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Intellectual 

ABSTRACT 

A magnetic layer structure With a layer of cobalt-chromium 
platinum-boron composite alloy containing 10% to 20% B 
in the magnetic layer. The useful magnetic properties of the 
magnetic layer structure are achieved by the incorporation of 
a nucleation layer prior to the deposition of the magnetic 
layer. The resultant magnetic layer structures have coerciv 
ity HC values in betWeen 2,000 and 5,000 Oe, grain siZes 
betWeen 30 and 200 Angstroms and anisotropic crystallo 
graphic orientation With the c-aXis of the cobalt-chromium 
platinum-boron in the plane of the medium. These magnetic 
layer structures are suitable for magnetic data storage 
devices including magnetic disks. 

21 Claims, 6 Drawing Sheets 

40000 - CoPtCrX (00.2) 
30000 - 

20000 
Intensity (counts) 

10000 

—— CoPlCrB vmhoul mdeallon layer 

CnPtCrX (00.4) 
.|.. I . I l .l- .l... 

40 50 60 70 B0 00 

20 (degrees) 





U.S. Patent Mar. 23, 2004 Sheet 2 0f 6 US RE38,474 E 



U.S. Patent Mar. 23, 2004 Sheet 3 0f 6 US RE38,474 E 

12%3 



U.S. Patent Mar. 23, 2004 Sheet 4 0f 6 US RE38,474 E 

Intensity (counts) 
L 

a 8 8 s ‘8" 
O O 8 8 G 
s s = = 

. I I ' ' | ' l ' ‘ ' ' 

a» .. 
c 

m I. 
o 

a? 8 - 
A . \ 

<% ' I 
‘Q ' 9 
q I 

8 a‘ - 5% 
g r CcPtCrX (11-0) in 

I u g 
I M 5 

g; E 
- é 
- 8 
D a 

‘ 
' 9; 

g .. 

. CoPtCrX (00.4) 

FIG. 3 



U.S. Patent 

Intensity (counts) 

50000 

40000 

30000 

20000 

10000 

Mar. 23, 2004 Sheet 5 0f 6 US RE38,474 E 

l CoPtCrX (00.2) 

lllllllll 

-— CaPlClB without nucleation layer 

30 

CoPtCrX (00.4) 

40 50 60 70 80 90 

29 (degrees) 

FIG. 4 



U.S. Patent Mar. 23, 2004 Sheet 6 0f 6 US RE38,474 E 

5,000 
. 36 Pn'i Art 

‘"000 Nucleation Layer 
,_ E 

5 3,000 
b . 

5;’ 2,000 

1,000 

0 I l q I t I 

0 5 10 15 20 

Boron (atomic %) 

FIG. 5 



US RE38,474 E 
1 

COCRPTB ALLOYS WITH INCREASED 
BORON CONTENT AND METHOD OF 

PRODUCING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

This invention relates generally to magnetic alloy layer 
structures used for high density magnetic data storage 
media, such as rigid magnetic recording disks, and in 
particular to magnetic layer structures comprised of a layer 
of CoCrPtB alloy. 

BACKGROUND 

Advances in high density magnetic storage systems 
depend largely on improvements in the magnetic data stor 
age media. The properties of the media are determined by 
the composition and the structure of the active magnetic 
storage material and contiguous layers Within the media 
structure. For high density longitudinal recording media the 
important characteristics are coercivity, signal-to-noise 
ratio, remanent magnetization, coercivity squareness, layer 
thickness and surface roughness. 

It is knoWn, for longitudinal magnetic recording With a 
ring head that the linear recording density (LARD) of the 
magnetic media is governed by the following relationship: 

LRD 1/a 

Where a is a parameter given approximately by the relation: 

Where M, is the remnant magnetization, t is the thickness of 
the magnetic layer, d is the distance from the pole tip bottom 
of the magnetic Write or read device to the top of the 
magnetic layer and HC is the coercivity. Furthermore, it has 
also been established that the output is related to M, and t as 
follows: 

