,SA9-91-095 ¢ ° 1 A MAGNETI C RECORDI NG DI SHisktédd M& AN
| MPROVE® “RPROTECTI VE OVERCOAT Descri ption 5 This invention relates to
athin filmnetal alloy magnetic recording di sk having a protective carbon
overcoat which contains nitrogen. In many types of rotating rigid disk
files, each of tKe-PEd8 wite transducers (*for heads) is supported on a

carrier (or sljder) which rides, }fa@brcorebiitdBrarualaari ng of air above the
surface of its associated disk %ﬂw%gﬁ>g&§§n&ﬁz&ﬂﬁﬁﬁ$ng at its operating
a

speed. The slider is connected to I near or rotary actuator by neans of a
relatively fragile suspension. There may be a stack of disks in the disk
file with the ackesssitigypporti ng a nunber of sliders. The actuator noves
the sliders 15 radially so that each head may access the recordi ng area of
its associ at eds di sk fiikfacatidnnrdibeseocCORNBNEI10RAta1d13dy hidheScthReombigler i s

bi ased towards t Qe dhaKknSUEAGEERY ArdHBILrLar Ghof OMatlen sHsReNsi on. The
slider is thus in 20 contact with the disk surface fromthe tinme the disk

file is turned on until the disk reaches a speed_sufficient to cause the

slider to ride on thE BF¥-BRE PhJt>FHE BPiU8T i T1%yai °h BORERLE™Ft h t he

di sk surface transducers {(or heads) is supported on a carrier (or slider) which rides
10 on a cushion or bearing of air above the surface of its associated disk
when the disk is rotating at its operating speed. The slider is
connected to a linear or rotary actuator by means of a relatively fragile
suspension. There may be a stack of disks in the disk file with the
actuator supporting a number of sliders., The actuator moves the sliders
15 radially so that each head may access the recording area of its

associated disk surface.

In these conventional disk files the slider is biased towards the

disk surface by a small force from the suspension. The slider is thus in

20 contact with the disk surface from the time the disk file is turned on
until the disk reaches a speed sufficient to cause the slider to ride on
the air~bearing: The slider is again in contact with the disk surface
when the disk file is turned off and the rota:ional speed of the disk
falls below that necessary to create the air-tearing. In such contact

25 start/stop (CSS) disk files a protective overcoat and a lubricant are
often maintained §n thiy disk surface to prevent damage to the head and

the disk during starting and stopping of the #Hisk.

In addition to the above-described conventional (SS magnetic
30 recording disk files, rigid disk files have been proposed wherein the
head-disk interface includes a liquid film as a liquid bearing between .
the transducer carrier and the disk. An example of this type of liguid-
bearing interface disk file is described in assignee’'s pending
application, U.S. Serial Number 264,604, filed October 31, 1988, and
35 published May 9, 1990 as European published application EP 367510.

One type of &isk for use in rigid disk files is a thin film metal
alloy disk which typically comprises a substrate, such as an aluminium-

magnesium (AlMg)} alloy with a nickel-phosphorous (NiP surface coating, a




when the disk file is turned off and the rotational speed of the disk falls
bel ow thatsnecessary to create the air-bearing. |In such contact 25
start/stop (CSS) disk files a protective overcoat and a |ubricant are often
mai nt ai ned on the disk surface to prevent danage to the head and the disk
during starting apd.stgpping of the disk. In addition to the

above-descri bed conventional CSS magnetic 30 recording disk files, rigid

di sk files have beeitpreposady whaenedisna iches breeidildky. i st Feeosiipel ades a
liquid filmas a thé eudrdteddyen @n et WeRt-ddae ahe ansdticeivecatrdoet, antd 4she

di sk. An exanpl e BhccbhliaspdsYRE &Erghaﬁueagbonb@ﬁm Brre b8 Itha eyl 8Kkl e i

d bed #54,,6804,
i ed Ootober a1, 1g iR e pRPLETH: I v §“°t%§;‘éf§ (St S TpUB, shec

application EP 367HEGRYGHE® t1§?f)1é‘g%1a sd’?‘%“l?erS? sﬂ]%"é’ PREP T o SAFSR® £ 18" P§ a
thin filmneté&F shrejdiER. wRTEREryasrEar| (8 ot Figdst dYsubSret B such as
an al um ni um nagnesratim {nA| il )naghet by Lavet rnd ansrokiel -debes prdorddesiof Niefr,
surface coati Ng, sdch as 3AG-, 9 P Wbtanium {Ti) layer, between the magnetichaéQr and

cobal t-based all Qye pSdtChe:3s oRelRft. Or CoN alloy, sputter deposited as

50 Protective carbon overcoats for thin film metal alloy disks are well
known. They are typically formed by spubtter deposition from a graphite
target, and are generally referred to merely as protective carbon
overcoats, sputbtered carbon overcoats, "diamondlike" carbon overcoats,
amorphous carbon overcoats, or, in the case of those overcoats formed by

