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TITLE OF THE INVENTION 

t/7039'fo-~ 
f PoS 

Magnetic recording medium, method of fabricating 

magnetic recording medium, and magnetic storage 

BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic 

stor~ge used for an auxiliary storage of a computer, 

or the like, a magnetic recording medium used for the 

magnetic storage, and a method of fabricating the 

magnetic recording medium. 

With progress of information-oriented society, the 

amount of information daily used is steadily 

increasing. Demand for high density recording and 

large memory capacity for a magnetic storage is 

accordingly being stronger. An inductive head using 

15 · voltage change in association with magnetic flux 

change with time is used as a conventional magnetic 

head. ~Both of recording and reproduction are performed 

by one head. In recent years, a composite head having 

a head for recording and a head for reproduction, in 

20 which an MR (magnetic resistive) head with higher 

sensitivity is used as the reproduction head, is 

rapidly increasingly used. In the MR head, change in 

electric resistance of a head devi¢e in association 

with change in magnetic flux leaked from a magnetic 

25 recording medium is used. A head with higher 
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sensitivity using a very large magnetic resistive 

change (giant magnetic resistive effect or spin valve 

effect) which occurs in a plurality of magnetic layers 

laminated via non-magnetic layers is being developed. 

5 According to the head, change in electric resistance 

whicb is caused by change i~ relative directions of 

magnetization of the plurality of magnetic layers via 

the non-magnetic layers by the magnetic field leaked 

10 

from a medium is used. 

In magnetic recording media which are practically 

used at present, alloys containing Co as a main 

component, such as Co-Cr-Pt, Co-Cr-Ta, Co-Ni-Cr, and 

the like are used.for a magnetic layer. Each of the Co 

alloys has a hexagonal close-packed (hep) structure in 

15 which a c-axis direction is an easy axis of 

magnetization, so that a crystal orientation such that 

the c~axis of the Co alloy is the longitudinal 

direction, that is, (11.0) orientation is desirable as 

a longitudinal magnetic recording medium for reversing 

20 the magnetization in the magnetic layer and recording. 

The (11.0) orientation is, however, unstable, so that 

when the Co alloy is formed directly on a substrate, 

such an orientation is not generall.y obtained. 

A method in which the fact that a Cr (100) plane 

25 having a body-centered cubic (bee) structure has good 



- 3 -

lattice matching with a Co (11.0) plane is used, a 

(100) orientated cr·undercoating layer is first formed 

on a substrate, and a Co alloy magnetic film.is 

epitaxially grown, thereby obtaining the (11.0) 

5 orientation such that the c-axis of the Co alloy 

magn~tic film is orientated to the in-plane direction . 
. 

Also, a method in which a second element is added to 

Cr to improve the crystal lattice matching performance 

in the boundary face between the Co alloy magnetic 

10 film and the Cr undercoating layer and intervals of 

15 

lattices in the Cr undercoating layer are widened is 

used. The Co (11.0) orientation is further improved 

and coercive force can be increased. There are 

examples of adding V, Ti, and the like. 

Another factor necessary to realize high recording 

density is reduction in noises as well as increase in 

coercive force of the magnetic recording medium. Since 

the MR head has extremely high reproduction 

sensitivity, it is suitable for high density recording. 

20 However, the MR head is sensitive not only to 

reproduction signals from the magnetic recording 

medium but also to noises. Consequently, in the 

magnetic recording medium, it is requested to reduce 

.noises more than a conventional technique. It is known 

25 that in order to reduce the medium noise, it is 

I 
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effective to fine and uniform the grain size of the 

magnetic film or the like. 

As an importance request for the magnetic disk 

medium, improvement in shock resistance can be 

5 mentioned. Especially, a magnetic disk apparatus is 

mounted on a portable information device such as a 

notebook-sized personal computer or the like in recent 

years, so that improvement in the shock resistance is 

very important subject from the viewpoint of improving 

10 reliability. A glass substrate whose surface is 

strengthened or a crystallized glass substrate is used 

in place of a conventional Al alloy substrate to which 

Ni-P is plated on the surface, thereby enabling ·the· 

shock resistance of the magnetic disk medium.to be. 

15 improved. Since the surface of the glass substrate is 

smoother than that of the conventional Ni-P plated Al 

alloy·~ubstrate, it is advantageous to reduce floating 

spacing between a magnetic head and the magnetic 

recording medium and is suitable to obtain high 

20 recording density. In case of using the glass 

substrate, however, problems of poor adhesion with the 

substrate, invasion of impurity ion from the substrate 

or absorption gas on the surface o~ the substrate into 

·the Cr alloy undercoating layer, and the like occur. 

25 As a countermeasure, any of various metal films, alloy 
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films, oxide films is formed between the glass 

substrate and the Cr alloy undercoating layer. 

Japanese Patent Application Laid-Open Nos. 62-

293511, 2-29923, 5-135343, and the like are techniques 

5 related to the above. 

~t is known that, as mentioned above, reducing and 

uniforming the grain size of the magnetic film is 

effective to reduce the medium noise. However, when a 

magnetic disk apparatus was produced experimentally by 

10 combining a magnetic recording medium with a recording 

density of about 900 megabits per square inch and a 

high-sensitive MR head according to the conventional 

technique, sufficient electromagnetic.conversion 

characteristic by which 1 gigabit or higher recording 

15 density per square inch can be obtained could not be 

obtained. Especially, when the glass substrate was 

used as a substrate of the magnetic recording medium, 

poor electromagnetic conversion characteristic in a 

high recording density area was resulted. The cause 

20 was examined and it was found that the Cr alloy 

undercoating layer formed directly or via various 

metal or alloys as used in the conventional techniques 

on the glass substrate was not orientated as strong 

'. (100) as that in the case where it was formed on the 

25 Ni-P plated Al alloy substrate. A crystal plane except 
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for (11.0) of the Co alloy magnetic film is grown in 

parallel to the substrate and the in-plane orientation 

of the c-axis as an easy axis of magnetization was 

small. Thus, the coercive force was reduced and a 

5 reproduction output with the high density recording 

dete~iorated. In the case of using the glass substra~e, 

the grain in the magnetic film was larger than that-of 

the Al alloy substrate and the distribution of grains 

was larger by 20 to 30%. The medium noise was 

10 therefore increased and the electromagnetic conversion 

characteristic deteriorated. Even if an amorphous film 

or a fine crystal film disclosed in Japanese Patent 

Application Laid-Open No. 4-153910 was formed between 

the glass substrate and the undercoating layer, the 

15 size of the grain in the magnetic film was sometimes 

reduced to a certain degree but was not sufficiently 

reduc~d. It was not effective with respect to the 

reduction in the grain distribution, and preferable 

electromagnetic conversion characteristic could not be 

2 O obtained. 

SUMMARY OF THE INVENTION 

It is a first obje.ct of the invention to provide a 

magnetic recording medium having lqw noise level in 

which orientation of a magnetic film is improved and 

25 the grains in the magnetic film are fined and 
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uniformed. 

