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Abstract

This paper describes the effect of the thickness of the
recording medium on magnetic force acting on the magnetic
toner in magnetography with longitudinal recording. The
thickness of the magnetic recording medium is one of the
important factors in forming image. It has been reported that
increasing the thickness leads to increasing the magnetic
force acting on the magnetic toner from the isolated
transition region in the recording medium. However, in the
case of high resolution, the effect of the demagnetization
phenomenon increases due to the closer adjacent transition
regions. In the demagnetization phenomenon, increasing the
thickness acts to decrease magnetization of the recording
medium, which in turn acts to make the magnetic force
lower. In this study the optimum thickness is found,
considering the above conditions. While increasing the
thickness acts to increase the magnetic force in the thinner
thickness than the optimum thickness, increasing the
thickness acts to decrease the magnetic force in the thicker
thickness than the optimum thickness.

Introduction

The magnetic force acting on a magnetic toner from an
isolated magnetic transition region of the recording medium
and the magnetic force from the adjoining magnetic
transition regions were already discussed in typical
longitudinal recording magnetography.”” This paper
describes the effect of the thickness of the recording
medium on the magnetic force. If the thickness of the
recording medium increases, the magnetic charge will
increase. In the case of an isolated magnetic transition,
increase of the magnetic charge will contribute only to
increase of the magnetic force. However, in the case of the
adjoining magnetic transition regions, demagnetization
phenomenon should be taken into account. It is important
factor in the longitudinal recording magnetography
especially in the case of high resolution such as 400 dpi or
more. From the view point of demagnetization pheno-
menon, increase of the magnetic charge will increase the
self demagnetizing field which decrease the magnetization
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of the magnetic recording medium in turn. Decrease of the
magnetization will contribute to decrease of the magnetic
force. That is, increase of the thickness of the magnetic
recording medium will contribute not only to increase of the
magnetic force but also to decrease of the magnetic force.

In this paper it will be discussed to get the optimum
thickness of the magnetic recording medium considering
above conditions.

Method of Analysis

Fig.1 shows the coordinate system of the transition regions.
For the purpose of simplification, it is assumed that the
recording medium is magnetized only in the x-direction and
that the dimension in the y-direction is sufficiently larger
than the thickness of the recording medium. The y-direction
is extended from the surface of the paper to the back of the
paper.

The equations of the magnetization function, magnetic
field and magnetic force are the same as employed in my
previously published paper."” Arctangent function is
employed as the magnetization function of the transition
region.

The magnetic field generated from each transition
region is expressed by the following equations:

H (x,2) =M /mupx[tan’ {(z+82+a)/x}-tan” {(z-8/2+a)/x}] (1)

H(x,z) =M/2mpox In[ {x'+(z+82+a) V(X' +(z-8/2+a)’}] (2)

or
H (x,2) =M, &/muyxx/r’ 3)

“

where, M : residual magnetization in the recording medium,
o: thickness of the recording medium, g, permeability of
vacuum, r: the distance from the assuming charge center
(0,-a) to the point P(x, z), a: transition constant.

Each magnetic field which emerges from each
transition region are superposed to form the resultant
magnetic field at the point, P(x,z,). Then the magnetic force
acting on the magnetic particle at the point, P(x,z,), is
calculated as follows:

H (x,z) =M &/muopX(z+a)/v’
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F=mxdH/dr=yHxdH/dr )

Where F: magnetic force acting on the magnetic particle per
unit volume, H: synthesized magnetic field at the point of
the magnetic particle, r: location of the magnetic particle, m:
magnetic moment of the magnetic particle which is induced
in the magnetic particle and m=yH, ): effective
susceptibility of the particle including demagnetization
factor; F, H and r have the same or opposite direction
respectively.

If there are adjoining transition regions, self
demagnetizing field, H, is generated in the recording
medium. The direction of the self demagnetizing field H, is
opposite to that of the magnetization M, . As a result, the
magnetization of the recording medium is reduced. The
reduced magnetization M, ‘ is employed in the above
equations in stead of M, Demagnetizing factor is not yet
solved for arc-tangent approximation and the demagnetizing
factor for sine approximation will be employed instead. It is
calculated as follows:

N=[1-(A 2 7t 8){ 1-exp(-2 L & / M)}] ©6)

Where N: demagnetizing factor, A: wave length (the
distance between the adjoining transition regions is 0.5 A).

V4

i o P(Xoa Zo)

|

: Hﬁ RecordingﬂMedium

> €= —> X

R

0,0 A I

I\ | U
M-Charge +Mr -Mr

Figure 1. Coordinate system

Table 1. Values of the parameters used for calculation of
the magnetic force

Recording medium Co-Ni-P
thickness 0=0.2-2um
residual magnetization M =0.8Wb/m’
coecive force H =32-64kA/m
squareness s=0.7

Toner magnetically soft
susceptibility x=1.58x10°H/m
relative permeability _

u=2
Pixel density 400dpi

Calculations are effected using the above equations and
table 1. The values of table 1 are the typical values
employed in the magnetic printer with longitudinal
recording.’
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The Results of the Calculations and Studies

Relationship between the Thickness and the Magnetic
Force

Fig.2 shows relationship between the thickness and the
magnetization. As the thickness of the recording medium
increases, the demagnetization factor increases and the
magnetization of the recording medium decreases.