55 sgputter deposition in the presence of a hydrogen containing gas,
hydrogenated carbon overcoats. Tsal, et al in "Structure and Properties
of Sputtered Carbon Overcoats on Rigid Magnetic Media Disks," J. Vac
Science Technology A6{4), July/August 1988, pp. 2307-2314, describe such

protective carbon overccats and refer to them as amorphous "diamondlike®

60 carbon films, the *diamondlike" referring to their hardness rather than
their crystalline structure. U.S. Pat. No. 4,503,125 discloses a
protective overcoat of amorphous carbon formed by sputtering a graphite
target. Protective disk overcocats of amorphous hydrogenated carbon f£ilms
formed by reactive sputtering of a graphite target in an atmosphere of

65 argon and hydrocarbon gases are described in Japanese Kokai No. 60-
157725. Assignee’s U.S. Pat. No. 4,778,582 describes a protective
hydrogenated carbon overcoat formed by sputtering a graphite target in
the presence of argon and hydrogen (H,}). The incorporation of hydrogen
into amorphous carbon films increases the hardness and electrical

70 resistivity of the films.

One of the problems associated with protective disk overcoats is
that, due to their inherent thickness required for the wear and corrosion
resistance of the underlying magnetic layer, the spacing between the head

75 and the magnetic layer is necessarily increased. Since the strength of
the signal required to write data onto the magnetic layer with the write
head and ‘the strength of the signal read back from the magnetic layer by
the read head are directly proportional to the spacing between the head

and the magnetic layer, it is desirable to minimise this spacing. The



the magnetic | ayer on the substrate, and a protective overcoat, such as a
sput t ér - deposi t ed anor phous carbon film forned on the magnetic layer. In
addition to the nagnetic |ayer and the protective overcoat, thin filmdisks
may al so include a sputter-deposited underlayer, such as a | ayer of 45
chromum (Cr), chrom umvanadl um (CrV) or tungsten {W, between the
substrate and tR&" ?T]a@;%etlc | ayer and a spatter deposi ted adhesi on | ayer,
such as a Crgo Whiiimin €:@8kndB3 6F ipkodedi®é anddphareeiarichermnaga@biL | ayer and the

protective over gRabgendQa carpon J%mrosésti EormcRONy Q¥EhLNatSafREc thin film
metal alloy di Skécoﬁ{lﬁg ‘mxls i%“%yvﬂhe ransx o81%0 BXP'AC%O‘L&J O%tnﬁgs densi%%& er

deposition froma are to nerely as

protective car bS’ﬁ’eg 'Ft(%ﬁ’t gpat %‘ﬁt“t‘é’r’“é‘ﬂ EL Y B‘gﬁk“(??/ P?:%’é? o5 5‘??5%°(§I‘?‘ke"
carbon over coat §°°ushd? gRCS eaehoharpveriesals 2%t in the case of those
overcoats fo#ed by 55 sputter deposition in the presence of a hydrogen
contai ni ng gas, hydmegeasiced seaAEHRE ob\eRbHBbsScari®afilnetio@ll Jith niirbgat ur e

and Pr opert i es ffs SRULLE4:8E HEaR8RN 04816 Qak %a&@s&xgilg Yageel i GMedi a
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descrl be such prot ective on-overcoats an em as armrphous

"di anondl i ke" 68 EafBEA %Fﬁ“ﬁ% Rhggloal Revighd i I’Zé"d &S rPhy o™t héir
har dness rat¥er 1 Azns 139814 @Pyé?aﬂsP itAet35%6P ucfprrese @P‘S@lspét‘inem?“%?, 503, 125

di scl oses a patent application JP 1048221 discloses a two-layer protective disk
overcoat wherein the first layer is chromium nitride and the second or
upper layer is a film formed by sputtering a carbon target in the
presence of hydrogen and nitrogen. Neither of these references, which

95 essentially describe the addition of nitrogen to an amorphous
hydrogenated carbon f£ilm, suggests any property of the £ilm which could
allow the film to made thinner and yet still function as a protective

disk overcoat.

100 What is needed is a thin film disk overcoat which provides both wear
and corrosion resistance while minimising the spacing between the disk

magnetic layer and the head.

According to the present invention there iz now produced a thin film
105 magnetic recording disk comprising a substrate, a magnetic alloy layer
formed over the substrate, a protective overcoat characterised by the
overcoat comprising carbon, amorphous or otherwise, and nitrogen having a

thickness of less than 200 Angstroms.

110 In a specific embodiment of the present invention there is a thin
film metal alloy magnetic recording disk having & protective carbon
overcoat which contains nitrogen. The nitrogen present in the overcoat
substantially reduces the film stress. Due to the low stress of the film
there is significantly less likelihood that the overcoat will delaminate,

