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3 greater than 5000 Ce, said filmconprising BaFe[err] (Qerr] doped w
G2 B wherein said bariumferrite filmhas an average grain size |ess
t han 360 A Accordi ng ‘to anot her aspect of the invention ﬁ '
provided a thin filmmagnetic recording gedi um conpri si ng:zzsj §d§ :
andsa bariumferrite filmon said substrate

0462755206 ¢ 7,24

This invention relates gmrally to thin £11m magnetic recording
media. o - '

Barium ferrite compounds (compounds of barium, iron, and oxygen)
5 have been widely studiad bacause of thelr magnetic properties. - One such
" compound is the magneto-plunbite phass, (BaFe,.0) which is frequently
referred to as tha M or M-Bs phase. The magneto-plumbite phase has
hexagonal s;mm::y and is cemyoaed.of layers of clcme-packed coxygen
planes with iron atoms occupying several different interstitial sites and
10 a barium atom substituting for oxygen on every fifth laver. 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 temparature of spproximately 450° C.
1§ At zroom temperature 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

. 20 in thin £ilms of tha M gphase.

Eariunm farrite has been used as a wagmetic recording medium in the
~ form of single crystal perticulatas suspended in a binding material. The
. particulates ir these media can be oriented by applying a magnetic field
. =0 the structure during the euring of the kbinder. The magnetic
a5 . 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 field and the magnetic decoupling of the
particulates. Navertheless, in the drive toward higher density recording
30 disks, 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 recerding media store
information in the form of megnetized regicns wherein the magmetizaticon
35 in each region is substantially perpendicular to the plane of the medium. -
 This 49 in contrast to conventiqnal lengitudinal recording technigquas
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haV| ng rand orﬁy ori ent ed crystalline structure, an.in- pl ane coercivity
greater than 2000 Qe and a grain size less than 300 A wherein said barium

ferrite filmconprises ‘BaFe[err] ({err] r£ed with G2 (err].
According to still another aspect of the imvention there is provided a thin

film.magnetic recording medi um conprising: a substrate; and a barium
ferrite filmon said substrate having a randomy oriented crystalline
structure, aWbpyein She magnewiasiizegicamheve fialds 15610 1e, substiantiglly rinsiche

I'ess than 20pldue oFi:thd melieiNPEécausd tBaalng' fdgnol Siathon! AReE of barium
ferrite is parallel to the. c-axis, the pricr art has been d:l.:'eeted toward
developing thin films with a high degrees of c-axis parpandicular

5 orientation. In addition to high coercivity, such £ilms are advantageocus
' because they mre wear zesistant end exhibit a high resistance to

corrosion.

& favoured preparation technique of perpendicular barium ferrite

films is to sputter ﬂépeiit barium ferrite from stoichicmetric, ceramic

i0 targets 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 f£film growth, thershy preventing changes in the
film stoichicometzy caused by the preferential re-sputtering of barium.

iS5 Bubstrate temperatures during deposition rzange 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

40 preferred mode of m;mt.i-c recoxding. Longitudinal recording is -
preferred in many instances because of the relative esase with which high-
performance resd/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

35 crystallographic and magnetic orientaticn 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
applications.

. For the foregoing reasons, there ig a need for a thin film magnetic

30 zrecording 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 invantiep is directed to a magnetic recording med:l.uﬁ
- that satisfies this need by forming a barium ferrite thin film with a
. 35 zrandomly criented, fine-grained polycrystalline structure. Randomly
o 'crionned.,_u:lns of barium £e=r1t9 are obtained by room temperature sputter
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with G2 (err]. According to yet another aspect of the invention
there is provi ded a thin film nagnetic recordi ng nmedi um conprising: a
substrate; and a bariumferrite filmon said substrate having a randomy
oriented crystalllne structure, an in-plan@ coercivity greater than 3250
Ce, and a grain size less than 700 A said filmconprising BaFel2 Jerr]

doped with Y2 Gerr].Zr2. . Enbodi ments of -the invention will now be
descri bed bapéi £ 9én %@'Wﬂ oxide £ilm followed by a high tempexature
_' : annealing process in air or exygen. Tha film whiech is non-magnetic and

amorphous aftar do:oaition becmn maoci.e and crystalline after
snnealing. The xandom o:ientatiea of tha rasultant barium ferrite
5 c¢rystals results in enocugh :l.n-plue coercivity snd 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.

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 embodiment 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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with reference to the acconpanyi ng drawi ngs i n which: - Fig. 1is a
cross-sectional view of a bariumferrite filmon a substrate; Fig. 2A

is a mggnetic hysteresis |loop of an 850 A tiarlumferrlte thin film of
noderat € coercivity with the applied field™ n the plane of the film
Fig, 2B is a magnetic hysteresis |oop of an 850 A bariumferrite thin film

é—of Iarge .coercivity with the apptied field in th Iane f t film
| mhbardowention

Flg 3A s a prof

arovides a\bezium TeIEARe fim, filmafter.
sévantageous magnetic properties, corrosion reaistance, durability and

inherent texturs without the limitatien of baing strongly magnetically

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

10

15

“invention will now be described, by way of example 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 pagnetic hy.st:mais locp of an 850 A barlum 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 plm of thes
Zilm; '

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 is a graph 1uult:=at:l.ng the relaticnship between coercivity
and grain size for variocus deped and undcped barium ferrite thin .'.iln_u;

Fig. 6 is a graph _ﬂluitntiﬁng-tho relaticnship between grain sisze
end Cr,0; doping concentration for barium ferrite thin f£ilms deposited ca
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 mulod by CO, laser izna.iat:l.cm '
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deposi tion; Fig. 3Bis a profilerater scan of a 1,000 A barium
ferrite thin filmafter annealing;
4 .

o 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
perpandicular to the nargetl at the periphery of the plasma. The barium
20 ferrite sputtering targats ara stoichiometric or nearly stoichiometric,
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
sputtering guns. Therefore, £ilm depesition occurs only during that
fraction of time when the substrates are over the barium ferrite target.

TANLE X
L : ~ Pressure ' 3.5-8 mTorr
. 30 % G, in Argon ' . 1-108
P&w . _ . 40 scem
Power 200-500 W DC or RP
Negative Bias. : -0~80 VvV BC
. ~ Thickness 500-1100 A
<1 S Rate ' ' 8.5-11 A/min
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Fig. 4 is a magnetic hysteresis |loop of a bariumferrite th|n filmdoped

wi'th chrom um oxide on an Si Q2 substrate; Fig. 5 1is a graph
illustrating the relationship between coerc&wty and grain size for

vari ous doped and undoped bariumferrite thin fil ns; Fig. 6is a
graph-illustrating the relationship betweén grain size and Olerr](err]
doping concentration for bariumferrite thin_ filns osi ted Si O2
substrates:. . Tarpgets; are codtiglly sautt 9%%%1"‘3 ‘bfg ?%’

anneal ed by Gokkevdz, Rt several hours of RF sputtering the targets bceome
| ccndnctive and DC sput:e:ing is poseible. . Target conductivity increases
' during the initial sputtering of a mew target. This is likely 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 _uhoﬁ ag 10 seconds are posaible 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.

m#.ka tilns 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 annealing in
an N, atmsplmd for a long period of time reduces the oxygen content of
the barium fervite film when comparad to £ilms identically annealed in

.

35 Altmt:l.vely. the amorphous barium !ozriu £ilm may be annealed by
laser irzadiation. Laser ixmdiuticu has the advantage of minimizing
damage to the gubstrate ;nanzhl_ caugsed by exposure to high temperature
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i rradiation;

Fig. 7B is a hysteresis | oop of a high coerC|V|t

ferrite fllmannealed by CJerr] Iaser I rradiationy

10

k13

20
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annealing in ovens. In additien, laser crystallizatiom of the barium
ferrite film makes it poasible to form magnetic ragions on a recording

‘medium while leaving adjacent portions of the medium nmamt;c. Pox

cxupio, date tracks on a magnetic recording disk csuld be crystsllized

| while leaving adjacent bands nonmagnaetic. This 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
t::afl:l.a:icn times exceed 5 seconds., It is believed that these power J
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Fig. 8Ais a graph illustrating the relationship between |aser irradiation
tinme and coercivity at a | aser power of 300 watts, Fig. 8Bis a
graph ildustrating the relationship between gaser .irradiation time and
coercivity at a |aser power of 110 watts; Fig. 9 is a schematic
di agr.am of a disk drive systemuseful for pratising the present inventions;
and levels lead to localized heating of the substrate and thereby promote a
reacticn betwaen the barium ferrite £1iIm and the _suﬁutraze that results
~in a nonmagnetic material at the interface. :

- _ The substrate on which the haﬂ_m ferrite thin f£ilm is deposited.
5§ must be able to withstand the high temperaturs cven annealing process or,

' at a minimum, the temperatures experienced during laser irradiatiocn. In
addition, it is desirable that the substrate be relativaly unreactive
with the barium ferrite film. Substrates meeting these criteria 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
£ilm and substrate to prevent a reaction at the interface 67. However,
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 IX. Substrate resccivity is determined by 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 f£ilm, Adhesion was determined by a qualitative scratch test
with stainless steel tweezers. :
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Fi g.ga?[OZHinga %%‘?96%15&‘%‘ Vh‘l eﬁ%i% a disk dri veAsysstem usef ul for practising the
present invention. Wth reference to Fig. 1, a cross-sectional view
of a bariumferrite film®60 deposited on a substrate 70 is illustrated. The
f.il m 60 has an upper surface 65 and a bottgm surface 67 that fornms the
interface with substrate 70. The film®60 is deposited by reactive magnetron
sput'tering -of a bariumferrite target in an on-axis sputtering system such
as the 24 inch Research 8-gun nodel . n% gred by Sputtered Filns, Inc.

of Santa Barbara, California.” On-axis sputtering systemorient the
sputtering target so as to be parallel to and facing the substrate. This
configuration results in hi ghcsa-teaftei thianfilm sghostrates

fused silica 940, glass small good

5 . fused quartz sioz-_gla.u : " smell good
7913 glass 96% si.o2 glass _ small goed
7059 glaas alkali free glass medium goad
0317 glass . soda glasa medium good
oxidized 81 810, plass ' small excellent

