

condi tions. The disk drives were commercially-available drives outfitted
wi th sliders having carbon-coated rails. The pass/fail stiction condition
for the start/stop neasurenents reqU|red that the maxi mum force exerted on
t he slider durlng the initial 60 ns afted _The disk drive notor startup be

‘kept bel ow8 di fferent drives I\ f e

Thi's oriter PHPRIAB G ahear - Haai g TV ALl B bl B RLBLRat
consi st ed Ofanﬁ L(Ptell?ma'?‘hEHEEIaE@xSEnHG{ spattandepoditdd adhasion MVEt‘ﬂQI@BBS adCaf a
maxi mum r ot at i onal of 3600 rpm The nmeasured stictjon after sever al

'CSS cycl es \masgsienv(éghmz taviumdghif ayeal bevyrergtha sagnenic ldrer @nduthiag
| ayer and greatgg than 80 gmfor all the control disks. In addition to
exhi bi ting REXEGHEBIYCEG93Eti on | evel s, the disks with the

To improve the wear resistance of the disk, as well as to maintain
consistent magnetic properties, it is desirable to make the disk surface as
smooth as possible. However, a very smooth disk surface in a CSS disk drive
creates what is called "stiction”. This means that after the slider ABS has
been in stationary contact with the disk for a period of time, the slider tends
to resist translational movement or "stick” to the disk surface. It is known
that this "stiction” force can increase over time. Thus, the stiction force
measured relatively soon after a CSS cycle is called "CSS stiction”, while that
measured several hours after a CSS cycle is called "rest stiction”. Stiction is
caused by a variety of factors, including static friction and adhesion forces

- between the disk and slider created by the lubricant or by capillary
condensation of atmospheric water vapor. Stiction in a CSS disk drive can
result in damage to the head or disk when the slider suddenly breaks free
from the disk surface when disk rotation is initiated. Because the suspension
between the actuator and the slider is relatively fragile to permit the slider to
fly above the disk surface, sudden rotation of the disk can also damage the
suspension.

To avoid the stiction problem associated with'CSS disk drives, some
disk drives are of the "load/unload” type. In this type of drive, the slider is
mechanically unloaded from the disk, typically by means of a ramp that
contacts the suspension when the actuator is retracted at power down, and
then loaded back to the disk when power is turned on and the disk has
reached a speed sufficient to generate the air bearing. Even in load/unload
disk drives, however, stiction can be a problem in the event of failure of the

load/unload system.
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texturing layer 52 forned on top of the magnetic |layer 56, or as part of
the carbon | ayer 60, were also durable and corrosion resistant. Al so, the
total overcoat thickness, about 250A, is well within the range necessary to
m nimze the spacing between the read/ wite head and the nagnetic | ayer on
the disk (i.e., less than about 350A).-14 1he experinental disks described
above, the texturl

fhe [err]  gaseoud Hi MSCRRRETON SpL AR 109 SHAtoR wPLfn Ry wSvEonEraRie,
exper i ment alfow; dateridrddbRe By M8 SAIKIAENT thaYdsk WubBLgrBetNitly
.rounded cl ustyér s of the respecfive net a‘ls nitride. The density of these
clusters wasegdteinlal textiighgrofathe condormireg tyergcepositey ovendhe shdatuae Al N
clusters. | bbs ﬁ%%(lerilteg?l%st,%, aasrs]}/gnqa%t anl Magnetic Peripherals, Inc., describes
texturing the disk substrate by laser heating to form a pattern of pits in the
substrate surface. The disk overcoat replicates the texture of the substrate
and reduces the stiction when the slider is resting on the disk overcoat.
However, abrasive polishing and laser texturing of the substrate adds to the
disk manufacturing cost and complexity because it cannot be done in situ in
the conventional sputter deposition process chamber.

IBM's U.S. Patent 5,053,250 describes an in-situ process for forming a
textured underlayer on the disk substrate. The 250 patent teaches the use of
a low melting point metal material that forms discontinuous liquid spheres as
it is sputter deposited on a heated substrate. The magnetic layer and overcoat
that are deposited over the solidified spheres follow this discontinuous
topology, resulting in a textured surface at the head-disk interface.

Texturing of the entire disk substrate, whether by abrasive polishing,
laser texturing or an in-situ process, has the additional disadvantage that the
crystalline growth of the magnetic layer can be adversely affected if the
texturing is not carefully controlled. This results in degraded magnetic
properties, especially at high recording densities where a high signal-to-noise
ratio (SNR) and a low soft error rate (SER) are required. To avoid this
problem, the texturing of the disk substrate may be limited to a nondata band,
called the landing zone, where the slider is moved when the disk drive is
stopped. The landing zone, which adds to the complexity of the drive
electronics, is required to prevent the substrate texturing from adversely
affecting the magnetic properties of the disk in the dafa region.

As an alternative to texturing the substrate, texturing of the disk
protective overcoat has been suggested. This can be accomplished by abrasive

polishing or other mechanical processes, or by chemical or laser etching as
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- 13 - that fornms a conmpound with nitrogen will provide such a texturing

| ayer since the formation of the conpound reduces the surface nobility of
‘the netal atons as they strike the substrate. This reduction in surface
‘nmobility is believed to be the reason that, given the proper sputtering
power and Ar/N., ratio, the netal nitride forms on the substrate as
generally rounded clusters rather than 'a's—eneral flat c5%é<and§ (&é ch
such net al dgmb@pumt 1 ng ’@uih-»‘- Dhgclosune Bulletin, muerb ger #8fknt ]"I‘ﬁ
-determ ned jn order y ed t t; usters
havi ng the W&&¢ %eﬁ‘é‘??s ?%‘HHI gfeﬁ%gbégbg trd P?ﬁp@%%ﬁﬁr-{éb?g 4@4
effective pgraiRiseospatte@itig the Gétlﬁilﬁ{vxﬂﬁﬂﬂietrylnateual additives, such as

tungsten carbide, to form clusters of the additives that project above the

relatively smooth carbon overcoat surface and present a discontinuous

head-disk interface. These types of prior disk overcoat texturing techniques

either involve additional complex and costly ex-situ process steps or result in

an overcoat which is not the preferred continuous film of amorphous carbon.
What is needed is a thin film magnetic recording disk that presents a

continuous textured surface to the head carrier and that can be fabricated

in situ using conventional processes. The disk must have reduced stiction and

no degradation in magnetic recording performance.