OUTPUT M,-t 

Where Mr-t is called the magnetization thickness product. 
Hence, in designing a magnetic data storage media having a 
high recording density, it is necessary to increase HC While 
maintaining a loW Mrt value that is still suf?cient for the 
required output application. According to prior art, to sup 
port longitudinal magnetic recording at densities close to 10 
Gbit/inch2 the coercivity HC of the magnetic media must 
range betWeen 2,500—4,500 Oe and the material grain size 
should be approximately 100 Angstroms; Glijer et al., 
“Structural Design of CoCrPt(Ta,B)/Cr Magnetic Thin Film 
Media for Ultra High Density Longitudinal Magnetic 
Recording”, Scripta Metallurgica et Materialia, Vol. 33, Nos. 
10/11, 1995, pp. 1575—84. 

Small grain sizes are important for the next generation 
magnetic data storage media because small grain sizes can 
signi?cantly increase the media signal to noise ratio (SNR). 
The media SNR is a ratio of the output signal over media 
noise, and can be described by the equation; 
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2 
Here W is the track Width, B is the bit size and D is the 

in-plane grain diameter of the active magnetic layer. Hence, 
the SNR of the magnetic media varies inversely as the 
square of the in-plane grain diameter and a signi?cant 
reduction in the magnetic media noise can be achieved by 
reducing the grain size. 

Traditionally, making magnetic data storage media 
involves coating magnetic particles in a resin or binder. 
Recent efforts to achieve high density magnetic media have 
focused on the thin layer alloy magnetic structures. The thin 
layer alloy magnetic media are made by several methods 
including sputtering, vapor deposition, ion-beam deposition 
and electroplating. 
Thus far, the most successful thin layer magnetic alloy 

materials for data storage are based on cobalt-chromium 
alloys With additions of platinum, tantalum, boron and alloys 
thereof. Examples of such magnetic media are described by 
Murayama et al. in US. Pat. No. 5,478,661, by Oka et al. in 
US. Pat. No. 5,494,722 and by N. Tani et al. in “High 
Coercivity Hard Disk With CoCrPtB/Cr Media”, IEEE 
Transactions on Magnetics, Vol. 27, No. 6, November 1991, 
pp. 4736—38. The composite alloys, described in the refer 
ences above, are generally deposited on a chromium or a 
chromium alloy under-layer With a body-centered-cubic 
(bcc) crystal lattice structure. Additionally, the chromium or 
the chromium alloy under-layer usually has a substantial 
[100] or [110] crystallographic orientation normal to the 
plane of the deposition substrate. This [100] or [110] crys 
tallographic orientation of the bee chromium or chromium 
alloy is Well knoWn in the art to be a useful under-layer for 
subsequent deposition of cobalt based alloys. 

Cobalt-chromium-platinum With additions of less than 
7% boron (% here and throughout this text is understood to 
mean atomic percent) are particularly useful for longitudinal 
magnetic recording media. Addition of boron to cobalt 
chromium-platinum composite alloys has been proposed to 
enhance the anisotropic groWth on the chromium under 
layer causing some grains to be oriented With the c-axis in 
the plane of the ?lm. HoWever, this has not been observed 
for all compositions of cobalt-chromium-platinum alloys. 
Achieving this preferred orientation is important for these 
materials to be used in high density longitudinal magnetic 
media because the c-axis is the easy direction to magnetize 
and, therefore, it is preferably to have grains With their 
c-axes parallel to the plane (in-plane) of the longitudinal 
media for ef?cient Write and read operations. 
The addition of boron (less than 7 atomic %) to the 

composite alloy cobalt-chromium-platinum also increases 
the coercivity HC and the signal to noise ratio of the magnetic 
media as recognized by Doerner et al. in US. Pat. No. 
5,523,173 Where additions of 2—10 percent of B have been 
examined; M. Oka et al., US. Pat. No. 5,494,722. Further 
studies of this alloy have also been published by L. W. Song 
et al. in “Magnetic Properties and Recording Performance of 
Multi-layer Films of CoCrTa, CoCrPtTa, and CoCrPtTa With 
CoCrPtB”, IEEE Transactions on Magnetics, Vol. 30, No. 6, 
November 1994, pp. 4011—13; P. Glijer et al. in “Magnetic 
Force Microscopy (MFM) Studies of Micromagnetic Struc 
tures of High Coercivity CoCrPt/Cr and CoCrPtB/Cr Thin 
Films”, IEEE Transactions on Magnetics, Vol. 31, No. 6, 
November 1995, pp. 2842—2844. 

