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METHOD AND APPARATUS FOR MAGNETIC TRANSFER 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a method for 

recording a large amount of information on a magnetic 

recording medium at one time, and in particular, to a 

method for transferring a recording· information to a 

magnetic recording medium of large capacity and high 

10 recording density. 

With rapid development and progress in the utilization 

of digital i.mage, amount of information to be handled in 

personal computers and other devices has extensively 

increased. ·Because of the increase of the amount of 

15 information, there are now strong demands on a magnetic 

recording medium, which has larger capacity to record the 

information and can be manufactured at low cost and 

requires shorter time for writing and reading operations. 

In a high density recording medium such as hard disk 

20 or in a high density floppy disk type magnetic recording 

medium represented by ZIP (Iomega Inc.), information 

recording area has narrower track compared with the floppy 

disk now commonly used. In order that magnetic head can 

scan over narr~w track width and signals can be recorded or 

25 reproduced with high S/N· ratio, it is necessary to perform 

accurate scanning by the tracking servo technique. 

In a large capacity magnetic recording medium such as 

a hard disk or a removable type magnetic recording medium, 
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servo signal for tracking or address information signal, 

reproduction clock signal, etc. are recorded with a certain 

spacing between them within one turn of the disk. This is 

the so-called pre-format. 

5 By reading this pre-f o:r:matted signal and by correcting 

its own position, the magnetic head can run_accurately on 

the track. 

In the mode of pre-formatting current1y in practice, 

disks are recorded one by one and track by track using a 

10 special-purpose servo recorder. However, there are 

prOblems in that the servo recorder are expensive and long 

time is required for the preparation of the pre-format and 

this means longer time for manufacture and higher 

manufacturing cost. 

15 In this respect, a method has been proposed to perform 

magnetic transfer without carxying out pre-fo:r:mat for each 

track. For example, a transfer technique is described in 

Japanese Patent Publications Laid-Open 63-183623, 10-40544, 

and 10-269566. However, none of these inventions provides 

20 a proposal suitable . for practical applications. There has 

been no disclosure on concrete means or conditions such as 

the condition of magnetic field to be applied at the 

magnetic transfer in'the method for magnetic transfer or 

the means for generating the magnetic field. 

25 To solve the problems as described above, the 

following method has been proposed in Japanese Patent 

Publications Laid-Open 63-183623 and 10-40544: On the 

surface of the substrate, surface irregularities (i.e. 
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recesses and projections; concave portions and convex 

portions) corresponding to information signal.a are fo:r:med. 

The surface of the master carrier for magnetic transfer 

where ferrOma.gnetic thin film is fo:r:med ~t J.east on the 

5 projections is brought into contact with the surface of 

sheet-type or disk-type magnetic recording medium where 

ferromagnetic thin fil.m or ferromagnetic powder coating 

J.ayer is fo:r:med. Or, AC bias magnetic fiel.d or DC magnetic 

fiel.d is appl.ied to excite ferromagnetic material which 

10 constitutes the surface of the projections~ As a resul.t, 

magnetized pattern to match the surface irregul.arities is 

recorded on the magnetic recording medium. 

According to this method, the surface of the projected 

portions of the master carrier for magnetic transfer is 

15 brought closely together to the magnetic recording medium 

to be pre-formatted, i.e. the slave medium, and the 

ferromagnetic material. which constitutes the projected 

portions is excited. As a result, the desired format is 

formed on the slave medium. By this method_, recording can 

20 be carried out staticall.y with~ut changing rel.ative 

positions of the master carrier for magnetic transfer and 
; 

the sl.ave medium, and accurate pre-fo:r:mat recording can be 

perfo:r:med. Also, the time required for the recording is 

very short. Specifically, in the method for recording from 

25 the magnetic head as described above, the time of several 

minutes to several. tens of minutes is normal.ly required, 

while magnetic transfer can be·compl.eted within one second 

regardl.ess of the recording capacity or recording density 
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in this magnetic transfer method. 

Now, description will be given on the transfer of 

pattern for pre-format in the master carrier for magnetic 

transfer referring·to Fig. 1. Fig. 1 (A) is a scbem.atical 

5 plan view to .explain magnetic layer surface of the master 

carrier for.magnetic transfer, and Fig. 1 (B) is a cross-

sectional view to explain the process of transfer. 

On a certain area of the track of the master carrier 1 

for magnetic transfer, a pre-format region 2 and a data 

10 region 3 where patterns of servo signals and address signal 

for tracking to be transferred are formed. By.bringing the 

master carrier 1 for magnetic transfer and the slave medium 

4 cl~sely together and by applying an external magnetic 

field 6 for transfer in track direction 5, the pre-foJ:ma.t 

15 information can be transferred to the slave medium as a 

recording information 7. Thus, the slave medium can be 

manufactured with high efficiency. 

However, it has been made clear that, when magnetic 

transfer is performed according to this method, the quality 

20 of information signal may be deteriorated, and that servo 

action J!!AY be inaccurate. 

SUMMARY OF THE INVENTION 

It is an object of the present invention.to provide a 

25 method and an apparatus for stable magnetic transfer by 

bringing a master carrier for magnetic transfer and a slave 

medium closely together and by transferring a pre-format 

pattern through application of an external magnetic field 
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in order to prevent inaccurate servo operation of the slave 

medium. 

The present invention provides a method for magnetic 

transfer by bringing a master carrier for magnetic transfer 

5 together with a slave medium and by applying magnetic field 

for transfer, said master carrier having a magnetic layer 

formed on surface of a substrate corresponding to an 

information signal, and said slave medium comprising a 

magnetic recording medium where the information i~ to be 

10 transferred, said method comprising the steps of: 

arranging permanent magnets each magnetized 

symmetrically to the axis of the magnetic pole with the 

same polarities facing to each other and with the slave 

medium interposed between, and disposing the slave medium 

15 perpendicularly to the axis of the magnetic pole, 

rotating the slave medium or the permanent magnet in 

track direction; and 

applying magnetic field in track direction on the 

surface of the slave medium, whereby: 

20 after initial DC magnetization has been formed on the 

slave medium in advance in track direction, the master 

carrier for magnetic transfer and the slave medium 

processed by said initial DC magnetization are brought 

closely together, and a magnetic field for transfer in 

25 reverse direction to the direction of the initial DC 

magnetization on the surface of the slave medium is applied 

in track direction, and magnetic transfer is performed. 

Also, the present invention provides a method for 
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magnetic transfer by bringing a master carrier for magnetic 

transfer together with a slave medium, said master carrier 

having a magnetic layer formed on surface of a substrate 

corresponding to an information signal, and said slave 

5 medium comprising a magnetic recording medium where the 

information is to·be transferred, and by applying magnetic 

field for transfer, said method comprising the steps of: 

arranging permanent magnets each magnetized 

symmetrically to the axis of the magnetic pole with the 

10 same polarities facing to each other and with the slave 

medium interposed between; 

arranging said magnets Obliquely in such manner that a 

distance between the permanent magnets at one end. in the 

track direction is different from a distance at the other 

15 end,·and turning the magnetic field intensity distribution 

in track direction to.asymmetrical; 

rotating the magnets or the slave medium arranged in 

track direction; and 

applying magnetic field ·approximately in track 

20 direction on the surface of the slave medium, whereby: 

after initial·DC magnetization of the slave medium has 

been performed in advance in track direction, the master 

carrier for magnetic transfer and the slave medium 

processed by said initial DC magnetization are brdught 

25 closely together, and magnetic transfer is performed, and a 

magnetic field for transfer in reverse direction to the 

direction of the initial DC magnetization on the surface of 

the slave medium is applied in track direction. 
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Further, the present invention provides a method for 

magnetic transfer by bringing a master carrier for magnetic 

transfer together with a slave medium and by applying 

magnetic field for transfer, said master carrier having a 

5 magnetic layer formed on surface of a substrate 

corresponding to an information signal, and said slave 

medium comprising a magnetic recording medium where the 

information is to be transferred, said method comprising 

the steps of: 