It ·is a second object of the invention to provide 

a method of fabricating the magnetic recording medium. 

It is a third object of _tthe invention to provide a 

5 magnetic storage with high recording density. 

~n order to achieve the first object, according to 

a magnetic recording medium of the invention, a first 

undercoating layer is deposited directly or via a 

third undercoating layer on a substrate, a second 

10 undercoating layer is directly deposited on the first 

15 

undercoating laye~, and a magnetic film is deposited 

on the second undercoating layer. Clusters having a 

large amount.of oxygen are spread on the boundary.face 

of the first and second undercoating layers. 

In order to achieve the second object, according 

to a method of fabricating a magnetic recording medium 

of th~ invention, a first undercoating layer is formed 

on a substrate directly or via a third undercoating 

layer and is exposed to an atmosphere including oxygen 

20 for a time period that P02 ·t (where, P02·t is oxygen 

partial pressure of the atmosphere and t is time of 

exposure of the substr_ate to the atmosphere) is in a 

range from 1x10-6 (Torr· sec) to 1x10-2 (Torr· sec), a 

second undercoating layer is directly formed on the 

25 first undercoating layer exposed to the atmosphere, 
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and a magnetic film is formed on the second 

undercoating layer. 

In order to achieve the third object, a magnetic 

storage of the invention comprises: the above-

s mentioned magnetic recording medium; a magnetic head 

cons~ructed by a recording part and a reproducing par~ 

provided in correspondence to the faces of the 

magnetic recording medium; a drive unit for changing 

relative positions of the magnetic recording medium 

10 and the magnetic head; a magnetic head driving unit 

for positioning the magnetic head to a desired 

position; and a recording and reproduction signal 

processing system for inputting signals to the 

magnetic head and reproducing output signals form the 

15 magnetic head. 

It is preferable that the first undercoating layer 

is ma~e of an alloy consisting of two or more kinds of 

elements. In the case where elements which oxidize 

differently are included in the alloy and the first 

20 undercoating layer is exposed to an atmosphere at a 

certain oxygen partial pressure for a certain time, it 

is estimated as follows. A uniform oxide film whose 

surface is continuous in the plane is not formed but 

clusters having a large amount of oxygen are locally 

25 formed in an area rich in the element which is easily 
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oxidized and become the nucleation of ·the second 

undercoating layer. The grains of the second 

undercoating layer grown on the clusters are.fined and 

uniformed and further, the average gain size of the 

5 magnetic film is reduced and the grain diameter is 

uniformed. 

The magnetic recording medium of the invention has 

effects on reduction in medium noise, increase in 

coercive force, and the like. According to the method 

10 of fabricating the magnetic recording medium of the 

15 

invention, the above magnetic recording medium can be 

easily fabricated. The magnetic storage of the 

invention using the magnetic recording medium.has high 

recording density. 

Providing of oxidizing step in a process sequence 

of fabricating·a magnetic disc is known by U.S. Patent 

No. 4,,552,820. 

The purpose of oxidation in the invention is to 

reduce a modulation of reproduction output. The 

20 modulation is a kind of fluctuation in reproduction 

output due to anisotropy of crystal structure 

occurring in a sputtering apparatus of an in-line type 

(method of depositing films while conveying, that is, 

. moving a substrate in one direction) . Since a 

25 sputtering apparatus of a stationary facing type 
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(method of depositing films while a substrate and a 

target stationarily face each other) is mainly used at 

present, the problem is ignored. Even in the 

sputtering apparatus of the in-line type, since a film 

5 thickness of an undercoating layer and that of a 

magn~tic layer are reduced as the recording density 

becomes higher, the problem of the modulation is small. 

The present invention intends to reduce noise by 

uniforming the orientation of the crystal and is 

10 different from the above U.S. patent. According to the 

above U.S. patent, by oxidizing an Ni-V layer before 

depositing a Cr layer as an undercoating layer, the 

grain size of the Cr film is increased, thereby 

reducing the modulation. On the contrary, according to 

15 the present invention, clusters are generated by 

oxidization in a step prior to formation of the Cr 

alloy·,undercoating layer, and the grain size of the Cr 

alloy undercoating layer is reduced, thereby realizing 

reduction in noise. 

20 

25 

The above and other objects and features of the 

present invention will become more apparent from the 

following detailed description of embodiments with 

reference to the accompanying drawings. 

·. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross section of a magnetic 
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recording medium according to an embodiment of the 

invention; 

Fig. 2 is a schematic diagram showing an·example· 

of a layer forming device of a magnetic recording 

5 medium of the invention; 

fig. 3 is a diagram showing the relation of the 

product of activation volume and magnetic moment with 

respect to conditions at the time of forming a multi­

undercoating layer of the magnetic recording medium of 

10 the invention; 

Fig. 4 ·is a schematic diagram of a TEM photograph 

of clusters formed on a first undercoating layer of 

the magnetic recording medium of the invention; 

·Fig. 5 is a diagram showing X-ray diffraction 

15 patterns of a magnetic recording medium according to 

an embodiment of the invention and a magnetic 

recorqing medium according to a comparison example; 

Fig. 6 is a plan schematic diagram and a schematic 

cross section according to an embodiment of a magnetic 

20 storage of the invention; and 

25 

Fig. 7 is a schematic cross section of a magnetic 

recording medium according to another embodiment of 

the invention . 

. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is ·a schematical cross section of a 
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representative embodiment of a magnetic recording 

medium according to the invention. 

On both of the faces of a substrate 40 made of a 

strengthened glass, first undercoating layers 41, 41', 

5 second undercoating layers 42, 42', magnetic films 43, 

43',~protective films 44, 44', and lubricant films 45, 

45' are sequentially laminated in this order, 

respectively. 

Fig~ 2 is a schematic diagram showing an example 

10 of a sputtering apparatus of a single disc process 

type for fabricating the magnetic recording medium of 

Fig. 1. In the actual sputtering apparatus, a main 

chamber.-29 is positioned in the center and a 

preparation chamber 21, a first undercoating layer_ 

15 forming chamber 22, a heating chamber 23, an oxidation 

chamber 24, a second undercoating layer forming 

chambe,r 25, a magnetic layer forming chamber 26, 

protective film _forming chambers 27a, 27b, 27c, 27d, 

and a take-out chamber 28 are arranged in a circular 

20 shape around the main chamber 29. An operation for 

feeding the substrate after processing in a certain 

chamber to the next chamber is simultaneously 

performed with respect to the respective chambers. 