10 UDAC - C glass . very large very pocr
81 - cubie, (100) (111) large good
al.0, _ hex., A.R,C, plane small goed
¥gO ~ cuble, (100) large good
”z°3' -~ 2ro, cubic, (100) very small poer

15 m:l.os . cublc, (100) very small . poer _
Sr740, ~ cublg, {160) very swall vgry 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 crystal anisctropy
30 of the barium ferrite M-phase prevents saturation of these £ilms even in
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 magnetization (He=20 kOe) of the
sample in Fig. 2B m =265m/¢m ) is appzoxim:ely 71% of the typical
25 bulk valué of buium £e:z‘:|.te (37501\'0:/@ }. It is presumed that tha
‘missing moment 1s the result of a nommagmstic reaction layer at the
substrate interfsce 67. Tha modast magnetization squareness of the in-
plane hysteresis 1ocp, typically between .45 and .60, is a consequence of
~ the lack of orientatiocn of the crystallites. The coercive sguareness,
30" 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

35 of the barium ferrite £ilm to consist of a collection of plate-like
/ -
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thar‘?sﬁ’@tzoach ﬁ?sﬁ agﬂ sepuatuf(g)rl ng systems which position a substrate
perpendi cul ar to the targets at the periphery of the plasma. The barium
ferrite,sputtering targets are stoichi omatrlg or nearly stoichionetric,
hot - pressed ceram cs, which are insulating and magneti cal |y unpol ari zed
prio to sputtering. The films nay be successfully sputtered under a w de

;Zﬂg?nogt cg%: ti ﬁns ﬁ_tﬁcl ugl ng t hose, | nﬁ%téa%%l ? bl e# Subit rt}iﬁ
with a conti nm-*mw y&m-mmwemmmmﬂmpuwumgm
Therefore, fil¢RaicoRsie pPALARCEIE SoDiinkr Child BetdnBod11 ERE WaP e khb i diRsthite.
Lhe substrat espal g0l 1 1S oBBle Tt SybddiSab Y BEkten when viewed edge-cn.
8 Cnntrary to tha acicular pu:h:.czea zound in most particulate recerding
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 ferrite films
10 provides an 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
15 £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
20 above ané in the claims, denotes a broad 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

withina :he plane of the filn.

A strong correlation exists between grain size and barium ferrite
25 conposition ratio in f£ilms deposited cn ss.oz substrates. Grain size was
~ detexrmined by scanning electron microsccps studies ard the barium to iren
_ Tatic was determined using RBS éata. Smsller grained films are cbrained
B | 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
30 aeappxoaches the dimensions of thae grains found in cobalt-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
reaction with the substrate. .

Ceereijrity of barium ferrite materiale is typically cbserved to
35 increase with decreaming grain size until grain sizes become so small
that thermally activated raversal effects become dominant. Magnetization
Feversal in barium ferrite particles and ceramics is generally believed
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'BE7S c¥-TAh (B)
qerr A ?}?\203 golrslmw 7 Fl ow - . 40 sccm
- Power 200-500 WDC or RF Negati ve
" Bi as . 0-80 V DC Thi ckness .
1 .8.5-11 Alnmin

500-11G0 A Rat e
to be dua to the nucleation of ragiens of reversed magnetization at
crystal and microstructural defects located at the edges of the gzains or
pa.rt:l.e:l.ea. followed by rapid p:epayatian of .the reversed reglon

' throughout the particle. Domain wall motion from grain to grain is not
5 6bae:ved; ' The increase of coezeivity with decrease of gzain size is
thought to be the result of a reduction in the aumber of defects per
Miele as puzticle sise decreases. At very small particle siza,
coherent rotatiocn may become the deminant mechanism regponsible for
magnetisation reversal. As demonstrated in Fig. S5, a strong correlation
10 exists between coerciwity and grain sisze 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
15 cation with a valence of +3 or +4. Small grain films are essentlial 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
20 rotating past a stationary Cr, 2 3 targat and a stationary Bcren 19
" target. The concentration of chreme in the resultant £iim is centrolled
by adjusting 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 altering f£ilm grain size,. doping also
2S. modifies the coercivity 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

30 achiaved by dop:.ng with Cv 03 at a ecncentration of .1 to 1%

Films mada in accordance with the msﬁt 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

35 than 30,000 cycles. at the eemclusicn 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
e _
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Tar gggﬁ 2 2r05 |r11|5 Qaﬁlﬁﬁs%ut:t fged with radi o frequency (RF) power; however,
after several hours of RF sputtering the targets becone conductive and DC
sputtering is possible. Target conductivity increases during the initial
sputtering of a newtarget. This is likely e result of preferenti al
sput{éring at the target's surface. Target history has a effect on.
t he conposition and properties of the sputtered bariumferrite filns. -For
exanpl e, if depvitenmentasonZinalive thecfidhampedextzanely Apcalilei o dehcustrated
resul tant fil gy &hap@sssslGhide bPCLE 8586 Sétainkined AN AinsindeBEitioh! Bddta. |1

I's believed that t he conposite oxide target changes its surface conposition

with respect to .the bulk target conposition due
A preferred embodimant of the present invention utiliges a baz'ium

- ferrite thin f£ilm on the surfaces of disks in a magnetic recording disk
"5 drive. With reference to Fig.9, a schematic diagram of a magmetic
. recexding disk drive is illustrated and is designated by the general
" reference number 10. System 10 coupriges a disk spindle assembly 12 and
" a head actuator assembly 14. Spindle assenbly 12 and head actuator
assembly 14 are located w:lthin a sealed houging 16 to prevent particulate
10 contamination. Spindle assembly 12 comprises a plurality of magnetic
recording disks 20 which are mounted to a. spindle 22. 8pindle 22 is
rotatad by an in-hub electrical motor which is nct 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
15 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.

20 In operation, spindls 22 is rotated hy tha in-hub motor and motor
30 moves the actuator arms 3¢ between the disks 20 to the dasired track
.locaticn. One of the read/write r.rmduce:l 36 then reads or writes data
on the desired track. -

Referring now to Fig. 10, a data recording disk drive useful for
45 practising the present invention is illustrated. The disk f£ile 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
30 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
35 onm which iz formed a 400 A barium ferzite film made in accordance with

-
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'.t%eﬁ %ﬁzﬂgerent sputtering yields for each conponent. WWen sputtering

ditions are changed, a new surface conposition nust be achieved to
fain @ steady state transfer of the target conposition. The
ittes deposited bariumferrite filmis i#Ptially nonmagnetic, insul affing,
rphous and extremely stable in air. Crystalline magnetic filns are
ai ned by annealing the sanples after renoval fromthe sputtering sygtem

gE'eal ing i stherﬁ:eaqm inwéub;.on. g he t£41h ke dopw ﬂrmerﬁ targwial wikh ae or
simlar toehpsleT R EDiaiNed At ! d¥Y02¢ (for 10 YRhtdds 2ANASLI Ng

hdition is 850[err]C2f%)r 10 mnutes 1 n one atnosphere of (Jerr].
cessing times as short as 10 seconds are possible for annealing

peratures of 9%he Geeyivusiy (asroihed| enbodinenca| ¢f the finventica bavs gaTw| ned

't enper at Up@darRbédV18 MMk idd "th 19 AAgh "h-PLiBS rimdndREs A1 iKErent

g 5 texturing. As menticned above, £ilms mada in accordance with the present
invention comprise small, magnetically decocupled grains. This results in
a recording medium that is useful for high density recording and has a
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!'emo g can 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 dosczibod 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.

Sheet Has Been RTlaced
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sevegrsgl2 2gur &T the filnms are deposited on SiJerr] or other conpatible

substrat es, the tenperature at which annealing occurs has very fittre

i npact on t he magneti c properties of the reg dpl t ant crystaiﬂ,gghgeth%rgm Jaced
ferrlt.efllms Unlike filnms annealed in (Jerr],

N err], show a substantial dependance of their magnetic pr ﬂ"ﬂmmuaﬁE
ti-me and tenperature of the anneal. Filns aled in Ner

20 mnutes at 900[err] C have a sharply r coercivity. Studies
performed using Rutherford back- scattering spectroscopy (RSS) reveal that

hi gh tenperatyre aRedhifGn faghtcdd Sebdrdbyealias echprisihgng period of timne

reduces the oxygen content of the barlunlferrlte fllnlmhen conpared to
films identically annealed in
a subgtrate; and .

_ a barium fe:ﬂ.t_’é 'ﬂ.:l.m formed on the substrate having an in-plane
com:l.vity 'ma:ar than 5000 Oe. :

3. The thin tum magnetic merd:.nq md:i.un of c1a:|.m b | wharain said
barium ferrite f:l.ln hag a randomly oriented, cxyﬂtallina acructure.

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

4. The thin film magnetic xqeo:ding'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 f£ilm is dopad with a umial salected from the growp -

consisting of z:o, and ¥,0,°20,. _ .

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

. n- barium ferrite £ilm on said substrate having an in-plane
coercivity greater than 2000 O¢ and a grain size less than 300 A.

(e
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Al'ternatively, the amorphous bariumferrite filmnay be anneal ed Dy |aser

irradiation. Laser irradiation has the advantage of m N8 Sl Elas BREFIEGal

t he sub.Strate materi al caused by exposurseléo hi gh te”pe’mm'""m”m"

10. The thin £ilm magnetic recording medium of Claim 8 wherein said
, barium ferrite film -;cnnprises BaFe0y doped with Cr,0,.

_b

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,.

