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The present invention relates to the field of disk drives. Mre

particularly, the invention pertains to a thin filmnmagnetic dis ‘H@E”//
in a disk drive, wherein the disk or slider has at |east one hydrogenat ed
carbon | ayer. ' BACKGROUND OF THE | NVENTI ON

disk.drive or direct access storage devi cel("DASD') ‘includes one or nore
thin fil mnmagnetic disks stacked on a spindle. A plurality of thin film

| ayers are deposited onto a rigid substrate typically including an

under| ayer, a magnetic |layer and a protective overcoat. Data is stored on

t hese di sks by magnetizing portions of -the disk in a pattern which reflects
t he dat a.

HYDROGENATED CARBON THIN FILMS

FIELD OF THE INVENTION

The present invention relates to the field of disk
drives. More particularly, the invention pertains to a thin
film magnetic disk for use in a disk drive, wherein the disk
or slider has at least one hydrogenated carbon layer.

BACKGROUND OF THE INVENTION

A disk drive or -direct access storage device
i | (“DASD") includes one or more thin film magnetic disks
' stacked on a spindle. A plurality of thin film layers are
'deposz.ted onto a rigid substrate typlcally 1nclud1ng an
underlayer, a magnetic layer and a protectlve overcoat.
Data is stored on these disks by mag'netizing.portions of the
disk in a pattern which reflects the data.

The read and write heads are contained in- a small
! . ceramic element called a slider. When operating at full
: speed the slider typically is flown at a height of
approximately one to two millionths .of an inch from the
surface of the disk as data is written or read from the
disk. During star‘t':'Up and shutdown processes when the disk
is elther not rotatlng or is rotating too slowly to provide

the air. beai‘lng, the slider may be in contact with the disk.
Shock events can also cause the slider to contact the disk.
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The read and wite heads are contained in a small ceranic el ement called a _

slider. "Wen operating at full speed the slider typically is flown
at a height of approxinately one to two mllionths of an inch fromthe
surface of the disk as data is witten or read fromthe disk. Duri ng

startup and shutdown processes when the disk is either not rotating or is
rotating too slowy to provide the air beard ng, the slider may be in
contact with the disk. Shock events can al so cause the slider to contact

t he di sk. 2 : There are al so
proposals to operate drives with the slider essentially in contact with the
di sk surface. The slider and the disk, therefore, require a wear-

resi stant coating. Various materials have been explored for use as disk
overcoats including carbon, silicon dioxide and various other oxides.
Hydr ogenation of the sputtered carbon filmis known to inprove the
durability of the thin- '

There are also proposals to operate drives with the slider
essentially in contact with the disk surface.

The slider and the disk, therefore, require a wear-
resistant coating. Various materials have been explored for
use as disk overcoats including carbon, silicon dioxide and
various other oxides. Hydrogenation of the sputtered
carbon film is known to improve the durability of the thin-
films, as discussed in U.S. Patent No. 5,045,165 to
Yamashita. Yamashita found that the addition of 20%
hydrogen into the sputtering chamber resulted in significant
hydrogen being incorporated into the film with the carbon.

 Rokai, et al., in 4,755,426 teach use a carbonaceous
overcoat consisting essentially of carbon, hydrogen and
oxygen. |

Ishikawa, et al., (IEEE Trans. Mag-22, No. 5, Sept.
1986) disclose the use a two layer overcoat with the first
layer being either sputtered carbon or PCVD carbon followed
by a. second PCVD carbon 1layer deposited using higher
pressure acetylene. The PCVD carbon was obtained by DC or
RF discharge chamber in an acetylene atmosﬁhere. The upper
layer was deposited using a high préssure of acetylene to
result in a soft film. When PCVD carbon was used as the
first layer it was deposited using a lower pressure of
acetylene. Similafly, Nakamura, et al., (co-authors of the
IEEE article) in %,804,590 teach the use of two layers of
carbonaceéﬁ% material obtained by DC or RF discharge
chamber in an acetylene atmoéphere with the lower layer
being comparatively hard and the upper layer being softer.



fiFnE, gs_discussed in US. Patent No. 5,045,165 to Yanmashita.

Yanmashi t a

found that the addition of 20% hydrogen into the sputtering chanber
resulted in significant hydrogen being incorporated into the filmwth the
carbon. Kokai, et al., 1in 4,755,426 teach use a carbonaceous

overcoat consisting essenti.ally of carbon, hydrogen and.oxygen.

| shikawa, et al., (IEEE Trans. Mag-22, No3 5, Sept. 1986) disclose the use
a two |layer overcoat with the first |ayer being either sputtered carbon or
PCVD carbon followed by a second PCVD carbon | ayer deposited using higher
pressure acetyl ene. The PCVD carbon was obtained by DC or RF di scharge
chanber in an acetyl ene at nosphere. The upper | ayer was deposited using a
hi gh pressure of acetylene to result in a soft film \Wen PCVD carbon was
used as the first layer it was deposited using a | ower pressure of
acetylene. Simlarly, Nakanura, et al., (co-authors of the | EEE article)

in 4,804,590 teach the use of two |ayers of carbonaceous nateri al
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| ayer bei ng conpara
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film contain 6 at.% or more of either or %oth hydrogen and

fluorine while the harder layer contains 5 at.% or less of

hydrogen and fluorine. To provide better adhesion the use

of an intermediate layer of chromium or titanium over the

magnetic layer was suggested.

Itoh in U.S. patent 5,368,937 in connection with

integrated circuits and thermal heads describes

the use of

increasing bias voltage during the plasma CVD process to

generate an amorphous hydrogenated carbon layer in which the

hardness increases toward the surface of the film.

One of

method of increasing the bias voltage is said to be to
decrease the pressure of the reactive gas in the chamber.

. Seki, et al., describe a carbon film which has  a
dec¢reasing dopant concentration in the direction away from

the surface.

- The presenée'of hydrogen reduces the adhesion of the

thin-film to the underlying magnetic layer.

Moreover, .

hardness and density are reduced by the presence qf hydrogen

in certain percentage ranges.



Thg soffer nore lubricative layer is a PCVD carbonaceous filmcontain 6 .
at.% or nore of either or both hydrogen and fluorine while the harder |ayer
contains 5 at.%or |ess of hydrogen and fluorine. To provide better
adhesion the use of an internediate |ayer of chrom umor titaniumover the
magnetic | ayer was suggested. I[toh in US  patent 5,368,937 in
connection with integrated circuits and thé nmal heads describes the use of
i ncreasing bias voltage during the plasma CVD process to generate an

anor phous hydrogenated carbon | ayer in which the hardness increases toward
the .surface of the film One of nethod of i ncreasing the bias voltage is
said to be to decrease the pressure of- the reactive gas in the chanber
Seki, et al., describe a carbon filmwhich has a decreasi ng dopant
concentration in the direction away fromthe surface. - The presence
of hydrogen reduces the adhesion of the thin-film to the underlying
magnetic | ayer. Mor eover, hardness and density are reduced by the

presence of hydrogen in certai rbrﬂﬁbﬁ?f't&gqréﬁ%'rION
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The invention in one embodiment is a protective thin-
film coating on a disk with hydrogenation 1levels that
increase through the thickness of the coating. In one
embodiment the disk is coated with a sputtered hydrogenated
carbon (C:H) thin film with a gradient in the hydrogén
concentration, with the concentration increasing toward the
film surface. A second embodiment of the invention uses a
two layer thin film in which the hydrogen content of lower
layer is regulated to get 0 to 35 at.% hydrogen to obtain
comparative hardness with desirable adhesion properties and
the hydrogen content of the upper layer is regulated for
hydrogen content greater than 35.at.% to form a layer with
reduced surface energy as indicated by high contact angles.