·.That is, a plurality of substrates can be 

25 simultaneously processed in the sputtering apparatus 
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and the substrates·can be sent sequentially to the 

chambers. Since it is preferable to form the 

protective film at low speed, the four protective film 

forming chambers 27a, 27b, 27c, and 27d are provided 

5 and 1/4 of a desired thickness is formed in each 

chamber. 

In the sputtering apparatus, the substrate 20 made 

of strengthened glass is first introduced to the 

preparation chamber 21 and the preparation chamber 21 

10 is vacuumized, sequentially transferred to the 

chambers via the main chamber 29, and processed as 

follows. For example, an alloy of 60at%Co-30at%Cr-
.. 

10at%Zr-is formed as a first undercoating layer at a 

room temperature and is heated to 270°C, and after that, 

15 it is exposed to a mixed gas o.f argon and oxygen in 

the oxidation chamber 24. At this time, the mixing 

ratio',of the mixed gas and the time to expose to the 

atmosphere of the mixed gas are variably changed. The 

second undercoating layer made of, for example, an 

20 alloy of 7Sat%Cr-15at%Ti and the magnetic layer made 

of, for example, an alloy of 75at%Co-19at%Cr-6at%Pt 

are sequentially laminated. During this period, the 

temperature is kept at or slightly lower than 270°C. 

Further, carbon having thickness of 10 to 30 nm is 

25 formed as the protective layer. 
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When the mixing ratio of the mixed gas and the 

exposure time to the mixed gas were changed, it is 

found that, as shown in Fig. 3, the product (v·Isb) of 

the act·i vat ion volume v and the magnetic moment Isb 

5 showing a linear correlation with medium noise was 

_extr~mely small with respect to the product (P02·t) of 

oxygen partial pressure P02 of the atmosphere and 

exposure time t to the atmosphere. v·Isb is described 

in "Journal of Magnetism and Magnetic Materials", Vol. 

10 145, pp. 255 to 260 (1995). v·Isb is a quantity 

corresponding to the minimum unit of the magnetization 
.- -

inversion and the smaller v·Isb is, the smaller the 

medium noise is. Since v·Isb is physical quantity, the 

medium noise can be objectively compared irrespective 

15 of the recording and reproducing conditions. P02 · t 

when v·Isb is the minimum varies according to the 

compo~ite of an alloy of the first or second 

undercoating layer and the composition ~atio. 

According to various experiments, when P02·t ranges 

20 from 1x10-6 {Torr·sec) to 1x10-2 (Torr·sec}, there was 

an effect on reduction of the medium noise. Especially, 

in the case where Co is included in the first 

undercoating layer, it was effective when P02·t ranges 

from 1x10-6 (Torr· sec) to 1x10-3 (Torr·sec). That is, 

25 it was confirmed by using a TEM (transmission electron 
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microscope) that the grain size of the second 

undercoating layer was reduced in the region of P02 ·t 

where v·Isb is reduced. 

Further, a lubricating film made of absorb .-

5 perfluoroalkylpolyether or the like is deposited to a 

thic:Jsness on the order of 1 to 10 nm on the protectiv~ 

layer, thereby obtaining a reliable magnetic recording 

medium which can perform high density recording. 

Similar effects can be derived when the heat 

10 treatment is performed before the formation of the 

first undercoating layers 41, 41'. It is also possible 

that the process is performed at a room temperature 

until the oxidation, then the temperature is increased 

to 270°C, and the second undercoating layer is formed. 

15 The heat treatment is a general method of improving 

the crystallinity of the undercoating layer, enhancing 

the co,ercive force of the magnetic film, and reducing 

the noise. Usually, the heat treatment is performed 

about at 200 to 300°C. 

20 When a carbon film in which hydrogen is added, a 

film made of a compound of silicon carbide, tungsten 

carbide, or the like, or a composite film of the 

compound and carbon is used as each of the protective 

layers 44, 44', it is preferable since sliding 

25 resistance and corrosion resistance can be improved. 
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After the protective layers are formed, when minute 

roughness is formed on the surf ace by performing 

plasma etching using a fine mask or the like,· 

projections of different phases are formed on the 

5 surfaces of the protective layers by using a target of 

comp9und or mixture, or roughness is formed on the 

surface by heat treatment, contact area of the head­

and the medium can be reduced. It is preferable since 

a problem that the head is stuck to the medium surface 

10 at the time of a CSS (head contact start and stop) 

operation can be avoided. 

In the case of using the Ni-P ~lated Al alloy 

substrate as the substrate 40 as well, in a manner 

similar.to the case of using the glass substrate, t~e 

15 effect that the grains in the magnetic layer are fined 

was confirmed. 

F~rther, in case of using the Al alloy substrate 

as the substrate 40, as shown in Fig. 7, it is 

preferable that substrate face undercoating layers 40-

20 1, 40-1' made of Ni-P or the like are formed·between 

the substrate 40 and the first undercoating layers 41, 

41', respectively. Si~ilarly, in case of using the 

glass substrate as the substrate 40 as well, it is 

· preferable that the substrate face undercoating layers 

25 made of any of various metal layers, the alloy film, 
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and the oxide film which are usually used are formed 

between the substrate 40 and the first undercoating 

layers 41, 41', respectively. 

Fig. 4 is a schematic diagram illustrating 

5 clusters formed on each of the first undercoating 

laye~s 41, 41'. The diagram shows the structure of a 

sample of clusters formed on the substrate obtained-by 

forming a single layer of 68at%Co-24at%Cr-8at%W alloy 

as the first undercoating layer on the glass substrate 

10 when it is seen by using the transmission electron 

microscope (TEM) . The clusters are minute grains as 

shown in Fig. 4 and are uniformly dispersed at 

intervals of few nm. Standard free energy for oxide 

formation is used as an index of the oxidizable degree 

15 of an element. It is preferable that an alloy forming 

the first undercoating layer includes two or more 

kindS',Of elements in which the difference of the oxide 

formation standard free energies AG0 at the temperature 

of 250°C is more than 150 (kJ/mol 0 2 ) (in case of an 

20 element in which two or more kinds of oxides exist, 

(for example, Fe has oxides Fe203, Fe304, and the like), 

the lowest AG0 is chosen) . It is more preferable to 

include two or more kinds of elements in which the 

difference is 180 (kJ/mol 0 2 ) or more. It is most 

25 preferable to include two or more kinds of elements in 
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which the difference is 200 (kJ/mol Oa} or more. 

