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the resulting CoPt film. The present invention is an improved CoPt alloy
This invention relates to thin film metal alloy mag-  magnetic recording
disk for horizontal recording, netic recording disks and in particular to a
CoPt alloy  wherein the magnetic recording layer in the disk in- disk
having low intrinsic media noise at high linear re-   5   cludes oxygen in
an amount greater than approxi- cording density.
mately 5 atomic percent, preferably in the range of ap- One of the problems
with thin film metal alloyme-  proximately 5 to 30 atomic percent. The disk
isformed dia, Including CoPt media, is that the intrinsic media  by
introducing oxygen into argon during the sputter noise increases with
increasing linear recording den-  deposition of the CoPt alloy magnetic
layer. The re- sity. Media noise arises from irregularities in the mag-  10
sulting disk structure has an intrinsic media noise at netic transitions
and results in random shifts of the  high linear recording density which Is
substantially readback signal peaks. These random shifts are re-  less than
that for comparable disk structures formed ferred to as "peakjitter" or
"time jitter". Thus, the high-  under similar conditions but without the
introduction er the media noise, the higher the bit error rate. It is  of
oxygen during the sputter deposition of the CoPt therefore desirable to
develop a thin film metal alloy   15  magnetic layer. The SNR can be
Improved even fur- media which generates noise below a maximum ac-   ther
if the disks are heat treated following the sputter ceptable level in order
that data can be recorded at  deposition fabrication process. maximum
linear density. The effect of intrinsic media  For a fuller understanding
of the nature and ad- noise, as measured by peak Jitter and media signal-
vantages ofthe present invention reference should be to-noise ratio (SNR),
on the bit error rate in magnetic  20   made to the following detailed
description taken in recording systems is described by Katz, at al., in
"Ef-  conjunction with the accompanying drawings. fect of Bitshift
Distribution on Error Rate In Magnetic  Fig. I is a comparison of [err]NR
versus linear re- Recording", IEEE Trans. on Magnetics Vol. MA-15,
cording density for CoPtCr disks made with and pp. 1050-1053, 1979. The
measurement of media         without the incorporation of oxygen into the
mag- SNR is described by Belk, et al., in "Measurement of  25  netic layer,
the Intrinsic Signal-to-Noise Ratio for High Perfor-  Fig. 2 isa plot of
[err] at 1000 flux reversals per mance Rigid Recording Media", J. Appl.
Physics,       millimeter (fr/mm) as a function of oxygen con- 59(2),
January 15,1986, pp. 557-562.                  tent in CoPtCr disks; and
U.S. Patent 4,789,598 describes a cobalt-plati-    Figs. 3A, 3B and 3C are
graphs of remanence M, num-chromium (CoPtCr) alloy magnetic recording   30
coercivity squareness S* and coercivity [err] re- diskwherein the high
Crconcentration reduces the in-  spectively, as a function of oxygen
content in trinsic media noise at high recording density.        CoPtCr
disks. Japanese Kokai 61-276116 describes a cobalt-      In order to
illustrate the improved SNR for CoPt nickel (CoNi) alloy disk with high
SNR. The disk sub-  alloy disks with oxygen incorporated into the magnet-
strate is alumite-coated and the CoNi magnetic film   35  Ic layer two
CoPtCr disks were fabricated under iden- is sputter deposited in the
presence of either oxygen  tical conditions with the exception that oxygen
was in- ornitrogen, afterwhich the disk is heat treated, result-  troduced
during sputtering for one of the disks. ing in a disk with 20 to 50 atomic
percent oxygen or  The disks were prepared in an RF-DC magnetron nitrogen
present in the CoNi magnetic film.       sputtering system (Varian S-gun).
The base pressure Three additional references describe various co-  40  was
approximately 3 x 10[err] Torr (4 x 10[err] Pa) before bait alloy thin film
disks which appear to have either  deposition and was maintained at
approximately 6 oxygen or nitrogen incorporated Into the magnetic  mTorr
(0.8 Pa) of Ar for each deposition. Power to the films in various amounts,
but without any teaching of  system was 500 Watts and the Ar flow rate was
40 deliberately introducing oxygen during sputtering for  sccm. All
depositions were conducted without sub- the purpose of improving the SNR of
the magnetic  45  strate heat. The substrates were 5 1/4" AlMg/NIP films.
