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OVERCOATS FOR MAGNETI C DI SCS BACKGROUND OF THE | NVENTI ON The present
rinvention relates to recording surfaces of magneti.c disc drives. Mre
-specifically, 5 the present invention relates to-overcoats on recording

surfaces of magnetic discs for use in magnetic disc drives and_proces &3
for making the YW¥FP43nputer systems, or the like, often ti mgg’gﬂﬁ?‘{)@l
magnetic disc drives to store information such as 10 conput er prograns
or data. Magnetic disc drives typically include a transduci ng head
mounted on a slider which "flies" over thm@-surface of a rotating rigid
magneti c disc. The transduci ng _head iagoositioned over a _selected portion

of the disc by an MULXE L oF OVER AT";' EORr YWAGNIET LG o PISCSThe

transduci ng head is used to ggmﬁmwb' &h@hﬁﬁ%i ch are inpressed
onto tthe surface of the digc durrng witing of rniormation, and %f sense
magnetic fields fromthe d'fl?c BT YYeL A FRLRNESH T nFEPREEIRG. 20
The di sc i ncl udesuafaesgsedt cnagnetriaalios tddves.a Mogedspebifieakly The
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When the disc drive_1s powere gown, the transduci ng rests on

surface of the dPYELaee?i RE SPgR&Eic,dipFcehdor use in magnetic disc
drives and processes for making the same.

Computer systemg, or the like, often times

employ magnetic disc drives to store information such as

10 computer programs or data. Magrietic disc drives
typically include a transducing head mounted on a slider
which *"flies" over the surface of a rotating rigid
magnetic disc. The transducing head is positioned over

a selected portion of the disc by an electronic

15 circuitry controlled actuator. The transducing head is
used to generate magnetic fields which are impressed
onto the surface of the disc during writing of
information, and to sense magnetic fields from the disc

surface during readback of information.

20 The disc includes a magnetic layer deposited
on a rigid substrate. The magnetic layer is suitable
for storing magnetically encoded information. When the
disc drive is powered down, the transducing head rests
on the surface of the disc. During operation of the

25 disc drive, the transducing head typically is spaced
apart from the surface of the disc by a 1ayer of air
under the slider which is created by the rotating disc.
The surface of the disc "pulls" air under the slider
which lifts the slider off the surface of the disc.

30 Although the slider is lifted from the surface of the
disc, it is known that improved magnetic interaction
between the transducing head and the disc can be
achieved by reducing the spacing between the transducing



25 disc drive, the transducing head typically is spaced apart fromthe
surface of the disc by a layer of air under the slider which is created by
the rotating disc. The surface of the disc "pulls™ air under the slider
which [ifts the slider off the surface of the disc. 30 Al t hough the
slider is lifted fromthe surface of the disc, it is known that mgroved

" magneti c i nt er awo 97442t ween t he transduci ng head and the di scPCHH

achi eved by reducing the spaci ng between the transducing WO 97/ 04447
PCT/ US96/ 11818 -2- head and the disc surface. Therefore, the transducing
~head generally flies proximate the disc st®<face such that Ilmted
intermttent contact occurs between the slider and dis¢c surfac
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detrinental effe g) or om wear
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must not onlyg regusiFavedl Wedr causes a degradation of the disc which
' adversely affects its ability to store information
" thereon. Additionally, the disc is susceptible to
corrosion which also provides detrimental effects.

In order to protect the disc from wear and
10 corrosion, overcoats are usually deposited thereon. A
suitable overcoat must not only resist wear and
corrosion, but also maintain proper hydrodynamic effects
of the disc surface, as measured by "stiction®" and
"friction", such that the slider and transducing head

1s may efficiently interact with the rotating disc.
Overcoats are deposited as a film on the
magnetic surface, which permits proper interaction
between the magnetic surface and the transducing head.
Such film overcoats are typically applied to the
20 magnetic layer by a process known in the art as
"gputtering". Simply put, sputtering requires the rigid
disc having the magnetic layer to be placed in a process
chamber proximate a negatively charged "target®, such as
carbon, which will eventually comprise the overcoat. An
25 argon gas is provided to the process chamber. A high
voltage is applied to the gas such that it becomes a
plasma including positive charged ions, electrons and
neutral argon atoms. The positive charged ions of the
plasma bombard the target. The resulting substance is
30 deposited on the disc, which is electrically grounded,
as a thin film. In this example, such a thin film is

known as amorphous carbon (a-C).

Amorphous carbon films were once popular
overcoats in the magnetic recording medium industry.



corrosion, but also maintain proper hydrodynam c effects of the disc
surface, as neasured by "stiction" and "friction", such that the slider and
t ransduci ng head 15 may efficiently interact with the rotating disc.
Overcoats are deposited as a filmon the magnetic surface, which permts
proper interaction between the magnetic surface and the transduci&g head.
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Amorphous carbon £films have 1largely been
replaced with doped amorphous carbon films, for example
hydrogenated amorphous carbon (a-C:H) or nitrogenated
amorphous carbon (a-C:N), as overcoats. Hydrogenated
amorphous carbon, for example, is hydrogen doped
amorphous carbon. It can be produced by the sputtering
process described above wherein the argon gas is mixed
with a certain amount of hydrogen. As such, doped
amorphous carbon film is produced by a process also
called "reactive sputtering®. Similarly, nitrogenated
amorphous carbon is nitrcgen doped amoxrphous carbon. It
can be produced by reactive sputtering wherein the argon
gas is mixed with a certain amount of nitrogen. Doped
amorphous carbon is characterized by high electrical
resiastivity.

Although the doped amorphous carbon f£ilm is
not as hard as amorphous carbon film, doped amorphous
carbon film has a significantly higher resistance to
tribochemical wear than amorphous carbon film. As such,
it has been proven that the overall performance of doped
amorphous carbon film is far superior to amorphous
carbon film, and thus doped amorxrphous carbon film is
currently very popular with the magnetic storage medium
industry.

Déped amorphous carbon films, however, are nof.
without disadvantages. A common problem with sputtering
of doped amorphous carbon film is arcing (or sparks)
from the carbon Earget which can cause damage to the
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Anor phous carbon filns provide a very hard surface which resists nechani cal
wear . However, anorphous carbon filnms severely suffer froma condition
known as "tribochem cal” wear, which is undesirable. The 5

di sadvant ages of anorphous carbon filnms have caused it to fall out of favor
in the industry.wdsmssdous carbon films have |argely been repl ZETASH/LIRS
doped anor phous carbon films, for exanple hydrogenated anorphous carbon

- (a-CH) or nitrogenated 10 anor phous carbon (a-C. N), as overcoats.

: Hyd'lrjogenat ed anor phous carbon, for exanpl es44i s hydrogen doped anor phous
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anmor phous carlgon is charactmfeiagfl Be Mbelieledttso cakigtnasei idon héhough

the doped amrpho%%v%iéBSe”né' | Q¢ S positive <charge at some local
irregularities or foreign particles on the carbon

target. When hydrogen/argon gas, for example, is

introduced at the target, a polymer £ilm comprising

10 carbon and hydrogen can form on the target. The 'polymer.

film is an insulator, and therefore forms "insulating
sites". The electric charge at the insulating sites
cannot dissipate quickly enough and a positive charge
accumulates at the insulating sites.

