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OF THE I ION
Fi he Invention
This invention relates to an apparatus and method
for the manufacture of a magnetic recording disk and,
5 = in particular, to an apparatus and method for the
manufacture of a disk having a protective overcoat of
a hydrogenated carbon film.

ripti el

10 Dielectric films such as Al,0;, SiyN,, SiO, and
' carbon, have a variety of technical applications.
These applications include the use of these films as
protective -coatings such as for magnetic heads,
- ..interlayers for integrated circuits and overlayers for
15 - magneto-optical media. In view of the widespread use
of these films in high technology applications and the
need for precise control of film properties for such
~applications, film manufactu_ring processes embodying
 rapid, high yield, and easy-to-control production

20 methods with high yieldé are very desirable.
Sputtering techniques have .been used to deposit
these films. For example, United States Patent No.
4,737,419 relates to a direct current magnetron
sputtering procéss for depositing a carbon overcoat
25 suitable for use over a magnetic recording layer
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power supply Leybold’s Electronics Newsletter of January 1994, No.

15 5, pages 14-17, describes a mid-frequency reactive
sputtering process for the deposition of Si;N, onto a
static substrate. Aiso, Scherer, et al., in an article
entitled "Reactive Alternating Current Magnetron _
Sputtering of Dielectric Layers", J. Vac. Sci. Technol.

20 A 10(4), Jul./Aaug. 1992, pages 1772-1776, teach
alternating current reactive magnetron sputtering of
Al,0;, SizN, and Si,g0,,N,. In each of these
publications, magnetrons were positioned side-by-side
and coupled with a mid-frequency 10 kW power supply

25 working at 40kHz. Power was split between the
magnetrons so that each magnetron acted for one-half of
the cycle as a cathode and for the other half of the
cycle as a dc-conducting anode to discharge charge
‘buildup, thereby redu_cing the probability of arcing

30 while maim;ainihg continuous sputtering.

Alternating current magnetron sputtering processes
have been used to deposit carbon films. For example,
United States Patent No. 4,778,582 relates to carbon
films sputtered over a magnetic thin film recording

35 layer. A 200A_ carbon film was formed on a grounded
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characteristic f the filmcan cause variation per rmance
-~ and theref'or'e'ws‘ RgPartigudar pgientation is deposited onto the

‘substrate. For example, in the deposition of films

15 serving as magnetic thin f£ilm reéording layers,

‘obliquely incident sputtering flux can cause

significant nonuniformities in the deposited film’s

. morphology or thickness or both. Variations in these

- characteristics of the film can cause variations in

20  film performance and therefore are undesirable. One

approach to this problem is to fit sputtering chambers

with shields havin‘g surfaces intervening in the space

‘between the magnetrons and the surface of the substrate

' to be coated. These shield surfaces intercept the

25 obliquely incident sputtering flux so ' that only

sputtering flux having a particular angle of incidence

relative to the substrate is deposited on the
‘substrate. " Thus, f£ilm morphology can be controlled.

. When wused, these shields are positioned to

30 'surround each magnetron or to extend from the magnetron

to a position -between the sputtering target and the

substrate. For planar magnetrons, for example,

shields typically are panels arranged to form a

rectangular structure that circumferentially frames

- 35 each magnetron and have an opening facing the substrate



approach to thls problemis to fit sputtering chanbers wi th shields

havi ng surfaces intervening in the space bet ween the net r ons and
the surfa®¥@ 0% substrate to be coated. These sth%ﬁ’%%P?%bes

i ntercept the 25 obliquely incident sputtering flux so that only
sputtering flux having a particul ar a'nd € of incidence relative to
the substrate is deposited on the substrate. Thus, film

nor phol ogy can be controll ed. When used these shields are

posi ti oned to,& facé“erEQH cg n@ggféggtc ﬂﬁl gggsgégg}%gggnggnetron

to a position Detwesn’ the s erlng For
pl anar magnet rmem gagh exghigld towamhi dhes supst:mltle/ sarfaceanebs

arranged to {Qkfdade the 5ﬁ5ﬁﬁegakaflﬁ&rHQE%E?a?Q%h circunferentially

frames 35 each negnetron and have an openi ng t he substrate WO
96/ 09622 drawback to the use of ¢ngeggg¢g@39gh1elds in