Summary of the Invention

The invention is a thin film magnetic recording disk having a mei;al
nitride texturing layer located between the disk substrate and the top surface
of the disk. In a preferred embodiment, the texturing layer comprises clusters
of aluminum nitride (AIN) that are formed on the substrate under the
underlayer. The AIN texturing layer is formed by sputtering an Al target in
the presence of N, gas.. This results in generally contiguous clusters of AIN
with generally rounded upper surfaces being deposited on the substrate. The
subsequently sputter-deposited underlayer, magnetic layer and disk overcoat
replicate this surface, resulting in a textured disk surface at the head-disk
interface. In an alternative embodiment, the metal nitride texturing layer is
formed above the magnetic layer, either directly on the magnelic layer or in
the middle of the protective carbon overcoat. The density and size of the AIN
clusters in the texturing layer, and thus the texture of the completed disk at
the head-disk interface, are controlled by the amount of N,, the sputtering

power and pressure, and the substrate temperature.
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and spacing for netals with higher nelting points than Al. Wile the

pr esent

I nvention has been particularly shown and described with reference

tosthe preferred enbodi ments, it will be understood by those skilled in the
‘art that various changes in formand detail may be nade w t hout departing
fromthe spirit, scope and teaching of 6he invention Accordi ngly, the

di scl osed invent| 0 be,co ered as i hlu t ve
in scope only as f‘flﬁ dupqeﬁl}r gﬁbeﬂ% t'r’FBa“é d% a%?a?‘a[}ge &rg.l'en%
IS im'entxon, reference should be made to the following deLaxled description taken

in conjunction with the accompanying figures.

Fig. 1is a view in section of a schematic of a prior art CSS disk drive.

Fig. 2 is an open top view of the prior art disk drive depicted
schematically in Fig. 1. |

Fig. 3 is a view in section illustrating the layers forming the thin film
disk according to the embodiment of the present invention where the texturing
layer is formed on the disk substrate.

Fig. 4 is an atomic force microscope (AFM) micrograph of the
topography of the outer surface of the thin film disk according to the
embodiment of the present invention where the texturing layer is sputter
deposited on the disk substrate.

Fig. 5 is a view in section illustrating the layers forming the thin film
disk according to the embodiment of the present invention where the texturing
layer is formed over the magnetic layer.

Fig. 6 is an atomic force microscope (AFM) micrograph of the
topography of the outer surface of the thin film disk according to the
embodiment of the present invention where the texturing layer is sputter

deposited over the magnetic layer.

iled D iption Invention
rior ‘

Referring to Fig. 1, there is illustrated in sectional view a schematic of a
prior art CSS disk drive. The disk drive comprises a base 10 to which are
secured a disk drive motor 12 and an actuator 14, and a cover 11. The base 10
and cover 11 provide a substantially sealed housing for the disk drive. A
gasket 13 is located between base 10 and cover 11 and a small breather port

This is thb rgp\acemont- shest
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1. Athin filmmagnetic recording disk conprising: a rigid substrate; a
magnetic | ayer forned over the substrate: a protective overcoat fornmed over
“the magnetic |ayer and having an outer surface; and a texturing |ayer
formed of clusters of a netal nitride, the texturing |ayer being | ocated
between the substrate and the outer surféc® of the protective overcoat. 2.’

Athin filmdisk accor to clalm wher ej,n t he .over.gpat,.c rises
essent i al | y(O&hon ‘ﬁUseq}‘}fB%Gﬁ prgssure ERYSEY Fherﬁ*ﬁﬁglrzré’éiﬁff ﬁlgra%(])"'eclggdrﬁhf
wherein the éﬁ@%h@{r{)){n@mrphous carbon overcoat includes an el enent

sel ected fr%
A magnetic recording disk 16 is connected to drive motor 12 by means of

hub 18 to which it is attached for rotation by the drive motor 12. A lubricant
film 40 is maintained on the surface of disk 16. The substrate for disk 16 is
typically made of glass, ceramic, glassy carbon or an AlMg alloy having a
textured NiP surface coating. The texturing of the substrate, which is most
commonly done by abrasive polishing, causes a replication of the textured
topography in the subsequently deposited underlayer, magnetic layer, and
protective overcoat so that the overcoat presents a textured outer surface at
the head-disk interface. In CSS disk drives, the substrate may be textured
only in a nondata region referred to as the landing zone, where the slider 20 is
moved when the disk drive is stbpped.

A read/write head or transducer 25 is formed on the trailing end of a
carrier, such as an air-bearing slider 20. Transducer 25 may be an inductive
read and write transducer or an inductive write transducer with a
.magnetoresistive (MR) read transducer. The slider 20 is connected to the
actuator 14 by means of a rigid arm 22 and a suspension 24. The
suspension 24 provides a biasing force that urges the slider 20 toward the
surface of the recording disk 16.