15 Because the target is under a negative
potential during sputtering, a voltage is developed
between the target and the positively charged insulating
sites. When the voltage becomes sufficiently high, a
dielectric breakdown can occur which causes large

20 electric current density in the local area. In other
words, local arcing occurs. Additionally, the high
current density causes a very intense temperature rise,
which can transform the carbon target proximate the
insulating sites into a glassy carbon. The glassy

25 carbon sites are undesirable and provide a suitable
region for the deposition of backsputtered species. The
glassy carbon sites become *"nodules®. Often times the
top layer of the nodule is electrically resistive and a
positive .charge is developed. A voltage is developed

30 between the positive charge and negatively charged
carbon target which serves to prevent the surrounding
area from being sputtered. When a sufficiently high
voltage is developed, dielectric breakdown occurs. The
dielectric breakdown serves to spill nodule pieces in



not as hard as anorphous carbon film doped anmorphous carbon film has a
significantly higher resistance to 25 tri bochem cal wear than anorphous
carbon film As such, it has been proven that the overall performance of
~doped anor phous carbon filmis far superior to amorphous carbon film and

. thus doped anorphous carbon filmis currently very popular wit '

' magneti ¢ st or agWORI®# 4 30 I ndustry. Doped anorphous carbon Pﬂt’ﬂ@m“ls
however, are not without disadvantages. A conmon problemw th sputtering of

doped anor phous carbon filmis arcing (or gparks) fromthe carbon target
whi ch can cause damage to the WO 97/ 04427
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* 5 £ilm. Hydrogenated amorphous carbon, for example, is
much more resistive than amorphous carbon. Thus, arcing
occurs much more frequently, and the problem of CID is
much more severe with hydrogenated amorphous carbon, and
also with nitrogenated amorphous carbon, than with
10 amorphous carbon.

In order to address the problem of arcing
associated with the use of doped amorphous carbon, the
prior art employs a system which periodically cleans the
targets of nodules and insulating sites. During

15 cleaning, argon gas, rather than the mixture of argon
and hydrogen gas, for example, is used to bombard the
target to break up the nodules and insulating sites.
The resulting amorphous carbon is quite conductive,
which helps dissipate the charge accumulated on the

20 nodules. During cleaning, the resulting amorphous
carbon and residuals are exhausted from the chamber.

FIG. 1 shows the frequency of CID as a
function of sputtering time'using a hydrogen/argon gas
mixture. CID frequency is dramatically decreased after

25 argon cleaning, shown at P100. Thereafter, CID
frequency increases with time to almost 40 percent after
20 hours of sputtering time, P102. Thus, in order to
avoid CID’s, the target must be cleaned quite
frequently. '

30 Unfortunately, cleaning the target occurs
during down time, which, as described above, must occur

‘ quite frequently to avoid CID’s. Also, the cleaning
process typically requires about an hour of down time to
- effectively remove the nodules and insulating sites.
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does not produce significant manufacturing
inefficiencies.
Y OF I ION

The present invention provides for a magnetic
disc for use in a magnetic disc drive, the magnetic disc
having a recording surface wherein the recording surface
includes a dual phase carbon overcoat. The dual phase
carbon overcoat includes an amorphous carbon film
sputtered on a magnetic layer. A doped amorphous carbon
£ilm is sputtered on the amorphous carbon film. The
dual phase carbon overcoat of the present invention has
demonstrated improved hardness, reduced stiction and
superior corrosion resistance over the prior art.

A method of manufacturing the magnetic disc
includes providing a sputtering apparatus having a
process chamber, providing a partially manufactured
magnetic disc having a magnetic layer thereon, placing
the partially manufactured magnetic disc within the
process chamber, sputtering amorphous carbon f£ilm on the
magnetic layer, and sputtering doped amorphous carbon
film on the amorphbus carbon film. The process of the
present invention reduces throughput inefficiencies due
to down time cleaning and avoids carbon induced damage
to the disecs.

age is



di el ectric breakdown serves to spill nodul e pieces in WO 97/ 04447
PCT/ US96/ 11818 t he chanber. Sone of the spilled nodul e pieces hit the disc
and cause CID. It has been determined that the frequency of the arcing is
related to the resistivity of the overcoat 5 film - Hydrogenated
anor phous carbon, for exanple, is nuch nore resistive than anorphous
carbon. Thus, &vQPTigs4dTcurs nuch nore frequently, and the pro HSN’U&QD S
much nore severe with hydrogenated anorphous carbon, and also with
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The resul ti ng anor phous car con uct ive ssi pat e
the charge accuriPRR%edC8Ringe TAMOVEH, AR sembo ‘Hﬂ"}gng E?"é‘é?ﬁshg°
resul fi ng an®r phmtesent invention.

FIG. 3 ie a schematic cross-section view of a
portion of FIG. 2 taken along lines 3-3.
FIG. 3A is a more detailed view of a portion
of FIG. 3.
10 FIG. 4 is a schematic diagram of an apparatus
for effecting a process embodying features of the
present invention.

FIG. 5 is a timing diagram of an operational
example of the present invention.

15 FIG. 6 is a schematic cross-sectional view of
a magnetic disc of the disc drive of FIG. 2 and
embodying features of the present invention.

FIG. 7 is a bar graph depicting arcing free
time as a function of argon phase time percentage.

20 FIG. 8 is a schematic diagram of another
apparatus for effeéting a process embodying features of
the present invention.

FIG. 9 is another cross-sectional schematic
view of a portion of a rigid magnetic disc of a magnetic

25 disc drive embodying features of the present invention.

DETA D DES 9) PRE RED NTS
Referring to FIG. 2, a rotary magnetic disc
drive system suitable for incorporating the teachings of
the present invention is shown in diagrammatic form and

30 is referred to generally at 10. A plurality of magnetic
information storage discs 12 are journaled about a
spindle motor assembly 14 within a housing 16. Each
magnetic disc 12 has a multiplicity of concentric
circular recording tracks, indicated schematically at



carbon and residuals are exhausted fromthe chanber. FIG 1 shows the
frequency of CID as a function of sputtering tinme using a hydrogen/argon
gas mixture. CID frequency is dramatically decreased after- 25 ar gon

cl eaning, shown at P100. Thereafter, CI D frequency increases with
time to al nost 40 percent after 20 hours of sputtering tinme, Pl e I n
order to avoi d wbD78444T he target nust be cleaned quite frequeﬂF%%EﬁQ& 8
Unfortunately, cleaning the target occurs during down time, which, as
descri bed above, . must occur quite frequently to avoid CIDs. Also, the

cl ganing process typically requires about “%n hour of down time to
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5 a slider 25 having a read/write head 26 for reading

information from and writing information onto the
magnetic discs 12. A voice coil motor 28 is adapted to
precisely rotate the actuator arm assembly 22 back and
forth such that the recording heads 26 move across the
10 wmagnetic discs 12 along arc 30. The discs 12 include a
recording surface 36 which is generally textured.

FIG. 3 is a schematic cross-section view of a
portion of the disc drive system 10 of FIG. 2 taken
along lines 3-3. The head gimbal assembly 24

18 resiliently supports the slider 25 over the disc 12. As
the disc 12 rotates, the textured recording surface 36
drags air underneath the slider 25 which allows the
slider 25 to "fly" over the surface of the disc. The

. head gimbal assewbly 24 allows the slider 25 to pitch

20 and roll while the head gimbal assembly 24 follows the
topography of the disc 12. The transducing head 26 may
occasionally contact the recording surface 36, in a
limited and intermittent fashion. This contact between
the slider 25, recording head 26 and recording surface

25 36 causes wear on the respective parts of the drive 10.
This wear can adversely effect the recording surface 36.

FIG. 3A is a more-detailed cross-section view
of a portion of the disc 12. The magnetic disc is
typically fabricated from a substrate 38 made £from

30 Al/NiP. The substrate 38 preferably includes a layer of
chromium (Cr) 39 sputtered thereon. Layer 38 is
employed to enhance the magnetic coercivity of the
recording surface 36, and is typically about 1500
angstroms thick. Thereafter, a magnetic layer 40 is



thereon by a process that can easily be inplenented and does not

pr oduce significant manuf acturing inefficiencies. 10

SUMVARY OF THE | NVENTI ON The present invention provides for a nagnetic disc
for use in a magnetic disc drive, the magnetic disc having a recording
surface wherein the recording surface includes a dual phase carbon
overcoat. The dWQ9M#de 15 carbon overcoat includes an anor PREHE6ABB0N
filmsputtered on a nagnetic |layer. A doped anorphous carbon filmis
sputtered on the anorphous carbon film The dual phase carbon overcoat of
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FIG. 4 shows a schematic view of an apparatus

50 for use in depositing the dual phase overcoat layer

10 42. Apparatus 50 is a single carbon process chamber
system, and is known in the art. Apparatus 50 incudes

a process chamber 52, exhaust pump 54 and gas outlet S56.