- 4- 5 SU§ m@erﬂz@nap@aehtwesoug Ctha'tQUtElQé' it imdR ety of
ace to i ncrease the anount

from each shie d the substrate sur
of 11 o1t or cepib HEBSad ffor G & i, BHPAtTAt R mas Dey TEORAER Fonan
fsh: el (cjis in 5unaa¢n:epteablm Apmaravelesfromt ant etcgmomcc npéespateivt. o

il mdepositi 0g ufst e reduc naccept abl y
| ow | evel froﬁﬁéﬁﬂ%co%gﬁ? %%r?%@%ﬁgygk%° a 3%@1I%P?€€ﬁ§§n%epﬁ8§§Fﬁle to
adj ust sput t erpanpmeters sto counperactt ¢he treductien acadjwstmenticEbon,

G usi Ay (o ditbae (BEREMERERECAIRY MakroBE! Yo [AEcRRLCE Ynd Ml ™

deposite e extent at t or the
ori ginal pur pdiRPQRLEedq. possibly teathen ¢¥Fﬁ§thet\l@tal gbebefaim oiged by ‘

pl asma deé 'thcS‘r the &¥dy Qﬁ&%b 84; eaéeaes%edf eactive 15 g
yr ogen or var| §u$%te$§eﬁaegagy§ 2BR Desr s kqrmed: By VELaBRBCesses,
it is diffi dddompdsition of  hydrocarbon gases or reactive
15 sputtering from a graphlte target in the presence of
argon and hydrogen or various hydrocarbon gases. With
such reactive processes, it is difficult to
consistently produce films with desired properties
because of difficulties in <control of chemical
20 dissociation of reactant species and the site. of
reaction between the surface upon which deposition is
desired and the gaseous'environment. Other drawbacks
include production of an insulating f£ilm on the target
inhibiting additional sputtering therefrom, deposition
25 of contaminants onto the substrate or composition or
morphology nonuniformities.
Also, the abstract of Japanese Kokai 60-157725
'desc:ibes the sputtering of a polymerized hydrocarbon
'fiLm in an atmosphere containing a gaseous hydrocarbon.
30  Generally, such polymerized films are insufficiently .
hard to satisfy current specifications for protective
overcoats for magnetic thin film recording media.
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dielectric material. _
An additional object of the present invention is
15 to facilitate tailoring ' of the properties of the
sputtered £ilm. '

‘'These and other dbjects are achieved through an
apparatus and a method according to the present
invention in which adjacent magnetrons successively act

20 as a sputtering cathode and then as an anode in
accordance with the frequency of an alternating current
power supply and in which electrons in the plasma are
kept close to the sputtering target by direction of the
electrons to the anode via an apertured baffle between

25 the magnetrons. ' -

An apparatus according to the present invention
- includes a pair of magnetrons having targets and
disposed within a sputtering chamber, the targets
positioned adjacent to each other and acting as a
30  common sputtering area for the deposition of a film; an
alternating current power supply connected to the
magnetrons so that each target in t-he_ pair alternately
functions as a -é"puttering cathode and then as an anode
according to the frequency of the aiternating current;
35 and a shielding means between the magnetrons, the
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15 The :anent:.on w:.ll ‘be better . understood by
reference to the figures of the drawings wherein like
numbers denote like parts throughout and wherein:

Figure lA:Ls a cross-sectional plan view of a
'sputtering - apparatus  according ' to the present
20 invention; | . _
| ~ Figure 1B is a side view of an apertured shield
for an apparatus according to the .presen_t_ invention;
Figure 2 is a graph of the variation in Raman G
Band Peak for carbon films as a function of gas flow
25 rate and pressure; oo
Figure 3 is a graph of the variation of carbon
f:l.lm thickness as a functlon of. gas flow rate ‘and
pressure, and .
Figure 4 :.llustrates the effect of temperature on
30 ' ¢SS performance for magnetic recording disks.