10 applying a magnetic field in track direction on the 

surface of the slave medium, bringing the master carrier 

for magnetic transfer and the slave medium processed by 

said initial DC magnetization closely together after 

initial DC magnetization of the slave medium has been 

15 performed in track· direction in advance; 

arranging perm.anent magnets each magnetized 

symmetrically ~o the axis of the magnetic pole with the 

same polarities facing to each other and with the slave 

medium inte:cposed between; 

20 turning magnetic field intensity distribution in 

traclcing direction to asymmetrical by arranging in such 

manner that a distance between said permanent magnets on 

one end in the track direction is different from a distance 

at the other end; · 

25 rotating said arranged magnets or a collective unit of 

the master carrier.for magnetic transfer with the slave 

medium in track direction; 

applying a magnetic field for transfer in track 
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direction reverse to the direction of the initia1 DC 

maqnetization, and maqnetic transfer is performed. 

Also, the present invention provides the method for 

maqnetic transfer as described above, wherein perm.anent 

5 magnets are arranged with the same polarities facinq to 

each other and with the slave medium interposed between, 

said permanent magnets each magnetized symmetrically to the 

axis of the magnetic pole are arranged in such manner that 

axis of the maqnetic pole runs perpendicularly to the 

10 surface of the slave medium, and maqnetic fie;ld intensity 

distribution in track direction of the maqnetic field 

generated is such that there is at least one point having 

maqnetic field intensity hiqber than coercive force (Hes) 

of the slave medium at a position in the track direction. 

15 Further, the present invention provides the method for 

maqnetic transfer as described above, wherein perm.anent 

magnets each magnetized symmetrically to the axis of the 

maqnetic pole are arranged with the same polarities facinq 

to each other and with the slave medium interposed between, 

20 said permanent magnets are arranged obliquely so that a 

distance between the permanent maqnets at one end in 

tracking direction is different from a distance at the 

other end, and magnetic field intensity distribution in 

track direction is turned to asymmetrical, whereby the 

25 magnetic field intensity in the track direction of the 

maqnetic field.generated is such that there is a portion 

with magnetic intensity higher than coercive force of the 

slave medium only in one direction at a position in the 
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track direction, and magnetic field intensity in reverse 

direction has a value lower than coercive force (Bes) of 

the slave medium even at any position in the track 

direction. 

5 Also, the present invention provides th~ method for 

magnetic transfer as described·above, wherein permanent 

magnets each magnetized symmetrically to the axis of the 

magnetic pole are arranged with the same polarities facing 

to each other and with the slave medium interposed between, 

10 magnetic field intensity distribution in tracking direction 

is turned to asymmetrical by arranging the ma~ets 

obliquely in such manner that a distance between said 

permanent magnets at one end in track direction is 

different from a distance at the other end, whereby 

15 magnetic field intensity distribution in track direction of 

the magnetic field generated is such that magnetic field 

intensity higher than the maximum value of optimal transfer 

magnetic field in~nsity range is present at none of the 

position in track direction, there is at least one point 

20 where magnetic field intensity is within the optimal 

transfer magnetic field intensity in one track direction, 

and magnetic field intensity in the tracking direction in 

direction reverse thereto is lower than the minimum value 

of the optimal transfer magnetic field intensity range at 

25 any position in the track direction. 

Further, the present invention provides the method for 

magnetic transfer as described above, wherein the optimal 

transfer magnetic field intensity is 0.6 X Bes to 1.3 X 
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Hes to the coercive force (Hes) of the slave medium. 

Also, the present invention provides an api;)aratus for 

magnetic transfer for applying magnetic field for transfer, 

wherein a magnetic layer is formed on a portion of surf ace 

5 of a substrate corresponding to an information, and a 

master carrier for magnetic transfer and a slave medium 

comprising a magnetic recording medium where information is 

to be transferred are brought closely together, said 

apparatus comprising initial DC magnetizing means for 

10 arranging permanent magnets each magnetized symmetrically 

to the axis of the magnetic pole with the same polarities 

facing to each other and with the slave medium i:n,terposed 

between so that an axis of the magnetic pole runs 

perpendicularly to the surface of the slave medium, for 

15 rotating said slave medium or said permanent magnets in 

track direction, and for performing initial DC 

magnetization in track direction of the slave medium in 

advance by applying magnetic field in track direction on 

the surf ace of the slave medium, combining means for 

20 combinin~ the master carrier for magnetic transfer with the 

slave medium processed by initial DC magnetization, and 

transfer magnetic field applying means for applying a 

magnetic field for transfer in reverse direction to the 

direction of the initial DC magnetization on the surface of 

25 the slave medium in track direction by turning the 

collective unit thus combined or the permanent magnets in 

track direction. 

Further, the present invention provides an apparatus 
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for magnetic transfer for applying magnetic field for 

transfer, wherein a magnetic layer is foz:med on a portion 

of surface.of a substrate corresponding to an.information, 

and a master carrier for magnetic transfer and a slave 

5 medium comprising a magnetic recording medium where 

information is to be transferred are brought closely 

together, said apparatus comprising initial DC magnetizing 

means for perfoz:ming initial DC magnetization of the slave 

medium in track direction in advance by arranging pez:manent 

10 magnets each magnetized symmetrically to the axis of the 

magnetic pole ·with the same polarities facing to each other 

and with the slave medium interposed between, for arranging 

the magnets obliquely so that a distance between said 

pez:manent magnets at one end in the track direction is 

15 different from a distance at the other end, for rotating 

the permanent magnets where magnetic field intensity 

distribution in track direction is turned to asymmetrical 

or the slave medium is rotated in the track direction, and 

magnetic field is applied in the track direction on the 

20 surface of the slave medium, combining means for combining 

the master carrier for magnetic transfer with the slave 

medium processed by initial DC magnetization closely 

together, and transfer magnetic field applying means for 

applying a magnetic field for transfer.in reverse direction 

25 to the direction of the initial DC magnetization on the 

surface of the slave medium in track direction. 

Also, the present invention provides an apparatus for 

magnetic transfer for applying magnetic field for transfer, 
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wherein a magnetic layer is formed on a portion of surface 

of a substrate corresponding to an information, and a 

master carrier for magnetic transfer and a slave medium 

comprising a magnetic recording medium where information is 

5 to be transferred are brought closely together, said 

apparatus comprising combining means for combining the 

master carrier for magnetic transfer with the slave medium 

processed by initial DC magnetization, and transfer 

magnetic field applying means consisting of permanent 

10 magnets each magnetized symmetrically to the axis of the 

magnetic pole with the same polarities facing to each other 

and with said combined unit interposed between, and 

arranging said permanent magnets obliquely so that a 

distance between said permanent magnets at one end in the 

15 track direction is different from a distance at the other 

end, and rotating means for rotating at least one of said 

combined unit or the transfer magnetic field applying means. 

