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(57) ABSTRACT 

A magnetic pattern forming apparatus, Which is designed to 
form a desired magnetic pattern on a magnetic disk having 
a magnetic layer on a substrate, is made up of a mask having 
a pattern identical or similar to the desired magnetic pattern, 
a projection optical system for exposing the magnetic disk to 
a spot-like energy beam coming through the mask to heat the 
magnetic layer for projecting the mask pattern to the mag 
netic disk at a one-to-one ratio or a predetermined reduction 
ratio, a magnetic ?eld applying device for applying an 
external magnetic ?eld to the magnetic disk, a control unit 
for conducting scanning With the spot-like energy beam With 
respect to the magnetic disk and the mask in their radial 
directions While rotating the magnetic disk and the mask. 
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FIG.4 



Patent Application Publication Apr. 21, 2005 Sheet 5 0f 10 US 2005/0083598 A1 

FIG.5 
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FIG.8' 
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FIG.9A 
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MAGNETIC PATTERN FORMING METHOD, 
MAGNETIC PATTERN FORMING APPARATUS, 
MAGNETIC DISK, AND MAGNETIC RECORDING 

APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates to a magnetic pattern 
forming method and apparatus for use in a magnetic record 
ing apparatus (magnetic disk), and more particularly to a 
magnetic pattern forming method and apparatus, magnetic 
disk and magnetic recording apparatus suitable for record 
ing/reproduction (readout) by a ?ying/contact head. 

[0003] (2) Description of the Related Art 

[0004] Magnetic recording apparatus represented by a 
magnetic disk unit (hard disk drive) have come into Wide 
spread use as an external storage of information processing 
equipment such as computers, and in the recent years, they 
are being used as a moving-picture recording apparatus or a 
recording apparatus for a set-top box. 

[0005] The magnetic disk unit (hard disk drive) is usually 
made up of a shaft for ?xing one magnetic disk or a plurality 
of magnetic disks in a skeWering manner, a motor for turning 
the magnetic disk joined through a bearing to the shaft, a 
magnetic head to be used for recording and/or reproduction, 
an arm f or holding the head, and an actuator capable of 
shifting the head through the head arm to an arbitrary 
position above a magnetic recording medium, With the 
recording/reproducing head being moved at a constant ?ying 
quantity above the magnetic recording medium. 

[0006] Furthermore, in addition to the ?ying head, there 
has been proposed the employment of a contact head Which 
contributes to shortening the distance With respect to a 
medium. 

[0007] A magnetic recording medium to be mounted on 
the magnetic disk unit is produced by forming an NiP layer 
on a surface of a substrate made usually from an aluminum 
alloy or the like and then forming successively a metal under 
layer, a magnetic layer (information recording layer), a 
protective layer, a lubricant layer and other layers thereon 
after undergoing needed smoothing treatment, texturing 
treatment and others. Alternatively, it is made by forming 
successively a metal under layer, a magnetic layer (infor 
mation recording layer), a protective layer, a lubricant layer 
and others on a surface of a substrate made of a glass or the 
like. Among the magnetic recording media, there are a 
longitudinal magnetic recording medium and a perpendicu 
lar magnetic recording medium. In general, longitudinal 
recording is made on the longitudinal magnetic recording 
medium. 

[0008] The protective layer on the magnetic layer prevents 
the magnetic layer from being damaged due to collision of 
the ?ying magnetic head or sliding contact of the contact 
head, and the lubricant layer provides lubricity betWeen the 
magnetic head and the medium. This construction enables 
recording/reproduction by a ?ying/contact magnetic head. 
Since the employment of a ?ying/contact head shortens the 
distance betWeen the magnetic layer and the head, the 
considerably higher density information recording becomes 
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feasible, as compared With an optical disk, magneto optical 
disk or the like using a different type of head. 

[0009] The magnetic recording medium shoWs a yearly 
increase in density, and for realiZing this, there have been 
knoWn a variety of techniques. For example, the approaches 
involve reducing the ?ying quantity of a magnetic head, 
employing a GMR head as a magnetic head, using a high 
corecivity magnetic material for a recording layer of a 
magnetic disk, or reducing the space betWeen information 
recording tracks on a magnetic disk. For example, for 100 
Gbit/inch2, it is said that the track density is necessary to be 
equal to or more than 100 ktpi. 

[0010] Each track has a control magnetic pattern formed 
for control of the magnetic head, for example, a signal for 
position control of the magnetic head or a signal for syn 
chronous control. An increase in the number of tracks by a 
reduction of the space of the information recording tracks 
requires that signals (Which sometimes Will be referred to 
hereinafter as “servo signals”) for position control of data 
recording/reproducing head are accordingly located radially 
and densely, that is, the signals are more placed, for more 
precise control. 

[0011] In addition, there is an increasing requirement for 
enlarging a data recording area by reducing an area other 
than for data recording, that is, an area for servo signals and 
a gap section betWeen the servo area and the data recording 
area, thus enhancing the data recording capacity. This 
requires the enhancement in the output of the servo signal or 
the accuracy of the synchroniZation signal. 

[0012] A conventional method used Widely for production 
involves making a hole in the vicinity of a head actuator of 
a drive (magnetic recording apparatus) to insert a pin With an 
encoder there into for establishing the engagement With the 
actuator through the pin, thereby moving a head up to a 
correct position for recording a servo signal. HoWever, since 
the center of gravity of the positioning mechanism and the 
center of gravity of the actuator exist at different positions, 
di?iculty is encountered in executing track position control 
With high accuracy and recording a servo signal With a high 
precision. 
[0013] In addition, there has been proposed a technique 
for formation of irregular servo signals in Which a laser 
beam is placed onto a magnetic disk to deform a disk surface 
locally for formation of physical irregularities. There are 
problems Which arises With this technique, hoWever, in that 
an unstable state of a ?ying head due to the irregularities 
exerts adverse in?uence on recording/reproduction, cost 
rises because there is a need to use a high-poWer laser beam 
for the formation of the irregularities, and the one-by-one 
formation of the irregularities is time-consuming. 

[0014] NeW servo signal formation methods have been 
proposed With a vieW to eliminating these problems. 

[0015] As one example, there has been knoWn a method in 
Which a servo pattern is formed on a master disk With a 

high-corecivity magnetic layer and this master disk is 
brought closely into contact With a magnetic recording 
medium so that the magnetic pattern is printed thereon by 
means of an auxiliary magnetic ?eld from the external (see 
US. Pat. No. 5,991,104). 

[0016] Another example is that, in a state Where a medium 
is previously magnetiZed in one direction, a soft magnetic 
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layer With a high permeability but a loW corecivity is placed 
on a master disk in the form of a pattern and the master disk 
is brought closely into contact With the medium While an 
external magnetic ?eld is brought to strike thereon. In this 
example, the soft magnetic layer serves as a shield, and the 
magnetic pattern is printed in the non-shielded area (see US. 
Pat. No. 3,869,711, EP915456, Digest of InterMag 2000, 
GP-06). 
[0017] This technique features the employment of a mas 
ter disk and the formation of a magnetic pattern on a medium 
by a strong magnetic ?eld. 