Dielect'r_ic_' f:les may be depos:.ted using a
sputtering apparatus acc_:_o:ding - to.. the present
35  apparatus, as exemplified in Figures 1A and 1B.
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_ Processes and Technigues, edited by Klaus Schuegraf,
Noyes Publications, 1988, pages 291-317. Additional
magnetrons, shields and gas distribution lines, not
shown in Figure 1A, can alsoc be positioned within the
15 sputtering chanber to deposit'film on each side of the
 substrates. |

In an apparatus according to the present
invention, the magnetrons are adjacent, i.e., side by
side, each other on the side of the chamber and each
20 pair is coupled to an alternating current power supply
26 Because of the cyclic nature of the current being
supplied to the magnetron pair, each target in the pair
sputters for one-half of the cycle, i.e., the magnetron
acts as the cathode, while for the other half of the
25 cycle, the magnetron acts as an anode, discharging any
charge buildup. = Alternating current power desirably
has a high enough frequency so that the periods during
which charge buildup occurs is very short to reduce the
'proba'bility of arcing, but not so high as to require
30 . the extensive shielding needed with radio and other
high frequency power s'upp'li'"es. A suitable power supply
is a 10 kW mid-frequency power supply model PE 10K
manufactured by Advanced Energy Company of Fort
Collins, Co. Shielding of the sputtering chamber from

35 this power supply is unnecessary.
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. - apertures therethrough depend upon the dimensions of

15 the magnetrons used. ‘and the ~extent of shielding
desired. In an apertured shield hairing dimensions 12.8
cm x 5.0 cm x 86.5 cm (length by width by height), it
is useful to have seven openings 1.9 cm x 9.6 cm along

_ the length of the shield so that transverse paths are

20 provided for electron travel between targets. The
apertured shield may be ¢onstructe_d of a material such
as stainless steel. . _

Deposition may be onto a static substrate or a
substrate bei_ng transported past the magnetronms.

25 Properties. of sputtered films are affected by
process parameters such as gas flow rate and sputtering
pressure. . The effect of changes to these process
parameters on the properties . of carbon films is
‘summarized in Table 1. The carbon films in Table 1

30 - were deposited on 95 mm nickel-plated aluminum disks on
which 1100A Cr and 520A CoCrTa films were previously
deposited at 190°C.
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- 10 - wooemeszz Vear performance appears to be correl at pgriusssRagey
G Band Peak position. Pol ycrystal |l i ne graphite has bands at about

1357 cnferr] and 1580 cnferr] (the "G gnd"). Dat a suggests that fil ns
havi ng G Band Peak position 5 between 1357 cnferr] and 1580 <cnferr]

have good CSS performance, as shown in Table 1. Mbdeling studies

i ndicate that the G Band Peak position is influenced by flow rate and

pressure, as shown Wéaflwﬁoﬁnam dppears to besgerrédgted thaRaman

S et BB o ponte 2 Eepder AEITRS AR el

?f chaﬂgesfl n h;ﬁudélamva.hoatamasgpamf%ran@ pﬁeﬁsame (the Ae BandBe¢.seen
romthis fig | gl hi ?@ﬂg t he
sane period o?ﬁ%a Q%&%@‘B |t%lcatrt afsil(lrwstﬂair?#g\?v rate: ncr egts:?%w?essure
tends to5 krttweene 1BE7raceE’ of apem d&&%i 16w, have  goodir Gf8ss

al so varies éffoﬁﬂék&é@“ B8 RRSASSin Tam@ aﬂetern&odeliﬂgirsaaalésntent

of about 15-50v%jn r | ns, has.,b t th t
T m o0 har ialcate CHAY cha & PRt Baak POSELSY A8 iRSLHEACR] BY

