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Field of the Invention 5 The present invention relates to inproved
~multi-layer magnetic recording nedia and nmagnet oresi stive drive systens

‘i ncor por at W? ,5ame. In particular, nulti-layer media i fgdinNegass
S

alternatin of cobalt or cobalt all oys and a precious netal, such as
pal I adi um or plati num are disclosed. 10 2. Background of t he

I nvention Magnetic recording nedia is simlar to the material that a tape
for a tape recorder or VCR uses. Information (nusic, words, and pictures)
can be recorded and pl ayed back. However, unlike a tape in nost tape
recorders and VCR' s, the nedia of the i_nvention is general ly used to record
information in a digital form 15 E]gltal information is basically
strings of ones and A um%zmmmanner as the
dots and dashes of rse code. 'S digital 1rntormation can be used by a
conmput er (such as in ANDSMACINIGDRE ESISTEVE PRIVE S¥STEMS ocess

i nformati on. Recording nedia in general conprises a magnetic layer that is

attached
' 1.  [Feld of the Invention
5 The present invention relates to improved multi-layer magnetic recording
media and magnetoresistive drive systems incorporating the same. In particular,
multi—layer media including alternating layers of cobalt or cobalt alloys and a
precious metal, such as palladium or platinum, are disclosed.

10 2.  Background of the Invention
' Magnetic recording media is similar to the material that a tape for a tape
recorder or VCR uses. Information (music, words, and pictures) can be recorded
and played back. However, unlike a tape in most tape recorders and VCR'’s, the
media of the invention is generally used to record information in a digital form.
15  Digital information is basically strings of ones and zeros that can be decoded in
a similar manner as the dots and dashes of Morse code. This digital information
can be used by a computer (such as in a disk drive) or other machines to process
information.
Recording media in geheral compnses a magnetic layer that is attached
20 toa support layer. The magnetic layer can be thought of as having many minute
crystals, with each of the crystals acting like a separate magnet. Magnets have
North and South poles. One can feel the way that the North pole of one magnet
pulls on the South pole of another mignet or the way that the North pole of one
magnet will repel a2 North pole of another magnet.
25 Through applying an electronic charge to a crystal, one can force the
crystal to clxange its direction of magnetization, for example, North to South or
South to North. Thus, thifough controlled application of electronic charges to a
magnetic recording media one can give the media a "magnetic texture.” The
texture is generally "written” onto the media with a “write head.” The write
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So, for example, assume that we start with a media that has all of its
crystals aligned Jooking to the South. And, assume that when we pass electricity
through the media, that we can cause crystals to flip to look to the North.
Finally, let us assume that South facing crystals represent a 0 and North facing
crystals represent 1's. We can make a “texture” on the media of:

11010001

by passing electricity through two crystals, stopping the electricity for one

crystal, passing for one, stopping for three, and passing for one.

As the media moves under the read head, the read head feels the direction
of magnetization and tells whatever machine it is connected to what it is feeling.
What the read head feels is referred to as "flux,” similar to a puff of air as an
object passes by. -

Conventional recording media generally places the magnetic texture within
the plane of magnetic layer aoxigimdinal recording media) so that the direction
of magnetization of the crystals can generally be described as either right or left.
Newer recording media generally places the texture vertically in the media so that
crystals either look up or look down (vertical recording.media). It tumns out that
one can get more information recorded on, and read from, vertical media.

Almost all currently available magnetic recording systems, however,
utilize longitudinal recording. In longitudinal recording, information is stored in
magneuc media parallel to the surface of the media. In perpendicular or vertical
recording, in contrast to longitud_inal recording, magnetic flux travels across, or
perpendicularly through, the medium, from surface to surface, instead of paraliel
to the surface of the media.

In theory, perpendicular media is-capable of oonsndcrably higher linear
data density. Generally, this possibility stems from the fact that information is

~ stored in perpendicular media in discrete domains having opposite magnetization
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crystals, stopping the electricity for one 10 . crystal, passing for one,
stopping for three, and passing for one. As the nedia noves under the read
head, the read head feels the direction of magnetization and tells whatever
machine it is connected to what it is feeling. What the read head feels is
referred to as "flux," simlar to a puff of air as an object passes by. 15
Conventional recording nmedia generallygspnl aces the magnetic texture within
the plane of magnetic |ayer (longitudinal recording nedia) so that the
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5 magnetization into electrical fields which can then be processed as information.
However, between the discrete domains of magnetization, magnetization
pmﬁWﬂﬂ:&emnﬂweofﬂnxmﬂh,qrabdxmﬂmcnqumhanmgmﬁnnmn,mw
usually present. This is particularly true in situations where remanent
magnetization of a layer is significantly smaller than the saturation magnetization
10 of the media. In such situations, the transitions between the domains can cause
undesirable electronic signals stemming from, essentially, magnetic noise.
Several terms that are important in describing magnetic recording media
are coercivity, anisotropy, output, and noise. Coercivity essentially refers to how
ﬁnnhrﬁmlnaﬁahmmsa;mnkmhroﬁmmmﬁmiofnﬁgmuhmﬁum For example,
15 how much energy is required to cause a crystal in the media to change
orientation. Anisotropy refers to the difference in energy that is required to
cause the crystals to Jook one direction or the other. The crystals generally have
a preferred direction of magnetization so that it takes more energy to make the
cryétal flip from that orientation to another and less to return to the preferred
20 orientation. Output basically refers to easy the flux is to read in the media.
And, finally, noise is similar to static on the radio. If there is alot of static it is
difficult to tell what song is being played.
In order to undertake perpendicular recording, it is necessary to utilize a
magnetic recording media baving perpendicular anisotropy. Perpendicular
25 anisotropy is essentially due to a crystal structure of the magnetic material which
creates a magnetic moment perpendicular to the surface of the media. One
typical perpendicular magnetic material is the alloy cobalt-chromium (CoCr).
The degree of anisotropy of CoCr alloys varies with the amount of
Chromium in the alloy. As Chromium content is increased, anisotropy
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Such domains can potentially reside in a vgry small nunber of crystals in
the media. Typically the information is read fromthe nedia through use of
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domai ns of perpendicular 5 magneti zation into el ectrical fields which
can then be procMsHdeom(vhicl meastres anisotropy) for CoCr media exhibits squareness in the

perpendicular direction of only about 0.3 to 0.4, which is far below the ideal

value of unity. Further, relatively thick films must be utilized to achieve

5 sufficient perpendicular coercivities, For example the film thickness must be on

t__heorderofSOOAmachicveapapendicuhr anisotropy of 1000 Oersteds (Oe).

Maulti-layer media including altermating layers of Cobalt and Palladium or

Platinum have been proposed in the art as having good perpendicular recording

ability. For example, in each of U.S. Patent Nos. 4,587,176 to Carcia ("Carcia

10  I"), 4,678,721 to den Broeder et al., and 5,106,703 to Carcia (Carcia II), multi-

layer media including alternating layers of Cobalt and Palladium or Platinum are

disclosed.

The Carcia I patent relates to layered coherent structures having

alternating layers of cobalt and palladium or platinum. Each layer of cobalt is

15  disclosed to be less than 8 A (more preferably less than 7 A, and most preferably

less than § A) in thickness. The thickness of each of the platinum or palladium

layers is greater than 0.65 A (more preferably 0.80 A, and most preferably 0.90

A) in thickness, where A is a function of the periodicity equal to the two adjacent

layers of cobalt and platinum/palladium. Values for A are preferably less than

20 100 A. The total thickness of the layered media is preferably 3,000 A to 20,000

A. The reference discloses that media prepared with such alternating layers
exhibit enhanced perpendicular magnetic anisotropy.

The den Broeder et al. patent relates to a magnetic recording medium

comprising a substrate of a non-magnetic material having a thin magnetic layer

25 with perpendicular anisotropy. The magnetic layer comprises altemating layers

of palladium and cobalt. The thicknesses of the individual layers of palladium

T are between 0.2 and 2.0 nm and the individual layers of cobalt include at Jeast

one monolayer of cobalt atoms and have thicknesses which are smaller than 0.3

nm. For example, the patent discloses the preparation of media including a 20
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cobalt. In the improvement, krypton, xenon, or a mixture thereof is used as the
sputter gas. Preferably, the cobalt layers each have like thicknesses to one
another and each of the platinum layers have like thicknesses to the other
platinum layers. For example, preferred thicknesses of the cobalt layers are of
10 12 A (1.2 nm) or less (most preferably 2-5 A (0.2-0.5 nm) and preferred
thicknesses of the platinum layers are 24 A (2.4 nm) or less (most preferably,
dp/de, is about 1 to 5) with a total thickness of the multilayer being about 750
A (75 nm) or less. In the examples, samples are prepared having 5, 10, 15, 20,
25 and 40 bilayers of platinum and cobalt. Further, it appears as though higher
15 sputter pressures may be used. The films prepared in accordance with the patent
are disclosed to have high coercivities and high degrees of anisotropy.
In spite of the disclosures in each of the above-referenced patents, the
coercivities, outputs, and noise levels exhibited by the media disclosed therein are
not exceptional. As will be appreciated, each of coercivity, output, and noise
20  level impact the absolute data density that can be accommodated by, and resolved
from, magnetic recording media. Accordingly, it would be desirable to provide
multi-layer magnetic recording media having enhanced coercivities and outputs
with an attendant reduction in noise levels.

25 SUMMARY OF THE INVENTION
The basic invention that unexpectedly allows us to manufacture vertical

recording media with enhanced outputs and reduced noise levels is an improved
multi-layer magnetic recording media that offers far higher coercivities, improved
outputs, and reduced noise levels over the prior art. The media is a multi-layer



magneti c recordi ng nmedi a havi ng perpendi cul ar ani sotropy. Perpendicul ar 25
anisotropy is essentially due to a&<crystal structwre of the magnetic

mat eri al which creates a magnetic noment perpendicular to the surface of
the nedia. One typical perpendicular magnetic material is the alloy

cobal t-chrom u&é% The degree of anisotropy of CoCr alloypec¥rysh&rised th

t he anount of in the alloy. As Chromiumcontent is increased,

ani sot r opy WO 96/ 24927

PCT/ US96/ 01364 -4- decreases. Magnetic hysteresis (MH) al so decreases. For
exanple, a typical MHIloop (which neasures anistropy) for CoCr nedia

exhi bits squareness in the perpendicular direction of only about 0.3 to
0.4, which is far below the val ue of uni t_)G_Further, relatively thick filns
must be utilized to achieve 5 sufficient perpendicular coercivities. For
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al terating | ayePslladiunmope Blatinmm. PaPartionlagly (preferred media include Cobalt and
Palladium layers, atop & nucleating layer of Palladium, all atop a soft magnetic
(keeper) (i.e., permalloy) layer. '

5 In addition, we have discovered that it is possible to precisely control the
noise levels of the media through utilization of certain process conditions. For
e:lmmple, utilization of a low vacuum base pressure and a high sputtering
pressure, media noise can be reduced. Also, the inclusion of Oxygen in the
sputter gas, can reduce media noise. Further, annuﬁng of the media and/or

10 kecper layer can be used to control media noise. Adjusting the number of layers
within the lattice can also impact media noise. Media noise can be further
controlled by doping the cobalt layers to form an alloy, such as with chromium
and/or tantalum. Finally, either the crystal structure of the media and/or the read
head can be manufactured with a physical offset.

15 In another aspect of the inirention, we have also discovered a new head
design for use with media in accordance with the invention. The head design
essentially includes a conventional ring head, for writing to the media, in
combination with a magnetoresistive (MR) read head. To achieve a reduction in
media noise, the MR head can be constructed with a physical offset, to offset the

20 sensitivity of the MR element from directly perpendicular to the media.

In combination, the above inventive features will permit us to build a
single disk drive that will approach three giga-bits of actual linear data density.
This result represents a tremendous improvement over magnetic recording media
of the prior art.

25 Through use of the media of the present invention, we have produced
vertical magnetic recording media having coercivities exceeding 1800 Oe, 2500
Oe and even exceeding S000 Oe. The media of the present invention
demonstrate high coercivities, sharp switch field distribution, and high squareness
ratio. Thus, the media in accordance with the invention is ideally suited for ultra
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Pl ati num have been proposed in the art as havi ng -good perpendi cul ar
reaordl_ng_a.m_l_l_t_); For—exanpher— i-A—eaeh—e—Y-S—Patent—Nos. 4, 587,1i76to
Carcia ("Carcia 10 "), 4,678,721 to den Broeder et al., and 5,106, 703
to Carcia (Carcia 11), nmulti- layer media including alternating | ayers of
“Cobalt and_Pal | adi um or Pl ati num are di scl osed. The Carci a perafibéoized € at es
to |l ayered WO structures havi ng alternating | ayers of cobalt and

- pal I adi um or platinum Each |ayer of cobalt is 15 di scl osed to be | ess
than 8 A (nore preferably less than 7 A, and nost preferably |ess than 5 A)
i n thickness. The thickness of each of the platinumor palladiumlayers is
greater than 0.65 [err] (nore preferably 0.80 [err], and nost preferably
0.90 [err]) in thickness,. where [err]_ -{)s a function of the periodicity
equal to the tvvo adj acent | ayers of cobalt and platinum pal |l adi um Val ues

for [err] a &T‘ﬁi?%&‘%'l“ %maami MG3P 160p Hfdie the nidELlngRS Of the
Iayered medi&1s prefera g 3,000 A %o 11210 000 A. The reference di scl oses
that medi a prespatr énvensiom mmwmdongl mw.w 2 e HalkY

" per pendi cul et ni tr Qh%ixﬁ@nqt?ﬂn mmrel ates to
a magnetic W&ﬁm r|5|ngas srae%I nmanetlc

nmaterial haoise kS hiemﬁan”ghm:gh;cﬁmgmg ticnumbenof mupehwmmtmnhwlthm sot-ropy.
The mig? eti § e.I I%:Fcré Cﬁ%rmlre%,e Eenael tcﬁiln,a In n&ngm\éeﬁ:g number of multi-layers to
adjust the Mirt, little change in coercivity is observed. Finally, media in
accordance with the invention generally exhibit 30% sharp transition, higher
output, and higher data densities.
In accordance with one aspect of the present invention, there is provided
10  a magnetic recording medium, comprising: a substrate having deposited thereon
a nucleating layer of 2 nonmagnetic metal selected from the group consisting of
palladmm or platinum having a thickness of greater than 50 A and a recording
layer compnsmg a plurality of bilayers of a magnetic metal, or an alloy thereof,
having perpendicular magnetic anisotropy and having a first thickness and a
15 nonmagnetic metal selected from the group consisting of palladium or platinum
having a second thickness.
Generally, the first thickness is between about 1.5 A and 10 A. The
second thickness is generally between about § A and 15 A. The thickness of the
" nucleating layer is generally between about 200 A and about 600 A. The number
20 of bilayers is generally between about 10 and 30. Generally, the nucleating layer
and the recording layer have a total thickness that does not exceed 1500 A. In
general, the coercivity of the media that exceeds about 1800 Oersteds. In certain
embodiments, the medium further comprises a keeper layer disposed between the
nucleating layer and the substrate. The keeper layer may be formed from an
25 NiFe alloy. Generally, the keeper layer has a thickness of between about 2 um
and about 6 um.
In siccordance with a second aspect of the present invention, there is
provided a magnetic recording medium, comprising: a substrate having deposited
thereon a nucleating layer of a nonmagnetic metal selected from the group
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consisting of palladium or platinum having a second thickness, characterized in
that the first thickness is between about 1.5 A and 10 A, the second thickness is
between about 5 A and 15 A, the number of bilayers is between about 10 and 30,
a thickness of the nucleating layer and the recording layer that does not exceed
1500 A, and a coercivity of the medium that exceeds about 1800 Oersteds.

In accordance with a third aspect of the present invention, there is
provided a process to manufacture a magnetic recording medium, comprising:
providing a substrate, vacuum depositing on the substrate a nucleating layer
seiected from the group consisting of palladium and platinum to a thickness of
greater than about 50 A, and vacuum depositing on the nucleating layer a
recording layer, the recording layer comprising a plurality of bilayers of cobalt,
or an alloy thereof, having a first thickness and a nonmagnetic metal selected
from the group consisting of palladium or platinum having a second thickness.

In one embodiment, the process further comprises the step of: annealing
the medium after the step of depositing the nucleating layer in the presence of
oxygen. In another embodiment, the process further comprises the step of:
vacuum depositing on the substrate a keeper layer prior to depositing the
nucleating layer. In another embodiment, the process further comprises the step
of: annealing the medium with the keeper layer, prior to depositing the
nucleating layer, in the presence of oxygen. In another embodiment, the step of
depositing the recording layer is accomplished in the presence of oxygen.

In accordance with a fourth aspect of the present invention, there is -
provided an information storage device, comprising: a planar magnetic recording
medium having perpendicular magnetic anisotropy, Ku;-that is greater than or
equal to 2 X 10° erg/cc for receiving, storing, and allowing the reading of
information in the form of magnetic flux, a read/write head for writing
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thi cknesses of the platinumlayers are 24 A (2.4 nm or less (nost

preferably —dlerrl/dlerr]l isiabout 1 to 5) with a total thickness-of the . ...

mul til ayer being about 750 A (75 nm) or less. In the exanples, sanples are
prepared having 5, 10, 15, 20, 25 and 40 bilayers of platinumand cobalt.

Further, it appears as though higher 15 sputter pressure ed.
The films pr¥P2MR#M2T n accordance with the patent are discl oiﬁﬁ&#@ hi gh

coercivities and high degrees of anisotropy. In spite of the disclosures in
each of the above-referenced patents, the coercivities, outputs, and noise
| evel s exhibited by the nedia disclosed therein are not exceptional. As
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o1 s | evel s et ipd 8 ARaRoRishre MPLFos SRR, 1 ccor ding medi a that
of fers far higher 15@mé@mbolinRet, the'Riahtid rocording meditdl fuftHerCeuiprizesic | evel s
over the prior art. The nedia, is a nulti-|ayer ]
: a substrate having deposited thereon a nucleating layer of a nonmagnetic metal
selected from the group consisting of palladium or platinum having a thickness
of greater than 50 A and a recording layer comprising a plurality of bilayers of
cobalt, or an alloy thereof, having a first thickness and a nonmagnetic metal
selected from the group consisting of palladium or platinum having a second
10  thickness, characterized in that the first thickness is between about 1.5 A and 10
A, the second thickness is between about 5 A and 15 A, the number of bilayers
is between about 10 and 30, and a thickness of the nucleating layer and the
recording layer that does not exceed 1500 A.
In one embodiment, the MR element is physically offset at an angle of
15  from about -10° to 10° relative to a line extending perpendicular to the plane of
the medium. In another embodiment, the magnetic read-write head of the type
comprising a ring head for writing magnetic information to a magnetic recording
media and 2 magnetoresistive read (MR) head for reading magnetic information
from the magnetic recording medium, the MR head comprising a MR element
20 disposed in the head in a perpendicular orientation relative to the magnetic
recording medium, the improvement comprising: ﬁroviding a physical offset to
the MR element so that the element is offset from the perpendicular orientation
relative to the magnetic with respect to the magnetic recording medium by an
angle of between about -10° and 10°. .
25 In accordance with a fifth aspect of the present invention, there is

pro\?ided a
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- 6- or superlattice of ©balt or an all oy of—Gsbal+ and a precious netal,
such -as Palladiumor Platinum Particularly preferred nedia include Cobalt
and Pal |l adium | ayers, atop a nucleating |ayer of Palladium all atop a soft

magneti c (keeF’?@svsfzbﬁ' , permalloy) layer. 5 I n addi t ppRastibisaYe
di scovered that 1t I'S possible to precisely control the noise |levels of the

medi a through utilization of certain process conditions. For exanple,
utilization of a | ow vacuum base pressure and a high sputtering pressure,
medi a noi se can be reduced. Al so, the inclusion of Oxygen in the sputter
gas, can reduce nedi a noise. Further, annealing of the nedia and/or 10
keeper |ayer can be used to control nediajgoi se. Adjusting the nunmber of

| ayers within the lattice can also i npact nedia noise. Media noise can be

further controlled bpigdfdi 18 atdpesseditnkl schématic diighmi Of A'maltilByer MmbdiA as
Wi th chrom um and/or tantalum Finally, either the crystal structure of the

medi a and/ or t h&rycgyg in accordance with the invention.
Figure 2 is a comparison of an M-H loop diagram for a 1000 A CoCrTa

vertical media (Fig. 2a) versus an M-H loop diagram for a multi-layer media in
5 accordance with the invention (Fig. 2b).
. Figure 3 is a plot showing isolated pulses from a CoCry,,Ta, longitudinal
magnetoresistive (MR) recording medium, having a thickness of between about
200 angd 250 A, recorded by a ring head and read with an MR sensor.
Figure 4 is a plot showing isolated pulses from a 750 A CoCry;Tas
10 vertical recording medium, with a keeper layer, recorded by a ring head and read
with an MR sensor.
Figure 5 is a plot showing isolated pulses from a multi-layer medium in
accordance with the invention, having a keeper layer, recorded by a ring head
- and read with an MR sensor.
15 Figure 6 is a plot showing signal output at 73 kcfi from the media
displayed in Figure 3, recorded by a ring head and read with an MR sensor.
Figure 7 is a pldt showing signal output at 73 kcfi from the media
displayed in Figure 4, recorded by a ring head and read with an MR sensor.
Figure 8 is a plot showing signal output at 73 kcfi from the media
20 displayed in Figure S, recorded by a ring head and read with an MR sensor.
Figure 9 is a plot showing signal output at 95 kcfi from the media
displayed in Figure 3, recorded by a ring head and read with an MR sensor.
Figure 10 is a plot showing signal output at 95 kcfi from the media
displayed in Figure 4, recorded by a ring head and read with an MR sensor.
25 Figure 11 is a plot showing signal output at 95 kcfi from the media
displayed in Figure 5, recorded by a ring head and read with an MR sensor.
" Figure 12 is a plot showing a low density play back signal of a media in
accordance with the invention read with a conventional (TDK) MR head.