43. The thin film magnetic rnm medium of Claim 8 wherein the
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 farrite thin £ilm ento a substrate, )

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

LT — |
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7 g in ovens. In addition, |aser crystalllzatlon 0 tlhed bari um
forrite filmmakes it possible to form magnetic r S di ng
medi um whi |l e | eavi ng adj acent portions of the nedi ' For
-exarrpl,,é,, “data tracks .on a magnetic recordi di sk I1ized

whi | e.l eaving adj acent bands nonmagnetic. This results in a hi gh degree of
desi'rabl e magnetic isol ati on between adjacent data tracks one

embodi ment ofnt dre-aikis epusteciar sppepaTRcWhile peid ‘Wﬁ#&‘éfﬂ@?gﬁ‘i@ﬂ&a
E7000 CJ ef r L bisk' c@Ratisn i N OWnode at a wavel ength of

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 tempaeraturas above 850° c._

19. A method for producing a barium !c::rite thin £ilm ugeful for
.seng.ttudiml :eco:d:l.ns according to Claim 14, wherein seid gubstrate is
sslected to pzmte a horizontal erystalline cr:l.cnta::l.en of said barium
ferrite thin £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.

21, A method for p:oduing a bazrium 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 farrite thin f£ilm useful for
:.eagi:iid:l.nil :eeording agecozding 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 *
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10.6 microns is directed through a series of ZnSe or other suitable |enses
toward a bariumferrite thin filmon a SiO substrate. The defocused beam
fromthq |aser is used to irradiate a circular netal aperture which is
focusedfon the sanple at a normal incidencd?so as to forma 6.4 nm radius
circlse’ The irradiation is performed in air at anbient pressure and
tenperature for 5 to 80 seconds with the | aser operating at 100 to 300

wat t-s. 25. Maoymatiodabs QBsgitudiiel albgnetid ueeiding @D Leingatie 20654 Dl €.

For exanple, Jehe | aser may be a Nd- YAG excinmer, or pulsed ruby |aser, as
long as it can deliver the requisite energy and couple the energy to the
film An an exaple, the above described procedure was used with an XeC
exci mer | aser oper{a)i ngoeing3@ttranstucesusdiaseititbya xegion oban magnétderite

recording medium comprising:

a substrate: and

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

{b) apx;lying 2 current to sald transducer so as to generate an
in-plana namtic £ield 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

aore than 3500 Oe ia aaid xegion.

o s o anp it

This Sheet Has Been R

T

A

93/2



! 0d SE479: BF74 U=k () AS-SPRUSON : 0462755296; # 4/ 5
fllgran(lisﬁicz)Jril2 lﬁ qaﬁs substrates with no thernmal danmage to the gl ass.

Referring nowto Fig. 7A, the bysteresis |oop of an 800 A bariumferrite
filmdeposited on an Si(Jerr].substrate and annealed by CJerr] |aser
irradi ation at 300 watts for 5 seconds exhibits a coercivity of 3500 Ce
and &an [err] of .75. simlarly, Fig. 7B is the hysteresis |oop of an 800 A
_barl umferrite fil m doped with .03 atom qpqwem of -chrom um and anneal ed
by CJerr] laser irradiation for 5 seconds he in-plane coercivity of this
filmis slightly greater than 5000 Ce. The.rel ationship between
Faser rradiation time and filmcoercivity is illustrated in Fig 8A and 8B.
Fig 8Ais agraph of coerivity vs. : :

Fle. 7

This Sheet Has Been qulaced
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I as@p‘@%%urﬁsﬁqwqw alnl‘ grmrphous 800 AA?)asrl umferrite film subjected to
i rradi ati-on-at a power of 110 watts. As is clear-fromthe graph, increasing
~irradiation tinme results in higher coercivity filns at this power |evel.
Fig. 8Bis a-simlar graph for a |aser operating at 300 watts. At this
powe, | evel , coercivity drops substantti al Izy %s irradiation tines exceed 5
seconds I't is bel i eved tha%d@e;g_pmar___’,

PERPENDICULAR
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Iev«g\ffi zﬁ;e%d to ﬁp%ﬁca ’leed Ihostl ng of the substrate and thereby pronote a

reaction between the bariumferrite filmand the substrat

a nonmagnetic nmaterial at the interface. ) The substr?ge on _whi ch the
bariumferrite thin filmis deposited nust be able to withs laced
t enperature oven anneal i ng pocess or, at a mninum the terrp

expetienced .-during laser irradiation. In3fd@ition, it is desi

~substrate be.relatively unreactive with the barium ferrite film

-Subst rates meeting these. criteri a.ﬁaF“e?)(‘l 000)/Sl02
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oxi dgaiﬁ'e2 2OE égﬁnsﬁsiii*q r], efused silica or fused quartz glass); and

Cor ni ng gI ass #7913 (Vycor 96% silica sheet glass). Other substrates are
useful with the present- invention but nay require a buffer |ayer between
the fiFm and substrate to prevent a reaction at the interface 67. However,
substrate filmreactions are often reprozu I.bl e and may pronote adhesion
betheen the filmand the substrate. Thes ul'ts are sunmari zed 'in Table
Il. Substrate reactivity is daterm ned by the amount of film substrate
Jdnterdi ffusion that occurs after high tenperature annealing. Significant

-i'nterdi ffusion typically resul ts in filmhaving poor magnetic properties

-§:"and little cystalli nity. "Small" reactivity inplies bariumferrite crystals
Wi th good nmaghetic properties, while "?rge oheactivity corresponds to

- f'i I ms. havi ng poor magnetic properties ittlge Crystallinity, and

~.significant interdiffusion between thagubsiLate and a 1000 A thick film

‘ -Adhesion was determ- negby a qualitat |ée scratch test
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. Ba- fg«gfrzlﬂtze thlsmfmiarﬁfgugbsﬁg%t) es Substrat es Descri ption

- Reactivity Adhesi on fused silica sio[err] gl ass
snmal | . good fused quartz sio[err]glass snmal |
good 7913 gl ass 96% sio[err] gl ass smal | good

+ 7059,gl ass - alkali free gI ass medi um good 0317

. glass soda gl ass ; nmedi 6% good oxi di zed Si

Sio[err] glass = smal | excel | ent

GRAIN SIZE vs Cr, 0y CONCENTRATION
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exi s 'n the film The saturation nagnetization (H=20 kCe) of the sanple

in Fig. 25 (M=265enmu/cnferr]) is approximately 71% of the typical bulk
val ue of. bariumferrite (375emu/cnferr]). It is presumed that the nissing
moment iS the result of a nommagnetic reaction |ayer at the substrate
intesfrace 67. The nodest magnetization squaranes of the in- plane
hysteresis loop, typically between .45 an&@/H, is a consequence of the

| ack of orientation of the crystallites. The coercive squareness, typically
in the range of .75 t0 .85, is quite large, inplying a narrow swi tching
field distribution. A narrow switching field distribution is a key

reqgui rement of a successful recording nmediumand an inportant advantage of
the present invention. Scanni ng ‘el ectron -nmi croscope (SEM

.njérogfaphs:rev§ﬁéobhe surface
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of 9% WPFuml?%qﬁ?I%yfl l. ﬁﬂ‘% consi st of a collection of pI ate-1ike

grains and needle-l1ike grains with aspect ratios of approximtely 8:1.
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‘965 2H208  156506%; BE7{ ¥-e2h(B) AS-SPRUSON : 0462755296;# 6/24
Cross-sectional transm ssion electron mcroscope (TEM studies reveal that
t hese grains are columar and extend all the way to the substrate. The
needl e-4ji ke grains are essentially plates when viewed edge-on. Contrary to
the acicular particles found in nost particulate recording nedia, the easy
magnreti zation axis of a bariumferrite needle-shaped grain in parallél to
the short dinmension due to the |arge crﬂﬁVﬁO ani-sotropy of the-material.
The needl e-1ike grains at the surface of the bariumferrite filns provides
an inherent texturing that is advantageous in many recordi ng applications.
Because the surface is textured, tr-ansducing heads and their attached air
bearing sliders are less likely to bond to the surface. "An illustration of
t he i nherént textUring of the nedia is seen

—]
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preferential in-plane oriefte a random orientation within the plane
of the film . A strong correl ation exists between grain size and
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Barium ferrite cempounds (compounds of barium, iron, and cxygen)
have been widely studiad because of thelr magnatic properties. One such
compound ig the magneto-plumbita phase, (BaFe,.0u) which is frequently
referred to as tha X or ¥-Ba phase. The magneto-plumbite phase has
hexagonal symmetry and is canpoaed. of layers of close-packed oxygen
planes with iron atoms occupying several different interstitial sites and

o a barium atom substituting for exygen on every fifth laver. The unit

.~ cell is composed of two fozmula units of BaFe;Oy. The magnetic moments
of the irocn atoms at the interstitis) sitas are parallel to the
crystallogzaphic c-axis and partially ccampensate each other, leading to a
ferromagnetic state below the Curie temperature of approximately 450° C.
At room temperature the material possesses large uniaxial crystal
anigotropy and an easy magnetization axis parallel to the
crystallographic ¢c-axis. For ziglds applied parallel to the easy
macnetization axis, coercivities larger than 6000 Ce have been reported
in small ling_lé cxystal particulates and neerly. 5000 Oe has been achieved
in thin films of tha M phase.

Barium farrite has heen used as a magmetic recording medium in the
form of single crystal particulatas suspendsd in a binding material. The
particulates ir these media can be oriented by applying a magnetic field
to the seructure during ths curing of the bindsr. The magnetic
performance of barium ferritae particulate media is surprisingly close to
that of a conventicnal thin £ilm cobalt-alloy magaetic digk. The
exceptional performance of this particulate media has been attributed to
its large anisotrcpy fisld and the magnetic decoupling of the
particulates. Navertheless, in the drive towaxd higher demsity reccrding
diskas, the ability to make cobalt-based alloy media much thinner than
particulate medis has made it preferabla for use &g a recording medium.