nmedia. (ThesefMsw marm@apﬁdsmranaasssnowm ig Eﬁ]gure 2N&1$u€atboa Film

cont ent. ) Thi S-4eet" Sqfly Pan rpo BFFREED 2 FRHPRAEERE"o non

over coatm 25  for Migmeeic3t hpreSentsr eg@raphicaleld a andquadibabive

{ Y De desistbd o obEagubes Rl el T Neprbon ffiﬁseasekaasaydrogén‘

gas or a hydroc tion- nert sputtering gas
typical ly argo?f changesnipagabBcfilew %(ﬂ}%eﬁ@éﬁ%ﬁrm PresguR8ve been

30  produced Ay ehheru@tseenmf&wttﬁ@gne&ga&esptﬂﬁ@féamn 1y ERLbBRds® of
the present invention I n an atnosphere gon havin 1% v% et hyl ene.

Internal fil m&timsscapabe é’f?ﬂ"r?dtﬁqdan’cnrﬁhﬁ pﬁ.me periql of i FiRg BY 3
sputteregs fil MncFeistAgNEhE fldw iratd. IfRTeadiny preeure eehher tbi ghly

compressively &)ecrease the rate of film depos:Lt:Lon

Hardness also varies with sputtering process
parameters. Hydrogen content of about 15-50v% in
carbon films has been associated _ﬁith adequate film
20 hardness for overcoats for magnetic thin film recording
media. (These values are based on analyses using an
N&K Carbon Film Analyzer which measured optical
properties correlated with hydrogen content.) This is
an especially attractive feature for carbon overcoats
25 for magnetic thin £ilm recordingl media and therefore,
it may be desired to carry out sputtering in the
presence of hydrogen gas or a hydrocarbon' gas, in
addition to the inert sputtering gas, typically argon.
"In particular, hydrogenated carbon films have been
30 - produced by alternating current magnetron sputtering
methods of the present invention in an atmosphere of

argon having 15 v¥% ethylene.
Internal film stress plays an important role in
the utility of a sputtered film. For exainple, it is
35 desirable to avoid either highly compressively or

y
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- 11 - highly tensile stressed filmconditions for '

per for mar¥Q268%22 5 hon overcoat for a magnetic thin fﬁ#ﬁ#@%@or i ng

' medi a. The tenperature at jch an overlying carbon film5 S
deposited may be significantly influe d by the heati ng requirenments
for layers previously deposited on the substrate, e.g., nucleating or
magnetic thin film recordi ng l-ayers. I'n particular

determning f properties. r re deposi t
carbon. films THRGCR) aBgReGREhsE FVR¥EPREYEPE. @ magnefiks ckhinhe

tenperature ateim Geddtding Wmeedjc film i s deposited may adversely
affect the subsequent 15 de ositionvgg t.he carbon ng it may

. er. Thus,
be desirabl e tI% FSMRHAYAR 3L 18R A0 RYFELYIng carH@Eog?-H“on and
-prior tosdepodid i @epositéd emybdvefl idignificantly Enfgluenéedl Ihystthees the

B g L
deposi t ed ont chaul=ubstxate ni ekgl , phucdeationg mammagnet iggletin ufil B80A
Cr/ 500A CoCr T@enﬁrﬁiﬁeﬁaﬁ}&@pd in the second group the carbon

e er

filmwas deposi . substrates at 140[err]C.  The disks were
lubricated w th 25 In PPRECASHAAT . of teMperature? At awaizhs depagibiieRs for

whi ch tRg car pimizd BHRDHAPS i dRFh i ddRE oF61€ 1Rldetermin®hgt EXEhY | Over

-overall average and average "peak sjiction values and therefore nore
attractive CSPTOPertings ofiph@xample, it may,be fesired henHeRPEihg
exanpl e il ustdaaitisn afilms Mﬁoctocmorzda?@eti@ rdtdrdimsebayersyent i on

enperat ure aﬁi‘{?{iﬂl@ CERgsi bl Q‘Er%%lggdog%a![r%l g,éﬁggkinéyébe%%‘;;%ﬁfg%lééo ern

for 9ePQRl vk 2 TR RIS £ 28 DR L SUER & ABGHSELE £ilm
is deposited may adversely affect the subsequent
15 deposition of the carbon layer. Thus, it may be

desirable to  cool the substrate after magnetic
deposition and prior to deposition of the carbon f£ilm.

