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This invention relates gmrally to thin £11m magnetic recording

~media.

1o

15

Bn:ium fmitu cowolmd- (cmounds of barium, iron, and emen)
have been w:l.doly studhd because of thelr mm:ic properties. - One such
compound ia ‘the magneto-plunbite phage, (BaFe;.0.,,) which is £requent;ly
referred to as tha M or ¥-Bs phase. The magneto-plumbite phase has

hexagonal s;mme:z'y and i ccmpoaed of layers of clcme-packed coxygen
planes with irxon atoms occupying several different interstitial sites and

a barium atom substituting for oxygen on every fifth layer. The.unit
call is composed of two formula units of BaFey;0,,. The magnetic moments
of the iron atcme at the intexstitial sites are parallel to the
cTystallogzaphic c-axis and partially cermpensate each othsr, leading to a
ferromagnetic state balow the Curie temperature of approximately 450° C.
At room teanperature the material possesses large uniaxial crystal

anisotropy and an easy maguetization axis parallel te the
crystallographic c-axis. For fields applied parallel to the easy

magnetization axis, cocercivities larger than 6000 Os have been reported
in small single crystal partizulates and nezrly 5000 Oe. has been achieved

in thin fiilms of tha M phase.

Eariunm farrite has been used as a wagmetic recording medium in the
form of single crystal particulatas suspended in a binding material. The

_- particulates ir these media can be oriented by applying a magnetic field
. %0 the structure during thn euring of the kbinder. The magnetic

performance of barium ferrita particulate media is surprisingly close to
that of a conventional thin £ilm cobalt-alloy magnetic disk. The
exceptional performance of this particulate media has been attributed to
its large anisotropy £isld and the magnetic decoupling of the
particulates. Navertheless, in the drive toward higher density recording
éisks, the ability to make cobalt-based alloy media much thinner than
particulate madia has made it preferabla for use &z a vecording medium.

| Barium ferrita has also heen investigated for use as a thin £ilm

perpendicular recording medium. Perpendicular ree_e:d.tt_zg media store
informaticn in the form of msgretized regicns wherein the n_ulmtiiaticn

in each region is substantially perpendicular to the plane of the medium. .

' Thig 4s in contzast to ccnventiqnal lengitudipal recoxrding techniques
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wherein the magnetised regions have fialds that lie substantially in the
plane of ‘the medium. Becsuse the emsy magnetizatien axis of barium
ferrite is parallel to the c-axis, the pricr art has been directed tcward
developing thin £ilms with a high degres of c-axis perpendicular
orientation. In addition to high ccercivity, such £ilms are advantageous
because they are wear resistant and exhibit a high rssistance te

corrosion.

& favoured preparation technique of perpendicular barium ferrite
films is to sputter ﬂépeiit barium ferrite from stoichicmetric, ceramic
cargets in a system having two face-to-face targets onto a heated
substrate located at the periphery of the plasma between the targets.
This arrangement minimizes the bombardment of the thin film by energetic
ions and slectrons during £ilm growth, thershy preventing changes in the
film stoichicometzy caused by the preferential re-sputtering of barium.
Substrate temperatures during deposition range between 550° and 700° C and
sputtering gases are typically a few percent oxygen in argoen at a total
Pressure of 2-8 millitorr.

While such £ilms have desirable preperties, they are of limited
utility in longitudinal recording applications, which are often a
preferred mode of magnetic recoxding. Longitudinal recording is -
preferred in many ih_-tancu because of the relative sase with which high-
parformance read/write heads can be fabricated to work in conjuncticn
with a lengitudinal medium. The unsuitability of traditiomal barium
ferrita thin films for such applications is due to their strong
crystallographic and magnetic orientation perpendicular to the plane of

the film. This results in an in-plane coercivity and an in-plane

Temanence that are far too low to be useful in high-performance :-acording
applicaticns.

For the foregoing reascns, there is a need for a thin f£ilm magnetic
recording medium that utilizes ths advantageous magnetic, Strxuctural, and
chemical properties of thin £ilm barium ferrite without the limitaticn of
being strongly ori-:ed perpendicular to the plane of the £ilm.