During operation of the disk drive, the drive motor 12 rotates the
disk 16 at a constant speed, and the actuator 14, which is typically a linear or
rotary voice coil motor (VCM), moves the slider 20 generally radially across
the surface of the disk 16 so that the read/write head may access different
data tracks on disk 16.

Fig. 2 is a top view of the interior of the disk drive with the cover 11
removed, and illustrates in better detail the suspension 24 that provides a
force to the slider 20 to urge it toward the disk 16. The suspension may be a
conventional type of suspension, such as the well-known Watrous suspension,

as described in IBM's U.S. Patent 4,167,765. This type of suspension also
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consi sting of hydrogen and nitrogen. 4. A thin filmdisk according to
claim1 wherein the overcoat conprises first and second overcoat | ayers,
and wherein the texturing layer is formed directly on the first overcoat
and the second overcoat layer is forned directly on the texturing |ayer.
- 15 - 5. A thin filmdisk accordi ng‘1§2‘cl aim1l wherein the texturing
| ayer is formed directly op the nmagnetic |ayer apd.the overcoat,is, forned
di ?/ect ly onmtowédqse%tggmbﬁéc ag,téa,c.hme%t o(l t?le s%/d%r Ghich aflowsThe dldé s Biell
and roll as it rides on the air bearing. The data detected {rom disk 16 by the
transducer 25 is processed into a data readback signal by signal amplification
and processing circuitry in the integrated circuit chip 15 located on arm 22.
The signals from transducer 25 travel via flex cable 17 to chip 15, which sends

its output signals via cable 19.

P r imen

The thin ﬁ}m disk 50 according to the present invention is illustrated in
section in Fig. 3. | When used in place of the prior art disk 16 shown in Figs. 1
and 2, disk 50 results in a disk drive with an improved head-disk interface but
without adverse effects on SNR and SER. The disk 50 compriées a glass disk
blank as substrate 51, a texturing layer 52 formed directly on glass
substrate 51, a Cr underlayer 54 formed on the substrate 51, a CoPtCr alloy
magnetic layer 56 formed on the Cr underlayer 54, a protective overcoat 60
formed on the magnetic layer 56, and a lubricant film 58 on the protective
overcoat 60. Alternative substrates usable with the present invention may be
made of silicon (Si), silicon-carbide (SiC), ceramic, glassy carbon or an AlMg
disk blank with a NiP surface coating. The texturing layer 52 comprises
clusters of aluminum nitride (AIN) that have geherally spherically-shaped or
rounded surfaces. Underlayer 54 and magnetic layer 56 are formed by
conventional sputter deposition. The disk overcoat 60 may be formed of any
conventional disk overcoat material. However, in the preferred embodiment,
the overcoat 60 is hydrogenated essentially amorphous carbon. The
overcoat 60 may also be doped with nitrogen.

Disks as shown in Fig. 3 were fabricated using smooth glass substrates
(average surface roughness R, = 5A) in a DC magnetron sputtering system
having multiple sputtering chambers. The glass substrates were first washed
using detergent and distilled water. As pari of the normal manufacturing

process, the substrates were heated to 180°C (£70°C). The substrates are
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6. Athin filmdisk according to claim1 wherein the texturing layer is
formed directly on the substrate. 7. A thin filmdisk according to claim
1 wherein the substrate is glass, glassy carbon, ceramc, silicon,
silicon-carbide or a Ni P surface coating formed on an al um num aIon di sk.
8. Athin filmdisk according to clangl-further corrprlsmg an underlayer

GRS R TR RN YN e R T
consi st ess‘%ﬂ%'f?ﬂs‘t%hﬁinl?éz“'&‘bﬂ%ﬂlm«; Ea'éil)%m?epcxallé dirabié kbl Acedndinng tO
:claim1 wherein the clustérs formhg the textufing |ayer consi st

“essenti al | y (89.99% pwirity),natgonde\nramd abirogemi Ni) gases were introduced. The
Ar/N, volumetric flow rate ratio was approximately 5:1, and is preferably in
the range of 10:1 to 3:1. The DC sputtering power was 500 watls and is
preferably in the range of 200-1000 watts. Sputtering pressure was
maintained in the range of 5-20 mTorr. During this sputtering step, the
nitrogen gas reacts with the Al from the sputtering target and clusters
consisting essentially of the compound AIN are formed on the glass substrate.
The clusters are generally contiguous so that the texturing layer 52 can be
described as an AIN layer having rounded bumps over its top surface. The
thickness of the texturing layer 52 is controlled by controlling the deposition
time. In the preferred embodiment, the texturing layer 52 has a mean
thickness in the range of 100-300A.

The formation of the rounded AIN clusters is dependent on the
substrate temperature, the sputtering pressure and power and the Ar/N, .
volumetric flow rate ratio. It has been discovered that for the specific Intervac
brand sputtering system used if power is below approximately 200 watts, the
AlN layer has no texturing; and if the power is above approximately
700 watts, the outer surface of the AIN layer is no longer in the desired shape
of rounded bumps, but has generally random projections with discontinuous
peaks and valleys.