Further, the present invention provides the apparatus 

for magnetic transfer as described above, wherein, in said 

20 initial DC magnetizing means, when permanent magnets each: 

magnetized symmetrically to the axis of the magnetic pole 

are arranged with.the same polarities at opposed position 

with the slave medium interposed between so that the axis 

of the magnetic pole runs perpendicularly to the surface·of 

25 the slave medium, the magnetic field intensity distribution 

in the track direction of the magnetic field generated is 

such that there is at least one point in track direction 

where magnetic field intensity is higher than coercive 
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force (Hes) of the slave medium. 

A1so, .the present invention provides the apparatus for 

magnetic transfer as described above, wherein said initial 

DC magnetizing means comprises pe:cmanent magnets, said 

5 pez:manent magnets each magnetized symmetrica1ly to the axis 

of the magnetic po1e with the same polarities facing to 

each other and with the slave medium interposed between, 

said pez:manent magnets arranged obliquely so that a 

distance between said pez:manent magnet at one end in the 

10 track direction is different from a distance at the other 

end, and magnetic field intensity distribution is turned to 

asymmetrical in the track direction, the magnetic· field 

intensity distribution in the track direction is such that 

a point where magnetic fie1d intensity is higher than 

15 coercive force (Hes) of the slave medium is present only in 

one direction at a position in the track direction, and the 

magnetic field intensity in reverse direction is lower than 

the coercive force (Hes) of the slave medium at a position 

in the track direction. 

20 Further, the present invention provides the apparatus 

for magnetic transfer as described above, wherein pe:cmanent 

magnets each magnetized symmetrical1y to the CllXiS of the 

magnetic pole are arranged with the same polarities facing 

to each other and with the.slave·medium: interposed between, 

25 said pez:manent magnets arranged oblique1y so that a 

distance between said permanent magnets at one end in the 

track direction is different from a distance at the other 

end, and magnetic field intensity distribution is turned to 
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asymmetrical in the track direction, the magnetic field 

intensity distribution in the track direction of the 

magnetic field thus generated is such that magnetic fiel.d 

intensity higher than the maximum val.ue of the optimal 

5 transfer magnetic field intensity range is not present at 

any position in the track direction, magnetic field 

intensity within the optimal transfer magnetic field 

intensity range is present at least at one point in one 

track direction, and magnetic fiel.d intensity in the track 

10 direction reverse thereto is l.ower than the minimum value 

in the optimal. transfer magnetic field intensity range at 

any track direction in any track direction. 

Also, the present· invention provides the apparatus for 

magnetic transfer as described above, wherein the optimal 

15 transfer magnetic field intensity is 0. 6 X Bes to 1. 3 X 

Bes. 

BRJ:EF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing to explain transfer of a pattern 

20 for pre-fo%1Dat in a master carrier for magnetic transfer; 

Fig. 2 is a drawing to explain a method for applying 

a magnetic fiel.d using two permanent magnets facing to each 

other and; 

Fig. 3 is a drawing to explain another method for 

25 applying a magnetic field; and 

Fig. 4 is a drawing to explain stil.l another method 

for applying a magnetic field. 

14 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

When a master carrier for magnetic transfer and a 

s1ave medium are brought c1ose1y together and a magnetic 

fie1d for transfer is applied from outside, magnetic 

5 transfer operation is unstable and a portion with signals 

of poor qua1ity is produced as the result of transfer. 

Having found that the quality of signals is decreased 

because the magnetic field applied at the time of transfer 

is not adequate, the present inventors have conceived the 

10 present invention. 

J:n the magnetic transfer from the master carrier for 

magtietic transfer to the s1ave medium, it has been believed 

in the past that, when an external magnetic field higher 

than the coercive force Bes of the slave medium is app1ied, 

15 the slave medium is magnetized all in applied direction, 

and this is the reason why the pattern to be transferred is 

·not recorded. For example, i~ Japanese Patent Publication 

Laid-Open 10-40544, it is described in the paragraph 0064 

that it is preferable to have coercive force equal to or 

20 lower than the coercive force of the magnetic recording 

medium. 

However, the present inventors have found the 

following principle after elaborate study. The principle 

of magnetic transfer according to the present system is as 

25 follows: As shown in Fig. 1, in a convex portion of a 

magnetic layer of a master carrier 1 for magnetic transfer, 

which is substantially in contact with a s1ave medium 4, an 

external magnetic field 6 for transfer is turned to a 
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magnetic field 6a which is absorbed to the convex portion, 

and the recordab1e magnetic fie1d intensity is not attained 

on the magnetic 1ayer of the slave medium 4 in contact. 

However, on the magnetic 1ayer of the s1ave medium 4 

5 corresponding to a concave portio~ of the master carrier 1 

for magnetic transfer not in contact with the s1ave medium 

4, the recordab1e magnetic field intensity is attained. As 

shown by reference num.era1 7 in the figure, magnetization 

occurs in a direction of the external magnetic field 6 for 

10 transfer, and a pattern for pre-foriaat of the master 

carrier 1 for magnetic transfer can be transferred to the 

s1ave medium 4 as a _recording information 7. 

Therefore, when transfer is performed from the master 

carrier for magnetic transfer to the slave medium, in the 

15 portion in contact with the slave medium, most of the 
magnetic field enters the pattern portion of the master 

carrier for magnetic transfer, and it appears that no 

inversion occurs even when transfer magnetic field higher 

than th:e coercive force Bes of the slave medium is app1ied. 

20 By applying magnetic field for transfer having intensity in 

specific relation to the coercive force Bes of the s1ave 

medium, it is possible to obtain a slave medium with the 

signal of high quality. 

In order to achieve clear and distinct transfer in any 

25 type of pattern, initial DC magnetization should be 

performed on the slave medium in advance with sufficiently 

high magnetic field to magnetize to higher than the 

coercive force Bes, or more preferably, to more than 1.2 
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times of Hes. And magnetic field for transfer with 

specific intensity, i.e. a magnetic field within optimal 

transfer magnetic field intensity range, should be applied. 

The preferable magnetic field for transfer is given as: 

5 0.6 x Bes <Magnetic field for transfer < 1.3 x Hes 

It should be applied in a direction reverse to the 

direction of the initial DC magnetization. 

More preferably, the magnetic field for transfer has 

coercive force of 0.8 - 1.2 Hes, or most preferably, 1 -

10 1.1 Bes. 

The magnetic recording medium for performing pre­

foJ:mat for servo is a disk-type recording medium, and 

infoJ:mation is recorded along a track, which is formed· 

concentrically from the center of rotation. To apply the 

15 magnetic field to transfer a radia1 pattern in the disk­

type magnetic recording medium as described above, the 

magnetic f ie1d is app1ied in the direction of the track on 

the slave medium surface, i.e. in tangentia1 direction of a 

circu1ar arc at a position in arbitrary track direction, 

20 and initial DC magne~zation is performed in track 

direction of the s1ave medium. 

Next, the master carrier for magnetic transfer and the 

slave medium processed by the initia1 DC magnetization are 

brought closely together, and the.magnetic field for 

25 transfer is app1ied in the direction of track on the s1ave 

medium surface. In this case, the direction of the initial 

DC magnetization when magnetic field is applied in the 

direction of track on the slave medium must be reverse to 

17 



•' 

the direction of the magnetic field for transfer applied 

for magnetic transfer on the slave medium surface. 

Therefore, in order to apply the magnetic field under 

the above condition for applying magnetic field all over 

5 the entire surface of the disk-type medium, a magnetic 

field of such magnetic field intensity distribution that 

magnetic field intensity is higher than the coercive force 

Bes of the slave medium at least at one point on a position 

in track direction is generated on a part of the track 

. 10 direction. By rotating the slave medium or the magnetic 

field by one turn in the track direction, the initial DC 

:aiagnetization can be achieved. 