The present invention is directed to a magnetic recording med:l.uli

. that satisfies this need by forming a barium ferrite thin film with a

Tandomly oriented, fine-grsined polycrystalline structure. Randemly

oriented £ilms of barium £e=r1t9 are obtained by room temperature sputter

Sheet Has Been Re; laced

T




'98% 28208  15H069:BT{ ¢--zh(®) AS-SPRUSON ; 0462755296 # 924

dsposition of an amorphous oxide £ilm followed by a high temperature
annealing process in air or cxygen. Tha £ilm which ig nen-magnetic and
amorphous aftar do:oaition becm- maoci.e and crystalline after
annealing. The xandom orientatien of tha resultant barium ferrite

S cryetals results in enocugh :l.n-plue coercivity and remanence to make the

medium useful for longitudinal recording.

¥ 3 mtatzed magnetic medium having features of the present
invention cemprises a bavium ferrite f£ilm which bas been sputtex
deposited at ambient temperatures from BaFe,0,, targets and then
10 subjected to high temperaturs annealing to form a magnetic structuzre with
‘random czystallization. The composition of the f£ilm is subastantially

BaFe,,0;, & hexagonal M-Ba ferrite compound. . L

In cne embodiment of the invention, annealing occurs when the £ilm

is subjected to 850° ¢ for 10 minutes in an atmosphere of oxygen. Much

15 shorter annealing times are possible if the annealing occurs at a higher
temperature. For example, in another embediment of the inventioen,
annealing occurs in 10 seconda.at 950° C. Alternatively, the £ilm can be
annealed by laser irradiatisn so aa to avoid subjecting the substrate to
the damaging effects ¢f high temperatures. One such embodimsnt subjects

240 the £ilm to dirradiation by a 110 watt CO, laser ocperating at a wavelength
of 10.6 micrens for 80 seconds.

Typical magnetic preperties for €ilwms prepared in accordance with
the present invention are: H,=2500-5000 Os, M. t=lmemu/cm, for t=70nm,
M =375 emu/ce, 5=.55~.65 and B°=.8. The large anisotropy of the matexial
25 (8,217,000 Q) is responsible for the large coercivity of these films and
makes them difficult to saturate even with an epplied field of 10,000 Oe.
In sdditicn, the resultant f£ilms have an inherent surface texture that is
advantagecus when ths £ilm is used for disk storags applicaticnms.

- Another embodimsat of the invention deposits, through sputtering, s [
30 thin film of barium fervite while simultaneously doping the £ilm with :
relatively small percentages of Cr,0,, 8i0;, TiO), Zr0; ¥;0;, ¥;05°Zr0;
(¥82), Al0;, CoO'Ti0; or other oxides haviug & cation valence of +3 or
+4., Thin films doped in this manner have a smaller grain size and
therefore a higher signal to noise to ratic.

—
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Thig inventien thus provides a barium ferrite £ilm with
sévantageous magnetic properties, corrosion reaistance, durability and
inherent texturs without the limitatien of being strongly magnetically

' oriented perpendicular to the plane of the film. Embodiments of the

10

15

“invention will now be described, by way of amle only, with reference

to the accompanying drawings in which:

Pig. 1 a a mn—nqc:_iem.fl. view of & barium ferrite £ilm on a
substrate; ' '

Pig. 2a is a magnetic hysteresis locp of an 850 A baxrium ferrite
thin £ilm of moderate coercivity with the appl:l.ad f£ield in the plane of

tha £1ilm;

Fig. 2B is a magnetic hysteresis locp of an 850 A barium ferrite
thin film of large coercivity with the applied field in the plane of the
£ilm; : '

Fig. 3a is a profilcometer scan of a 1,000 A barium ferzrite thin
£ilm after depcsitiocns

Fig. 32 is a profilemeter scan of a 1,000 A barium ferrite thin
film after annealing;

Fig. 4 is a mgn-tie hysteresis J.ecp of a barium £an:it:e th:l.a film
dnpud with chromium oxide cn an s:lo substrate; '

Fig. 5 i=s a graph 1uultut:u:g the relaticnship bei:!.nau coexcivity

and grain size for variocus deped and undcped barium ferrite thin .'.iln_u;

Fig. 6 is a graph _ﬂluitntiﬁng-tho relaticnship between grain sisze

and Cx,0; doping concentration for barium ferrite thin filmg deposited cn

810, _-uhltraten

Fig. 7A is a tmn:ms:la locp of a barium ferrite film umealea by
€O, laser irradiatiem;

_ Pig. 7B is a meonl:ls loocp of a high co-zei.vity ba:iun :Eer:.'l.ce
£ilm umulod by CO, laser i:na.iat:l.cm
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, Fig. 8A is a graph illustrating the relationship between laser
ir_za_diatieu' time ana qo#:ivi:y at a laser power of 300 watts;

Fig. 8B is a graph ijllustrating tha relationship between laser
“irradiation time and coercivity at a laser powsr of 110 watts;

- 8 Fig. 9 is & schamatic diagram of a disk drive system useful for
practising the present invemtion; end

Fig. 10 48 2 topplan view of a disk drive system useful for
practising the present isvention.