Figure 4 illustrates the relative CSS performance
over 15000 cycles for two groups of magnetic recbrding

20 disks. In the first group, a: 200A carbon film was
deposited onto substrates (niékel plated aluminum-
magnesium/550A Cr/S500A CoCrTa) at 190°C and in the
second group the carbon £ilm was deposited over
"substrates at 140°C. The disks were lubricated with

25 PFPE layers of 18A, 21A, 24A and 27A. The disks for
which the carbon £ilm was deposited at 140°C had
relatively lower overall average and average peak
stiction wvalues and therefore more attractive CSS
' performance. '

30 The following ‘nonlimiting example illustrates a
method according to the present invention for
depositing a hydrogenated carbon f£ilm onto a magnetic
thin £ilm recording medium.
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Exanpl e 1 WO96/09622 1 deposition systemwas a vertical iﬁgFI.iUrslgesnzs”
sputtering systemdescribed in U S. Pa gnt Application Serial No.
07/681,866, filed April 4, 1991, and™ U Patent Application Serial
No. 08/121,959, filed Sept enber 15, 1993, both applications assigned
to the assi gnee of the present invention and incorporated her ei n

intheir entireties by reference. Inj bpn sputtering chanber,
two pl anar magnetrons (90 cm x 10 % 1.81 cm), each with a 99.9

Wt % gr aphi te t Bhgetderepbrien Wﬁ%%‘@h Wit cidal MpTvdcals brylinenc.

of Grove City, gfhteeri e)éaeaﬂt eésaéhaeanantc.saCbatent ﬁ%ﬁi&c&h@.&? t?ﬁ
cm_ apar e

I f bst L t

rr:agﬁe?ro?\g \?ve; eg ipHQd ngéq%'tadg§ rEbtedi hﬁ] 35 S‘la\rllvgi-s%g%hlﬂﬂs -Sand
tﬂrefdgaisz o Paiteﬁtl bmppoﬁgw:rm al mmanchimj dedOS/Huﬂmmb : jurgdled ' ed
shi e c c i.one e coupl e
magnetrons. Se %Plt ?thés q?ﬁg mbom@trﬁogpsjgl%a%’rﬁmﬂe?ﬂs}%ﬂéﬁego Egﬁg tﬁe

| engt h.of the 28signeer taf edth@hlprdsenﬂfhelmmlwp;drgd f dnceapbrpaied of
e s of 1Ee PYANERTCROEE O bRILARE 97E203HNEE" 1n ene®YHRLERT 10

kW maxi mum al t'erna current tering
was carried ompuhten@nsvmwQStwoSmla@arng\agmﬁmns)aéaﬂu ICFI@dxw th a

gas mxtyge of33 75 FnO0R 1Wa&hcn495 é&(e:netMrﬁns 99prgep@é#dgr §m§eott S
Speci alty Gases of ~ Frenont fornia, flown 6 sccm per

. target to prov‘F%PégﬁtséﬁPPE?-fi-ﬁ& bY Tosol SR %cjcﬂ %X)o‘é?tibsnpé?’ons REo .
| niforr). Aboutof E¥6¥@ CiEp, aPhlibgd twerchohatedt adjavdnteduenenchl 40

kHZ' other along the line of substrate travel. Each pair of
targets was 6.1 cm apart. The magnetroné were equipped
15 with surrounding low angle shields, and three gas
distribution ports along each side. An apertured
shield, 12.8 cm x 5.0 cm x 86.5 cm, was positioned
between the coupled magnetrons. Seven apertures, 1.9
_ om x 9.6 cm, were located along the length of the
20 apertured shield. The power supply for each pair of
targets was the Advanced Energy Model PE 10K capable of
supplying 10 kW maximum alternating current to each
target.