[0018] In general, since the strength or magnitude of a 
magnetic ?eld depends upon distance, in recording a mag 
netic pattern through the use of a magnetic ?eld, the pattern 
boundary tends to be unclear due to stray magnetic ?eld. In 
order to minimiZe the stray magnetic ?eld, it is essential to 
make the master disk and the medium come closely into 
contact With each other. Moreover, it is necessary that, as the 
pattern becomes ?ner, they are accordingly brought com 
pletely into contact With each other Without de?ning a gap 
therebetWeen, and usually, they are pressed against each 
other through the use of vacuum adhesion or the like. 

[0019] In addition, the magnetic ?eld to be used for print 
increases as the corecivity of a medium becomes higher, and 
the stray magnetic ?eld increases consequently; therefore, 
there is a need to achieve the contact therebetWeen more 
completely. 
[0020] Thus, although the above-mentioned technique is 
relatively applicable to a ?exible ?oppy disk easy to press or 
a loW-corecivity magnetic disk Which does not require too 
great contact, considerable difficulty is experienced in 
applying it to a high-density recording magnetic disk using 
a hard substrate, Whose corecivity exceeds 3000 Oe. 

[0021] That is, in the case of the magnetic disk using a 
hard substrate, there is a possibility that microscopic dirt 
particles or the like get betWeen the master disk and the 
medium at the contact to produce defects on the medium or 
damage the high-priced master disk. In particular, for a glass 
substrate, the contact therebetWeen does not reach satisfac 
tion because the dirt particles get therebetWeen, Which 
makes the magnetic print impossible or causes cracks on the 
magnetic recording medium. 

[0022] Furthermore, With the technique disclosed in US. 
Pat. No. 3,869,711, although a pattern formed obliquely With 
respect to a track direction of a disk is recordable, the 
recording is limited to the formation of only a pattern With 
a loW signal strength. For a magnetic recording medium With 
a high corecivity exceeding 2000 to 2500 Oe, in order to 
secure a magnetic ?eld strength for print, a soft magnetic 
material such as a permalloy or cendust, Which has a high 
saturated magnetic ?ux density, is used unavoidably as a 
ferromagnetic material (shield material) for a pattern of a 
master disk. 

[0023] HoWever, in the case of the oblique pattern, a 
magnetic ?eld for the reverse magnetiZation becomes per 
pendicular to a gap de?ned by the ferromagnetic layer of the 
master disk, Which makes it dif?cult to tilt the magnetiZation 
in a desired direction. In consequence, a part of the magnetic 
?eld escapes to the ferromagnetic layer to make it dif?cult 
to expose a desired portion to a sufficient magnetic ?eld at 
magnetic print so that a sufficient reverse magnetiZation 

Apr. 21, 2005 

pattern is dif?cult to form and a high signal strength is hard 
to obtain. In the case of such an oblique magnetic pattern, its 
reproduction output drops signi?cantly beyond the aZimuth 
loss With respect to a pattern perpendicular to a track. 

[0024] On the other hand, a technique disclosed in J apa 
nese Patent Application Nos. 2000-134608 and 2000 
134611 relates to the formation of a magnetic pattern on a 
magnetic recording medium by means of a combination of 
local heating and exposure to an external magnetic ?eld. For 
example, in a state Where a medium is previously magne 
tiZed in one direction, an energy beam or like is applied 
through a patterned mask thereonto for the local heating and 
an external magnetic ?eld is brought to strike thereon While 
the corecivity of the heated area is loWered, thus making 
recording on the heated area by the external magnetic ?eld 
for formation of a magnetic pattern. 

[0025] According to this technique, since the external 
magnetic ?eld is brought to strike on a medium While the 
corecivity is loWered by heating, there is no need for the 
external magnetic ?eld to be higher than the corecivity of the 
medium, and the recording becomes feasible With a Weak 
magnetic ?eld. Moreover, since the area subjected to record 
ing is limited to the heating area While the recording in other 
than the heating area cannot be made even if a magnetic ?eld 
is brought to strike thereon, the recording of a clear magnetic 
pattern is possible Without bringing a mask or the like into 
contact With the medium. This can prevent the medium or 
the mask from being damaged due to the press, thus sup 
pressing the defects appearing on the medium. 

[0026] In addition, this technique enables the formation of 
a satisfactory oblique magnetic pattern. This is because there 
is no need to shield the external magnetic ?eld With a soft 
magnetic material of the master disk unlike the conventional 
art. 

[0027] Thus, the magnetic pattern forming technique dis 
closed in Japanese Patent Application Nos. 2000-134608 
and 2000-134611 is a superior technique Which can ef? 
ciently form various minute magnetic patterns With high 
accuracy and suppress the defects of a medium Without 
damaging the medium or a mask. 

[0028] HoWever, according to this technique, since the 
accuracy of the magnetic pattern depends upon the mask 
patterning accuracy to some extent, for the effective use of 
this technique, there is a need to conduct minute processing 
on a mask With high accuracy. If the magnetic pattern is 
made more minute up to 1 to 2 pm or formed in terms of 
submicron, because of the limit to the processing accuracy, 
dif?culty can be encountered in patterning a mask With high 
precision, and the alignment precision betWeen the mask and 
the medium can deteriorate so that a magnetic pattern cannot 
be formed With suf?ciently high accuracy. 

SUMMARY OF THE INVENTION 

[0029] The present invention has been developed With a 
vieW to eliminating the above-mentioned problems, and it is 
therefore an object of the invention to provide a magnetic 
pattern forming method and apparatus pertaining to a tech 
nique of forming a magnetic pattern on a magnetic recording 
medium by means of a combination of local heating and 
exposure to an external magnetic ?eld, and capable of 
ef?ciently forming a minute magnetic pattern With higher 
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precision, and in its turn offer a higher-density magnetic disk 
and magnetic recording apparatus in a small amount of time 
and at a loW cost. 

[0030] For this purpose, in accordance With a ?rst aspect 
of the present invention, there is provided a magnetic pattern 
forming method of forming a desired magnetic pattern on a 
magnetic disk by applying a spot-like energy beam through 
a mask to the magnetic disk, having a magnetic layer placed 
on a substrate, for heating a portion of the magnetic layer 
concurrently With exposing the heated portion of the mag 
netic layer to an external magnetic ?eld, comprising the 
steps of making a scan With the spot-like energy beam in 
radial directions of the magnetic disk and the mask While 
rotating the magnetic disk and the mask, and projecting a 
pattern formed on the mask at a one-to-one ratio (equiva 
lence, neither magni?cation nor reduction) or a predeter 
mined reduction ratio for the formation of the desired 
magnetic pattern on the magnetic disk. 