Following the deposition of the texturing layer 52, the disks were moved
to the next successive sputtering chambers where the 500-1000A Cr
underlayer 54 and the 300-700A CoPtCr magnetic layer 56 were formed in an
Ar-only atmosphere. Finally, the disks were moved to the final sputlering
chamber where the hydrogenated carbon overcoat 60 was formed to a
thickness of 100-250A in an Ar-H, atmosphere. '

While the disks were made in a sputtering system with separate

isolated sputtering chambers, it is also possible to make the disks using an
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-16- 11. A thin filmdisk according to claim1l wherein the clusters
formng the texturing | ayer have generally rounded upper surfaces. 12. The
thin filmdisk according to claim1 wherein the nmetal nitride clusters have
a generally spherical upper surface, and wherein the upper surface of the
texturing layer is shaped as a pluralitypf- generally contiguous parti al
spheres of the netal nitride clusters. 43— A thin film rragnetlc rg (B\I’dl ng
di sk conpri #i-higre systémi whermhsheratis; ordytaesamiﬁ nacuuyesharpher andnigie disks are

.essentially of taI ni e c ust rs | ocat ed .
' ymove past the ci 'ﬂ%rem sput ermor tarvens in succession. I[n this type of

system, such as the commercially available Ulvac and Leybold brand systems,
the N, gas is added only in the region of the Al sputtering target.

Fig. 4 is an atomic force microscope (AFM) micrograph of the
topography of the outer surface of the carbon overcoat 60 of the disk w1th the
texturing layer 52 formed directly on the glass substrate 51. As is apparent,
the outer surface of the overcoat 60 has replicated the texturing provided by
the clusters of AIN. Fig. 4 shows that the in-plane spacing of the tops of the
clusters is on the order of 0.1 microns (1000A) which is significantly greater
than the thickness of the cobalt-based alloy magnetic layer 56.

The SNR measured at 3000 flux reversals/mm for disks made with
varying amounts of N, gas in the sputtering chamber showed a generally
linear increase from approximately 32.5 dB to approximately 35 dB as N, was
increased from 0 to 20% of the Ar-N, gas mixture. These values indicate that
the addition of the N, to the Al favorably controls the crystallographic
preferred orientation and grain structure of the Cr underléyer and the CoPtCr
magnetic layer. X-ray diffraction analysis of the Cr layer and the CoPtCr
magnetic layer deposited over the AIN texturing layer shows a substantial
decrease in the [110] preferred orientation in the Cr layer and thereby the
[0002] preferred orientation in the CoPtCr magnetic layer. Furthermore, a
strong (10.0) peak was observed in the CoPtCr magnetic layer, indicating the
alignment of the C-axis in the plane of the magnetic layer which enhances the
recording performance.

The measured SER for the disks showed significant improvement at
high linear recording densities (4000-6000 flux reversals/mm) compared with
conventional mechanically textured disks. This improvement is due to the
absence of the so-called "texture-induced noise” prezsent in mechanically

textured disks.

This is the replacement shest

Date: &\\QI b



ditectly on the substrate; an underlayer fornmed directly on the texturing
-layer; a cobalt-based alloy nagnetic |ayer forned directly on the

under | ayer;

and a protective overcoat fornmed on the magnetic |ayer, the

overcoat having an outer surface topogr hy generally replicating the upper
& h

surface of

the texturing |ayer. A filmdisk accordi ng to claim13

wherei n the overcoat conprises. essentlally anor phous car bon

The density and size of the AIN clusters can be controlled by the
amount of N.. the sputtering power and pressure, and the substrate
temperature. At a given sputtering power, the cluster size decreases with
increasing N,. The cluster density is controlled by substrate temperature,
sputtering pressure, and the surface energy of the substrate. For example, an
increase in substrate: temperature reduces the density of the clusters. In the
above experimental examples, the substrates were heated. However AIN
clusters have‘ been successfully formed on substrates without the application of
heat. While the process was described for disks with glass substrates, the AIN
clusters have also been successfully formed on substrates of ceramic (e.g.,
Memcor brand substrate from Corning Glass), glassy carbon (e.g., the
amorphous carbon substrate available form Kobe Precision), semiconductor
grade Si wafer, and AlMg with a NiP surface coating. For each of these
substrates different process parameters of N, concentration, sputtering power
and pressure, and substrate temperature must be experimentally selected to
deposit the AIN clusters at the desired size and density.

Thin film disks were also fabricated as described above but with the
texturing layer 52 formed either directly on the magnetic layer 56 or, as
shown in the embodiment of Fig. 5, on a first carbon layer 61 of 504 thickness
with a second carbon layer 62 of 100A thickness being deposited directly on
the texturing layer 52. In the embodiment of Fig. 5, the carbon overco.at thus
includes first carbon layer 61, texturing layer 52, and second carbon layer 62.
The process is the same as previously described except that the N, gas is '
introduced into a sputtering chamber down line from the sputtering chamber
where the magnetic layer 56 was deposited. In the embodiment where the
texturing layer 52 is deposited directly on the magnetic layer 56, the
sputtering chamber containing the Al target is located between the magnetic
layer chamber and the carbon overcoat chamber.

| The first and second carbon layers 61, 62 in the embodiment of FFig. 5
can also be deposited using RF CVD with substrate bias (-400 Vdc) applied.
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-17- 15. A thin filmdisk according to claim 13 wherein the essentially
anor phous carbon overcoat includes an el enent selected fromthe group
-consi sting of hydrogen and nitrogen. 16. A thin filmdisk according to
claim 13 wherein the substrate is glass 2 Ni P surface coating formed on
an alum numalloy disk. 17. A thin fil i sk accordi ng to claim13 wherein

t he underl aygr i chrom’.umo of chr.onu I sk
accordi ng tﬁﬁbq L{I P e PEF r%@%@ﬁ‘] aths taf‘dd(g‘e ﬁ?%fs s Jpgn‘g%#;réfi:mﬁj
rounded bal | g Pz)eédnst i BE3e8tdcai))y THe &JtHIpRNEURE tcmrd.ea ChD isA83 RiTurki I m
di sk according to claim13 wherein the netal nitride cl usters consi st

essenti al | y BHe hytdeogameontent o€ the carlahi laspers tmade using RF CVD s 27 i=3)
| atomic percent and the nitrogen content is 4 {=1) atomic percent.