118 buckle, or otherwise wear away from the underlying magnetic layer during
operation of the disk file. This allows for significantly reduced
overcoat thickness, thus reducing the head-disk spacing.in the disk file,
The overcoat, even though significantly thinner than prior art carbon

overcoats, exhibits better wear and corrosion resistance than carbon
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protective overcoat of anorphous carbon fornmed by sputtering a graphite
targef. Protective di sk overcoats of anorphous hydrogenated carbon filns
formed by reactive sputtering of a graphite target in an atnosphere of 65
argon and hydrocarbon gases are described in Japanese Kokai No. 60- 157725.
Assignee's U S. Pat. No. 4,778,582 describes a protective hydrogenated
carbon overcoat #9ried®by sputtering a graphite target in the presence of

argon and hyqﬁpgmréééksrwalhkut Imo&egcoap%@iu&n &Ln byéimg@&t At anor phous
carbon fil ns I ncy eases an el ectr %a 70 I‘ESIS'[IVII;) of the

films. One of th&%p °%eBTteQ ca’ésc’é'ogg?m’t & Wt p °(§tte?:t“l“\:/réx‘l’e S <:""ﬁ"\?"&coat s s
that, due to t heParrd’i"?fﬁeﬁfeﬂ’F Hir dkpagent é’Efd‘ll? Ed ¥ et df‘ﬁ‘é“%é’f’ BAPRYEr ¥si on
resi stance of thbrdgeaierddgechee feghemt c | ayer, the spaci ng between the head
75 and the magnetic layer is necessarily increased. Since the strength of
t he signal resggired g a6 dRfederaidiQy bEQnERGARE 1264 LAY QEvantdgbs thanari t e

head and the strgngth giveﬁéz& sigbahcd sﬁoqupeglﬁ‘a&er emw@olma&tde@mhgyer by
t he read head are dIJ’ Qrolportl r{?:lon w&h r;l acin t ween the head and

the magnetic |ayet, It “m fyo’Tes it abie ‘ﬁ“anYs‘bga T The

Fig. 1 is a graph of stress of nitrogen-containing hydrogenated
130 carbon films as a function of the amount of nitrogen in the £films, for
films made by plasma CVD and by sputtering; and

Fig. 2 is graph of hardness of nitrogen-containing hydrogenated
carbon films, for f£ilms containing different amcounts of hydrogen.
135
The effect of nitrogen on the properties of amorphous hydrogenated
carbon £ilms used as protective disk overcoats was observed for overcoats
made by both plasma enhanced chemical vapour deposgition (CVD} and sputter
deposition. In both processés, the nitrogen-containing hydrogenated
140 carbon films were formed on thin film disks and on single crystal
semiconductor grade silicon wafers and compared with comparable films
formed without nitrogen. The thin film metal alloy magnetic disks onteo
which the overcoats were formed comprised an AlMg substrate with a NiP
surface coating and a CoPtCr magnetic layer of approximately 300 a
145 thickness.

For the plasma enhanced CVD process the deposition pressure was
maintained at 6 mTorr and deposition of the hydrogenated carbon f£ilm was
accomplished by introducing hydrocarbon gas {cyclo-pentane) into the

150 plasma. Other hydrocarbon gases, e.g. methane, ethylene or benzene,
could also be used. The partial pressure of the hydrocarbon gas was held
at 0.5 mTorr. The plasma was ignited using low frequency RF (300 KHz) at
400 watts. The substrates were biased at -300 wvolts DC. It has been
determined experimentally that a substrate bias, in the range of

155 approximately -200 to -600 volts DC, is important to achieve a f£ilm of
sufficient hardness. A carrier gas with a one-to-one ratio of argon and
nitrogen was utiliéed for the deposition of the nitrogen-containing
hydrogenated carbon films. Deposition tine was nominally 45 seconds.

Total overcoat thickness was nominally 75 A. Measurements made by



3 mnimum thickness of protective anorphous carbon or anorphous

hydr o§enated carbon overcoats in comrercially avail abl e magnetic recording
disks is in the range of 200-250 A. However, it has been found
experinentally that the mnimumfilmthickness before | oss of protection
occurs is in the range of approximately 125 A. The chem cal structure of
anor phous car bon dablarseodoped with nitrogen bBas been studi ed by Kauf man,
Metin and Saperstein in "Symret ry. br eaki n%l i, N ni,l‘lro en- doped anor phous
carbon: I nfrat®d %‘Bgeé”tfc'éit’?%ﬁ%"a‘bﬁ‘e te™ Ral? -rdafgf"llvesc%téﬁé‘g DfBanggi<atphysi cal
Revi ew B, Third Séft&le s¥fgiegenserntaging Brarqasnafgi ¢aPgBdin forppd by 3553 to
13-060. Japaneseripsigl F'Phadcess esearninegdagratemtepplaterdtirgrcedP (4048221

di scl oses a two- | aysigepragd @6 tatVie helirSdenOV €110 ati thaet Bigharbhe s fder ghardgayer i s
chrom um nitride 2acthitARes *EQNEh by URRGIng| BAY Qhorin® @ Hylid 0ok TRE nB¥ogen
sputtering a car bggg Jarget in'the presence of hydrogen and nitrogen.