For example, Japanese Kokal 61-142523 de-   disks. The surfaces of the
substrates were RF dis- scribes a CoPtdiskwherein the magneticfilm issput-
charge cleaned and Crunderlayersof750Angstroms tered in the presence of
nitrogen and then heat treat-  thickness were formed over the NIP surface
films. ed to crystallize the film and drive off the nitrogen, re-  Magnetic
layers having metal compositions of sulting in a CoPt film containing 0.5
to 5 atomic per-  5o  [err] were formed to a thickness of 160 Ang- cent
nitrogen. Japanese Kokai 61-253622 describes  stromsovertheCrunderlayers.
Thereafter protective a CoCrX (X=Pt, Rh, Re, Pd, Ir, etc.) alloy
diskwherein  carbon overcoats of 250 Angstroms thickness were up to 5
atomic percent oxygen or nitrogen may be  formedoverthe
CoPtCrmagneticlayers. In one case present in the magnetic film. U.S. patent
4,749,459  oxygen was introduced into the sputtering chamberat describes a
CoPt disk which Is formed by introducing  55   a flow rate of approximately
5% of the Ar flow rate. very small amounts of nitrogen oran oxygen-contain-
The comparison of the intrinsic media noise for ing gasduring
sputterdeposition of the magneticfilm,  these two disks is graphically
illustrated In Fig. 1. The for the express purpose of reducing the
coercivity of  SNR term of [err] is defined as 20 iog[err] where 2  
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isolated signal amplitude and [err] is the inte-    a substrate; and grated
RMS noise of the media. The disk made with          a magnetic layer formed
over the sub- oxygen incorporated into the CoPtCr magnetic layer    strate,
the magnetic layer having a composition shows marked improvement In [err]
at all recording     comprising cobalt, platinum and oxygen, the oxy-
densities, with a 4.4 dB (38.5 dB vs. 34.1 doB) im-   5  gen being present
in the magnetic layer in an provement at 2400 fr/mm.
amount greater than 5 atomic percent. In order to determine the SNR
dependence on the oxygen content of the magnetic layer, various  2. A disk
as claimed in claim 1 further comprising a disks were fabricated under
sputtering conditions     non-magnetic underlayer between the substrate
similar to those stated above but with different oxy-  10  and the magnetic
layer. gen flow rates. The disk structures were also differ- entthan
thatforthe disks stated above only in thatthe  3. A disk as claimed in
claim 2 wherein the under- CoPtCr layers were 600 Angstroms thick and were
layer is chromium. formed over 1000 Angstroms thick Cr underlayers. Some of
the disks were fabricated on semiconductor  15  4. A disk as claimed in any
preceding claim wherein grade single crystal silicon in addition to
polished  the magnetic layer includes chromium. AlMg/NiP with identical
recording results. Since the surface of the silicon substrate is smooth and
amor-  . A disk as claimed in any preceding claim wherein phous with a
native oxide, the results described here  the oxygen is present In the
magnetic layer in an are believed to be also applicable to glass or glass-
20  amount less than approximately 30 atomic per- ceramic substrates. The
oxygen content was deter-     cent. mined by Rutherford backscattering. The
depend- ence of oxygen content on the SNR, as measured by  6. A disk as
claimed in any prceding claim further [err] is depicted graphically in Fig.
2. The depend-  comprising a protective overcoatformed over the ence of
other magnetic properties on the oxygen con-  25  magnetic layer. tent for
these disks is illustrated in Figs. 3A, 3B and 3C. At approximately 30
atomic percent oxygen, the  7. A process for the fabrication of a thin film
mag- magnetic properties of the disks, especially the coer-  netic
recording disk for horizontal recording: the civity [err] render the disks
essentially unusable as    disk being of the type having a magnetic layer
magnetic recording media.                     30      comprising cobalt and
platinum wherein the mag- It has also been discovered that the SNR of
netic layer is formed by sputter deposition, the CoPtCr disks formed in an
oxygen-containing atmos-    process comprising the step of introducing oxy-
phere can be improved even further if the completed   gen Into the
sputtering atmosphere during the de- disk is annealed. in one experiment
disks with a      position of the magnetic layer in an amount suf- [err]
magnetic layer formed directly on a   35  ficient to Incorporate oxygen
into the magnetic AIMg/NiP substrate were heated at 450 degrees F
layer in an amount greater than 5 atomic percent. (232[err]C) for 90
minutes and allowed to cool slowly to ambient temperature. The thermal
treatment was     8. A process as claimed in claim 8 further compris-
conducted in both air and an essentially oxygen-free  ing the step of heat
treating the disk after the atmosphere created by first purging the oven
with ni-  40  sputter deposition of the magnetic layer. trogen. The
resulting disks exhibited a decrease of 9.8 microvolts RMS noise and an
increase of 3.6 dB SNR at 2400 fr/mm over identical disks which were
PatentansprOche not heat treated. The above description relates only to the
Inven-  45  1. Eine magnetiache Aufzeichnungsplatte zur hori- tive
structure which forms a partof the recording me-  zontalen Aufzelchnung,
die enthAlt: dia, and not to the conventional well-known portions  ein
Substrat; und of the media and the media fabrication processes. For  sine
Magnetschicht, die Ober dem Substratgebil- example, in the fabrication of
thin film metal alloy  detwird, wobei die Magnetschichteine Mischung disks,
it is known to provide a protective overcoat,  so  aus Kobalt, Platin und
Sauerstoff enthalt und der such as a sputtered carbon film, over the
magnetic   in der Magnetschicht vorhandene Sauerstoff film.