Gas outlet 56 is connected to a source of argon gas 58,

a source of gas including an argon mixture 60 (such as

15 a mixture of argon and hydrogen, argon and nitrogen, or
the like), and a control means 62. In one embodiment,
mixture 60 includes about 92 percent argon and about 8
percent hydrogen. Control means 62 is used to select
whether argon gas 58, or the argon mixture 60 is sent

20 through outlet 56 and intc the process chamber 52.
Carbon targets 65 and 65’ are positioned within the
process chamber 52 and within a flow of gas 66 emanating

from outlet 56. The gas 66 becomes a plasma when
subjected to a high voltage within the chamber 52.

25 Thus, the ions of the plasma bombard the carbon target
65. A disc consisting of substrate 38, chromium layer

39, and magnetic layer 40 suitable for deposition of an
overcoat layer thereon is indicated generally at 68, and
positioned within process chamber 52 proximate the

30 target 65. The targets 65 and 65’ are negatively
charged and bombarded with positively charged ions. The
plasma becomes "excited" between the targets 65, 65’ and

disc 68, and the resulting substance is deposited on the

disc 68, which is electrically grounded, as a thin film.



WD 97/ 04447

DESCRI PTION OF THE DRAWNGS FIG 1 is a prior art graph.

PCT/ US96/ 11818 - 7-

BRI EF

FIG 2 is atop

view of a disc drive with its upper casing renoved and enbodyi ng features
of the 5 f prgsent iEvention FIG 3 is a schematic cross-section view of a
portion of FI 2 taken along lines 3-3. FIG 3Ais a nore det of
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FIG. 5 shows a diagram of the carbon process
timing of the ions used to bombard the carbon targets 65
and 65°’. For each disc 68 placed within the process
chamber 52, the carbon targets are bombarded first with
argon ions exclusively for a period of time, or during
an *argon phase® indicated at T10 to create an amorphous
carbon film, and then exclusively by the argon mixture
of ions for a period of time, or during a "reactive
argon phase" indicated at T12 to create a doped
amorphous carbon film which together with the amorphous
carbon film provides overcoat 42. In one embodiment,
the time for the argon phase T10 is about 10 seconds,
and the time for the reactive argon phase T12 is about
13 seconds such that disc 68 is subjected to dual phase
overcoat sputtering T14 for approximately 23 seconds.
The doped amorphous carbon f£ilm can include hydrogenated
amorphous carbon, nitrogenated amorphous carbon, or the
like.

FIG. 6 shows a cross-section of disc 12 having
dual phase overcoat 42 deposited thereon. Dual phase
overcoat 42 cowprises an amorphous carbon film 70
deposited on magnetic layer 40, and doped amorphous
carbon film 72 deposited on film 70. The amorphous
carbon film 70, created by the dual phase process
depicted in FIG. 5 and during the argon phase T10, is
approximately 55 angstroms thick. The doped amorphous
carbon film 72 created by the dual phase process and
during the reactive argon phase is approximately 145
angstroms thick such that the overcoat is approximately
200 angstroms thick.



apparatus for effecting a process enbodying features of the present

i nvention. FIG 9 is another cross-sectional schematic view of a portion of
arigid mgnetic disc of a magnetic 25 di sc drive enbodyi ng features of
the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
Referring to FIG 2, a rotary magnetic disc drive systemsuitable for

i ncorporgti ng W@/ ngs of the present invention is shown HGUS%6/11818

di agrammatic form and 30 is referred to generally at 10. A plurality of
magnetic information storage discs 12 are_journal ed about a spindle notor
assenbly 14 within a housing 16. Each miéjf'rét ic disc.12 has a nmultiplicity

of concentric circular recggdijp tracks. dggg%ﬂ%%rﬁ%%gr?%bgal Qgggg_ WO
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Witi n'g i nf oPat hyAregesated amorphous carbon, arcing free time is about
80 hours after cleaning. This is a significant
improvement over the prior art, as indicated by FIG. 1,
and thus provides a significantly more efficient
manufacturing process. Additionally, the discs 12

10 created with such a process are typically of a better
quality than the prior art because the frequency of
CID’s is reduced to almost negligible. Discs 12 also
demonstrate tribological performance improvement over
discs of the prior art.

15 Moreover, it has been determined that arcing
free time increases when the argon phase T10 deposition
time percentage increases with respect to total carbon
process time Ti4. FIG. 7 shows a graph of arcing free
time as a function of argon phase T10 deposition time

20 for a single carbon process chamber system 50 and using
hydrogenated amorphous carbon. Arcing free time
increases from 30 hours to 72 hours when the argon phase
T10 deposition time increases from 18 percent (Gl) to 27
percent (G2) of the total carbon process time T1l4 in a

25 single carbon chamber system. When the argon phase
deposition time increases to 45 percent (G3), the arcing
free time increases to longer than five days.

In another preferred embodiment, a disc is
provided with a multiple layer dual phase carbon

30 overcoat. The process used to create such multiple
layer dual phase carbon overcoat includes subjecting a
disc without an overcoat to a series of dual phase
deposition processes. An apparatus suitable for
performing such a process is an Intevac MDP250,



magnetic discs 12. A voice coil notor 28 is adapted to precisely rotate the
actuator arm assenbly 22 back and forth such that the recordi ng heads 26
nmove across the 10 magnetic discs 12 along arc 30. . The discs 12 include a
recording surface 36 which is generally textured. FIG 3 is a schematic
cross-section view of a portion of the disc drive system 10 of FIG 2 taken
along lines 3-WO9Mdgfie head ginbal assenbly 24 15 resity 1818
supports the slider 25 over the disc 12. As the disc 12 rotates, the
textured recording surface 36 drags air underneath the slider 25 which
allows the slider 25 to "fly" over the surfife of the disc. The head gi nmbal

assenbly 24 allo Lger t i I ' t ad

gi mbal assenbly \éﬁn%"noﬁa?vt\:/s. t deﬁop%bé)agﬁgeg%t ﬁ%agiaﬁs)g éﬁ%‘%‘gat @r#}%dci ng
head 26 may occasi®Hdifiorndgnt ags tahoWwecchrmaticathice 106, FIG. o 8 @nded and
internittent fashiiniicHted t1pehreesol heappafitus? 250" GGddee ead 26

ri ve 10, Thi's v DERTLRH, &t SRSPERRRL S EATE T o SPa: HBsu P ze SSURG oA
i's a nore-det & | eounpss S49ecbibn Maewnd gaspoutlens G6a, hB6ki sT6Q2. Gabkhe
magnetic disc is toiietld ¥ehabsssAl5uE r@NbansetiSdd ¥t sdfrf@s o Pot)
Al /Ni P. The substrate §8 pg%ersgtg ys&qgéggeosf a Isaé/gr{ iosfti%hrgpauyar Crr2 39
sputtered thereon. 998 PA&er 580, j38¢. ga 8 g o
mixture 60a, 60b, 60c (such as argon and hydrogen, argon
and nitrogen, or the like), and control means 62a, 62b,
10 62c, respectively. In one embodiment, mixture 60a, 60b,
60c includes about 85 percent argon and 15 percent
hydrogen. Contrcl wmeans 62a, 62b, 62c are used to
select whether argon gas 58a, 58b, 58c, or the argon
mixture 60a, 60b, 60c is sent through outlets 56a, 56b,
15 S6éc and into the process chambers 52a, 52b, S52c,
respectively. Carbon targets 65a, 65b, 65c are
positioned within the process chambers 52a, 52b, 52c and
within flowing gas.66a, 66b, 66c emanating from outlets
56a, 56b, 56c, respectively. Thus, as described above,
20 ions bombard the carbon targets 65a, 65b, 65c. of
course, each chamber 52a, 52b, 52c can include two
targets 65a, 65b, 65c (not shown). A disc 68 including
substrate 38, chromium layer 39, and magnetic layer 40
suitable for deposition of an overcoat layer thereon is
25 subjected serially to the sputtering processes
{including reactive sputtering) as described above in
each process chamber 62a, 62b, 62c as it is moved along
an assembly line, or the like. Through sputtering, an
amorphous carbon film is deposited on the respective
30 disc. Thereafter, through sputtering a doped amorphous
carbon film is deposited on the respective disc. Disc
68a includes a dual phase overcoat. Disc 68b includes
a four layer dual phase overcoat. Disc 68c includes a
six layer dual phase overcoat. It is contemplated that