Nei t her of these references, which essentially describe the addition of
nitrogen to an anorphous hydrogenated carbon film suggests any property of
the filmwhich coul dFaf [tBvsPHEST Rearp o BERSSIShi SBRELT 188 ey @ecgpiished Bhct i on
as a protective dicskagostere datuse WAt high-mredcaari prapsédoraphitk maddes kusdnercoat
whi ch provi des bodchsaiead at 1.5 kilowatts. The substrates were biased at 650 watts with

170 a low freguency power supply operating at 300 KHz. wWhile the addition of

substrate bias has been found experimentally to improve the wear
resistance of the f£ilms, it is pogsible to make adequate films without
the use of substrate bias. The carrier gas was argon plus 4 percent
hydrogen for the disk overcocats formed without nitrogen, and argon with

175 4 percent hydrogen plus 50 percent nitrogen for the disk overcoats with
nitrogen. Measurements made by RBS demonstrated that the nitrogen-
containing hydrogenated carbon films contained about 14 at.% nitrogen and
approximately 1l at.% hydrogen. The films made without added nitrogen
contained approximately 20 at.$% hydrogen and no detectable nitrogen.

180 Films with varying amounts of hydrogen and nitrogen were made by varying
the amount of hydrogen and nitrogen gases introduced into the sputtering
chamber . .

It was discovered that the nitrogen-containing hydrogenated carbon

185 films made by the above described processes exhibited unusually low
stress. This unexpected reduction in film stress as a function of the
addition of nitrogen is illustrated graphically in Fig. 1 for £ilms
formed on silicon wafers by both processes. The internal stress of the
films was measured with a wafer deflection gauge made by Ionic Systems.

190 The films used for the stress measurement were formed to a nominal
thickness of 2000 A on 3 inch diameter silicon wafers . The wafers were
then placed in the gauge with the film side facing away from the light
sensor. The principle behind the stress measurement is that when the
£ilm is formed on the silicon wafer it will introduce an amount of

195 deflection or bow to the wafer. The accurate measurement of this bow
allows computation of the film‘s stress. From this total deflection the
magnitude of the film stress can be determined. The stress of the film
as a protective disk overcoat is directly telated to its ability to

adhere to the underlying magnetic layer on the thin film disk. It is



and corr05| on resistance while mnimsing the spacing between the disk
magnet’ic | ayer and the head. According to the present invention there is
now produced a thin fil mmagnetic recording di sk conprising a substrate, a
magnetic alloy layer forned over the substrate, a protective overcoat
characteri sed bystheirayercoat conprising cag bon, anorphous or otherw se,
and nitrogen hgw nsgi qhthl ckn ss_of Itesiuflhan ZOPre@Qgsmrons 3a ln a

further embodt ments “Phér&af t DoV d Ri T [ m rmagne w?:ulrde’d’gf"ifltﬁg‘tﬂl sk

conprising a sub®FFEE ad’%fsﬁﬁ‘g??ef*?ec’“*’éﬁ“l’td? IP¥RFeranf 6P‘h°‘eﬁl 8¢ @reehid 18U b%Ytr at e,
and a protecti ve ibwreridodaianiohte durkler sudothyrvitrevysir crac frapethovmgeeat

conpri si ng anor pheiss satospeastdomict togeansk ained. havi ng a thi ckness of |ess
than 200 Angstronms. In a specific enbodi nent of the present invention there

is athin filypnetal AQL'z%!uﬂ&&nﬁIe' &isb&RBY Qk 'EQe QL&.K::&]@‘&M’:%@ sPJeQL %Q]S]Aelée
car bon overcoat

F\ a3y nt al 05 nthtor 0060, .. [Ne niLrogen pre Pet
overcoat substantfally reduces IFT | AP ELTRES BT S ?Gh V& PPess of
the filmthere i &<Pghi ‘H Erifregs I°és‘§‘eIWR’%’P?%B?)’ddtbﬁé"Pb‘ttﬁ’é“i’JWr’i?S‘éﬁed

beyond that previously achievable without compromising its ability to
provide adequate wear and corrosion resistance. The disks with the

210 nitrogen-containing amorphous hydrogenated carbon f£ilms formed over the
cobalt alloy magnetic layers were lubed with Z-DOL brand of
perfluorcpolyether from Montedison and then placed in a €SS tester and
subjected to C88 cycles to determine when failure occurred. The
nitrogen-containing carbon overcoats tested had a thickness of 75 A and

215 withstood 42,000 CSS cycles. By comparison, when experimental overcoats
of approximately the same thickness but without nitrogen were subjected
to the same tests failure of the disks occurred at less than 15,000 CSS
cycles. In addition, disks with the same 75 A thick nitrogen-containing
carbon overcoats exhibited a surprising ten times better corrosion

220 resistance than 200 A thick amorphous hydrogerated carbon overcoats

without nitrogen.

Commercially available thin film metal alloy disks with carbon

overcoats have a carboen overccat thickness typically of approximately 200

225 to 250 A. However, experimental CSS testing of hydrogenated carbon
overcoats on CoPtCr magnetic layers at various overcoat thickness’s has
indicated that the minimal achievable thickness for use in a disk file is
approximately 125 A. The unexpected discovery of the reduction in film
stress as a function of nitrogen concentration in nitrogen-containing

230 hydrogenated carbon overcoats, as illustrated in Fig. 1, permits the
overcoat to be made substantially thinner, thereby reducing the head-disk
spacing in the disk file. Moreover, as is apparent from the above
description, such substantially thinner disk overcoats unexpectedly
provide better wear resistance and corrosion resistance than conventional

235 hydrogenated carbon overcoats without nitrogen.