A third embodiment of the invention uses a three layer
construction of the - thin-film. -~ In this embodiment, a
minimum hydrogenation'level is used in the bottom layer that
is in contact with thé magnetic material for best adhesion;

-an intermediate'hydrdééndtioh level is used in the middle
layer for hardness; and a high hydrogenation level is used
in the top layer for low surface energy. - Bach embodiment
of the invention provides increased durability and wear
protection of the disk as compared to a sputtered
hydrogenated carbon thin-film with' a uniform 1level of
hydrogenation or a*bi-layer in which the hydrogen levels are
not optimized.: fhe overcoat of the invention is designed
to—toleraégrthe stress of direct contact with the slider by
having good adhesion and good wear-resistance.



SUMMARY TOF THE | NVENTI ON - The invention in one enbodinent is a
protective thin- filmcoating on a .disk with hydrogenation |evels that

i ncrease through the thickness of the coating. In one enbodinent the disk
is coated with a sputtered hydrogenated carbon (C:H) thin filmwth a
gradient in the hydrogen concentration, with the concentration increasing
toward the fil msurface. A second enbodi nen? of the invention uses a two

| ayer thin filmin which the hydrogen ¢content of |ower |ayer is regulated
to get 0 to 35 at.% hydrogen to obtain conparative hardness with desirable
adhesi on properties and the hydrogen content of the upper |ayer is

regul ated for hydrogen content -greater-than 35 at.%to forma layer with
reduced surface energy as indicated by high contact angles. A third

enbodi ment of the invention uses a three |ayer construction of the
thin-film In this enbodinent, a mninmmhydrogenation |level is used
in the bottomlayer that is in contact wth the magnetic material for best
adhesion; an internedi ate [ j | ~d i m ddl e | ayer
for hardness; and a high h)%b%%%%%%@% ?%sﬁgégﬂ%ﬁfﬁggt op | ayer for-
| ow surface energy. Each enbodi nent of the invention provides inereased

durability and Weaf-igg%eﬁt §QNa fop VHGw Wilkradd oft ARAEE ddve 2
sputtered_hydrogenat f :

carbon thin-filmwth ™ uniformlevel o
hydrogenation or a bi-layer in which the hydrogen | evels are not optim zed.

The overcoat of thejgiyentimponissafes dd-spler stiew B agransogl «i desk
contact with the slLider by havin Q% % hesi on a@_'%POd wear - r esi st ance.
' coated in accordanc i e present inhvention.

Figure 2B is an éxpanded side view diagram of a two
layer overcoat in accordance with the present invention.

Figure 2C is an expanded side view diagram of a three
1ayer overcoat in accordance with the present invention.

Figure 3 is a graph of scratch adheéion testing
performed on the three layer coating of .the present
invention. . ' :

: Figure 4 is a graph of -the 'hérdness of a carbon-
g o hydrogen film compared to the amount of.hydrogenatiqn of the
: film.. ) '

Figure 5 is a graph of wat_er contact angles vérsus
hydrogenation levels. '

Figures 6A-C dtfe a series of graphs showing hydrogen
gradients in samplé hydrogenated carbon thin-films.

- - AT
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is

a top view diagram of a disk drive. Figure 2A is an expanded si de

vi ew di agram of a disk coated in accordance with the present invention.
Figure 2B is an expanded side view diagramof a two |ayer overcoat in
accordance with the present invention. Figure 2C is an expanded side
vi ew.di agram of a three |layer overcoat in &ccordance with the present

i nventi on.

Figure 3 is a graph of scratch adhesion testing perfornmed

on the three | ayer coating of the present

DETAILED DESCRIPTION OF THE INVENTION

The invention relates to a magnetic disk for use in a
disk drive and methods‘ for manufacturing the disk. The
invention can be better understood by reference to the
drawings. Figure 1 is a top view of a disk drive of the type
in which the invention may be usefully employed. It
includes a rotary actuator 115, and an associated magnetic
storage disk 114 mounted on a spindle 112, which is rotated
by a drive motor {(not shown) mounted in a housing (not

shown) . The rotary actuator moves the slider 120 in an

arcuate path across the disk. The rotary actuator includes
a voice coil motor (VCM) 116. The electrical signals from
the actuator pass through a ribbon cable 118 to the control

.electronics 119.

The slider may be continuously in contact with the disk
or may only contact the during s_tarting_. stopping or crash
events. Typically when the disk rotation is started, the

. s8lider remains in contact with the disk until sufficient

linear speed is attained to support an air-bearing under the

'slider. When the disk is turned off, the slider again

comes in contact with the disk as the relative speed of the
disk slows below the “take-off” velocity. Wear of the thin-
film that forms the disk overcoat occurs primarily during
these start and stép cycles of the disk.

- Figufé; 27 is a cutaway view of a disk coated according
to one embodiment of the invention. Figure 2A shows a
rigid substrate 11 which is typically metal or glass. When



in@entiBn. Figure 4 is ‘a graph of the hardness of a carbon-

filmconpared to the anount of hydrogenation of the film
is a graph of water contact angles versus hydrogenation |evels.

hydr ogen
Figure 5

Figures 6A-C are a series of graphs shomnng hydrogen gradients in sanple

hydr ogenat ed carbon thin-fil ns.
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DETAI.LED DESCRI PTI ON OF THE | NVENTI ON 7 The invention relates to a
magnetic disk for use in a disk drive and nmethods for nanufacturing t he

di sk. The

Al-Mg substrates are used a layer of nickel-phosphorus (not
shown) lies on top of the base substrate. Glass substrates
are typically coated with a very thin seed layer 12. an
underlayer 13, typically of chromium, lies on top of the NiP
or the seed layer. On top of the underlayer is a magnetic
layer 14 which is typically composed of a cobalt alldy such
as CoPtCr. The hydrogenated carbon (C:H) thin-film 15 of

the present invention is applied as the top layer.

The top

thin-film coating is referred to as an overcoat. Figure 2A
shows the single layer embodiment of the invention with a

gradient of hydrogen concentration increasing

in the

direction from the magnetic layer to the surface. A
1pbricant may be applied to the surface of the overcoat.

Properties of the -disk overcoat required for opt.imum
performance include, 1) good adherence to the magnetic
material in the disk, 2) high hardness for wear durability,

3) low water wetability for corrosion resistance,

control of surface prdperties for lubé retention.

and 4)

Figures 3

through 7 (discussed below) indicate that these properties
are optimized for different 1levels of hydrogenation.
- Additionally, high 1levels of hydrogenation at the film

surface are necessary for 1lubricant retention

glider/disk contact.

during

To optimize *the performance of the C:H thin-film
overcoat, i;.-has"fbeen discovered that varying 1levels of
hydrogenation are needed in the thin-film. Two thin-film

deposition processes which produce varying

levels of

hydrogenation have been developed. Figures 2B and 2C show



i nVenti bn can be better understood by reference to the drawings. Figure 1
Is atop viewof a disk drive of the type in which the invention nay be
usefully enpl oyed. It includes a rotary actuator 115, and an associ at ed
magnetic storage disk 114 nounted on a spindle 112, which is rotated by a
drive. motor (not shown) nmounted in a housing (not shown). The rotary
actuator noves the slider 120 in an arcuategpath across the disk. The
rotary actuator includes a voice coil motor (VCM 116. The el ectri cal
signals fromthe actuator pass through a ribbon cable 118 to the control

el ectronics 119. : The slider may be continuously in contact wth the
disk or may only contact the during starting, stopping or crash events.
Typically when the disk rotation is started, the slider remains in contact
with the disk until sufficient |linear speed is attained to support an
air-bearing under the slider. When the disk is turned off, the slider
again cones in contact with the disk as the relative speed of the disk
sl.-ows bel ow the "take-off" velocity. Wear of the thin- filmthat forms the

di sk over coattWsc @R BRI aar LAY eFu YRy A9fds CReGIMents ¥ePPegEirelyr t (fhe
di sk. - higgdst 2fayera it avey Vémwodimentli 3kagoalsEl AGYQ dERE OWEN:

embodi ment. of AN Peyer FT 9SSR ikl FHPE EgbIcATayySE
) in contact with the magnetic layer although . additional
layers over the magnetic layer are sometimes used. In the
three layer embodiment an intermediate hydrogenation level
is used in the middle layer 154. In each of the two and
three layer versions a high hydrogenation level is used in
the top or surface layer of the thin-film 15b, 15e. In one
embodiment the overcoat 15 comprises three sublayers or
zones each with a different hydrogen content. In these
embodiments of the invention, the bottom layer typically has
a hydrogenation level of 15% or less, by atomic percentage.
In a two layer implementation the hydrogen level in the
bottom layer might preferably be chosen anywhere in the
raﬁée from 0 at.% to 20 at.%, but even 20 to 30 at.% in the
lowest layer will work as shown in the single layer gradient
embodiment. However, good adhesion is maximized by lower
hydrogeh content as. will be seen. The typical thickness of
-the bottom layer is in the range of 5 to SOIAngstroms. The
middle layer in the three layer version t&pically has a
hydrogenation level in the range of 20% to 35% by atomic
percentage, and a thickness in the range of 10 to 150
Angstroms. The middle layer is preferably the thickest layer
in order to benefit from its higher hardness which as will
be seen can be gi:'é'ater than 12.5 GPa. The top layer is
highly hy@rogehatéa.to a level of 35 at.% or greater. The
practical“ﬁiper limit of hydrogen percentage is believed to:
be around 40 at.%. The top 1ayer is typically in the range
of 5 to 50 Angstroms in thickness. The total thickness of



AriNg shbstrates are used a | ayer of nickel -phosphorus (not shown) lies on
top of the base substrate. G ass substrates are typically coated with a
very thin seed |ayer 12. An underlayer 13, typically of chromum lies on
top of the NIP or the seed layer. On top of the underlayer is a magnetic

| ayer- 14 which is typically conposed of a cobalt alloy such as CoPtCr. The
hydr ogenat ed carbon (C.H) thin-film 15 of tﬁe‘present I nvention is applied
as the top layer. The top thin-filmcoating is referred to as an overcoat.
Fi gure 2A shows the single |ayer enbodinent of the invention with a

gradi ent of hydrogen concentration increasing in the direction fromthe
magnetic | ayer to the surface. : A lubricant may be applied to the
surface of the overcoat. Properties of the disk overcoat required
for optimum performance include, 1) good -adherence to the magnetic materi al
in the disk, 2) high hardness for wear durability, 3) low water wetability
for corrosion resistance, and 4) control of surface properties for |ube

retention. Fi e r 7 ' S I | pdi patet t hes
properties artgewé o%‘fl_lgmggegﬁqua&r l(ag%%srfcéejr%%ﬁd%f% %ép%gffgﬁrggéﬁa?lso%p 200
Addi tional | y,Amggtromsel s of hydrogenation at the film surface are -
necessary for lubricant retention during slider/disk contact. To
optim ze the performance of _the CH thin-filmovercoat, it has been :
di scovered that vaBenfmRedinmenf; pfdrRRniDVERLALE NeRILHES nifhea single

thin-film Tvgyéhi NnobbkrEoderods | Hawims ess esgrddiéner OfHce thal y iydiircd] S
of coﬂcentratipn with the concentration increasing toward the
£ilm surface. In this- embodiment the hydrogenation gradient
will typically start at about 25% by atomic percentage at
the bottom surface of the film that contacts the magnetic
material in the disk. While it might be ideal for the
gradient overcoat to start with no hydrogen at the lowest
level, this is difficult to achieve in practice. Films
having approximately 8 at.% hydrogen are a practical limit.
When plahning to sputter a gradient in a production
- environment, an initial level of 20 to 30 at.% is practical.
Even with 25 at.% at the lowest level good adhesion and
‘hardness are achieved. The hydrogenation level in the
overcoat then increases through the film ‘to reach
approximately 35 to 40 at.% at the outer surface of the film
to achieve the desirable surface properties. The resulting
thin-film in this embodiment of the invention should
preferably be approximately 50 to 200 Angstroms thick.

~ With each of the embodiments of the invention it is

' possiblé to obtain films with a Superior' combination of
durability and cor#fsion resistance.

- Each:--6f the embodiments of the invention is formed

using sputtering technidues that result in varying levels of

hydrogenation in the thin-film. RF, mid-frequency and/or DC



hyﬁrogehation have been devel oped. Figures 2B and 2C show

8 " two and three | ayer overcoat enbodi nents respectively. The

| owest | ayer in each enbodi nent 15a, 15c have the | owest hydrogenation
level. It this layer which will typically be in contact with the magnetic
| ayer. al t hough addi tional |ayers over the nmagnetic |ayer are sonetines
used. In the three |ayer enbodi ment an intdfmedi ate hydrogenation level is
used in the mddle layer 15d. 1In each of the two and three | ayer versions
a high hydrogenation level is used in the top or surface |ayer of the
thin-film 15b, 15e. -1n one enbodi nent the overcoat 15 conprises three
subl ayers or zones each with a different hydrogen content. In these
enbodi ments of the invention, the bottomlayer typically has a
hydrogenation | evel of 15%or less, by atomi c percentage. In a two |ayer

I npl ementation the hydrogen level in the bottom!|ayer m ght preferably be
chosen anywhere in the range fromO at.%to 20 at.% but even 20 to 30 at.%

in the lowest layer will work as shqoqwn in the_si e layer gradient .
enbodi ment. 8 ,nggoﬁanaé'ﬁesf‘ﬁﬁ i*S '#11& i%‘f’id?g fovdte breferably DC
sputtered using graphite targets and argon gas mixed with
hydrogeﬁ gas (H;), e.g., 0% to 35 at.% H,. The parameters
affecting the-hydiogen-content of the deposited film will be
varied to achieve the target 1levels. The wvariations
include (1) using dopant gases other than H;, such as CH,
or other hydrocarbons, (2) varying the deposition rate, and
(3) varying the sputter pressure. The techniques are
somewhat different in the two major types of sputter
machines commonly used in thin film disk manufacturing;
namely, 1) the in-line pallet type machines and 2) the
single disk, cluster type sputter machines. 1In the single
disk machines the deposition processes that are active in
the deposition chamber affect enly the single disk which is
‘in the chamber at the time of.deposition.' 'In a single disk
sysfem it is a straightforWard matter to produce a two or
three layer overcoat- by using two or three sputtering
stations with the parameters adjusted to result in a C:H
‘layer having a“hwdroqen level within the acceptable range
for that layer. '

The gradient embodiment of the invention can be
achieved by varying the parameters affecting the hydrogen
content as the film is being deposited so that the amount of
hydrogen is incorporated into the film at the beginning is
low and then increaBes during the continued deposition. For
single disk system$, gradients can be controlled by actively
controlliﬂd} the concentration of dopant gas, the flow of
the working gas or the pumping speed of the sputter system
during the course of the deposition. The latter two process



hyﬁrogeh content as will be seen. The typical thickness of the bottom | ayer
s in the range of 5 to 50 Angstrons. The mddle layer in the three | ayer
version typically has a hydrogenation |level in the range of 20%to 35% by
atomi c percentage, and a thickness in the range of 10 to 150 Angstrons. The
m ddl e |ayer is preferably the thickest layer in order to benefit fromits
hi gher. hardness which as will be seen can greater than 12.5 GPa. The top
| ayer is highly hydrogenated to a level of 35 at.%or greater. The
practical upper limt of hydrogen percentage is believed to be around 40
at.% The top layer is typically in the range of 5 to 50 Angstrons in

t hi ckness. The total thickness of - 9
the two or three | ayers should preferably be from20 to 200 Angstrons.