With reference to Fig. 1, a cross-secticnal view of a barium
10 ferrite f£ilm 60 deposited on a substrate 70 is illustrated.
The £ilm 60 has an upper surface §5 and s bottem surface §7 that forms
the interface with substrate 70. The £ilm 60 is deposited dy reactive
magnetron sputtering of a barium ferrite target in an cn-axis gputtering
system, such as the 24 inch Research S-gun medel manufactured by
1S Sputtexed Films, Inec. of Santa Barbara, Califoxmia. On-axis sputtering
syatens orient the sputtering target so as to bes parallel to and facing
the sudatrate. This configuraticn:results in higher dspomition rates
- than that achiaved hy sputkaring systems which position a substrate
parpendicular to the targets at tha periphery of the plasma. The barium
20 ferrite sputtering targats ara stoichiometric or nearly stoichicmetric,
hot-pressed ceramics, which are insulating and magnetically unpolazized
Pprior to sputtering. The films may bs successfully sputtered under a
wide ranga of ccnditiena, including those indicated in Tabhla I.
Subgtrates remaln at ambient temperaturs during deposition (typically 50° .
25 ) and move with a continucus *planetary” motion over four aifferent B
sputtering guns. Therefore, £ilm depositicn occurs caly during that f
fraction of time when the substrates are over the barium ferrite target.

EANLE X

o - ~ Pressuxe ' 3.5-8 mToxr

. 30 % G, in Argon ' . 1-108
P&w . _ . 40 scem
Power 200-500 W DC or RP
Negautive Bias. : -0~80 VvV BC

. . Thickness 500-1100 A
35 - Rate ' ' 8.5-11 A/min
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o Targets are initially sputtered with radio frequency (RF) power;
however, after several hours of RF sputtering the targetes beccme
ccndnctive and DC sput:e:ing is poseible. . 'raz-get conductivity increases

' during the initial sputtering of a mew target. This is likaely the result
5 of preferential sputtering at the target’s. surface. Target history has a
larga effect on the ccwoniticn and properties of ths sputtered barium -
ferrite £ilms., PFor e:umpla. if deposition conditions are changed, the
composition of the resultant £ilme changes until the target again reaches
a steady state. It ia believed that the cmos:l.r.e oxide target changes

' 10 its surface compositicn with respect to the bulk target composition due
to the different sputtering ylelds for sach component. When sputtering
conditions are changed, a new surface composition must-be achieved to
cbtain a steady state transfexr of the target ecwos:n::l.on

The sputter. deposited barium ferrite £ilm is initially nemmagnetic,
15 insulating, amorphous and extremely stable in-air. Crystalline magnetic
£films are obtained by annealing the samples after removal from the
sputtering system. Annealing is pexrformed using a quartz lamp rapid
thermal annealing cven or by similar technigues as are known in the art.
A typical annealing conditicn is 850° C for 10 minutes in one atmosphere
80 of 0. Processing times as shozt as 10 seconds are possible for
annealing temperatures of 950° C. aAdditionally, crystalline films can be
_obtained at temperatures below 00° C if amnealing time is increased to _
. devaral hours. If the films are deposited on 8i0, or othar compatible |
substrates, the temperature at which annealing occurs has very little '
35 impact on the magnetic properties of the resultant crystalline barium
fexrite £4Inms.

UHMJ:O :s.m annealed in O,, filme annealed in N, show a substantial
‘dapendence of their magnetic properties cn the time and t&upe:-atuze of
the anneal. Films annealed Sin N; for more than 20 minutes at S00° C have

30 a sharply reduced coercivity. Studies performed using Rutherford back-
scattering spectroscopy (RES) reveal that high temperature amnealing in
an N, atmosphere for a long period of time reduces the oxygen content of
the barium fervite film when comparad to £ilms identically annealed in

.