head can be manufactured with a physical offset. 15 I n anot her
aspect—of—theTTnvent rom —wehave alsodrscovered—amew head design for -use -
‘wWith nmedia in accordance with the invention. The head design essentially

i ncl udes a conventional ring head, for witing to the nedia, in conbination
W th a nagyebdses stive (MR) read head. To achieve a reduptrmssémizsed a

noi se, the MR head can be constructed wth a physical offset, to offset the
20 sensitivity of the MR elenent fromdirectly perpendicular to the

medi a. In conbination, the above inventive features will permt us to build
a single disk drive that will approach three giga-bits-of actual |inear
data density. This result represents a trenendous inprovenent over nagnetic
recording nmedia of the prior art. 2511- Through use of the nedia of
the present invention, we have produced vertical magnetic recording nedi a

havi ng coerci vi tFigse 83 bewdd plots sBowingliffeetisdoisolacd pulzes ﬁumemddxﬁg 5000 Ce.
;’\r/]\net gﬁd:‘ ?eﬁ%ﬂ t he Br esen |£¥ﬁ%§%?8’mgemni§‘at e hi h oer | Vln[ ,meglh:r Ipn
accor dance m\nﬁé]né u%'lgﬁ@ahwpuwlslﬂ@@bl y suited for uI t ra
Figure 14 is a plot showing a measured differentiated tribit pattem (...)
5 versus a theoretical tribit pattern ( ___ ) from a linear superposition of an isolated
pulse at 220 kfci. :

" Figure 15 is a plot showing a measured differentiated tribit pattern (...)
versus a theoretical tribit pattern ( ___ ) from a linear superposition of an isolated
pulse at 262 kfci.

10 Figure 16 is a plot showing a noise spectrum of a media prepared in
accordance with the present invention demonstrating the noise of the media in
volts/(frequency'?) [v/sqrt f] versus frequency in MHz, An as sputtered media
{ ___ ) is compared to the same media following annealing in accordance with
the invention (...). .

15 - Figure 17 is a plot showing a noise spectrum of a media prepared in
accordance with the present invention demonstrating the noise of the media in
visqrt f versus frequency in MHz. An as sputtered media including a keeper
layer (___) is compared to the same media following annealing in accordance
with the invention (...).

20 Figure 18 is a plot showing 2 noise spectrum of a media prepared in
accordance with the present invention demonstrating the noise of the media in
visqrt versus frequency in MHz, A media prepared with a non-annealed keeper
layer(_;_) is compared to a similar media in which the keeper was annealed in
accordance with the invention (...).

25 Figure 19 is a plot of a noise spectra of non-keepered media prepared in
accordance with the invention comparing noise in v/sqrt f versus frequency in
MHZz viewing the effects of doping with chromium. -
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-7 - high density recordi ng----For exanple, in MH | oop-studies, the nedia of
the present invention denonstrate exceptional squareness of 0.8-0.9 to
unity. Further, the Mt of nmedia in accordance with the invention can be
adj usted from O“ﬁ, 49272 Menu/cnferr] through changi ng the numbgeybssmises
multi-layers present wthin 5 the lattice. However, beneficially, in
changi ng-the nunber of nulti-layers to adjust the Mt, little change in
coercivity is observed. Finally, nmedia in accordance with the invention
general ly exhibit 30% sharp transition, higher output, and higher data
densities. In accordance with one aspect of the present invention, there is
provi ded 10 a magnetic recordi ng nmedi wng conprising: a substrate having
deposited thereon a nucl eating | ayer of a nonmagnetic netal selected from

the group consisting pigupé!205iiaiPloPbf Rl ribisenpatthn vf Réeperddinedia Srépadéd @i eat er
than 50 A and a recording_|ayer conprising a plurality of bilayers of a

magnetic metal , #fcoRlanes Wisp the inveation epmpange noissdn &Y waM fvermiyfrequeacy in
20] S04 LCPY, ane, PRSP Gty ekt o 85 M chrimom. nonmonet o
Figure 21 is a plot of a noise spectra of media prepared in accordance
5 with the invention comparing noise in v/sqrt f versus frequency in MHz viewing
the effects of number of kyem in the lattice. | '
Figure 22 is a plot of a noise spectra of media prepared in accordance
with the invention comparing noise in v/sqrt f versus frequency in MHz viewing
the effects of sputtering the lattice in the presence of oxygen.
10 Figure 23 is a side cross-sectional schematic view of an MR head having
an MR element with a physical offset in accordance with the present invention.
Figures 23a and 23b are enlarged views of the orientation of the MR
element in Figure 23.
Figure 24 is a comparison of recording/reading strategies with various .
15 recording media. Figure 24a is an example of a conventional strategy of
recording/reading on longitudinal recording medium utilizing a ring write head
and an MR strip read head. Figure 24b is an example of a conventional strategy
of recording/reading on vertical recording medium utilizing a single pole read
and write head. Figure 24c is an example the strategy for reading and writing
20 on the vertical recording medium in accordance with the present invention
utilizing a ring write head and an MR strip read head.
Figure 25 is a top perspective view of a disk drive assembled with media
in accordance with the invention.
Figure 26 is an exploded view of the disk drive shown in Figure 25.
25 _ _
DETAILED DESCRIPTION OF THE INVENTION
We have unexpectedly discovered an improved multi-layer magnetic
recording media that offers far higher coercivities, improved outputs, and
reduced noise levels over the prior art. The basic media is a multi-layer or



havi ng a second thickness. Generally, the first thickness is between about
1. 5 Aand—6—A—TFhe—-second—thrckess rs—gemeratty between about 5 A and—315—
A. The thickness of the nucleating |layer is generally between about 200 A
and about 600 A. The nunber 20 of bilayers is generally between about 10
and 30. Gengygbéneezt he nucleating | ayer and the recording | aperrossenessa
total thickness that does not exceed 1500 A. In general, the coercivity of
the medi a that exceeds about 1800 Cersteds. In certain enbodinments, the
medi um further conprises a keeper |ayer disposed between the nucl eating

| ayer and the substrate. The keeper |ayer may be formed froman 25 Ni Fe
alloy. Generally, the keeper |ayer has a thickness of between about 2
[err]mand about 6 [err]m In accordanckg@ with a second aspect of the
present invention, there is provided a magnetic recordi ng nedi um
conprising: auperbticeof Cobalt g iiﬁlalloy'uctwa&rﬂmﬂaapmcioﬁsemeiah,gsﬁahyu of a

nonmagneti c meE al. sel ect ed from!;uéa Pu%refen'w) 96 241%cude Cobalt and

PCT/ US96/ 013
Palladium layers, atop a nucleating layer of Palladium, all atop a soft magnetic

(keeper) (i.e., permalloy) layer.

5 In addition, we have discovered that it is possible to precisely control the
noise levels of the media through utilization of certain process conditions. For
exanij)le, utilization of a low vacuum base pressure and a high sputtering
pressure, media noise can be reduced. Also, the inclusion of Oxygen in the
sputter gas, can reduce media noise. Further, annealing of the media and/or

10 keeper layer can be used to control media noise. Adjusting the number of layers
within the lattice can also impact media noise. Media noise can be further
controlled by doping the cobalt layers to form an alloy, such as with chromivm
and/or tantalum. Finally, either the crystal structure of the media and/or the read
head can be manufactured with a physical offset.

15 In another aspect of the invention, we have also discovered a new head
design for use with media in accordance with the invention. The head design
essentially comprises a conventional ring head, for writihg to the media, in
combination with a MR read head. ‘To achieve a reduction in media noise, the
MR head can be constructed with a physical offset, to offset the sensitivity of the

20 MR element from directly perpendicular to the media.

In combination, the above inventive features will permit us to build a
single disk drive that will approach three giga-bits of actual linear data density.
This result represents a tremendous improvement over magnetic recording media
of the prior art. :

25 Through use of the media of the present invention, we have produced
vertical magnetic recording media having coercivities exceeding 1800 Oe, 2500

— Qe and even exceeding 5000 Oe. The media of the present invention
demonstrate high coercivities, sharp switch ficld distribution, and high squareness
ratio. Thus, the media in accordance with the invention is ideally suited for ultra



consi sting of palladiumor platinumhaving a thickness of greater than 50 A
and a recording layer conprising a plurality of—btt+ayers of cobalt, or an
al l ey thereof, having a first thickness and a nonnagnetic netal selected
fromthe group consisting of palladiumor platinumhaving a second

thi ckness, chargeléddgnd in S that the first thickness is bei,mg,@ﬁmt
1.5 A and 10 A, 'the second thickness is between about 5 A and 15 A, the
nunber of bilayers is between about 10 and 30, a thickness of the

nucl eating layer and the recording | ayer that does not exceed 1500 A, and a
coercivity of the mediumthat exceeds about 1800 Qersteds. |In accordance
with a third aspect of the present invention, there is 10 provi ded a
process to manufacture a magnetic recordinggoedium conprising: providing a
substrate, vacuum depositing on the substrate a nucleating |ayer selected
fromthe group cofgl dédsity rédording.! For \exampie mm-m tsﬁx&sf e 1hi88ia ofthe

greater than about 50 A, and vacuum dep03|t| e nucl eati ng?l ayer a

recordi ng Iayer progent; MP@MM&W%WF g‘%‘@ﬂ%ﬂ‘a? | g s of

cobalt, 15 Fgﬂh?.l hﬂ)jg_& el in BXYidancetw
nonmagnet ic metal selé&cte ?’?om the group COI’]SI stl ng o? l%r,%gﬁs%dgom
pl ati num havi ng Q%MﬁmmmﬁmmnmmmmmhtMMQMt her

conprises thg st i A e ng

Che nuot eat 1 g | S5k jes™ TEAbyen Sodndflsl i Bnbigiff el ool o Ui
adjust the Mrt, litle change in coercivity is observed. Finally, media in
accordance with the invention generally exhibit 30% sharp transition, higher

output, and higher data densities.

10

One embodnment of medium in accordance with the invention is shown
schematically in Figure 1, which is a cross-sectional view of the media. As
mentioned above, media in accordance with the invention generally include a
multi-layer or superlattice 33 of a perpendicular magnetic material 34, such as
15 Cobalt or an alloy of Cobalt and a nonmagnetic material 35, preferably

comprising a precious metal, such as Palladium or Platinum on a substrate 30.

Other media in accordance with the invention include a soft magnetic material or

keeper layer 31. In other embodiments, media in accordance with the invention

also include a nucleating layer 32. In one embodiment, the lattice 33 includes
20 Cobalt and Palladium layers, atop a nucleatmg layer 32 of Palladium, all atop a

soft magnetic (keeper) layer 31.

In the Figure, the media is formed on a substrate 30. In some
emi:odiments, the substrate 30 is rigid and can be formed from any conventional
substrate material, such as metals, silicone based materials, and rigid polymers,

25 For example, substrates in accordance with the invention can include aluminum,
nickel-phosphorus-plated aluminum, quartz, glass, ceramic, silicone, silicone
carbide, carbon, and the like. Alternatively, the substrate 30 may be-relatively
flexible and formed from materials such as polyester or polyimide films, and the
like. The substrate 30 may require cleaning or other treatments to enhance



oxygen. In another enbodi nent,

the process further conprises the step of:

20 vacuum depasiti ng on the substrate a keeper layer prior to depasiting

t he nucl eati
the step of:

ng layer. In another enbodinent, the process further conprises

annealing the nediumw th the keeper layer, prior to

deposi ting eating layer, in the presence of oxygen. % r

enbodi nent W?&zp of depositing the recording |ayer is al(;gg’rurp [ s]i%d I n
t he presence of oxygen. 25 In accordance with a fourth as
invention, there is provided an information storage device,

t he present
conpri si ng:
magneti c ani

a planar magnetic recordi ng nmedi um havi ng per pendi cul a
sotropy, Ku, that is greater than or equal to 2 X 10[e

pect of

;
rr

erg/cc for receiving, storing, and allg@w ng the reading of information in

t he form of

magnetic flux, a read/wite head for witing WO 96/

PCT/ US96/ 013%% #ﬁ%ﬁwew By rgg]n ﬁ?ﬂfgﬁp@gﬁrﬁiﬁ?% ea

i nformati on

conpri si ng asuchras-texturizing arcpolishing are known to promote a desired crystalline

10

morphology in the subsequently ‘deposited magnetic recording Ilayer.
Alternatively, the substrate 30 may be a tape suitable for conventional magnetic
tape recording, e.g., polyvinylidéne chloride, or a sheet of thermoplastic
material, such as polyethyleneterephthalate, suitable for use in conventional
ﬂoppy disks. Other surface treatments may be employed to prepare the latter
substrates for subsequent deposition. _

In one embodiment, a layer of a soft magnetic material 31 is deposited on
the substrate 30. The soft magnetic layer 31 is sometimes referred to herein as
a keeper layer 31. The keeper layer 31 may be formed from a variety of soft

_magneftic materials. For example, in one embodiment, the keeper layer 31

15

20

25

comprises a permalloy (Nickel-Iron (NiFe)) film. In addition to the utilization
of NiFe as the keeper layer 31, a multitude of other soft magnetic materials may
be equally effective. Examples of additional soft magnetic layers include
NiFeMo, NiFeMoCu, and other soft alloys such as Fe, FeAlSi, FeNiO, FeN,
FeTi, FeSiB, FeBC, FeAl, CoVFe, CoTa, CoZr, CoNbZr, CoTi, CoNbTa,
CoNiZr, FeNiP, NiFeMo, NiFeCuMo and FeCoZr.

In general, the soft magnetic keeper layer 31 is plated or sputtered onto
the substrate 30 using conventional plating and sputtering techniques. The keeper
layer 31 is typically deposited to a depth of between about 0.1 and about 20 um,
or between about 1 and about 10 ym, and in some embodiments to a thickness
of between about 2 and about 6 pm. _

Next, in certain embodiments, a nucleating layer 32 of a nonmagnetic
material is deposited on the keeper layer 31. The nucleating layer 32 may be
formed from a precious metal, such as palladium or platinum. While other
metals might also be useful (i.e., copper,- zinc, cadmium, mercury alloys, silver,
and gold), palladium and platinum are currently preferred. The choice of the

24927
d readi ng
d



el ement and a magnetoresistive (MR) read element. In one enbodiment, the
magneti c recordi ng nmediwm-fu-ther conpsd ses: 5 —a—substrate havi ng
deposited thereon a nucl eating | ayer of a nonnmagnetic netal selected from
t he group consisting of palladiumor platinumhaving a thickness of greater
than 50 A and awvb%ﬁggi,ng | ayer conprising a plurality of bil ay®ecsusden1sss
cobalt, or an alloy thereof, having a first thickness and a nonmagnetic
netal selected fromthe group consisting of palladiumor platinumhaving a
second 10 thickness, characterized in that the first thickness is between
about 1.5 A and 10 A, the second thickness is between about 5 A and 15 A
the nunber of bilayers is between about 10 and 30, and a thickness of the
nucl eating | ayer and the recording | ayer 1p&t does not exceed 1500 A In
one enbodi ment, the MR elenent is physically offset at an angle of 15

from about - 10[ eprediodsométl foe usé invthe macleatinglayerd2-is(generally myade diccorlling too t he

P o oo b e wA R e T OR oo e e of
nmagneti c recordi Ng MegsAn, 06! ndcleXBAg RS 32is typivedly 'spattbréd\Giko B Gft Magnedadi ng
magnetic information_fromthe magnetic recording nedium_the MR head
conprising a MR layemadhusing conveptiopelsteghnigues, c Thie gucleating layern3%,is typically
orientation g el ajdoyGiteliGod \Geptir6f' Bétiveen about 30-and about 1000 A, or between about
100 and about 500 A, and in some embodiments to a depth of between about 250
and about 500 A. o
Atop the nucleating layer 32 in one embodiment, a superlattice 33 of
alternating magnetic 34 and nonmagnetic 35 layers is deposited. In certain
10 embodiments, the magnetic layers 34 comprise cobalt or a cobalt alioy. If the
magnetic layers 34 are formed from a cobalt alloy, the alloy is generally selected
50 as to have sufficient perpendlcular magnetic anisotropy and coercivity to the
resulting media. For example, .the coercivity in the vertical direction is often
between about 1500 and about 6000 Oe. In certain embodiments, substantially
15  pure cobalt is used to form the magnetic layers 34. In other embodiments alloys
of cobalt, such as cobalt-chromium and cobalt-chrominm-tantalum alloys. Media
prepared with such alloys operate successfully in the present invention.
We have found that coercivity of the media tends to decrease where the
magnetic layers 34 are structured to include a cobalit alloy. At the same time,
20 the output of the media appears to decrease. However, beneficially, the noise of
the media decreases and the signal-to-noise ratio of the media increases.
In certain embodiments, the magnetic layers 34 in the lattice 32 are
deposited to a thickness of between about 1.5 A and 10 A, or between about 2
Aand 7 A, and in certain embodiments to a thickness of between about 3 A and
25 SA
~ In certain embodiments, the nonmagnetic layers 35 include a precious
metal, such-as paliadium or platinum. While other metals might also be useful
(i.e., copper, zinc, cadmium, mercury alloys, silver, and gold), palladium and
platinum are currently preferred. The choice of the precious metal for use in the



recordi ng nmedi um the inprovenent conprising: providing a physical offset
t o t he-MR-elerent—sSo—that—the—et eneprt—s—offset freoemthe—perpendteuttar—-—

orientation relative to the magnetic with respect to the magnetic recordi ng
medi um by an angl e of between about -10[err] and 10. 25 In
accordancepwddsResp7f i fth aspect of the present invention, theressspisgaovi ded
a BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES WD 96/ 24927
PCT/ US96/ 01364 - 10- Figure 1 is a cross-sectional schematic diagramof a
multi-layer nedia structure in accordance with the invention. Figure 2 is a
conparison of an MH |oop diagramfor a 1000 A CoCrTa vertical nedia (Fig.
2a) versus an MH Iloop diagramfor a nulti-layer nedia in 5 accor dance
with the invention (Fig. 2b). Figure-B7ks a plot show ng isol ated pul ses
from a CoCr[err]Ta[err] | ongi t udi nal

nonmagnetic layer 35 is generally made according to the metal used in the

nucleating layer 32, described above. However, as will be appreciated, mixtures
of precious metals may be used in media in accordance with the invention. For
example, the nucleating layer 32 could be fabricated from palladium and the
5 nonmagnetic layers 35 could be fabricated from platinum, or vice versa. In
addition, the nonmagnetic layers 35 can also be prepared from alternating metals,
ie., liyers of platinum and palladium (or other appropriate metals).
The nonmagnetic layers 35 are generally deposited to a thickness of
between about 5 A and 15 A, or between about 7 A and 12 A, and in certain

10  embodiments to a thickness of between about 8 A and 11 A.