Also, a magnetic field with such magnetic field 

intensity distribution is generated.on a portion in the 

15 track direction that it has a portion with magnetic field 

intensity of higher than the coercive force Bes of the 

slave medium only in one direction at a position in the 

.track direction and that magnetic field intens1ty in 

reverse direction is lower than the coercive force Bes of 

20 the slave medium at any position of the track direction. 

By rotating the sl.ave medium or the magnetic field by one 

turn in the track direction, a magnetic field for initial 

DC magnetization can be applied in the track direction of 

the slave medium in advance. 

25 Further, a magnetic· field with such magnetic field 

intensity distribution is generated on a portion of the 

track direction that magnetic field intensity higher than 

the maximum value of the opt~l transfer magnetic field 
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intensity range is not present at any position in the track 

direction and the portion with magnetic field within the 

optimal transfer magnetic field intensity range is present 

at least at one point in one track direction and magnetic 

5 field intensity reverse· to the track direction is lower 

than the minimum value in the optimal transfer magnetic 

intensity range at any position of the track direction. 

The master carrier for magnetic transfer and the slave 

medium subjected to the initial DC magnetization are 

10 brought closely together, and this is rotated in the track 

direction or the magnetic field is rotated in the track 

direction. Thus, by applying the magnetic field for 

transfer in the track direction on the slave medium surface, 

this can be acc0mplished. 

15 In the method of the present invention, transfer 

magnetic field may be applied by tilting the axis of 

magnetic pole of the permanent magnet obliquely with 

respect to the slave medium 'surface. In this case, the 

optimal value of the tilting of the axis of the magnetic 

20 pole varies according to the shape of the magnet. In case 

of a permanent magnet in form of a parallelepiped, it is 

preferable that an angle 8 between a plane perpendicular 

to the axis of the magnetic pole and the surf ace of the 

slave medium is 5° to 70° , or more preferably 20° to 55° • 

25 The permanent magnet used for the initial DC 

magnetization and magnetic transfer is pr~ferably in such 

size as to be equal to or longer than the distance from a 

track on one end of the slave medium to a track on the 
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other end. In case of a disk-type sl.ave medium, it is 

preferabl.e that it is in such size as to be equal. to or 

l.onger than the radial. distance from the outermost track to 

the innermost track of the sl.ave medium. . When a permanent 

5 magnet of such size is used, it is possibl.e to appl.y 

uniform magnetic field on the sl.ave medium surf ace simply 

by moving the slave medium or the cl.osel.y fitted group or 

the col.lective unit of the sl.ave medium and the master 

carrier for magnetic transfer or the permanent magnet in 

10 one direction al.l. over the total. length of the track or by 

rotating by one turn. 

Al.so, the magnetic fiel.d intensity. to be appl.ied using 

the permanent magnet must be uniform at any position al.l. 

over the track. Its variation is preferabl.y within ±5% at 

15 any position over the entire track, or more preferably 

within ±2 .5%. 

In the fol.lowing, description wil.l. be given on a 

method for transfer and an apparatus for transfer. 

Fig. 2 is to expl.ain a method for appl.ying magnetic 

20 field using two permanent magnets arranged at two opposed 

positions. Fig. 2 (A) shows an exampl.e. where permanent 

magnets Ba and Sb each symmetrically magnetized with 

respect to the axis of the magnetic pol.e are arranged at 

opposite positions on upper and lower surfaces of the sal.ve 

25 medium 4 respectively. The sl.ave medium is rotated with 

the same pol.arities of magnetic pol.es facing to each other. 

From each of the permanent magnets Sa and Sb arranged 

on upper and l.ower surfaces of the sl.ave medium 4 
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respectively, a magnetic field 9 is applied to the surface 

of the slave medium 4 as shown in Fig. 2 (B). 

Fig. 2 (C) is a diagram showing magnetic field 

intensity to be applied on the slave medium. :Cn the 

5 magnetic field applied on the slave medium, a peak value 10 

higher than the coercive force Bes of the slave medium is 

present.· By rotating the slave medium or the magnet, 

initial DC magnetization can be performed on the slave 

medium. 

10 Fig. 3 is to explain another method for applying the 

magnetic field. 

Fig .. 3 (A) is to explain a method for applying an 

asymmetrical magnetic field, and Fig. 3 (B) is to explain 

intensity of the magnetic field when the magnetic field of 

15 Fig. 3 (A) is applied. 

Permanent magnets Sc and Sd each magnetized 

symmetrically with respect to the axis of the magnetic pole 

are arranged at opposite positions with the slave medium 4 

interposed between them and with the same polarities facing 

20 to each other. The magnets are arranged obliquely so that 

a distance 11a between the ends of th~ pezmanent magnets on 

one end in the track direction is different from a distance 

llb between the ends of the permanent magnets on the other 

end in the track direction, and distribution of magnetic 

25 field intensity in the track direction is turned to · 

asymmetrical. An as~trical magnetic field 12 is given 

asymmetrically with respect to the surface of the slave 

medium. 4. By rotating the slave medium. 4 or the tilted 
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permanent magnets Sc and Sd in the track direction with 

respect to the central axis of the slave medium 1 and by 

applying the asymmetrical magnetic field to the entire 

surface of the slave medium, initial DC magnetization can 

5 be achieved. 

In the asymmetrical magnetic field, a peak value 13 

with lower intensity gives no influence on the initial DC 

magnetization to the slave medium, and only a peak value 14 

with higher intensity exerts action on the initial DC 

10 magnetization. 

Fig. 4 is to explain still another method for applying 

a magnetic field. 

Fig. 4 (A) is to explain application of an 

asymmetrical magnetic field on a collective unit of the 

15 slave medium and the master carrier for magnetic transfer. 

Fig. 4 (B) is to explain intensity of a magnetic field 

given when the magnetic field shown in Fig. 4 (A) is 

applied. 

To the surface of a collective unit 15 comprising the 

20 slave medium 4 processed by initial DC magnetization and 

the master carrier 1 for magnetic transfer, permanent 

magnets Sc and Sd each magnetized symmetrically with 

respect to the axis of the magnetic pole are arranged at 

opposite positions with the collective unit 15 intez:posed 

25 between them and with the same polarities facing to each 

other.· :Ct is designed in such manner that a distance 11a 

between the ends of the permanent magnets at one end in the 

track direction is different from a distance llb between 
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the ends of the permanent magnets on the other end in the 

track direction, and the magnets are arranged obl.iquel.y to 

turn the magnetic fiel.d intensity distribution in the track 

direction to asymmetrical.. By appl.ying the asymmetrical. 

5 magnetic fiel.d 12 to the surface of the sl.ave medium 4, or 

by rotating the aol.l.eative unit 15 or at l.east one of the 

til.ted ·permanent magnets Sa and 8d in the track direction 

with respect to the central axis of the coll.eative unit 15, 

a magnetic f iel.d in reverse direction to the magnetizing 

10 direction of the initial. DC magnetization can be appl.ied on 

the entire surface of the aol.l.eative unit 15. 

In the asymmetrical. magnetic f iel.d, a peak val.ue 13 

with l.ower intensity gives no infl.uenae on the transfer of 

the pattern from the master carrier for magnetic transfer 

15 to the sl.ave medium, and onl.y a peak val.ue 14 with higher 

intensity contributes to the magnetic transfer. 