One enbodi nent of the invention results in a single | ayer overcoat 15
having a gradient in the hydrogen concentration with the concentration

I ncreasing toward the filmsurface. |In this enbodi nent the hydrogenation

gradi ent variables control the pressure of deposition which has been
found to increase the dopant'concentration of hydrogen in
the film at fixed partial pressure of the dopant in the
sputter gas. Increasing the flow of gas used as the source
of hydrogen during the deposition process will tend to-
result in increased hydrogen being incorporated in the film
on the substrate. Increasing the pumping speed at the lower
pressure end of the chamber will tend to increase the
hydrogen concentration gradient. One or 'more of the
parameters affecting the hydrogen content of the layer can
be varied gradually during the deposition to résult in an
increase in the hydrogen content of the layer toward the
surface. The parameter variations may be continuous or in
sufficiently small increments. Actual valﬁes of pumping
speeds and bercentage of'dopant gas in_the chamber, etc. to
result in the target.parcentaQes of hydrogen content will
typically be determined for a particular sputtéring setup by
selecting calibration points for sets of parameters,
determining the resu1t1ng hydrogen content and then
adjust1ng the parameters up or down accordingly. This
calibration process is well within the capability of one of
ordinary skill level in the sputtering art.

In the in-line pallet type machines, pallets containing
multiple disks continuously pass by the targets depositing
the overcoat films: in the overcoat dep031t10n chamber. I n.
this type maching&” for the creation of the 31ngle 1ayer
gradient: eﬁércoat it is necessary to develop a gradient in
~either the dopant partial pressure through the machine or a
gradient in the total pressure. The latter can be achieved



wiTl typically start at about 25% by atomi c percentage at the bottom
surface of the filmthat contacts the magnetic material in the disk. Wile
it mght be ideal for the gradient overcoat to start with no hydrogen at
the I owest level, this is difficult to achieve in practice. Filnms having
approximately 8 at.% hydrogen are a practical limt. Wen planning to
sputter a gradient in a production envirori®ent, an initial level of 20 to
30 at.%is practical. Even with 25 at.% at the | owest | evel good adhesion
and hardness are achieved. The hydrogenation |evel in the overcoat then
I ncreases through the filmto reach approximately 35 to 40 at.% at the
outer surface of the filmto achieve t-he desirable surface properties. The
resulting thin-filmin this enbodi mrent of the invention should preferably

be approximtely 50 to 200 Angstrons thick. Wth each of the
enbodi ments of the invention it is possible to obtain filnms with a superior
conbi nation of durability and corrosion resistance. - Each of t he

enbodi nment s the inve {,Lon s farmed .usin Ut tering tegﬁnl %

result in va(r)tix ngaﬁ;}é’\‘)l@?g ofF nPYFed&Fat itdh | ﬁlén c#;lfl uctEnce

m d- frequencyrestifiocct hs along the dimension in- wh:.ch theo disks are
travelirig. A typical in-line sputtering system will have a
plurality of gas inlets which can be controlled
independently to create pressure gradients in the dopant gas -
sufficiently large to affect the percentage of hydrogen
being incorporated in the film as the pallet containing the
substrate mbves through the pressure gradient. It is also
possible in in-line systems to include pressure locks
between sputtering zones and, thereby, have 2zones with
differing pressures, gas compositions and flow rates. This
type of arrangement behaves more like ‘a single disk system
and can also be used to sputter the two or three 1layer
overcoat as well as the gradient overcoat.

A scratch adhesion test was performed for various
embodlments of the tri-layer thin film embodiment of the
present _1r_1vent1on. The lower layer of the thin film used in
these tests in contact with the magnetic material in the
disk is approximately 50A thick. The middle layer of the
tri-layer thin film is approximately 100A thick. - The top
layer of the tri-layer thin £film is approximately 50A thick. _
Four different constructions of the tri-layer thin film were
tested. Using an “H" to represent a hydrogenated layer with
38 at.% hydrogen and an #“S” to represent layer with 22%
hydrogen by atomic *percentage in the carbon, the four test
disks were -HHH, "SSH, SSS, HSS given as lower/middle/top
respectivé—-'l’fr. The test demonstrates that for maximum
scratch adhesion, the top layer of the tri-layer
construction is key. The HHH and SSH versions performed



spﬁtterTng can be used. The CHfilns are preferably DC sputtered using
graphite targets and argon gas m xed wi th hydrogen gas (H2), e.g., 0%to 35°
at.% Herr]. The paraneters affecting the hydrogen content of the
deposited filmw |l be varied to achieve the target |evels. The
variations include (1) using dopant gases qther than H.err], such as

CH err] or other hydrocarbons, (2) varyind3the deposition rate, and (3)
varying the sputter pressure. The techniques are sonewhat different in
the two nmajor types of sputter machines commonly used in thin filmdisk
manuf acturing; nanely, 1) the in-line pallet type machines and 2) the
single disk, cluster type sputter machines. In the single disk machines

t he deposition processes that are active in the deposition chanber affect
only the single disk which is in the chanber at the tinme of deposition.

In a single disk systemit is a straightforward matter to produce a two or
three | ayer overcoat by using two or three sputtering stations with the

par aneters agj ' 1 Elal r Is a i P :1ev Widlddd N
t he accept abﬁ}eilprée}%lef}fp&&?ﬁ%%céglgr _?15'0 o3 #F%g\el@%e}dilent ’ g"ﬁ%]éjdlgrrginl? So%?
the inventi giesWkf WergcHieSfdthyny PyiGHS t ardp 2¥ sversden gashat
hydr ogen PomﬁﬁBuﬁﬁﬁﬁfEM§4|f&m§SPGWH€nd€H@Sté§d5§k 1apért6e 8ABURKiChayer
hydrogen is incorpq g%ﬁd intq the fll?; t he be |nn|ng is_low_and it hen .-
i ncr eases durqr}Hd"t ntithued d@fod BVETreden: &Ry 8Cipirhsye ion 1s
gradi ent s camsimihitantlydifprevedy @verc athie ostratcht Adhesioantoft & ok xdf-
dopant gas, t o] f i as_or e In SQﬁﬁQ e _sputter
system duri ngl%%héell c\(gél??lsse&g%%%&dgg&l t?orﬁo&i}h%g&g?t egftwo prglg'égsa)gerp rby
atomic percentage in the carbon. The 75 GMS for the SSS
disk versus the HSS disk at 25 GMS value indicates that the

hydrogenation in the lower layer further degrades adhesion.

Figure 3 demonstrates.that the adhesion on Cr/glass of .
a sputtered hydrogenated carbon film improves as the level
of hydrogenation is reduced. To observe the delamination
of films exposed to the atmosphere, an 1100A thick
hydrogenated carbon film was applied on- top of a chromium
1aY§r. The base substrate used was glass. Small amounts of
delamination were observed from 10% to 35% hydrogen - content
with the delamination increasing dramatically above 35%.
. This confirms that hydrogen content decreases adhesion.

Figure 4 demonstrates that the hardness of sputtered
carbon- film is maximized at intermediate levels of
hydrogenation. The results shows that hardness is better
for 20 to 35 at.% hydrogen than it is for 10 or 40 at.$%
hydrogen.

- e
-

Figure 5 déﬁoﬁstrates that increased hydrogenation
leads- to«€:H films which are more hydrophobic indicating
lower surface energy. Hydrophobic materials are more
corrosion resistant than hydrophilic materials. The vertical



vari abl'es control the pressure of deposition which has been found to

I ncrease fhe dopant concentration of hydrogen in the filmat fixed parti al
pressure of the dopant in the sputter gas. Increasing the flow of gas used
as the source of hydrogen during the deposition process will tend to result
i n increased hydrogen being incorporated in the filmon the substrate.

| ncreasi ng the punping speed at the | ower Hressure end of the chanber will
tend to increase the hydrogen concentration gradient. One or nore of the
paranmeters affecting the hydrogen content of the |ayer can be varied
gradual ly during the deposition to result in an increase in the hydrogen
content of the layer toward the surface. The paraneter variations may be
continuous or in sufficiently small increnments. Actual val ues of punping
speeds and percentage of dopant gas in the chanber, etc. to result in the
target percentages of hydrogen content will typically be determned for a
particular sputtering setup by selecting calibration points for sets of

parameters, detgrm g the resul tlng Eédr ae content an
D ot ng. ¢ 1R ER SHOVE  wabEr FOREaRtAdRaLE: HBLGT wap mERSHISS A% o Droxy
process i s webf tméhsurfheecenebgyuywai:enneontamtdlamﬂ;essIgﬁéaﬁavettharm The
sputtering aréegrees were achieved with hydrogen content greater than
) approximately 32 at.%. The water contact angle increases
steadily from 30 at.% upward.