Prior art teaches the advantages of cobalt-chromium 
platinum-boron composite alloys containing less than 10% 
boron for magnetic structures deposited on bcc chromium or 
chromium alloy under-layers With substantial [100] or [110] 
crystallographic orientation normal to the plane of the 
deposition substrate. The bene?ts include, anisotropic grain 
groWth (for some composition alloys) With the c-axis along 
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in plane, increases in coercivity, and improved signal-to 
noise ratio. There is a continued need to discover neW 
compositions of magnetic materials for high density longi 
tudinal magnetic media that have smaller grain siZe for 
improved signal to noise ratios While maintaining the high 
coercivity values. 

OBJECTS AND ADVANTAGES 

Accordingly, it is a primary object of the present invention 
to disclose a neW magnetic recording media comprised of a 
layer of CoCrPtB containing B>10% and a method for 
producing the same. The advantages of the magnetic layer 
structure are high coercivity HC values and reduced grain 
sizes. 

Increasing the boron content from 10 to 20% in the 
CoCrPtB composite alloys to decrease grain siZes While 
maintaining useful magnetic properties is accomplished by 
providing a nucleation layer of Co composite alloy, Where 
B<10, betWeen a magnetic layer of CoCrPtB composite 
alloy, Where B>10%, and bcc metal or bcc metal alloy 
under-layer having substantially [100] or [110] crystallo 
graphic orientation normal to the plane of the deposition 
substrate. The resultant grains of the magnetic structure are 
Well de?ned and isolated. The magnetic structures described 
have high coercivities (HG), greater than 2,000 Oe, and have 
the crystallographic c-aXis of the magnetic layer in-plane of 
the bcc metal or metal alloy under-layer. Additional objects 
and advantages of the invention are set forth in the speci 
?cation. 

SUMMARY 

These objects and advantages are attained by depositing a 
bcc metal or bcc metal alloy under-layer on a suitable 
substrate. The preferred under-layer is chromium or chro 
mium alloy that is deposited With a negative bias voltage 
applied to the substrate. Typically the substrate is a rigid disk 
that is aluminum or aluminum coated With a plated nickel 
phosphorus over coating but can also be glass, silicon, 
ceramic, quartZ or any substrate suitable for deposition. A 
nucleation layer of a C0 alloy, Where B210% and ranging 
from 1 to 50 Angstroms in thickness is deposited on top of 
the bcc metal or alloy under-layer. A layer comprising of 
CoCrPtB, Where B>10% and ranging from 5 to 500 Ang 
stroms in thickness is deposited on the nucleation layer, thus 
providing a magnetic layer structure. The under-layer, the 
nucleation layer and the magnetic layer can be deposited by 
sputtering, ion-beam deposition and laser deposition. 

The bcc metal or bcc alloy under-layer presents a template 
for the subsequent depositions of a cobalt or cobalt alloy 
layer such that the cobalt or cobalt alloy layer Will groW 
epitaXially to the bcc metal or bcc alloy under-layer With the 
c-aXis residing in the plane of the ?lm. The under-layer is 
preferably deposited With [100] or [110] crystallographic 
orientation. The nucleation layer provides a means for a 
compatible groWth surface betWeen the bcc metal or metal 
alloy under-layer and the Co composite alloy With B>10%. 
The magnetic structure With a magnetic layer of CoCrPtB 
alloy, Where B>10% also has small grain siZes With the 
crystallographic c-aXis oriented in the plane of the structure 
surface. 

The magnetic ?lms of this invention have grain siZes 
betWeen 20 and 200 Angstroms. The grains are Well de?ned 
and segregated by an amorphous phase. In the applications 
of magnetic structures of this invention, such as longitudinal 
magnetic recording media, the magnetic layer contains 
grains that are ferromagnetic. Furthermore, the magnetic 
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4 
layer structures produced by this invention have a high 
magnetic coercivity (HG) betWeen 2,000 and 5,000 Oe. The 
invention is described in detail in the beloW detailed descrip 
tion in reference to the appended draWing ?gures. 