Sputtering was carried out in the evacuated
25 sputtering chamber backfilled with a gas mixture of
argon with 15 v% ethylene, prepared by Scott’s
Specialty Gases of Fremont, California, - flowing at
about 36 sccm per target to provide a sputtering
pressure of about 10 milcrons (10 mTorr). About 7 kW

30 was applied to each target at a frequency of 40 kHz.

- The substrates, textured 95 mm nickel plated
aluminum-magnesium disks having 1100A cr and 520A
CoCrTa films, were transported -past the graphite
targets at a speed of 2.5 cm/sec. The substrates were

35 allowed to cool to about 190°C prior to deposition of



* The substrates, textured 95 nm ni ckel pl ated al um num magnesi um di sks

havi ng 1100A Cr and 520A CoCrTa  filnms, were transp t he
. graphi tewog‘m‘ﬁ?gets at a speed of 2.5 cnfsec. The substrg{cé‘zgﬁgr?e 5
allowed to cool to about 190[err]C pri %r to deposition of WO 96/ 09622
PCT/ US95/ 12399 N To- 13 - t he hydrogenat ed
carbon film The substrate tenperature for optim zing nmagnetic
properties of the CoCrTa fil mwas about 2250 C. Under these
condi ti ons, nat bo m-was 0Si g&ch 5
side of the s straﬁg maé ogtg830 g%rﬁ&é Fila. gﬁ houé"ﬁgs speC|f|c

process par &epperaturg £or optHBLEiRg cHagRet s Pé')@&ﬁéilté-eﬂ tofy the pe

under st ood by cocrTal #a36h wald ldiRfit 10254 e,  afdder tﬁ}?ése S:E&fd{ttfoné”ocess
par anet ers depend n several fa?;;ors i ncl Ugl ng the 10 osition and

nor phol ogy of 2’19 pgarbon §ilpsweg] denpeaite Eﬁbl??
sputterigg eqeula@raif lt&féjsubstrate idVabeut o030 veedongdst 0 be bound to any
t heory of - operation, .it is believed that the formati n accordi ng
to the present inv@ﬁ'ttll' IR RRECHNAt edPERFEER £ BAFIELERY,  AFR for

overcoats i n eapmerated cn dthgsneahample, it nwbl]zebebmnidea;sndmilhg (i.e.,

Toent um [ aNghdse A¥killed 4SSt O ﬁéﬁ e 0 bfecds

hydr ogen t hat I"ncor por at I nt ‘he car ere
target . Rarranpmtetamanéepeng PR CIHRVERRIG smmkmcluddaga theh as

that pregented oEal&%nl aﬁagﬁeibnmegy of Eh@ceeﬂrﬁoashf,hensc&%be
sel ecte suchtht.ltt e an hydrogen, i s being "ncorporated into
the filmby depasdt@ad (ﬂRﬁfe‘r\g’cﬁ)rﬁ%q‘ﬁW%m ceF®dn to _
forma relatively :rnfitle sweta&bhahby wluéebo@ufdartb@naﬁi} thdddym of
Rt o 1 R HIOSH! 4o0 B2 sedea BhEe cne FSRISEISHY LE0S-SRE"
to the present :anention, of hydrogenated carbon films
15 suitable for overcoats in magnetic recording media
involves both sputtering (i.e., momentum transfer) and
dissociation of ethylene to provide the hydrogen that
is incorporated into the carbon sputtered from the
target. Raman spectral analysis, including G Band peak
20 data such as that presented in Table 1, suggest that
process conditions can be selected such that little, if
any, hydrogen is being incorporated into the film by
reaction of hydrogen-containing species and carbon to
form a relatively soft, substantially poiymeric carbon
25 film. Rather, the data suggest that a more
polycrystalline carbon structure is being formed and
that this structure is responsible for excellent wear