Data from flyability testing in corrosion. enhancing
environments of a single 1layer uniformly hydrogenated
overcoat with about 30 at.% hydrogen and a hydrogen gradient
overcoat of the invention ranging from about 25 to 30 at.%
hydrogen at the lower zone to about 35 to 40 at.% at the
surface showed that the corrosion products are clearly
minimized on the overcoat which is sputtered with the
hydrogen gradient.

' Start/stop durability test data fit to Weibel
regression statistics demonstrated that a significant
improvement in durability is obtained for the films
sputtered with a hydrogen gradient compared to a single
layer. uniformly hydrogenated film. The samples of the
hydrogen gradient overcoat ranged from 25-30 at.%'hydregen
at the lower zone to 35-40 at.% at the surface. The single
layer uniformly hydrogenated overcoats had 30-35 at.% .
hydrogen.

Figures 6A-C plot dynamic SIMS data which profiles the
hydrogen content Eﬁtough the thickness of the overcoat. The
vertical:axis is atomic hydrogen density (H/cm®) divided by
10?'. The horizontal axis is the depth in angstroms. The
apparent drop in hydrogenation at the



I the In-l1ine pallet type machines, pallets containing nultiple disks
cont i nuously pass by the targets depositing the overcoat filns in the

over coat deposition chanber. | n this type machin for the creation of the
single layer gradient overcoat it is necessary to develop a gradient in
either the dopant partial pressure through the nmachine or a gradient in the
total pressure. The |atter can be achi evedi5 '

12 by asymmetric punping in conbination with conductance
restrictions along the dinension in which the disks are traveling. A
typi.cal in-line sputtering systemw ||l have a plurality of gas inlets

whi ch can be controlled independently to create pressure gradients in
t he dopant gas sufficiently large to affect the percentage of hydrogen
being incorporated in the filmas the pallet containing the substrate noves
t hrough the pressure gradient. It is also possible in in-line systens to

I ncl ude pressure | ocks between sputtering zones and, thereby, have zones

ih e DRSS R 43S SO OB, M L HeL 8L Eanedl S delRisGhe.
' Superior performance has been obtained for films. with
hydrogeﬂ gradients depicted in Figure 6B and 6C compared to
the film with the nominpally uniform hydrogenation shown in
Figure 6A. The samples of the hydrogen gradient overcoat as
shown in Fig. 6B showed hydrogen content gradually declining
from 30 to 40 at.% at the surface to a very minimal level,
e.g. 3-5 at.%. The samples of the hydrogen gradient overcoat
as shown in Fig. 6C showed a much slower decline in hydrogen
content with even the lowest zone having appreciable
hydrogen content, i.e., about 25 to 30 at.%. The single
layer uniformly hydrogenated overcoat shown in Pigure 6A.

had 30-35 at.% hydrogen.

The foregoing description has been given without regard
to contamination eleménts that may enter into thin films
evén in clean enviromments.  For example, even minute
amounts of air can result in measurable hydrogen, oxygen or
nitrogen being incorporated into the film. In additien,
sputtering targets are not 100% pure and can be a source of
a variety of contaminants. The films tested as described
above would <certainly contain contaminants, but in
insufficient quantity to affect the performance as measured.

The present invention has been described in detail for
a coating for disksif Other uses of the coating are possible
and within the scdﬁé of the invention. A particularly likely
use ferrthércoating, in addition to a coating for disks, is
as a coating on a slider or other head assembly used in a
disk drive. The coating can applied bver a substrate used



and can al so be used to sputter the two or three |layer overcoat as well as
t he gradi ent overcoat. A scratch adhesion test was perforned for

vari ous enbodi ments of the tri-layer thin filmenbodi mrent of the present
invention. The lower layer of the thin filmused in these tests in contact
with the magnetic material in the disk is approximately.50[err] thick. The
m ddl-e layer of the tri-layer thin filmisl@pproximtely 100[err] thick.
The top layer of the tri-layer thin filmis approximately 50[err] thick.
Four different constructions of the tri-layer thin filmwere tested. Using
an "H' to represent -a hydrogenated | ayer with 38 at.% hydrogen and an "S"
to represent layer wth 22% hydrogen by atom c percentage in the carbon,
the four test disks were HHH, SSH, SSS, HSS given as .l ower/m ddl e/top

respectively. The test denobnstrates that for maxinmum scratch
adhesion, the top layer of the tri-layer construction is key. The
HHH and SSH versi ons perforned ' 13

virtually ideptical ly)fdaP. OV6 phie! iha11RNn ie® 45 WS81d be able to
produce the three embodiments of invention on sliders with
the teachings herein.



results” were less than 75 GVB and the HSS version was at about 25 GVB.
Thus, when the top 50A | ayer of the tri-layer thin filmis 38 at.% hydrogen’

t he scratch_adheSJ_on—L—S—s-l—gmflcantly i mproved over the scratch adhesi on of

atri- layer construction with a top layer of 22% hydrogen by atonic
per cent age\um“] ﬂ“ﬂiﬂﬂ“t I“ he 75 GIVB for tfie SSS disk versus the HSS disk
at 25 G\ hat the hydrogenation in the lower |ayer further
degr ades adResi on. Fi gure 3 denonstrates that the adhesion on

Cr/glass of a sputtered hydrogenated carbon fil-minproves as the |evel of
hydr.ogenation is reduced. To observe the delam nation of filns exposed to
the at nosphere, an 1100[err] thick hydrogenated carbon filmwas applied on
top of a chromum |l ayer. The base substrate used was gl ass. Small anounts
of del am nation were observed from 10%to 35% hydrogen content with the
~del am nation increasing dramatically above 35% This confirnms that hydrogen

content decreases adhesi on. Figure 4 denonstrates that the hardness
of sputtered f I imzed at intermediate | evels of
hydrogenatloﬂ&&'ﬁ?% @%@Dgﬁ%m t hat hardness is better for 20 to 35 at. %
hydrogen than it is for 10 or 40 at. % hydrogen. Figure 5

hydr ophobi c |nd|ca OWer ~surtace phobi ¢~ " mater
are nore comqnmmﬁn@sirst@ndmha@rﬁ‘jdr@@wr gingter | aI s The vertlcal

a substrate having zero or more thin film layers
thereon; and '

a thin film protective layer disposed on the substrate
or thin film layer to form a surface, the thin film
protective layer containing carbon and hydrogen with a
lowest atomic percentage of hydrogen occurring nearest the
substrate or thin nfilm layer and increasing gradually
towards the surface with a highest atomic percentage of
hydrogen occuring at the surface.

denonstrat es 4t hat 4&C£§€§8§eh¥}}r dtﬂﬂn.leeaflért Bﬁg Hd 11 nguhpi %Sq

2. The article of manufa'cture of Claim 1, wherein the
lowest ‘atomic percentage of hydrogen is 'in the range from 20
to’ 3095. '

3. The article of m'anﬁ'fa_.cture' of Claim 1, wherein the
highest atomic percentage of hydrogen is greater than 35%.

4. The article of manufacture of Claim 1, wherein the
lowest atomic percentage of hydrogen is less than 10% and
the highest atomic percentage of hydrogen is greater than
.35%. '

- o
-

5. The article “6f manufacture of Claim’ 1, wherein the
surface _..:1'-a31'7er .has a water contact angle greater than 72
“degrees.