Barium ferrites hms alse besn invastigated for use ag a thin film
perpendicular recording madium, Perpendicular recerding media store
information in the form of magnetized zegicns wherein the uqnetiiaticn
in each region is aubstantially pezpendicﬁlar to the plane of the medium.
This S8 in com:rut to conventignal lengitudinal recording techniques
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det ermi ned by scanning el ectron m croscope studies and t
rati o was determ ned using RBS data. Smaller grained fil

.ale
film with a | arger Ba-Fe ratio. The typical dinension of et e
grains in a small grained filmis approximately 300-1500 A Eﬂ lmu |
approaches the di nensions of the-grains fotind in cobalt-ba

today. Filnms thinner than 500 A have small magnetic nonments and exhibit

little or no hysteresis. Presunably, this is the result of a reaction with
t he substr ambezrein the magnetined regions (have fields that liet swbatantiallyy bh kilel v

observed t 0 glafe ¥ he'inddiGR.Cr 88cEuad KHadbileyS highotDbadict @ik SF ARFIGRCONE SO

- small that
Magnet i zat i
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general |y b&leveloping thin £ilms with a high degree of c-axis perpendicular

orientation. In addition to high coercivity, such f£ilms are advantageous
because they mre wear resistant and exhibit a high resistance to

" coxzoslion.

A favoured péepaza.:icu technique of parpendicular barium ferrite
films is to spu:tozlq'-peiit berium ferrite frem stoichicmetric, ceranmic
targets in a system having two face-to-face targets onto a heated
gubstzate located at the periphery of the plasma between the taxgets.
This arrangement minimizes the bombardment of the thin f£ilm by energetic
ions and electrons during £ilm growth, thearshy preventing changes in the
£ilm stcichicmetxry caused Ly the preferential re-gputtering of barium.
Substrate temperatures during depositicn range between 550° and 700° € and
sputtering gases are typically a few percent oxygen in argoa at & total
pressure of 2-8 millitorr.

While such films have dasirable properties, they ara of limited
utilicy in longitudinal recording epplicatiocns, which are oftem a
preferred mode of magnetic recording. Longitudinal recoxding is -
preferred in many :!.h_-m«s becauge of the relative sase with which high-
performanca read/write heads can be fakricated to work in conjuncticn
with a longitudinal medium. The unsuitability of traditicnmal barium
ferrite thin films for such applications is due to their strong
crystallogrephic and magnetic orientation perpendicular to the plane of
the £film. This results in an in-plane coercivity and an in-plane
remanence that are far too low to be useful in high-performance racording
applicationa.

:  For the foregoing reascns, there is a need for a thin film magnetic
recording medium that utilizes the advantagecus magnetic, .structural, and
chenical properties of thin film barium ferzite without the limitation of
beif.l.g strongly oriented perpendicular to the plane of the £ilm.

The present inventicn is directed to a magnetic recording medium
that satisfies this need by forming a barium ferrite thin £ilm with a
zandomly oriented, fine-grained polycrystalline structure. Randomly
oriented £ilms of barium £érr1tg are cobtained by roonm temperature sputter
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to besdue to the nucleation of regions of reversed nmagnetization at
grystal and mcrostructural defects located at the edges of the grains or
particles, followed by rapid propagation of the reversed region

3

deposition of an murphoul oxide £ilm £ollowed by a high cemperatu-e

" annealing proceas iz air or oxygen. The £ilm which is m—magne:ie ‘and
amorphous after depeosition beccmes mnotic and crystalline after
innuling. The zudeh orientation of tha resultant barium ferrite
crystals results in emough in-plane coercivity and remanence to make the

nmedium useful for lengitudiml recording.

A prete::ed magnatic medium having features of the present
invention comprises a bavium ferrite film which bas been sputter
Geposited at ambient tenperatures from BaFe;,0;, t2rgets and then
subjected to high temperaturs annealing to form a ugm:ic structure with
‘random czystallization. The composition of the £ilm is au.bll:ant:.ally

-BaFe,;059,” & hexagonal M-Ba fexrite compound.

In one embodiment of the invention, annealing occurs when the film
is subjected to 850° ¢ for 10 minutes in an etmosphare of oxygen. Much
shorter annealing times are possible if the annealing occurs at a higher
temperature. For example, in another embodiment of the invention,
annealing occurs in 10 secenda.at S50° C. Alternatively, the £ilm can ke
annealed by laser irradiaticn so sa to avoid 'snbdoct:l.ng the substrate to
the damaging effects of high temperatures. One such embodimant subjects
the film to irradiation by a 110 watt ‘CO, laser operating at a wavelength
of 10.6 micxens f£or 80 seconds.

'!ypi.cal magnetic properties for £ilms prepared in accerdance with
the present invention are: ¥,=2500-5000 Oe, M talmemu/cm, for t=70nm,
¥, =375 emu/cc, ,8=.55-.65 and B°=.8. The large anisctropy of the matexial
($,=17,000 Oe) is responsible for ths large coercivity of these films and
makes them difficult to saturate sven with an applied f£ield of 10,000 Oe.
In oddition, the resultant £ilmg have an inherent surface texture that is
advantagecus when ths. £ilm is used for disk storage spplications.

Another embodiment of the inventicn deposits, through sputtering, &
thin £ilm of barium fezrite while simultaneously deping the film with
relatively small percentages of Cr;0;, 8i0,, Ti0y, 2r0;, ¥;0y, ¥;04'Zr0;
(¥8Z), Alx04, cw'@iq or other oxides having a cation valence of +3 or
+4. Thin f£ilme doped in this manner have & smaller grain size and
therefors a higher signal to noise to ratic.
T
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throughout the particle. Domain wall motion fromgrain to grain is not
gbserved. The increase of coercivity with decrease of grain size is

t hought to be the result of a reduction in the nunber of defects per
particle as particle size decreases. At ve:% smal | particle size,
coherent rotation may becone the dom nant chani sm responsi bl e for
magnreti sation reversal. As denonstrated in Fig. 5 a strong correlation

exi sts 'bet ween co i v apd: n size in_ bari ferrl thin fil ns.
The aquar eness val'%g i%\éﬁ gé‘l“é P\ ‘ﬂ’s S wg&éi n size.
The grain si zdvdtahummmﬁumwmﬁ.lmdduezuim:aud.edut:qbiwmiug t he

films wth coppoedd Gﬁk sion &8 g,lq,g}ggg_g,r
Ylerr]Qerr], Y err Zrger YSZ) I CoO"T rr] or
ot her S|rrple Wém tcloﬁ“{‘]‘, %%gi %%J %qﬂ’
Smal| grain fnventisncriddsoom bel ddasribed, by way of Wh caly, Wif-h reference

to the accompanying drawings in which:

Fig. 1 ia a cross-sectional view of a _bm.-:l.um ferrita £ilm on a
sub_strat:a; :

Fig. 2A is & magnetic hysteresis locp of an 850 A bakium ferrite
thin £ilm of moderate coercivity with ths applied field in the plane of
tha £ilm;

Pig. 2B is a magnetic hysteresis locp of an 850 A barium ferrite
thin film of large coercivity with ths applied field in the plane of the
Z1ilm; N

Fig. 3A id a profilometer scan of a 1,000 A baxium ferxite thin
£iln after depcsiticns

Flg. 33 19 a profilereter scan of .a 1,000 A barium farrite thin
film after annealing;

Fig. 4 is a mgn-tic hystezesis J.oop of a barxium for:.-ite thin £ilm
doped with chromium oxida an an s:lo substrate;

Fig. 5 is a graph illustrating the relaticnship betﬁasu coexcivity
and grain size for various doped and undoped barium ferrite thin films;

. Pig. 6 is a graph illustrating the relaticnship between grain sise
and Cri0; doping concentration for barium ferrite thin filmg deposited cn
-840; substratesa; '

Fig. 7a 1s a hysteresis loop of a barivm ferzite f£ilm annealed .h.v
CO; laser irradiaticn;

Fig. 7B is a hysteresis leep of a high coercivity barium f;rz':l.:e
film annealed by CO, lasezr irradisticn;
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creati hg | ow noi se, high areal density recording nedia.: Fig. 6

I Blustrates the rel ationship between grain size and dopant concentration
for bariumferrite thin filns doped fromCr[err]Jerr] targets. The filns
are deposited using sputtering aparatus as described above with a °
substrate rotating past a stationary Cr[err]Jerr] target and a stationary
[err]Jerr] target. The concentration of chrene in the resultant filmis
controlled by adjusting the sputtering power applied to the target. The

|l est i ta ' . t 6 iR t
:srlrg aﬁz log/g glyn\S/% 'rrea.R ﬁnng |%@$§%%r¢hﬁcgﬁqf§n al ﬁﬂsl ze, _q(}gg?ﬁgwglego
fodi fi es t hiFzagdntion tima,pnd (coereiiity ARP th& RPA Y@%E2% i | m and nay

affect the preferential orientation of crystals within the film Proper

sel ection of do S oI E%'i S S i il ms
Havi ng superi or%ng?ir}% gr%ﬁgrgtlﬁg'%g %I%gt’r"%tqg%i 1N F'bdsf‘g‘%#:}%&‘;a,
grain si zesinrapistipgotimesaed CRBERIYASY Akcp HaBET ROVSE AF, & élg'é?étba can be

Pig. 9 is & schematic dlagram of a disk drive system useful for
practising the present invention; and

Fig. 10 18 a top: plan view of a disk drive system _u-e:ul for
practising the present isvention.

With reference to Fig. 1, a cross-sectional view of a barium
ferrite f£ilm 60 deposited on a substrate 70 is illustrated.
The £ilm 60 has an upper surface 65 and a bottem surface 67 that forms
the interface with subatrate 70. The £ilm 60 is deposited by reactive
magnetron sputtering of a bariuxm ferrite target in an on-axis sputtering
systen, such as the 24 inch Research §-gun model manufactured by
Sputtered Films, Ine. of Santa Barbara, Californis. On-axis sputtering
systems orient the sputtering targst so &s to be parallel to and facing
the substrate. This configuration:results in higher dsposition rates
than that achieved hy sputtaring systems which position a substrate _
parpandicular to ths targets at the periphery of the plasma. 7The barium
- ferrite sputtering targets are stoichiometric or nearly stoichicmetric,
hot-pressed ceramics, which are insulating and magnetically unpolarized
prior to sputtezring. The Zilms may bs successfully sputtered under a -
wida range of conditieng, including thoge indiested in Tabla I.
Substrates remain at ambient temperature during depositicn (typically 50°
C) and move with a centinucus “planetary® motion.over four different
sputtering guns. Therefore, £ilm depesition cecurs only during that
fraction of time when the substrates are over the barium ferrite target.