_properties.
While the invention has been described in
30 connection with specific embodiments thereof, it will

be understood that it is capable of further
modification, and this application is intended to cover

~ any variations, uses or adaptations of the invention
following, in general; the principles of the invention

35 and including such departures from the present-



that this structure is responsible for excellent wear properties.
Wihil e the invention has been described in 30 connection wth s ecific

embodi nenWO 26086220 it will be understood that i tFCHUSIAHNY) e
of further m)dl fication, and th| s application is intended to cover
any variations, uses or adaptations of 14he invention follow ng, in
general, the principles of the invention 35 and - including such
departures from the present- WO 96/ 09622

Come w thi o ARF ISR  BaFOme, With{R know bz customary BfAQELE

i nventi on per tiai isheirartistoawhich the dmvientd oo pertadssemndlas cpayr es

hereinbefore S a hfé&rw en@ B3gkAichiat b HORG Aletdie | QYENt T ON

and 5 the I
CLAI MBS forth and as fall w:.t:h:.n the scope of the invention and

5 the limits of the appended claims. .



“\We claim 1-X. A nmethod for sputtering a carbon film f or

a etic thin filmrecording nedium conprisi gerb®sasRHBS
_of: wo s6beds a) providing carbon-containing targets positioned 5
‘side by side in an evacuated environmgif ;. b) flow ng a gas

into the evacuated environnent to a pressure capabl e of sSustaining

sputtering; - c) providing a.c. power t that
t hey successively act as sputtering cat hodﬁl ﬁ"ﬂﬁm yﬂiﬂ%

10 formthe carbon filmon the nediun -and

an apertured baffle between the Mgnetrons to d| rect eI ectrons
toward the target anode. ' A nmethod according to Caim1l,
wherein step ®e claim:  is carried out under shielding conditions that

I nt er cept obI el C t

3. A nethod accordi r\‘g t %}%t%r#di f‘\%ﬁ %uiﬁgéﬁiﬁgmg Q:%‘Itbq’rng%ﬁ'cné)rr%:rulr s8s a

hydrocarbon. magnetic thin £iAm Aregondingc awedivm, t codpxising wkkeei n t he
carbon filmc &f.hydrogen fromthe hydrocarbon gas.

5. A method according to claimi1, wherein the hydr ocar bon gas
conprises ethyl ene@) providing gcapbeprRORtRLBLAGNG t 53UIEFR 2,

wherei n he pogitiondty ik eéh@@rmraﬁléﬁaaatédseﬁﬂ@ahmehu _
. di anond- | i ke structure hpd a000£d| ng to

daimil, wherein tHd flow:.ng I?E(ﬂacﬁn’tquﬁ)rq%%sem‘f‘?rp?% ?%‘(]b?gmﬁﬁ’a step c)

is carried to a pressure capable of sustaining sputtering;
. ¢) cyclically sputtering from the targets to
. form the carbon film on the medium; and-
10 d) providing apertures between the targets to
~enhance. the movement of electrons toward an anode
during the sputtering step.

1 . 2. A method according to Claim 1, wherein step
2 c) is carried out under shielding conditions that
3 intercept obliquely incident flux from the targets.
1 . 3. A method according to Claim 1,' wherein the
2 gas comprises a hydrocarbon.
1 - 4. A method according to Claim 3, wherein the

carbon £ilm comprises hydrogen from the hydrocarbon
3 gas.
1 - B, A method according to Claim 1, wherein the
2 ‘hydrocarbon gas comprises ethylene.
1 6. A method according to Claim 2, wherein the
2 hydrogenated carbon film has .a substantially diamond-
3  like structure.