The disks as fabricated with the texturing layer 52 directly on the
magnetic layer 56 and in the middle of the carbon overcoat 60 were then
tested for start/stop performance and the results compared with results for
control disks (without the texturing layer) tested under identical conditions.
The disk drives were commercially-available drives outfitted with sliders
having carbon-coated rails. The pass/fail stiction condition for the start/stop
measurements required that the maximum force exerted on the slider during
the initial 60 ms after the disk drive motor startup be kept below 8 gm.
However, different drives use different drive motors so this criteria can change
with drive design. The standard CSS cycle consisted of a 0.17 minute rest
period and a 0.10 minute flying period at a maximum rotational speed of
3600 rpm. The measured stiction after several CSS cycles was between
2 and 4 gm for all the disks with the texturing layer and greater than 80 gm
for all the control disks.

In addition to exhibiting acceptable stiction levels, the disks with the
texturing layer 52 formed on top of the magnetic layer 56, or as part of the
carbon layer 60, were also durable and corrosion resistant. Also, the total
overcoat thickness, about 2504, is well within the range necessary to minimize
the spacing between the read/write head and the magnetic layer on the disk
(i.e., less than about 3504). |

In the experimental disks described above, the texturing layers were
formed by sputtering Al in the presence of the Ar-N, gaseous atmosphere.
Titanium (Ti) and niobium (Nb) have also been experimentally determined to
provide a texturing layer with generally rounded clusters of the respective
metal nitride. The density of these clusters was generally higher and their

height generally lower than the AIN clusters. It is believed that any metal
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20. The thin filmdisk according to claim13 wherein the netal nitride
clusters have a generally spherical upper surface, and wherein the upper
surface of the texturing layer is shaped as a plurality of generally
contiguous partial spheres of the netal nitride clusters. - 18 21. A
magnetic recording rigid disk drive condid sing: a nmagnetic recording disk
conprising a rigid substrate, a magnetic Tayer formed over the substrate, a
protective dwérlooas 4 compoudderithhaitragemerilt prayide sed RA0F1HY1BS laKREesince
~surface, an&eafotr%x:}tyorr{ Q?tilxéa %gtrnpfo&rlge r%d%]::eg't?ltté”l Isurf:—xce mobility of the metal atoms
as they strike the substrate. This reduction in surface mobility is believed to
be the reason that, given the proper sputtering power and Ar/N, ratio, the
metal nitride forms on the substrate as generally rounded clusters rather than
as generally flat islands. For each such metal, the sputtering power and Ar/N,
ratio would be experimentally determined in order to provide a layer with
rounded metal nitride clusters having the desired density and size. The
substrate temperature is a less effective parameter to control cluster density
and spacing for metals with higher melting points than Al

While the present invention has been particularly shown and described
with reference to the preferred embodiments, it will be understood by those
skilled in the art that various changes in form and detail may be made
without departing from the spirit, séope, and teaching of the invention.
Accordingly, the disclosed invention is to be considered merely as illustrative

and limited in scope only as specified in the appended claims.
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ni'tride clusters | ocated between the substrate and the out er-—surface—of the

protective overcoat; a notor connected to the disk for rotatin LSk _
~ head for reading data to or witing data fromthe magneticL “ﬂ“\i@!ﬁ“ﬂnﬂm
disk; a carrier for supporting the head, the head carrier ri
toward the surface of the disk, whereby 4e di sk overcoat outer surface
general ly replicates the disk texturing—tayer; and an actuator connected to
t he head car‘ghet isgHapmedhifit he head across the disk. 22. A disk drive
according to claim 21 wherein the disk overcoat conprises essentially

anor phous car bon.

1. A thin film magnetic recording disk comprising:

a rigid substrate; | |

a magnetic layer formed over the substrate:

a protective overcoat formed over the magnetic layer and having an

outer surface; and
a texturing layer formed of clusters of a metal nitride, the texturing

layer being located between the substrate and the outer surface of the

protective overcoat.

2. A thin film disk according to claim 1 wherein the overcoat

comprises essentially amorphous carbon.

3. A thin film disk according to claim 2 wherein the essentially
amorphous carbon overcoat includes an element selected from the group

consisting of hydrogen and nitrogen.

4. A thin film disk according to claim 1 wherein the overcoat
comprises first and second overcoat layers, and wherein the texturing layer is
formed directly on the first overcoat and the second overcoal layer is formed

directly on the texturing layer.
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273. A disk drive according to claim2l wherein the essentialty amorphous

carbon overcoat includes an el enent selected fromthe group sl &
hydr ogen and ni trogen. - 19 - 24. A disk drive accordi ngm‘mmi‘unﬂ’mmm
wherein the di sk overcoat conprises first and second overcoal | ayets,m ardd *
wherein the texturing layer is formed directly on the first overcoat and

the second overcoat layer is forned directly on the texturing layer. 25. A

di sk dive according to claim21 wher €d3 e di sk texturi ng | ayer

5. A thin film disk according to claim 1 wherein the texturing layer
is formed directly on the magnetic layer and the overcoat is formed directly on

the texturing layer.

6. A thin film disk according to claim 1 wherein the texturing layer

is formed directly on the substrate.

7. A thin film disk according to claim 1 wherein the substrate is
glass, glassy carbon, ceramic, silicon, silicon-carbide or a NiP surface coating

formed on an aluminum alloy disk.

8. A thin film disk according to claim 1 further comprising an

underlayer formed between the substrate and the magnetic layer.

9. The thin film disk according to claim 1 wherein the clusters

forming the texturing layer consist essentially of aluminum nitride.