[0031] With this magnetic pattern forming method accord 
ing to the invention, in a case in Which a magnetic pattern 
is formed on a magnetic disk by means of a combination of 
local heating and exposure to an external magnetic ?eld, it 
is possible to efficiently form a minute magnetic pattern With 
higher accuracy and, in its turn, to provide a magnetic disk 
and magnetic recording apparatus, capable of achieving 
higher-density recording, in a small amount of time and at a 
loW cost. 

[0032] In addition, instead of the employment of a large 
siZed illuminating optical system (particularly, light source) 
or projection optical system, a small-siZed and loW-priced 
system can form a magnetic pattern on a magnetic disk 
brie?y and ef?ciently, Which contributes to realiZing high 
productivity. 

[0033] Furthermore, in accordance With a second aspect of 
the present invention, there is provided a magnetic pattern 
forming method of forming a desired magnetic pattern on a 
magnetic disk by applying a spot-like energy beam through 
a mask to the magnetic disk, having a magnetic layer placed 
on a substrate, for heating a portion of the magnetic layer 
concurrently With exposing the heated portion of the mag 
netic layer to an external magnetic ?eld, comprising the 
steps of making a spiral or concentric scan With the spot-like 
energy beam, and projecting a pattern formed on the mask 
at a one-to-one ratio or a predetermined reduction ratio for 
the formation of the desired magnetic pattern on the mag 
netic disk. 

[0034] Also With this magnetic pattern forming method 
according to the invention, in a case in Which a magnetic 
pattern is formed on a magnetic disk by means of a com 
bination of local heating and exposure to an external mag 
netic ?eld, it is possible to ef?ciently form a minute mag 
netic pattern With higher accuracy and, in its turn, to provide 
a magnetic disk and magnetic recording apparatus, capable 
of achieving higher-density recording, in a small amount of 
time and at a loW cost. 

[0035] In addition, instead of the employment of a large 
siZed illuminating optical system (particularly, light source) 
or projection optical system, even a small-siZed and loW 
priced system can form a magnetic pattern on a magnetic 
disk brie?y and ef?ciently, Which contributes to realiZing 
high productivity. 
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[0036] In particular, it is preferable that the magnetic layer 
is previously magnetiZed evenly in a desired detection by 
exposing the magnetic disk to the external magnetic ?eld, 
and the magnetic layer is applyed With the energy beam to 
be heated and, at the same time, the heated portion of the 
magnetic layer is exposed to the external magnetic ?eld to 
be magnetiZed in a direction opposite to the desired direction 
for the formation of the desired magnetic pattern on the 
magnetic disk. 

[0037] In addition, preferably, for the scan by the energy 
beam, a disk stage for supporting the magnetic disk and a 
mask stage for supporting the mask are moved in directions 
orthogonal to (perpendicularly intersecting) the axis of the 
energy beam. 

[0038] Still additionally, in a case in Which the magnetic 
disk and the mask are rotated at speeds equal to each other, 
a ratio of the mask stage moving speed to the disk stage 
moving speed is set on the basis of the one-to-one ratio or 
the predetermined reduction ratio (in accordance With 
Whether the projection is made at the one-to-one ratio or at 
the predetermined reduction ratio) so that the mask stage and 
the disk stage are moved on the basis of the speed ratio. 

[0039] Yet additionally, preferably, an optical system for 
the projection includes an entrance (part of inlet) positioned 
in opposed relation to the mask and an exit (part of outlet) 
positioned in opposed relation to the magnetic disk Which 
are constructed separately, and at the scan With the energy 
beam, the exit is moved along a surface of the magnetic disk 
and the entrance is moved along a surface of the mask in 
synchronism With the movement of the exit. 

[0040] Moreover, preferably, in a case in Which the mag 
netic disk and the mask are rotated at speeds equal to each 
other, a ratio of the entrance moving speed to the exit 
moving speed is set on the basis of the one-to-one ratio or 
the predetermined reduction ratio so that the entrance and 
the exit are moved on the basis of the speed ratio. 

[0041] Still moreover, preferably, the magnetic disk and 
the mask are rotated coaxially. 

[0042] Yet moreover, preferably, an optical system for the 
projection includes an entrance positioned in opposed rela 
tion to the mask, an exit part positioned in opposed relation 
to the magnetic disk and a main part making connection 
betWeen the entrance and the exit, With the main part being 
rotated around a supporting point at Which the main part is 
supported, and for the scan by the energy beam, the projec 
tion optical system being rotated along surfaces of the 
magnetic disk and the mask. 

[0043] Furthermore, preferably, in a case in Which the 
magnetic disk and the mask are rotated at speeds equal to 
each other, a ratio of a distance betWeen the supporting point 
and the entrance to a distance betWeen the supporting point 
and the exit is set on the basis of the one-to-one ratio or the 
predetermined reduction ratio. 

[0044] Still furthermore, preferably, the mask is formed 
according to a mask pattern, and has a transmissive part 
alloWing the energy beam to pass. 

[0045] Yet furthermore, preferably, a shading plate is 
interposed betWeen the mask and the magnetic disk. 

[0046] In addition, preferably, the minimum Width of the 
magnetic pattern is set to be less than or equal to 2 pm. 
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[0047] Still additionally, preferably, the magnetic pattern 
includes a servo pattern for positional control of a recording/ 
reproducing head or a standard pattern for recording of the 
servo pattern. 

[0048] In a magnetic disk according to the present inven 
tion, a magnetic pattern is formed according to the above 
mentioned magnetic pattern forming method. 

[0049] The magnetic disk according to the present inven 
tion, in a case in Which a magnetic pattern is formed on a 
magnetic disk by means of a combination of local heating 
and exposure to an external magnetic ?eld, enables ef?cient 
formation of a minute magnetic pattern With higher accu 
racy. This provides a higher-density magnetic disk and 
magnetic recording apparatus in a small amount of time and 
at a loW cost. 

[0050] In this case, Without the employment of a large 
siZed illuminating optical system (particularly, light source) 
or projection optical system, even a small-siZed and loW 
priced system can form a magnetic pattern on a magnetic 
disk brie?y and ef?ciently, Which contributes to realiZing 
high productivity. 

[0051] Furthermore, in accordance With a third aspect of 
the present invention, there is provided a magnetic recording 
apparatus comprising a magnetic disk, a drive section for 
driving the magnetic disk in a recording direction, a mag 
netic head including a recording section and a reproducing 
section, a moving means for moving the magnetic head 
relatively to the magnetic disk, and a recording/reproduced 
signal processing means for making an input of a recording 
signal to the magnetic head and making an output of a 
reproduced signal through the magnetic head, With a mag 
netic pattern being formed on the magnetic disk according to 
the above-mentioned magnetic pattern forming method. 

[0052] The magnetic recording apparatus according to the 
present invention, in a case in Which a magnetic pattern is 
formed on a magnetic disk by means of a combination of 
local heating and exposure to an external magnetic ?eld, 
enables ef?cient formation of a minute magnetic pattern 
With higher accuracy. This provides a higher-density mag 
netic disk and magnetic recording apparatus in a small 
amount of time and at a loW cost. 