Hii\ﬁel"lileﬁil“d




16 out at a tenperature at which the carbon is sputtered is

rel ati velé reduced fromthe tenperature at which an | yi ng
| ayer Q7687022 8. A nethod for sputt eﬁf@ﬁ%ﬁl&é"ect ric

filmonto a substrate, conprising the steps of: a)
provi ding alternating current power 'tc?'ead' acent “F,"Lummuﬁmﬂ“ that

the targets successively act as a 5 sputteri '
anode in accordance with the frequency of thealternafing current

and Vi he t rge S under
shi el di né‘ condi ti ons prno%\‘n'g&dﬁgg %#gg%g?‘%’ re %%E?’r‘& hat* ere:tn t:h%h rects
el ectron@ bet mesiumhcomprises mulsdpde dayess and $6ep c) oissgaxtiedng of

the filmg  out at a 10% FREE0LL AGRIEH R Q:fgua:{ni% %gé £dPed he

dlelectrlcfllmcorrprlses C according to

. ar
d ai m 8, 4wher dith ned@tively r%q}’d%ﬁq feen £hy arprmature atrveichianan

environmgnt  underlyddPlisier ib Yebowted@n gas. . 11. A
sputtering apparatus, conprising: a) a pair _ of nagnetrons
~.disposed within a sputtering chanber, the magnetrons having

targets and the 8. Hmeﬁioﬂruﬁsrﬁahri&ttaﬁjga@emgnew@ftlﬁﬁleﬁmd
acting a te t.he deportlon of..a film
b) an al ?ernatrl 6}: %Eé%m é%"%%ﬁ%} %E?e%lt SE: to the magnetrons
so that &ach tar getdepoaﬁtdrqmra magnet:LcaIttmtmafmllyt fmmurld:.mxg aJsayser
sputterigg calpede ARAHHAAS; and
5 sputtering, in an atmosphere _c’orﬁ;’brising argon and .
a hydrocarbon gas, a hydrogenated carbon layer over the
magnetic thin film recording layer, the carbon layer
- comprising carbon: from carbon contalning targets and
hydrogen from the hydrocarbon gas.

O 0 3 o

9. A method for sputtering a dielectric f£ilm
‘onto a substrate, comprising the steps of:
a) providing alternating ~current power to
adjacent targets so that the targets successively act
5 as a sputtering cathode and as an anode in accordance
with the frequency of the alternating current; and
b) moving the substrate past the targets under
shielding conditions provided by an apertured baffle -
that directs electrons between the targets to enhance
10 the rate of sputtering of the film. |

1. 10. A method according to Claim 9, wherein the

2  dielectric film comprises carbon.

1 11. A method according to Claim 9, wherein the
2 substrate is moved past the targets in an environment
3 comprising a hydrocarbon gas.

12. A sputtering apparatus, comprising:
" This Sheet Has Been R,

LT I



“ an anode according to the frequency of the alternating 10 current; and
c) a shielding neans between the nagnetrons, the shi ' ans
havi ng aﬂ@?ﬁﬂ’g? posi tioned to direct el ecymf%%ﬁs the
targets alternate as a Y+ sputteripng cathode‘and as the anode.

17 12. A sputtering apparat us™atéof di ng to Clﬁummmum [ he
targets conprise a dielectric material. ' 13, - ﬁ"ﬂ"m aratus

according to Caim1ll, wherein the dielectric mat eri‘al ‘cotpr Pses carbon.
ourcn Tort L1 o8 ARl SatEech WabdeCLohd litabUpb wERHRE 410 °
sputtering chamber, the magnetrons having targets and
the targets positioned adjacent to each other and
5 acting as a common sputtering area for the deposition
of a film;
b) an alternating current power supply connected
to the magnetrons so that each target in the pair
alternately functions as a sputtering cathode and then
10 as an anode according to the frequency of the
alternating current; and '
c) a shielding means between the magnetrons, the
shielding means having apertures positioned to direct
electrons to the anode as the targets alternate as a

15 sputtering cathode and as the anode.

1 13. A sputtering apparatus according to Claim 12,
2 wherein the targets comprise a dielectric material.

1 14. A sputtering apparatus acdording to.Claim 12,
2 wherein the dielectric material comprises carbon.

1 15. A sputtering apparatus according to Claim 12,
2 further comprising a gaseous hydrocarbon in the

3 sputtering chamber.
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