10. A thin film disk according to claim 1 wherein the clusters forming

the texturing layer consist essentially of titanium nitride or niobium nitride.
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is formed directly on the disk magnetic |ayer and the disk overcoat is

claim 21 wherein the disk texturing layer is formed direct

formed directly on the texturing layer. 26. A disk drive ﬁﬂmﬂﬂmﬁ!’ﬂml{l"m,

substrate.

27. A disk drive according to claim21l wherein tthe¢dis

substrate is glass, glassy carbon, ceram&,~silicon, silicon-carbide or a

Ni P surface coating forned an, al um num al | qy. di sk., 28. di sk drive..
according to clailh 21 "\‘gﬁ’c'h&?"‘c‘b‘ﬁ%r?@?’?@)‘“&nmdﬁéﬁmlaVé}crf’H}- B CHE e P TTHE S

substrate and the magnetic layer. 29. A disk drive according to claim?21
wher ei n t he theuskersng dayembavdgedeslly exundechgpbayeurasasi st essentially
of alum numnitride.

12.  The thin film disk according to claim 1 wherein the metal nitride
clusters have a generally spherical upper surface, and wherein the upper
surface of the texturing layer is shaped as a plurality of generally contiguous

partial spheres of the metal nitride clusters.

13. A thin film magnetic recording disk comprising:

a rigid substrate;

a texturing layer consisting essentially of metal nitride clusters located
directly on the substrate;

an underlayer formed directly on the texturing layer;

a cobalt-based alloy magnetic layer formed directly on the underlayer;
and

a protective overcoat formed on the magnetic layer, the overcoat having
an outer surface topography generally replicating the upper surface of the

texturing layer.

14. A thin film disk according to claim 13 wherein the overcoat

comprises essentially amorphous carbon.
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-"20 - 30. A disk drive according to claim21 wherein the clusters fornming
the disk texturing layer consist essentially of titanium n|

nitride. 31. A disk drive according to claim21 wherein t ml"mu“"mmn”“r
formng the texturing | ayer have generally rounded upper surfafest 32. s The
di sk drive according to claim21 whereild the netal nitride clusters have a

general |y spherl cal e rface, and V\/n n rf he
exturi ng Tayer s sapoe AEAER aebrierde dp A VIRRn R S8 B e
spheres of the netal nitride clusters.

amorphous carbon overcoat includes an element selected {rom the group

consisting of hydrogen and nitrogen.

16. A thin film disk according to claim 13 wherein the substrate is

glass or a NiP surface coating formed on an aluminum alloy disk.

17. A thin film disk according to claim 13 wherein the underlayer is

chromium or an alloy of chromium.

18.  The thin film disk according to claim 13 wherein the metal nitride

clusters are generally rounded balls consisting essentially of aluminum nitride.

19. A thin film disk according to claim 13 wherein the metal nitride

clusters consist essentially of titanium nitride or niobium nitride.

20. The thin film disk according to claim 13 wherein the metal nitride
clusters have a generally spherical upper surface, and wherein the upper
surface of the texturing layer is shaped as a plurality of generally contiguous

partial spheres of the metal nitride clusters. _ _
- This is the replacement sheet
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- 21 - 33. A mmgnetic recording contact start/stop rigid disk drive

conprising: a magnetic recording disk conprising arigid s Ill“l“'
~texturing | ayer consisting essentially of nmetal nitride cI mmmm“m
directly on the substrate and having an upper surface shaped as a‘pl Bratity
. of generally contiguous part i al spheres 1 the metal nitride clusters; an

~underl ayer formed diregct on.the t xturl a cobalt - based aIon .
"magnetic |ayer fg)'rlmad ‘Hl“?%@‘ﬁ‘i/: BRFor ’é‘ﬁjﬁgécgld‘a'ij‘eﬁm&n‘i?"ép'dw‘["eot i ve over coat

~formed on the magnetic |ayer, the
a magnetic recordmv disk comprising a rigid substrate. a ‘magnetic layer

formed over the substrate, a protective overcoat formed over the magnetic
layer and having an outer surface, and a texturing layer formed of metal
nitride clusters located between the substrate and the outer surface of the
protective overcoat;

a motor connected to the disk for rotating the disk;"

a head for reading data to or writing data from the magnetic layer on
the disk;

a carrier for supporting the head, the head carrier being ﬁrged toward
the surface of the disk, whereby the disk overcoat outer surface generally
replicates the disk texturing layer; and

an actuator connected to the head carrier for moving the head across

the disk.

22. A disk drive according to claim 21 wherein the disk overcoat

comprises essentially amorphous carbon.

23. A disk drive according to claim 21 wherein the essentially

amorphous carbon overcoat includes an element selected from the group
J
consisting of hydrogen and nitrogen.
This is the replacement sheet

Date: 3““"“’



over coat havi ng an outer surface topdgraphy general ly replicating the upper

surface of the texturing layer; a drive notor.connected 't '
rotating the disk; a head for reading data to or witing El"lm""“)mumulm
magnetic |ayer on the disk; a carrier for supporting the head¢ the *head *
carrier comng into contact with the texd wed surface of the overcoat on

the di sk during arti,ng _and.st oppi of—t he drive notor; and,_an actuyator
connected to t heﬁ%‘ead’\c§§€i‘§?v€f 859%33‘?%0 Fﬁ’émhégd‘ ié"c?%@é*‘?h%’h%s‘ ﬁ_rcoali
comprises first and second overcoat layers, and wherein the texturing layer is

formed directly on the first overcoat and the second overcoat laver is formed

directly on the texturing layer.