' The number of pairs of layers (bilayers) of magnetic layers 34 and
nonmagneuc layers 35 (or periodicity) is generally between about 10 and 40 or
between about 15 and 25. Thus, there are generally between about 20 and 50
total layers making up the lattice 33.

15 The lattice 33 can be sputtefed using conventional _techniques. For
example, the alternating layers can be accomplished on a rotating table so that
the media is exposed to consecutive sputters of the magnetic layer 34 and the
nonmagnetic layer 35. The motion of the table can be controlled to provide a
pause during the sputtering process so as to allow the deposition of thicker or

20 thinner layers. In addition, the table can be paused between the deposition of
each layer so as to limit the possibility of cross contamination. Alternatively, the
targets may be shuttered and the shutters obened for a period of time sufficient
to deposit each layer. Certain advantageous processes to prepare media in
accordance with the invention is described in more detail below.

25 In certain embodiments, media in accordance with the invention
additionally comprises a protective layer 36 on a top surface 37 of the media.
The protective layer 36 serves to protect the media from wear and the corrosive
effects of any vapors present within the magnetic signal processing device. In
one embodiment, the protective layer 36 is a carbon overcoat that is sputtered in



magnet oresi stive (MR) recordi ng nmedium having a thickness of between about
200 and 250 A, recorded by -a+ng—head and read—wt+h—an MR sensor. Figure 4
is a plot showing isolated pulses froma 750 A CoCr[err]Ta[err] 10

vertical recording nedium wth a keeper |ayer, recorded by a ring head and
read with an VMRwepgse2r Figure 5 is a plot show ng isol ated pul PETASHGORIGH
mul ti-layer nediumin accordance with the invention, having a keeper | ayer,
recorded by a ring head and read with an MR sensor. 15 Figure 6 is
a plot showi ng signal output at 73 kcfi fromthe nedia displayed in Figure
3, recorded by a ring head and read with an MR sensor. Figure 7 is a plot
showi ng signal output at 73 kcfi fromthe nedia displayed in Figure 4,
recorded by a ring head and read with an MBsensor. Figure 8 is a plot
showi ng signal output at 73 kcfi fromthe nedia 20 di splayed in Figure
5, recorded by aplicag HAdtethatively; dbel pratedtivariayse 3¢ may be Riogposedd of gnetals| ot

Tecorded by ri iRiinghaliim, i poquafiic SRRt hudl &P BEE sadobrBc g
showi ng si gnal omenmic edrbides, kitifrides ram&dmsmdl,adtbamIM| IRoriagmagnetic
recorded by a rin addigk, Mto? an I\/Rse yermaybebetweenaboutSOA
5 andabmtSSOA,athlcknessbetweenaboutlOOAandaboutlSOAiscurmntly
preferred.
) Thus, as will be appreciated, media in accordance with the invention
generally include a substrate 30, a nucleating layer 32, a lattice 33, and a
protective layer 36. The substrate in many embodiments is polished aluminum.
10 The thickness of the nucleating layer 32 is generally thicker than 100 A, or in
certain embodiments between about 200 and about 600 A. The lattice 32, in
certain embodiments, includes bilayers (34 and 35) of cobalt (or an alloy thereof)
and palladium or platinum. The thickness of the cobalt layers are between about
1.5 A and 10 A, or between about 2 A and 7 A, and in certain embodiments
15  betweenabout 3 A and 5 A. The thickness of the palladium or platinum layers
are between about 5 A and 15 A, or between about 7 A and 12 A, and in certain
embodiments between about 8 A and 11 A. The number of layers in the lattice
33, or its periodicity, is between about 10 and 30 or between about 15 and 25.
In certain embodiments, the thickness of the lattice 33 and the nucleating layer
20 32 does not exceed 1500 A.
Examples of certain media prepared in accordance with the invention are
shown in the following Table. The Table provides a comparison of a variety of
media prepared in accordance with the invention.



25 Figure 11 is a plot show ng signal output at 95 kcfi fromthe
nmedi-a—e-sprayed—n—Firgure—5—recor ded—by—a—+ing head and read w t h—arR—
sensor. Figure 12 is a plot showing a | ow density play back signal of a
media in accordance with the invention read with a conventional (TDK) MR
head. QP B2 7 PCT/US96/01364

PCT/ US96/ 01364 - 11 - Figure 13 is two plots showng differentiated

i sol ated pul ses fromnedia in accordancgamﬁth the invention. In Figure 13a,

a positive pulse is shown and, in Figdre® I3b, a negative pulse is shown.
Figure 14 is a plot showing a neasured differentiated tribit pattern (...)
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10 . Figure 16 is a plot show ng a noi se spectum of a nedia prepared
I n accordance w th the-present—+rventd on denorstratt+ag the noi se of the
media in volts/(frequency[err]) [v/sqgrt f] versus frequency in MHz. An as
sputtered nedia ( ) is conpared to the same nedia follow ng annealing in
accordance Wt gyd sgpaprvention (...). 15 Figure 17 is pcPhRdsrnisss
showi ng a noi se spectrumof a nedia prepared in accordance with the present
i nventi on denonstrating the noise of t he-n¥dita- i n v/isqgrt f versus frequency
in MHz. An as sputtered nedia including a keeper |ayer ( ) is conpared to
the sanme nedia foll owi ng annealing in accordance with the invention (...).
20 . Fi g ety o - a0 | o
prepared in accg Sy W § he : rgtrjatijng It he noi se
of the media in]} i 3 - rcylih NS agpriefdradg with a
non- anneal ed ke h A ' it oeiditd id which the
keeper was anneg ' i | o)) 245

Figure 19 is a §l. ge%g pgpared in
accordance with f tvedsudl frequency
in MHz view ng ‘

HE

!
|
|
|
|

gl g}

nfa
n/a

20
20

Pd/10A
Pd/10A
Pd/10A

Pd/140A | CoCr./3.5A

Pd/280A

CoCrTal3A
1 Pd280A | CoCeTu/3.5A

NiFe

annealed
NiFe
n/a

| Sample
13

SUBSTITUTE SHEET (RULE 26)



WO 96/ 24927 . PCT/ US96/ 01364
- 12—Frgure 2075 a ptot—of= n0|se—5'p'5'ct-ra of—keepa-ed—rredla prepared—mn—

accordance with the invention conparing noise in v/sqrt f versus frequency
in MHz viewing the effects of doping with chromium Figure 21 is a plot of
a noi se spagbbgréhs medi a prepared in accordance 5 W th tIeTosyesmsson
conparing noise in v/sqrt f versus frequency in Mz viewing the effects of
nunber of layers in the lattice. Figure 22 is a plot of a noise spectra of
medi a prepared in accordance with the invention conmparing noise in v/sqrt f
versus frequency in MHz viewing the effects of sputtering the lattice in
the presence of oxygen. 10 Figure 23 is a side cross-sectional
schematic view of an MR head having aggMR el enent with a physical offset -in
accordance with the present invention. Figures 23a and 23b are enl arged

views of the orienbithedTabl¥, nfheoivespondsimnihoti measingd, AL®ill be observed in
the Table, media in accordance with the invention can be manufactured with high
degrees of coercivity, enhanced signal outputs, and reduced noise. The Table is
separated into five distinct media types to demonstrate the effects of certain
5 structures. Samples 1-3 illustrate media of the invention prepared with a Pd
nucleating layer and a Co/Pd lattice, with no keeper layer. Sample 3, therein, -
illustrates the effects of annealing. Sample 1, therein, illustrates the effect of
varying the thickness of the nucleating layer.
Coercivity, H,, was measured with VSM. The maximum applied field
10 was 10 KOe (as shown in Figures 2a and 2b). The field was applied
pexpendnaxlar to the media surface. Qutput, noise, and signal-to-noise ratio were
measured after preamplification. The head used has separate read and write
clements: a ring head write element and a2 magnetoresitive element read head.
The write head had a gap length of 0.35 um, a gap width of 4.3 um, 15 tums,
15 and a write current of 20 mA. The read element had a single MR read clement
having a width of 3.5 um.
In each of the examples shown in the Table, the signal was recorded at
73 kfci and an IPS of 469. The noise was determined by integrating the noise
power spectrum over a 25 mHz bandwidth by removing signal peaks. The
20  contributions of head and electronics noise were subtracted from the total
integrated noise power to determine the media noise power, the square root of
which yields the media noise voltage, N. Signal-to-noise ratio (SNR) is
determined from the following equation:
25 SNR= . 20* log RMS output

N
Samples 4-6 again illustrate media of the invention prepared with a Pd

nucleating layer and a Co/Pd lattice; with no keeper layer. In Samples 5 and 6,
therein, Cr is co-sputtered with the Co to form an CoCr alloy to show the effects

30 of utilization of alloys.

SUBSTITUTE SHEET (RULE 26)



Figure 24 is a conparison of recording/reading strategies wth various 15
recordi ng nedia. Figure 24a— s an exawpte of a conventional strategy of

recordi ng/ reading on |longitudinal recording nediumutilizing aring wite
head and an MR strip read head. Figure 24b is an exanple of a conventional
strategy of reqpheédygsy €ading on vertical recordi ng nedi um uti lpGr®e01364

single pole read and wite head. Figure 24c is an exanple the strategy for
readi ng and witing 20 on the vertical recording nmediumin accordance
with the present invention utilizing a ring wite head and an MR strip read
head. Figure 25 is a top perspective view of a disk drive assenbled with
nmedia in accordance wth the invention. Figure 26 is an expl oded vi ew of
the disk drive shown in Figure 25. 25 W .lHve unexpectedly di scovered an
i nproved nulti-layer magnetic recording nedia that offers far higher
coercivities, i rrprovesimpwspu-t]s illusiiate cledie cofnthesinvemtion prepared with prPor
t. The b d
ar e basic nx;%c g layer an& éoalié's lat(t)icr:e with a keeper layer. In Samples 10-16,
therein, Cr is co-sputtered with the Co to form an CoCr alloy to show the effects
of utilization of alloys. In addition, the effects of annealing is shown in Sample
5 7, and the effects of the number of lattice layers is shown in Samples 14 and 15.
_ Sample 17 illustrates media of the invention prepared with a Pt nucleating
layer and a Co alloy/Pt lattice with a keeper layer.
Samples 18-20 illustrate media of the invention prepared with a Pd
nucleating layer and a CoCrTa alloy/Pd lattice. Sample 18 illustrates the effect
10 of a keeper layer and Sample 20 illustrates the effect of increasing the CoCrTa
layer thickness.
Several trends are evident through a oompansou of the Samples. First,
extremely high coercivities are possible through the use of a nucleating layer and
| simple Co/Pd lattice, as demonstrated by Sample 1. However, as seen in
15 Samples 2 and 3, the output signal is not exceptional. Output signals can be
boosted through use of a keeper layer, as shown in Samples 7-18. Moreover,
noise can be reduced through annealing (Samples 3 and 7) and also through the
utilization of certain alloy compositions (Samples 6 and 17). Further, through
increasing the number of lattice layers, output can be enhanced, and noise levels
20 stabilized as shown in Samples 14 and 15.
More refined data regarding the fine tuning of the media to enhance

output while reducing noise is discussed below.

p f Manuf: £ Media of the I q
25 Media in accordance with the invention can be prepared through use of
conventional sputtering processes, such as DC Magnetron sputtering, RF
sputtering, and -vacuum vapor deposition. In this work, DC Magnetron
sputtering was used. Two inch diameter circular-type targets of Co, Cr, Pt, Pd,
and CoCrTa were used. There are four cathodes in the sputtering machine which



W 96/ 24927

PCTUS96/-01364—13——supertat t | ce—af—Cebat+—or -an al |l oy of CobaH—a-Hd—a-—
precious netal, such as Palladium or Platinum Particularly preferred
medi a i ncl ude Cobalt and Pall adium | ayers, atop a nucleating | ayer of

Pal | adi um H@A#\éﬁ#} AP a soft magnetic (keeper) (i.e., pernal pEypsdeyses. 5

In additio ave discovered that it is possible to precisely control
the.noi se | evels of the nmedia through utilization of certain process
conditions. For exanple, utilization of a | ow vacuum base pressure and a

hi gh sputtering pressure, nedia noise can be reduced. Also, the inclusion
of Oxygen in the sputter gas, can reduce nedi a noise. Further, annealing of
t he nedi a and/or 10 keeper |ayer cggn_be used to control nedia noise.

Adj usti ng the nunber of layers within the lattice can also inpact nedia

noi se. Medi grEed e sdidrieof fout Beget phratly 6flsikitiRiously. t'msabhﬁté | ayers to

forman all oy such as Wth chrom um and/or tantalum FEinally, .either the
crystal strmm@emmweﬁhmm%m ctured

\hmaflg gl ggyzl scovgjrlégﬁe' R ?ﬁesﬂgnrku use it h med ?ﬁﬁogggopg;gge "
wi th the i ncembination, mthelm'gm dusingythe sputtenng process. The power on/off for
5 each of the four targets is individually controlled through a programmable
controller. Similarly, the power to each of the four targets is individually
controlled. Underlayers and multilayers can be formed by powering on and off
selected targets. The thickness of each layer can be controiled through either
controlling the power to the target or through cbntmlling the target power-on
10 time. :
Inordermosmdytheéffectofbasepressumonmedianoise, we varied the
base pressure prior to sputtering between about 5 X 10° and about 2 X 107 Torr.
Sputtering gas (high purity argon) pressure was held at about 10 - 20 m Torr

during deposition.
15 We surprisingly discovered that base pressure and sputtering pressure

effect the media noise. High sputtering pressure is often used for low media
noise. Thus, in the majority of examples contained in the present apphcatxon a
sputtering pressure of 15 pm was used to attain reduced media noise. In
addition, we unexpectedly discovered that media noisc can be further controlled

20 through the inclusion of oxygen in the sputtering gas. For example, through the
inclusion of about 0.05 to about 0.5 % (v/v) oxygen in the sputtering gas, media
noise can be appreciably reduced. '

Properties of Media in Accordance with the Invention

25 Therefore, turning attention to Figure 2, there is provided a comparison
of an M-H loop diagram for a 1000 A CoCrTa vertical media (Figure 2a) versus
an M-H loop diagram for a multi-layer media in accordance with the invention
(Figure 2b). The M-H loop diagram in Figure 2b is taken from the medium of
Sample 1, shown in Table 1.



essentially conprises a conventional ring head, for witing to the nedia,

I n conbination with a MR—+eag—head. To achi eve-a—reduction in nedia noise,
the MR head can be constructed with a physical offset, to offset the
sensitivity of the 20 MR el enent fromdirectly perpendicular to the

nedi a. | n conbi ¢899 1 he above inventive features will perm tpcyrisbenibsy | d
a single disk drive that will approach three giga-bits of actual |inear
data density. This result represents a tremendous inprovenent over nagnetic
recording nedia of the prior art. 25. Through use of the nedia of
the present invention, we have produced vertical magnetic recording nedia
havi ng coercivities exceeding 1800 Ce, 2500 Ce and even exceedi ng 5000 Ce.
The nedia of the present invention denons@gate high coercivities, sharp
switch field distribution, and high squareness ratio. Thus, the nedia in

accordance with the rmh¢oetcivity snd Mewof pricruirt mddiacis shovn in Figui2416/Thé927
PCT/US96/ 01364 - serdivity is 1669 Oc and the Mt is 1.6 memw/ens®. Further, the squareness of
the loop in the diagram is approximately 0.39. In contrast, the media in
accordance with the invention, as shown in Figure 2b, possesses a coercivity of
5 5038 Oe, an Mrt of 0.7 memu/cm?, and the M-H loop in the diagram shows a
squareness of 0.83. '
Figures 3-5 are plots showing isolated pulses from two prior art media
(Figures 3 and 4) and media in accordance with the invention (Figure 5). Figure
3 is a plot showing isolated pulses from a. CoCr, Ta, longitudinal

10  magnetoresistive (MR) recording medium, having a thickness of 250 A, recorded
by a ring head and read with an MR sensor. The media possessed an Mt of 1
memu/cm? and a coercivity of 2100 Oe. The plot shows a PW 50 is 34.6 ns and
a peak-to-peak output of 231 mv after preamplification.

| Figure 4 is a plot showing isolated pulses from a 750 A CoCry;Tas

15 vertical recording medium, with a keeper layer, recorded by a ring head and read
with an MR sensor. The media possessed an Mrt of 1.6 memu/cm®. The plot
shows an isolated peak with poor squareness and smeared transition. The rise
time is greater than 59 ns and peak-to-peak output is 426 mv after
preamplification. .

20 Figure 5 is a plot showing isolated pulses from a multi-layer medium in

| accordance with the invention, having a keeper layer, recorded by a ring head
and read with an MR sensor. The media possessed an Mrt of 0.7 memu/cm?®.
The plot shows a rise time of 28.5 ns and a peak-to-peak output of 355 mv after
]nummpﬁﬁanknm This media is illustrated in Table 1, Sample 8.

25 The pulses obtained from the media of the invention are significantly
improved over prior art media. The squareness of the pulses and rise time are
highly improved over each of the CoCrTa media in Figures 3 and 4. Further,
the output voltage of the media of the invention is comparable to the output



hi gh density recording. For exanple, in MHloop studies, the media of the

present invention denonstrate exceptional squareness—of-0.-8-0-9-10  -UuRHy+—

Further, the Mt of nedia in accordance with the invention can be adjusted
from0.5to 1.5 nenu/cnferr] through changi ng the nunber of multi-Ilayers

present w
nunber of

observed. Finally,

%?ﬁ’?ﬂ’ﬂ’ the lattice. However, beneficially, inpehaiseésiged he

yers to adjust the Mt, little change in coercivity is

30% sharp transition, higher output, and higher data densities. 10
I n Accordance Wth The Invention One enbodi ment of nediumin accordance
with the invention is shown schematically in Figure 1, which is a
cross-sectional view of the nedia. Aspgentioned above, nedia in accordance
with the invention generally include a nmulti-layer or superlattice 33 of a

per pendi cul RonAROMiSthed B 186 mttiadf Figuie 4 @l s;%iﬁcanﬁybmbioved over kbl oy Of

Cobalt and a nonmagnetic material 35, prefer

met al , such veltagedisplayed hysthe media in Figwme 32 substrate 30. Cther nmedia in

y conprising a precious

media in accordance with the invention generally exhibit

Medi a

d 1 h - e el : . "
accor dance wtthtélkrﬁg%l%g\é@?}ngdr)‘?gup& gg’eﬂ@rgg_{gmteﬂ&srmbamﬂw eeper

| ayer 31.

In o

nedia I n acc

with the i nvention al so

i ncl ude a nwotpmtatn?B keficfrom2the | GoCrigTandongitndinal maguetorssistivee (MR)i ncl udes

5

10

15

20

recording media (Figure 6) (discussed in Figure 3), 750 A CoCr,,Tas vertical
recording medium (Figure 7) (discussed in Figure 4), and media in accordance
with the invention (Figure 8) (discussed in Figure 5). In each, the media was
recorded on by a ring head and read with an MR sensor. The plots particularly
show peak-to-peak outputs of each of the media. In Figure 6, the CoCryo,Ta,
longitudinal magnetoresistive (MR) recording media shows a peak-to-peak output
of 165 mv after preamplification. In Figure 7, the 750 A CoCr,;Ta; vertical
recording medium shows a peak-to-peak output of 160 mv after preamplification.
In Figure 8, the media of the invention shows a peak-to-peak output of 256 mv
after preamplification.
 The output of the media of the present invention clearly surpasses media
of the prior art in output signal at 73 kefi. The signal output from the media of
the present invention is approximately 40% higher than the longitudinal media
and the perpendicular media of the prior art. We expect that the drop of the high
frequency output for the vertical media of the prior art is due to its poor
resolution even though the vertical media has high output at low frequencies.
Similarly, Figures 9-11 are plots showing signal outputs at 95 kcfi from
the CoCry,. T2, longitudinal magnetoresistive (MR) recording media (Figure 9)
(discussed in Figure 3), 750 A CoCr;Tas vertical recording medium (Figure 10)
(discussed in Figure 4), and media in accordance with the invention (Figure 11)
(discussed in Figure 5). In each, the media was recorded on by a ring head and
read with an MR sensor. The plots particularly show peak-to-peak outputs of
each of the media. In Figure 9, the CoCr,,,Ta, longitudinal magnetoresistive
(MR) recording media shows a peak-to-peak output of 122 mv after
preamplification. In Figure 10, the 750 A CoCr,,Ta, vertical recording medium



20 Cobalt and Pal | adium | ayers, atop a nucleating |ayer 32 of Pall adium
all atop a soft nmagnetic (keeper) layer 31. In the—+gure, the nediais
formed on a substrate 30. In sonme enbodi nents, the substrate 30 is rigid
and can be forned fronlany conventional substrate material, such as netals,
silicone based and rigid polyners, 25 For exanpl e pcrrissswidées
i n accordance wt e |nvent|on can i nclude al um num

ni ckel - phosphor us- plated al um num quartz, glass, ceramc, silicone,
silicone carbide, carbon, and the like. Alternatively, the substrate 30 may
be relatively flexible and formed frommaterials such as pol yester or
polyimde filns, and the |ike. The substrate 30 may require cl eaning or
other treatnents to enhance WO 96/ 2492725 -

PCT/ US96/ 0134 - 15 - adhesion of the subsequently deposited layer. In

addi tion,. surfaceahbwes Wmmuemwmmmmmhmmmmm to

ﬁ;gg{e)t ?ca-r ggzlr Q?Mﬁ&al | nlgvgl%ro h(s)llmo y in he ) secipéant i.yl&epom t
preamplification.