[0053] In this case, Without the employment of a large 
siZed illuminating optical system (particularly, light source) 
or projection optical system, even a small-siZed and loW 
priced system can form a magnetic pattern on a magnetic 
disk brie?y and ef?ciently, Which contributes to realiZing 
high productivity. 

[0054] Still furthermore, in accordance With a fourth 
aspect of the present invention, there is provided a magnetic 
pattern forming apparatus made to form a desired magnetic 
pattern on a magnetic disk having a magnetic layer on a 
substrate, the apparatus comprising a mask having a pattern 
identical or similar to the desired magnetic pattern, a pro 
jection optical system for applying a spot-like energy beam, 
incident through the mask thereon, to the magnetic disk for 
heating the magnetic layer and for projecting said mask 
pattern onto said magnetic disk at one of a one-to-one ratio 
and a predetermined reduction ratio; 

[0055] magnetic ?eld applying means for exposing the 
magnetic disk to an external magnetic ?eld, and control 
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means for making a scan With the spot-like energy beam in 
radial directions of the magnetic disk and the mask While 
rotating the magnetic disk and the mask. 

[0056] The magnetic pattern forming apparatus according 
to the present invention, in a case in Which a magnetic 
pattern is formed on a magnetic disk by means of a com 
bination of local heating and exposure to an external mag 
netic ?eld, enables ef?cient formation of a minute magnetic 
pattern With higher accuracy. This provides a higher-density 
magnetic disk and magnetic recording apparatus in a small 
amount of time and at a loW cost. 

[0057] In this case, Without the employment of a large 
siZed illuminating optical system (particularly, light source) 
or projection optical system, even a small-siZed and loW 
priced system can form a magnetic pattern on a magnetic 
disk brie?y and ef?ciently, Which contributes to realiZing 
high productivity. 

[0058] Preferably, this magnetic pattern forming apparatus 
further comprises disk rotating means for driving the mag 
netic disk rotationally and a mask rotating means for driving 
the mask rotationally so that the control means controls the 
disk rotating means and the mask rotating means. 

[0059] In addition, preferably, the magnetic ?eld applying 
means is mounted on a tip portion of an exit of the projection 
optical system. 

[0060] In particularly, preferably, this magnetic pattern 
forming apparatus further comprises a disk stage for holding 
the magnetic disk rotatably and a mask stage for holding the 
mask rotatably so that the control means moves the disk 
stage and the mask stage in a synchroniZed condition With 
respect to the projection optical system. 

[0061] Still additionally, preferably, the control means 
controls rotational speeds of the magnetic disk and the mask 
to speeds equal to each other, and controls moving speeds of 
the mask stage and the disk stage on the basis of a ratio of 
a mask stage moving speed to a disk stage moving speed set 
on the basis of the one-to-one ratio or the predetermined 
reduction ratio. 

[0062] In this case, it is also possible that the control 
means controls the rotational speeds of the magnetic disk 
and the mask on the basis of the ratio of the rotational speed 
of the magnetic disk to the rotational speed of the mask set 
on the basis of the one-to-one ratio or the predetermined 
reduction ratio, and controls the moving speeds of the mask 
stage and the disk stage to an equal speed. 

[0063] Yet additionally, preferably, the projection optical 
system includes an entrance positioned in opposed relation 
to the mask and an exit positioned in opposed relation to the 
magnetic disk, constructed separately, With the control 
means controlling the entrance and the exit in a synchro 
niZed condition so that the exit moves along a surface of the 
magnetic disk and the entrance moves along a surface of the 
mask. 

[0064] Moreover, preferably, the control means controls 
the rotational speeds of the magnetic disk and the mask to 
speeds equal to each other, and controls the moving speeds 
of the entrance and the exit on the basis of a ratio of the 
moving speed of the entrance to the moving speed of the exit 
set on the basis of the one-to-one ratio or the predetermined 
reduction ratio. 
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[0065] In this case, it is also possible that the control 
means controls the rotational speeds of the magnetic disk 
and the mask on the basis of a ratio of the rotational speed 
of the magnetic disk to the rotational speed of the mask set 
on the basis of the one-to-one ratio or the predetermined 
reduction ratio, and controls the moving speeds of the 
entrance and the eXit to an equal speed. 

[0066] Still moreover, preferably, the magnetic pattern 
forming apparatus further comprises disk/mask rotating 
means for rotationally driving the magnetic disk and the 
mask coaXially so that the control means controls the 
disk/mask rotating means to make the magnetic disk and the 
mask rotate at an equal speed. 

[0067] Yet moreover, preferably, the projection optical 
system includes an entrance positioned in opposed relation 
to the mask, an eXit positioned in opposed relation to the 
magnetic disk and a main part making connection betWeen 
the entrance and the eXit so that it is rotatable around a 
supporting point at Which the main part is supported, and the 
control means rotates the projection optical system so that 
the eXit moves along a surface of the magnetic disk and the 
entrance moves along a surface of the mask. 

[0068] In this case, preferably, a ratio of a distance 
betWeen the supporting point and the entrance to a distance 
betWeen the supporting point and the eXit is set on the basis 
of the one-to-one ratio or the predetermined reduction ratio, 
and the control means controls the rotational speeds of the 
magnetic disk and the mask to an equal speed. 

[0069] Incidentally, it is also possible that a ratio of a 
distance betWeen the supporting point and the entrance to a 
distance betWeen the supporting point and the eXit is set at 
1 to 1, and the control means controls the rotational speeds 
of the magnetic disk and the mask on the basis of a ratio of 
the rotational speed of the magnetic disk to the rotational 
speed of the mask set on the basis of the one-to-one ratio or 
the predetermined magni?cation ratio. 

[0070] Furthermore, preferably, the mask is formed in 
accordance With a mask pattern and has a transmissive part 
alloWing the energy beam to pass. 

[0071] Still furthermore, preferably, a shading plate is 
interposed betWeen the mask and the magnetic disk. 