25. A disk dive according to claim 21 wherein the disk texturing layer
is formed directly on the disk magnetic layer and the disk overcoat is formed

directly on the texturing layer.

26. A disk drive according to claim 21 wherein the disk texturing

layer is formed directly on the disk substrate.

27. A disk drive according to claim 21 wherein the disk substrate is
glass, glassy carbon, ceramic, silicon, silicon-carbide or a NiP surface coating

formed on an aluminum alloy disk.

28. A disk drive according to claim 21 further comprising an

underlayer formed between the substrate and the magnetic layer.

29. A disk drive according to claim 21 wherein the clusters forming

the disk texturing layer consist essentially of aluminum nitride.
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-22- 34. A disk drive according to claim33 wherein the disk substrat e |s
gl ass and wherein the nmetal nitride clusters consist essenu]ﬂllmmm“l““m“ |“|
alum numnitride. 35. A disk drive according to claim 33

underl ayer is chromumor an alloy of chromum 36. A process for® mek |ng a
thin filmmagnetic recording disk corrpr?gl ng: prow ding a rigid substrate;

sputter depositin tic |ayer over the s g fate; sputter ositing
. a protective ove|380at Aog’éf‘ ‘i'ﬂ%e ﬁﬁ@‘ﬁ’é‘f‘l‘% tP m = 3] sgherein (& élusters rmmg
the disk texturing layer consist essentially of titanium nitride or niobium

nitride.

31. A disk drive according to claim 21 wherein the clusters forming

the texturing layer have generally rounded upper surfaces.

32.  The disk drive according to claim 21 wherein the metal nitride
clusters have a generally spherical upper surface, and wherein the upper
surface of the texturing layer is shaped as a plurality of generally contiguous

partial spheres of the metal nitride clusters.
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sputter depositing, froma target consisting essentially of—=ametal————

selected fromthe group consisting of alum num titanium | ki
in an atnosphere containing nitrogen gas, a texturing Iaygﬂmnnpﬁmmunﬂﬂw
clusters conprising nitrogen and the netal fromthe sputter+ng r
texturing | ayer being deposited between the substrate and the outer surface
of the protective overcoat. - 23 - 37. A process according to claim 36
wherein the step of sputter depositiT e texturing |ayer conprises

formn eneral ly contiguous netal. Dy )
99 33¥ A maqgnetlc recording contact startstop rigid disk drive

comprising:

a magnetic recording disk comprising a rigid substrate; a texturing layer
consisting essentiallf of metal nitride clusters formed directly on the substrate
and having an upper surfacelshaped as a plurality of generally contiguous
partial spheres of the metal nitride clusters; an underlayer formed directly on
the texturing layer; a cobalt-based alloy magnetic layer (ormed directly on t.he
underlayer; and a protective overcoat formed on the magnetic layer, thé
overcoat having an outer surface topography ge.nerall y replicating the upper
surface of the texturing layer;

a drive motor connected to the disk for rotating the disk;

a head for reading data to or writing data from the magnetic layer on
th.e disk;

a carrier for supporting the head, the head carrier coming into contact
with the textured surface of the overcoat on the disk during starting and
stopping of the drive motor; and

an actuator connected to the head carrier for moving the head across
the disk.
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nitride clusters, whereby the texturing | ayer has an upper surface shaped .
as a plurality of generally contiguous partial spheres of t'mm]ﬂfm"ml l,”]m .
clusters. 38. A process according to claim 36 wherein the u ,
depositing the overcoat and the texturing |ayer conprise spdttér Hepbsitirg
a first overcoat |ayer, sputter depoiﬂn@ the texturing layer directly on

the first overgpat | ayef, A ut,t er . deposi LLno. t he ond.. [ .| ayer
directly on thgg‘t ex%ﬁ‘%llsfﬁgdllgg‘gg?&rg&g t%c%;x&gé s‘glé%rrcéb? gﬁggcn gl(\)%gxl%gfr%%éés
wherein the step of sputter depositing the texturing |layer c ri ses
sputter dEgssandnyherain; die Metalgnitederclustess cpysish eﬁwt«%h@f giumyem. 40.
A process according to claim 36 wherein the step of sputter depositing the
t ext uri ngniteider conpri ses sputter depositing the texturing |ayer

35. A disk drive according to claim 33 wherein the underlayer is

chromium or an alloy of chromium.

36. A process for making a thin film magnetic recording disk
| comprising: |

providing a rigid substrate;

sputter depositing a magnetic layer over the substrate;

sputter dépositing a proteétive overcoat over the magnetic layer; and

sputter depositing, from a target consisting essentially of a metal
selected from the group éonsisting of aluminum, titanium and niobium, and in
an atmosphere containing nitrogen gas, a texturing layef formed of clusters
cdmprising nitrogen and the metal from the sputtering target, the texturing
layer being deposited between the substrate and the outer surface of the

protective overcoat. _
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directly on the substrate. 41. A process according to cla m 36 further
conprising the step of heating the substrate prior-to sputt “ m “L“Iﬂllu“l
the texturing | ayer. -24- 42. A magnetic recording disk ﬁ“‘ ﬁ 1‘

has a plurality of thin filns including a magnetic netal allby.qayer,

under | ayer onto which the magnetic Ia’yé}_i's deposited and a prot ectlve

overcoat over the mgnﬁto'cgsg ggc%?dir'{é.'?o A5 68 W{dral%he step of sputter
depositing the texturing layer comprises forming generally contiguous metal
nitride clusters, whereby the texturing layer has an upper surface shaped as a

plurality of generally contiguous partial spheres of the metal nitride clusters.