It is known that the addition of hydrogen to conventional amorphous
carbon disk overcoats improves both the hakdness and electrical

resistivity of the overcoats. However, as illustrated in Fig. 2, it has



wi |l delam nate, buckle, or otherwi se wear away fromthe underlying
magnet'i c | ayer during operation of the disk file. This allows for
significantly reduced overcoat thickness, thus reducing the head-di sk
spacing in the disk file. The overcoat, even though significantly thinner
than prior art cambon-ep¢ercoats, exhi bits better wear and corrosion

resi stance than car bon SA9- 91-0 4 120
overcoats wi t HOut®HRP RGeS Pef értfdﬂdllb’ﬁ“ RHERPHE “DTETEERE rdrogenated
hydr ogenat ed car B&HEeR fidps ehre ’ﬁ’lcé%aéﬁfcéheoi"a’-’f"l‘?és it e e i FRoreds®s t he

har dness of the fachinvhfleprigls dndroypdnt fiiope.aryoginge tdepérdent ioprdshe &meunt of
hydr ogen added t Qspbéigid iahdtint H2Bendent upokr@he amdubit bemhyaidger sdeasndi nguf t he
nature and the adyaniadesmaf, therRLESEMg] BUBBL P RardmefLE €L s HROULD be

made to the fgLl 0%@&&%&%'3}9@9@9&9@orehg EA D FOUMACL Oyt L. Lhe

acconpanylng rawn stress of nitrogen- contalnlng

hydr ogenat ed 130 hygg"fgb’bﬁ“‘gﬁ% that ¥ ?’Jﬁéf"gﬁﬁ 1BPTERES ARSOACBYF Wi £ ogen i n
the films, for fidPRE*HFEdelvblP pt-dstha revbeshart BYe SPTEEErisngreaeidtPRr gt @ i s
graph of har dnessnicfogm tweegerseont dimilady hydy ogendbedhe overcoat with S at.%

hydrogen indicates that the overcoat is made harder if nitrogen is
250 present in an amount up to approximately 25 CTRL at.%. The data
illustrated in Pig. 2 thus suggests some type of synergistic effect

- between the hydrogen and nitrogen in the overcoats.

as should be apparent by the above description and experimental
255 data, the addition of nitrogen to amorphous hydrogenated carbon films
enables protective overcoats to be formed for thin film disks to a
thickness significantly below both the previously achievable commercially
available film thickness of 200 A and the experimentally observed 125 A
‘thickness. This is achievable as a result of the discovery of the
260 significant film stress reduction caused by the addition of nitrogen, and
the discovery that such thinner films provide greater wear resistance,
corrosion resistance, and hardness than conventicnal hydrogenated carbon

films.

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

270



carbon films, for films containing different anounts—ef-hydrogen:- 335 The
ef fect” of nitrogen on the properties of anorphous_hydrogenate a‘rﬂgon filnms

used as protective disk overcoats was observed fo y both

pl asma enhanced chem cal vapour deposition (CVD) a sition. In
both processes, 4hg;nitrogen-containing hygr ogenat film were
formed on thin film d| sks and on single crystal sem conductor grade silicon
waf ers and conpared with conparabl e fil n&afMSr med wi t hout nitrogen. The thin

filmmetal alloy magnetic disks onto which the overcoats were forned
conprised an Al My substrate with a NP surface coating and a CoPtCr

magnet i c | ayer of apRROXIAR! £l A00.A. 445 otbl SKNESS, FRk.Lae, Pl asa

enhanced C,\/D rocess ngSI Rressu e a| ned mTorr and

6
deposi tion of themar?%ﬁ"éigaelﬁ é?fl’eﬁé?ﬁ“(? FT rrli‘ev\%‘*sbs‘éréﬁ% a tﬁ'CtdvE v Tt oduci ng
hydr ocar bon gas TRPEFFIERENARRS) OYeRtBt tHEPriSn9 cﬁfbcié'rrﬁ‘“"rpﬁuﬁé’f" ‘f‘f?%ﬁ“’b’tear bon
gases, e.(. netradeitwbényhenes erthbhemzene, leguihdr 2PSondseromsed. The parti al
pressure of the hydrocarbon gas was held at 0.5 mforr. The plasm was

ignited using | ow fheguencYe1Rmed 3I0Q1KH#) AlreADOndRighseic 10 Sdbshiates were
bi ased at -3Q0 volts DC. It has been determ ned experinentally that a

substrate bias, 1n the range of

3. A Qisk as claimed in any preceding claim wherein the protective

overcoat also contains hydrogen.

285 4. A disk as claimed in any preceding claim wherein the overcoat is

sputter deposited.

5. A digk as claimed in Claim 3 wherein the overcoat is formed directly
on the magnetic layer.

290
6. A disk as claimed in Claim 3 wherein the overcoat contains hydrogen

in an amount between approximately 5 and 25 atomic percent.

7. A disk as claimed in Claim 3 wherein the overcoat contains nitrogen

295 in an amount less than approximately 25 atomic percent.

8. A disk as claimed in Claim 3 wherein the carbon overcoat £ilm

contains nitrogen in an amount less than approximately 25 atomic percent.