DESCRIPTION OF THE FIGURES 

FIG. 1 is a cross sectional vieW shoWing a ?lm of a 
CoCrPtB alloy made With a nucleation layer according to the 
invention. 

FIG. 2(a—d) are TEM images shoWing the grain structure 
in the CoCrPtB composite alloy containing 0% B, 3% B, 6% 
B and 12% B. 

FIG. 3 is a graph of the X-ray data of the magnetic 
structure Co71Cr17Pt12 and 12% B deposited on a 
Co71Cr17Pt12 nucleation layer. 

FIG. 4 is a graph of the X-ray data of the magnetic 
structure Co71Cr17Pt12 and 12% B deposited Without a 
nucleation layer. 

FIG. 5 is a graph comparing the coercivities HC of 
magnetic structures made of a CoCrPtB composite alloys by 
methods in prior art and made of a CoCrPtB composite 
alloys according to the invention. 

DETAILED DESCRIPTION 

A layered magnetic structure of this invention is visual 
iZed in FIG. 1. A substrate 12 is a ?at surface or a rigid disk 
that is aluminum or aluminum plated With a nickel phos 
phorus over coating, but can also be glass, silicon, quartZ, 
ceramic or any other substrate that is suitable for deposition. 
If a substrate other than nickel phosphorus coated aluminum 
disk is used, a preparatory layer maybe necessary to make 
the substrate suitable for depositing a bcc metal or a bcc 
metal alloy layer 14. For eXample, if glass is the substrate a 
nickel-aluminum layer is coated on the glass prior to depos 
iting an under-layer 14. 
The preferred under-layer 14 is chromium or a chromium 

titanium alloy. A negative bias voltage is typically applied to 
the substrate during the deposition of the under-layer 14. The 
conditions under Which the under-layer 14 is deposited, 
including pressure, temperature and bias voltage, Will affect 
the magnetic properties of the resultant magnetic ?lms. 
Conditions are chosen so that the under-layer 14 is deposited 
With a substantial [100] or [110] crystallographic orientation 
providing an epitaXial groWth surface for subsequent depo 
sition groWth steps. The thickness T1 of the under-layer 14 
optimiZed to obtain the desirable magnetic properties and is 
preferably in the range of 10 to 1000 Angstroms. 
A nucleation layer 16, is a Cobalt alloy preferably With a 

composition of CoCrxPtyBZ, Where 15 2 X240, 02y2 15 and 
02Z2 10 atomic percent and 252(X+y+Z)250. The pre 
ferred thickness T2 of the nucleation layer 16 is 1 to 50 
Angstroms. The nucleation layer 16 provides nucleation 
sites for a subsequent deposition of a CoCrxPtyBZ layer 22 
containing B>10%. 
The magnetic layer 22 layer is deposited on layer 16 and 

is composed of CoCrxPtyBZ, Wherein 02X230, 02y240 
and 1022225 atomic percent and 25 2(X+y+Z)260. The 
layer 22 is preferably 5 to 500 Angstroms in thickness T3. 
The under-layer 12, the nucleation layer 16, the magnetic 
layer 22 are deposited by sputtering, ion-beam deposition or 
laser deposition methods. 

FIGS. 2 (a—d) display the plan vieW TEM images of the 
surfaces of the magnetic structures made according to the 
invention. FIGS. 2 (a—d) are magnetic layer structures made 
With a magnetic layer 22 of CoCrPtB, Where B=0, 3, 6, and 
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12% boron, respectively. For this example, the magnetic 
layer 22 is comprised of [(Co71Cr17Pt12)B] and the nucle 
ation layer 16 is comprised of Co71Cr17Pt12. The grains are 
isolated by an amorphous phase 28 (see FIG. 1) in the TEM 
images. Additionally, the grain siZes are reduced by almost 
an order of magnitude With the inclusion of boron from 0 to 
12% in the magnetic layer. 