14 *  axis shows water contact angle which was neasured as a proxy of
the surface energy. Water contact angles greater than 72 degrees were
achievedwith hydrogen content greater than approxinately 32 at.% The

wat er contact angle increases steadily from 30 at. % upward. Data from

flyabili RN i rosi on enhanci ng environnents .of a single |ayer
uni form,muujm,fumum[/e'rcoat with about!®0 at.% hydrogen and a hydrogen
gradi ent ‘ovércbat"of®tHe invention ranging fromabout 25 to 30 at.%
hydrogen at the |l ower zone to about 35 to 40 at.% at the surface showed
that the corrosion products are clearly mnimzed on the overcoat which is
sputtered with the hydrogen gradient. - Start/stop durability test
data fit to Wibel regression statistics denonstrated that a
significant inprovenment in durability is obtained for the filns
sputtered with a hydrogen gradi ent conpared to a single |ayer uniformy
hydr ogenated film The sanpl es of the hydrogen gradi ent overcoat ranged

from 25-30 at. % h . I 0~85 :at 2% ha. syrface.
The single | asy'er ﬁlﬁl{e?oir %@é%/g?fogena fegoi oveérc%gt Eﬁ%%ﬁ %O- g?etg{ég% _Lt%&/l(??ogen.

thin film protective layer has a thickness.. from

approximately 50 to 200A.

7. An article of manufacture for use in a disk drive as a
component subject to wear comprising:

a first thin film layer, deposited on a substrate or
previous thin film layer, containing hydrogenated
carbon (C:H), with X atomic percentage of hydrogen and X
being less than or 'equal to 35%;

a second thin film layer, deposited on the first thin
film layer, containing C:H, with Y atomic percentage of
hydrogen and Y being greater than X; and

a surface thin film layer, deposited on the second thin
film layer, containing C:H, with Z atomic percentage of
hydrogen and Z being greater. than Y.

8. The article of manufacture of Claim 7, wherein the
‘hydrogen content 2Z of the surface layer is 35 at.% or
greater.

9. The article of manufacture of Claim 7, wherein the.
hydrogen content Y of the second layer is in the range of
20% to 35% by atomic percentage.

10. The article ©f  manufacture of_ Claim 7, wherein the
hydrogen content 2 of the surface layer is 35 at.% or
greater,.:tffé hydrogen content Y of the second layer is in
the range of 20 to 35 at.% and the hydrogen content X of
the first layer is less than 15 at.%.



Fi_;gu-resi 6A-C pl ot dynanic Sl I\'/B"dat a which profiles the hydrogen content _
throug—HhE_JM%t he overcoat. The vertical axis is atom ¢ hydrogen
densMHmH/cr’r{err] ed by 10[err]. The horizontal axis is the depth in

angstr "”” nt drop in hydrogenation at the
I @an artifact of the ygeasurenent techni que. Superior
performance Has *been obt ai ned for filns with hydrogen gradients depicted in

Figure 6B and 6C conpared to the filmwith the nom nally uniform

hydr ogenati on shown in Figure 6A. The sanples of the hydrogen gradient
over.coat as shown in Fig. 6B showed hydrogen content gradually declining
from30 to 40 at.% at the surface to a very mnimal level, e.g. 3-5 at. %
The sanpl es of the hydrogen gradi ent overcoat as shown in Fig. 6C showed a
much sl ower decline in hydrogen content with even the | owest zone having

appreci abl e hydrogen content, i.e., about 25 to 30 at.% The single .
| ayer uniformy hydrogenated overcoat shown in Figure 6A. had 30-35 at. %
hydrogen. 11. The article of manufacture of Claim 7, wherein a total

thickness of the first, second and surface thin film layers
is from 20 to 200A. ' '

12. The article of manufacture of Claim 7, wherein second
layer has a hardness greater than 12.5 GPa.

13. The article of manufacture of Claim 7, wherein t:hé
surface layer has a water contact angle greater than 72
degrees.

_ 14. An article of manufacture for use in a disk drive as a
: component subject to wear comprising: '

" a first thin film layer, deposited on a substrate or
previous thin film layer, containing carbon and hydrogen
(C:H), with an atomic percentage of hydrogen in the range
from 20% to 30%; and

a surface thin film layer, deposited on the first thin
film layer, containing C:H, with an atomic percentage of
hydrogen greater than 35%. '

15. The article of manufactufe of Claim 14, v-vherein a total
thickness of the first and surface thin film layers is from
20 to 200A.

16. The article @f" manufacture of Claim 14. wherein the
hydrogen content 4 of the first layer is sufficient to
result 1n-—~a hardness of the first layer greater than 12.5
GPa. '



THé'foFégoing descri.ption has been given without regard to contami nation .
elenments that may . enter into thin filnms even in clean environnents. For
exanple, even mnute a f air can result in nmeasurabl e hydrogen,

oxygen or rporated into the film I n addition,
sputtering tmﬁm%@ﬂ@, IHO% pure and can be a source of a variety of
cont-am nant s Fhetf ed as descri bgd above would certainly
contain contam nants, but in insufficient quantity to affect the

per formance as neasur ed. The present invention has been described in
detail for a coating for disks. Qher uses of the coating are possible and
within the scope of the invention. A particularly likely use for the
coating, in addition to a coating for disks, is as a coating on a slider or
ot her head assenbly used in a disk drive. The coating can applied over a
Substrate used 16 for a
slider. One skilled in the art would be able to produce the three

enmbodi-nents pf.i nygpBat i DR PE1 8! iFerfambhfdcture of Claim 14, wherein the
hydrogen content Z of the surface layer is sufficient to
result in a water contact angle greater than 72 degrees.

18. A disk drive comprising:

a rotatable thin film disk;

a slider positionable over the thin f£ilm disk;

means for rotating the thin film disk; and

the slider or the thin film disk having a protective
overcoat forming a wear surface comprising carbon and
hydrogen with a highest atomic percentage of hydrogen
occuring at the wear surface and a 1owest atomic percentage-
of hydrogen occuring nearest a substrate with the hydrogen
decreasing gradually towards the substrate.

19;' The disk drive of Claim 18, wherein the hydrogen
content at the wear surface is 35 at.% or greater.

20. The diék drive of Claim 18, wherein the lowest atomic
percentage of hydrogen is in the range from 20 to 30%.

21. The disk drive of Claim 18, wherein the lowest atomic
percentage of hydrogen is 1less than 10% and the highest
atomic percentage of hydrogen is greater than 35%.

- e
-

22. The disk drivé of Claim 18, wherein the wear surface
has a_watéi’contact angle greater than 72 degrees.



t he teachi ngs herein. 17 VWHAT IS CLAI MED | S: 1. An
article Owgvgse as a wear resistant component in a disk
drive conprising: strate having zero or nore thin filmlayers
'rﬂy i | mprotective |ayer disposed on the substrate or

tﬂle::]e]?:’ll nﬂm"”"'"m"gn surface, the thigifilmprotective |ayer

cont ai ni ng*cafbown ands rogen with a | owest atom c ‘percentage of hydrogen
occurring nearest the substrate or thin filmlayer and increasing graduall'y
towards the surface with a highest atom c percentage of hydrogen occuring
at the surface. 2. The article of manufacture of Claim1, wherein the

| owest atom c percentage of hydrogen is in the range from 20 to 30%

23. The disk drive of Claim 18, wherein the protective
overcoat has a thickness from approximatlely 50 to 200A.

24. The disk drive of Claim 18, wherein the wear surface
has a hardness greater than 12.5 GPa.

25. A disk drive comprising:
a rotatable thin film disk;
a slider positionable over the thin film disk;
means for rotating the thin £ilm disk; and
the slider or the thin film disk having a protective
overcoat forming a wear surface comprising:
a first thin film layer, deposited on a substrate or
previous thin film layer, containing hydrogenated
: carbon (CiH), with X atomic percentage of hydrogen and X
: being less than or equal to 35%; |
' a second thin film layer, deposited on the first thin
' | film layer, containing C:H, with Y atomic percentage of
hydrogen and Y being greater than X; and
-a surface thin film layer, deposited on the second thin
film layver, containing C:H, with Z atomic percentage of '
hydrogen and Z being greater than Y.