Although there is no upper limit of the difference, 

there are generally about 1000 combinations.· 

When an element whose oxide formation standard 

5 free energy dG0 is -750 {kJ/mol 0 2 ) or lower is 

inclµded in the alloy, the effect can be derived with 

a supply of a small amount of oxygen. Table 1 shows 

various elements, corresponding oxides, and formation 

standard free energies dG0 at the temperature of 250°C. 

10 dG0 is a value read from the diagram of the relation 

between dG0 and the temperature shown by Coughlin. 

This is shown in "Refining of nonferrous metals" (new 

system metal new edition refining metal.version), The 

Japan Institute of Metals Publisher, 1964, pp.291 to 

15 292. 



5 

10 

- 19 -

[Table 11 

Element oxide standard free 
Element Oxide energy for oxide formation 

&Go (kJ/mol02} 

Co coo -398 

Mo Mo03 -410 

w W03 -473 

~Cr Cr203 -666 

Ta Ta205 -724 

v V203 -737 

Si Si02 -783 

Ti TiO -933 

Zr Zr02 -992 

Al A1203 -1005 

As an alloy used for the first undercoating layer, 

an alloy including Cr and at least one kind of element 

selected from a group of Mo, Ti, Zr and Al is 

15 preferable from the viewpoint of adhering performance 

to the substrate. Further, when an alloy containing Co 

and a~ least one kind of element selected from a group 

of Cr, Si, V, Ta, Ti, Zr, Al, and W is used as an 

alloy for the first undercoating layer, the alloy 

20 easily becomes amorphous or fine crystal and the 

texture becomes dense. It is consequently effective 

' when the glass substrate is used since the alloy 

serves as a diffusing barrier against impurities such 

as alkali element or the like entering from the glass 

25 into the layer. Further, it is also effective to use 
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an alloy containing Ni and at least one kind of 

element selected from a group of Cr, Si, V, Ta, Ti, Zr, 

Al, and W for the first undercoating layer, since the 

alloy easily becomes amorphous or fine crystal. 

5 "Amorphous" denotes that a clear peak by the X-ray 

diffraction is not observed or that a clear 

diffraction spot and a diffraction ring by the 

electron beam diffraction are not observed and a halo­

shaped diffraction ring is observed. The fine crystal 

10 is constructed by crystal grains each having the size 

smaller than that of the grain size of the magnetic 

layer and, preferably, having the average diameter of 

8 nm or smaller. Since the percentage content of an 

element having the smallest standard free energy aG0 

15 for oxide formation among the alloys used for the 

first undercoating layer is related to the number of 

nucle~tion, the percentage content of about Sat% to 

50at% is preferable since it is effective on reduction 

of the grain size of the second undercoating layer. It 

20. is more preferable that it ranges from Sat% to 30at%. 

Third undercoating layers can be also arranged 

between the first undercoating layers 41, 41' and the 

substrate 40. For example, the glass substrate is used 

·as the substrate 40, various metal layers, alloy 

25 layers, oxide layers, or the like shown in the 
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conventional technique can be used as the third 

undercoating layers. 

For the second undercoating layers 42, 42', it is 

preferable to use an alloy having the bee structure 

5 such as the Cr alloy having good lattice matching with 

the ~o alloy magnetic layer. For example, Cr, and Cr 

alloys, that is, CrTi, CrV, CrMo, and the like can be 

used. 

It is preferable that the thickness of the first 

10 undercoating layer ranges from 20 to 50 nm and that 

the thickness of the second undercoating layer ranges 

from 10 to 50 nm. 

Preferably, as the magnetic layers 43, 43', 

magnetic layers in which magnetic anisotropy is 

15 oriented toward the in-plane is used. For such a 

magnetic layer, alloys containing Co as a main 

compo~ent, for example, Co-Cr-Pt, Co-Cr-Pt-Ta, Co-Cr­

Pt-Ti, Co-Cr-Ta, Co-Ni-Cr, and the like can be used. 

However, in order to obtain higher coercive force, it 

20 is preferable to use the Co alloy including Pt. 

Further, the magnetic layer can be also constructed by 

a plurality of layers in which non-magnetic 

interlayers are included. 

As magnetic characteristics of the magnetic layer, 

25 it is preferable that the coercive force measured by 
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applying the magnetic field toward the inside of the 

film plane is set to 1.8 kilo oersted or more and the 

product Br·t of a residual magnetic flux density Br 

measured by applying the magnetic field to the inside 

5 of the film plane and the film thickness t ranging 

from_20 to 140 gauss micron, preferable recording and 

reproducing characteristics can be obtained in an area 

of a recording density of 1 giga bit per one square 

inch. If the coercive force is less than 1.8 kilo 

10 oersted, it is not preferable since an output at the 

time of high recording density (200 kFCI or higher) is 

reduced. FCI (flux reversal per inch) denotes a unit 

of recording density. When Br·t is larger than 140 

gauss micron, the reproduction output at the time of 

15 the high recording density is reduced and when it is 

less than 20 gauss micron, it is not preferable that 

the reproduction output at the time of the low 

recording density is small. 

When the magnetic film is constructed by a 

20 plurality of layers having non-magnetic interlayers, 

the film thickness t of the magnetic film in the 

calculation of Br·t shows the total of the thickness 

of the magnetic layers. 

<Embodiment 1> 

25 In the first embodiment, chemically strengthened 



- 23 -

soda-lime glass of 2.5 inches is used for the 

substrate 40. The first undercoating layers 41, 41' 

made of an alloy of 60at%Co-30at%Cr-10at%Zr each 

having the thickness of 25 run, the second undercoating 

5 layers 42, made of a 85at%Cr-15at%Ti alloy each having 

the thickness of 20 nm, the magnetic films 43, 43' 

made of a 75at%Co-19at%Cr-6at%Pt alloy each having the 

thickness of 20 nm, and further the carbon protective 

layers 44, 44' each having the thickness of 10 nm are 

10 sequentially formed on the faces of the substrate 40, 

respectively." Single disc processing type sputtering 

apparatus mdp250A manufactured by Intevac, Inc. is 

used as a layer forming apparatus and the layers are 

formed in 10 seconds per tact. Tact denotes a period 

15 of time during which the substrate is sent from a 

previous chamber to a certain chamber, processed in 

the c~amber, and sent to a next chamber in the 

sputtering apparatus. The chamber construction of the 

sputtering 

20 apparatus is as shown in Fig. 2. Argon (Ar) gas 

25 

pressure at the time of depositing the films is fixed 

to 6 mTorr. The oxygen partial pressure in the main 

chamber 29 during the layer forming operation is about 

1x10-s (Torr) . 