300 9. A disgk as claimed in Claim 3 wherein the hydrogen is present in an
amount less than approximately 25 percent and the nitrogen is present in

an amount less than approximately 15 atomic percent.

10. A disk as claimed in Claim 3 wherein the hydrogen is present in an
305 amount less than approximately 5 atomic percent and the nitrogen is

present in an amount less than approximately 25 atomic percent.

11. A disk as claimed in any preceding claim wherein the substrate is
single crystal silicon.
310
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155 approximately -200 to -600 volts DC, is inportant to achieve a film of
sufficient hardness. A carrier gas with a one-to-one ratio of argon and
nitrogen was utilised for the deposition of the nitrogen-containing

hydr ogenated carbon filns. Deposition tinme was nom nally 45 seconds. Tot al
overcoat thickness-sgassnomnally 75 A Nba;urenents made by SA9- 91- 095
5 160 Rutherford backscattering and forward recoil scattering (RBS)

i ndi cated that tfie Aitifbgerriciond dh prngrépdinggeaat edraardenubid-md or gpd by
this plasma CVDapweeassaldantitikned:apor 96 fBELkYcore @5 0M ¢ percent (at. %)
nitrogen and 25 at. % hydrogen. Filnms with varying anounts of hydrogen and
nitrogen were nmade by varying the anmount of hydrocarbon and nitrogen 165
gases. For the sputter deposition process, sputtering was acconplished by
DC magnetron by use of a high-purity hard pressed graphite target using a
DC source at 1.5 kilowatts. The substrates were biased at 650 watts with
170 a |l ow frequency power supply operating at 300 KHz. Wiile the addition
of substrate bias has been found experinmentally to inprove the wear

AR



resistance of the films, it is possible to make adequate filns w thout the
use of subStrate bias. The carrier gas was argon plus 4 percent hydrogen
for the disk overcoats forned without nitrogen, and argon with 175 4
percent hydrogen plus 50 percent nitrogen for the disk overcoats with
nitrogen. Measurenents nmade by RBS denonstrated that the nitrogen-
cont ai ni ng hydr¥jettat®d carbon filnms contHined about 14 at.%nitrogen and
approximately 11 at. % hydrogen. The filns made wi t hout added nitrogen
cont ai ned apgroximately 20 at.% hydrogen and -no detectabl e nitrogen. 180
Films with varying anounts of hydrogen and nitrogen were nade by varying
t he anobunt of hydrogen and nitrogen gases introduced into the sputtering
chamber. It was discovered that the ni 2888%8- contai ni ng hydrogenated carbon
185 films nade by the above descri bed processes exhibited unusually |ow
stress. Thi s unexpectigd fiddwoetalcllomnndghetir See@dhgadish hhsiaciroortdle t he
addi tion of ;70i tXi@g&enIcEndalidi§ teh MR bvgfcaftNiiiiah |1¥ dnihnbl Gnd Inf@rexhidigs for med
on silicon waf &gy, RAtRs NEQEES 36500 it &L AL BB and hlLf&Ofnah h€ Ti1ME was
nmeasured with a wafer deflection gauge made by 'Ioang Systenms. 190 . The
films used for The stfess neasurenent Were forned to a nom nal - thi tkness of
2000 A on 3 i ncHediiaheverodi FireittateretucesTHE Hal S sfer Beten°plfifced in
t he gauge wit h tWestkgdsnets Fikeofeaedahdf i tmblere rio mithd idaptyiyt less likelihood
325 that the overcoat will delaminate, buckle, or otherwise wear away from
the underlying magnetic layer during operation of the disk file. This
allows for significantly reduced overcoat thickness, thus reducing the
head-disk spacing in the disk file. The overcoat, even though
significantly thinner than prior art carbon overcoats, exhibits better
33¢ wear and corrosion resistance than carbon overcoats without nitrogen. 1In
- addition, when the carbon overcoat contains hydrogen, the presence of the
nitrogen increases the hardness of the £ilm if present in a specific

amount dependent on the amount of hydrogen present.
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~he_principle behind the stress measurement is that when the film
it will introduce an anount of 195
deflection or bowto the wafer. The accurate neasurenment of this bow

all ows conmputation of the filnms stress. Fromthis total deflection the
magni tude of the filmstress can be determned, The stress of the filmas a
protective disk overcoat .is directly rel ated k0Z2its ability to adhere to
the underlying magnetic layer on the thin filmdisk. It is 200
desirabl e that the overcoat exhibit zero stress, which would indicate its
maxi nrum adhesion to the nmagnetic |ayer, and thus a |ow probability that it
woul d del am nate, buckle, or otherwi se wear away fromthe magnetic |ayer
during operation of the disk file. 205 As a result of the discovery
of the reduction in filmstress caused by the addition of nitrogen,
experiments were conducted to determ ne whether the thickness of the
overcoat could be substantially reducedCWEfﬁﬂdehQHEB vi ousl y achi evabl e