26. The disk drive of Claim 25, wherein the hydrogen
content Z of the surface layver is 35 at.% or greater.

. .
-

27. The disk drtve of Claim 25, wherein the hydrogen
content .Y.-Of the second layer is in the range of 20% to 35%
by atomic percentage. -



3. The article of manufacture of. Claim 1, wherein the highest atomc

per cent age of hydrogen is greater than 35% 4. The article of

manuf acture of Claim 1, wherein the | owest atom c percentage of hydrogen is
| ess thanm atom c percentage of hydrogen is greater than

35% - e of manuf act ure of qzau m 1, wherein the surface
| ayer has m ngI e greater than 72 degrees. 18
6. The artrce ure of Aaiml, wherein the thin film

protective. |ayer has a thickness from approximately 50 to 200A
7. An article of manufacture for use in a disk drive as a

28. The disk drive of Claim 25, wherein the hjrdrogen
content Z of the surface layer is 35 at.% or greater, the '
hydrogeri content Y of the second layer is in the range of
20 to 35 at.% and the hydrogen content X .of the first layer
is less than 15 at.%.

29. The disk drive of Claim 25, wherein a total thickness
of the first, second and surface thin film layers is from 20
to 200A. '

30. The disk drive of Claim 25, wherein the second layer
has a hardnéss greater than 12.5 GPa.

31. The disk drive of Claim 25, wherein the surface layer
has a water contact angle greater than 72 degrees.

32 A disk drive comprising:
a rotatable thin film disk; |
’ ' a slider positionable over the thin film disk;’
" ) ~ means for rotating the thin film disk; and
the slider or the thin f11m disk having a protective
overcoat forming a wear surface comprising:
a first thin film layer, deposited on a substrate or
previous thin film layer, containing carben and hydrogen
(C:H), with an atomic percentage of hydrogen in the range
from 20% to 30%; and-
a surface thin film layer, deposited on the first thin
film ;Lay_ei:—;;" containing C:H, with an atomic percentage of
hydrogen greater than 35%.



cohﬁdhéht subj ect to wear conpri sing: a first thin filmlayer
deposited on a substrate or previous thin filmlayer, containing

hydr og H), with X atom c percentage of hydrogen and X
being l'ess_th to 35% ~a second thin filmlayer,
deposnte m&m filmlayer, containing CH, with Y atomc
percenta r@gen and Y being greéBer than X; and. a surface
thin filn1layer deposited on the second thin filmlayer, containing
CH wth Z atom c percentage of hydrogen and Z being greater than Y.

8.. .The article of manufacture of Claim?7, wherein the hydr ogen cont ent
Z .of the surface layer is 35 at.% or - greater. 9. The article of
manuf acture of Claim 7, wherein the hydrogen content Y of the second

| ayer is in the range of 20% to 35% by atom c percentage. 10. The
article of manufacture of Claim7, wherein the hydr ogen content Z of the
surface layer is 35 at. % or greater, the hydrogen content Y of the

second Iayeers 'Q‘he |ﬂ'qfess ogflg:l%?mo gzat wh&PS; lghg Qwaqge{hf%ggg X

of the firsSt |ayer
of the two C:H layers is from 20 to 200

34. The disk drive of Claim 32, wherein the first layer has
a hardness of the first layer greater than 12.5 GPa.

35. The disk drive of Claim 32, wherein the surface layer
has a water contact angle greater than 72 degrees.

36. A method. of sputter depositing a hydrogenated carbon
thin f£ilm coating comprising the steps of:

installing a carbon target in a sputtering chamber
having means for varying sputtering conditions during
sputtering; ' | _ !

supplying a hydrogen containing gas in .the sputtering
chamber; ' g

' sputtering the carbon through the hydrogen containing

gas. to deposit a film of hydrogenated carbon while
s1mu1taneously alterlng the sputterlnq conditions to cause a
concentration of hydrogen in the film to increase as
g spu;terlng proceeds.

37. The method of claim 36, wherein altering the sputtering
conditions further comprises increasing a deposition
pressure. '

. oo
-

38. The method of”éieim 36, wherein altering the sputtering
conditionéﬁ%urther comprises increasing a partial pressure
“of the hydrogen containing gas.



11. “The article of manufacture of Claim?7, wherein a total t hi ckness of
the first, second and surface thin filmlayers =~ is from20 to 200A.

12. The art_i_gl__e’if,ma.mli—&e%—w-e of A aim?7, wherein second | ayer has a
har dness greater than 12 13. The article of manufacture of Claim

7, wherein tW‘\mm‘\H u@ has a water contact angle greater than 72
degrees \ manuf acture2$ or use in a disk drive as a
conponent subfect t'o vear conpri si ng: a first thin filmlayer
deposited on a substrate or previous thin filmlayer, containing carbon
and -hydr ogen (CH, with an atom c percentage of hydrogen in the range
from20%to 30% and a surface- thin filmlayer, deposited on the
first thin filmlayer, containing CH wth an atom c percentage of
hydrogen greater than 35% 15. The article of manufacture of C aim 14,
wherein a total t hi ckness of the first and surface thin filmlayers is
from 20 to 200A. 16. The article of. manufacture of C aim 14, wherein

the  hydroggn Ghide Ob¢t 9 ofy w%%@%éﬂﬁ tthe sputdiling "

a hardness og t'"he %t %§e§fg?ea er%$%an g p fnd
conditions further comprises increasing a pumping speed of
the hydrogen containing gas.

40. The method of claim 36, wherein altering the sputtering
conditions further comprises creating gradients in the
conditions in the sputtering chamber and moving a substrate
through the gradients.

41. The method of claim 36, wherein the concentration of
hydrogen in the film increases from below 35 at.% to above
35 at.% as sputtering proceeds.

L : 42. The method of claim 36, wherein the concentration of
hydrogen in the film increases from below 10 at.% to above
35_et.% as sputtering proceeds. '

) | 43. A method of sputter depositing protective hydrogenated
carbon thin films onto a substrate having zero or more thin
films deposited thereon, the method comprising the steps of:
supplying hydrogen gas into a sputtering chamber having
a graphite target; '
sputtering a first hydrogenated carbon layer at least
SA thick with less than 35 at.% hydrogen content; and
sputter depositing onto the first hydrogenated carbon

layer a second hydrtgenated carbon layer at least 5A thick
with more than 35 “t.% hydrogen content.



17.* The article of manufacture of C aim 14, wherei n the hydrogen content Z
of the surface layer is sufficient to result in a water contact angle

greater than 72 degrees. 18. A disk drive conprising: a rotatable
thin filmdisk; a slider positionable over the thin filmdisk;

means for rotating the thin filmdisk; and25 the slider or the thin film
di sk havi ng mngmﬂwﬁ“ﬂ\mutoat formng®a wear surface conprising
carbon and ad Hihi ghest atomc percentage of hydrogen
occuring at the weart strf&ce”and a | owest atomic per cent age of hydrogen
occuring nearest a substrate with the hydrogen decreasing gradually towards
the substrate. 19. The disk drive of Caim18, wherein the hydrogen

content at the wear surface is 35 at.% or greater. 20. The disk drive of

Claim 18, wherein the |owest atom c percentage of hydrogen is in the range
from20 to 30%

44 . The method of claim 43, wherein the step of sputtering a
first hydrogenated carbon layer occurs with a first partial
pressure of the hydrogen gas and the sputter depositing step
occurs with a second partial pressure of the hydrogen gas,
the first partial pressure being lower than the second
partial pressure.

45. The method of claim 43, wherein the step of sputtering a
first hydrogenated carbon layer occurs with a first
deposition pressure and the sputter depositing step occurs
with a second deposition pressure, the first deposition
pressure being lower than the second- deposition pressure.