The first undercoating layers 41, 41' are 
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deposited in the first undercoating layer forming 

chamber 22 in a state where the substrate 4 is not 

heated, heated to 270°C by a lamp heater in the heating 

chamber 23, and exposed to an atmosphere in which a 

5 pressure of 99%Ar-1%02 mixed gas is 5 mTorr (gas flow 

rate of 10 seem} for three seconds in the oxidation 

chamber 24, and the layers are sequentially deposited 
-

on the processed first undercoating layers 41, 41' in 

the second undercoating layer forming chamber 25, the 

10 magnetic layer forming chamber 26, and the protective 

film forming chambers 27a, 27b, 27c, and 27d. P02·t in 

this case corresponds to SmTorr x 0.01 x 3 seconds = 
1.5x10-4 (Torr·sec}. After forming the carbon 

protective films, a material obtained by diluting a 

15 perfluoroalk.ylpolether material with a fluorocarbon 

material is applied as the lubricant films 45, 45'. 

<~omparison example l> 

Comparison example 1 relates to a magnetic 

recording medium fabricated under the same conditions 

20 as the embodiment 1 except that the mixed gas is not 

introduced into the oxidation chamber 24. 

The coercive fore~ of the magnetic recording 

medium of the embodiment 1 was 2,170 oersted which is 

· higher than that of the magnetic recording medium of 

25 the comparison example 1 by about 300 oersted. The 
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product Br·t of the residual magnetic flux density Br 

and the magnetic film thickness t of the embodiment 1 

was 89 gauss micron. v•Isb of the magnetic recording 

medium of the embodiment 1 was l.Osx10-15 (emu) which 

5 is reduced to 47% of 2.24Xl0-15 {emu) of the magnetic 

reco~ding medium of the comparison example l, so that 

the medium noise was reduced to almost the half of 

that of the comparison example 1. The reproduction 

outputs in the evaluated recording density region of 

10 the embodiment 1 and the comparison example 1 were 

almost the same. The S/N ratio of the medium was 

improved by an amount corresponding to the reduction 

of the medium noise. 

When the magnetic recording media of the 

15 embodiment 1 and the comparison example 1 were 

actually inserted into a magnetic disk apparatus and 

recor~ing and reproduction characteristics by an MR 

head were evaluated.under that conditions of the track 

recording density of 161 kBPI (bit per inch) and the 

20 track density of 9.3 kTPI (track per inch). The 

magnetic recording medium of the embodiment 1 has an 

SIN ratio higher than that of the comparison example 

by 1.8 times and sufficiently satisfied the apparatus 

specification of 1.6 gigabits per square inch of the 

25 plane recording density. On the other hand, the medium 
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of the comparison ex~ple 1 had an insufficient S/N 

ratio and could not satisfy the apparatus 

specification. 

The first undercoating layer made of Co-Cr-Zr 

5 alloy is deposited so as to have thickness of 25 run on 

the glass substrate and is processed in the oxidation 

chamber under the same conditions as those in the 

embodiment 1. When the structure of the Co-Cr-Zr alloy 

film was examined by using the TEM ( transmi.ssion 

10 electron microscope), shading reflecting_ minute 

clusters corresponding to local oxidation on the 

surface of the first u11dercoating layer was observed 

in a TEM image. The diameter of each cluster is a few 

run and the clusters are almost uniformly formed at . 

15 pitches of a few run. The TEM image is schematically 

shown in Fig. 4. 

WJ;ien the X-ray diffractions of the magnetic 

recording media of the embodiment 1 and the comparison 

example 1 were measured, the diffraction patterns 

20 shown in Fig. S were obtained. When a single first 

undercoating layer of Co-Cr-Zr alloy is formed so as 

to have·the thickness of SO nm on the glass substrate 

under the same conditions and the X-ray diffraction · 

was measured, a clear diffraction peak was not seen. 

25 In the diffraction pattern of the magnetic recording 
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medium of the comparison example 1, the CrTi (110} 

peak of the body-centered cubic (bee) structure of the 

second undercoating layer overlaps with. the CoCrPt 

(00.2) peak of the hexagonal close-packed (hep) 

5 structure of the magnetic film and both of them cannot 

be i~entified. However, in any case, the second 

undercoating layer is not so strongly (100) oriented 

as the first magnetic recording medium of the 

embodiment 1 and has mixed phases of a plurality of 

10 crystal grains having different orientations. 

Consequently, in the Co-Cr-Pt alloy crystal in the 

magnetic film, crystals are variably oriented and a 

plurality of diffraction peaks are seen in the Co-Cr­

Pt magnetic film. · 

15 On the other hand, in the magnetic recording 

medium of the embodiment 1, since no diffraction peak 

is shqwn in the Co-Cr-Zr alloy single layer of the 

first undercoating layer as mentioned above, the 

diffraction peaks in the diagram are the CrTi (200) 

20 peak of the bee structure of the second undercoating 

layer and the CoCrPt (11.0) peak of the hep structure 

of the Co-Cr-Pt magnetic film. It is understood from 

the above that the Cr-Ti alloy of the second 

undercoating layer formed on the amorphous structured 

25 Co-Cr-Zr alloy layer has (100) orientation and the Co-
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Cr-Pt magnetic film on the second undercoating layer 

has (11.0) orientation by the epixial growth. The 

components of the in-plane direction of the c-axis as 

an easy·axis of·magnetization of the Co-Cr-Pt alloy 

5 are enlarged and the preferable magnetic 

char~cteristics can be obtained. 
-

When the magnetic film was observed by using the 

TEM, the average grain size of the Co-Cr-Pt alloy of 

the embodiment 1 was 10.8 nm which is finer than 16.2 

10 nm of that of the comparison example 1. When the 

magnetization of the Co-Cr-Zr alloy single layer was 

15 

measured, a clear hysteresis curve was not obtained. 

Consequently, it can be considered that the alloy 

layer is non-magnetic. 

<Embodiment 2> 

A magnetic recording medium with a film 

const~uction similar to that of the embodiment 1 was 

fabricated. A chemically strengthened aluminosilicate 

glass of the 2.5 inch type was used as the substrate. 