Again, the output of the media of the present invention clearly surpasses

5 media of the prior art in output signal at 95 kcfi. The signal output from the
‘media of the present invention is approximately 30% higher than the longitudinal
media and 45% higher than the perpendicular media of the prior art.

Referring now to Figure 12, there is provided a plot showing a low
density play back signal of a media in accordance with the invention read with

10 a conventional (TDK) MR head. The peak-to-peak output is approximately 460
mv. The output is very square and symmetrical.

- Referring now to Figure 13a and 13b, there are provided two plots
showing differentiated isolated pulses from media in accordance with the
invention. In Figure 13a, a positive pulse is shown and, in Figure 13b, a

15 negative pulse is shown. The PW 50 in Figure 13b was calculated to be 9.8 uin.
Differentiation of the pulses is useful since differentiation provides some boost
to the signal, existing channel hardware can be utilized, low frequency noise
effects are minimized, and the positive and negative PW 50 and amplitude
becomes fully symmetrical, even though the head used herein had a fair amount

20 of +/- asymmetry.

PW 50's for media in accordance with the invention are extremely
narrow. The narrow width of the PW 50 indicates that the PW 50 should not be
spread by the gap length. Rather, the transition length appears limited by the
grain size of the media and the space between the MR strip and the media. This

25 is indicated since PW 50 may be approximated by the equation 2(D + A), where
D is the spacing between the MR strip and the media, and A is the transition

length. In the head that was utilized, the spacing (D) is approximately 3.5 uin. U

Thus, grain size appears to be approximately 1.2 uin.



Alternatively, the substrate 30 nmay be a tape suitable for conventional
magnetic & tape recording, e.g.—polyvinylidene chloride, or a sheet of .
thernoplastic material, such as pol yethyl eneterepht hal ate, suitable for use
in conventional floppy disks. Qther surface treatnents nmay be enployed to

prepare t I substrates for subsequent deposition. | di ment ,
a | ayer o;]&ggg%‘ﬁgt%nagnetic material 31 is deposited on 10 @g substrate

30. The soft magnetic layer 31 is sonetinmes referred to herein as a keeper
| ayer 31. The keeper |ayer 31 may be forned froma variety of soft magnetic
materials. For exanple, in one enbodi nent, the keeper |ayer 31 conprises a
permal l oy (Nickel-lron (NNFe)) film In addition to the utilization of N Fe
as the keeper layer 31, a nultitude,ﬁ? other soft magnetic materials may 15
be equally effective. Exanples of additional soft nagnetic |ayers include

N e, GO e bSOl S B S oty SN0 Lo
FeNi P, Ni Femduced prrapprostmataly 2-gigpmiilizingrcogeentional, techinology; andigminesice keeper
Lgx\e/;n?iloln;ﬁa%%‘?gr?graeﬁ s:)@{ ?%&%8{ g'g%r?'l %ﬁ@ga ‘bﬁ%ﬁﬁé@p@gﬁ @yg% 31 is
typi cal | y chehievéd imdmedia én deqordancéd withithe invention.t Sichla sesolt alanslate® € [ err] m
5  a linear data density of greater than about 400 kbits/in, if the density
(DataBits/PW 50) is higher than 2.
“Turning now to Figure 14, there is provided a plot showing a measured
differentiated tribit pattern (...) versus a theoretical tribit pattern (___) from a
linear superposition of an isolated pulse at 220 kfci of media in accordance with
10 the invention. The actual output of the media in accordance with the invention
increases relative to the linear superposition plot instead of decreasing as in
conventional lIongitudinal media. The reason for the increase appears to be due
to the fact that there appears to be no percolation in media in accordance with the
invention. The write shift appears visible in the plot. For example, succeeding
15 transmom are pushed relatively later than the superposition plot which is opposite’
from what is observed in longitudinal recording. ‘As will be appreciated, this
effect is easily remedied through write precompensation. Therefore, all
nonlinearities should be due to demagnetization shifts.
| A similar effect is observed in Figure 15, which is a plot showing a
20 measured differentiated tribit pattern (...) versus a theoretical tribit pattern (__ )
from a Iinear superposition of an isolated pulse at 262 kfci of media in
accordance with the invention. This level of resolution far exceeds any
amwmﬁomunwdh»ehhxlmmﬂmﬁmﬂoriuﬁaﬂ.
It is expected that through use of media in accordance with the invention,
25  area densities higher than 1 GBit/in? can be achieved. The linear density in
Figure 15 is 349 KBPI. The read ¢lement width is 3.5 um. Thus, 5000 tracks
per inch (TPI) track density can be achieved. With a track density of 5000 TPI,
an area density of 1.745 GBit/in® is obtained.




or between about 1 and about 10 [err]m and in sonme enbodi nents to a

t hi ckness of between abowt—2—and about 6 [err]m—Next, in certain
enbodi ments, a nucleating |layer 32 of a nonnagnetic 25 material is
deposited on the keeper layer 31. The nucleating |ayer 32 may be forned

froma preciousy, g?g,?j such as palladiumor platinum Wile ot hpéET/G8dehh 64
m ght al so be use copper, zinc, cadmum nercury alloys, silver,

and gol d), palladium and pI atinumare currently preferred. The choice of

t he WD 96/ 24927

PCT/ US96/ 01364 - 16 - precious netal for use in the nucleating |layer 32 is
generally nmade according to the netals used in the lattice described bel ow.
Again, the nucleating layer 32 is typicald27sputtered onto the soft
magnetic |ayer 31 using conventlonal technl ques The nucleating |layer 32 is
typically 5 &7 ¢k e 4 g Atesition0 and about 1000 A,

or between about 100 and about d - o enbodl ments_to a depth of
bet ween about 250 mmtli)oned e, wehaveaisodslscov thanspossx% P

the noise of the media of the present invention. Some of the factors that
contribute to control of media noise are discernable in connection with Table 1.
] However, there are certain general principles that we have discovered to be
useful in minimizing media noise. Such principles, in addition to utility in
connection with the media of the present invention, are also expected to be useful

in the design and fabrication of a variety of vertical magnetic media.
The general principles that we have discovered for controlling media noise
10 include the following: (i) annealing as sputtered films in the presence of oxygen
or air, (i) anncaling the keeper layer prior to deposition of the vertical medium,
(iii) doping vertical cobalt media to form an alloy, such as chromium or
chromium/tantalum, (iv) adjusting the number of layers in the vertical recording
layer, and (v) conducting the sputtering of the vertical recording medium within
15 the presence of oxygen. Each of these factors will be discussed serially below.

ling of as § od Fil

 In general, we have demonstrated that it is possible 10 reduce the media

noise in vertical recording media through annealing an as sputtered film. In

20 accordnace with the invention, annealing is accomplished through exposing the

as sputtered film under relatively moderate temperatures and for relatively short

periods of time. For example, in certain embodiments, annealing of the media

is accomplished at a temperature of about 260°C and for no more than about 30

minutes. In certain embodiments, the films are annealed at a temperature of

25 about 260°C for about 10 to 20 minutes. Further, in other embodiments, the
annealing step is conducted in the presence of air or oxygen. |

Without wishing to be-bound to any particular theory or mode of

opetation, it appears as though the annealing may act to further orient the crystal

structure of the vertical magnetic recording layer. However, in order for the



and about 500 A. Atop the nucleating layer 32 in one enbodi ment, a

superlattice 33 of alternating nmaghetic-34.and nonmagnetic 35 layers.is .

deposited. In certain 10 enbodi ments, the magnetic |ayers 34 conprise
cobalt or a cobalt alloy. If the magnetic |layers 34 are fornmed froma

cobal t al w‘ywhgﬁ alloy is generally selected so as to hapgyfsbdéissent
ula

per pendi c r nmagneti c ani sotropy and coercivity to the resulting nedia.
For exanple, the coercivity in the vertical direction is often between
about 1500 and about 6000 Ce. In certain enbodi ments, substantially 15
pure cobalt is used to formthe magnetic |layers 34. In other enbodi nents
all oys of cobalt, such as cobalt-chrom um and cobal t-chrom umtantal um

al l oys. Medi-a prepared with such alloys operate successfully in the present
i nvention. W have found that coercivity of the nedia tends to decrease

where the aﬁm%ﬁuem%?e@?&m%mdnﬁam@wdﬂwaﬁaﬁbnal loy. At
I e (0]

the sane t the out pu the nedi a appears to decrease. However,

benefi ci al pilthetaneenhes gustdhe relatively rrefullyceantroll _-aNG‘%@%ﬁ‘&M_— noi se
34 in the PLrTREERebl B30, or b figh MOnRBNRE Sl ipperrt K IMITR L0 15 A
and 10 A, oveishof the mediabhewever, shexontput of thexmadia is alse redugedonBbus, theits to a
thickngss gl BhWofE it lnot optifftia.
- Where the annealing is accomplished in the presence of oxygen or air, the
effects of the annealing are maximized. While it is not clear what effect is
caused by the presence of oxygéri or air, it is possible that there is some
formation of oxides within the grain boundaries of the recording media, which
10 decouple the magnetic exchange coupling of the grains.
~ An example of the effect of annealing the as sputtered media in
accordance with the present invention is shown in Figure 16. In Figure 16, a
pqu is provided showing a noise spectrum of a media prepared in accordance
with the present invention demonstrating the noise of the media in v/sqrt f versus
15 frequency in MHz. An as sputtered media ( ___ ) is compared to the same
media following annealing in accordance with the invention (...).
In the experiment, a multi-layer media was prepared in accordance with
the present invention. The media contained a 300 A palladium keeper layer and
a 20 layer lattice of 3.5 A cobalt and 10 A palladium. Following sputtering of
20 the media, a noise spectrum was obtained. Following the noise spectrum, the
media was subjected to a controlled annealing at 260°C for between about 10-20
minutes.
In'the Figure, the noise spectrum of the as sputtered media is shown with
the solid line ( ___ ) as compared to the noise spectrum of the media following
25 annealing, which is shown with a dotted line (...). As will be observed, the
signal output of the media did not change. However, the media noise was
reduced. A 4.2 dBm increase in signal-to-noise ratio was observed:—
A similar experiment was also nun in which the medium was prepared
with a keeper layer. The results from such experiment are shown in Figure 17.



25 5 A In certain enbodi nents, the nonmagnetic |ayers 35 include a
precious netal, such as palladium ar—platinum While other netals m ght

al so be useful (i.e., copper, zinc, cadm um nercury alloys, silver, and
gold), palladiumand platinumare currently preferred. The choice of the
preci ous net al in the WO 96/ 24927

PCT/ US96/ 01364‘{’856#-§En0nnagnet ic layer 35 is generally made aggg%mn?‘o
the netal used in the nucleating |layer 32, described above. However, as
wi |l be appreciated, mxtures of precious netals may be used in nedia in
accordance with the invention. For exanple, the nucleating |layer 32 could

be fabricated frompalladiumand the 5 nonmagneti c | ayers 35 coul d be
fabricated fromplatinum or vice versa. .lgg.addition, the nonmagnetic
| ayers 35 can al so be prepared fromalternating netals, i.e., layers of

pl ati num and palgh 3gusn1GOk pit i€ provivikd RROWER AGisespestrunl 'O aNASIR piphted
| ayers 35 are general |y deposited tg a thickness of ) .
in accordance with the present invention demonstrating the noise of the media in
v/sqrt f versus frequency in MHz. An as sputtered media including a keeper
layer (___ ) is compared to the same media following annealing in accordance
5 with the invention (...).

In the experiment, a vertical recording medium was prepared in
accordance with the present invention having an 6 pm NiFe keeper layer, onto
which a 280 A palladium nucleating layer was deposited. Upon the nucleating
layer, a 20 layer lattice was deposited. The lattice included 3.5 A cobalt layers

10  and 10 A palladium layers.

Following sputtering of the media, a noise spectrum was run on the
media. The noise spectrum of the media is shown in the Figure with a heavy
solid line ( ____ ). After the noise spectrum was obtained, the media was
annealed in accordance with the present invention. Annealing was accomplished

15 through baking the media at 260°C for between 10 and 20 minutes. After
annealing, a noise spectrum was run on the media. The results of the noise
spectrum is shown in the Figure with a light solid line ( ___ ).

As will be observed, there wa§ a significant reduction in the noise of the
anncaled media, as compared to the non-anncaled media. Again, rather

20 interestingly, the signal showed a slight increase. However, there was an big
increase in the signal-to-noise ratio, about 7 dBm as shown in Table 1 in

connection with Sample 7 and 8.

25 We have also discovered that through pre-annealing the keeper layer,

prior to deposition of the vertical recording media, there is a reduction in media

— noise. Intriguingly, the observed signal appears to increase where the keeper
layer is annealed prior to sputtering of the vertical layer.



bet ween abogt 5 A and 15 A, or between about 7 A and 12 A, and in certain

10 __enbodinents to a thickness of befween_about 8 A and 11 A The nunber
of pairs of layers (bilayers) of magnetic |ayers 34 and nonmagnetic | ayers
35 (or periodicity) is generally between about 10 and 40 or between about

15 and 25. ere are generally between about 20 and 5 ers
maki ng up tﬁ&%‘ﬁ‘#ﬁce 33. 15 The lattice 33 can begg%u ?éénrléﬁyusi ng
conventional techniques. For exanple, the alternating |ayers can be
acconplished on a rotating table so that the nedia is exposed to
consecutive sputters of the magnetic |ayer 34 and the nonmagnetic |ayer 35.
The notion of the table can be controlled to provide a pause during the

sputtering process so as to allow1the_gﬁgosition of thicker or 20
thinner layers. In addition, the table Ccan be paused between the deposition

Al tornati vol y, t ko8 uhSdnbils sRRARhg s wipbnlis ORI LEREg 00
period of ti rkeeperflayeri wnder relathesly smademse: tenipeyaiures @odtfar melatively shortous _
processes, Lo pihEl ' il 2 Whe *SRAIETIF, kD, HARoHSH fheiag 53011 200 L1
wi th the i nvactomplishediat a censperaturzcofaboa2603C and tfer ho \ator alyaw abidGt 80 a t op
surface §7 Otni}nptgs. rﬁd&ﬁer embodiments, the layer films are annealed at a temperature of
about 260°C for about 10 to 20 minutes. Further, in other embodiments, the
annealing step is conducted in the presence of air or oxygen.
An example of the effect of annealing the keeper layer in accordance with
the present invention is shown in Figure 18 and as shown in Table 1 and samples
10 7and 9. In Figure 18, a plbt is provided showing a noise spectrum of a media
prepared in accordance with the present invention demonstrating the noise of the
media in v/sqrt versus frequency in MHz. A media prepared with a non-
anncaled keeper layer (___ ) is compared to a similar media in which the kecper
was annealed in accordance with the invention (...).
15 In the experiment, two kinds of media were studied. One had an as-
plated NiFe keeper layer and the other has an annealed NiFe keeper layer.
Annealing was accomplished by heating the substrate with the as-plated NiFe
containing substrate at about 260°C for between about 10 and 20 minutes. Then,
multi-layer media were prepared on both substrates in accordance with the
20  present invention. The media contained a 280 A palladium under layer and a 20
layer lattice of 3.5 A cobalt and 10 A palladium.
In the Figure, the noise spectrum of the media with the plated keeper
layer is Shown with the solid line ( ___ ) as compared to the noise spectrum of
the annealed NiFe media, which is shown with a dotted line (...). As will be
25 observed, the signal output of the media did not change. However, the media
noise was reduced. A 6.5 dBm increase in signal-to-noise ratio was observed as
shown in Table 1, Samples 7 and 9.

Doping of Vertical Cobalt Laver



The protective |ayer 36 serves to protect the nedia fromwear and the
corrosive effects of any vapors present wthin the magnetic signal
processing device. In one enbodinent, the protective layer 36 is a carbon
overcoat that is sputtered in WO 96/ 24927

PCT/ US96/ 01364 __- place. Alternatively, the protective |ay 608364 0€
conposed of meWzﬂ%gfsml udi ng rhodi um and nonnetallic materi al E&é@@h as
carbon and i norganic non- netallic carbides, nitrides, and oxi des, e.g.,
silica or alum na. For a nmagnetic recording disk, the thickness of t he

protective | ayer may be between about 80 A 5 and about 350 A, a
t hi ckness between about 100 A and about 150 Ais currently preferred. Thus,
as W ll be appreciated, nmedia in accordangg_with the invention generally

i nclude a substrate 30, a nucleating |ayer 32, a Iattice 33 and a

protective | ayer 36. “Eﬁl‘(ﬁé H&@r@rﬁa'&mﬁ?&l gﬁrggﬂ
al um num 10 The thickness of the nucleatin yer 2|s Merally

t hi cker than 10®erfical pecording material, medxanolsecanalsobecontml]ed To end, we
prepared seven separate media in accordance with the present invention: (i) a
non-keepered cobalt vertical media with no chromium, (ii) a non-keepered cobalt

5  vertical media co-sputtered with 6% chromium, (iii) a non-keepered cobalt
- vertical media co-sputtered with 12% chromium , (iv) a keepered cobalt vertical
media with no chromium, (v) a keepered cobalt vertical media co-sputtered with
6% chromium, (vi) a keepered cobalt vertical media co-sputtered with 12%
chromium, and (vii) a keepered cobalt vertical media co-sputtered with 18%

10 chromium.

The resulting noise spectra from such samples are shown in Figures 19
and 20, which are noise spectra of media prepared in accordance with the
invention comparing noise in v/sqrt f versus frequency in MHz viewing the
effects of doping with chromium. Figure 19 demonstrates the results for non-

15 keepered media (samples (i)-(iii)) and Figure 20 demonstrates the resuits for
keepered media (samples (iv)-(vii)).