When a magnetic fiel.d in the optimal. transfer magnetic 

fiel.d intensity range is given from the master carrier for 

magnetic transfer to the sl.ave medium, the peak val.ue 14 

20 with higher intensity can form a good pattern regardl.ess of 

the shape of the pattern. 

The apparatus to be used in the method for magnetic 

transfer as shown in Fig. 2 to Fig. 4 has such a mechanism 

that the distance between the slave medium. surf ace and the 

25 permanent magnet can be adjusted as desired. By adjusting 

the distance between the slave medium and the permanent 

magnet, the magnetic field intensity as desired can be 

obtained on the slave medium surface. 
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In an apparatus shown in Fig. 3 and Fig. 4, in 

addition to the mechanism to adjust the distance, there is 

provided a mechanism for adjusting tilt angle of the 

permanent magnet as desired, and this makes it possible to 

5 adjust the magnetic intensity reverse to initial. DC 

magnetization and the magnetic field for magnetic transfer 

to the desired magnetic field intensity. 

The method shown in Fig. 3 and Fig. 4 simply shows an 

example, in which magnetic field distribution at a position 

10 in the track direction is turned to asymmetrical using two 

permanent magnets. As a resul.t, it is possibl.e to change 

the shape of the pe~ent magnet on the slave medium side, 

or to combine a plurality of small pe~nent magnets into 

one ~lock. Further, usinq a non-homoqeneous material as the 

15 magnetic material in the permanent maqnets, the magnetic 

field distribution can be turned to asymmetrical. Thus, it 

is possible to form. a magnetic field pattern with 

asymmetrical intensity distribution similar to the examples 

shown in Fig. 3 and Fig. 4. 

20 Now, description will be qiven on a method to 

manufacture the master carrier for magnetic transfer to be 

used in the magnetic transfer of the present invention. 

As a substrate for the master carrier for magnetic 

transfer, a planar member with flat and smooth surface, 

25 which is made of silicon, quartz plate, glass, non-magnetic 

metal such as aluminum or alloy; ceramics, synthetic resin, 

etc.·, and which has enouqh resistance to processing 

environment such as temperature in etching and film forming 
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processes may be used. 

On a substrate with flat and smooth surface, 

photoresist is coated, and light exposure or development is 

performed using a photo mask to match the pattern of pre-

5 format. Or, the photoresist is directly marked, and a 

pattern corresponding to the pre-format information is 

formed. 

Next, in the etching process, etching of the substrate 

is performed corresponding to the pattern by etching means 

10 such as reactive etching, physical etching using argon 

plasma, or etching using liquid. 

'l'be depth of the hole to be formed by the etching 

should be a depth corresponding to thickness of a magnetic 

layer formed as a transfer information recording portion. 

15 J:t is preferably 20 - 1000 nm. J:f it is too thick, 

spreading width of the magnetic field becomes too large, 

and this is not desirable. 

'.rhe holes to be formed have preferably uniform. depth 

so that bottom surface can be formed with a surface plane 

20 which runs in parallel to the surface of the substrate. 

A1so, the bole has preferably such a shape that its 

cross-section in the track direction perpendicular to the 

surface is of rectangular shape. 

Next, the magnetic material is processed by vacuum 

25 film forming means such as vacuum deposition method, 

sputtering method, ion plating method, and a film of 

magnetic material ·is formed up to the surf ace of the 

substrate in thickness to correspond to the formed hole. 
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Magnetic characteristics of the transfer inf orm.ation 

recording portion are as follows: coercive force (Bes) not 

more than 2500 Oe, or more preferably, 5 - 1500 Oe; 

saturation magnetic flux density (Bs) not less than 0.3 T 

5 (Tesla), or more preferably, not less than 0.5 T. 

Then, photoresist is removed by lift-off method. 'lhe 

surface is polished, and burrs are removed if any, and the 

surface is flattened. 

In the above, description has been given on the method 

10 to form . holes on the substrate and to form a film of 

magnetic material in the holes thus formed. It may . be 

designed in such manner that the film of magnetic material 

is formed at predetermined poi.nts on the substrate by 

photo-fabrication method to make conve_x portions on the 

15 transfer information recording portion, and non-magnetic 

material is the formed in film or is filled between the 

convex portions, and the surface may be made on the same 

level as the non-magnetic material portion of the transfer 

infoz:mation recordi.nq portion. 

20 As the magnetic material to be used in the magnetic 

layer, cobalt, iron or their alloys having high magnetic 

flux de~sity may be used. More concretely, Co, CoPtCr, 

CoCr, CoPtCrTa, CoPtcrNbTa, CoCrB; CoNi, Fe, FeCo, FePt, 

etc. may be used. 

25 The thickness of the magnetic layer is preferably 20 

1000 nm, or more preferably, 30 - 500 nm. If it is too 

thick, resolution of recording is decreased. 

In particular, it is preferable for the purpose of 
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providing clear transfer that magnetic flux density is high 

and it is in the same direction as the slave medium, e.g. 

in intra-surface direction in case of intra-surf ace 

recording, and to have magnetic anisotropy in vertical 

5 direction in case of vertical recording. It is preferable 

that the magnetic material has a structure of fine magnetic 

particles or amorphous structure because sharp edge can be 

produced. 

:In order to provide magnetic anisotropy on the 

10 magnetic material, it is preferable to have a non-magnetic 

underlayer, and crystal structure and lattice constant 

shoul.d be the same as those of the magnetic layer. More 

concretel.y, Cr, CrTi, CoCr, CrTa, CrMo, NiAl., Ru, etc. may 

be used to form the film by sputtering. 

15 A protective film such as a diamond-like carbon film 

may be formed on the magnetic l.ayer, and l.ubricant may be 

provided. As the protective film, it is more preferable 

that diamond-l.ike carbon film of 5 - 30 nm and l.ubricant 

are present. The reason why lubricant must be provided is 

20 as follows: When deviation is caused during the contact 

process with the slave medium and this deviation is to be 

correc~d, friction occurs, and if there is no lubricant 

l.ayer, durability may be decreased. 

The master carrier for magnetic transfer according to 

25 the present invention can be used not only in the transfer 

of magnetic recording information to a disk-type magnetic 

recording medium such as hard disk, large capacity 

removabl.e type magnetic recording medium, etc. but also in 
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the transfer"of magnetic recording information to a card­

type magnetic recording medium or.atape-type magnetic 

.recording medium. 

In the following, description will be given in detail 

on the present invention by referring to examples. 

[Example 1 and Comparative example 1] 

(Preparation of master carrier for magnetic transfer) 

In a vacuum film-making apparatus, pressure was 

reduced· to 10-7 Torr at room temperature, and argon was 

10 then introduced to turn the pressure to 3 x 10-3 Torr. 

Then, a film of FeCo of 200 nm in thickness was foz:med on a 

silicon substrate, and this was used as the master carrier 

for magnetic transfer. 

It had coercive force Be of 100 Oe and magnetic flux 

15 density (Ms) of 23000 Gauss. 

A disk-like pattern was formed by radial lines extending 

from the center of the disk to a position of 20 - 40 nan in 

radial direction with equal spacing of 10 JI in width. The 

spacing of the lines was set to 10 Jlm at the innez:most 

20 position, i.e. 20 mm in radial direction. 