38. A process according to claim 36 wherein the steps of sputter
depositing the overcoal and the texturing layer comprise sputter depositing a
first overcoat layer, sputter depositing .the texturing layer directly on the first
overcoat layer, and sputter depositing the second overcoat layer directly on the

texturing layer.

39. A process according to claim 36 wherein the step of sputter
depositing the texturing layer comprises sputter depositing the texturing layer

directly on the magnetic layer.

40. A process according to claim 36 wherein the step of sputter
depositing the texturing layer comprises sputter depositing the texturing layer

directly on the substrate.

41. A process accordihg to claim 36 further comprising the step of

heating the substrate prior to sputter depositing the texturing layer.

This is the replacement sheat

Date: 7.1, 4) b



a rigid disk substrate nade of glass, silicon, silicon- carbide or glassy
carbon and having a generally planar surface onto which said plurality of
thin filns are deposited, the substrate surface including an annul ar shaped
regi on between the disk center and the disk outer, perineter, the annular
region covering an area |less than the area of said disk substrate surface;
a netal nitride filmlocated directly on, in contact with and covering the
entirety of said annular region of said disk substrate surface and onto

whi ch the underl ayer is deposited, the netal nitride filmcovering the
entirely of said annular region so that no portion of the underl ayer
deposited on the
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metal nitride filmis in contact with said annular region of said disk
substrate surface, the netal nitride film having a surface topography,

after deposition on said annul ar region, of generally rounded bunps that
provide a surface that is textured conpared to the generally planar surface
of said annul ar region of said disk substrate surface; an underlayer forned
directly on, in contact wwth, and covering the entirety of the netal
nitride film the underlayer conformng to the surface topography of the
metal nitride filmand thereby having a textured surface, after deposition
on the nmetal nitride film that replicates the surface topography of the
underlying netal nitride film
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a magnetic |ayer conprising an alloy of cobalt and one or nore other

el ements fornmed directly on, in contact with, and covering the entirety of
t he underl ayer, the magnetic |ayer conform ng to the surface topography of
t he underl ayer and thereby having a textured surface, after deposition on
the underl ayer, that replicates the surface topography of the underlying
under | ayer; and a protective overcoat 3psned directly on, in contact wth,

and covering the entirety of the magnetrt layer, the overcoat

4
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conformng to the surface topography of the magnetic |ayer and thereby
having a textured surface, after deposition on the nagnetic |ayer, that
replicates the surface topography of the underlying magnetic | ayer.
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MAGNETIC RECORDING DISK WITH METAL NITRiDE TEXTURING LAYER,
PROCESS FOR MAKING THE DISK, AND DISK DRIVE WITH IMPROVED
HEAD-DISK INTERFACE

Abstract of the Disclosure
A thin film cobalt alloy magnetic recording disk has a metal nitride
layer located belween the disk substrate and the top surface of the disk to

provide texturing of the disk at the head-disk interface. The texturing layer is

made up of generally contiguous clusters of aluminum nitride (AIN) with
rounded upper surfaces that are formed on top of the substrate and under the
conventional Cr underlayer. The AIN texturing layer is formed by sputtering
an Al target in the presence of N, gas. The subseqhuentlly sputter-deposited Cr
underlayer, cobalt alloy magnetic layer and protective amorphous carbon
overcoat replicate the upper surface of the contiguous AlN clusters, resulting
in a textured surface at the head-disk interface. The AIN texturing Iayer may
also be sputter deposited above the magnetic layer in the middle of the
protective carbon overcoat. The density and size of the AIN clusters in the
texturing layer, and thus the texture of the completed disk at the head-disk
interface, are controlled by the amount of N,, the sputtering power and
pressure, and the substrate temperature.

' FIGURE 3
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42. A magnetic recording disk of the-typ'a‘trit_has a plural:.ty
of thin £ilms including a magnetic metal alloy -;I.ayer, an
underlayer onto which the magnetic layer is Eiéposited and a
protective overcoat over the magnetic 1layer, the disk
comprising:

a rigid disk substrate made of glass, silicon, silicon-
carbide or glassy carbon and having a generally planar surface
onto which said plurality of thin films are deposited, the
substrate surface including an annular shaped region between
the disk center and the disk outer, perimeter, the annular
region covering an area less than the area of said disk
substrate surface;

a metal nitride £ilm located directly on, in contact with
and covering the entirely of said annular region Qﬁ,sald disk
substrate surface and onto which the underlayer :i;)s_gfqiepos‘?:i:'t"ed,
the metal nitride film covering 'the entirety of saii.d annular
region so that no portion of the underlayer deposite& on the
metal nitride £ilm is in contact with said annular region of
said disk substrate surface, the metal nitride film having a
surface topography, after depos:.t:.on on, sa:l.d annular region, of
generally rounded bumps that prov:.de a surface that is textured
compared to the generally planar surface of said annular region
of said disk substrate surface;

an underlayer formed directly on, in contact with, and
covering the entirety of the metal nitride film, the underlayer
conforming to the surface topogfaphy of the metal nitride film
and thereby having a textured surface, after deposition on the
metal nitride £ilm, that replicates the surface topography of
the underlying metal nitride £ilm; :

a magnetic layer comprising an alloy of cobalt and one or
more other elements formed directly on, in contact with, and
covering the entirely of the underlayer, the magnetic layer
conforming to the surface topography of the underlayer and
thereby having a textured surface, after deposition on the
underlayer;. that replicates ' the surface topography of the
underlying Gndérlayer; and

a protective overcoat formed directly on, in contact with,
and covering the entirety of the :ﬁagnetic layer, the overcoat
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conforming to the surface topography of the magnetic layer and
thereby having a textured surface, after deposition on the
magnetic layer, that replicates the surface topography of the

underlying magnetic layer.
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