TANLE T

- Pressure 4.5~-8 mTorr

% Oy in Argon 1-108%

Flow __— . 40 scem

Powex ' 200-500 W DC or RF

Negative Bius -0-80 v D¢

Thickness 500-1100 A

Rate '  8.5-11 A/min
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achieved by doping with Cr[err]O[err] at a concentration of .1 to 1%
Filnme nade in accordance with the present invention exhibit excellent
contact-start-atop durability. A contact-start-stop test perforned.on a

| ubricated barimferrite disk without an oyercoat exhibited an average
~sticti*es force of approximately 5 grans after nmore than 30,000 cycles. At
the conclusion of the test, the disk exhi'bited no sign of wear or debris.

I n addltlon filmmde in accordance with the pres nt | nventi on exhi bit no
signi fi cant corr Cargets Bnesizitiablyhepustesed é'atﬁ owexr;

stability ohllfadt BfcdiadParal Bonutdl GERF Sputtering t'.he targets bccome _
conductive and DC sput:e:ing -4s poseible. Target conductivity increases
during the initial sputtering of a new u:gec. This is likely the result
of preferential sputtering at the targat’s surface. Target histery has a
iam effect on the composition and properties of the sputtered barium
£u=it.a films, For example, if deposition conditions are changad, tha
composition of the resultant £41ms changes until thae target again reaches

a steady state. It is pelieved that the composite oxide target changass

its surface composition with xespact to the bulk target camposition due
to the different sputtdring yields for each component. When sputtering
conditicns are changed, a new surface conmposition musc-be achieved to
obtain a steady state transfer of the target compositicn.

The sputter deposited barium ferrite f£ilm is initially nenmagnetic,
ingulating, amorphous and extremely stable in-air. Crystalline magnetic
£i1ms are obtained by annealing the samples aftexr removal from the
sputtering eystem. Annealing is performed using a quartz lamp rapid
thérmal annealing oven or by similar techniques as are known in the art.
A typical annealing conditicm :Ls 850° ¢ for 10 minutes in ona atmosphere
of 0;. °Processing times as ahart ag 10 seconds ara posaible for
annealing temperatures of 950° C. Additionally, crystalline films can be
obtained at temperatures below 600° C if amnealing time is inereased to

. HM hours. If the films are daposited on 810, or other compatible
subsmca;'. the temperature at which annsaling occurs has very little
impact . on the magnetic propertiea of the resultant crystalline bazium
fexrite £ilms.

Unlike f£ilms annealed in O,, £ilms annealed in N, show a substantial
dependence of their magnetic properties on the time and temperatuze of
tha anneal. Films annealed in N; for more than 20 minutes at S00° C have
a sharply reduced coercivity. Studies performed using Rutherford back-
scattering spectroscopy (RES) reveal that high temperaturse annealing in
an N, atmosphere for a long period of time reduces the oxygen content of
the barium ferrita £ilm when ccmparad to £ilms. identically annealed in

Oz

Alternatively, the amorphous barium ferrite f£ilm may be annsaled by
laser irradiation. Laser irxradiation has the advantage of minimizing
damage to the gubstrate material caused by exposure to high temperature
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12 ‘environments. Finally, the filns are extremely durable as
denonstrated by a hardness value of 16 GPa as determ ned by nanoi dentation

tests. A preferred enbodi nent of the presént invention utilizes a
barium ferrite thin filmon the surfaces of disks in a magnetic recording

di sk T 2
annealing in ovens. In addition, laser crystallization of ths barium

. " furrite £ilm makes it possible to form magnetic regions on B recording
‘medium while leaving adjacent portions of the medium nonmagnetic. Fox
example, Sata tracks on a3 magnetic recording disk could be crystallized
while leaving adjaean!: bands nmonmagnstic. This results in a high degree .
ol duini:l- magnetic isclation between sdjacent data tracks.

In cne embodiment of the laser anmealing process, light from a
Coherent General E7000 €O, laser operating in CW mode at & wavelength of
10.6 microns is diréctcd ‘through'a series of ZnSe or other suitable
lenses toward a berium ferrite thin £ilm on a S§i0, substrate. The
defocused beam from the laser is used to irzadiate a circular metal
aperture which is focused on the sample at a normal incidence so as to
form a 6.4 mm redius circle., The izradiation is performed in sir at
ambient pressure and temperature for 5 to 80 seconds with the laser

operating at 100 to 300 watts.

. Many variaticus of the above described process sxe possibla. For
exanple, ths laser may be a Na-YAG, excimer, or pulsed ruby laser, as
long as it can deliver the reguisite enexrgy and couple the enexgy to the
241m. As an example, the above desscribed procedure was used with an XeCl
excimer laser operating at 308 mm to successfully anneal barium ferrite
£ilms on common glass substrates with no thermal dsmage to the glass.

Rate::iné new to Fig. 7A, the hysterssis locp of an 800 A barium
forzite £ilm deposited on an 810, subsatrate and annealed by CO; laser
irradiation at 300 watts for 5 seconds exhibits a coarcivity of 3500 Oe
and an B* of .75. Similarly, Fig. 7B ia the hysteresis locp of an 6800 A
barium ferrite £ilm doped with .03 atomic percent of chromium and .
annealed by CO; laser irradiatien for 5 secomds. The in-plane coereivity
of this £ilm is slightly greatar than 5000 Oe. '

The relationship batween laser irradiaticn time and film coercivity
is illustrated in Fig 8A and 88. Fig 8A is a graph of coexcivity vs.
laser exposure time for an amorphous 800 A barium ferrite film subjected
to irradiation at & power of 110 watta. As i’ clear from the gzaph,
increasing irradiation time results in higher coercivity films at this
power lsvel. Fig. 8B ig a similar graph for a laser opersting st 300
watts. At this power level, coercivity drops substantially as
i:':a_diation times exceed 5 seconds. It is believed that these power
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drive® Wth reference to Fig.9, a schematic diagramof a nagnetic
kiecording disk drive i.s illustrated and is designated by the general

ref erence nunber 10. System 10 conprises a disk spindle assenbly 12 and a
head actuator assenbly 14. Spindl e assenbly 12 and head actuator assenbly
14 are located within a seal ed housing 16 to prevent particul ate

contam nation. Spindle assenbly 12 conprises a plurality of magnetic

o0 0 AL AR, 0 1 BRSO pheee

actuat or ass®EMisEjon beguaen |'=§e§”§5-% forrity F‘-H‘bﬁbﬁ’ the THRSEFARf FRAT Hesults

act uat or ar niziasasinagnetic matetrisd A thbcimtesfse?0. Assenbly 32 has a
plurality of actuator arns 34, each of WhICh is positioned in a space_

bet ween two adj acent di sks 20. Each act yat r m 34 ai,r
read/write heads TRE SURECTALE(H MBich CRR RF ‘E‘ ;%Sf g tﬁ?“&'c'f‘aat or
erm 34 and timtobs ablects withstahidstheohigh l:emmtrmommm! process oz,
at a minimum, the temperatures experienced during laser irradiation. In
addition, it is desirable that the substrate ke relatively unreactive
with the barium. ferrite film. Substrates meeting thess criteria include:
oxidized silicon; 5i0,. (fused silica or fused quartz glass); and Corning
glass #7913 (Vycor 96% silica gheet glass}. Otlier substrates are useful
with the present inventicm but may reguire a buffer layer between the
£ilm and substrate to prevent a reacticn at the interface 67. However,
substrate film reactions ars often rsproducible and may promote adhesion
betwsen the film and the substrate. Thesse results are summarized in
. Tablae IX. Substrate vresctivity is datermined by the amount of £ilm-
substrate interdiffusion that occurs after high temperature annealing.
- Bignificant interdiffusion typically results in filme having poor
i magnetic properties and little crystallinity. *Small® reactivity impliea
barium ferrite crystals with good magnetic properties, while “large*
reactivity cozresponds to f£ilms baving poor magnetic properties, little
crystallinity, and significant interdiffusion between the substrate and a
1000 A thick film. Adhesion was éataminad by a qualitative scratch test
with lta.inlua stesl tweezars.
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actuator arm 34. In operation, spindle 22 in rotated by the in-hub
ndt or and notor 30 noves the actuator arnms 34 between the disks 20 to the
desired track location. One of the read/wite transducers 36 then reads or
wites data on the desired track. Referring now to Fig. 10, a data

recording disk drive useful for practising&he present invention is
illystrated. The disk file includes a housing 40 in which is nounted a
rotar actuator 42, an associated disk 44 and a drive neans 46 for rotating

the di sk 44. The rotary actuator 42 novegsgg SgsSpensi on asserrbly 48 in an
~arcuate path over the disk 44. The

Ba-ferrite thin £ilm substrates

Adhesion

fused silica 840, glass small “good
fuged quartz sio glass small good
7913 glass g6% 8102 glass small good
7059 glaass alkall free glass medium good

0317 glass soda glass medium geod
oxidized si s:!.t:2 glass small excellent
‘UDAC - C glass very large . VeIy poor
8L  cubie, (100) (111) large - good
A1.0, | hex., A.R,C, plane small good

MgO cuble, (100) large good
Y0, - 2r0, cublg, (100) very small . poor
wuos . cubic, (100) very small poor
8:'!.*.03 ~ cuble, (100) very small very poor

Figures 2A and 2B are hysteresis locops of two barium ferrite films
" of moderate and large coercivity respectively in f£ields applied parallel
and perpendicular to the substrate surface. The large crystal anisotropy
of the barium ferrite M-phase prevents saturation of these £ilms even in
a field of 14 kOe. The comparable remanent mements of the two
crientations suggests that no strongly Dreferred crystal orientation
exists in the f£ilm. The -at-.u:nﬁs.en magnetization (H=20 kOe) of the
saple in Fig. 2B m =265erm/em } is approxim:nly 71% of the typical
bulk value of ba.riun fe:r:l.te (3750mlcm 1. It ims presumed that the
missing moment is the result of a nonmagnetic reaction layer at the
substrate interface 67. Tha modast magnetization squareness of the in-
plane hysteresis 1o0p, typically bstween .45 and .60, is a consequence of
the lack of orientation of the crystallites. Tha coercive squarsness,
typically in the range of .75 to .85, is qQuite large, implying a narrow
switching field distribution. A narrow switehing field distributien is a
key requirement of a successful rscording medium and an important
advantage of thae preseat invention.