As will be observed in connection with Figure 19 and Table 2, below, as
the concentration of chromium is increased, the signal output decreases slightly.
However, media noise drops significantly. The signal-to-noise ratio rises up

20 about 3.31 dBm. See also Table 1, Samples 4-6.




certain enbodi nents between about 200 and about 600 A. The lattice 32, in
certain_ enbodinents, includes bilayers (34 and 35) of cobalt (or an alloy
t hereof) and palladiumor platinum The thickness of the cobalt |ayers are
bet ween about 1.5 A and 10 A, or between about 2 Aand 7 A, and in certain
enbodi nents 15 bet ween about 3 A and 5 A The thickness ofléggﬂgalladium
or plati nuWOR4927 are bet ween about 5 A and 15 A, or bet wderr 364 A and
12 A and in certain enbodi mrents between about 8 A and 11 A The nunber of
| ayers in the lattice 33, or its periodicity, is between about 10 and 30 or
bet ween about 15 and 25. In certain enbodi nents, the thickness of the
|l attice 33 and the nucleating | ayer 20 32 does not exceed 1500 A
Exanpl es of certain nedia prepared in gccordance with the invention are
shown in the follow ng Table. The Tabl“¢ provi des a conparison of a variety
of nmedi a prepared,] C i I t] 6 7
PCT/ US96/ D1g6g | ‘izfg&;rﬂfg 6w 0 Figatb 20 AR THEN %) Welle, the rSUIRCHP RSy
concentration for the keepered media in accordance with the invention is

demonstrated. As will be observed, as chromium concentration increases, the
signal is reduced slightly. At the same time, the noise in the media is also

5 reduced. However, the linearity of the reduction of noise appears to end by the
time that chromium content is pushed to 0.18 amps @i.e., 18%). The signal-to-
noise ratio increases as chromium content is increased. See also Table 1,
Samples 9-12. '

10



[err] WO 96/ 24927 '
PCT/ US96/ 01364 - 19/1 - [err] WD_96/ 24927 _

PCT/ US96/ 01364 - 20 - In the Table, n/mcorresponds to not nmeasured. As
will be observed in the Tabl e; nedia in accordance with the invention can

be manuf acturec@ 9&% gh degrees of coercivity, enhanced si gnglcyrpstobibiass
and reduced noi Table is separated into five distinct nedia types to

denonstrate the effects of certain 5 structures. Sanples 1-3 illustrate
media of the invention prepared with a Pd nucl eating Iayer and a Co/ Pd
lattice, with no keeper |ayer. Sanple 3, therein,

-33-

5 124.31
120

111.59
94.3

10 We also looked at the effects of utilizing cobalt-chromium-tantalum alloy
in preparation of media in accordance with the invention as the thickness of the
alloy is varied. The results are demonstrated in Table 4, below. As will be
observed, the media noise for the samples is similar to the chromium doped
samples discussed above, where the chromium content was based on 0.12 amps

15  (.e., 12%) of power to the chromium target. See also Table 1, Sample 12 and
Table 1, Samples 18-20. |



illustrates the effects of annealing. Sanple 1, therein, illustrates the
effect of varying the_thickness of the nucleating |layer. Coercivity,
Herr], was neasured with VSM The naxi mum applied field 10 was 10 KCe
(as shown in Figures 2a and 2b). The field was applied perpendicular to
the nedia surface. Qutput, noise, and signal-to-wi se ratio were neasured
after preafP94248%t i on. The head used has separate read an@SHYSPEI¥pbnent s:

write head ad gad rength o
turns, 15 | | e cyr of§ 20 mMA. The read el enent had a single MR
read el enerf i iz dth o %5 err]m In each of the exanples shown in
the Table, i gné as fecp -;: 73 kfci and an I PS of 469. The noi se
was determnijned by i ‘ pi se power spectrumover a 25 nhHz
bandw dt h gy renmpvi . The 20 contributions of head and
~electronicq poi s deffomthe total integrated noi se power to
determ ne tjhe BeBI &® square root of which yields the nedia
noi se voltgai rfptio (SNR) is determned fromthe
foll ow ng {uorererom N = 20 * log RVS out put
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N ‘Sanpl es 4-6 again illustrate nedia of the invention prepared with a Pd
nucl eating | ayer and a Co/Pd |attice; with no_keeper |ayer. In Sanples 5
and 6, therein, O is co-sputtered with the Co to forman CoCr alloy to
show the effects 30 of utilization of alloys. WO 96/ 24927

PCT/ US96/ 01364 - - nples 7-16 illustrate nedia of the inveng)

prepared with awééam???eati ng |ayer and a Co/Pd |lattice with a tgg'%gmn“
| ayer. In Sanples 10-16, therein, C is co-sputtered with the Co to form an
CoCr alloy to show the effects of utilization of alloys. In addition, the
effects of annealing is shown in Sanple 5 7, and the effects of the
nunber of lattice layers is shown in Sanples 14 and 15. Sanple 17
illustrates media of the invention prepaged with a Pt nucleating |ayer and
a Co alloy/Pt lattice with a keeper |ayer. Sarrples 18-20 illustrate nedi a
of the invention prepgsigding Xnbnkerof ,

As discussed above, we also observed that the number of layers in the
lattice may play a role in the noise of the media. This effect can be observed in
Table S, below. See also Table 1, Samples 11 and 14.

10

As will be observed, while the noise is substantially reduced in the 15

15 layer media, the signal is also reduced. Therefore, the signal-to-noise ratio is

enhanced. Nevertheless, it is probable that through fine tuning the media of the

invention, it will be possible to select a slightly smaller number of layers in the

Iattice than 20 layers without reduction in signal. This will allow us to better

control the media noise. In Figure 21 a plot of a noise spectra of media prepared

20 in accordance with the invention comparing noise in v/sqrt f versus frequency in
MHz viewing the effects of number of layers in the lattice is provided.

S ing Recording L in P FO

We also discovered that media noise may be reduced through sputtering
25 of the Iattice in the presence of small quantities of oxygen. While not wishing
to bound by any particular theory or mode of operation of this process, as
mentioned above in connection with annealing, it is expected that the oxygen
facilitates the reorientation of crystals within the recording media. In addition,
it is also possible that there is some formation of oxides within the crystal lattice



nucl eating layer and a CoCrTa alloy/Pd lattice. Sanple 18 illustrates the
effect 10 of a keeper layer and Sanple 20 illustrates the effect of

i ncreasing the CoCrTa | ayer thickness. Several trends are evident through a
conparison of the Sanples. First, extrenely high coercivities are possible
t hrough the use of a nucleating |ayer and sinple Co/Pd lattice, as
denonst r at eW6/M8RTpl e 1. However, as seen in 15 Sanpl esPET/Y 364; he
out put signal is not exceptional. Qutput signals can be boosted through use
of a keeper |ayer, as shown in Sanples 7-18. Mreover, noise can be reduced
t hrough annealing (Sanples 3 and 7) and al so through the utilization of
certain alloy conpositions (Sanples 6 and 17). Further, through increasing
t he nunber of lattice |ayers, outputagan be enhanced, and noise |evels 20
stabilized as shown in Sanples 14 and” 15. Mre refined data regarding the

fine tuning of ,the nedia t.o enhance ouf put il e reduyci noL se . s

di scussed be WW@% . %ﬂ'ﬁ%@ﬁ# %fm%m%fw@h@%\%ﬁﬁg?f 25
Medi a in accasiserdactisn it RF@utterigisivagd.can be prepared through use of
conventional sputtering proces;segb?such as. DC Magnetron sputteripng, RF

sputtering, and viBeeffectef putering ie iattise inthe presence,of pxysor isshavs on
Figure 22, which is a plot of a noise spectra of media prepared in accordance

5 with the invention comparing noise in v/sqrt f versus frequency in MHz viewing
the effects of sputtering the lattice with oxygen. The oxygen is adjusted by
changing the base pressure. In certain embodiments, the amount of oxygen used
is between about 0.05 and 0.5 % (v/v).

10 Physical Offset of MR Element in a MR Read Head
In addition to the above-discussed strategies for controlling media noise,
we have additionally discovered that the media in accordance with the invention
is read very effectively with an MR read head. In view of this finding, we have
designed an MR head with a physical offset (i.e., tilted relative to the vertical
15 flux in the media) in order to reduce the apparent media noise. Such head is
illustrated in Figure 23 which is a side cross-sectional schematic view of an MR
head with a physical offset in accordance with the present invention.
As used herein MR refers to both anisotropic magnetoresistive effect
(AMR) and giant magnetoresistive effect (GMR). A varicty of AMR and GMR
20 senors and materials and sensors are well known in the art. For example, AMR
sensors are typically formed from NiFe materials (i.c., permalloy), configured
into a Wheatstone bridge configuration on a substrate. GMR sensors are
typically formed from multilayer films of alternating magnetic (i.e., Fe, Co, Ni,
or alloys thereof) and nonmagnetic materials (i.e., Cr, Ru, Cu, Al, Ag, Au, or
25 alloys thereof), generally formed into a wheatstone bridge configuration on a
substrate. In accordance with the invention, either AMR or GMR type sensors
may be used.
In the Figure, a vertical recording media 60, in accordance with the
invention, having a recording layer 61 and a keeper layer 62, is shown in



sputtering was used. Two inch dianeter circular-type targets of Co, C, Pt,
Pd, and CoCrTa were used. There are.four cat hades in. the sputtering machi ne

whi ch WD 96/ 24927
PCT/ US96/ 01364 -22 - allows the sputtering of four targets separately or

si mul t aneously. _Th strate is spun in the sputtering chanber

about 1 and aboﬁfo%&?pm simlar to rotating table-type sputtgﬁggﬁ%é
substrate i s exposed to any. one, or any conbination, of the targets during
the sputtering process. The power on/off for 5 each of the four targets
Is individually controlled through a programmable controller. Simlarly,
the power to each of the four targets is individually controlled.

Underl ayers and multilayers can be fornegy by powering on and off selected
targets. The thickness of each |layer can be controlled through either

control ling the poWGinalich With altiad Aepitled by LAY wiftd bleftlchi 63 ahdign MRGfp
power -on 10 time. I'n order to study thé effect of base pressure on nedia
noi se, we vari edreadglement 64. The ring write element 63 generally includes a first flux arm
65, a second flux arm 66, and a gap 67. The ring write element 63 is utilized
to produce flux 68 across the gap 67. Flux may be introduced through either the
5 first arm 65 or the second arm 66, depending on the desired direction of the flux
in the media 60. The flux 68 creates areas of differential flux density 69
(arrows) within the media 60. Such fluxes 69, surprisingly, when utilizing a ring
write element 63 align, generally, vertical up 70 or vertical down 71, with
transition areas 72, therebetween. o
10 As the media 60 passes under the MR element 64, the MR element 64
will change in resistance in regions where the flux within the media 60 is
perpendicular (i.e., points 70 and 71) and signals will be in response to the
vertically aligned flux in the media.
The MR element 64 is shielded from the write head 63 by shields 74a and
15 74b. and the MR element 64 is disposed between the shields 74a and 74b. In the
Figure, the Mr element 64 is offset. at an angle 75 (6) relative to an imaginary
line 76 extending perpendicular into the media 60.
The angle 75 (6) is between about -20° to about 20°, or between about
-15° to about 15°, and in certain embodiments, between about -10° to about 10°.
20 In Figures 23a and 23b, enlarged views of the MR read element shown
in Figure 23 are shown. In Figure 23a, the MR read element 64 is shown
without a physical offset or where angle 75 (0) is zero degrees. In Figure 23b,
the MR read element 64 is shown with a physical offset or where angle 75 (8)
_ is approximately 10 degrees.
25 In operation, the angle 75 of the MR element 64 acts to provide a physical
' offset. The angle 75, essentially, acts to slightly reduce the sensitivity of the MR
element 64 to flux 69 in the media that is vertical up 70 or vertical down 71. It
is expected that each particle in the media possesses varying flux densities that
will depend, at least, on particle size and particle orientation. Thus, through



base pressure prior to:

Ny,

Sputtering between about 5 X 10[err] and about 2 X

10[err] Torr. Sputtering gas (high purity argon) pressure was
10 - 20 m Torr during depositi.on. 15 We surprisingly discovered

t hat base pressure and sputtering pressure effect the nedi a noise.
Sputtering &ressure Is often used for | ow nedia noise. ThusP @ %Jﬂﬁ‘m
EJE; BN ng

maj ority of
pressure of

t hrough the

%s contained in the present application a

Hi gh

15 [err]mwas used to attain reduced nedia noise. In addition,
we unexpectedly discovered that media noise can be further controlled 20

I nclusi on of oxygen in the sputtering gas. For exanpl e,

t hr ough

the inclusion of about 0.05 to about 0.5 % (v/v) oxygen in the sputtering

gas, nedi a noise can be appreciably_ ﬁgguced.- Properties of Media in

Accordance with the Invention 25 Therefore, turning attention to

. . ) : : 1000
(s FedBR o nBib PR e TR Bhiméll G416 0 Rarbisil A" 2

_ demdity, it is expected| that enedia soiselweill be/reducedn (Fi gure 2b). The MH

| oop diagramin Ft%uirnebgl%ml:s 1 etpmfargm.i heefg%fiwurpdq;‘e aSc%%LE é, Epown in

Figure 2, t
A CoCrTa ve
mul ti-Iayer

Tabl e 1.

10

15

20

25

growing the crystals in the lattice with a similar, slight, physical offset. For
example, the texture of the substrate can be varied so as to cause an angled-type
crystal growth. In addition, it is also possible to create an angled charge during
the sputtering pméess between the substrate and the targets.

Combination approaches could be also be used. For example, crystal
growth could be physically offset to one side of perpendicular while the MR
element 64 could be offset in the opposite direction. Such approach could be
used to significantly reduce media noise.

In accordance with the invention, there is provided a disk drive system
incorporating media in accordance with the invention and a ring write/MR read
head. The operation of the system is better understood in connection with a
discussion of prior art systems forl recording and reading information. In
general, the prior art systems may be classified according to longitudinal and
vertical media and the type of head utilized for recording and reading.

Thus, in figure 24 there is provided a comparison of recording/reading
strategies with various recording media. Figure 24a is an example of a
conventional strategy of recording/reading on longitudinal recording medium

utilizing a ring write head and an MR strip read head. Figure 24b is an example
of a conventional strategy of recording/reading on vertical recording medium
utilizing a single pole read and write head. Figure 24c is an example the strategy

~ for reading and writing on the vertical recording medium in accordance with the

present invention utilizing a ring write head and an MR strip read head.



WD-96/ 24927

squar eness of the loop in the diagramis appr oxi mately 0. 39.

PCT/ US96/ 01364
-23 - The coercivity and Mt of prior art nmedia is shown in Figure 2a. The
coercivity is 1669 Ce and the Mt is 1.6 memu/cn{err]. Further, the

the nedia in accordance with the invention, as shown in Figure
possesses a coeV@PR of 5 5038 Oe, an Mt of 0.7 memu/cnierv],
MH loop in the diagram shows a squareness of 0.83. Figures 3- 5 are pI ots

show ng isol ated pul ses fromtwo prior-art nedia (Figures 3 and 4) and

media in accordance with the invention (Figure 5). Figure 3 is a plot
showi ng isol ated pul ses from a CoCr[err]Ta[err] | ongi t udi nal 10
magnet or esi stive (MR) recording nedium_4pving a thickness of 250 A,
recorded by a ring head and read with an sensor. The nedi a possessed an

Mt of 1 nmenu/cni err] l?é%*'am?ﬁff%&ﬂ &m P&% 50
Is 34.6 ns and a peak to® peak ou rrg art ﬁ%r‘génpn |cat|ondN

Figure 4 is a plwithathead depicted by tacting wirite: eleinentn3% anidb 8n MECs(Tip] read ElEmieat r |

10

15

20

40. The ring write element 39 generally includes an upper or first pole 41, a
second pole 42, and a gap 43. The ring write element 39 is utilized to produce
flux 44 across the gap 43. The flux 44 creates areas of differential flux density
45 (arrows) within the media 38. As will be appreciated, the flux paraliel to the
surface of the media are generally the information containing flux differentials
utilized to store information within longitudinal media. Such fluxes 45, when
utilizing a ring write element 39 align, generally, parallel right 46, vertical up
47a, vertical down 47b, or parallel left 48.

As the media 38 passes under the MR element 40, the MR element 40
will change in resistance in regions where the flux within the media 38 is
perpendicaular (i.c., points 47a and 47b) and signals will be produced, as shown
by output 49, -

In Figure 24b, the conventional system for reading and writing to vertical
media is shown. There, a vertical recording media 50, having a recording layer
51 and a keeper layer 52, is shown. A single pole read and write head 53 is
used to generate flux 54 to the media 50. “The flux 54, typically, is returned
through the media 50, for example, through the keeper layer 52. The flux 54
creates areas of differential flux density 55 (arrows) within the media 50. Such
flux 55, when utilizing the pole head 53 align, generally, vertical up 56 or
vertical down 57, with transition areas 58, therebetween. When the pole head
53 is not writing, it is sensitive to flux from the media that is perpendicular to
the media 50.

As the media 50 passes under the read head 53, the read head 53 detects
the areas of vertical flux (i.e., points 56 and 57) and produces an output as in
output 58.

~ Finally, in Figure 24c, a vertical recording media 60, in accordance with
the invention, having a recording layer 61 and a keeper layer 62, is shown in

In contrast,

the



15 vertical recording nedium wth a keeper |ayer, recorded by a ring

head _and read with an MR sensor. The nedia _possessed an Mt of 1.6

.menu/cnferr]. The plot shows an isol ated peak with poor squareness and
smeared transition. The rise tine is greater than 59 ns and peak-to- peak

output is 426 frer preanplification. 20 Fi gure
show ng i so|"5?§ﬁ“§ ses froma nulti-layer nediumin accordance \/’\Ae’?

i nvention, having a keeper |ayer, recorded by a ring head and read W|th an
MR sensor. The nedi a possessed an Mt of 0.7 nmenmu/cnferr]. The plot shows a
rise tinme of 28.5 ns and a peak-to-peak output of 355 nv after
preanplification. This nedia is illustrated in Table 1, Sanple 8. 25

The pul ses obtained fromthe nmedia ofpthe invention are significantly

i mproved over pri or art medi a. The squareness of the pulses and rise tine

I%lrj(rat E;?hl %lhe% put vo age otdgé ﬁ&ﬁ?ﬁ%ﬁrﬂﬁ%&ﬁ%ﬁﬂﬁﬁ??@o ar :bl eto
the out put read\Eled@np 4.2 The ring write element 63 generally includes a first and pole
PCT/US96/ 01384 5 second pole 66, and a gap 67. The flux 68 creates areas of differential flux
density 69 (arrows) within the media 60. Such fluxes 69, surprisingly, when
5 utilizing a ring write element 63 align, generally, vertical up 70 or vertical down
71, with transition areas 72, therebetween.

As the media 60 passes under the MR element 64, the MR element 64
will change in resistance in regions where the flux within the media 60 is
perpendicular (i.e., points 70 and 71) and signals will be produced, as shown by

10 output 73.
| A surprising feature of a disk drive utilizing the media of the present
mvenmnandanngwnteIMRmdhadasdlscussedabove that the media of the
invention is casily magnetized, in a vertical orientation, with the ring write head.
Conventionally, ﬁng write heads have been used for longitudinal media. The
I5  ability to utilize a ring write head in accordance with the invention marks a
significant advantage. Such heads are easily and inexpensively built. Further,
ring write heads do not rely on the med:a for flux return, as is required by a

single pole write head.
Figure 25 is a top perspective view of a disk drive assembled with media
20 in accordance with the invention. The disk drive 77 includes a hard disk
assembly comprised of a base 78 and cover 79 which engage to form a housing
80. The housing 80 houses a disk storage medium 81 and an actuator assembly
82. Disk storage medium 81 includes an upper surface 82 and a lower surface
(not shown). Also provided is a control means 83 comprising a printed circuit
25 board 84 having a plurality of integrated circuit components thereon which are
utilized to control data storage operations in drive 77. A header assembly 89 is
included to transfer control signals from printed circuit board 84 to the housing
80.