(Preparation of the slave medium) 

In a vacuum film-making apparatus, pressure was 

reduced to 10-7 Torr at room temperature, and argon was 

then introduced to turn the pressure to 3 x 10-3 Torr. Then, 

25 a glass plate was heated up to 200°C, and a disk-type 

magnetic recording medium of 3.5 inches in diameter was 

prepared~ which had CoCrPt of 25 nm, Ms of 4500 Gauss, and 

coercive force (Bes) of 2500 Oe. 
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(Initial DC magnetization method) 

Permanent magnets were arranged as shown in Fig. 2 so 

.that peak magnetic field intensity on the surface ·of the 

slave medium was to be 5000 Oe, i.e. two times as much as 

5 the coercive force Bes of the slave medium, and initial DC 

magnetization of the slave medium was performed. 

(Magnetic transfer test method) 

'rile slave medium under initial DC magnetization and 

the master carrier for magnetic transfer were brought 

10 closely together. Using an apparatus with the permanent 

magnets tilted as shown in Fig. 4, magnetic field was 

app~ied in reverse direction to the magnetization of the 

slave medium, and magnetic transfer was perfo%2D.ed. In Fig. 

4, tilt angle of the permanent magnets to the slave medium 

15 given as 8 was 35° • To bring the master carrier for 

magnetic transfer and the slave medium closely together, 

these were squeezed with a rubber plate inte:r:posed between 

them, and pressure was applied on an aluminum plate. 

(Method to evaluate electromagnetic transfer 

20 characteristics) 

An electromagnetic transfer characteristics measuring 

system. (manufactured by Kyodo Electronics; SS-60) was used 

to evaluate transfer ·signal of the slave medium. An MR 

head with the following performance data was used: 

25 reproducing head gap 0.3 jlm; reproduction track width 2. 7 

jlm; recording head gap 0.45 jlm; and recording track width 

3.3 Jlm. 

Reading signal was processed by a spectro-analyzer for 
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frequency ana1ysis, and a difference (C/N) between peak 

intensity of primary signa1 (C) and e:xtrapo1ated medium 

noise (N) was determined. In the va1ues of C/N at each 

magnetic field intensity, relative value of AC/N was 

5 evaluated with the maxim.um value at 0 dB. The results are 

shown in Table 1. When the value of C/N was not more than 

-20 dB, signal quality of magnetic transfer did not reach 

the level for practical use, and this was indicated with 

the mark * 
10 

15 

20 

25 

Table 1 

Bes of slave medium: 2500 Oe 

Peak intensity of magnetic 

field for transfer (Oe) 

Ratio to Bes 

750 0.3 

1,250 0.5 

1,500 0.6 

2,000 0.8 

2,250 0.9 

2,500 1.0 

2,750 1.1 

3,000 1.2 

3,250 1.3 

3,500 1.4 

3,750 1.5 

4,000 1.6 

5,000 2.0 

30 

AC/N (dB) 

* 
-12.3 

-4.2 

-1.3 

-0.4 

0.0 

-0.3 

-0.8 

-4.9 

-9.6 

-16.9 

* 

* 
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(Example 2 and Comparative example 2) 

To a slave medium having coercive force (Bes) of 2500 

Oe, magnetic transfer was carried out by the same procedure 

5 as in Example 1 except that initial DC magnetization of the 

slave medium was performed with peak magnetic field 

intensity of 3000 Oe, i.e. magnetic field intensity 1.2 

times as high as the coercive force (Bes) of the slave 

medium. Then, the slave medium under initial DC 

10 magnetization and the master carrier for magnetic transfer 

were brought closely together and magnetic transfer was 

performed. The magnetic transfer pattern was developed by 

the same procedure as in Example 1, and measurement was 

made. The results are summarized in Table 2. 

15 

20 

25 

Table 2 

Bes of slave medium: 2500 Oe 

Peak intensity of magnetic 

field for transfer (Oe) 

Ratio to Bes 

750 0.3 

1,250 0.5 

1,500 0.6 

2,000 0.8 

2,250 0.9 

2,500 1.0 

2,750 1.1 

3,000 1.2 

31 

h.C/N (dB) 

* 
-12.3 

-2.8 

-0.2 

0.0 

-0.1 

-1.6 

-1.1 
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3,250 1.3 -4.8 

3,500 1.4 -9.6 

3,750 1.5 -15.9 

4,000 1.6 * 
5,000 2.0 * 

(Comparative example 3) 

To a slave medium having coercive force (Bes) of 2500 

Oe, magnetic transfer was performed by the same procedur~ 

10 as in Example 1 except that initial DC magneti•ation was 

performed with peak magnetic field intensity of 2000 Oe, 

i.e. .with magnetic intensity 0 • 8 time as high as the 

coercive force (Bes) of the slave medium. Then, the slave 

medium processed by initial DC magnetization and the master 

15 carrier for magnetic transfer were closely brought together, 

and magnetic transfer was performed. By the same procedure 

as in Example 1, the magnetic transfer pattern was 

developed, and measurement was made. The results are shown 

in Table 3. 

20 

25 

T@ble 3 

Bes of slave medium: 2500 Oe 

Peak intensity of magnetic 

field for transfer (Oe) 

Ratio to Bes 

750 

1,250 

1,500 

32 

0.3 

0.5 

0.6 

ll.c/N (dB) 

* 
* 

* 
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10 

2,000 0.8 * 
2,250 0.9 * 
2,500 1 .. 0 * 
2,750 1.1 * 
3,000 1.2 * 
3,250 1.3 * 
3,500 1.4 * 
3,750 1.5 * 
4,000 1.6 * 
5,000 2.0 * 

(Example 3 and Comparative example 4) 

To a slave medium havinq coercive force (Bes) of 2500 

Oe, initial DC magnetization of the slave medium was 

15 performed using the permanent magnets shown in Fiq. 3 so 

that peak magnetic field intensity was to be 5000 Oe, 3000 

Oe and 2000 Oe. Then, this was brought closely ~gether 

with the master carrier for magnetic transfer processed by 

initial DC magnetization. Magnetic field was applied using 

· 20 the penaanent magnets shown in Fig. 4, ~d magnetic 

transfer was performed. 

Then, the result similar to the case of the system 

with permanent magnets of Fiq. 2 was obtained. 

(Example 4 and Comparative example 5) 

25 To a slave medium having coercive force (Bes) of 2000 

Oe prepared by the same procedure as in Example 1, magnetic 

transfer was performed by the same procedure as in Example 

1 except that initial DC magnetization of the slave medium 
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was perfoxmed with peak magnetic field intensity of 4000 Oe, 

i.e. magnetic field intensity 2 times as high as the 

coercive force (Bes) of the slave medium, and the slave 

medium processed by initial DC magnetization was brought 

5 together closely with the master carrier for magnetic 

10 

15 

20 

25 

transfer, and magnetic transfer was performed using a 

system shown in Fig. 4 • Then, the magnetic transfer 

pattern was developed, and measurement was made. 'l'he 

results are shown in '!'able 4. 

'!'able 4 

Bes of slave medium: 2000 Oe 

Peak intensity of magnetic 

field for transfer (Oe) 

600 

1,000 

1,200 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

3,000 

3,200 

4,000 

Ratio to Bes 

0.3 

0.5 

0.6 

0.8 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

2.0 

34 

b.C/N (dB) 

* 
-12.8 

-3.4 

-0.6 

-0.3 

o.o 

-0.6 

-2.8 

-3.4 

-9.6 

-17.6 

* 

* 



·-· ..... ··-

(Examp1e 4 and comparative examp1e 5) 

To a s1ave medium having coercive force (Bes) of 2000 

Oe, magnetic transfer was performed by the same procedure 

5 as in Example 5 except that ini tia1 DC magnetization of the 

slave medium was performed with peak magnetic field 

intensity of 2400 Oe, i.e. magnetic field intensity 1.2 

ti.mes as high as the coercive force (Hes) of the slave 

medium, and the slave medium processed.by initial DC 

10 magnetization was brought closely together with the master 

carrier for magnetic transfer. Then, the magnetic transfer 

pattern was developed by the' same procedure, and 

measurement was made. The results are shown in Table 5. 