W t hout conpromising its ablllty ¢QPWWEMNQ nd corrosion
210 nnfrnn ron rphous

sensQr.
is forned on the silicon wafer

resi stance. The di sks wi t p—the236
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cobalt alloy magnetic |ayers were |ubed with Z-DOL brand of

per fi stor opol yet her from Mont edi son and then placed in a CSS tester and

subj ected to CSS cycles to determ ne when failure occurred. The

ni trogen-contai ni ng carbon overcoats tested had a thickness of 75 A and 215
w t hstood 42,000 CSS cycles. By conpariiéﬁ, when experinental overcoats of
approxi mately the sane thickness but wt t nitrogen were subjected to the
sane tests failure of the disks occurred at | ess than 15,000 CSS cycles. In
addition, disks with the sane 75 A thick nitrogen-containing carbon
overcoats exhibited a surprising ten tinmes better corrosion 220 resistance
than 200 A thick anorphous hydrogenated carbon overcoats w thout nitrogen.
Commercially available thin filmmetal alloy disks with carbon overcoats
have a carbon overcoat thickness typically of approximtely 200 225 to 250
A. However, experinental CSS testing of hydrogenated carbon overcoats on
CoPt Cr magnetic |ayers at various overcoat thickness's has indicated that
the m nimal achi evabl e thickness for use in a disk file is approximtely

125 A The unexpect4@d-ei-seqrery—pt—theg-—reduetonrn—fmstress—as a
function of nitrogen goncentration in nitrogen-containing 230 hydrogenated
carbon overcoats, as jllustrated in Fig. 1, permts the overcoat jto be made
substantially thinner} thereby reducing the head-di sk
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. spacing in the disk file. Mreover, as is apparent fromthe abOoVgsoge7.> Bws
- descri ption, such substantially thlnner di sk overcoats unexpectedly provide
better wear resistance and corrosion resistance than conventional 235

* hydrogenat ed carbon overcoats without nitrogen. It is known that the
addi ti on of hydrogen to conventional anorphous carbon di sk overcoats
| nproves both the hardness and electrical resistivity of the overcoats.
However, as illustrated in Fig. 2, it t@as SA9- 91- 095
7 240 been discovered that the addition of nitrogen to anorphous
hydr ogenated carbon filnms al so i ncreases the hardness of the filns above
that achi evable wth hydrogen al one, provided the nitrogen is present in a
speci fic anobunt dependent upon the anpbunt of hydrogen present in the
overcoat. Thus, referring to Fig. 2 wherein hardness of the filnms is 245
represented in gigapascals (GPa), the curve for the overcoat with 25 at. %

ot o mat o VASHETE RECURDING IR HARINGC SR b RofBg BROR R ¢ 1,

nitrogen were present. Simlarly, b%ﬁe{)x%for the overcoat with 5 at.%

ABSTRACT

A thin film metal alloy magnetic recording disk has a protective nitrogen-
containing carbon overcoat which is thinner and which exhibits better wear
resistance, corrosion resistance, and hardness than conventional carbon overcoats
without nitrogen. The nitrogen present in the disk overcoat substantially reduces the
film stress. Because of the low stress of the overcoat film there is significantly less
likelihood that the overcoat will delaminate, buckle, or otherwise wear away from
the underlying magnetic layer during operation of the disk file. This allows for
significantly reduced overcoat thickness, thus reducing the head-disk spacing in the
disk file. The overcoat, even though significantly thinner than prior art carbon
overcoats, exhibits better wear and corrosion resistance than carbon overcoats
without nitrogen. In addition, when the carbon overcoat contains hydrogen, the
presence of the nitrogen increases the hardness of the film if present in a specific
amount dependent on the amount of hydrogen present.
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rhydrogen i ndi cates that the overcoat is made harder if nitrogen {430 Hes
present in an amount up to approximately 25 CTRL at.% The data illustrated
in Fig. 2 thus suggests sone type of synergistic effect between the
hydrogen and nitrogen in the overcoats. As should be apparent by the above
description and experinmental 255 data, the addition of nitrogen to
anor phous hydrogenat ed carbon filns enabl es protective overcoats to be
formed for thin filmdisks to a thickness significantly bel ow both the
previously achi evabl e comercially available filmthickness of 200 A and
t he experinentally observed 125 A thickness. This is achievable as a result
of the di SEGVERY Yrickpero el BIQFECE L taAPomIPHF Serds oF REPPOIF caused by the
addi ti on diydrbyengen, cartbnt beerdos €OVIeY Yorneatialghavaiil aier mhgharscpr ovi de
greater vve;glr Sl COLIrQsi on_resi n angl E ngss
conventi ona %8%1‘ oé%%g%elg g{l Se n il °f52£202 5250 & @%P a5 hgbh% g?r%o nd
enbodi rrent%"PGFl%%aéPés"é}# Fhﬁ/eﬁpiw Kalre thedimers |}Tf§f’F%.t1€65I?lf @é??a?qtmpt
shoul d be appased ihheke Fadyé iFabpPRsiandiadey ati ons to those enbodi nents
may occur to one skilled in the art without departing fromthe scope of the
present invention as set forth in the followi ng clainms. 270

The chemical structure of amorphous carbon films doped with nitrogen
has been studied by Kaufman, Metin and Saperstein in "Symmetry breaking
in nitrogen-doped amorphous carbon: Infrared observations of the Raman-
active G and D bands*, Physical Review B, Third 'Series, Vol. 39, No. 18,

15 June 1989-II, pp. 13-053 to 13-060. Japanese published unexamined

patent application JP 1048221 discloses a two-layer protective disk

overcoat wherein the first layer is chromium nitride and the second or

upper layer is a f£ilm formed by sputtering a carbon target in the
presence of hydrogen and nitrogen. Neithe; of these references, which
essentially describe the a;ldition of nitrogen to an amorphous
hydrogenated carbon film,'suggests any property of the film which could
allow the film to made th;nner and yet still function as a protective

disk overcoat.