Seax_:uiug slectron microscope (SEM) microgrephs reveal the surface
of tha barium ferrite £ilm to consist of a collection of plate-like
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rotary actuator 42 includes a voice coil notor, which conprises a coil 50
hovabl e within the magnetic field of a fixed pernmanent magnet assembly 52.
“An actuator arm54 is attached to the movable coil 50. The other end of the
actuator arm54 is attached to the transduger-suspensi on assenbly 48.
In the preferred enbodi nent, the disk 44 céﬁprises a Sigerr] substrate on
Wni‘ch is formed a 400 A bariumferrite filmnade in accordance with
grains and needle-like grains with aspect ratios of approximately 8:1.
Cross-gecticnal transmission electron microsccpe (TEM) studies reveal
that these grains are columnar and extend all the way to tha substrate.
The needls-like grains are egsentially plates when viewed edge-on.
Contrary to tha acicular pu-t:.clas found in most particulate recording
nedia, the easy magnetizaticn axis of a barium ferrite needle-shaped

grain is parallel to the short. dimension due to the large crystal
anigotropy of the material. :

The needle-like grains at the surface of the barium ferrite £ilmg
provides an irherent texturing that is sdvantagecus in many recording
spplications. Decause the surface is textured, transducing heads and
their attached air bearing sliders aze less likely to bond to the
surface. An illul:rat:.en of tha inherent texturing of the madia is saeen
in Fig. 3A and 3B which are p:ofilmtoz scans of 1000 A barium ferrits
£ilms after deposition and annealing, respectively. As ia apparent from
the figures, the surface of the annealed £ilm is much rouglier than that
of the amorphous £ilm. This iB due to the random crystal oriemtation of
the £ilm and the acicular perticles extending to different heights above
the film. It should be noted that the term "random ozlentation®, as used
above and in the claims, denotes a broad range of cxystalline structures
varying from a cemplete 3-dimengional random criantation to those films
having a preferential in-plane orientaticn and a randem orientation
within t:hc plane of the £ilm.

A strong correlaticn exists between grain size and barium ferzite
conposition ratio in films deposited on ss.t)2 substrates. Grain pize was
deternined by scanning electron microscops studies and the barium teo irenm
ratic was determined using RBS data. Smaller grained films aze cbtained
in films with a 1uwe: Ba~-Fe ratic. The typical dimengion of the nsadle-
like grains in a small graized £ilm is sppreximately 300-1500 A, which
approaches the dimensions of tha grains found in ccbalt-based allcy
mediums today. Filme thinnsr than 500 A have small magnetic mcments and
exhibit little or no Lystazesis. Presumably, this is the result ¢f n

reaction with the substzate.

Coercivity of barium ferrite materiale is typically cbaerved to
increase with decreasing grain size until grain aizes beccme so emall
that thermally activated raverasl effecta become deminant. Magnetization
reversal in barium ferrita particles and ceramics is generally believed
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13 *the present invention. The filmis doped fromCr[err]derr] targets
with 1% volume of Cr[err](err] and annealed-at 850 C for 10 mnutes in
air. The previously described of the invention have many

advant : ages in addition to their high in-plane remanence and i nher ent
texturing. As mentioned above, films made in accordance with the present

i nvention conprlse smal |, magnetically decoupled grains. This results in a

recording Mgl g, b 2a Yl 6le bR od ' dfhelS S bS8 i AL LTS

cryatal and microstructural Qefects located at the edges of the grains or
particles, followed by rapid propagation of the reversed region
throughout the particle. Domain wall motion from grain to grain is not
obsexved. The increase of coezcivity with decrease of grain size ig
thought to be the result of a reduction in the number of defects per
pare:lele as p-:c;elo size decreases. At very small particle siza,
ccherent rotation may become the dominant mechanism responsible for
magnetisation reversal. As demcnstratad in Fig. 5, a strong correlation
exista between coerciwity and grain size in barium ferrite thin £ilms.
The aquareness values, S md_s' are relatively insemsitive to grain size.

The grain size of barium ferrite thin films can be controlled Ly

doping the £ilms w:l.th coapounds guch as C_rzca. 8102. Ti0,, m 3
?-3-03 (!BZ) ’ 2 ’ Ce()".l':‘.tb2 or other simple oxides havi.ng a maf.al
cation wit:h a valence of 3 or +4. Small grain films are essential for
creating low-noiese, high areal dengity recording media.: Pig. 6
illustrates the relatiomship between grain Bize.and dopant cencentration
for barium ferrite thin f£ilms deped Zrom 02203 targets.’ The films are
deposited using sputtering apparatus as described above witk a gubstrate
rotating past a stationary Cr,0, target and a stationary Barouo:s
target. The concentration of chreme in the resultant £ilm is controlled
Ly adjusting the sputtaring power applied to the target. The smallest
grains are obtained in samples with chrome cemcentrations betwesn .1% and
1% by volume. In additien to altering #£ilm grain size,. doping also
modifies the coercivity of the individual crystals within the £ilm and
may affact the preferantial orieataticn of crystals within the £ilm.
Proper selection of dopants and doping concentrations can result in thin
£ilms having superior magnetic properties. 2As illustzated in Pige. 5 and
6. grain sizes below 200 A and in-plans coercivities above 4250 Oe can be

achievod by doping with Cr 03 at a concentratiocn of .1 to 1%

Films mada in accordance with the present invention exhibit
excellant contect-start-gtep durability. A contact-start-stop test
performed cn a lubricated barium ferrite disk without an overceat -
exhibited an average stictien Zexce of epproximately 5 grams after more
than 30,000 cyclea. At ths cenclusion of the taest, the disk exhibited no
sign of waar or debris. In additicn, f£ilms made. in accordance with the
present invention exhibit no significant corrosion. This is to be
expected given the well-known stability of the M-Ba phase in a variety of
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high signal to noise ratio. In addition, the present invention has several
advant ages over traditional cobalt-based recording nediuns. First, barium
ferrite sputtering targets are relatively inexpensive when conpared to
cobalt.alloy targets, especially if the 'cobﬁ]t is alloyed wth platinum
Second, the mediumis very corrosion resistant and wear resistant.
Thevefore, no protective or lubricating overcoat is required on the
surface of the mediumor on the surface of the slider carrying the

read/write hSAYLTORRPRES,| | FHR8LLYy 28/ HilAecATRSHFToPely furabia-ps (dsmonstrated

magnet i cal | ybpet uu.td:pnst valneodf t16-GPe amr detegminadl bynmandimienoscich Baghwmr
recording density. Finally, unlike cobalt based recordi ng nedi uns that

magnet | ¢ per  or nACESLeTEe EpRAARRE (o Hhe RS PRBELey ashiteem £ rpasiin

present i nvefie¥xiteatiinefilm ont thaf aurtaepspuﬁr fitekealn a wagriurdal yecordinyg ldisk

layer deposi pkgve. THAkS' ffrehdl taCAgLE) | siiatic (@adFi'bEd Halndllh
recoxrding disk drive is illustrated and is designated by the general
reference number 10. System 10 compriees a disk spindle assembly 12 and
a haad actuator amsexbly 14. Spindle assembly 12 and head setuator
assembly 14 avre located within a sealed housing 16 to prevent particulats
contamination. §pindle assembly 12 comprises a plurality of magnetic
recording disks 20 which are mounted to a. spindla 32, gpindle 22 is
rotatad by an in-hub electrical motor vwhich is mot illustrated. Head
actuator assembly 14 comprises a voice coil motor 30 which moves an
actuator arm asdembly 32 relativa to the digks 20. Assembly 32 hag a
Plurality of actuator arms 34, each of which is positioned in a space
between two adjacent disks 20. Each Actuator arm 34 hap a pair of
read/urite heads 36. One head reads the disk pomiticned above the
actustor arm 3¢ and the other Yeads the digk pomitioned below tha
actuator arm 34.

In operation., spindle 22 is rctated by the in-hub motor and motor
30 moves the actuator arms 3¢ between the disks 20 to the damired track
location. One of the read/write transducers 36 then reads or writes data
on the desired track.

Referring now to Fig. 10, a data recording digk drive usaful for
practising the present invention is illustrated. The disk f£ile includes
a housing 40 in which is mountaed a rotary actuator 42, an associated disk
44 and a drive means 46 for rotating ths disk dé. The rotary actuater 42
moves a suspensicn assembly 48 in an arcuate path over the disk 44. The
rotary actuator 42 includes a voice coll moter, Which eemprises s coil 50
moveble within the magnetic field of a fixed permanent magnet assembly
S52. An actuatocr arm 54 is attached to the mevable coil 50. The other
end of tha actuator arm 54 is attached te the trmdueer-suapeﬁaien
assembly 48.