15 Tal>le 5 

Bes of slave medium: 2000 Oe 

Peak intensity of magnetic Ratio to Hes J!j.C/N (dB) 

field for transfer (Oe) 

20 600 0.3 * 
1,000 0.5 -12.4 

1,20() 0.6 -4.8 

1,600 0.8 -0.6 

1,800 0.9 -0.5 

25 2,000 1.0 0.0 

2,200 1.1 -0.3 

2,400 1.2 -1.8 

2,600 1.3 -2.4 
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2,800 1.4 -9.3 

3,000 1.5 -16.9 

3,200 1.6 * 
4,000 2.0 * 

5 

(Comparative example 6) 

To a slave medium having coercive force (Bes)- of 2000 

Oe prepared by the same procedure as in Example 1, magnetic 

tr~sf er was performed by the same procedure as in Example 

10 1 except that initial DC magnetization of the slave medium 

was performed with peak magnetic field intensity of 1600 oe, 

i.e. with magnetic field intensity 0.8 time as high as the 

coercive f,orce (Bes) of the slave medium, and the slave 

medium processed by initial DC magnetization was brought 

15 closely together with the master carrier for magnetic 

20 

25 

transfer, and magnetic transfer was performed usinq a 

system shown in Fiq. 4. Then, the magnetic transfer 

pattern was developed, and measurement was made. The 

results are summarized in Table 6. 

Table 6 

Bes of slave medium: 2000 Oe 

Peak intensity of magnetic 

field for transfer (Oe) 

Ratio to Bes Ac/N (dB) 

600 

1,000 

1,200 

36 

0.3 

0.5 

0.6 

* 
* 
* 
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10 

1,600 0.8 * 
1,800 . 0.9 * 
2,000 1.0 * 
2,200 1.1 * 
2,400 1.2 * 
2,600 1.3 * 
2,800 1.4 * 
3,000 1.5 * 
3,200 1.6 * 
4,000 2.0 * 

Zn the magnetic transfer from the master carrier for 

magnetic transfer to the sl.ave medium, by appl.ying magnetic 

fiel.d for transfer with a specific intensity to the 

15 coercive force (Hes) of the slave medium, it is possible to 

obtain a transfer pattern with ex~ellent quality.on the 

sl.ave medium regardl.ess of position or configuration of the 

pattern. 
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WHAT WE CLAIM IS: 

1. A method for magnetic transfer by bringing a master 

carrier for '1Clgnetic transfer together with a slave medium 

and by applying magnetic field for transfer, said master 

5 carrier having a magnetic layer f o::cm.ed on surf ace of a 

substrate corresponding to an info::cm.ation siqnal, and said 

slave medium comprising a maqiietic recording medium where 

the inf oJ:mation is to be transferred, said method 

comprising the.steps of: 

10 arranging perinanent magnets each magnetized 

symmetrically to the· axis of the magnetic pole with the 

same polarities facing to each other and with the slave 

medium interposed between, and disposing the slave medium 

perpendicularly to the axis of the magnetic pole, 

15 rotating the slave medium or the pe::cm.anent magnets in 

track direction; and 

applying magnetic field in track direction on the 

surface of the slave medium, whereby: 

after initial DC magnetization has been fo::cm.ed on the 

20 slave medium in advance in track direction, the master 

carrier for magnetic transfer and the slave medium 

processed by said initial DC magnetization are brought 

closely together, and a magnetic field for transfer in 

reverse direction to the direction of the initial DC 

25 magnetization on the . surface of the slave medium is applied 

in track direction, and magnetic transfer is perfoxm.ed. 

2. A method for magnetic transfer by bringing a master 

carrier for magnetic transfer together with a slave medium 
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and by applying magnetic field for transfer, said master 

carrier having a magnetic layer formed on surface of a 

s'Ubstrate corresponding to an information signal, and said 

slave medium comprising a magnetic recording medium where 

5 the info:z:m.ation is to be transferred, said method 

comprising the steps of: 

arranging pe:z:m.anent magnets each magnetized 

symmetrically to the axis of the magnetic pole with the 

same po1arities facing to each ·other and with the al.ave 

10 medium inte1:posed between; 

arranging said.magnets obliquely in such manner that a 

distance between the pe%manent magnets at one end in the 

track direction is different from a distance at the other 

end, and turning the magnetic field intensity distribution 

15 in track direction to asymmetrical.; 

rotating the magnets or the slave medium arranged in 

track direction; and 

app1ying magnetic fie1d approxim.atel.y in track 

direction on the surface of the slave medium, whereby: 

20 after initial DC magnetization of the slave medium has 

been perfoz:m.ed in advance in track direction, the master 

carrier for magnetic transfer and the slave medium 

processed by said initial DC magnetization are brought 

closel.y together, and magnetic transfer is perfoz:m.ed, and a 

25 magnetic field for transfer in reverse direction to the 

direction of the initial DC magnetization on the surface of 

the.slave medium is applied in track direction. 

3. A method for magnetic transfer by bringing a master 
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carrier for magnetic transfer together with a s1ave medium 

and by app1ying magnetic fie1d for transfer, said master 

carrier having a magnetic 1ayer formed on surface of a 

substrate corresponding to an information signal, and said 

5 slave medium comprising a magnetic recording medium where 

the information is to be transferred, said method 

comprising the steps of: 

applying a magnetic f ie1d in track direction on the 

surface of the slave medium, bringing the master carrier 

10 for magnetic transfer and the slave medium processed by 

said initial DC magnetization closely together after 

initial DC magnetization of the sl.ave medium has been 

perfoxmed in track direction in advance; 

arranging permanent magnets each magnetized 

15 symmetricall.y to the axis of. the magnetic pole with the 

same polarities facing to each other and with the s1ave 

medium interposed between; 

turni.nq magnetic field intensity distribution in 

trackinq ~rection to asymmetrical by arranging in such 

20 manner that a distance between said pexmanent magnets on 

one end in the track direction is different from a distance 

at the other end; 

rotating said arranged magnets or a collective unit of 

the master carrier for magnetic transfer·with·the slave 

25 medium in track direction; 

applying a magnetic field for transfer in track 

direction reverse to the direction of the initial DC 

magnetization, and magnetic transfer is perfoxmed. 
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4. A method for magnetic transfer accordinq to claim 1, 

wherein permanent magnets are arranged with the same 

polarities facing to each other and with the slave medium 

interposed between, said peJ:manent magnets each magnetized 

5 symmetrically to the axis of the magnetic pole are arranged 

in such manner that axis of the magnetic pole runs 

perpendicularly to the surface of the slave medium, and 

magnetic field intensity di.stribution in track direction of 

the magnetic field qenerated is such that the magnetic 

10 field intensity is higher than coercive force (Bes) of the 

slave medium at least at one point at a position in the 

track direction. 

5. A method for magnetic transfer according to claim 2, 

wherein peJ:manent magnets each magnetized symmetrically to 

15 the axis of the magnetic pole are arranged with the same 

polarities facing to each other and with the sl.ave medium 

interposed between, said peJ:manent magnets are arranged 

obliquely so that a distance between the peJ:manent magnets 

at one end in trackinq direction is different from a 

20 distance at the other end, and magnetic field intensity 

distribution in track direction is turned to asymmetrical., 

whereby the magnetic field intensity in the track direction 

of the magnetic f iel.d qenerated is such that there is a 

portion with magnetic intensity higher than coercive force 

25 of the slave medium only in one direction at a position in 

the track direction, and magnetic field intensity in 

reverse direction bas a value lower than coercive force 

(Bes) of the slave medium even at any position in the track 
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direction. 