FIG. 3 is the X-ray analysis of a magnetic layer structure 
of FIG. 1 comprising the magnetic layer 22 composed of 
[(Co71Cr17Pt12)B] With B=12% and the nucleation layer 16 
composed of (Co71Cr17Pt12). The X-ray data of this struc 
ture reveal a strong re?ection at 26572 deg 32 corresponding 
to the [110] crystallographic planes the of the heXagonally 
close-packed cobalt-chromium based alloy. The [110] 
re?ection is observed When grains of the magnetic layer 22 
are oriented With the c-aXis parallel to the plane (in-plane) of 
the magnetic recording media; as stated previously, this is 
the preferred orientation. 

FIG. 4 is the X-ray analysis of a magnetic layer structure 
With magnetic layer composition of [(Co71Cr17Pt12)B] With 
B=12% but Without a nucleation layer 16. The absence of a 
refection at 26572 deg 32 and the presence of a strong 
refection at 26542 deg 35, corresponding to the [002] 
crystallographic planes of the cobalt-chromium-platinum 
alloy, shoWs that the grains of the magnetic layer 22 are 
predominantly aligned With the c-aXis perpendicular to 
longitudinal plane of the magnetic media. Perpendicular 
orientation of the c-aXis is not preferred for longitudinal 
magnetic media because of reasons stated previously. 

Additionally, FIGS. 3—4 display that both X-ray data sets 
have strong peak at 26564 deg 30 correspond to the [200] 
crystallographic planes of the chromium under-layer that are 
deposited With bias voltage of —450 Volts applied to the 
substrate. The presence of a peak at 26564 deg signify that 
the bcc under-layers have substantially [100] or [110] crys 
tallographic orientation normal to the plane of the substrate. 

FIG. 5 plots coercivity HC values of magnetic layer 
structures With ranges of boron percent in the magnetic layer 
22 Without a nucleation layer and With a nucleation layer 16. 
All samples contain a chromium under-layer deposited With 
bias voltage of —450 Volts applied to the substrate. For these 
eXamples, the magnetic layers 22 are composed of 
[[(CO71Cr17Pt12)B] B=12 atomic %] [(covicrivptizhoo-x 
Bx] B=x atomic % (x=0 to 20). For samples measured in 
curve 36, the nucleation layer 16 is composed of 
(Co71Cr17Pt12). The coercivity curve versus percent boron 
33 shoWs that the coercivity values for magnetic layer 
structures containing CoCrPtB alloy decrease rapidly as the 
boron percent eXceeds 7% When the nucleation layer 16 is 
not incorporated in the fabrication. The coercivity curve 36 
shoWs that the coercivity values of layered magnetic struc 
tures containing CoCrPtB alloy increase With addition of 
boron up to 12 atomic % When the nucleation layer 16 is 
incorporated in the fabrication process. After 12% incorpo 
ration of boron into magnetic layer 22 the coercivity 
decreases even With a nucleation step. HoWever, magnetic 
structures produced by the invention continue to have useful 
magnetic properties up to 20% boron because of the rela 
tively high coercivity values and the reduced signal to noise 
ratio achieved by the small grain siZes. 

Based on the above description, a person of ordinary skill 
in the art Will be able to make a magnetic layer structure 
comprised of a layer of CoCrPtB containing boron in eXcess 
of 10 atomic % useful for high density longitudinal magnetic 
media. Additionally, anyone of ordinary skill in the art Will 
appreciate that many variations and alterations to the above 
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6 
details are Within the scope of the invention. For eXample, 
the invention can include a plurality of magnetic layers With 
B>10% or additional layers could be deposited on the 
substrate prior to depositing the bcc metal or bcc metal alloy 
under-layer. Therefore, the folloWing preferred embodiment 
of the invention is set forth Without any loss of generality to, 
and Without imposing limitations upon, the claimed inven 
tion. 
What is claimed is: 
1. A magnetic recording medium comprising a magnetic 

layer [10 to 50] 5 to 500 Angstroms thick, said magnetic 
layer comprising a C0 alloy comprising Crx, Pty, and B2 
Wherein 02X230, 02y240 and [102Z225] 10<z225 
atomic percent, and 252(X+y+Z)260, said magnetic layer 
having a coercivity value ranging betWeen 2000 and 5000 
Oe. 