20 40. The first undercoating layers made of 62at%Co-

30at%Cr-8at%Ta alloy each having the thickness of 40 

nm were formed on the faces of the substrate. The 

second undercoating layers made of 80at%Cr-20at%Ti 

alloy each having the thickness of 25 nm, the magnetic 

25 films made of 72at%Co-18at%Cr-2at%Ta-8at%Pt alloy each 
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having the thickness of 23 run, and the carbon 

protective layers each having the thickness of 10 run 

were sequentially formed .. The same single disc process 

type sputtering apparatus as that of the embodiment 1 

5 was used as a layer forming apparatus and layers were 

font\~d in 9 seconds per tact. The argon (Ar) gas 
--pres sure at the time of layer formation was fixed to 

6mTorr. The oxygen partial pressure in the main 

chamber during the layer forming operation was about 

10 Sx10-9 (To;rr) . 

The first undercoating layers were deposited in 

the first undercoating layer forming chamber in a 

state where the substrate was not heated, heated to 

250°C by a lamp heater in the heating chamber, and. 

15 exposed to an atmosphere in which 98mol%Ar-2mol%02 

mixed gas was used and the gas pressure was 4 mTorr 

(gas !low rate of 8 seem) for three seconds in the 

oxidation chamber, and the layers were sequentially 

deposited. P02 ·t in this instance corresponds to 

20 4mTorr x 0. 02 x. 3 seconds = 2. 4x10-4 (Torr· sec) . After 

forming the carbon protective films, the lubricant 

films similar to those of the embodiment 1 were 

applied. 

<Comparison example 2> 

25 Comparison example 2 relates to a magnetic 
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recording medium fabricated under the same conditions 

as the embodiment 2 except that the mixed gas was not 

introduced in the oxidation chamber. 

The coercive force of the magnetic recording 

5 medium of the embodiment 2 was 2,640 oersted which is 

high~r than that of the magnetic recording medium of 

the comparison example 2 by about 200 oersted. The 

product Br·t of the residual magnetic flux density Br 

and the magnetic film thickness t was 85 gauss micron. 

10 v·Isb of the magnetic recording medium of the 

embodiment 2 was 0.98x10-15 (emu) which was reduced to 

54% of l.Slxlo-15 (emu) of the magnetic recording 

medium of the comparison example 2, so that the medium 

noise was reduced to almost the half of that of the 

15 comparison example 2. The reproduction outputs in the 

evaluated recording densi_ty region of the embodiment 2 

and tQe comparison example 2 were almost the same. The 

SIN ratio of the magnetic recording medium was 

· improved by an amount corresponding to the reduction 

20 in the medium noise. When the magnetic recording media 

of the embodiment 2 and th~ comparison example 2 were 

actually inserted into a magnetic disk apparatus and 

recording and reproduction characteristics by an MR · 

head were evaluated under that conditions of the track 

25 recording density of 210 kBPI and the track density of 
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9.6 kTPI. The magnetic recording medium of the 

embodiment 2 has an SIN ratio higher than that of the 

comparison example 2 by 1.3 times and sufficiently 

satisfied the apparatus specification of 2.0 gigabits 

5 per square inch of the plane recording density. On the 

othe~ hand, the magnetic recording medium of the 

comparison example 2 had an insufficient S/N ratio and 

could not satisfy the apparatus specification. 

10 

<Embodiment 3> 

A magnetic recording medium with a film 

construction similar to that of the embodiment 1 was 

fabricated. A chemically strengthened aluminosilicate 

glass of 2.5 inch type was used as the substrate 40. 

The first undercoating layers made of 85at%Cr-15at%Zr 

15 alloy having the thickness of 30 nm were formed on the 

faces of the substrate. The second undercoating layers 

made qf 80at%Cr-15at%Ti-Sat%B alloy each having the 

thickness of 25 nm, the alloy magnetic film made of 

72at%Co-19at%Cr-lat%Ti-8at%Pt each having the 

20 thickness of 22 nm, and tpe carbon protective layers 

each having the thickness of 10 nm were sequentially 

formed. The same single disc process type sputtering 

apparatus as that of the embodiment 1 was used as a 

· layer forming apparatus and layers were formed in 8 

25 seconds per tact. The argon (Ar) gauss pressure at the 
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time of layer formation was fixed to SmTorr. The 

oxygen partial pressure in the main chamber during the 

layer forming operation was about 3x10-9 (Torr) . 

The first undercoating layers were deposited in 

5 the first undercoating layer forming chamber in a 

stat~ where the substrate was not heated, heated to 

240°C by a lamp heater in the heating chamber, and 

exposed to an atmosphere in which 79mol%Ar-21mo1%02 

mixed gas was used and the pressure of the mixed gas 

10 was 3 mTorr (gas flow rate of 6 seem) for two seconds 

in the oxidation chamber, and the layers are 

sequentially deposited.: P02·t in this instance 

corresponds to 3mTorr x 0.21 x 2 seconds = 1.3x10-4 

(Torr·sec) . After forming the carbon protective films, 

15 the lubricant films similar to those of the embodiment 

1 were applied. 

<~omparison example 3> 

Comparison example 3 relates to a magnetic 

recording medium fabricated under the same conditions 

20 as the embodiment 3 except that the mixed gas was not 

introduced into the oxidation chamber. 

The coercive force of the magnetic recording 

medium of the embodiment 3 was 2,680 oersted which is 

~ higher than that of the magnetic recording medium of 

25 the comparison example 3 by about 200 oersted. The 
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product Br·t of the residual magnetic flux density Br 

and the magnetic film thickness t was 69 gauss micron. 

v·Isb of the magnetic recording medium of the 

embodiment 3 was 0.89X10-15 (emu) which is reduced to 

5 60% of 1.44X10-15 (emu) of the magnetic recording 

medi:um of the comparison example 3, so that the medium 

noise was reduced by almost 40% of that of the 

comparison example 3. The reproduction outputs of the 

evaluated recording density region of the embodiment 3 

10 and the comparison example 3 were almost the same. The 

SIN ratio qf the medium was improved by an amount 

corresponding to the reduction in the medium noise. 

When the magnetic recording media of the embodiment 3 

and the comparison example 3 were actually inserted 

15 into a magnetic disk apparatus and recording and 

reproduction characteristics by an MR head were 

evaluated under that conditions of the track recording 

density of 225 kBPI and the track density of 9.8 kTPI, 

the magnetic recording medium of the embodiment 3 had 

20 an S/N ratio higher than that of the comparison 

example 3 by 1.4 times and sufficiently satisfied the 

apparatus specification of 2.2 gigabits per square 

inch of the plane track density. On the other hand,· 

the medium of the comparison example 3 had an 

25 insufficient S/N ratio and could not satisfy the 
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apparatus specification. 