enpl oyed to enhance the magnetic coercivity of the recording surface 36,
and is typically about 1500 angstrons thick. Thereafter, a nmagnetic | ayer

40 is WD 97/ 04447 : PCT/ US96/ 11818
-9- sputtered on layer 39. The magnetic | ayer 40 preferably consists of a
cobal t/chrom unitantal um al | oy. The magnetic layer 40 is covered with a

dual phase oveW®9M0444ndi cat ed general |y at 42. The dual phBEEUSHIISE 5
overcoat includes at |east one |ayer of anorphous carbon filmand doped
anor phous carbon film as described in deif_i_l below. FIG 4 shows a

schematic view of an apparatus 50 for usé*Th depositing the dual phase

SyerEont 1 18 cude e f SRR Liyded LR TGRS

system and is known Int . ar a process chanber 52,
exhaust punp 54 Brgrogenated camorphens garber $F4ims andnadtragerrtedour ce

of argon gas 58, amofphous chrbes Edthuthegedm. ar gexcesst stbstdhdes utd as 15
Com rol " voons”oJeRpAAL N 4RSI, YAUE A S OEDTE 1 V) ST
argon'and ab&ut 8 In other words, the disc 68 is placed within
' each process chamber 52a, 52b, 52c¢ and proximate to the
carbon targets 65a, 65b, 65c which are bombarded first
with argon ions exclusively for a period of time, or
during an argon phase (indicated at T10 of FIG. 5), and
10 then exclusively by hydrogenated argon ions,
nitrogenated argon ions, or the like for a period of
time, during a reactive argon {(hydrogenated argon or
nitrogenated argon) phase (indicated at Ti2 of FIG. S5).
In one embodiment, each argon phase T10 is approximately
15 two seconds and each reactive argon phase Ti2 is
approximately four seconds. It is to be understood that
subjecting the disc 68 to three dual phase overcoat £ilm
depositions is not critical, and any number of dual
phase overcoat depositions may be employed in the
20 process of fabricating a disc.
FIG. 9 shows a cross-section view of disc 68c,
which can be substituted in disc drive 10 for disc 12,
having a multiple layer dual phase carbon overcoat 42a
created by subjecting the disc to the multiple dual
25 phase process described above and shown in FIG. 8. The
process described above creates six layers of carbon
overcoats, three layers of amorphous carbon film 70a,
70b, 70¢c and three layers of doped amorphous carbon f£ilm
72a, 72b, 72¢. The amorphous carbon films 70a, 70b, 70c
30 are each approximately 20 angstroms thick. The doped
amorphous carbon £ilms 72a, 72b, 72c are each
approximately 50 angstroms thick, such that the total
thickness of the overcoat 42a is about 200 angstroms.



percent hydrogen. Control nmeans 62 is used to sel ect whether argon gas 58,
or the argon m xture 60 is sent 20 t hrough outlet 56 and into the process
chanmber 52. Carbon targets 65 and 65' are positioned within the process
chanber 52 and within a flow of gas 66 emanating from outlet 56. The gas
66 becones a plasma when subjected to a high voltage within the _chanb § 52.
25 Thus, the weoer0ads7t he pl asma bonmbard the carbon target 65.1’"'5("5?693 18
consisting of substrate 38, chrom umlayer 39, and nmagnetic |ayer 40
suitabl e for deposition of an overcoat |ayer thereon is indicated generally
at ‘68, and positioned within process chaﬁ%gf 52 proxi mte the 30 t ar get

65.  The targets 65 and 63yhe ardyNedpijesldnaahargieskeindobesbaatied jw t h
positively charged ions. The pl asna becoggg "excited" betweepn the targets
t

65, 65' and di sc Sgnifdgankdyrwere haxd & %?Fﬁcé’rilé’?déﬁﬁsi?’é@ B A2 di sc
68, which is el e@gtited! | suiedinded rexdiss tdgratiches or WYEhEY/ (lahéige.

TS0l 818, Wiaplifc 298" Saflodil R, cBEeH°Fr' 8 SE00E dnd digion botD
exhaust punp $4. and a disc having the six layer-dual phase overcoat 42a

(with hydrogenated amorphous carbon films} thereon with

an EDC abrasion tester having five micrometers of SiC

tape, two pound load and five minute abrasion time,

which is a known carbon £film hardness tester and

10 configuration. Both overcoats were provided with the
same hydrogen content in the hydrogenated amorphous
carbon films. The number of scratches on the overcoat,
which indicates the hardness of the tested surface, were
counted with an optical microscope. The overcoat of the

15 prior art contained an average of twelve scratches per
surface. -~However, the six layer-dual phase overcoat
having hydrogenated amorphous carbon film was
significantly more hard and contained only about five
scratches per surface.

20 The wear index and stiction of the disc having
the dual phase overcoat, the disc having a multiple
layer dual phase overcoat wherein the argon phase was 40
percent and having hydrogenated amorphous carbon films,
and a prior art disc having only a hydrogenated

25 amorphous carbon film were determined using a Contact
Start Stop test (CSS) which is well known in the art.
Each disc was subjected to 5,000 Start-Stop cycles and
stiction was measured at 30 minutes of dwell.

For the prior art disc, the wear index was

30 measured at 1.49 and stiction was determined to be 6
grams. '

For the disc having the dual phase overcoat

wherein the argon phase was at 18 percent, the Wwear
index was 2.17, and stiction was 5.8 grams. For the



FIG 5 shows a diagramof the carbon process 5 timng of the ions used to
bonmbard the carbon targets 65 and 65'. For each disc 68 placed within the
process chanber 52, the carbon targets are bonbarded_fi rst with argon ions
exclusively for a period of tinme, or during an "argon phase" indicated at

T10 to create an anorphous 10 carbon film and then ech usi ve i}ﬂe
argon m xture owWOY4447or a period of time, or during a "react¥F Qé"sa’\lé’d

phase" indicated at T12 to create a doped anorphous carbon film which
together with the anorphous carbon film provides overcoat 42. In one
eﬂbodl rren]t 15 the time for the argon p‘I3r§Se TlO I s about 10 seconds, and
the tinme for the ct ve ar ase 13 secqgnds such hat
dis¢ 68 is subje pg2 g\?@f’c‘& Prr%:'rﬁtt ﬁgr? onflp}‘%se wa'ak
approxi mately 23 @ependent.'l'tté'ledvpeu indeopwegsl c’f aod ﬂl‘? ekt jon Wage

hydrogenat ed 20 me@masahoué Eaébgﬂamaltrnseaétt&%a@arrz%uﬁt@;ar eaveqr the

like. FIG 6 sho ss section of .dis hayi ng dual phase rcoat 42
~deposi ted thereovl%ﬁt%ﬁ’ ptﬂ’see R cbﬁfl ’ﬁZﬁ&?ﬁpﬂo e ala”rDrrﬁh“gu Y’ Fbon

film?70 25 Slepdtififedennenbefwsan they dnal(phased ovepeoat rbigsh ansl @alﬁbon
film 72 deposi teg:ﬁ%xf b d9sc, TEE SHIIPRAS imBFOREH fu;} .20 gr@hat ed by the

dual phase proce depi ct edo:':'ntllfel Ca:.sc: %ré‘%'u%‘_éf the muriet l%orlaerré‘%’s%uaio

phase overcoat, the average wear index was 1.857 with a
standard deviation of 0.32; and average stiction was
10 measured to be 2.17 grams with a standard deviation of
0.916 grams. Thus, the multiple layer dual phase disc
shows a significant improvement in stiction, of about