What is needed is a thin film disk overcoat which provides both wear
and corrosion resistance while minimising the spacing between the disk

magnetic layer and the head.

According to the present invention there is now produced a thin film
magnetic recording disk comprising a substrate, a magnetic alloy layer
formed over the substrate, a protective overcoat characterised by the
overcoat comprising carbon, amorphous or otherwise, and nitrogen having a

thickness of less than 200 Angstroms.
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.8 CLAIMS 1. A thin filmmagnetic recording disk conprising a substrate,
*a magnetic alloy layer fornmed over the substrate, and a protective
overcoat, characterised by the protective overcoat conprising anorphous
carbon and nitrogen, and having a thicknegs of |ess than 200 Angstroms. 2.
A disk as claimed in CGaiml wherein the magnetic alloy is cobalt based. 3.
A disk as cl g g‘“m : di Wl rehia, t et i r t
al so cont ai nzﬁ% rogé%&ﬁmﬁﬁg%%@l al rerle [ nijﬂglngIE rgtgéeé‘?!"ﬁ)aa}éga(ﬁ%@
wherein the qvercoat is utter deposited. .5. A disk as clainmed in Caim
3 wher ei n e neOBRERESA PRl T pGPREL Ay afver e B B SyBhaeg and <,
disk as clained ip daim3 wherejn ;he overcoat contains hydrogen in an
amount bet we BFPIEHIESYFTcRRleFRATacteisad D% at oni ¢ percent. 7. A disk as
claimed in Caim3 wherein the overcoat contains nitrogen in an anount |ess
t han appr oxi mat el $heoprotective evaseqat eemprigng amoyphausdarkon andaiiregen andohavimg 3
-.wherein the carbon overcoat filmcontains nitrogen in
a thickness of less than 200 Angstroms.

In a specific embodiment of the present invention there is a thin film metal
alloy magnetic recording disk having a protective carbon overcoat which contains
nitrogen. The nitrogen present in the overcoat substantially reduces the film stress.
Due to the low stress of the film there is significantly less likelihood that the overcoat
will delaminate, buckle, or otherwise wear away from the underlying magnetic layer
during operation of the disk file. This allows for significantly reduced overcoat
thickness, thus reducing the head-disk spacing in the disk file. The overcoat, even
though significantly thinner than prior art carbon overcoats, exhibits better wear and

corrosion resistance than carbon

This is the replacement sheet

Date: 17 Jul ragq



A

an anount | ess than approximately 25 atom c percent. 9. A di sk as
claimed in daim3 wherein the hydrogen is present in an anount |ess than
approximately 25 percent and the nitrogen is present in an anount |ess than

approxi mately 15 atom c percent. 10. A disk as clainmed in Caim3 wherein
t he hydrogen is present in an anount | ess than approximately 5 atomc
percent and the nitrogen is present i(fL nmount | ess than approxi mately 25

ratom c percent. 11. A di sk as clai any precedi ng claimwherein the
substrate_is single.crystal.silicon. ., SA9: 91-09 .
5 13 A ahsk ad DR eRets oA oTRRH QARERK ? MaseR iR BY6Ts an
al um nium_ al l gy di sk having an Nl P surface coating.,
formed over the substrate, and a protective overcoat, characterised by
the protective overcoat comprising amorphous carbon and nitrogen, and having a

thickness of less than 200 Angstroms.

2. A disk as claimed in Claim 1 wherein the magnetic alloy is cobalt based.

3. A disk as claimed in any preceding claim wherein the protective overcoat also
contains hydrogen.

4, A disk as claimed in any preceding claim wherein the overcoat is sputter deposited.
5. A disk as claimed in Claim 3 wherein the overcoat is formed directly on the
magnetic layer.

6. A disk as claimed in Claim 3 wherein the overcoat contains hydrogen in an amount

between approximately 5 and 25 atomic percent.

7. A disk as claimed in Claim 3 wherein the overcoat contains nitrogen in an amount
less than approximately 25 atomic percent.

8. A disk as claimed in Claim 3 wherein the carbon overcoat film contains nitrogen in
an amount less than approxiﬁaately 25 atomic percent.

9. A disk as claimed in Claim 3 wherein the hydrogen is present in an amount less
than approximately 25 pei'cent and the nitrogen is present in an amount less than
approximately 15 atomic percent.

10. A disk as claimgd in Claim 3 wherein the hydrogen is present in an amount less
than approximately 5 atomic percent and the nitrogen is present in an amount less than
approximately 25 atomic percent.

11. A disk as claimed in any preceding claim wherein the substrate is single crystal

silicon.
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