In the preferred embediment, the disk 44 comprises a s&.o2 substzate
on which is formed a 400 A barium ferrite f£ilm made in accordance with
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| ess expensive than traditional cobalt-based all oys. Al t hough the
present invention has been described in considerable detail wth reference
to certain preferred versions thereof, other versions are possible., For
exanpl ey al though the invention has been dq cribed in conbination with
speci fd c substrate materials, one skilled i the art could apply the
present invention to other substrates. Simlarly, one skilled in the art
woul d realize that the teachings of the Egesent invention with respct to

I

BaFe[ er r] O e$hg praseatc lapmtien. + Fhe Hellm| i deped EXom SF3Q, tATFRGECYHithrdfcly al

Sr Fe{err]O[ewﬂmlé:_ﬁg ChndearBijeRdsed At $30%t Caforelo midudeacth iates and
adapt ati ons of the des€rTbed enbodi nents may -occur to one skilled in the

?Ltt\r/]\netpglu][ O\(ljm_eﬁgra‘gg f.rom‘wegas’(czggbeedof t he Brﬁgsoeptﬁhl‘ V%Qﬁéi%rﬁ ggws%tm;orth
advantages in additicn to their bigh in-plane ramanence and inherent
texturing. As meitioned above, !:l:l.ﬁs mada in accordance with the present
invention comprise small, magnetically deccupled grains. This results in
2 recording medium that is useful for high density recording and has a
high signal to neise ratis. In addition, the present inventicn has
several a.dvah.uau over traditional ccbhaltebased racording mediums. )
First, barium ferrite sputtering targets are ralatively inexpensive when
compared to ccbhalt alloy targets, aespecially if the cobalt ia alloyed
with platiaum. Second, the medium is very corrosion resistent and wear
resistant. Therefore, no protactive or lubricating overccat is required
on the surface of the madium or on the surface of the slider carrying the
read/write head. This ‘allows a read/write head to £ly closar to tha
magnetically active porticn of the recording medium and allews a higher
zecording density. Finally, unlike cobalt based recording mediume that
often require undercoats or & layered structure to achieva satisfactory
nagnetic performance, & barium ferrite £ilm made in accordance with the
present invention achieves satisfactoery performance with enly a single
layer deposition. Therefora, the madium is easier to manufacture and

less expensive than traditional cobalt-based alloys.

Altﬁaugh the prasent invention has been described in considerable
detail with reference to certain preferred versicns thereof, other

versions are possible. TFor example, although the imvention has Leen
describaed in combination with specific substrate materials, one skilled

in the art could apply the present invention to cther substrates.
Similarly, one gkilled in the art would realize that the teachings of the
:prqsent ;anan:ion with respect to aa.!'e“_:n;l.9 can be applied to thea almost
chemically identical material 8xfe,,0,,. It should be spparent that other
modifications and adaptations of the described embodiments may occur to
one skilled in the art without departing from the sccpe of the present
invention as set forth in the following claims,
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14 7~ s CLAIMS 1. _Athin filmnagnetic
~recordi ng nmedi um conpri si ng: a substrate; and
) This Sheet Has Been Reﬂlaced

2 2 D

1. A thin £iln magnetic recording medium comprising:

a subgtrate; and .

) a barium ferrite £ilm formed on the substrate having an in-plane
coercivity greater than 5000 Oe.

3.  The thin film magnetic recording medium bf Claim 1 wherein said
barium ferrite £film hag a randomly orisnted, crystalline gtructure.

3. The thin film magnetic recording medium of Claim 1 wherein sald
barium ferrite film comprises Bare;;0p. :

‘. The thin film magnetic recording medium of Claim .l wherein said
barium ferrite £ilm conprises: BaFe;;0,; doped with Cx,04.

S. The thin £ilm magnetic 2§co:ding madium of Claim 4 wherein chrome
comprises .1 to 1 parcent ky volume of xaid baxrium ferrite £ilm.

6. The thin £ilm mmtie recording medium of Claim 1 wherein asaid
barium ferrite £ilm is dopad with a matarial salected Zvrom the group
consisting of ZrC, and Y;0,°2¢0,. ' L

7. The thin £ilm magnetic xscording medium of Claim 6 wherein said
material comprises 1 to 10 percent by volume of saild barium ferrite £iim.

8. The thin 2ilm magnetic recording medium of Claim 1 wherein said
barium ferrite f£ilm is doped with a material selected from the group
Cmi“m of Cr;O;. Si°z| Tigzl YaoJl Maoll COO"I‘iO;-

5. . A thin film magnetic recording :hcdium comprising:
a substrate; and

a barium ferrite film on gaid substrate having an in-plane
coercivity greater than 2000 Oe¢ and a grain size less than 300 A.
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a lmrlumferrlte filmformed on the substrate having a randomly oriented
¢rystalline structure and an in-plane coercivity greater than 5000 Ce, said
film conprising BaFe[err] Jerr] doped with Cr[err] O[err] wherein said
barium ferrite filmhas an average grain size less than 300 A 2. The

t hi r1~f| I'm magnetic recordi ng medi um of cl¥ m 1 wherein chrome conprises

10. The thin film magnetic recording medium of Claim 8 wherein said
’ barimm ferrite film comprises BaFe::0; doped with Cr,0;.

11. The thin £ilm magnetic recording medium of Claim 8 wherein chrome
comprises .1 to 1 percent by volume of said barium ferrite £ilm.

12. The thin £ilm magnetic recording medium of Claim 8 wherein said
- barium ferrite film is doped with a material selected from the gzoup
consisting of 810, Ti0;, 2r0,, Y,0,, Y;0,°2x0;, Al;0,, and Co0Ti0,.

13. The thin film nagnetic rcco:dinq medium of Claim 8 wherein the
surface of said barium ferrite f£ilm has a roughness exceeding 20 A RMS.

1. A magnetic recording disk drive coub:is:l.nm
& recording disk comprising:
a substrate; and

&8 barium ferrite £ilm formed on the substrate having an in-plans
coercivity greater than 2000 Os and a gzain size less than 300 A.;

means for moving a transducer relative to sald reccording disk for
resading data from or writing data to aaid recoxding disk.

© 15. The magnetic recordiag disk drive of claim 12 wherein saild barium
ferrita f£ilm has ne protective overceat. '

16. A method for producing & barium ferrite thin £ilm useful for
longitudinal magnetic recording, cempzising the steps of:

sputter depon:l.tinu from ceramic barium ferrite targets an mrphoul
barlum farrite thin £ilm cnto a substrate,

annealing sald barium ferrite thin film At temperatures in exceas
of 675° C thereky forming a crystalline, magnecie #ilm.

17. A method of producing a barium ferrite thin film for langitudinal
recording according to Claim 14 wherein said aputter depositiag occurs in

—_—

LT — o
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14 - ¢ _ CLAIMS 1. A thin filmmagnetic
r.ecor di ng nmedi um conpri si ng: a substrate; and a bariumferrite
fitmformed on the substrate having a randonmly oriented crystalline
structure and an in-plane coercivity greatg than 5000 QCe, said film
corrpu.smg BaFe[err] O[err] doped with Cr| Fr O[err] wherein said barium
ferrtte filmhas an

an cn-axis sputtering apparatus while sa:i.d subgtrate is maintained at
anbient temperature.

18. A methed for producing & barium ferrite thin film useful for
longitudinal recerding, according to Claim 14, wherein said annsaling
occurs in a ripid-anneal thermal cvern at temperaturas above B50° C.

19. A method for producing a barium ferrite thin £ilm useful for
iongitudinal recording, sccording to Claim 14, wherein ssid substrate is
selected to promote a horizental exyatalline orientation of said barium
ferxite thin £ilm. -

20. A method for producing a parium ferrite thin £film useful for
lengitudinal recording, aceording to Claim 14, wha:e:l.n ni.d subgtrate is
selected from the group comprising Si0,, oxidized 31. high temperature
glagses and high temperature oxides.

22. A method for producing a barium ferrite thin £ilm useful for
longitudinal ;.'eecxd:l.ac, ‘ageording to Claim 14, wherein said barium
ferrite ceramic target comprises substantially BaFe.0,,.

32. A method for producing a harium ferrite thin f£ilm useful for
longitudinal magnetic recording, cocmprising the staeps of:

syﬁ%ce: depositing from ceramic barium ferrite targets an amozphous
barium ferzite thin film onto a substrate,

anngaling said barium ferxrite thin film by expeosing sald £ilm to
laser irradisticn, therehby forming a ¢rystalline, magnetic £ilm.

23. A method for producing a barium ferrite thin £ilm usefunl for
longitudinal recezding, accerding to Claim 20, wherein said lager
irradiation exposes said film to a fluence of 200 to 500 watts/c:m® for 1
to 5 seconds. '

24. A method for producing 2 bnrium ferrite thin £ilm useful for

longitudinal recording, according to Claim 20, wherein said laser
irradiation occura at a wavelength betwsen 248 nm and 10.6 um,
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averdge grain size less than 300 A. 2. The thin filmmagnetic recording
medi um of claim 1 wherein chrome conprises 0.1 to 1 percent by volune of
said bariumferrite film 3. A thin filmmagnetic recordi ng medi um
conpri si ng: a substrate; and a bariumferrite filmon said
subsLﬂéte having a randomy oriented crysﬂalllne structure, an in-plane
coemrcivity greater than 2000 Ce and a grain size less than 300 A

25. A mathod of longitudinal magnetic racording cmriaing the stepa
. - of;

(a) moving a trangducer adjacent to a region on a magnetic
recording medium comprising:

a suhstrate.‘ and
oA . _

a barium ferrite £ilm formed cn the substrate having an in-plane
coercivity greater than 2000 Oe and a grain size less than 300 A;

(b) app:lyinu a current to sald txansducer so as to genarate an

- in-plane magnetic field of more than 6000 Oe at the plane of said barium

feorrite £ilm, thcrehw areating an in-plane remanent umtie £ield of
more than 3500 O ia gaid ~region.