THICKNESS vs MAGNETIZATION

1
e
e 06 =~ s~ ~0. . - —_—— T —
s I i -~ —_——
04 1
0.2
0
0.5 2
& (um)
""" He=31.8kA/m— — -47.8 63.6

Figure 2.Relationship between the thickness of the recording
medium and the magnetization

Fig. 3 shows relationship between the thickness of the
recording medium and the magnetic force acting on a
magnetic particle at z=/0um, where z is the distance
between the surface of the recording medium and the
position P(x, z) of the magnetic particle. In these Figures z,
is 10um, unless otherwise noticed. The average diameter of
the toner is about /0um and the thickness of the toner layers
deposited on the recording medium is about 20um. Then
this value of z_is average distance in the toner layers from
the surface of the recording medium. Therefore, Fig. 3
shows the magnetic force which acts on a magnetic particle
positioned at the average position of the toner layers.

As seen in Fig. 3, as the thickness of the recording
medium increases, the magnetic force attracting the
magnetic toner increases in the beginning. However the
magnetic force decreases if the thickness is over a certain
value. The magnetic force reaches its maximum at the
thickness. The thickness is herein referred to optimum
thickness &,. It is considered that if the thickness is
relatively thin, contribution of increase of the thickness to
increase of magnetic force wins contribution to decrease of
magnetic force due to self demagnetization. On the other
hand, if the thickness is relatively thick, contribution of
increase of the thickness to decrease of magnetic force due
to self demagnetization wins contribution to increase of
magnetic force. That is, to get higher optical density it
works positively to increase the thickness of the recording
medium to an extent but it works negatively to increase the
thickness over the extent. In the conditions of Fig. 3, the
optimum thickness is Jum. It coincidents with the
experimental facts.
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Figure 3. Relationship between the thickness of the recording
medium and the magnetic force

Fig. 4 shows relationship between the thickness of the
recording medium and the magnetic force acting on a
magnetic particle at the various coercive forces of the
recording medium. The optimum thickness changes with
change of the coercive force of the recording medium. The
optimum thickness shifts to higher values as the coercive
force increases. In addition the magnetic force becomes
higher as the coercive force increases.
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Figure 4. Relationship between the thickness of the recording
medium and the magnetic force at the various coercive forces of
the recording medium

Fig. 5 shows relationship between the coercive force of
the recording medium and the optimum thickness of the
recording medium. The higher the coercive force becomes,
the less the self demagnetization becomes. Therefore, it is
considered that with higher coercive force contribution of
increase of the thickness to increase of magnetic force wins
contribution to decrease of magnetic force due to self
demagnetization in the wider range.

Copyright 2000, IS&T

COERCIVE FORCE(Hc)
THICKNESS FOR MAX. FORCE (8m)

2
//

Z15
2
£
2=}

1

0.5

30 40 50 60 70

Hc(kA/m)

Figure 5. Relationship between the coercive force of the recording
medium and the optimum thickness of the recording medium

Effect of the Size of the Magnetic Toner

Fig. 6 shows relationship between the thickness of the
recording medium and the magnetic force acting on a
magnetic particle at the various distances from the surface
of the recording medium. Typically two toner layers are
deposited on the recording medium. Therefore, z, =10um
means average position of the toner layers if the toner of the
diameter of 10um is used as mentioned above and z, =5um
means average position of the toner layers if the toner of the
diameter of Sum is used. It means that the optimum
thickness is thinner if the toner of smaller size is used.
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Figure 6. Relationship between the thickness of the recording
medium and the magnetic force at the various distances from the
surface of the recording medium
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DISTANCE(Zs) vs.OPTIMUM THICKNESS(8m)
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Figure 7. Relationship between the distance from the recording
medium and the optimum thickness of the recording medium

Fig. 7 shows relationship between the distance from the
recording medium and the optimum thickness of the
recording medium. As the distance from the recording
medium increases, the optimum thickness increases in the
beginning. However the optimum thickness decreases if the
distance is over a certain value. The optimum thickness
reaches its maximum at the distance. That distance is about
the same for various coercive forces. Therefore, the
optimum thickness increases as the toner size increases if
the diameter of the toner is less than about /0um .

Conclusion

The effect of the thickness of the recording medium on the
magnetic force is theoretically analyzed. In the longitudinal
recording magnetography, increase of the thickness of the
magnetic recording medium will contribute not only to
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increase of the magnetic force but also to decrease of the
magnetic force due to self demagnetization phenomenon.
The following results are obtained.

(1) As the thickness of the recording medium increases, the
magnetic force attracting the magnetic toner increases
in the beginning. However the magnetic force decreases
if the thickness is over a certain thickness. The
magnetic force reaches its maximum at the thickness.
The thickness is herein referred to optimum thickness.
The optimum thickness increases as the coercive force
of the recording medium increases.

The optimum thickness increases as the toner size
increases if the diameter of the toner is less than about
10um .
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