3.8 grams, over the prior art.
Additionally, the disc having the multiple
is layer dual phase overcoat is superior to that of the
prior art in terms of corrosion resistance. Corrosion
resistance was tested on a disc having a multiple layer
dual phase overcoat (wherein the doped amorphous carbon
films were hydrogenated amorphous carbon films) and a
20 prior art disc having a hydrogenated amorphous carbon
overcoat. To perform this test, three discs were put in
an Environment Chamber for five days, where temperature
and relative humidity were 60°C and 80 percent,
respectively. Another three control discs from the same
25 group were put in the normal atmosphere for the same
period. The particle numbers of specific elements,
normally transit metals, were measured on both the discs
in the Environment Chamber and the discs exposed to
normal atmosphere. The difference in the number between
30 these groups, indicates corrosion of the disc. It was
determined that the cobalt particle count difference
between the Environment Chamber and normal atmosphere is
about 2.5 parts per billion for the discs with the
multiple layer dual phase overcoat. The cobalt particle



approxi mately 55 angstrons thick. The doped anor phous 30 carbon film 72
created by the dual phase process and during the reactive argon phase is
approxi mately 145 angstrons thick such that the overcoat is approxinmately
200 angstrons thick. WO 97/ 04447 :

PCT/ US96/ 11818 -11 - It has been determned that the abovgéﬂﬂégﬁ '?ed
process signifi MM/ ncreases arcing free tinme (arcing is pr %o
CID s). For exanple, for the dual phase process described in FIG 5 using 5
hydr ogenat ed anmor phous carbon, arcing free tine is about 80 hours after

cl eani ng. This is a significant inprdééﬁent over the prior art, as

I ndi cated by FIG a oyl L gnigf i LCLERt '
manuf act uri ng pré%égg.%gfxgg?PP%néFgggegtEgngéggg§§&%B?DEg?@%%%dg§§th such
a process are tymosmplyatmosphere de ghant 116 pRaks: perppiblion faseshase t he
frequency of C Dpribg &f£€l@fskd withm™hé MWydrbgehhted Rifidiphcouisdlca®bon

it AR T TG L R T N R S MR

S corrosion resistance over the prior art by over 80

percent.

Details of the test results are shown below in

Table 1 wherein "E.C." represents data for the discs in

the Environment Chamber and "control" represents discs
10 in the normal atmosphere. |

TABLE 1

e

DUAL PHASE CARBON

E.C.

CONTROL

19.422
15

0.558 0.4 2.655 0.73

As is clearly demonstrated by the above test
20 results, both the discs and the process of the present
invention are superior to that of the prior art.
' Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
25 may be made in form and detail without departing from
the spirit and scope of the invention.



free time increases when the argon phase T10 deposition tinme percentage

I ncreases with respect to total carbon process tinme T1l4. FIG 7 shows a
graph of arcing free tine as a function of argon phase T10 deposition tine
20 for a single carbon process chanber system 50 and using hydrogenated
anmor phous car bon. Arcing free time increases from30 hours to 72
hours when t he wogeM4ghase T10 deposition tine increases fromPCIYSSFLISH
(Gl) to 27 percent (&) of the total carbon process tine T14 in a 25

singl e carbon chanber system \Wen the argon phase deposition tine

i ncreases to 45 percent (G3), the arcing¥%ee tine increases to |longer than
five days. In a hler referred gnbodi ment, a disc is provided with a

mul tiple | ayer %ﬂ#@#ﬁeﬁ—éo over coat . The process used to
create such mul tlpl e | ayen vethodel aanatbchuving @aagnet ladibss figrecti ng a

disc without an QVerGPal nagndcse’ 8fsc Urird! Rhpsesfiegosi tion processes.
An apparatus suitable for Qggform' n SuCTl{ri lEarloc SS is an | ntevac

MDP250, WD 97/ 04447 ~ Providing a partia nufactured magsftiishe/ 11818
-12- manufactured by the |Intevdis€Cinapaing &f uBgneti€l bayer thereon;

sputtering an amorphous carbon film on the
magnetic layer; and
sputtering a doped amorphous carbon film on
the amorphous carbon f£ilm.
2. The method of claim 1 wherein the amorphbus
carbon f£film is sputtered for a first period of time, the
doped amorphous carbon film is sputtered for a second
period of time, and wherein the second period of time is
greater than the first period of time.
3. The method of c¢laim 1 wherein the step of
sputtering a doped amorphous carbon film includes the
step of providing an argon and hydrogen gas mixture
having a hydrogen content of about eight percent.
4. The method of claim 1 wherein the doped
amorphous carbon f£ilm is one of hydrogenated amorphous
carbon film and nitrogenated amorphous carbon film.

5. The method of claim 1 wherein the doped
amorphous carbon f£ilm is hydrogenated amorphous carbon
film. '

6. The method of claim 5§ wherein:

the step of sputtering an amorphous carbon
film is performed during an argon phase
sputtering time;

the step of sputtering the hydrogenated
amorphous carbon film is performed
during a reactive argon phase sputtering
time;

a dual phase sputtering time consists of the
argon phase sputtering time’ plus the

| A O



California, as shown schematically in FIG 8 and indicated generally at

150. Apparatus 150 includes a plurality of process chanbers 52a, 52b, 52c,
exhaust 5 punps 54a, 54b, 54c and gas outlets 56a, 56b, 56c. Gas outlets
56a, 56b, 56¢c are connected to sources of argon gas 58a, 58b, 58c, sources

of gas consisting of an argon m xture 60a, 60b, 60c (such as %é{on@ggls
hydr ogen, ar gorwesmesd? r ogen, or the like), and control neans 25 . 10

62c, respectively. In one enbodiment, m xture 60a, 60b, 60c incl udes about
85 percent argon and 15 percent hydrogen. Control -nmeans 62a, 62b, 62c are
used to sel ect whether argon gas 58a, 5818-58c, or the argon m xture 60a,

60b, 60c is sent through outlets_5 5 5 c el QoL ,0CESS
chanbers 52a, 52b, 52c, resp’éﬁ??gfgﬁ/.gggo%apggné ts%rﬁggFgEBgSE'?ngéSb, 65¢C
are positioned within the procas@ chanbers 52a, 52b, 52c and within flow ng
gas. 66a, 66b, 66c emanat phd hfgbn PHdsR sphberhifp tivkCasr &shenitivy V.