35 Alternatively, the amorphous barium ferrite film may be annealed by
laser irradiation. Laser ixvadisticn has the advantage of minimizing
damage to the substrate materisl caugsed by exposure to high temperature
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annealing in ovens. In addition, laser crystallization of the barium
ferrite £ilm makes it possible to form magnetic ragions om a recording

‘medium while leaving adjacent po:r.:lons of the medium nemmagnetic. Pox

cxuph, data tracks on a magnetic recording disk could be czystsllized

| while leaving adjacan; bands nonmagnatic. Thig results in a high degree
" of desirable magnetic isclaticn between adjacent data tracks. :

In one embodiment of the laser 'a.nnealing process, light frem a
Coharent Genersl B7000 CO, laser operating in CW mode at a wavelangth of
10.6 microns is directed ‘through’'a series of ZnSe or other gsuitable
lenses toward a barium ferrite thin £{Ilm on a §i0, substrate. The
defocused beem from the laser is used to irradiate a circular metal
Aportuzé which is focused on the sample at 2 normal incidence so as to
form a 6.4 mm radius cirele., The in-nd.i.a.ticn' is performed in aix at
ambient pressure and temperature fox 5 to B0 seccuds with the laser

cperating at 100 to 300 watts.

. Many varistions of the above described process are possible. For
example, the laser may be a Nd-YAG, excimer, or pulsed yuby laser, as
long as it can deliver the requisite eanergy and couple the enaxgy to the
£ilm. As an example, tha above dsscribed procedure was used with an xaCl
excimar laser operating at 308 mm to succeasfully anneal barium ferrite
films on common glass substrates with no thermal damage to the glass.

Referring mow to Fig. 7A, the hysteresis locp of an 800 A barium
ferrite £ilm deposited cn an Si0, substzate and annealed by CO, laser
irradiation at 300 watts for 5 seconds exhibits a coarcivity of 3500 Ce
and an B’ of .75. 8&imilarly, Fig. 7B ia the hystezesis locp of an 600 A
barium ferrite film doped with .03 atemic percent of chromium and

‘annealed by CO; luser irzadiation for 5 seconds. The in-plane coercivity

of this £ilm is eslightly greater than 5000 Oe.

The relationship between laser irradistien time and film coercivity
is {llustrated in Fig 6A and §B. Fig BA is a graph of coexcivity vs.
Jaser exposure time for an amorphous 800 A barium farrite film subjected
to irradiation at & powezr of 110 watta. As is clear from the gzaph,
increaging irrediation time results in higher coercivity f£films at this
power level. Fig. 83 is & simllar graph for a laser opersting st 300
watts. At this power level, coercivity drops substantially as
irrediation times exceed 5 seconds. It is believed that these powez
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levels lead to localized haating of the substrate and thereby promste a
m:t:.cn betwaen the bui.un forrite zum and the sub-tra:o that results
ina nonmgnat:l.c matc:ul at m interiaee.

- The substrate on whieh the bariun ferrite :hin £ilm is depomited.
'S mmst be able to withstand the high temperature oven aunealing process oz,

' at a minimum, the temperatures experienced during laser irradiatiocn. In
additien, it is desirable that ths substrate be reslatively unreactive
with the barium ferrite film.  Substrates meeting these criteris include:
oxidized silicon; 5i0,.(fused silica or fused quartz glass); and Corning

10 glass #7913 (Vycor 96% silica sheet glasa). Other Substrates are useful
with the present invention but may require a buffer layer between the
film and substrate to prevent a reactien at the intexface 67. However, i
substrate f£ilm reactions ars often fep:oducihle and may promote adhesion
between the film and the substrate. These results are summarized in |

15 Table IXI. Substrate resctivity is determined ky the amount of film-~
substrate interdiffusion that occurs after high temperature annealing.
Bignificant interdiffusien typically results in f£ilms having poor
magnetic properties and little crystallinity. "Small® reactivity implies
barium ferrite crystals with goed magnetic properties, while “large*