[0072] In addition, preferably, the minimum Width of the 
magnetic pattern is set to be less than or equal to 2 pm Still 
additionally, preferably, the magnetic pattern includes a 
servo pattern for positional control of a recording/reproduc 
ing head or a standard pattern for recording of the servo 
pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0073] FIG. 1 is an explanatory side elevational vieW 
illustratively shoWing an entire con?guration of a magnetic 
pattern forming apparatus according to a ?rst embodiment of 
the present invention; 

[0074] FIG. 2A is a cross-sectional vieW illustratively 
shoWing an eXample of a disk holding section and magnetic 
?eld applying section of the magnetic pattern forming 
apparatus according to the ?rst embodiment of the present 
invention; 
[0075] FIG. 2B is an illustrative vieW shoWing an 
eXample of a disk holding section and magnetic ?eld apply 
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ing section of the magnetic pattern forming apparatus 
according to the ?rst embodiment of the present invention; 

[0076] FIG. 3 is a cross-sectional vieW illustratively 
shoWing an eXample of a disk holding section and magnetic 
?eld applying section of the magnetic pattern forming 
apparatus according to the ?rst embodiment of the present 
invention; 
[0077] FIG. 4 is an illustration useful for explaining an 
eXample of an energy beam illuminating optical system 
according to the ?rst embodiment of the present invention; 

[0078] FIG. 5 is an illustration useful for eXplaining 
another eXample of an energy beam illuminating optical 
system according to the ?rst embodiment of the present 
invention; 
[0079] FIG. 6 is a perspective vieW illustratively shoWing 
an entire con?guration of a magnetic pattern forming appa 
ratus according to a modi?cation of the ?rst embodiment of 
the present invention; 

[0080] FIG. 7 is a side elevational vieW illustratively 
shoWing an entire con?guration of a magnetic pattern form 
ing apparatus according to a second embodiment of the 
present invention; 
[0081] FIG. 8 is a plan vieW useful for eXplaining an 
operation of the magnetic pattern forming apparatus accord 
ing to the second embodiment of the present invention; 

[0082] FIG. 9A is a plan vieW illustratively shoWing a 
magnetic ?eld applying means of the magnetic pattern 
forming apparatus according to the second embodiment of 
the present invention; 

[0083] FIG. 9B is a plan vieW illustratively shoWing a 
magnetic ?eld applying means of the magnetic pattern 
forming apparatus according to the second embodiment of 
the present invention; and 

[0084] FIG. 10 is a side elevational vieW illustratively 
shoWing an entire con?guration of a magnetic pattern form 
ing apparatus according to a third embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0085] Referring to the draWings, a detailed description 
Will be given hereinbeloW of a magnetic pattern forming 
apparatus and method for use in a magnetic recording 
apparatus (magnetic disk). 
[0086] In the present invention, in a case in Which a 
magnetic pattern is form on a magnetic disk through the use 
of a combination of local heating and eXposure to an eXternal 
magnetic ?eld, the magnetic disk is scanned With a small 
spot-like energy beam to be heated to form a magnetic 
pattern; therefore, ef?cient formation of a magnetic pattern 
becomes feasible in a small amount of time With even a 
small-siZed and loW-priced projection optical system. In 
addition, it is possible to provide a minute or microscopic 
magnetic pattern With high accuracy by means of reduction 
projection. 

First Embodiment 

[0087] Referring to FIGS. 1 to 5, a description Will be 
given hereinbeloW of a magnetic pattern forming apparatus 
and method according to a ?rst embodiment of the present 
invention. 
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[0088] Secondly, a description Will be given of a magnetic 
disk on Which a magnetic pattern is formed through the use 
of a magnetic pattern apparatus (method) according to this 
embodiment. 

[0089] According to this embodiment, a magnetic disk is 
made as follows. That is, usually, a hard substrate is used as 
a substrate for a magnetic disk, for that there is a need to 
prevent it from vibrating even When a high-speed rotation 
takes place at fast recording/reproduction. To provide a 
sufficient rigidity against the vibration, in general, it is 
preferable that the thickness of the substrate is equal to or 
more than 0.3 mm. HoWever, since a high thickness 
adversely affects the thickness reduction of a magnetic 
recording apparatus, preferably, it is less than or equal to 3 
mm. For example, among the substrates, there are an Al 
alloy substrate made of an Al—Mg alloy or the like con 
taining Al as a main component, an Mg-alloy substrate made 
of an Mg—Zn alloy or the like containing Mg as a main 
component, a substrate made of any one of common soda 
glass, aluminosilicate glass, amorphous glass, silicon, tita 
nium, ceramics and various kinds of resins, or a substrate 
made of a combination thereof. Of these substrates, it is 
preferable to use the Al-alloy substrate, a glass-made sub 
strate such as a crystalliZed glass in vieW of strength, or a 
resin-made substrate in terms of cost. 

[0090] In the magnetic pattern forming apparatus 
(method) according to this embodiment, since a mask and a 
magnetic disk are placed in a non-contact condition as Will 
be described later, unlike the conventional magnetic printing 
method, it is free from a problem that the contact betWeen 
a magnetic disk having a hard substrate and a master disk 
becomes suf?cient to cause ?aWs or defects, or that the 
boundary of a magnetic domain printed becomes unclear to 
enlarge PW50. For this reason, great effects are attainable if 
the magnetic pattern forming apparatus (method) according 
to this embodiment is applied to a magnetic disk With a hard 
substrate. In particular, it is effective to a magnetic disk 
having a substrate, easy to crack, such as a glass-made 
substrate. 

[0091] As magnetic disks to Which this magnetic pattern 
forming apparatus (method) is applicable, disc-like mag 
netic recording media having a magnetic layer on a substrate 
are acceptable, for example, including a hard disk, magneto 
optical disk and others. Incidentally, the magnetic pattern 
forming apparatus is equally referred to as a “thermomag 
netic printing imaging exposure apparatus” or “hard disk 
printing apparatus”. 

[0092] In a magnetic disk manufacturing process, it is a 
common Way to clean and dry a substrate initially, and also 
in the present invention, it is preferable to clean and dry a 
substrate before formation of layers from the vieWpoint of 
securing the adhesion betWeen the layers. 

[0093] For manufacturing a magnetic disk according to 
this embodiment, it is also possible to form a metal layer, 
such as NiP, on a surface of a substrate. 

[0094] As methods for the formation of the metal layer, 
thin ?lm formation methods such as electroless plating, 
sputtering, vacuum deposition and CVD are available. A 
substrate made of a conductive material permits the use of 
electrolytic plating. It is preferable that the ?lm thickness of 
the metal layer is 50 nm or more. HoWever, considering the 
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productivity of the magnetic disk or the like, preferably less 
than or equal to 500 nm, more preferably less than or equal 
to 300 nm. 

[0095] In addition, although it is desirable that the area for 
the formation of the metal layer is the entire surface of the 
substrate, only a part thereof, for example, only an area 
undergoing texturing, is also acceptable. 

[0096] Still additionally, a concentric texturing can also be 
made on a surface of a substrate or a surface of a metal layer 

formed on the substrate. In this embodiment, the concentric 
texturing signi?es, for example, that a large number of 
microscopic grooves are made on a substrate in its circum 
ferential direction by polishing it in the circumferential 
direction by means of a mechanical texturing using free 
abrasive grains and a texture tape, texturing processing 
using a laser beam or the like or a combination thereof. 

[0097] As the free abrasive grains, it is preferable to use 
diamond abrasive grains, more preferably the diamond abra 
sive grains Whose surfaces are graphitiZed. Although, as 
another abrasive grains for the mechanical texturing, alu 
mina abrasive grains have come into Widespread use, par 
ticularly considering a longitudinal orientation medium in 
Which the axis of easy magnetiZation is oriented along the 
textured grooves, the diamond abrasive grains shoW an 
extremely high performance. 