-24 - voltage displayed by the nedia in Figure 4 and significantly inproved
over the voltage displayed by the nmedia in Eigure 3. Turning now to Figures
6-8, there are provided plots show ng signal output at 73 kcfi fromthe
CoCr[err]Ta[err] longitudinal nmagnetoresistive (MR) 5 ‘recording nedi a
(Figure 6) (discussed in Figure 3), 750 A CoCr[err]Ta[err] vertgl

recordi ng nedi\YHl’("?f’éﬂre 7) (discussed in Figure 4), and nedi aEﬁmsMIm
accordance with the invention (Figure 8) (discussed in Figure 5). In each,
the nedia was recorded on by a ring head and read with an MR sensor. The
plots particularly show peak-to-peak outputs of each of the nedia. In
Figure 6, the CoCr[err]Taferr] 10 | ongi t udi nal magnet oresi stive (M)
recording medi a shows a peak-to-peak ou Pgt of 165 nv after
preanplification. In'Figure 7, the 750 CoCr[err]Ta[err] vertical

recordi ng nmedi um sho - ﬂ“; 168 e .
preanplification. | n&?—lﬁgﬁ&: ,{gﬁﬁ%felﬁvd@ggo %é’ll nvé’r@?[ef gﬁg@hdésvxlfsd%ven
peak-t o- peak oudsshowmin Figre5, afspinrmptor 8G7is monntad i base 78 and supports disk
out put of the di a_of thesgrfese t.in enhi on_clearly.sur :ﬁ%es nmedi a of the
prior art in o[ﬁ?ﬂf‘ﬂw t°r7§’r}m Xb" iy é“ﬂﬁr?&fml% APRIOERASE a of
thg_ present i nveedter oNdislc 8B RPa plahdTpérpendich it tlidirgb.c Achiatdr assembly82) inichsies al
media 5 - an actuator arm 87 for mounting at least one interactive element 88 in a position
adjacent to the surface of disk 81. As will be generally understood by those
skilled in the art, at least two interactive elements 88, such as magnetic read and
write heads, are generally provided, one for each surface of disk storage medium
81. ' '

10 :
While the invention has been described in connection with specific

embodiments, it will be understood that the invention is capable of further

modification, and this application is intended to cover any variations, uses, or

~ adaptations of the invention following, in general, the principles of the invention

15 and including such departures from the present disclosure as come within known
or customary practice in the art to which the invention pertains and as may be
applied to the essential features hereinbefore set forth, and as fall within the
scope of the invention and the limits of the appended claims.



and the perpendicular nmedia of the prior art. W expect that the drop of
the high freguency output for the vertical nedia of the prior art is due to
its poor 20 resol uti on even though the vertical nedia has high output at
| ow frequencies. Simlarly, Figures 9-11 are plots show ng signal out puts
at 95 kcfi fromthe CoCr[err]Ta[err] |ongitudinal magnetoresgistive

recordi ng m¥Q8242%ure 9) (discussed in Figure 3), 750 A CS@P@?@"]'&%[ err]
vertical recording nmedium (Figure 10) (discussed in Figure 4), and nedia in
accordance with the invention (Figure 11) 25 (discussed in Figure 5). In
each, the nedia was recorded on by a ring head and read with an MR sensor.”
The pI ots particularly show peak-to-peak outputs of eacthﬁﬁ‘s}kéiﬂasfm;hﬁelaLé&
Figure 9, the CoCr[err]Ta[err] | ongi E#dl nal nmagnet or esi.sti} | ng
medi a shows a peak-to-peak output of ™22 nv after preanpli

Figure 10, the 750 A CoCr[err]Ta[errWi cal recording

96/ 24927 PCT/US96/01364 25
- shows a pe pgs: of 93 nmv after preanplification. In Figure
11, the

1. A magnetic recording medium, comprising:
a substrate having deposited thereon a nucleating layer of a
5 nonmagnetic metal selected from the group consisting of palladium or platinum
having a thickness of greater than 50 A and a recording layer comprising a
plurality of bilayers of a magnetic metal, or an alloy thereof, having
perpendicular magnetic anisotropy and having a first thickness and a nonmagnetic
metal selected from the group consisting of palladium or platinum having a
10 second thickness. | |
2. The medium of Claim 1, wherein the first thickness is between
about 1.5 A and 10 A.
3. The medium of Claim 1, wherein the first thickness is between
about 2 A and 7 A.
15 - 4. The medium of Claim 1, wherein the first thickness is between
about 3 A and 5 A.
5. The medium of Claim 1, wherein the magnetic layers comprise
cobalt. '
6. The medium of Claim 5, wherein the first thickness is between
20 about 1.5 A and 10 A.
7. The medium of Claim 5, wherein the first thickness is between
about 2 A and 7 A,
8. The medium of Claim 5, wherein the first thickness is between
about 3 Aand 5 A,
25 : 9. The medium of Claim 1, wherein the second thickness is between
. about 5 A and 15 A.
10.  The medium of Claim 1, wherein the second thickness is between
about 7 A and 12 A.
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medi a of the invention shows a peak-to-peak output of 168 nv after
preanplification. Again, the output of the media of the present invention
clearly surpasses 5 medi a of the prior art in out put signal at 95 kcfi.
The™ si gnal output fromthe nedia ofTh{sIsﬁeemasMReﬁmént ion is approxi mately

30% hi gher than the Iong| t udi nal her than the
!/ng w to Figure ﬁafpﬁ’(gﬂm
signal of a nedia in

perpendi cul ar nBR%2827t he prior art
provi ded a plot showing a | ow densit

accordance with the invention read with 10 a conventional (TDK) MR head.
The peak-to-peak output is approximately 460 nmv. The output is very square
and symetrical. Referring nowto Figure 13a and 13b, there are provided
two plots showing differentiated isol at_eﬁ pul ses from media in accordance
with the invention. In Figure 13a, a positive pulse is shown and, in Figure

gglbé:u?atlgd tonggagi. \éeb‘om Sﬁ?i‘ﬁ‘gﬁﬁgﬁ@ﬁ W’é pu%(g*é&yl S use;i?ﬁetwl nce

differentiation jsouv8deandard.boost to the si gnal exi sting channel
har dware can be utiligzed, Low frequ . n e C re m zed.. and
the positive and negat4-ve %@Hﬁmg S‘?&@ﬁé@% %@Vrﬂpém

even though the RgedisbeRrbed AbSIt2003X] ad Adut 6007ALINT

5 13. The medium of Ciaim 1, wherein the number of bilayers is
between about 10 and 30,

14. The medium of Claim 1, wherein the number of bilayers is
between about 15 and 25,
15. ‘The medium of Claim 1, 'whemin the nucleating layer and the
10 recording layer have a total thickness that does not exceed 1500 A.
16.  The medium of Claim 1, wherein the medium has a coercivity that
exceeds about 2500 Oersteds.
17. The medium of Claim 1, further comprising a keeper layer
disposed between the nucleating layer and the substrate.
15 18.  The medium of Claim 17, wherein the keeper layer is formed from
an NiFe alioy. _
- 19.  The medium of Claim 17, wherein the keeper layer has a thickness
of between about 2 um and about 6 xm.
20. A magnetic recording medium, comprising:
20 a substrate having deposited thereon a nucleating layer of a
nonmagnetic metal selected from the group consisting of palladium or platinum
having a thickness of greater than 50 A and a recording layer comprising a
plurality of bilayers of cobalt, or an alioy thereof, having a first thickness and a
nonmﬁgnetic metal selected from the group consisting of palladium or platinum
25 having a second thickness,
characterized in that the first thickness is between about 1.5 A and
10 A, the second thickness is between about 5 A and 15 A, the number of
bilayers is between about 10 and 36, a thickness of the nucleating layer and the

e
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20 of +/- asymretry. PW50's for nedia in accordance with the invention
are extrenely narrow. The parrow widith of the PW5HO indicates that the PW
50 shoul d not be spread by the gap length. Rather, the transition length
appears limted by the grain size of the nedia and the space between the MR

strip and the nedia. This 25 I's indicated since PW50 may, I mat ed
by the equi¥P8F29%b + A), where D is the spacing between _ngﬁg—and—-
the nedia, and Ais the transition length. In the head that was util
the spacing (D) is approximately 3.5 [err]in. Thus, grain
be approximately 1.2 [ere]in. WO 96/ 24927

PCT/ US96/ 01364 -26 - Since the practical spacing between th

medi a can be reduced to approximately 2 [err]in, utilizing convent [ onal
t echnol ogy, and grai n size can |ikely be reduced by a factor of two a PW50

of 5.2 [err]4 | a.lcésdcsaaeﬁ DA, HRd iaRobroivity OF thiAnvedium (hie t he
i nvention. Suc Jggﬁai’g[krﬁg#s at es tgo 4 ity
exceeds about 2500 Oersteds.

21.  The medium of Claim 20, wherein the first thickness is between
about 2 A and 7 A. '
5 22. The medium of Claim 20, wherein the first thickness is between
about 3 A and 5 A.
'23.  The medium of Claim 20, wherein the second thickness is between
about 7 A and 12 A. '
24. The medium of Claim 20, wherein the second thickness is between
10 about 8 Aand 11 A.
25. ‘The medium of Claim 20, wherein the thickness of the nucleating
layer is between about 200 A and about 600 A.
'26. The medium of Claim 20, wherein the number of bilayers is
between about 15 and 25.
15 ~ 27. The medium of Claim 20, further comprising a keeper layer
disposed between the nucleating layer and the substrate.
28. The medium of Claim 27, wherein the keeper layer is formed from
an NiFe alloy.
29. The medium of Claim 27, wherein the keeper layer has a thickness
20 of between about 2 um and about 6 um.
30. A process to manufacture a magnetic recording medium,

comprising:

providing a substrate;
vacuum depositing on the substrate a nucleating layer selected from
25 the group consisting of palladium and platinum to a thickness of greater than
about 50 A; and
—— vacuum depositing on the nuclatmg layer a necordmg layer, the
recording layer comprising a plurality of bilayers of cobalt, or an alloy thereof,
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5 - alinear data density of greater than about 400 kbits/in, if the
density (DataBits/PW50) is higher than 2. Turning now to Figure 14, there
is provided a plot showing a neasured differentiated tribit pattern (...)
versus a theoretical tribit pattern (_) fr ®nsShettiHagBeen Bephaeedoosi ti on of

| sol ated pul se at 220 kfci of media in accor - the invention.
The actual out pWO#2483e nedia in accordance!muﬂalmwlﬁntion’%ﬁ%&
relative to the linear superposition plot instead of decreasing as in
conventional longitudinal nedia. The reason for the increase appears to be
due to the fact that there appears to be no percolation in nedia in
accordance with the invention. The wite shift appears visible in the plot.
For exanpl e, succeeding 15 transitions_are pushed relatively later than
t he superposition plot which is opposi te4? rom what is observed in

| ongi tudi nal recordi ng. L l| be gppreciated, thi ffect, is easil
renedi ed through?‘ﬁ)"‘F‘Ee‘1 c%?ﬁﬁ%oﬁ%o@%rﬁ?‘ﬁe&ﬁ@ég

shoul d be due tocé&ﬁﬁﬁ%f?&lﬁ&&ﬂo??kﬁh&nhﬁvﬁh@k@énﬁﬁﬁéssi s observed in
| of show a 20

Figure 15, which is a oW ng neasured differentiated tribit

pattern (...) versus 8l4heTheprocess of Glajm 30, further comprisingrthe step of; near
superposi tion of an isol at gg bl ed%ﬁ? abbF| %sg‘@dd'?oﬁﬁn HeChutRaRie W t h
the invention. This level o resgts)%?fllon ar e>k<hgee s an g g
5 layer in the presence of oxygen.
32.  The process of Claim 30, further comprising the step of:
vacuum depositing on the substrate a keeper layer prior to

depositing the nucleating layer.
33.  The process of Claim 32, further comprising the step of:
10 annealing the medium with the keeper layer, prior to depositing the

nucleating layer, in the presence of oxygen.
34. The process of Claim 30, wherein the step of depositing the
nucleating layer is accomplished in the presence of oxygen.
35. The process of Claim 30, wherein the step of depositing the
15 recording layer is accomplished in the presence of oxygen.
36. An information storage device, comprising:

a planar magnetic recording medium having perpendicular
magnetic anisotropy, Ku, that is greater than or equal to 2 X 10° erg/cc for
receiving, storing, and allowing the reading of information in the form of

20 magnetic flux;

a read/write head for writing information in the form ofmaghetic
flux to, and reading information in the form of magnetic flux from, the medium,
the head comprising a ring-type write element and a magnetoresistive (MR) read
clement.

25 37. The device of Claim 36, wherein the magnetic recording medium
further comprises: '

a substrate having deposited thereon a nucleating layer of a
nonmagnetic metal selected from the group consisting of palladium or platinum
having a thickness of greater than 50 A and a recording layer comprising a

* c L M 5 *



conventional nedia, either'longitudinal or vertical. It is expect ed t hat

-through use of nedia in accordance with the invention, area densities
higher than 1 GBit/in[err] can be acMeveH#eﬂear‘d‘nsHy in Figure 15
is 349 KBPI. The read elenment width is _ﬁh aJé"en 5000 tracks per

inch (TPI) track density can be achieve ens'ﬁ%@sﬁw TPI,

an area den¥Q96/44#27 745 GBit/in[err] |s 96/

PCT/ US96/ 01364 - 27 - Control of the N0| he Pr esent

I nvention As nentioned above, we have al so dlscovered that Is possible to
control the noise of the nedia of the present invention. Sone of the
factors that contribute to control of nedia noise are discernable in
connection with Table 1. 5 However45 there are certain general principles
that we have discovered to be useful” °n m ninizing nedia noise. Such

Dt 1 5 B ok Al b o oy BB i o i il e
nonmagnetic metal selected from the group consisting of palladium or platinum
having a second thickness, '

characterized in that the first thickness is between about 1.5 A and
5 10 A, the second thickness is between about 5 A and 1S A, the number of
bilayers is between about 10 and 30, and a thickness of the nucleating layer and
the recording layer that does not exceed 1500 A.
38. The device of Claim 36, wherein the MR element is physically
offset at an angle of from about -10° to 10° relative to a line extending
10  perpendicular to the plane of the medium.
39. Ina magnetic read-write head of the type comprising a ring head
for writing magnetic information to a magnetic recording media and a
magnetoresistive read (MR) head for reading magnetic information from the
magnetic recording medium, the MR head comprising a MR element disposed in
15 the head in a perpendicular orientation relative to the magnetic recording
medium, the improvement comprising:
providing a physical offset to the MR element so that the element
is offset from the perpendicular orientation relative to the magnetic with respect
to the magnetic recording medium by an angle of between about -10° and 10°.
20

U
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in the design and fabrication of a variety of vertical nmagnetic nedia. The
general principles that we have di scovered for controlling nedia noise 10
include the following: (i) annealing as sputtered films in the presence of
oxygen or air, (ii) annealing the keeper. Wﬁya&apmsa&mk.1ﬂap08|t|on of the

vertical medium (iii) doping vertical cob I rm an aI I such
as chrom um or W6RHWEH t ant al um (i V) adJ er of g"?ﬁ“
the vertical recording layer, and (V) conduc I'n tering of t he

vertical recording nediumw thin 15 t he presence of oxygen. Each of these
factors will be discussed serially below Annealing of as Sputtered Filns
In general, we have denonstrated that it is possible to reduce the nedia
noi se in vertical recording nedia througg\_ﬁanneal ing an as sputtered film

In 20 accordnace wt h the i nvention nealing is acconplished through
exposing the as sputt under rel atlve rmde.r.ate t enper atures and
for relatively short r| M PPﬁ“‘Eemal n enbodi ment s,
anneal ing of the nedia i s AGhoRsing/ & nibtﬁlﬁﬂpﬁfeaﬁslf@' fitatingotlie stoRperr] C

and for no nore than about 30 m nutes. taln errbodl nents,, the filns
are anneal ed at RS, AN} ) actygton gssemb HbH’Gi:‘ One inteRctiye element o

0 i it o i e s |

5 storage medium,

wherein the storage medium comprises:
a substrate having deposited thereon a nucleating layer of

anonmagnetic metal selected from the group consisting of palladium or platinum
having a thickness of greater than 50 A and a recording layer comprising a

10 plurality of bilayers of a magnetic metal, or an alloy thereof, having
perpendicular magnetic anisotropy and having a first thickness and a nonmagnetic
metal selected from the group consisting of paliadium or platinum having a
second thickness. B
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W thout wishing to be-bound to any particular theory or node of operation,
I t -appears—as—thoughthe—ammeatTg—ay act-to turther orrent the crystal
structure of the vertical magnetic recording | ayer. However, in order for
t he WD 96/ 24927

PCT/ US96/ 0436496124928 - annealing to be effective, the tenpeP&THSEY64 e
anneal ing and the tine duration of the annealing nust be relatively
carefully controlled. Were anneal i mygs nmes or tenperatures are too |ong,
or too high, the annealing still appears to |ower the noise of the media,
however, the output of the nedia is also reduced. Thus, the 5 signal to
noi se ratlo is not optimzed. Wiere the annealing is acconpllshed in the
presence of oxygen or air, the effects of the annealing are nmaxim zed.
VWiile it is not clear mhat effect is caused by the presence of oxygen or
air, it is possible that there is sone formation of oxides within the grain
boundari es of the recording nedia, which 10 decoupl e the nmagnetic
exchange coupling of the grains.
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An.exanpl e of the effect of annealing the as sputtered nedia in accordance
with the present invention is shown in Figure 16.__1ln Figure 16 _a plot is.
provi ded showi ng a noi se spectrum of a nedia prepared in accordance with
the present invention denonstrating the noise of the nedia in v/isgrt f
versus 15 é;ﬁgﬂipcy in MHz. An as sputtered nmedia (_ 3?9 to
the same nmedy ow ng anneal ing in accordance with the |nvent|on

In the experinent, a nmulti-layer nmedia was prepared in accordance with the
present invention. The nedi a contai ne®/47300 A pal | adi um keeper |ayer and a
20 layer lattice of 3.5 A cobalt and 10 A palladium Follow ng sputtering
of 20 the nedia, a noise spectrumwas obtained. Follow ng the noise
spectrum tpy
for between apout 10-20 mnutes. In the Figure,
as sputtered dia is shown with the solid |ine
noi se- spectrum of the nedia follow ng 25
a dotted ligeg( ... ). As will be observed,
did not changg. Fbmever t he medi a noi se
signal -t &noijse rati o was observed. A sjym

C
he
nparedMggtre
ich is shown With
out put of the ngdi a
A 4.2 dBmincrease in
riment was al so run ifn

t he nois

whi ch th um was prepared
= 0-
=
=
...5J
—10 ™ L T
-10 -5 0 5 .10
KiloOer
M-H loop for 1000A CoCrTa vertical media.
Hec = 1669, Mrt = 1.6 memu/cm 2, squareness = 0.39
FIG. 24
1
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>
=
=
= 01
-t
=
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-1 LI [ T
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KiloOer
M-H loop for (Co/Pd)20/Pd vertical MR media
He = 5038, Mrt = 0.7 memu/cm 2, squareness = 0.83

FIG6. 2B
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wth a keeper layer. The results from such experinment are shown in Figure
17. WD 96/ 24927

PCT/ US96/ 01364 - 29 - In Figure 17, a plot is provided showi ng a noi se

- spectrum of a nmedia prepared in accordance with the present invention
denonstrating the noise of the nedia in v/sqrt f versus fr qgganssnizes VHz.
An as sputt Wi a i ncl udi ng a keeper layer ( ) is conpared to the sane
media foll ow ng annealing in accordance 5 with the invention (... ). In
the experinent, a vertical recordi na/?ﬁédi um was prepared in accordance with
the present invention having an 6 [err] m Ni Fe keeper |ayer, onto which a
280 A palladium nucl eating | ayer was deposited. Upon the nucleating |ayer,
a 20 layer lattice was deposited. The lattice included 3.5 A cobalt |ayers
10 and 10 A palladiumlayers. Follow ng sputtering of the media, a noise
spectrumwas run on aﬁ% medi a. The noi se spectrumof the nedia is shown in

the Figure with a h == [WINDOW1][FF Tmog |

2}5%%’
S0mV
/div
" s s ) -
[ [
trig'd :—z—:—ﬁz S et BT
77 Y | | -
L1
s Ty m/dv ] 24
ngj Max Min _Meggtr:' e Pci%e wfR:ell1
W %W g | fh-
Fr ~ Width Boseline Topline
uenc
535.5 34.63 -127 .6m -12.6n
kHz ns . v v

Psg = 34 63ns

FIG. 3
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solid line ( ). After the noise spectrumwas obtained, the media was

annealed in accordance with the present—nventi-er—Arneal

TC T | Ily \IVG.O

acconpl i shed 15 t hrough baking the nedia at 260[err]C for between 10 and
20 mnutes. After annealing, a noise spectrumwas run on the nedia. The
results of h%g%se spectrumis shown in the Figure with apdringsssnesi d
line ( be observed, there was a significant reduction in the
noi se of the anneal ed nedia, as conpargz go t he non-anneal ed nedi a. Agai n,
rat her 20 i nterestingly, the signal Rdwed a slight increase. However,
there was an big increase in the signal-to-noise ratio, about 7 dBm as
shown in Table 1 in connection with Sanple 7 and 8. Pre-Annealing of Keeper
Layer 25 W have al so discovered that through pre-annealing the
keeper l-ayer, prior to deposition of the vertical recording nedia, there is
a reduction in nedia noise. Intriguingly, the observed signal appears to

I ncrease where the keeper layer is annealed prior to sputtering of the

vertical |ayer. Tek = m I__—Hml |'ang|
245mV

FoR—~ il Sy, 4 - N

@ m— I'_j.'__. T .'_'.'.-.I.':.':;;_':.—_Z.':_-_Z.' '——"—71'- ::

P
||
2 ons Meakm] _ 500ns/di i
ngl&- | Max Min Meggg{es- Puge Vlfl
=221, Stat ..
@ | % | oy e ok
Freq- Width Rise Baseline Topline
uency
535.4 916.8 59.34 -137 .6a 187 .4n
kHz—— ns ns v v

FI1G. 4
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WD 96/ 24927

PCT/ US96/ 01364 -30 - In one enbodi nent—anneaki-rg—is—acecerpt-shed—throtgh—
exposi ng the keeper |ayer under relatively noderate tenperatures and for .