46. The method of claim 43, wherein the step of sputtering a
- first hydrogenated carbon layer occurs with a first pumping'
'spéed and the sputter depositing step occurs with a second
puﬁbing speed, the first pumping speed being lower than the
second pumping speed..

47. The method of claim 43, wherein the step of sputtering a
first‘hYdrogenatéd carbon layer occurs with a first hydrogen
gas flow and the sputter depositing step occurs with a
_i second gas flow, the first gas flow being lower than the
| second gas flow.

48. The method of elaim 43, wherein the step of sputtering a
first hydrogenated"éérbon layer is preceded by the step of
sputterinéﬁan initial hydrogenated carbon layer at least sA
thick with less than 10 at.% hydrogen content.



2177 THe disk drive of Caim18, wherein the | owest atonic percentage of
hydrogen is |l ess than 10% and t he hiighest ~at om ¢ percentage of hydrogen is
greater than 35% 22. The disk drive of Caim 18, wherein the wear
surface has a water contact angle greateérygd han 72 degrees.

23. The disk drive of Caim18, wherein the protective overcoat has a

t hi ckness from approximately 50 to 200[err]. 24. The disk drive of Claim
18, wherein the wear surfdH¥DROGENATED CARBONITHIN HIBMSL2. 5 GPa. 25. A
di sk drive conpri sing: a rotatable thin filmdisk; a slider

positionable over the thin filmdisk;

Abstract
The embodiments of the invention are one, two or three layer protective hydrogenated
carbon (C:H) thin film coatings on a disk with hydrogenation levels that are higher at the
surface and decrease from the surface downward toward the substrate (11).  The
hydrogen content of the various layers or zones of the overcoat are optimized to use the
varying properties of C:H films such as good adhesion obtained with a low level of
hydrogen, the high hard_ness'of an intermediate level of hydrogen content and the low
surface energy of a high hydrogen content film. In one embodiment the disk is coated
with a sputtered C:H thin film (15) with a gradient in the hydrogen concentration. A
second embodiment of the invention uses two layers in which the hydrogen content of

| bottom layer is lower than the surface layer. A third embodiment of the invention uses a

three layer construction of the thin-film.

Figure 2A



n;aans’*for rotating the thin fl|deSk and ' the slider or the thin film
di sk having a protective overcoat form ng. a Mear surface conpri sing: a
first thin filmlayer, deposited on a substrate or previous thin film

| ayer, containing hydrogenated carbon (C H, with X atom c percentage of

hydrogen and X being | ess than or equal to 35% a second thin film
| ayer, deposited on the first thin filmimsgyer, containing CH wth'Y
atom c percentage of hydrogen and Y being greater than X; and a

surface thin filmlayer, deposited on the second thin filmlayer,
containing CH wth Z atom c percentage of hydrogen and Z bei ng greater
than Y. 26. The disk drive of Claim 25, wherein the hydrogen content Z of

the surface layer is 35 at.% or greater. 27. The disk drive of Caim 25,
wherein the hydrogen content Y of the second layer is in the range of 20%
to 35% by atom c percentage. 22
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28. Thé disk drive of daim25, wherein the hydrogen content Z of the
surface layer is 35 at.% or greater, the hydr ogen content Y of the second
| ayer is in the range of 20 to 35 at.% and t he hydrogencontent X of the
first layer is less than 15 at. % 29. The disk drive of C aim 25,
“wherein a total thickness of the first,_second and surface thin film

|l ayers is from20 = to 200A. 30. The d?§k drive of Claim25, wherein the
second | ayer has a hardness greater than 12.5 GPa. 31. The disk drive
of € aim25, wherein the surface |ayer has a water, contact angl e 'greater
than 72 degrees. 32. A disk drive conprising: . arotatable thin
filmdisk; a slider positionable over the thin fil m_disk; nmeans
for rotating the thin filmdisk; and theszL%gemuarddEtthln filmdisk
havi ng a pr P ‘ : ace conprising a
first thin falmg 0L — nigEtaus Tdydr film

| ayer, contai ni ng ith an atom c percentage of
hydrogen in the X a surface thin film

| ayer, deposited Lontumderiaydy H with an
at om c percelda o

12— |
I ' $ﬁ5$tFétei.. S .
15b __ / sublayer-b
15a —— sublayer-a
Figure 2B
15e __ "”,,sub1ayer-c
15d _ ___—sublayer-b
15¢ — i '——— sublayer-a
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23 : 33. The disk drive of Claim32, wherein a total thi-ckness of the
two C:H layers is from20 to 200[err]. 34. The disk drive of C aim 32,
wherein the first layer has a hardness of the first |ayer greater than 12.5
GPa. 35. The disk drive of Caim32, wherein the surface | ayer has a
wat er contact angle greater than 72 degrees. 36. A nethod of sputter

depositing a hydrogenated carbon thin filmcoating conprising the steps of:
installin8 a carbon target in a sputtering chanber having nmeans for
varying uttering conditions during sputte¥idg; supplying a
hydrogen gont ai ning gas in the sputtgr pEYAMINATION: sputtering the

carbon through the hydrogen containing gas to

dep ait ca film
hydrogenated carhon Vhile sinulta i ; i

condition® to cau a ftoncent¥ation %of hydrogen n the' filmP%to

i ncrease S sputtgring proceeds. - 37. The nethod of claim 36, wherein
altering 8he sputtefing conditions further conprises increasing a -
deposi ti pressur ¢.
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38. The nethod of claim 36, wherein: altering the sputtering conditions
further conprises increasing a partial pressure of the hydrogen containing

gas. 39. The nethod of claim 36, wherein altering the
sputtering conditions further conprises increasing a punping speed of the
hydr ogen cont ai ni ng gas. 40. The nethod of claim 36, wherein altering the

sputtering conditions further conprises creating gradients in the
conditions in the sputtering chanber and noving a substrate through the
gradients, 41. The method of claim 36, wheggjn the concentration of
hydr oge nthe filmincreases frombel ow 35 at.%to above 35 at. % as
sputt eri®gg proceeds. )
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42. The nethod of claim 36, wherein the concentration of hydrogen in the
filmincreases frombelow 10 at. % to above 35 at. % as sputtering proceeds.
43. A nethod of sputter depositing protective hydrogenated carbon thin
films onto a substrate having zero or nore thin filnms deposited thereon,

t he met hod conprising the steps of: suppl yi ng hydrogen gas into a

sputtering chanber having a graphite target; sputterirng a first
hydr ogenat e arbon layer at least 5[err] thick with less than 35 at. %
hydr ogen corfent; and sputter depositi®d®onto the first hydrogenated

carbon | ayer second hydr ogenat ed camwaalaom‘m ANBLE 5[err] thick with
nore than 35,at. % hydr ogen contepf . 45‘ The net hodggf

cl ai m 43, whérein th te
occurs with gfirst p

deposi ting ssap occurs

pressure of% the

- sputter
ith a second parti al

pressure of the hydrogen gas,
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the first partial pressure being |lower than the second partial pressure.
45. The nethod of claim43, wherein the step of sputtering a first

hydr ogenat ed carbon | ayer occurs with a first deposition pressure and the
sputter depositing step occurs with a second deposition pressure, the first
deposition pressure being |ower than the gmgcond deposition pressure. 46.
The nmet hod of claim43, wherein the step of sputtering a first hydrogenated
carbon layer occurs with a first punping speed and the sputter depositing
step. occurs with a second punping speed, the first punping speed being

| ower than the second punping speed. 47. The nethod of claim43, wherein
the step of sputtering a first hydrogenated carbon |laver occurs with a
first hydrogen gas flow and t3 g stkp occurs with a
second gas flow,. the first g&Sﬂ; e second gas fl ow.
48. The nethod of claim43, wheTpin the step of sputterjng a first

hydr ogenat ed carbon | ayer is Prg eded by the step of ‘spyittering an initial

hydr ogenat ed carbon | ayer at |eapt 5A thick with | ess t han 10 at . % hydr ogen
content . : -
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