Thus, as descri bed above, 20 ons bogbard the carb targe 53,, 65D,
65cC. O course, each chanber°g2§,i1952‘sﬂr‘,‘b£f52€ﬁ%%$ FﬁgggﬁﬂlﬁgoEgggggtss 65a,
65b, 65c (not shown). A disc 6Betweémdabgusulb8t parceB®, avdr @bowth [4yer 39,

and magnetic |ayer 40 suitabl e fprageposition of an overcoat |ayer thereon
s 25 subj ected seriall tg tﬁe Sputteri rﬁ]e e&r‘o%gsses <(>i ncA udi ng
reactive sputter?ng) as ddgermeeiedRf &laim 6 wierein the argon phase

sputtering time as a fraction of the dual phase
sputtering time is one of about 18 percent, about 27
percent, and about 45 percent.
8. The method of claim 5 and further comprising:
sputtering two layers of both amoxrphous
carbon film and hydrogenated amorphous
carbon film on the magnetic disc.
9. The method of claim 1 and further comprising:
sputtering two layers of both amorphous
carbon film and doped amorphous carbon
film on the magnetic disc.
10. A method of manufacturing a magnetic disc for
use in a magnetic disc drive, comprising:
providing a partially manufactured magnetic
disc; and
sputtering alternating layers of amorphous
carbon film and doped amorphous carbon
film on the partially manufactured
magnetic disc.
11. The method of claim 10 wherein the reactive
carbon film is one of hydrogenated amorphous carbon film
and nitrogenated amorphous carbon film.
12. A method of manufacturing a magnetic disc,
comprising:
providing a sputtering apparatus having a
first process chamber;

* C L M S *



each process chanber -62a, 62b, 62c as it is noved along an assenbly |ine,

or the Iike. Through sputtering, an anorphous carbon filmis deposited on
the respective 30 di sc. Thereafter, through sputtering a doped anorphous
carbon filmis deposited on the respective disc. Disc 68a includes a dual
phase overcoat. Disc 68b includes a four |ayer dual phase overcoat. D sc
68c includes awosrisaqgrer dual phase overcoat. It is contenpl aPEHUSHKIBIS \\O
97/ 04447 PCT/ US96/ 11818 -13- a disc
having nultiple |layers thereon may include both hydrogenated anorphous
carbon fil mand nitrogenated anorphous cat®oen filn1thereon (Excess

subst ance i s exhausted through, exhaust punps

ot her words, the disc 68 iRXQVifiag @ tRﬂPF‘é&&N maaeégst%%b@?m'amszb
52c and proximate to the carbordiisar havringSa, médret it aykirc hhareohpnbar ded

phase (1 ndi cated at T10 ot PEihel e spaldlaly HankefBpubha esdbea araon
hydrogenated argon ions, nidisSguikhin !’ﬁ‘%oﬁ‘i#ﬁ?n?‘m&Fthﬁh?@R%rfor a
period of tinme, during a repeiterdng gofiithy dlagendfeGmditphousr carbon
film on the magnetic layer; and
sputtering a first layer of doped amorphous
carbon film on the first layer of
amorphous carbon £ilm thereby creating a
dual phase carbon overcoat on the
magnetic disc.
13. The method of claim 12 wherein the step of
sputtering a first layer of doped amorphous carbon film
includes sputtering hydrogenated amorphous carbon f£ilm
on the first layer of amorphous carbon film.
14. The method of claim 12 wherein the sputtering
apparatus further includes a second process chamber, the
method further comprising: _
placing the magnetic disc within the second

process chamber;
sputtering a second layer of amorphous carbon
film on the dual phase carbon overcoat;
and
sputtering a second layer of doped amorphous
carbon f£ilm on the second layer of
amorphous carbon £ilm thereby creating a
multiple layer dual phase carbon
overcoat on the magnetic disc.
15. The method of claim 14 wherein the step of
sputtering a second layer of doped amorphous carbon f£ilm
includes sputtering hydrogenated amorphous carbon f£ilm
on the second layer of amorphous carbon film.

= ¢ L KM s x



nitrogenated argon) phase (indicated at T12 of FIG 5). In one enbodi nent,
each argon phase T10 is approximately 15 two seconds and each reactive
argon phase T12 is approxinmately four seconds. It is to be understood that
subj ecting the disc 68 to three dual phase overcoat filmdepositions is not
critical, and any nunmber of dual phase overcoat depositions nay be enpl oyed
in the 20 procWd7®#M4T abricating a disc. FIG 9 shows a crossPCHEWMARIY| cw
of disc 68c, which can be substituted in disc drive 10 for disc 12, having

- amltiple layer dual phase carbon overcoat 42a created by subjecting the
disc to the nultiple dual 25 phase proc@®s described above and shown in

FIG 8. The proc descri X f_carhon overcoats,.
three | ayers of gl'frs;'rphous ?ggbon ﬁ%&?gggﬁ}éﬁ w}ag%ggéﬁdaﬁrs 3 %gfépg of
doped anor phous GRPEFAtES|fHrther vopprises arthixdiprocess chamksr f thes 70a,

70b, 70c 30 ar gnethel FQPERSTET @é?ﬁégﬁgﬁngstrons thick. The doped
anor phous carbon filns 72a,_72p, are each aﬁﬁroxi pat el y 50 angstrons

thi ck, such that the total P}ﬂ?%eéeof“aﬂﬁ‘:b‘?/e t Wibhinsthe, bhixdg
angstr ons. WO 97/ 04447 procese chamber; PCT/ US96/ 11818

sputtering a third layer of amorphous carbon
film on the multiple layer dual phase
carbon overcoat; and
sputtering a third layer of doped amorphous
carbon film on the third layer of
amorphous carbon film.
17. The method of claim 16 wherein the step of
gputtering a third layer of doped amorphous carbon f£ilm
includes sputtering hydrogenated amorphous carbon film
on the third layer of amorphous carbon f£ilm.
18. A magnetic disc for use in a magnetic disc
drive, the magnetic disc having a recording surface
wherein the recording surface includes a dual phase
carbon overcoat.
19. The magnetic disc of claim 18 wherein the
magnetic disc includes a magnetic layer, and wherein the
dual phase carbon overcoat includes:
an amorphous carbon film sputtered on the
magnetic layer; and
a doped amorphous carbon film sputtered on
the amorphous carbon f£ilm.
20. The magnetic disc of claim 19 wherein the
doped amorphous carbon £ilm includes hydrogenated
amorphous carbon film.
21. The magnetic disc of claim 19 wherein the
amorphous carbon film includes a first thickness, the
doped amorphous carbon £ilm includes a second thickness,
and wherein the second thickness is greater than the
first thickness.

S+ ¢ L M 0§ %



-14- The six |layer-dual phase overcoat 1is significantly nore hard than
the prior art, and thus is better suited to resist scratches or other
damage. Overcoat film hardness was tested for a prior art disc 5 and a

di sc having the six |ayer-dual phase overcoat 42a (w th hydrogenated

amor phous carbon filns) thereon with an EDC abrasion tester ¥e

m cronet ers oW @4#4pe, two pound | oad and five minute abraE Sr%l

which is a known carbon film hardness tester and 10 configuration. Both
overcoats were provided with the sane hy%r ogen content in the hydrogenated
anmor phous carbon filnms. The nunber of s¢ 4t ches on the overcoat, which

di cat the h f
i ndi cates the hapgness of ohiG,dalad SULEAGE c148h 6 Rt g&sﬂnv&wmloftlcal

m croscope. The “OVer coat art contained ap aver
twel ve scrat chephnae §BF¥>%@Vemé’ﬂéﬁelmci‘a‘ﬁe%mr?%}éﬁ’eaﬁa‘l’ AR coat

having hydrogertﬁxesbn m&paﬁa&hﬁ@é eivers iofMdoped smqppHouwsarddypbamr e har d
and contai ned o abou f|v§ g@er ‘ﬂes per surface. 20 The
wear index and ME5PrPRe avi ng the dual phase_ overcoat, the
di s¢ having a mR3i pI e |a§ré¢ meﬁnssé%&foa% B r 22 nWPREeAPg&rhephase

was 40 percent aigh-YaParByst aapaataﬁb@wumemmﬁma {ihéDBdesrshen prior
art disc having OP llecf}og%%ragggngt rphous carbon film and nitrogenated
amorphous carbon £ilm.
24. The magnetic disc of claim 18 wherein the dual
phase carbon overcoat includes multiple layers of
alternating amorphous carbon film and doped amorphous
carbon f£ilm.
25. The magnetic disc of claim 24 wherein the
doped amorphous carbon £ilm includes one of hydrogenated

amorphous carbon f£ilm and nitrogenated amorphous carbon
£ilm.