40 reactivity corresponds to Ffilms having poor magnetic properties, little
crystallinity, and significant interdiffusion between the substrate and a
1000 A thick film., Adbesion was dntermined by a qualitative scratch test
with stainless steel twas:m
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.Ba-l.'e::ii:e thin £ilm substrates

fused silica 940, glass small good

. fused guartz sioz-_gla.u : " smell good
7913 glass 96% si.o2 glass _ small goed
7059 glaas alkall free glass medium good
0317 glass . soda glasa medium good
oxidized 81 810, plass ' small excellent
UDAC - C glass o very large very poor
81 - cubie, (100) (111) large good
al.0, _ hex., A.R,C, plane small goed
MgO ~ cuble, (100) large good
¥,0, - 2x0, cubic, (100) very small poor
mloa . cublc, (100) very small - poer _
s:':'l.‘s.c3 ' cubic, (100) very small very poor

Figures 2A and 2B are hysteresis locps of two bBarium ferrite £ilms

' of moderate and large coercivity respectively in fields applied parallel

and parpendicular to the substrate surface. The large e:_vstal anisotropy

' of the barium ferrite M-phase prevents saturaticn of these £ilms even iz

a field of 14 kOe. The comparable remanent memente of the two
crientations suggests that no strongly preferred crystal orientation
exists in the f£ilm. The n.tu:-::i.en magnstization (H=20 kOe) of the
sample in Fig. 2B m =265m/¢m ) is appzoxim:ely 71% of the typical
bulk value of buium £e:z‘:|.te (37501\'0:/@ }. It is presumed that tha

‘missing moment 1s the result of a nommagmstic reaction layer at the

substrata incerface 67. Tha modast magnetization squareness of the in-
plane hysteresis 1ocp, typically between .45 and .60, is a consequence of
the lack of orientaticn of the crystallitas. Tha cosrcive sgQuareness,
typically in the range of .75 to .85, is quite large, implying a narrow
switching field distributien. A narroew switehing field distributicn is a
key requizement of a successful recording medium and an important

advantage of the preseat inveamtion.

Scenning electron microscope (SEM) micrographs reveal the surface

of the barium ferrite £ilm to consist of a collection of plate-like
/ -
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| Contrazy to the acicular pu:h:.clea zound in most particulate recording
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0

grains and needle-like grains with aspect ratios of approximately 8:1.
Cross-gectional trangmission electxon microscope (TEM) studies revaal
that r.hau grains are columnar and extend all the way to tha substrate.
The mdl--lm grains are essentially plates when viewed edge-cn.

media, the easy magnetization axis of a barium ferrite needie-shaped
grain is parallel o the short dimensicn due to the large crystal
anigotropy of the material. '

The needle-like grains at the surface of the barium tq:r:‘.t:e £ilmg
provides ap inherent texturing that is advantagecus in many recording
applications. Because the surface is textured, transducing heads and
their attached air bearing sliders are less likely to bond to thea
surface. An illustraticn of tha inherent texturing of the madia is seen
in Fig. 3A and 3B which aze profilcmeter scans of 1000 A bazrium ferrite
£ilms after depositicn and annealing, respectively. As is appareant from
the figurss, the surface of the annealed £ilm is much rougher than that
of the amorphous f£ilm. This iB due to the random erystal orientation of
the film snd the acicular particles extending to different heights above
the £film. It should be noted that the term "random orlentation®, az used
above anéd in the claims, denotes a kroad range of crystalline structures
varyiang from a complete 3-dimensicnal random oriantation to thoss £ilms
baving a prefereatial in-plane orientatien and a randem orientaticn
within thc plane of the £ilm.

A strong correlation exists between grain size and barium ferrite

composition ratio in films deposited on 8i0, substrates. Grain size was
determined by scanning electrom microsccps studies and the barium to irea

' ratioc was determined using RBS data.’ Smaller grained 2ilms are cbtained

in films with a larger Ba-Fe ratic. Ths typical dimensicn of the needle-
like grains in a small grained £ilm is approximately 300-1500 A, which
appxoaches the dimensions of the grains found in ccbalt-based alloy
mediums today. Pilms thinner than 500 A have small magnetic momente and
exhibit little or no hystaresis. Presumably, this is the result of a

:uetion with the substrate.