6. A method for magnetic transfer according to c1aim 3, 

wherein pe:r:manent magnets each magnetized symmetrica11y to 

the axis of the magnetic po1e are arranged with the same 

5 po1arities facing to each other and with the slave medium 

interposed between, magnetic fie1d intensity distribution 

in tracking direction is turned to asymmetrical by 

arranging the magnets obliquely in such manner that a 

distance between said permanent magnets at one end in track 

10 direction is different from a distance at the other end, 

whereby magnetic field intensity distribution in track 

direction of the magnetic field generated is such that 

magnetic field intensity higher than the maximum value of 

optima1 transfer magnetic field intensity range is present 

15 at none of the position in track direction, there is at 

least one point where magnetic f~e1d intensity is within 

the optimal transfer magnetic field intensity in one track 

direction, and magnetic fie1d intensity in the tracking 

direction in direction reverse thereto is 1ower than the 

20 minimum value of the optimal transfer magnetic field 

intensity range at any position in the track direction. 

7. A method for magnetic transfer according to claim 6, 

wherein the optimal transfer magnetic field intensity is 

0.6 X Bes to 1.3 X Bes to the coercive force (Bes) of the 

25 slave medium. 

8. An apparatus for magnetic transfer for applying 

magnetic field for trC!-nsfer, wherein a magnetic layer is 

formed on a portion of surface of a substrate corresponding 
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to an infoJ:mation, and a master carrier for magnetic 

transfer and a slave medium comprising a magnetic recording 

medium where information is to be transferred are brought 

closely together, said apparatus comprising initial DC 

5 magnetizing means for arranging pe:r:manent magnets each 

magnetized symmetrically to the axis of the magnetic pole 

with the same polarities facing to each other and with the 

slave medium interposed between so that the axis of the 

magnetic pole runs perpendicularly to the surf ace of the 

10 slave ~edium, for rotating said slave medium or said 

permanent magnets in track direction, and for performing 

initial DC magnetization in track direction of the slave 

medium in advance by applying magnetic field in track 

direction on the surface of the slave medium, combining 

15 means for combining the master carrier for magnetic 

transfer with the slave medi:ma processed by initial DC 

magnetization, and transfer magnetic field applying means 

for applying a magnetic field for transfer in reverse 

direction to the direction of the initial DC magnetization 

20 on the surface of the slave medium in track direction by 

turning the collective unit thus combined or the pe:z:manent 

magnets in track direction. 

9. An apparatus for magnetic transfer for appl.ying 

magnetic field for transfer, wherein a magnetic layer is 

25 formed on a portion of surface of a substrate corresponding 

to an information, and a master carrier for magnetic 

transfer and a slave medium comprising a magnetic recording 

medium where information is to be transferred are brought 
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closely together, said apparatus comprising initial DC 

magnetizing means for performing initial DC magnetization 

of the slave medium in track direction in advance by 

arranging permanent magnets each magnetized symmetrically 

5 to the axis of the magnetic pole with the same polarities 

facing to each other and with the slave medium intez:posed 

between, for arranging the magnets obliquely so that a 

distance between said perm.anent magnets at one end in the 

track direction is different from a distance at the other 

10. end, f~r rotating the perm.anent magnets where magneti~ 

field intensity distribution in track direction is turned 

to asymmetrical or the slave medium is rotated in the track 

direction, and magnetic field is applied in the track 

direction on the surface of the slave medium, combining 

15 means for combining the master carrier for magnetic 

transfer with the slave medium processed by initial DC 

magnetization closely together, and transfer magnetic field 

applying means for applying a magnetic field for transfer 

in reverse direction to the direction of the initial DC 

20 magnetization on the surface of the slave medium in track 

direction. 

10. An apparatus for magnetic transfer for applying 

magnetic field for transfer, wherein a magnetic layer is 

fo~d on a portion of surface-of a substrate corresponding 

25 to an information, and a master carrier for magnetic 

transfer· and a slave medium comprising a magnetic recording 

medium where inf oxmation is to be transferred are brought 

closely together, said apparatqs comprising combining means 
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for combining the master carrier for magnetic transfer with 

the slave medium processed by initial DC magnetization, and 

transfer magnetic field applying means consisting of 

permanent magnets each magnetized symmetrically to the axis 

5 of the magnetic pole with the same polarities facing to 

each other and with said combined unit interposed between, 

and arranging said peJ:manent magnets obliquely so that a 

distance between said peJ:manent magnets at one end in the 

track direction is different from a distance at the other 

10 end, and rotating means for rotating at least one of said 

combined unit or the transfer magnetic field applying means. 

11. An apparatus for magnetic transfer according to 

claim 8, wherein, in said initial DC magnetizing means, 

when peJ:manent magnets each magnetized symmetrically to the 

15 axis of the magnetic pole are arranged with the same 

polarities at opposed position with the slave medium 

interposed between so that the axis of the magnetic pole 

runs perpendicularly to the surface of· the slave medium, 

the magnetic field intensity distribution in the track 

20 direction of the magnetic field generated is such that 

there is at least one point in track direction where 

magnetic field intensity is higher than coercive force 

(Bes) of the slave medium. 

12. An apparatus for magnetic transfer according to 

25 claim 9, wherein said initial DC magnetizing means 

comprises permanent magnets, said peJ:manent magnets each 

magnetized symmetrically to the axis of the magnetic pole 

with the same polarities facing to each other and with the 
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s1ave medium interposed between, said pez:manent magnets 

arranged oblique1y so that a distance between said 

permanent magnet at one end in the track direction is 

different from a distance at the other end, and magnetic 

5 field intensity distribution is turned to asymmetrical in 

the track direction, the magnetic field intensity 

distribution in the track direction is such that a point 

where magnetic field intensity is higher than coercive 

force (Bes)· of the slave medium is present only in one 

10 direction at a position in the ·track direction, and the 

magnetic field intensity in reverse direction is lower than 

the coercive force (Bes) of the slave medium at a position 

in the track direction. 

13. An apparatus for magnetic transfer according to 

15 claim 10, wherein perm.anent magnets each magnetized 

symuietrica1ly to the axis of the magnetic pole are arranged 

with the same polarities facing to each other and with the 

s1ave medium interposed between, said pezmanent magnets 

arranged obliquely so that a distance between·said 

20 permanent magnets a~ one end in the track direction is 

different from a distance at the other end, and magnetic 

field intensity distribution is turned to asymmetrical in 

the track direction, the magnetic field intensity 

distribution in the track direction of the magnetic field 

25 thus generated is such that magnetic field intensity higher 

than the maximum value of the optimal transfer magnetic 

field intensity range is not present at any position in the 

track direction, magnetic field intensity within the 
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optima1 transfer magnetic fie1d intensity range is present 

at 1east at one point in one track direction, and magnetic 

fie1d intensity in the track direction reverse thereto is 

1ower than the minimum va1ue in the optimal transfer 

5 magnetic field intensity range at any position in any track 

direction. 

· 14. An apparatus for magnetic transfer according to 

claim 13, wherein the optimal transfer magnetic field 

intensity is 0.6 x Bes to 1.3 X Bes. 
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