[0098] Ahead ?ying quantity set to be as small as possible 
contributes to effective realiZation of high-density magnetic 
recording and one of the features of these substrates is 
superior surface smoothness; therefore, it is preferable that 
the roughness Ra of the substrate surface is less than or equal 
to 2 nm, more preferably less than or equal to 1 nm. In 
particular, it is preferable that it is less than or equal to 0.5 
nm. Incidentally, the substrate surface roughness Ra is a 
value calculated according to JIS B0601 after measured in 
terms of a measurement length of 400 pm through the use of 
a stylus surface roughness measuring apparatus. In this case, 
the tip portion of the measurement stylus used usually has a 
siZe of approximately 0.2 pm. 

[0099] It is also appropriate that an under layer is formed 
on a substrate and betWeen the substrate and a magnetic 
layer. The under layer is for the purpose of ?ning the crystal 
to control the orientation of the crystal surfaces, and an 
under layer using Cr as a main component is used preferably. 

[0100] In addition to pure Cr, the materials for the under 
layer includes Cr oxide and an alloy in Which one or tWo 
elements selected from V, Ti, Mo, Zr, Hf, Ta, W, Ge, Nb, Si, 
Cu and B are introduced into Cr for crystal matching With a 
recording layer (magnetic layer). 

[0101] Of these, pure Cr or an alloy made by introducing 
one or tWo elements selected from Ti, Mo, W, V, Ta, Si, Nb, 
Zr and Hf into Cr is preferable. Although the optimum 
contents of these second and third elements vary according 
to element, it is preferable that the content is 1 atomic % to 
50 atomic %, more preferably 5 atomic % to 30 atomic %, 
and much more preferably 5 atomic % to 20 atomic %. 

[0102] Although the ?lm thickness of the under layer is 
not limited as long as it displays an anisotropy, it is prefer 
ably 0.1 to 50 nm, more preferably 0.3 to 30 nm, and much 
more preferably 0.5 to 10 nm. During the ?lm formation for 
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the under layer containing Cr as a main component, limita 
tion is not imposed on Whether or not the substrate heating 
is conducted. 

[0103] A soft magnetic layer can be placed on the under 
layer, thatis, betWeen the under layer and a magnetic layer as 
needed. In particular, it is greatly effective and useful to 
keeper media having less magnetic transition noise or per 
pendicular magnetic recording media in Which a magnetic 
domain lies in a direction perpendicular to the longitudinal 
(in-plane) direction of the media. 

[0104] Preferably, the soft magnetic layer has a relatively 
high permeability and less loss, and NiFe or an alloy made 
by introducing M0 or the like as the third element thereinto 
is properly used. The optimum permeability also varies 
largely according to the property of a recording layer or a 
head to be used for recording of data, and generally, it is 
preferable that the maximum permeability is approximately 
10 to 1000000 

[0105] Alternatively, it is also appropriate that another 
intermediate layer is placed on the under layer containing Cr 
as a main component as needed. For example, the additional 
installation of a CoCr-based intermediate layer is preferable 
for the orientation control of the magnetic layer. 

[0106] FolloWing this, at the formation of a recording 
layer (magnetic layer), a layer made of a material identical 
to that of the under layer or a layer made of a different 
non-magnetic material can also be inserted betWeen the 
recording layer and the soft magnetic layer. At the ?lm 
formation for the recording layer, limitation is not imposed 
on Whether or not the substrate is heated. 

[0107] As a recording layer, it is preferable to use a 
Co-alloy magnetic layer, a rare earth based magnetic layer 
represented by TbFeCo, a superposed ?lm comprising a 
transition metal and a noble metal represented by a super 
posed ?lm comprising Co and Pd, and others. 

[0108] As the Co-alloy magnetic layer, it is possible to use 
pure Co or a Co-alloy magnetic material such as CoNi, 
CoSm, CoCrTa, CoNiCr or CoCrPt commonly used as a 
magnetic material. Moreover, it is also possible to use a 
material made by additionally introducing an element such 
as Ni, Cr, Pt, Ta, W or B, or a compound such as SiO2, into 
one of these Co-alloys. For example, there are CoCrPtTa, 
CoCrPtB, CoNiPt, CoNiCrPtB and others. Although the ?lm 
thickness of the Co-alloy magnetic layer can be determined 
arbitrarily, it is preferable that the thickness is equal to or 
more than 5 nm, more preferably, equal to or more than 10 
nm. Moreover, it is preferable that it is less than or equal to 
50 nm, more preferably, less than or equal to 30 nm. In 
addition, this magnetic layer can also be made in a manner 
that tWo layers or more are placed in a superposed condition 
directly or in a state Where an appropriate non-magnetic 
intermediate layer is interposed therebetWeen. In this case, 
the compositions of the superposed magnetic materials can 
be the same or different from each other. 

[0109] For the rare earth-based magnetic layer, general 
materials can be used as a magnetic material, for example, 
including TbFeCo, GdFeCo, DyFeCo, TbFe and others. It is 
also possible that Tb, Dy, H0 or the like is introduced into 
each of these rare earth alloys. The introduction of Ti, Al or 
Pt for the purpose of the prevention of oxidative deteriora 
tion is also acceptable. Although the ?lm thickness of the 
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rare earth-based magnetic layer can be determined arbi 
trarily, in general it is approximately 5 to 100 nm. Moreover, 
this magnetic layer can also be made in a manner that tWo 
layers or more are placed in a superposed condition directly 
or in a state Where an appropriate non-magnetic intermediate 
layer is interposed therebetWeen. In this case, the composi 
tions of the superposed magnetic materials can be the same 
or different from each other. In particular, the rare earth 
based magnetic layer is an amorphous structural ?lm, and 
because of having a magnetic domain in a direction perpen 
dicular to the longitudinal direction of the media, it is 
suitable for high-density recording, and is more effectively 
applicable to the method according to the present invention 
capable of forming a magnetic pattern at a high density With 
high accuracy. 

[0110] For the superposed ?lm comprising a transition 
metal and a noble metal Which similarly enables the per 
pendicular magnetic recording, general materials can be 
used as a magnetic material, for example, including Co/Pd, 
Co/Pt, Fe/Pt, Fe/Au, Fe/Ag and others. The transition metal 
and the noble metal, forming the superposed ?lm materials, 
are not particularly required to be pure, and alloys contain 
ing them as main components are also acceptable. Although 
the thickness of the superposed ?lm can be determined 
arbitrarily, in general it is approximately 5 to 1000 nm. 
Moreover, it is also possible that the superposed ?lm is made 
by superposing three or more kinds of materials, as needed. 

[0111] In this embodiment, the magnetic layer serving as 
a recording layer is maintained in a magnetiZed condition at 
a room temperature, and is erased When heated and magne 
tiZed When being exposed to an external magnetic ?eld 
concurrently With being heated. 