Cee:.-ea.vity of barium ferrite materiale is aypicully cbserved to
increase with decreaming grain size until grain sizes become so emall
that thermally activated raversal effects become dominant. Magnetization
Feversal in barium ferrite particles and ceramics is generally believed
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to be dua to the nucleation of ragiens of reversed magnetization at
crystal and microstructural defects located at the edges of the grains or

particles, followed by rapid p:epayatian of .the reversed reglon

" threughout the particle. Domain wall moticn frem grain to grain is not

cbserved, ' The increase of coezcivity with decrease of grain size is
thought to be the result of a reduction in the aumber of defects per
particle es pazticle size decreases. At vary small particle siza,
coherent rotation may become the deminant mechanism responsible for
magnetisation reversal. As demonstrated in Fig. S5, a strong correlation
exists betwean cecerciwity and grain sige in barium ferrite thin films.
The mquareness values, S and s' are relatively insensitive to grain size.

The grain size of barium ferrite thin filmg can be controlled by

doping the films with compounds guch as Cr,0,, 8102. 740.., 2x0,, 1'303
2303 2x0, (¥82), Al,0,, C:ct)"‘r.'i.t:z or other simple cxides having a metal
cation wich a valence of +3 or +4. Small grain films ave essential for
creating low-noise, high aveal dengity recording media. Pig. 6
illustrates the relationship between grain size.and dopant concentration
for barium ferrite thin f£ilms doped frem Cr 3 targets. The filme are
deposited using gputtering apparatus as described above with a substrate
rotating past a stationary Cr 2 3 targat and a stationary Bcren 19
target. The concentration of chreme in the resultant £ilm is controlled
by adjugting the sputtaring power applied to the targat. The amallest
grains are obtained in samples with chrome cemcentrations betwsen .1% and
1% by volume. In additien to altaring £ilm grain sisze,. doping also
modifies the ceercivity of the individual crystals within the £ilm and
may affect tha preferantial crientation of crystals within the £ilm.
Proper selection of dopants and doping concentrations can result im thin
£ilms having superior magnetic properties. aAs illustrated in Figs. 5 and
6., gzain sizaes below 200 A and in-plane coercivities above £250 Oe can be

achiovod by dop:.ng with Cr 03 at a concentratiocn of .1 to 1%

Films mada in accordance with the p:emt invention exhibit
excellant contect-start-gtop durability. A contact-start-stop test
performed o a lubricated barium ferrite diek without an cverceat
exhibited an average stiction force of spproximately 5 grams after more
than 30,000 cycles. At ths ecomclusicn of the test, the disk exhibit:ed ne
sign of wear or debris. In addition, films made in accordance with the
present inventien exhibit no significant corrosicn. This is to be
expected given the well-known stability of the N-Ba phase in a variety eof

et Has Been R laced

T \I\

AS-5PRUSON : 0462755286,:%#17/24




'98% 2208

10

is

25

30

1585064 ; BFT{ ¥~k (B)

AS-SPRUSON ; 0462755296:#18/24

i3

.nvi:onmﬁs. Fimlv. the £ilms are ex:zm:ly durable as demnsi:r.ated
by a hardness value of 16 GPa as detezn:lnad by nanoindentatiocn tesl:a.

A preferred mhca.imn: of the present invention utiliges a baz'ium

. ferrite thin £film on the surfaces of disks in a magnetic recording disk

drive. Witk reference to ?_:I.d.s. .a schematic diagram of a magmetic

' recoxding disk drive is illustzated and is designated by the general

reference number 10. System 10 comprises a disk spindle assembly 12 and

' & head actuator assenbly 14. Bpindle asserbly 12 and head actuator

assembly 14 avre located within a sealed bousing 16 to prevent particulate
cantamination. Spindle assembly 12 comprises a plurality of magmetic
recording disks 20 which are mounted to a. spindle 22. 8pindle 22 is
rotatad by an in-hub electrical motor which is not illustrated. Head
actuator assembly 14 compriges a voice coil motor 30 which moves an
actuator arm assembly 32 relative to the digks 20. Assenbly 32 has a
plurality of actuator arms 34, each of _whieh 19 positioned in a spaca
between two adjacent digks 20. Each actuator arm 34 hag & pair of
read/write heads 36. One head reads the digk pomiticned above the
actuator arm 3¢ and the cther reads the disk positioned below tha
actuator arm 34.

In operation, spindles 22 is rotated hy the in-hub motor and motor
30 moves the actuator arms 3¢ between the disks 20 to the dasired track

. location. Cne of the read/write r.rmduce:l 36 then reads or wr:.tu data

on the desired track.