2. The medium of claim 1 Wherein said magnetic layer is 
a magnetic layer in a multi-layer magnetic structure. 

3. A magnetic recording medium comprising: 
a) a substrate; 
b) a metal under-layer on said substrate said, under-layer 

having a body-centered-cubic lattice structure; 
c) a C0 alloy nucleation layer deposited on said under 

layer Wherein said Co alloy nucleation layer is 1 to 50 
Angstroms thick; 

d) a magnetic layer deposited on said Co alloy nucleation 
layer, said magnetic layer comprising a C0 alloy com 
prising Crx, Pty, and B2 Wherein 02X230, 02y240 
and 10222 25 atomic percent, and 252(X+y+Z)260. 

4. The medium of claim 3 Wherein said substrate is 
selected from the group consisting aluminum With a plated 
nickel phosphorus coating, glass, silicon, ceramic and 
quartZ. 

5. The medium of claim 3 Wherein said media substrate is 
a disk substrate. 

6. The medium of claim 3 Wherein said under-layer is 
selected from the group consisting of chromium, ruthenium, 
chromium alloy and ruthenium alloy. 

7. The medium of claim 6 Wherein said under-layer has a 
substantially crystallographic [100] orientation. 

8. The medium of claim 6 Wherein said under-layer has a 
substantially crystallographic [110] orientation. 

9. The medium of claim 6 Wherein said under-layer is 
deposited by a process selected from the group consisting of 
sputtering, ion-beam deposition and laser deposition. 

10. The medium of claim 3 Wherein said Co alloy 
nucleation layer is comprised of CoCrxPtyBZ, Wherein 
152x240, 02y215 and 02Z2 10 atomic percent, and 
252(X+y+Z)250. 

11. The medium of claim 10 Wherein said magnetic layer 
contains grain siZes ranging from 20 to 200 Angstroms. 

12. The medium of claim 11 Wherein said magnetic layer 
has a thickness ranging from 5 to 500 Angstroms. 

13. The medium of claim 12 Wherein said magnetic layer 
is deposited by a process selected from the group consisting 
of sputtering, ion-beam deposition and laser deposition. 

14. The medium of claim 6 Wherein said medium has a 
coercivity value ranging betWeen 2000 and 5000 Oe. 

15. A method for making a magnetic storage medium 
comprising: 

a) providing a substrate; 
b) depositing on said substrate an under-layer selected 

from the group consisting of chromium, ruthenium, 
chromium alloy and ruthenium alloy; 

c) depositing on said under-layer a nucleation layer com 
prising a C0 alloy comprising Crx, Pty, and B2 Wherein 
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152x240, 02y215 and 022210 atomic percent, and 
25 2 (X+y+Z) 2 50; 

d) and depositing on said nucleation layer a magnetic 
layer comprising a C0 alloy comprising CrZ, Pty, and B2 
Wherein 02X230, 02 y240 and 1022225 atomic 
percent, and 25 2 (X+y+Z) 2 60. 

16. The method of claim 15 Wherein providing said 
substrate comprises providing a substrate selected from the 
group consisting of aluminum With a plated nickel phos 
phorus coating, glass, silicon, ceramic and quartZ. 

17. The method of claim 15 Wherein said nucleation layer 
is deposited to a thickness ranging from 1 to 100 Angstroms. 

8 
18. The method of claim 15 Wherein said nucleation layer 

is deposited by a process selected from the group consisting 
of sputtering, ion-beam deposition and laser deposition. 

19. The method of claim 15 Wherein said magnetic layer 
is deposited to a thickness ranging from 5 to 500 Angstroms. 

20. The method of claim 15 Wherein said magnetic layer 
is deposited by a process selected from the group consisting 
of sputtering, ion-beam deposition and laser deposition. 

21. The method of claim 15 Wherein depositing said 
under-layer includes applying a negative electrical bias to 

10 said substrate. 