26. A magnetic disc for use in a magnetic disc
drive, the magnetic disc comprising:

a rigid portion including a magnetic layer;
an amorphous carbon film sputtered on the
rigid portion; and
a hydrogenated amorphous carbon film
sputtered on the amorphous carbon film.
27. The magnetic disc of claim 26 wherein the
amorphous carbon film is sputtered directly on the
magnetic layer.
28. The magnetic disc of claim 27 wherein the
rigid portion includes a substrate having a magnetic
coercive 1ayer'thereon and wherein the magnetic layer is
attached to the magnetic coercive layer.
29. The wmagnetic disc of claim 26 and further
comprising:
a plurality of alternating layers of
additional amorphous carbon £film and

N A



25 anor phous carbon filmwere determ ned using a Contact Start Stop test
(CSS) which is well known in the art. Each disc was subjected to 5, 000
Start-Stop cycles and stiction was neasured at 30 m nut'es of dwell. For the
prior art disc, the wear index was 30 measured-at 1.49 and stiction was
determned to be 6 grans. For the disc having the dual phase overcoat
wherein the aW@97/0d#se was at 18 percent, the wear index waBCHUS96/118i8q
stiction was 5.8 granms. For the WO 97/ 04447

PCT/ US96/ 11818 -15- dual phase overcoat disc wherein the argon phase was at
45 percent, the wear index was 1.88 and™44ie stiction was neasured at 4.8

grans. As determned fromt heagggny?%jé%ggge g@e&gﬁgréﬂgﬁéd__d%mpot show

a-remarkable 5 difference between phase overtoat disc and the
prior art disc, stiction was FipRovesPeitered goanstheorhydrogenateadivi ng t he
multiple |ayer dual - phase ovamépdhous hearbel Fdemear index was 1.857 with

3 ghendard Sevial! o0 o St ledte gt 4 CHEL 95 URerelRUASY (O D0
. amorphous carbon f£ilm is sputtered directly on the
magnetic layer.
31. The wagnetic disc of claim 26 and further
comprising:

a middle amorphous carbon £ilm sputtered on
the hydrogenated amorphous carbon film;
and

a middle hydrogenated amorphous carbon f£ilm
sputtered on the middle amorphous carbon
film.

32. The magnetic disc of claim 31 and further
comprising:

a top amorphous carbon film sputtered on the
middle hydrogenated amorphous carbon
film; and

a top hydrogenated amorphous carbon £ilm
gsputtered on the top amorphous carbon
£ilm,

33. A magnetic disc drive, comprising:

a chassis;

a transducing head mounted on a slider; and

a rigid magnetic disc rotatably mounted to

' the chassis and proximate the
transducing head, wherein the magnetic
disc includes:

a magnetic layer;

an amorphous carbon film sputtered on
the magnetic layer; and

a doped amorphous carbon film sputtered
on the amorphous carbon £ilm

| R



0.916 grams. Thus, the nultiple | ayer dual phase disc shows a significant
i nprovenent in stiction, of about 3.8 grans, over the prior art.
_Addi tionally, the disc having the nmultiple 15 | ayer dual phase overcoat
is superior to that of the prior art in terns of ‘corrosion resistance.
Corrosion resistance was tested on a disc having a nultiple_|layer dual
phase over coNOYNM&#7ei n t he doped anor phous carbon fil s me?@“ﬁ?ﬁp &nat ed
anor phous carbon filnms) and a 20 prior art disc having a hydrogenated
anor phous carbon overcoat. To perform{this test, three discs were put in an
Envi ronment Chanber for Hvedmw,vmééﬁemmmumeemdraaﬂvehumdny
were 60[err] Cy nd 80 pe&.ﬁgngnal#giggctdfl;é ydr#@é’t e {%ﬂﬁg GentLgly discs
fromthe sane”25 group Were p I'n the normal at nosphere for the sane
peri od. The fyather) eomprbeingof specific el enents, normally transit
metal s, were neasured o bgilarhlttg sof | naltwrdatingonenferdhanber and the
di scs exposed to nor mal at”Q%ﬂﬂﬁﬁ.nPIhemﬂghéﬁﬁﬁpcgaLﬂoﬁhq?ﬂﬂﬁbgﬁ bet ween 30
t sc. | T was de '

t hese groups, indicates corrosion o he s d ern[neg that the

cobalt particle count differadditionale8apedcamexphoifregrboRa#ddm, and nor mal

at nosphere is about 2.5 partspytalerieid bhoBhéOdopd® dhickphovst Bakbenmul tipl e
| ayer dual phase overcoat. Tgfhgobalt particle
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WO 97/ 04447 PCT/ US96/ 11818 - 16- count

at nosphere i s about
16 parts per billion for the prior art discs with the hydrogenated

i nvention inprove 5
corrosion resistance over the prior art by over 80 per cent

di f ference between the Environnent Chanber and nor nal

anor phous carbon overcoat. Thus, discs of the present

test result sWOREMMIWN below in Table 1 mhereln "E. C

repr“é‘?ﬁ@@@a ; H)Hra

the discs in the Environment Chanber a ‘control" represents discs 10 in
t he normal at nosphere. TABLE 1 DUAL PHA EDCARBCN PRIOR ART E. C
CONTRCOL E. C CONTROL MEAN - 4. 258 1.82 19. 422
4.021 15 ( : U555 o7 —Z 055 T 0.73 (ppb)
As is clearly depphst rated by—t-he-above test 20 results _haotlh e di scs and
t he process of tlheg present jnvention are superior to that of Jthe prior art.
Al t hough the prdsbn%—#n¥enLLen—¥Euh4Mua} o
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described with reference to preferred enbodi nents, workers skilled in the

art will recognize that changes 25 may be made in formand detail wthout
departing fromthe spirit and scope of the invention. WO 97/ 04447
PCT/ US96/ 11818 -17- WHAT IS CLAIMED | S: 1. A et hod of manufacturing

a magnetic disc for use in a magnetic disc drive, conprising: providing a
partial |y manuwwaetesser nagnetic di sc having a magnetic | ayerl’ﬁﬂﬁﬁs’éﬂﬁls
sputtering an anorphous carbon filmon thg ﬂpgnetic | ayer; and sputtering a
doped anor phous carbon filmon the annrphoﬂs carbon film 2. The

met hod of claim 1 wherein the anorphous carbon filmis sputtered for a
first period of tinme, the doped anorphous carbon filmis sputtered for a
second period of tine, and wherein the second period of tine is greater
than the first period of tine. 3. The met hod of claim1l wherein the
step -of sputtering a doped anorphous carbon filmincludes the
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step of providing an argon and hydrogen gas ni xture having a hydrogen

content of about eight percent. 4. The nmethod of claim1l wherein the
doped anor phous carbon filmis one of hydrogenated anor phous carbon film
and nitrogenated anorphous carbon film 5. The nethod of claim1

wherein the dqged anor phous carbon filmis hydrogenated a hous carbon
film 6. thod of claim5 wherein: the step of sﬁé&

anor phous carbon filmis perforned duriqg an argon phase sputterlng tlne
t.he step of sputtering the hydrogenat edAfor phous carbon filmis perforned
during a reactive argon phase sputtering tine; a dual phase sputtering tinme
consi sts of the argon phase sputtering tinme plus the WD .97/ 04447

PCT/ US96/ 11818 -18- reactive argon phase sputtering time, and




t he argon phase sputtering tinme as a fraction of the dual phase sputtering
time is between about 18 percent and about 45 percent. 7. The et hod
of claim6 wherein the argon phase sputtering tine as a fraction of the
dual phase sputtering tine is one of about 18 percent, about 27 percent,

and about 45 percent. 8. The nethod of claim5 and further
conprising: sPWOO&PAY two | ayers of both anorphous carbon fPERPSR6A1818
hydr ogenat ed anor phous carbon filmon the nmagnetic disc. 9. The

met hod of claim1 and further conprising:488uttering two layers of both
anor phous carbon filmand doped anorphous carbon filmon the magnetic disc.
10. A nmet hod of manufacturing a magnetic disc for use in a magnetic
disc drive, conprising: providing a partially manufactured magnetic disc;
and sputtering alternating |ayers of anorphous carbon filmand doped

anor phous carbon filmon the partially manufactured magnetic disc. 11.