Referring now to Fig. 10, a data recording disk drive useful for
practising the present invention is illustrated. The @isk file includes
a housing 40 in which is mounted a rotazy actuator 42, arn associated digk
44 and a drive means 46 for rotating the disk 44. The rotary actuator 42
moves a suspensicn asseubly 48 in an arcuate path over the disk é4. The
rotary actuater 42 includes a voice coll moter, which cemprises & coil 50
moveble within the magnetic field of a fixed permanent magnet assembly
52. An actuator arm 54 is attached to the movable coil S0. The other
ond of tha actuater arm 54 1- attaehea te the transducer-suspensicn |

assembly 48.

in the preferred embodiment, the disk 44 comprises a s&.oz subgtzate
on which is formed a 400 A barium ferzite £film made in accordance with

-
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the present invention. The film is doped from Cr Cr,0, targets with :I.i
volume ©of c:-zo and annealed at 850° C !or 10 minutes in air.
The pzov:l.cusly described enbodimnf.s of the invention have many
advantages in a.dd.‘.uon to theiz h:l.gh in-plane raemanence and inherent
‘5  texturing. As mentioned above, £11ms mada in accordance with the present i
invention comprise small, magnetically decocupled grains. This results in
a recording medium that is useful for high density recording and has a i
high signal to noise ratio. In addition, the present invention has :
sevaral advahugen over traditional cchalcw-based racording mediums. _
10 First, barium ferrite sputtering targets are relatively inexpensive when
compared to cobalt alloy targets, especially if the cabalt ia alloyed
with platinun. Second, the medium is very coxrosion resistant and wear
resistant. Thaerefore, no protective or lubricating overccat is required
en the surface of the madium or on the surface of the slider caxrying the
15 read/write head. This allows a resd/write head to £ly closer ko the |
magnetically active portion of the recording medium and allews a highexr
reeord:lag danaity. Finally, ualike cobalt based recording mediums that
often require unda:cgan ox a layeved structure to achieva gatisfactory
: nagnetic performance, a barium ferxite f£ilm made in accordance with the
20 preseat invention achieves satisfactery performance with enly a single
layer deposition. Therefora, the medium is easier to manufacture and
less expensive than traditiomal cobalt-based alloys.

Although the present invention has been described in considerable
- detail with refezence to certain praferred versions thereof, other
25 versicns are possible. For example, al_l:hcugh the imveation has been
describad in combination with gpsoific substrate materials, one skilled
in the art could apply the present invention to octher substrates. -
Similarly, one gkilled in the art would realize that the teachings of the
present invention with respect to aa!'em 19 8B be applied tc the almost
30 ehun.i.cally identical material Br!‘-n 1g° IE -hauld be apparent that othez
modifications and adaptations of the doscziqu_ enbodiments may occur teo
oene skilled in the art without departing from the scope of the present
invention as set forth in the following claims.
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1. A thin £ilm magnetic recording medium comprising:
a substrate; and .

_ a barium fe:éit_'c £41m formed on the substrate having an in-plane
coercivity greater than 5000 Oe.

3.  The thin film magnetic recording wedium of Claim 1 wherein said
barium ferrite film has a randemly criented, crystalline structure.

3. The thin film magnetic rscording medium of Claim 1 wherein sald
barium ferrite £ilm comprises BaFe;;0;.

4. The thin £ilm magnetic xqeo:d.i.ng'udim of Claim 1 wherein said
bariun ferzite £ilm comprises BaFe;0;y doped with Crx;0s.

5. The thin film magnetic recording medium of Claim 4 wherein chrcmi
comprises .1 to 1 percent hy volume of said barium ferrite £ilm.

6. The thin film magnetic recording medium of Claim 1 wherelin aaid
barium ferrite £ilm is dcpad with a material selected from the group -

consisting of ZrO, and Y¥,0,'Zr0,. _ .

7. The thin f£ilm magnetic recording medium of Claim 6 wherein said
material comprises 1 to 10 pexrcent by volume of said barium fezrite film,

8. The thin 2ilm magnetic recoxrding m_adi\'m of Claim 1 whersin gsaid
barium ferrite f£ilm is doped with a material selected from the group

emi‘:m of Cr.O;. Sioa. '1‘10.. Y.o;, M;O,. CeO"I‘iO..
9. . A thin £ilm magnetic recording medium _ém:iuing:
a substrate; and

& barium ferrite film on said substrate having an in-plaze
coercivity greater than 2000 Oe and a grain size less than 300 A.
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10. The thin £ilm magnetic recording medium of Claim 8 wherein said
barium ferrite film -;cnnprises BaFe0y doped with Cr,0,.