- relatively short periods of tine. For exanple, in certain enbodinents,
annealing is accon;)l i shed at a tenperature of about 260[ er rg¢rnoddgoisgs nO
nore than ¥B3¢/24%3 m nutes. In other enbodinments, the layer filns are
anneal ed at a tenperature of about 260[err]C for about 10 to 20 m nutes.
Further, in other enbodinents, the anne®{3 g step is conducted in the
presence of air or oxygen. An exanple of the effect of annealing the keeper
| ayer in accordance with the present invention is shown in Figure 18 and as
shown in Table 1 and sanples 10 7 and 9. In Figure 18, a plot is

provi ded showi ng a noi se spectrum of a nedia prepared in accordance with
the present invention denDnstrating the noise of the nedia in v/sqgrt versus

frequency in Miz. A a prepared with a non- anneal ed keeper_ layer () is
conpared to a S|n1Iar d| i ch epe or dance
with the invention (. w mﬁ e : ‘Uhfw of nedia
- were studi e@4 had- aﬁ ag gt-ed--iit-fe reepet taygr-ang-theToriel has an
anneal ed Ni Fe kdgdper liayer.
m :..-‘....-.:
SO0mv
/div
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, d
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Anneal i ng was acconplished by heating the substrate with the as-plated N Fe
cont_ai ni ng suhstrate at about Qﬁﬂ[ prr] C for betwsep—abowt—10—and—20-—oee
m nutes. Then, nulti-layer nedia were prepared on both substrates in
actordance with the 20 present invention. The nedia contained a 280 A
pal | adi um u%e{ Igéer and a 20 layer lattice of 3.5 A cobal pcgrrdedérzés

pal | adi um 4%, gure, the noise spectrumof the nedia with the plated
keeper | ayer is showmn with the solid |line ( ) as conpared to the noise
spectrum of the anneal ed N Fe medi a, 8%4&¥ch is shown with a dotted |ine
(...). As wll be 25 observed, the signal output of the media did not
change. However, the nedia noise was reduced. A 6.5 dBmincrease in

signal -to-noise rati o was observed as shown in Table 1, Sanples 7 and 9.
Dopi ng of Vertical Cobalt Layer WO 96/ 24927

PCT/ US96/ 01364 - 31 - We have al so discovered that through formng an all oy
of, and within, the

Tek
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vertical recording material, nedia noise can also be controlled. To this

end,—we _prepared seven-sepatate nedia-in-accordance—w-th the present
‘invention: (i) a non-keepered cobalt vertical nmedia with no chromum (ii)
“a non- keepered cobalt 5 vertical media co-sputtered with 6% chrom um
(iii) a non-ke red cobalt vertical nmedia co-sputtered wt <% m um
(iv) a kee&?ég%a alt vertical nedia with no chromum (v) Qg}ﬁkyggeépi)déégd
cobalt vertical nedia co-sputtered with 6% chromium (vi) a keepered cobalt
vertical media co-sputtered with 12%%®7%nmni um and (vii) a keepered cobalt
vertical media co-sputtered wth 18% 10 chromum The resulting noise
spectra fromsuch sanples are shown in Figures 19 and 20, which are noise
spectra of media prepared in accordance with the invention conparing noise
in v/sgrt f versus frequency in MHz viewing the effects of doping with
chromum Figure 19 denonstrates the results for non- 15 keepered nedi a
(samples (i)-(iii)) and Figure 20 denonstrates the results for keepered
media (sanples (iv)-(vii)). As will be observed in connection with Figure
19 and Table 2, below, as the concentration of chromumis increased, the
si gnal out put decreasi.s slightly. However, nedia noise drops significantly.

The signal -to-noi se ra® r E8eyp [CURSORS) [WIOOWT][FF Tmag | [DefWfn]
245mV

S0mViL_. -_T__.--. SO S T WY W WU 1 O W SN A SO B O

g EEEE £

-AL11
12 44

trigtd|[|__ N

'25-§%ans [RemAnno D0ns/div 842ns
FEke Wex Win legure | P |y
] W | o Hilagrm | M-
F . _ : - -
u{:fé'{ —}--— Width Baseline Topline
17.16 2937 -82 6n 574n
WHz ns v v

FIG. 7
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20 about 3.31 dBm See also Table 1, Sanples 4-6. TABLE 2 Cr

Qut put Noise. SNR_( 9% (me) (my)
(dBm 25 0 . 30.98 14. 01 6.77 6
26. 87 10. 85 7.77 12 25.54 7.86
10. 08 WO 96/ 2 7
: : 10
PCT/ US96/ 01?6’446!121 - Referring nowto Figure 20 and Tabl e 5 ’gg Gov{/,s“t he

results of alloy concentration for the keepered nedia in accordance with
the invention is denonstrated. As wi 8{2be observed, as chroni um
concentration increases, the signal is reduced slightly. At the sane tine,
the noise in the nedia is also 5 reduced. However, the linearity of the
reducti on of noise appears to end by the tinme that chrom umcontent is
pushed to 0.18 anps (i.e., 18%. The signal-to-

Tk = [wm [ONFaE [
245nV
B e e e e e e
/div :
J
e e = ==z de e Emiat o =
trig'd
‘255{'!53,,5 [Readnne]  100ns/div ﬁ 842ns :
ngl&- Max Min Megggg— P‘i%e wpﬂ
Ko M Wil |
Il;'er:g; Width Baseline Topline
7.0 2546 ~137.6m 72.4n
MHz ns Y )
FIG. 8
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noi se rati o i ncreases as ‘chromium content is increased. See al so Table 1,
Sampl es 9-12. 10 WD 96/ 24927

PCT/ US96/ 01364 - 33 - TABLE 3 Number Chr om um Qut put Noi se
SNR of Cont ent () (mv) (dBm) Layers (Amps)
5 20 0 124. 31 25. 76 péBruSTsiifss

0. 06 WO, 9634927 21.31 14.8 20 0.12 111.59
17.63 15.96 20 0.18 94. 3 15. 85 15.4 10

W also | ooked at the effects of utiB¥27ng cobal t-chrom umtantal um all oy

in preparation of nmedia in accordance with the invention as the thickness
of the

“ Tek = N
e

I v

L1

-25-5.{"5‘8;15 [RewAnno] Wons/dv  [E] 842ns
- Mi P Ren
nglék Max Min Meggtrllﬁ- uge i ne 1
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MHz s v v
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alloy is varied. The results are denonstrated in Table 4, below As wll be
observed. the nedia noise for the sanples is sinmlar to the chromum doped
- sanpl es di scussed above, where the chrom um content was based on 0.12 anps

15 (i.e., 129% of power to the chromumtarget. See also Table 1, Sanple
12 and Table 1, Sanples 18-20- WO 96/ 24927
PCT/ US96/ 01WS6249%T _ [err] WD 96/ 24927 PCT/US96/01364

PCT/ US96/ 01364 - 35 - Adjusting Number of Layers in the Recording Layer As
di scussed above, we al so observed that0A3¥%e nunber of l-ayers in the

T =
245my¢ '
SOmV
/div AN
A

—255%8ns ' 00ns/div | [ 842ns
- I R
Pﬁgl;k _ Max | Min Megggig- Puge i :n'
g | = [ R LS
Fre Width Baoseline Topline
uenc
44 .44 726 0 | : ~52.6a 22 4n
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l-attice may play a role in the noise of the nedia. This effect can be

observed in _Table 5 bel ow—See—al so—Fable—1; Sanptes—ti—eantd—t4—5FABLES—

Nunber Chr om um Qut put Noi se SNR of Cont ent

(1mv) (mv) (dBm Layers (Anps) 10 = . 20

0.12 111. 59 17.63 15. 96 15 0. 12 perrusssnfiee 43
11. 56 WO 9649271 As will be observed, while the noise i's substantially
reduced in the 15 15 | ayer medi a, the signal is also reduced. Therefore,

the signal-to-noise ratio is enhanchy/ 2%everthel ess, it is probable that

t hrough fine tuning the nedia of the invention, it will be possible to
select a slightly smaller nunber of layers in the |l attice than 20 | ayers

wi t hout reduction in signal. This will allow us to better control the nedia
noise. In Figure 21 a plot of a noise spectra of nedia prepared 20 in
accordance with the invention conparing noise in v/sqrt f versus frequency
in MHz viewing the effects of nunber of layers in the lattice is provided.

Sputtering RecordingTleker in Presen X
P ’ A a1 N (11 i R T

245mV

-— L.
' 255‘i').sans {RenAn 100ns/div B42ns
= i P R
Plgglék _ Max Min Meggg - nge v :u1
s | | e
Fre Width Baseline Topline
uenc
242 21.05 -82.6n 42.4n
MHz ns v v
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We al so di scovered that nedia noise may be reduced through sputtering 25

of the lattice-ihR-the presence—of spall—guantities of—oxygen—Wiile—not—m—-
wi shing to bound by any particular theory or node of operation of this
process, as nentioned above in connection with annealing, it is expected

t hat the ox;egﬁga;ﬁgglitates the reorientation of crystals wgey

recordi ng nme addition, it is also possible that there 1s sone
formati on of oxides within the crystal lattice WO 96/ 24927

PCT/ US96/ 01364 - 36 - of the recordlha Adia. It is also possible to nmake
targets with cobalt oxides for noise reduction if RF sputtering is used.

The effect of sputtering the lattice in the presence of oxygen is shown in
Figure 22, which is a plot of a noise spectra of nmedia prepared in

accordance 5 with the invention conparing noise in v/sqrt f versus
frequency in MHz viewi ng the effects of sputtering the lattice with oxygen.
The oxygen is adjusted by changing the base pressure. In certain

enbodi nents, the anDuntT8L oxygen used

== [CRSORS| [WDOOW][FFTnog]  [DefWfa]

250mV

| -

trig'd ‘J-_ 1 J_j___________..-.L

L1
250 6B Wos/iv ] s
18va.9 cont inuous m]&

-------- ssvee sessaese
-------- ssens esesermn
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I.s between about 0.05 and 0.5 % (v/v). 10 Physical O fset of MR

El enent in a MR Read Head In addition-to—-the ; i
controlling nedia noise, we have additionally discovered that the nedia in
accordance with the invention is read very effectively with an MR read
head. In view of this finding, we have designed an MR head p¢jibsssopeysi cal
of fset (i.&09/4P¥ed relative to the vertical 15 flux in the nedia) in
order to reduce the apparent nedia nfézg Such head is illustrated in
Figure 23 which is a side cross-sect { schematic view of an MR head with
a physical offset in accordance with the present invention. As used herein
MR refers to both anisotropic nagnetoresistive effect (AMR) and gi ant
magnet oresi stive effect (GW). A variety of AMR and GWR 20 senors and
materials and sensors are well known in the art. For exanple, AMR sensors
are typically formed fromN Fe materials (i.e., permalloy), configured into
a \Weat stone bridge configuration on a substrate. GWR sensors are typically

formed frommultilayer fi m; of alternating nagnetic (i.e., Fe, Co, N, or
al l oys thereof) and nofl e~ t er|| DeMfn|Au, or
25 al | oys thereof), gener Ty 1orne '
confi gur at i on280my--sHbsit-at-eyr—t-p-peeorgancer-w-thyt-he—ynvenyom rerTier AVR
or GWR type sensofk
e — e e e e b e e e
sonV|F——F——F-—r——f— iy T T T
/div
&
trig'd
L1
‘250534,‘3 S0ns/div 266ns
28.84 continuous | Aval...
(i
340 IPS o 0 150.07n
' v v
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may be used. In the Figure, a vertical recording nedia 60, in accordance

W t ' oA—havRg—a—recordi-rg—tayer -6i—eant—a—keeper—tayer—62,—rs——
shown in WO 96/ 24927

PCT/ US96/ 01364 - 37 - conbination with a head depicted by aring wite

el enent 63@ 96 2J}/R strip read elenent 64. The ring wite ptHossioissd
generally includes a first flux arm65, a second flux arm 66, and a gap 67.
The ring wite elenent 63 is utiIizg% t% produce flux 68 across the gap 67.
Fl ux may be introduced through eith /e s first arm65 or the second
arm 66, depending on the desired direction of the flux in the nmedia 60. The
flux 68 creates areas of differential flux density 69 (arrows) within the
medi a 60. Such fluxes 69, surprisingly, when utilizing aring wite el enent
63 align, generally, vertical up 70 or vertical down 71, with transition
areas 72, therebetween. 10 ~ As the nmedia 60 passes under the MR

el ement 64, the MR el enent 64

Tk = [owm [ORfey [GWi)

250mV

50m
/div

—2595‘34“ | 50ns/div 266ns
28 '.3,7 : | continuous Aﬁ'&{,
340 IPS 162 0
. , ! 0
FIG. 138
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wi Il change in resistance in regions where the flux within the nedia 60 is

perpend;cuLaL—4+*e+__p0|nts_lﬂ_and_ll;_and_5|gnaLs_mLLL_he,ln response ta

the vertically aligned flux in the nmedia. The MR elenent 64 is shi el ded
fromthe wite head 63 by shields 74a and 15 74b. and the MR el ement 64
i s disposed between the shields 74a and 74b. In the Figure, FF &ﬁnent
64 is offsefW&’%%Wﬁngle 75 ([err]) relative to an imagi nary

extendi ng perpendicular into the nmedia 60. The angle 75 ([err]) is betmeen
about -20 to about 20[err], or betweed5d@dut -15 to about 15, and in
certain enbodi nents, betmeen about -10 to about 10. 20 I n Figures
23a and 23b, enlarged views of the MR read el enent shown in Figure 23 are
shown. In Figure 23a, the MR read elenent 64 is shown wi thout a physi cal

of fset or where angle 75 ([err]) is zero degrees /HEFlgure 23b, the MR
read elenent 64 is shown with a physical o OP ere angle 75 ([err])
is approximately 10 degrees. 25 ;_o the angle 75 of the
MR el ement 64 acts to provide a physical offset é&eangle 75, essentially,
acts to slightly reduce the sensitivity of t e enment 64 to flux 69 in
the nmedia QM0 -+ vertical up 70 orf vertical down 71. i s expected that
each particle indthe nedia possesé@s varyi ng fl ux denS|t|es t hat

_ '\
- !
- 3 LINEAR
— SUPERPOSITION
0.100 — %
~ MEASURED
-J ]
1
0.060 —
i
0.020 —
-
N

-0.030 RRNRE NN RN RN RN AN RN RARN AN RRRN RN
0.840 0.860 0.880 0.900 0.920 0.940 0.960 0.9801.000 1.020 1.040 1.060
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on particle size and particle orientation. Thus,

wiil depend, at |east,
t hr augh \WN 96/.24927
-PCT/ US96/ 01364 - 38 - slightly reducing the sensitivity of the MR el enent
64 to such variations in flux density, it is expected that nedia noise will
be reduced. It w.ll be appreciated that a simlar effect coyls j eved
t hrough gro e crystals in the lattice with a sin‘ilar,%ﬁﬂ?ﬁf’?ﬁm
physi cal offset. For 5 exanpl e, the texture of the substrate can be

tal growmh. In addition, it is

varied so as to cause an angl ed-typel@’r
al so possible to create an angl ed charge during the sputtering process

bet ween the substrate and the targets. Conbi nation approaches coul d be al so
be used. For exanple, crystal growh could be physically offset to one side
of perpendicular while the MR 10 el ement 64 could be offset in the
opposite direction. Such approach could be used to significantly reduce
nmedi a noi se. Disk Drive Systens Incorporating Media in Accordance with the
| nventi on and

7] LINEAR
SUPERPOSITION

0.000 ' \ y o 1'1'&',1\,‘:‘};.’1"'1'\“‘“1'/

Y .
\ .
AN
,l MEASURED

d
—0.080— . VERT, /dT
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- [ ] ]
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Ri.ng Wite/ MR Read Head 15 In accordance with the invention, there
is provided a digk drive systemincorporating .
i nvention and a ring wite/ MR read head. The operation of the systemis
better understood in connection with a discussion of prior art systens for
recording and reading information. In general, the prior ar y be
classified Wa¥2493 g to | ongitudinal and 20 vertical nedi'a an g@%ﬁ??ype
of head utilized for recording and reading. Thus, in figure 24 there is
provi ded a conpari son of recordi ng/ rEBtRhg strategies with various
recording nmedia. Figure 24a is an exanple of a conventional strategy of
recordi ng/reading on longitudinal recording nediumutilizing aring wite
head and an MR strip read head. Figure 24b is an exanple 25 of a
conventional strategy of recording/reading on vertical recording medium
utilizing a single pole read and wite head. Figure 24c is an exanple the
strategy for reading and witing on the vertical recording nediumi g
accordance with the present invention utilizing a ring wite hgad an®san MR
strip read [head. ~N

)
2

FREQUENCY (MHz)
AS-SPUTTERED ———AFTER ANNEALING

o
0.01

0.001
0.0001
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e

WO 96/ 24927 PCT/ US96/ 01364
-39 —ln_Elgwe 243, a lopgrtudinal reeceretrg—redta—38—+s—showr—tnm——
conbination with a head depicted by a ring wite elenent 39 and an MR strip
réad elenment 40. The ring wite elenment 39 generally includes an upper or
first pol eé&,wg‘ﬁgcond pole 42, and a gap 43. The ring wipcrresocoesss 39 isS
utilized to producCe 5 flux 44 across the gap 43. The flux 44 creates _
areas of differential flux density 45 %g;\/{.pws) within the nedia 38. As wll
be appreciated, the flux parallel tot surface of the nedia are generally
the information containing flux differentials utilized to store information
wi thin |ongitudinal nmedia. Such fluxes 45, when utilizing aring wite

el ement 39 align, generally, parallel right 46, vertical up 10 47a,
vertical down 47b, or parallel left 48. As the nedia 38 passes: under PfWoe MR
el enent 40, the MR el ement 40 will change in resistance in regions wete
the flux within the nedia 38 is perpendicular (i.e., points 47a and 47p)

and signals will be produced, _as shown by output 49 15 w0 I n Fkgyre
24b, the confyéhtionak systerifol ireadi nig ang jvirg §iingE t G ver t}i &l ned S
shown. Therqgiiaivietticat redordinhg nedi@a 50iiiH ng ia riecordi ng | aye
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51 and a keeper layer 52, is shown. A single pole read and wite head 53 is
used to generate flux 54 to.-the nedia—-b0— ThefhE4—typteatty—+s

returned through the nmedia 50, for exanple, through the keeper |ayer 52.
The flux 54 20 creates areas of differential flux density 55 (arrows)
within the nmedia 50. Such flux 55, when utilizing the pol eppgamfofaised | 9N,
general |y, W24 up 56 or vertical down 57, with transition areas 58,

t her ebet ween. When the pole head 53 is not witing, it is sensitive to flux
fromthe media that is perpendicul a89{®7the nedia 50. 25 : As the
medi a 50 passes under the read head 53, the read head 53 detects the areas
of vertical flux (i.e., points 56 and 57) and produces an output as in
output 58. Finally, in Figure 24c, a vertical recording nedia 60, in
accordance with the invention, having a recording |layer 61 and a keeper

| ayer 62, is shown in WO 96/ 24927

PCT/ US96/ 01364 - 40 -
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conbination with a head depicted by aring wite elenent 63 and an MR strip
read_elenent 64 The ringwite elenent 63-generaklyincludes—a—fi+st—anrd—
pol e 65, a second pole 66, and a gap 67. The flux 68 creates areas of
dirfferential flux density 69 (arrows) within the media 60. Such fluxes 69,
surprisingly, when 5 utilizing aring wite element 63 al al ly,
vertical up WOM%Ertical down 71, with transition areas 72?&?%]3%‘@2‘%\6%.
As the nedia 60 passes under the MR el enent 64, the MR elenment 64 will
change in resistance in regions where2@h27f|lux within the nedia 60 is
perpendicular (i.e., points 70 and 71) and signals will be produced, as
shown by 10 output 73. A surprising feature of a disk drive utilizing
the nedia of the present invention and a ring wite/ MR read head as

di scussed above that the nedia of the invention is easily magnetized, in a
vertical orientation, with the ring wite head. Conventionally, rinqsﬁrite

heads have been used for |ongitudinal nedia. The 15 ability to utdldi ze a
ring wite head in accordance with the invention marks a significant
advant age. Such heads are easily and inexpensively built. Further, rjng

wite heads d ot Lelynnf _qed VI 3 ETIVA-Y. L@uire y a
single polejwmite head. : Ty
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Figure 25 is a top perspective view of a disk drive assenbled with nedia 20
in accordance with the invention The disk drive 77 includes—a—hara—esk——
assenbly conprised of a base 78 and cover 79 which engage to form a housing
80. The housi ng 80 houses a disk storage nmedium 81 and an actuator assenbly
82. Disk storage medium 81 includes an upper surface 82 andpgrdgysRissaur f ace
(not shown)WORS342Zhr ovi ded is a control neans 83 conpri si ng a printed
circuit 25 board 84 having a plurality of integrated circuit conponents
t hereon which are utilized to control @a¥@7storage operations in drive 77.
A header assenbly 85 is included to transfer control signals fromprinted
circuit board 84 to the housing 80. -42 - CLAIMS WHAT W CLAIM I S: 1.