The nethod of claim 10 wherein the reactive
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carbon filmis one of hydrogenated anorphous carbon film and nitrogenated
anor phous carbon film 12. A net hod of manufacturing a magnetic disc,
conprising: providing a sputtering apparatus having a first process
chanber; WO 97/ 04447

PCT/ US96/ 11818 -19- providing a partially manufactured magnetic disc having
a magnetic | a8 con: pl acing the partially manufact ur eSCTEHEIPE gi sc
within the first process chanber; sputtering a first |ayer of anorphous
carbon filmon the nmagnetic |ayer; and gghﬁtering a first layer of doped
anor phous carbon filmon the first |layer of anorphous carbon filmthereby
creating a dual phase carbon overcoat on the magnetic disc. 13. The
net hod of claim 12 wherein the step of sputtering a first |ayer of doped
anor phous carbon filmincludes sputtering hydrogenat ed anor phous carbon
film
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on the first layer of anorphous carbon film 14. The nethod of claim
12 wherein the sputtering apparatus further includes a second process
chanber, the nmethod further conprising: placing the magnetic disc within

t he second process chanber; sputtering a second | ayer of anorphous carbon
filmon the dual phase carbon overcoat; and sputtering a Secon%%ﬁﬂs]uff
doped anor phouswW@aT¥44Y fi |l m on t he second | ayer of anorphous 5 m
thereby creating a nultiple | ayer dual phase carbon overcoat on the
magnetic disc. 15. : The method of clai m 18/therein the step of
sputtering a second | ayer of doped anorphous carbon fil mincludes
sputtering hydrogenated anorphous carbon filmon the second | ayer of

amar phous carbon film WO 97/ 04447

PCr/ US96/ 11818 -20- 16. The met hod of claim 14 wherein the sputtering
apparatus further conprises a third process chanber, the
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met hod further conprising: placing the magnetic disc within the third
process chanber; sputtering a third | ayer of anorphous carbon filmon the
mul ti pl e | ayer dual phase carbon overcoat; and sputtering-a third | ayer of
doped anorphous carbon filmon the third |ayer of anorphous carbon film
17. The nethod of claim 16 wherein the step of sputtering a third

| ayer of dopedVM/M#Bus carbon filmincludes sputtering hydﬁ%a 18
anor phous carbon filmon the third | ayer of anorphous carbon film 18.

A magnetic disc for use in a magnetic disc gmgve, the nmagnetic disc having
a recording surface wherein the recording surface includes a dual phase
carbon overcoat. 19. The magnetic disc of claim 18 wherein the
magneti c disc includes a magnetic |ayer, and wherein the dual phase carbon
overcoat includes: an anorphous carbon filmsputtered on the magnetic

| ayer! and a doped anor phous carbon filmsputtered on the anorphous carbon
film 20. The magnetic disc of claim19 wherein the
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doped anor phous carbon fil mincludes hydrogenated anorphous carbon film
21. The magnetic disc of claim 19 wherein the anorphous carbon film
includes a first thickness, the doped anorphous carbon filmincludes a
second thickness, and wherein the second thickness is greater than the
first thickness. WO 97/ 04447 PCT/US96/11818

PCT/ US96/ 1181%o97@44422. The magnetic disc of claim 18 wherein the
dual phase carbon overcoat includes three lg%ﬁéf of anorphous carbon film
‘and three | ayers of doped anorphous carbon sputtered thereon. 23.

The magnetic disc of claim22 wherein the three |ayers of doped anorphous
carbon filmincludes Ene of hydrogenat ed anor phous carbon film and
ni t rogenat ed anorphoup carbon film 24. The magnetic disc of ¢l aim 18
wherei n the dual phasge carbon overcoat includes multiple |ayers of
al tegnati ng anor phodsi<carbon fil mand doped anorphous carbon film 245.
The magnetic disc o b d—Nherei-A-t-he- {3
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doped anorphous carbon filmincludes one of hydrogenated anorphous carbon
fil mand nitrogenated anorphous carbon film 26. A magnetic disc for
use in a nmagnetic disc drive, the magnetic disc conprising: a rigid portion
i ncluding a magnetic |ayer; an anorphous carbon filmsputtered on the rigid
portion; and a_ hydrogenated anorphous car bon filmsputtered on the
anor phous car bol@ ’?‘ﬁ‘?’ 27. The magnetic disc of clai m 2BCHIRRIEE ¢ he
anor phous carbon filmis sputtered directly on the nagnetic |ayer. 28.
~ The magnetic disc of claim27 wherein the ri¥#@ portion includes a
substrate having a magnetic coercive |ayer thereon and wherein the nmagnetic

| ayer is attached to the magnetic coercive |ayer. 29. The magnetic
disc of claim26 and further conprising: a plurality of | ternating
| ayers of additional anorphous carbon film and WO 97/ 47
PCT/ U596/ 11818 _ (:g/
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-22- additional hydrogenated anorphous carbon film sputtered on the

hydr ogenat ed anor phous carbon film 30. The magnetic disc of claim 29
wherei n the anorphous carbon filmis sputtered directly on thée nagnetic
| ayer. 31. The magnetic disc of claim26 and further conprising: a

m ddl e anor phous carbon fil msputtered on the hydrogenated anorphous carbon
film and a m JMPE"AM4Ir ogenat ed anor phous carbon filmsputter s

m ddl e anor phous carbon film 32. The magnetic disc of claim31 and
further conprising: a top anorphous carbonigfMpm sputtered on the mddle
hydr ogenat ed amor phous carbon film and a top hydrogenated amorphous carbon
filmsputtered on the top anorphous carbon film 33. A magnetic disc
driwe, conprising: a chassis;
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a transduci ng head nounted on a slider;
nounted to the
t he magnetic disc includes:
sputtered on the magnetic |ayer;
sputtered on the anorphous carbon film

PCT/ US96/ 11818 ZSP@T TR RSN
conprisin plurality of

further

and
and pr oxi mat e
a ‘magnetic | ayer;

chassi s

and a doped anorphous carbon fil g
WO 97/ 04447

HoSR - bRb Xz C! @i m
albipraationsh Biremy

a rigid magnet AFok R4 & at abl y

the transduci ng head, wherein
an anpr phous .car film
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(57) Abstract

A magnetic disc (12) for use in a mag-
netic disc drive (20) is provided. The mag-
netic disc (12) includes a recording surface (36)
wherein the recording surface (36) includes a
dual phase carbon overcoat (42). The dual
phase carbon overcoat (42) includes an amor-
phous carbon film (70) sputtered on a magnetic
layer (40). A doped amorphous carbon film
(72) is sputtered on the amorphous carbon film
(70). The dual phase carbon overcoat (42) has
demonstrated improved hariness, reduced stic-
tion and superior corrosion resistance over the
prior art. A method of manufacturing the mag-
netic disc (12) is also provided. The method
includes providing a sputtering appratus (50)
having a process chamber (52), providing a par-
tinlly manufactured magnetic disc (68) having
a magnetic layer (40) thereon, placing the par-
tially manufactured magnetic disc (68) within
the process chamber (52), sputtering an amor-
phous carbon film (70) on the magnetic layer

(40), and sputtering a doped amorphous carbon
film (72) on the amorphous carbon film (70).
due to down time cleaning and avoids catbon
induced damage to the discs (12).
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