B s s
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wherein said bariumferrite filmconprises BaFe[err] O[err] doped with
Gr[err] O[err]. 4. The thin filmmagnetic recording nmediumof claim3
wherein chrome conprises 0.1 to 1 percent by volune of said bariumferrite
film 5. The thin filmmagnetic recording nmediumof claim3 wherein the
surface of said bariumferrite filmhas a roughness exceeding 20 . A RVS.
6. Athin filmnmagnetic recordi ng nmedi um conpri sing: a substrate:
and

18

BARIUM FERRITE THIN FILM MAGNETIC RECORDING MEDIUM

ABSTRACT

A high—denSity recording media comprising longitudinally oriented
polycrystalline barium ferrite exhibits large coercivity, corrosion resistance, high
hardness and durability. Films are prepared by on-axis sputtering at ambient
temperatures from stoichiometric targets followed by a post-deposition anneal at
approximately 850°C to induce crystallization. Crystallization yields a magnetic film
with large in-plane remanence and a fine scale texturing that greatly improves the
tribological pc?rformance of barium ferrite disks. Exceptional durability can be achieved
on disks withé)ut overcoats. Grain sizes as small as 200A are produced by doping with
small amounts of CryO5 or other additives. Coercivities greater than 4000 Oe are

achieved even in small grain films.

Fig. 1
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15 +10. The thin fil mmagnetic recording nediumof Caim8 wherein said
bariumferrite filmconprises BaFe[err](err] doped with Cr[err]Jerr].

1710
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11. The thin filmmagnetic recordi ng nmediumof C aim 8 wherein chrone
conprises .1 to 1 percent by volunme of said bariumferrite film 12.
The thin filmmagnetic recording nmediumof Claim8 wherein said barium
ferrite filmis doped with a material selected fromthe group consisting
of SiJerr], Tigerr], Zrderr], Yerr](Jerr], Y[err]Jerr]zZrJerr],
Al[err]O[err], and CoOTiJerr]. 13. The thin fil mmagnetic recording
nmedisum of G aim8 wherein the surface opyqgid bariumferrite.filmhas a

roughness exceedi ng 2% RNKOO ¢
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14. A magnetic recording disk drive conprising:
gonpri si ng; a substrate; and
on the substrate having an in-plane
grain size less than 300 A ;
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means for noving a transducer relative to said recording disk for reading

data fromor witing data to said recording disk. 15. The magnetic
recording disk drive of claim12 wherein said bariumferrite filmhas so
protective overcoat. 16. A nethod for producing a bariumferrite thin

filmuseful for longitudinal magnetic recording, conprising the steps of:
sputter depositing fromceramc bariumferrite targets an anorphous barrium

fertite thin filmonto a substrate,  £4/10
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annealing said bariumferrite thin filmat tenperatures in excess of
B75[err]C therey formng a crystsalline, magnetic film 17. A nethod of
producing a bariumferrite thin filmfor |ongitudinal recording according
to Claim14 wherein said sputter depositing occurs . in

= . ' 5710
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16 an on-axis sputtering apparatus while said substrate i s maintained at

anbi ent tenperature.

filmuseful for

| ongi t udi nal recording,

18. A nethod for producing a bariumferrite thin
according to C aim.14, wherein said

anneal i ng occurs in a rapid-anneal thermal oven at tenperatures above

850[err]. C

GRAIN SIZE (microns)

6710
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19. "sA nmethod for producing a bariumferrite thin filmuseful for
Jongitudi nal recording, according to Caim 14, wherein said substrats is
selected to pronote a horizontal crystalline orientation of said barium
ferrite thin film 20. A nethod .for producing a bariumferrite thin film
useful for longitudinal recording, according to Caim 14, wherein said
substrate is selected frmthe group conprising Si(Jerr], oxidized Si, high
tenperature gl asses and hi gh tenperature?MOdes 21. A met hod for
producing a bariumferrite t rrersetetr-for—t-omgrtedrnal recording,

according to d ai rﬁ-i&7&h63 sai d bariun
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ferrite ceramc target conprises substantially BaFe[err]Jerr]. 32. A
met hod for producing a bariumferrite thin filmuseful for |ongitudinal
magneti c recording, conprising the steps of: sputter depositing
fromceramc bariumferrite target's an anorphous bariumferrite thin film

onto a Substrate, annealing said bariumferrite thin film by
expogi.ng said filmto laser irradiation, thereby formng a crystalline,
magnetic film 8710
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23. A-nmethod for producing a bariumferrite thin filmuseful for

l*ongi t udi nal recording, according to Caim 20, wherein said | aser

i rradi ati on exposes said filmto a fluence of 200 to 500 watts/cnierr] for
1 to 5 seconds. 24. A nethod for producing a bariumferrite thin film
useful for longitudinal recording, according to Caim 20, wherein said

| aser irradiation occurs at a wavel ength between 248 m and 10.6 um
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17 \25. A met hod of |ongitudinal nmagnetic recording conprising the steps
of : (a) noving a transducer adj acent to a region on a nmagnetic
recordi ng medi um conpri si ng:
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a“suubtrate; and a bariamferrite f|~| m@}&r r{ggo,pnpggjgg .,?fp;lgs {@taeg ‘t
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medium. Because the easy magnetization axis of barium ferrite is parallel to the C-axis,
the prior art has been directed toward developing thin films with a high degree of C-axis
perpendicular orientation. In addition to high coercivity, such films are advantageous
because they are wear resistant and exhibit a high resistance to corrosion.

A favoured preparation technique of perpendicular barium ferrite films is to sputter -
deposit barium ferrite from stoichiometric, ceramic targets 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 electrons during film growth, thereby preventing changes in the film stoichiometry
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 argon at a total pressure of 2-8 millitorr..

While such film have desu'able priorities, they are of limited utility in longitudinal
recording applications, which are often a preferred mode of magnetic recording.
Longitudinal recording is preferred in many instances because of the relative ease with
which high-performance read/write heads can be fabricated to work in conjunction with a
longitudinal medium. The unsuitability of traditional barium ferrite thin films for such
applications is due to their strong crystallographic and magnpetic orientation perpendicular
to the plane of the film. This results in an in-plane coercivity and an in-plane remanence
that are far too low to be useful in high-performance recording applications.

- For the foregoing reaéons, there is a need for a thin film mégnetic recording
medium that utilizes the advantageous magnetic, structural, and chemical properties -of
thin film barium ferrite without the limitation of being strongly oriented perpendicular to
the plane of the film.

According to one aspect of the invention there is provided a thin film magnetic
recording medium comprising: a substrate; and a barium ferrite film formed on the

substrate having a randomly oriented crystalline structure and an in-plane coercivity
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greater than 5000 Oe, said film comprising BaFe12 O1g doped with Crp O3 wherein
said barium ferrite film has an average grain size less than 300 A. | -

According to another aspect of the invention there is provided a thin film magnetic
recording medium comprising: a substrate; and a barium ferrite film on said substrate
having a randomly oriented crystalline structure, an in-plane coercivity greater than 2000
Oe and a grain size less than 300 A wherein said barium ferrite film comprises BaFe(y
O19 doped with Crp O3.

According to still anothér aspect of the invention there is provided a thin film
magnetic recording medium comprising: a substrate; and a barium ferrite film on said
substrate having a randomly oriented crystalline structure, an in-plane coercivity greater
than 4000 Oe, and a grain size less than 200 A, said film comprising BaFe{2 O19 doped
with Cry O3.. |

According to yet another aspect of the invention there is provided a thin film
magnetic recé)rding medium comprising: a substrate; and a barium ferrite film on said
substrate having a randomly oriented crystalline strucfure, an in-plane coercivity greater
than 3250 Oe, and a grain size less than 700 A, said film comprising BaFe19 O19 doped
with Yo 03.ZrO9.

Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying drawings in which:

Fig. 1 is a cross-sectional view of a barium ferrite film on a substrate;

Fig. 2A is a magnetic hysteresis loop of an 850 A barium ferrite thin film of
moderate coercivity with the applied field in the plane of the film;

Fig. 2B is a magnetic hysteresis loop of an 850 A barium ferrite thin film of large
coercivity with the applied fie!_d in the plane of the film;

Fig. 3A is a profilometer scan of a 1,000 A barium ferrite thin film after
deposition;

Fig. 3B is a profilerater scan of a 1,000 A barium ferrite thin film after annealing;
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Fig. 4 is a magnetic hysteresis loop of a barium ferrite thin film doped with
chromium oxide on an SiO, substrate;

Fig. 5 is a graph illustrating the relationship between coercivity and grain size for
various doped and undoped barium ferrite thin films;

Fig. 6 is a graph illustrating the relationship between grain size and Cr,O3 doping
concentration for barium ferrite thin films deposited on SiO, substrates;

Fig. 7A is a hysteresis loop of a barium ferrite film annealed by CO, laser
irradiation;

Fig. 7B is a hysteresis loop of a high coercivity barium ferrite film annealed by

CO, laser irradiation;
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CLAIMS

1. A thin film magnetic recording medium comprising: |

a substrate; and

a barium ferrite film formed on the substrate having a randomly oriented
crystalline structure and an in-plane coercivity greater than 5000 Oe, said film
comprising BaFe{2 O19 doped with Crp O3 wherein said barium ferrite film has an
average grain size less than 300 A.
2.  The thin film magnetic recording medium of claim 1 wherein chrome comprises
0.1 to 1 percent by volume of said barium ferrite film.
3. A thin film magnetic recording medium comprising:

a substrate; and

a barium ferrite film on said substrate having a randomly oriented crystalline
structure, an in—piane coercivity 'greater than 2000 Oe and a grain size less than 300 A
wherein said barium ferrite film é:ompri_ses BaFe17 O19 doped with Crp Os.
4. The thin film magnpetic recording medium of claim 3 wherein chrome comprises
0.1 to 1 percent by volume of said barium ferrite film.
5. The thin film magnetic recording medium of claim 3 wherein the surface of said
barium ferrite film has a roughness exceeding 20 .A RMS.
6. A thin film magnetic recording medium comprising:

a substrate; and

a barium ferrite film on said substrate héving a randomly oriented crystalline
structure, an in-plane coercivity greater than 4000 Oe, and a grain sizé less than 200 A,
said film éomprising BaFeq O19 doped with Crp O3.
7. A thin film magnetic recording medium comprising:

a substrate; and |

a barium ferrite film on said substrate having a randomly oriented crystalline
structure, an in-plane coercivity greater than 3250 Oe, and a grain size less than 700 A,
said film comprising BaFe{7 O19 doped with Yy 03.ZrO;.
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