<Embodiment 4> 

A magnetic recording medium with a film 

construction similar to that of the embodiment 1 was 

5 fabricated. Coating layers of 88wt%Ni-12wt%P were 

depo~ited to the thickness of 13 µm on both faces of 
-the substrate made of 96wt%Al-4wt%Mg having the outer 

diameter of 95 mm, the inner diameter of 25 mm, and 

the thickness of 0.8 mm. The surface of the substrate 

10 was polished by a lapping machine so that the surface 

center line average roughness Ra was 2 nm, and is 

washed and dried. After that, by pressing an abrasive 

tape against the both of disk faces through a.contact 

roll under the existence of abrasive grains while 

15 rotating the substrate by using a tape polishing 

machine (for example, the one described in Japanese 

Patent Application Laid-Open No. 62-262227), a texture 

almost in the circumferential direction was formed on 

the surface of the substrate. Further, dirt adhered 

20 onto the substrate such as polishing agent or the like 

was washed away and dried. 

On both of the faces of the substrate processed as 

mentioned above, the first undercoating layers made of 

60at%Co-30at%Cr-10at%Ta alloy each having the 

25 thickness of 20 nm, the second undercoating layers 
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made of 85at%Cr-20at%Ti alloy each having the 

thickness of 20 run, the magnetic film made of 72at%Co-

20at%Cr-8at%Pt alloy each having the thickness of 20 

run, a~d the carbon protective layers each having the 

5 thickness of 10 nm are sequentially formed, 

resp~ctively. The same layer forming apparatus used in 

the embodiment 1 was used and the layers were formed 

in 9 seconds per tact. The argon (Ar) gas pressure at 

the time of layer formation was fixed to SmTorr. The 

10 oxyg·en partial pressure in the main chamber during the 

layer forming operation was about 1x10-9 (Torr}. 

The first undercoating layers were deposited in 

the first undercoating layer forming chamber in a 

state where the substrate was not heated, then heated 

15 to 270°C by a lamp heater in the heating chamber, and 

exposed to an atmosphere in which the pressure of 

mixed ·,gas of 98%Ar-2%02 was 4 mTorr (gas flow rate of 8 

seem) for three seconds in the oxidation chamber, and 

the layers were sequentially deposited. This 

20 corresponds to 4mTorr x 0.02 x 3 seconds = 2.4x10-4 

(Torr· sec) with respect to P02 • t . After forming the 

carbon protective films, a lubricant obtained by 

diluting a perfluoroalkylpolyether material with a 

fluorocarbon material was applied as lubricant films. 

25 In a layer forming apparatus in which the vacuum 
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degree achieved is low and the oxygen partial pressure 

is large as compared with the layer forming apparatus 

used in the embodiments of the invention, or·a layer 

forming apparatus in which time required from the 

5 formation of the first undercoating layers until the 

f o~tion of the second undercoating layers is long 

like an apparatus which can form layers simultaneously 

on a plurality of substrates, it is not necessary to 

provide the oxidation chamber as in the embodiments, 

10 but the fine nucleation by the oxidation can be 

derived and effects similar to those of the foregoing 

embodiments can be obtained. 

<Embodiment 5> 

A magnetic recording medium with a film 

15 construction similar to that of the embodiment 1 was 

fabricated. A chemically strengthened aluminosilicate 

glass~of the 2.5 inch type was used as the substrate. 

On the faces of the substrate, the first undercoating 

layers made of 60at%Co-30at%Cr-10at%Zr alloy each 

20 having the thickness of 25 nm, the second undercoating 

layers made of 85at%Cr-15at%Ti alloy each having the 

thickness of 20 nm, magnetic films made of 75at%Co-

19at%Cr-6at%Pt alloy each having the thickness of 20· 

nm, and the carbon protective layers each having the 

25 thickness of 10 nm were sequentially formed. An 
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apparatus for forming layers simultaneously on a 

plurality of substrates held by a pallet was used as a 

layer forming apparatus and layers were formed in 60 

seconds per tact. The argon (Ar) gas pressure at the 

5 time of layer formation was fixed to 6mTorr. The 

oxyg~n partial pressure in the respective chambers 

during the layer forming operation was about 1x10-s -· 

(Torr) . 

The first undercoating layers were deposited in 

10 the first undercoating layer forming chamber in a 

state where the substrate was not heated, then heated 

to 270°C by a lamp heater in the heating chamber, and 

the layers were sequentially formed. This corresponds 

to about 2x10-6 (Torr·sec) with respect to P02 ·t. Atter 

15 forming the carbon protective films, a material 

obtained by diluting a perfluoroalkylpolyether 

mater~al with a fluorocarbon material was applied as 

lubricant films. 

The evaluation results of the foregoing 

20 embodiments and comparison examples are as shown in 

Table 2. 
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[Table 2] 

First P02·t vI·sb He undercoating (Torr· sec) (x10-15 emu) (Oe) layer 

Embodiment 60at%Co-
1.5 x io-4 1.05 2170 1 30at%Cr-l0at%Zr 

5 Comparison 60at%Co-
3.2 x io-' 2.24 1850 example l 30at%Cr-10at%Zr 

Embodiment 62at%Co-
. 

2 30at%Cr-8at%Ta 2.4 x io-4 0.98 2640 .. 

Comparison 62at%Co-
2.3 x 10-a 1.81 2430 example 2 30at%Cr-8at%Ta 

Embodiment 85at%Cr-1Sat%Zr 
1.3 x io-4 0.89 2680 3 

Comparison 85at%Cr-15at%Zr 
2.2 x 10-a 1.44 2460 example 3 

10 

Embodiment 60at%Co-
2.4 x io-4 0.87 2890 

4 30atCr-10at%Ta 

Embodiment 60at%Co-
2.0 x 10-' 1.12 2090 5 30at%Cr-10at%Zr 

When the magnetic films were directly formed, 

15 without the second undercoating layers, on the first 

underco~ting laye~s made of a Co alloy having an 

amorpbous structure or a fine crystal structure which 

is like the amorphous structure which was exposed to 

the oxidizing atmosphere, the magnetic films show a 

20 strong orientation (00.1). The orientation is such 

that the c-axis of the Co alloy crystal of the 

magnetic film is oriented to the vertical direction 

Br·t 
(G·µm) 

88.8 

87.0 

85.3 

84.3 

69.3 

66.5 

78.3 

87.6 

for the film plane. Although the medium cannot be used 

as an in-plane magnetic recording medium but is 

25 suitable to a vertical magnetic recording medium for 
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recording the magnetization in the vertical direction 

for the film plane. 