11. The thin Film magnetic recording medium of Claim 8 wherein chrome
comprisas .1 to 1 percent by volume of said barium ferrite film.

12. 7The thin film magnetic :et:m:dmg medium of Claim 8 wherain said
- parium ferrite film is doped with a material selected from the grouwp
consisting of 810;. TiO;. Zx0,, Y560,, ¥40,°220;, AJ.,O;. and Co0'TiO,.

23. The thin £41m magnetic rnm medium of Claim 8 wherein the . 1
surface of said barium ferrite film has a roughness exceeding 20 A RMS. -

14. A nagnetic recording diak drive carbziainm
a recording disk comprising:

a substrate; and

a barium ferrite film formed on the substrazas having an in-plane
coercivity greater then 2000 Os and a grain size less than 300 A.;

'means for moving & transducer relative to said recerding disk for
Teading daca fraom or writing data to said recoraing disk.

- 15. The magnetic recoxding disk drive of claim 12 wherein said baxrium
ferrite film has ne preotective overcoat. '

16. A mesthod for p:nduc:h'w a. barium ferrite thin £ilm useful for -
longitudinal magnetic recording, comprising the steps of:

sputter depositing from ceramic barium :erri;a targeta an amorphous _
barium ferrite thin f£ilm ento a substrate, ' i

annealing said barium ferzite thin film at temperatures in excess
of 675° C therely forming m crystalline, magnetic £ilm.

17. A method of producing a barium ferrite thin film for lemgitudinal
recording according to Claim 14 wherein said asputter depositing occura in
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an cn-axis sputtering apparatus while said substrate is maintained at
ambient temperature.

18. A method for producing a barium ferrite thin film useful for

longitudinal recc:d:l.ng according to Claim 14, wherein said annsaling
occurs in a rapid-ameal thermal cven at temperatures above 850° C.

19. A method for producing a barium !c::rite thin £ilm ugeful for
.séng.ttudiml :eco:d:l.ns according to Claim 14, wherein seid gubstrate is
salected to pzonote a horizental erystalline cr:l.cntaeien of said barium
ferxite thinm £ilm.

20. . A method for. producing a barium ferrite thin film useful for
longitudinal recording, according to Claim 14, wha:ein said substrate is
selected from the group comprising 8i0,, oxidized 31. high temperatuze
glaﬂseu ana high temperature oxides.

22, A method for p:oduing a barium ferrite thin £ilm useful for

longitudinal :eco:d.‘l.ng according to Claim 14, whexein said bu.riu:n
ferrite ceramic target comprises substantially BaFe,0;,.

32. A method for producing a harlun ferrite thin £ilm useful for
longitudinal magnatic recording, comprising the steps of:

sputter depositing from ceramic barium ferrite targets am amorphous
barium ferrite thin film onto a substrate,

annealing said barium ferrite thin £ilm by exposing sald f£ilm to
lager irradiation, theredy forming a ¢rystalline, magnetic f£ilm.

23. A method for producing a barium ferrite thin film useful for
longitudinal recording, according to Claim 20, wherein said laser
irradiation cmeau sald film to a fiuence at 200 to 500 watts/cm® for 1
to 5 seconds.

24. A method for producing a barium ferrite thin £ilm useful for
longitudinal recording, accozrding to Claim 20, wherein said lasex
irradiation occura at a wavelength bstween 248 nm and 10.6 um.

* [ L, M s *




'96% 24208

15806%; BH74 - ¥~k (B) AS-SPRUSON ; 0462755206: #23,/2

17

25. A method of longitudinal magnatic recording comprising the stepa
of:

(a) moving 2 transducer adjacent to a regicn on a maimtic'
recording medium comprising: ' '

a substz"a_te: and

1
i

a barium ferrite £ilm formed on the gubstrate having an in-plane
coercivity greater than 2000 Ce and a grain size less than 300 A;

(b) apx;lying a current to sald transducer so as to generate an
in-plana namtic field of more than 6000 Oe at the plane of said barium
forrite £iln, therehy ma.e.i.ng an in-plane remanent magnetic field of
more than 3500 Ce ia sald region.
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