groUer als 5 Atomprozent ist. 2. Esne Platte wie in Anspruch 1, die
au~erdem eine Claims                                       so       nicht
magnetische Unterlage zwischen dem Sub- strat und der Magnetschicht
enthAlt. 1. Amagnetic recording diskforhorizontal recording comprising:
3. Eine Platte wie in Anspruch 2, wobel die Unterla- 3 
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1||1| | | * C   L  M   S VY Is the Isolated signal amplitude and V, is the
inte-     a substrate; and grated RMS noise of the media. The disk made
with           a magnetic layer formed over the sub- oxygen incorporated
into the CoPtCr magnetic layer    strate, the magnetic layer having a
composition shows marked improvement In SoNR at all recording
comprising cobalt, platinum and oxygen, the oxy- densities, with a 4.4 dB
(38.5 dB vs. 34.1 doB) im-   5  gen being present in the magnetic layer in
an provement at 2400 fr/mm.                              amount greater
than 5 atomic percent. In order to determine the SNR dependence on the
oxygen content of the magnetic layer, various  2. A disk as claimed in
claim I further comprising a disks were fabricated under sputtering
conditions     non-magnetic underlayer between the substrate similar to
those stated above but with different oxy-  io  and the magnetic layer. gen
flow rates. The disk structures were also differ- ent than that forthe
disks stated above only In thatthe  3. A disk as claimed in claim 2 wherein
the under- CoPtCr layers were 600 Angstroms thick and were       layer is
chromium. formed over 1000 Angstroms thick Cr underlayers. Some of the
disks were fabricated on semiconductor  is  4. A disk as claimed in any
precedingdclaim wherein grade single crystal silicon in addition to
polished  the magnetic layer includes chromium. AIMg/NiP with identical
recording results. Since the surface of the silicon substrate is smooth and
amor-  5. A disk as claimed in any preceding claim wherein phous with a
native oxide, the results described here  the oxygen is present in the
magnetic layer in an are believed to be also applicable to glass or glass-
20  amount less than approximately 30 atomic per- ceramic substrates. The
oxygen content was deter-     cent. mined by Rutherford backscattering. The
depend- ence of oxygen content on the SNR, as measured by  6. A disk as
claimed in any prceding claim further SoNK is depicted graphically in Fig.
2. The depend-   comprising a protective overcoat formed overthe ence of
other magnetic properties on the oxygen con-  25  magnetic layer. tent for
these disks is illustrated in Figs. 3A, 3B and 3C. At approximately 30
atomic percent oxygen, the  7. A process for the fabrication of a thin film
mag- magnetic properties of the disks, especially the coer-  netIc
recording disk for horizontal recording: the civity H, render the disks
essentially unusable as    disk being of the type having a magnetic layer
magnetic recording media.                     30      comprising cobalt and
platinum wherein the mag- It has also been discovered that the SNR of
netic layer is formed by sputter deposition, the CoPtCr disks formed In an
oxygen-containing atmos-    process comprising the step of introducing oxy-
phere can be improved even further if the completed   gen into the
sputtering atmosphere during the de- disk Is annealed. In one experiment
disks with a      position of the magnetic layer in an amount suf-
Co0`Pt12Cr13 magnetic layer formed directly on a   35  ficient to
Incorporate oxygen Into the magnetic AiMg/NiP substrate were heated at 450
degrees F       layer in an amount greater than 5 atomic percent. (2320C)
for 90 minutes and allowed to cool slowly to ambient temperature. The
thermal treatment was     8. A process as claimed In claim 8 further
compris- conducted in both air and an essentially oxygen-free  ing the step
of heat treating the disk after the atmosphere created by first purging the
oven with ni-  40  sputter deposition of the magnetic layer. trogen. The
resulting disks exhibited a decrease of 9.8 microvolts RMS noise and an
increase of 3.6 dB SNR at 2400 fr/mm over identical disks which were
Patentanspriche not heat treated. The above description relates only to the
Inven-  45  1. Eine magnetische Aufzeichnungsplatte zur horl- tive
structure which forms a part of the recording me-  zontalen Aufzeichnung,
die enthalt dia, and not to the conventional well-known portions  ein
Substrat; und of the media and the media fabrication processes. For  eine
Magnetschicht, die Oberdem Substratgebil- example, In the fabrication of
thin film metal alloy  detwird, wobei die Magnetschichteine Mischung disks,
it is known to provide a protective overcoat,  50  aus Kobalt, Platin und
SauerstoffenthAlt und der such as a sputtered carbon film, over the
magnetic   in der Magnetschicht vorhandene Sauerstoff film.