A magnetic recordi ng nedium conprising: a substrate having deposited

thereon a nucleating |ayer of a a
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nonmagnetic netal selected fromthe group consisting of palladium or

pl atinum having a thickness of greater than-50-A—-and-a-+recerdirg—| ayer -
conprising a plurality of bilayers of a nmagnetic netal, or an all oy

t her eof , havi ng perpendi cul ar nagnetic ani sotropy and having a first

t hi ckness and a ngﬂnagnetic metal selected fromthe group CpEpiuSéeiisksOf
pal | adi um OW%‘QH um havi ng a second thickness, and a keeper |ayer having
a third thickness, said keeper |ayer disposed between said nucleati.ng | ayer
and said substrate, wherein the thi @RA&%s of the nucl eating |ayer, the
first thickness, the second thickness, and the nunber of bilayers are

sel ected such that the nedi um possesses a coercivity of greater than about
1000 Ce, a signal output of greater than 54 nv, a signal noise |evel of

| ess than 44 nv, and a signal to noise ratio of greater than 7 dBm 2.

The mediumof Caim1l, wherein the first thickness is between about 1.5 A

and 10 A. 3. The nediumof Caiml, wherein the first thickness is
bet ween about 2 A and 7 A. 4. The nmediumof Claim1l, wherein the first
t hi ckness is between about 3 A and 5 A. ‘
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5: The 'rredi umof Caiml, wherein the magnetic |ayers conprise cobalt.

6. —_The nediumof Caimb, wherein the first thickpness is between about

1.5 A and 10 A 7. The mediumof Claim5, wherein the first thickness is
bét ween about 2 A and 7 A 8. The mediumof Claimb5, wherein the first

t hi ckness is between about 3 A and 5 A 9. The medi um of P%ms%‘;ﬂﬁ“
wherei n t heWQ&6R#MA7t hi ckness i s between about 5 A and 15 A e e

mediumof Claim1l, wherein the second thickness is between about 7 A and 12
A - 43 - 11. The nedi um of C 83427, wherein the second thickness is

bet ween about 8 A and 11 A.
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12. The nmediumof Caim1, wherein the thickness of the nucleating |ayer

I s hetween about 200 A and about 600_A_5 13 The nedi um of
Claim 1, wherein the nunber of bilayers is between about 10 and 30. 14.
The medi um of daim 1, wherein the nunber of bilayers is between about 15

and 25. 15. diumof Caim1l, wherein the nucleating t he
o pebtShodi

10 recor er have a total thickness that does not excee A
16. The nedium of Claim1, wherein the nmedium has a coercivity that
exceeds about 2500 Cersteds. 15 24/%% The mediumof Caim1l
wherein the keeper layer is fornmed froman N Fe alloy. 18. The nmedi um of
Claiml , wherein the keeper |layer has a thickness of between about 2
[err]mand about 6 [err]m 19. A magnetic recordi ng nedi um conpri sing:
20 a substrate having deposited thereon a nucleating |ayer

of a nonmagnetic netal selected fromthe group consisting of palladium or
pl ati num havi ng a thi ckness of greater than 50 A and a recording |ayer
conprising a

FIG. 234
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plurality of bilayers of cobalt, or an alloy thereof, having a first

t hi ckness _and a nonmagnetic netal selected fromithe group consisting of
pal | adi um or pl ati num 25 havi ng a second thickness, characterized in
that the first thickness is between about 1.5 A and 10 A the second

t hi ckness is between about 5 A and 15 A, the nunber of bilaé%&im' gg}meen
about 10 andV®#¥/24R2% hi ckness of the nucleating |ayer and th 5%% ¢
recordi ng | ayer that does not exceed 1500 A, and a coercivity of the nmedium

t hat exceeds about 2500 Cersteds, and2B{#Ther characterized in that the
t he second

t hi ckness of the nucleating | ayer,
and the nunber of bilayers are selected such that the nmedi um

t hi ckness,

possesses a signal
| ess than 44 nv, and a signal

The nmedium of Caim 19, wherein the first thickness is between about 2 A

the first thickness,

out put of greater than 54 nv,
to noise ratio of greater than 7 dBm 20.
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5 - ' 21. The nmediumof Claim 19, wherein the first thickness is
bet ween _about 3 A and 5 A 9292 The_nmedium of Claim19, wherein the second

thi.ckness i's between about 7 A and 12 A. 23. The medi um of C aim 19,
wherein the second thickness is between 10 about 8 A and 11 A 24. The

medi um of Claim 19, wherein the thickness of the nucleating |ayer is

bet ween aboWOIHOX and about 600 A. 25.  The medium of O a?ﬁ%@?‘% ein
t he nunber of bilayers is between about 15 and 25. 15 26. The
medi um of Claim 19, further conprisi neb2keeper |ayer di sposed between the
nucl eating | ayer and the substrate. 27. The nmedi um of C aim 26, wherein
the keeper layer is forned froman N®Fe alloy. 28. The nmediumof Claim
26, wherein the keeper |ayer has a t¥ickness 20 of between about 2

[err]mand about 6 [err]m 29.

B&SS to manuf acture a magnetic
recording nedium corrpg' Si ng; -

FI6. 25

SUBSTITUTE SHEET (RULE 26)



pr-ovi di ng a substrate; vacuum depositing on the substrate a nucl eating

| ayer—sel-aeteetrom25  the group consisting—of palladiumand platinumto
a thickness of greater than about 50 A, and vacuum depositing on the ,
nucl eating layer a recording |layer, the recording |ayer conprising a
plurality | rs of cobalt, or an alloy thereof, - ferrushkiso @
first thicaﬁgg Z a nonmagnetic netal selected fromthe group congpéting
of palladium or platinum having a second thickness. 30. The process of
Claim29, further conprising the step 87/23nneal ing the medi um after the
step of depositing the nucleating 5 | ayer in the presence of oxygen. 31.
The process of Caim?29, further conprising the step of: vacuum depositing
on the substrate a keeper |layer pri-or to depositing the nucleating |ayer.

FIG. 25
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32. . The process of O aim 3L,
annealing the nediumw th the keeper

nucl eating layer,

presence of oxygen. 34.
depositing the 15
oxygen. 35.

recordi ng W ! endi cul ar

greater tha‘n—crr—eq'ua';—m 10[err] erg/cc for
al l owi ng the readi ng Afmagnkedc retdrding mediom, fcomprising?0
read/ wite head for witing

and reading inf or mat i drfuPFTAIAhFvEREndSPOSHEE n

ol amont | pgoeiigfc Hial ViEM Hof BTBRAD Pt

el ement .

recordi ng rhasingm fthickiess ofogreaiesethan 50 A and a recordmg layer comprising a

in the presence of oxygen.
wherein the step of deposi ting the nucl eating
The processt2of O ai mf2
recordi ng | ayer
An information storag&leéddMSe,

70s503-4 TPos
conpri §i ngREPEASERENT § TS
layer, pni pprie-deposiid-ng the . d
$3ur cithe:prockss 10k, & g"ﬁ‘dﬁ’g
| pyer ,,acchrpI i'Shed” lﬁ t°
erein the Step’ zed
i o yhel t e prese‘nciéie‘é&‘ﬁ -----

Is acconpl i shed’ I'n

further

OS] a_pl anar_magnetic
magnet i & [rédopf"gﬁﬁ T is..
recei ving, storing, and

magnetic flux; a
magnetic flux to,

mnfauséwﬂqaang layer ®EA um t he

gﬂjal’ el n hﬂal fun ) ead

magheti c

|nforrrat|on in the form of

plurahty of bilayers of a magnetic metal, or an alloy thereof, having
perpendicular magnetic anisotropy and having a first thickness and a nonmagnetic
metal selected from the group consisting of palladium or platinum having a

second thickness, and a keeper layer having a third thickness, said keeper laye;

disposed between said nucleating layer and said substrate,

wherein the thickness of the nucleating layer, the first thickness, the second

thickness, and the number of bilayers are selected such that the medium possesses

a coercivity of greater than about 1000 Oe, a signal output of greater than 54 mv, a

signal noise level of less than 44 mv, and a signal to noise ratio of greater than 7

dBm.

2. The mediuvm of Claim 1,
about 1.5 A and 10 A.
3. The medium of Claim 1

about 2 A and 7 A.

4. The medium of Claim 1,

about 3 A and 5 A.

5. The medium of Claim 1,

cobalt.

6.  The medium of Claim 5,
about 1.5 A and 10 A.
7. The medium of Claim 3,

about 2 A and 7 A.

8. The medium of Claim 5,

about 3 A and 5 A.

wherein the first thickness is between- |
, wherein the first thickness is between’
wherein the first thickness is between
wherein the magnetic layers comprise
wherein the first thickness is between
whergin the first thickness is between

wherein the first thickness is between

0. The medium of Claim 1, wherein the second thickness is between

about 5 A and 15 A.

10, The medium of Claim 1, wherein the second thickness is berween

about 7 Aand 12 A.
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a substrate havi ng deposited thereon a nucl eating | ayer of a nonmagnetic

et al

sel ected fromthe group consi sting of palladi um or

- thickness of greater than 50 A and a recording | ayer conprising a
. plurality of bilayers of cobalt, or an alloy thereof, having a first

. thickness and a nonmagnetic netal

selected fromthe group consisting of

pl ati num havi ng a
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~pal l adi um or platinum having a second thickness, characterized in that the
first thickness is between about 1.5 A and 5 10 A, the second thickness

i's between about 5 A and 15 A,
t hat does not exceed 1500 A. 37.

relative to a line extending 10

t he nunber of bilayers is between about 10
and 30, and a thickness of the nucl-egging | ayer and the recording |ayer

The device of Caim35;, wherein the MR
el ement is physig¢gl |y T8 hie@funfbf GRim 19 whesdin fthe secohd thickddds isoberker r |
per pendi cul ar to the plane of the

medi um 38. about® A amdgiledi c read-write head of the type conprising a ring

head

10

15

20

25

12.  The medium of Claim 1, wherein the thickness of the nucleatmg
layer is between about 200 A and about 600 A.

13. The medium of Claim 1, wherein the number of bilayers is
between about 10 and 30.

. 14. The medium of Claim 1, wherein the npumber of bilayers is

between about 15 and 25. .

15. The medium of Claim 1, wherein the nucleating layer and the
recording layer have a total thickness that does not exceed 1500 A.

16. ~ The medium of Claim 1, wherein the medium has a coercivity that -
exceeds about 2500 Oersteds.

17. The medium of Claim 1 , wherein the keeper layer is formed from
an NiFe alloy.
18.  The medium of Claim 1, wherein the keeper layer has a thickness

of between about 2 um and about 6 pm.

19, A magnetic recording medium, comprising:

a substrate having deposited thereon a nucleating layer of a -

nonmagnetic metal selected from the group consisting of palladium or platinum
having a thickness of greaier than 50 A and a recording layer comprising a
plurality of bilayers of cobalt, or an alloy thereof, having a first thickness and a
nonmagnetic metal selected from the group consisting of palladium or platinum
having a second thickness,

characterized in that the first thickness is between about 1.5 A and
10 A, the second thickness is between about 5 A and 15 A, the number of
bilayers is between about 10 and 30, a thickness of the nucleating layer and the
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for witing magnetic information to a magnetic recording nmedia and a
magnet or esi stive read (MR) head for reading magnetic information fromthe
- magnetic recording nmedium the MR head conprising a MR el enent disposed in
15 the head in a perpendicular orientation relative to the nagnetic
recordi ng nmedi um the inprovenent camgyising: providing a physical offset
to the MR elenent so that the elenent is offset fromthe perpendicul ar
orientation x’e@éﬁuﬂg\ﬂﬁ}(ér%itwr&bédd 1500 1A, rad pesdbreivityt BE tHeagsdiucthaecor di ng
medi um by an angl € ot between about -10 and 10[err]. 20 - 47 - 39. An
i nf or mat i on extezdsgsoul 250 Oerstetispr i si ng: a housing, a storage nedi um mneans
for rotating the storage nedi umgqand an act uat or o?' enbl.y ingl udi at

7t

| east one interaéﬂﬁmmteﬁé {1 that theihjchpess o MUGleAtNE daYRI Y m £ or
reading and gl i Rffess YhQ"s Bl WickRess "ndthe nurbber G965i1aFerdi dékelected such

that the medium possesses a signal output of greater than 54 mv, a signal noise

level of less than 44 mv, and a signal to noise ratio of greater than 7 dBm.
20.  The medium of Claim 19, wherein the first thickness is between .
about 2 A and 7 A. '
5 21.  The medium of Claim 19, wherein the first thickness is between
about 3 A and 5 A.
} 22. The medium of Claim 19, wherein the second thickness is between
about 7 A and 12 A. .
' 23, . The medium of Claim 19, wherein the second thickness is between
10  about 8 A and 11 A. |
24. - The medium of Claim 19, wherein the thickness of the nucleating
layer is between about 200 A and about 600 A.
.25. The medium of Claim 19, wherein the number of “bilayers is
between about 15 and 25. |
15 26. The medium of Claim 19, further comprising a keeper layer
disposed between the nucleating layer and the substrate.
27. The medium of Claim 26, wherein the keeper layer is formed from
an NiFe alloy. :
- 28. The medium of Claim 26, wherein the keeper layer has a thickness
20 of between about 2 pm and about 6 zm. .
29. A process to manufacture a magnetic recording medium,’
comprising:
providing a substrate;
vacuum depositing on the substrate a nucleating layer selected from
25 the group consisting of palladium and plédnum to a thickness of greater than
about 50 A; and | | | |
| vacuum depositing on the nucleating layer a recording layer, the

recording layer comprising a plurality of bilayers of cobalt, or an alloy thereof,
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wherein the storage nedium conprises: a substrate having deposited thereon
a nucl eating layer of anonmagnetic netal selected fromthe group consisting
of palladium or platinumhaving a thickness of greater than 50 A and a
recordi ng |layer- conprising a 10 plurality of bilayers of a nagnetic
nmetal, or an alloy thereof, having perpendi cul ar magneti c ani sotropy and
having a first thickness and a nonnagnetic netal selected fromthe group

consi sting of palladiumor platinumhaving a second thickness. WO

96/ 24927 -47 - 40. An infor rratlon “stor age deV| ce, conprising: a housing,
a storage nedi um means for rota t he st.ora rredl u and an act uat or
assenbl y i ndiaYieng BEt| CHngn ﬁt PyBEEIFHS Jn ﬁFeﬁ'ﬁg]f &PEtent the

fr'é gir 3%1e medi dyRkisiig bR plhtidun! Bavifl Q' BB ORidiRedshe 5 storage
30. The process of Claim 29, further comprising the step of:
annealing the medium after the step of depositing the nucleating
5 layer in the presence of oxygen.
31.  The process of Claim 29, further comprising the step of:
_ vacuum depositing on the substrate a keeper layer pror to
depositing the nucleating layer. ,
32.  The process of Claim 31, further comprising the step of:
10 annealing the medium with the keeper layer, prior to depositing the
nucleating layer, in the presence of oxygen.
33. ° The process of Claim 29, wherein the step of depositing the
nucleating layer is accomplished in the presence of oxygen.
34. The process of Claim 29, wherein the step of depositing the
15 recording layer is accomplished in the presence of oxygen.
| 35. An information storage device, comprising:

a planar magnetic recording medium having perpendxcular
magnetic anisotropy, Ku, that is greater than or equal to 2 X 10° erg/cc for
.receiving, storing, and allowing the reading of information in the form of

- 20 magnetic flux;
' a read/write head for writing information in the form of magnetic
flux to, and feading information in the form of magnetic flux from, the medium, _
the head comprising a ring-type write element and a magnetoresistive (MR) read
element.
25 36.  The device of Claim 35, wherein the magnetic recording medium
further comprises: ,

a substrate having depos1ted thereon a nucleating layer of a

nonmagnenc metal selected from the group consisting of palladium or platinum

having a thickness of greater than 50 A and a recording layer comprising a

A



wher ei n the stage nmedi um conprises: a substrate having deposited thereon a
nucleatlng | ayer of anonmagnetic netal selected fromthe group consisting
of palladium or platinumhaving a thickness of greater than 50 A and a .
recording layer conprising a 10 plurality of bilayers of a nagnetic
metal, or an alloy thereof, having perpendicul ar magnetic ani stropy and
having a first thickness and a nonmagnetic netal selected fromthe group
consi sting of palladiumor platinumhaving a second thickness.

- 46 -

plurality of bilayers of cobalt, or an alloy thereof, having a first thickness and a
nonmagnetic metal selected from the group consisting of palladium or platinum
having a second thickness, '
characterized in that the first thickness is between about 1.5 A and
5- 10 A, the second thickness is between about 5 A and 15 A, the number of
bilayers is between about 10 and 30, and a thickness of the nucleating layer and
the recordmg layer that does not exceed 1500 A.
37.  The device of Claim 35, wherein the MR element is physically
offset at an angle of from about -10° to 10° relative to a line extending
10 perpendicular to the plane of the medmm.
| 8. - In a magnetic reéd-write head of the type comprising a ring head
for writing magnetic information to a magnetic recording media and a
magnetoresistive read (MR) head for reading magnetic information from the
magnetic recording medium, the MR head comprising a MR element disposed in
15 the head in a perpendicular orientation relative to the magnetic recording
- medium, the improvement comprising:
providing a physical offset to the MR element so that the element
is offset from the perpendicular orientation relative to the magnetic with respect |

‘to the magnetic recording medium by an angle of between about -10° and 10°.
20
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39. An information storage device, comprising:

a housing, a Storage- medium, means for rotating the storage
medium, and an actuator assembly including at least one interactive element
positioned adjacent the storage medium for reading and writing information to the
storage medium, |
wherein the storage medium comprises: _

a substrate having deposited thereon a nucleating layer of
anonmagnetic metal selected from the group consisting of pa.lladmm or platinum
having a thickness of greater than 50 A and a recording layer comprising a
plurality of bilayers of a magnetic metal, or an alloy tﬁereof, having
perpendicular magnetic anisotropy and having a first thickness and a nonmagnetic
metal selected from the group consisting of palladium or platinum having a
second thickness.
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(57) Abstract

The present invention relates to
improved multi-layer magnetic record-
ing media and magnetoresistive drive
systems incorporating the same. In par-
ticular, multi-layer media including al-
ternating layers of cobalt or cobalt alloys
and a precious metal, such as palladium
or platinum, and a process to manufac-
ture such media, are disclosed. Media in
accordance with the invention generally
include a substrate, a nucleating layer,
a lattice, and a protective layer. In cer-
tain embodiments, the substrate is pol-
ished aluminum. In other embodiments,
the thickness of the nucleating layer is
thicker than 100 A, and in certain em-
bodiments between about 200 and about
600 A. The lamice, generally includes
bilayers of cobalt (or an alloy therecf)
and palladium or platinum. The thick-
ness of the cobalt layers are between
about 1.5 A and 10 A, or between about
2 A and 7 A, or between about 3 A and
5 A. The thickness of the palladium or
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platinum layers are between about 5 A and 15 A, or between sbout 7 A and 12 A, or between about 8 & and 11 A. The number of
fayers in the lattice (33), or its periodicity, is between about 10 and 30 or between about 1S and 25. In certain embodiments, the thickness
of the lattice (33) and the nucleating layer (32) do not exceed 1500 A. The invention also provides a novel information storage device
that includes a ring write head and a magnetoresistive (MR) read head in combination with a vertical reconding media with perpendicular
anisotropy exceeding 2 X 106 erg/cc and coercivity as high as 5000 Oe. Also provided is an improved MR read head. The improvement
includes a physical offset in the MR element, such that the element is offset from perpendicular to the media.