[0112] The corecivity of the magnetic layer at the room 
temperature is required to be set so that the magnetiZed 
condition is kept at the room temperature While uniform 
magnetiZation is made by a proper external magnetic ?eld. 
When the corecivity of the magnetic layer at the room 
temperature is set at 2000 Oe or more, a small magnetic 
domain can be held, thus providing a magnetic disk suitable 
for high-density recording. More preferably, it is 3000 Oe or 
more. 

[0113] Although the conventional magnetic printing 
method encounters a difficulty in printing onto a magnetic 
disk With a considerably high corecivity, in this embodi 
ment, since the magnetic layer is heated to loWer the 
corecivity satisfactorily before the formation of a magnetic 
pattern, the application to a medium With a high corecivity 
is preferable. 

[0114] MeanWhile, it is preferable that the corecivity 
thereof is set at 20000 Oe and beloW. If exceeding 20000 Oe, 
a large external magnetic ?eld is required for batch magne 
tiZation, and the ordinary magnetic recording can be dif? 
cult. 

[0115] The magnetic layer is required to maintain a mag 
netiZed condition at a room temperature and to be magne 
tiZed by a Weak external magnetic ?eld at an appropriate 
heating temperature. Moreover, a magnetic domain of a 
magnetic pattern tends to be formed more clearly as the 
difference betWeen the room temperature and a temperature 
(demagnetization or erase temperature) at Which the mag 
netiZed condition disappears becomes larger. For this reason, 
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a higher demagnetization temperature is preferable, that is, 
preferably equal to or more than 100° C., and more prefer 
ably equal to or more than 150° C. For example, the 
demagnetization temperature is set to be in the vicinity of a 
Curie temperature (slightly loWer than the Curie tempera 
ture) or around a compensation temperature. 

[0116] Preferably, the Curie temperature is equal to or 
more than 100° C. In the case of less than 100° C., the 
stability of the magnetic domain at the room temperature 
tends to be loW. More preferably, it is equal to or more than 
150° C., and less than or equal to 700° C. If the magnetic 
layer is heated up to an excessively high temperature, the 
magnetic layer can deform. 

[0117] In a case in Which the magnetic disk is a longitu 
dinal magnetic recording medium, With respect to a high 
density magnetic disk With a high corecivity, the conven 
tional magnetic printing method encounters dif?culty in 
saturation recording and dif?culty in formation of a mag 
netic pattern With a high magnetic ?eld strength, and 
enlarges the full Width at half maximum. According to this 
embodiment, even a longitudinal recording medium suitable 
for such high recording density can form an excellent 
magnetic pattern. In particular, if the saturation magnetic 
?eld of the aforesaid magnetic layer is equal to or more than 
50 emu/cc, the in?uence of the demagnetiZing ?eld becomes 
great, and hence, the employment of the present invention 
provides great effects. 

[0118] Greater effects are attainable if the saturation mag 
netic ?eld thereof is equal to or more than 100 emu/cc. 
HoWever, if excessively high, the formation of a magnetic 
pattern becomes dif?cult. Therefore, preferably, it is less 
than or equal to 500 emu/cc. 

[0119] In a case in Which not only the magnetic disk is a 
perpendicular magnetic recording medium but also a mag 
netic pattern is relatively large and even a unit volume of one 
magnetic domain is large, the saturation magnetic ?eld 
increases and the reverse magnetiZation tends to occur due 
to a magnetic demagnetiZation, thereby producing noises 
and impairing the full Width at half maximum. HoWever, 
according to this embodiment, the additional use of the 
under layer made of a soft magnetic material enables satis 
factory recording on these magnetic disks. 

[0120] In this embodiment, it is preferable that a protec 
tive layer is formed on a magnetic layer. That is, the 
uppermost surface of a magnetic disk is covered With a hard 
protective layer. The protective layer has a function to 
prevent the magnetic layer from being damaged due to the 
collision With a head or the insertion of dust/dirt particles 
betWeen the magnetic layer and a mask. In the case of the 
employment of a control magnetic pattern forming method 
using a mask as Well as the present invention, it additionally 
has a function to protect the magnetic disk from the contact 
With the mask. In a case in Which the magnetic layer is made 
up of a plurality of layers, the protective layer may be placed 
on a magnetic layer close to the uppermost surface of the 
magnetic disk. The protective layer can be placed directly on 
the magnetic layer and, as needed, it can also be placed 
thereon in a state Where a layer having a different function 
is interposed therebetWeen. 

[0121] As the protective layer, any layer is also acceptable 
as long as it is of a hard type resistant to oxidation. In 

Apr. 21, 2005 

general, for the protective layer, there is used a carbonaceous 
material such as carbon, carbon hydride, carbon nitride, 
amorphous carbon or SiC, or SiO2, Zr2O3, SiN or TiN. It is 
also acceptable that the protective layer is made of a material 
having magnetism. 

[0122] In the magnetic disk, in order to bring the head and 
the magnetic layer closest to each other, it is preferable that 
an extremely hard protective layer is made thin. Accord 
ingly, a carbonaceous protective layer is preferable in vieW 
of shock resistance and lubricity, and particularly, a dia 
mond-like carbon is preferable. It has not only a function to 
prevent the magnetic layer from being damaged by an 
energy beam but also an extremely strong resistance to 
damages of the magnetic layer due to a head. The magnetic 
pattern forming method according to the present invention is 
also applicable to an opaque protective layer such as a 
carbonaceous protective layer. 

[0123] A portion of an energy beam is absorbed by even 
the protective layer, and is operative to heat the magnetic 
layer locally due to heat conduction. For this reason, if the 
thickness of the protective layer is excessively large, the 
control magnetic pattern can be dim due to transverse heat 
conduction, and therefore, it is preferable that the ?lm 
thickness is made thin. Moreover, the thin ?lm is preferable 
in terms of a reduction of the distance betWeen the magnetic 
layer and the head at recording/reproduction. Accordingly, 
the ?lm thickness is preferable to be less than or equal to 50 
nm, more preferably less than or equal to 30 nm, and much 
more preferably 20 nm. HoWever, for suf?cient durability, it 
is preferable that the ?lm thickness is equal to or more than 
0.1 nm, more preferably 1 nm or above. 

[0124] In addition, it is also possible that the protective 
layer is made up of tWo or more layers. If a layer containing 
Cr as a main component is placed as one protective layer just 
above the magnetic layer, a preferred effect is obtainable in 
that oxygen penetration to the magnetic layer is preventable. 

[0125] More preferably, a lubricant layer is formed on the 
protective layer. This lubricant layer has a function to 
prevent the magnetic disk from being damaged by a mask or 
a magnetic head. For example, as lubricants for use in the 
lubricant layer, there are a ?uorine-based lubricant, a hydro 
carbon-based lubricant and a mixture thereof. They can be 
applied thereonto in an ordinary Way such as dipping or spin 
coating. Athin lubricant layer is preferable, for avoiding the 
interference With the formation of a magnetic pattern, and 
preferably the thickness is less than or equal to 10 nm. To 
provide a suf?cient lubrication performance, it is preferable 
that the thickness is set to be equal to or more than 1 nm. 
HoWever, in a case in Which an energy beam is applied from 
above the lubricant layer, re-applying or the like can be 
made in consideration of damages (decomposition, poly 
meriZation) of the lubricant layer, and others. 