grOger als 5 Atomprozent ist. 2. Eine Platte wie in Anspruch 1, die
au~erdem sine Claims                                        65      nicht
magnetische Unterlage zwischen dem Sub- strat und der Magnetschicht
enthilt. 1. Amagnetic recording diskfor horizontal recording 



comprising:                                    3. Elne Platte wie in
Anspruch 2, wobei die Unterla- 3    5                 EP O 413 423 B1
6   I I l!  I 1111ff    11111 ff111 111111 ge aus Chrom let.
une concentration atomique inferieure A 30% en- viron. 4. Eine Platte wie
in irgendelnem dervorhergehen- den Ansprfiche, wobel die Magnetschicht
Chrom  6. Disque selon l'une des revendicatlons pr6ceden- enthilt
6       tes comprenant en outre une couche protectrice formee sur Ia couche
magnetique. 5. Ene Platte wie In irgendeinem der vorhergehen- den
Ansprfiche, wobel der Sauersatoff in der Ma-  7. Proc6d6 de fabrication
d'un disque d'enregistre- gnetachicht Ideiner ale etwa 30 Atomprozent let.
ment magnitique A film mince pour enregistre- 10     ment horizontal, ledit
disque 6tant du type ayant 6. Eine Platte wie in irgendeinem der
vorhergehen-   une couche magnetique comprenant du cobalt et den Anspriche,
die auferdem sine Schutzum-        du platine dana lequel la couche
magn6tique eat mantelung enthilt die Oiber der Magnetachicht     formee par
depot par pulverbsation, le procodd gebildet wurde.
comprenant les 6tapes d'introduction d'oxygbne 1S     dane ratmosphbre de
pulv6risation durant lee d6- 7. Ein Verfahren zur Herstellung elnes diinnen
pdts de la couche magn6tique en une quantite
FilmsaufdermagnetischenAufzelchnungaplatte        suffleante pour
incorporer de 'odxyghne dana la zur horizontalen Aufzeichnung, wobei die
Platte   couche magnitique en une concentration atomi- sine Magnetschicht
aus Kobalt und Platin ent-     que superleure a 5%. halt, die Magnetechicht
durch Sputtern geblidet  20 wird, das Verfahren den Schritt zur Zufuhr von
8. Procede selon la revendication 7 comprenant en Sauerstoff in einer
ausreichenden Menge In die    outre l'6taps de chauffage du disque apres
d6pot Sputteratmosphare wahrend des Aufdampfens         par pulv6risation
de la couche magn6tique. der magnetischen Schichtenthalt, um so der Ma-
gnetschicht Sauerstoff in einer Menge belzuge-  25 ben, die grOBer ala 5
Atomprozent Ist. 8. Ein Verfahren wie in Anspruch 8, das augerdem den
Schritt zur Warmebehandlung der Platte nach dem Sputtern der Magnetschicht
enthilt.   30 Revendlcatlons 1. Diaque d'enregistrement magn6tique pour
enre-  3S gistrement horizontal cornprenant: un substrat; et une couche
magnitique form6e aur le substrat, la couche magnetique ayant une K.>
composition A base de cobalt, de platine etd'oxy-  40 gene, l'oxygbne 6tant
present dana la couche ma- gndtique en une concentration atomique sup6-
rieure A 5%. 2. Dbaque selon la revendication 1 comprenant en   46 outre
une couche sous-jacente non magn6tique entre le substrat et la couche
magnetique. 3. Disque selon la revendlcation 2 dans loquel la couche
sous-jacente eat form6e de chrome.  50 4. Dbsque selon l'une des
revendications prec6den- tes dane lequel la couche magnitique comprend du
chrome. 55 5. Disque selon rune des revendications preceden- tea dans
lequel 'oxygene eat presentdana la cou- che magnetique en une quantiti
representant 4    