Fig. 6 is a schematic plan view of a magnetic disk 

apparatus according to an embodiment of the invention 

5 and a schematic cross section taken on line A-A'. The 

magn~tic disk apparatus comprises: a disc drive 

mechanism 65 for driving a magnetic recording medium 

64 in a recording direction; a magnetic head 61 which 

is provided so as to correspond to the faces of the 

10 magnetic recording medium 64 and consists of a 

recording part and a reproducing part; a magnetic head 

drive mechanism 62 for positioning the magnetic head 

61 to a desired position; and a read and write signal 

processor 63 £~7 inputting signals to the magnetic . 

15 head and reproducing reproduction signals from the 

magnetic head. By constructing the reproducing part of 

the magnetic head by a MR head, sufficient signal 

intensity in the high recording density can be 

obtained, so that a very reliable magnetic disk 

20 apparatus having a recording density of 1 gigabit or 

higher per square inch can be realized. 

When the magnetic recording medium of the 

invention is used in the magnetic disk apparatus, an· 

interval between two shielding layers sandwitching the 

25 magnetic resistive sensor part of the MR head is 
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preferably 0.35 µm or narrower. When the interval 

between the shielding layers is wider than 0.35 µm, 

the resolution deteriorates and the phase jitter of 

signals becomes large. 

Further, the MR head is constructed by a magnetic 

resi~tive sensor including a plurality of conductive 

magnetic layers in which magnetization directions are 

relatively changed by an external magnetic field, 

thereby causing large resistance change and the 

10 conductive non-magnetic layers arranged between the 

conductive magnetic layers. By using the giant 

magnetic resistive effect or the spin valve effect, 

the signal intensity can be further raised. 

Consequently, a.very reliable mag~etic storage having 

15 a recording density of 2 gigabits or more per square 

inch can be realized. 

T~e entire disclosure of Japanese.Patent 

Application No. 8-292451 filed on November 5, 1996 

including specification, claims, drawings and summary 

20 are incorporated herein by reference in its entirety. 
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WHAT IS CLAIMED IS: 

1. A method of fabricating a magnetic recording 

medium comprising the steps of: 

forming first undercoating layers on surfaces of a 

5 substrate; 

~xposing the first undercoating layers to an 

atmosphere including oxygen for a period of time 

during which P02·t (P02 is oxygen partial pressure in 

the atmosphere and t is exposing time to the 

10 atmosphere) ranges from 1x10-6 (Torr· sec) to 1x10-2 

15 

(Torr· sec) ; 

forming second undercoating layers on the first 

undercoating layers exposed to the atmosphere, 

respectively; and 

forming magnetic films on the second undercoating 

layers, respectively. 

2·.. The method according to claim 1, wherein the 

first undercoating layers are made of an alloy, and 

the alloy includes at least two kinds of elements in 

20 which a difference of oxide formation standard free 

energies AG0 of the elements is 150 (kJ/mol02) or more 

(when more than two kinds of oxides exist, AG0 is the 

lowest value) at the temperature of 250°C. 

3 . The method according to claim 1, wherein the 

25 first undercoating layers are formed directly on the 
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substrate. 

4. The method according to claim 1, wherein the 

first undercoating layers are formed on substrate 

surface undercoating layers formed on the surface of 

5 the substrate, respectively . 

. 5. A magnetic recording medium comprising: 

a substrate; 

a first undercoating layer formed on the 

substrate; 

10 a second undercoating layer directly formed on the 

first undercoating layer; and 

a magnetic film formed on the second undercoating 

layer, 

wherein clusters having a large amount of oxygen 

15 are dispersed on a boundary face of the first and 

second undercoating layers. 

6~ A magnetic recording medium comprising: 

a substrate; 

a first undercoating layer made of an amorphous 

20 alloy formed on the substrate; 

a second undercoating layer directly formed on the 

first undercoating layer; and 

a magnetic film formed on the second undercoating 

layer, 

25 wherein clusters having a large amount of oxygen 
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are dispersed on a boundary face of the first and 

second undercoating layers. 

7. The medium according to claim 5 or 6, wherein 

the substrate is a glass substrate. 

8. The medium according to claim 5 or 6, wherein 

the substrate is a substrate made of an aluminum alloy. 

9. The medium according to claim 5 or 6, wherein 

the first undercoating layer is directly formed on the 

substrate. 

10. The medium according to claim 5 or 6, wherein 

the first undercoating layer is formed on a substrate 

surface undercoating layer formed on the surface of 

the substrate. 

11. A magnetic storage comprising: 

a magnetic recording medium having 

a substrate, 

a~first undercoating layer formed on the substrate, 

a second undercoating layer directly formed on the 

first undercoating layer, and 

a magnetic film formed on the second undercoating 

layer, 

in which clusters having a large amount of oxygen 

are dispersed on a boundary face of the first and 

second undercoating layers; 

a magnetic head consisting of a recording part and 
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a reproducing part, which is provided corresponding to 

faces of the magnetic recording medium; 

a drive unit for changing relative positions of 

the magnetic recording medium and the magnetic head; 

a magnetic head drive unit for positioning the 

magnetic head to a desired position; and 

a read and write signal processor for inputting 

signals to the magnetic head and reproducing output 

signals from the magnetic head. 

12. A magnetic storage comprising: 

a magnetic recording medium having 

a substrate, 

a first undercoating layer made of an amorphous 

alloy formed on the substrate, 

· a second undercoating layer directly formed on the 

first undercoating layer, and 

a:magnetic film formed on the second undercoating 

layer, 

in which clusters having a large amount of oxygen 

20 are di~persed on a boundary face of the first and 

25 

second undercoating layers; 

a magnetic head consisting of a recording part and 

a reproducing part~ which is provided corresponding to 

·. faces of the magnetic recording medium; 

a drive unit for changing relative positions of 
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the magnetic recording medium and the magnetic head; 

a magnetic head drive unit for positioning the 

magnetic head to a desired position; and 

a read and write signal processor for inputting 

5 signals to the magnetic head and reproducing output 

sign~ls from the magnetic head. 

10 

13. The storage according to claim 11 or 12, 

wherein the substrate of the magnetic recording medium 

is a glass substrate. 

14. The storage according to claim 11 or 12, 

wherein the first undercoating layer of the magnetic 

recording medium is directly formed on the substrate. 

15. The storage according to claim 11 or 12, 

wherein the first undercoating layer of the magnetic 

15 recording medium is formed on a substrate face 

undercoating layer formed on the surface of the 

substrate. 

1f iiU~1imtr 