[0126] The magnetic pattern forming method according to 
this embodiment can be implemented before the formation 
of the lubricant layer or after it. 

[0127] In addition, in order to prevent the impairment of 
the traveling stability of a ?ying/contact head, it is preferable 
that the surface roughness Ra of the magnetic disk after the 
formation of a magnetic pattern is maintained to be less than 
or equal to 3 nm. The magnetic disk surface roughness Ra 
is a roughness of a surface of the magnetic disk not including 
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a lubricant layer, and is a value calculated according to JIS 
B0601 after measured in terms of a measurement length of 
400 pm through the use of a stylus surface roughness 
measuring apparatus. More preferably, the surface rough 
ness is set to be less than or equal to 1.5 nm. 

[0128] More desirably, a surface Waviness Wa of the 
magnetic disk after the formation of the magnetic pattern is 
kept to be less than or equal to 5 nm. The Waviness Wa 
signi?es a Waviness of a surface of the magnetic disk having 
no lubricant layer, and is a value obtained according to the 
Ra calculation after measured in terms of a measurement 
length of 2 mm through the use of a stylus surface roughness 
measuring apparatus. More preferably, the Waviness Wa is 
set to be less than or equal to 3 nm. 

[0129] MeanWhile, a magnetic pattern for the magnetic 
disk thus constructed is formed on a recording layer. Pref 
erably, after a protective layer or a protective layer and a 
lubricant layer are formed on the recording layer, the for 
mation of the magnetic pattern is conducted in one of the 
above-mentioned methods. HoWever, in a case in Which 
there is no need to pay attention to the oxidation of the 
recording layer, it is possible to form the magnetic pattern 
immediately after the ?lm formation for the magnetic layer. 

[0130] Various types of methods can be taken as a method 
of forming each layer of the magnetic disk, and for example, 
there are a dc (magnetron) sputtering method, a high 
frequency (magnetron) sputtering method, an ECR sputter 
ing method, and a physical deposition method such as a 
vacuum deposition method. 

[0131] In addition, as conditions at the ?lm formation, an 
ultimate vacuum, a substrate heating method and a substrate 
temperature, a sputtering gas pressure, a bias voltage and 
others are determined properly according to a property of a 
magnetic disk to be produced. For example, as is usual in the 
case of a sputtering ?lm formation, preferably, the ultimate 
vacuum is set to be less than or equal to 5x10‘6 Torr, the 
substrate temperature is set to be in a range from a room 
temperature to 400° C., the sputtering gas pressure is set to 
be 1x10‘3 to 20x10‘3 Torr, and the bias voltage is set to be 
0 to —500 V. 

[0132] The ?lm formation can be conducted before the 
formation of an under layer in the case of heating of a 
substrate. Alternatively, in the case of use of a transparent 
substrate having a loW thermal absorption factor, in order to 
increase the thermal absorption factor, a seed layer contain 
ing Cr as a main component or an under layer having a B2 
crystal structure is formed and the substrate is then heated, 
before the formation of a recording layer and others. 

[0133] In a case in Which the recording layer is an rare 
earth-based magnetic layer, from the vieWpoint of the pre 
vention of the rare earth-based magnetic layer from corro 
sion/oxidation, it is preferable that the innermost circumfer 
ential part or outermost circumferential part of a disk is 
masked initially and, after the ?lm formation up to a 
recording layer, the mask is removed at the subsequent 
protective layer formation so that the recording layer is 
completely covered With the protective layer, and if the 
protective layer is made up of tWo layers, it is preferable that 
the ?lm formation is conducted in a state Where the record 
ing layer and the ?rst protective layer are masked and the 
mask is removed at the ?lm formation for the second 
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protective layer so that the recording layer is fully covered 
With the second protective layer. 

[0134] MeanWhile, in this embodiment, a magnetic pattern 
is formed as folloWs on a magnetic disk thus constructed. 
That is, a magnetic pattern is formed on a magnetic disk 
having a magnetic layer on a substrate through a process of 
heating the magnetic layer locally and a process of exposing 
the magnetic layer to an external magnetic ?eld. In heating 
the magnetic layer locally by applying an energy beam to a 
surface of the magnetic disk, the energy beam application is 
made according to a mask pattern for projecting (imaging) 
the mask pattern to the magnetic disk surface at a reduction 
ratio. 

[0135] In this case, since the formation of a magnetic 
pattern is conducted With a combination of the local heating 
and the exposure to an external magnetic ?eld, unlike the 
conventional technique, there is no need to use a strong 
external magnetic ?eld. Moreover, since no magnetiZation 
takes place even if a magnetic ?eld is brought to strike on 
other than the heated area, the formation of a magnetic 
domain can be limited to a heated area. Thus, the magnetic 
domain boundary becomes clear, and it is possible to form 
a pattern in Which the magnetic transition Width is small and 
the magnetic transition at the magnetic domain boundary is 
very sharp, thereby providing a high-quality output signal. 
Depending upon selection of condition, the magnetic tran 
sition Width can be set to be less than or equal to 1 pm. 

[0136] In addition, since, unlike the conventional tech 
nique, there is no need to press a magnetic disk and a master 
disk, it is possible to eliminate the possibility of the mag 
netic disk or the mask being damaged and the defects of the 
magnetic disk being increased. 

[0137] Still additionally, this technique according to the 
present invention enables satisfactory formation of a mag 
netic pattern extending obliquely With respect to a track. 

[0138] Moreover, since an energy beam is used for the 
local heating, it is possible to easily control the siZe of a 
portion to be heated and the poWer thereof, thus resulting in 
high-accuracy formation of a magnetic pattern. 

[0139] Still moreover, in this embodiment, since a pat 
terning energy beam having an intensity distribution corre 
sponding to a magnetic pattern to be formed is projected 
(imaged) to a surface of a magnetic disk in a state reduced, 
in a case in Which the energy beam is narroWed doWn or 
focused through an objective lens before passing through a 
mask, that is, as compared With the proximity exposure, 
limitation is not imposed on the magnetic pattern accuracy 
due to the mask patterning accuracy or alignment accuracy, 
and high-accuracy formation of ?ner magnetic pattern 
becomes feasible. And not only that, since the mask and the 
magnetic disk are separated from each other, the formation 
thereof is less susceptible to dirt particles on the magnetic 
disk. 

[0140] An energy beam emitted from a light source is 
varied in intensity distribution by means of a mask and then 
reaches a surface of the magnetic disk as an image through 
an imaging means such as an imaging lens. Incidentally, the 
imaging leans is sometimes referred to equally as a projec 
tion lens, and the reduction imaging is sometimes referred to 
equally as reduction projection. 








































