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(54) A magnetic head for a magnetic display

(57) A magnetic head (30) comprises a yoke (39)
having a pnnting face (39a) which faces to a magnetic
display sheet (10) and an air gap hole formed in the
printing face (39a), a magnetic core (37) whose edge is
inserted to the air gap hole for generating a dot-like re-
cording magnetic field by magnetically coupling with the
yoke (39), an electromagnetic coil (38) for supplying a
magnetic field to the magnetic core (37) based on print-
ing signals. The distribution of the recording magnetic
field is optimised and it becomes possible to prevent a

printed dot formed on the magnetic display sheet (10)
from being hollowed by setting the diameter d of the
edge of the magnetic core to be smaller than the diam-
eter D of the air gap hole and to be 0.8 mm or less. Fur-
ther, a clear and high density printed dot may be ob-
tained on the magnetic display sheet (10) by setting the
diameter D of the air gap holetobe 1.4 mmor less. Thus,
high quality magnetic printing may be realised by opti-
mising the distribution of the magnetic field to be gener-
ated by the magnetic core.

FIG.3

39
A
L 17 37

g

MAGNETIC FIELD
R

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 0 837 440 A1
Description

The present invention relates to a magnetic head for recording and displaying a still image on a magnetic display
medium based on printing information sent from an external host unit.

Hitherto, there has been known a magneto-sensitive magnetic display sheet as a display medium for developing/
erasing colors in response to the direction and strength of a magnetic field (as disclosed in Japanese Unexamined
Patent Publication JP-A 48-56393 (1973) and JP-A 2-146082 (1990) for example).

Because simple letters and graphics can be drawn on such a magnetic display sheet by touching the surface of
the sheet with a magnetic pen containing a magnet and it can be used over and over again by erasing them, it has
been put into practical use as a simple notepad.

Lately, an electronic information display apparatus for recording and displaying a still image on the magnetic display
sheet by a recording head generating a dot matrix magnetic field based on printing information sent from an external
host unit is being developed. Because the electronic information display apparatus allows contents to be displayed to
be arbitrarily changed by remote control from the external host unit, a great variety of information may be given and
advertised widely to pedestrians when installing it at public facilities, train stations, shops and the like. Further, because
it requires no works for repapering posters and contributes in saving resources such as papers, it is considered to be
promising as a future bulletin board.

In such electronic information display apparatus, a magnetic head is used to generate the dot matrix recording
magnetic field based on printing signals (as disclosed in Japanese Unexamined Patent Publication JP-A 63-259678
(1988) and JP-A 7-281621 (1995) for example). The magnetic head is composed of a plurality of magnetic cores
arranged in a row or in a plurality of rows for example, a plurality of electromagnetic coils mounted to each magnetic
core, a yoke provided around each magnetic core with an air gap for leaking magnetism formed therebetween and
others.

Because semi-ringed lines of magnetic force are formed between an edge of the magnetic core and the yoke in
such magnetic head, the strength of the magnetic field is maximized at the position slightly separated in the radial
direction from the extension of an axis of the magnetic core. Therefore, when the magnetic field generated by one
magnetic core reaches the magnetic display sheet, it may create a hollow ringed printed dot whose density around the
dot is higher than that at the center of the dot.

The printed dot is preferred to be a circular dot having a diameter slightly larger than a size of a pixel corresponding
to a recording density and for that end, it is ideal for the recording magnetic field to have a columnar distribution.
However, it is difficult in reality because the distribution of the magnetic field largely changes depending on the dimen-
sion of the magnetic core and the air gap.

Accordingly, it is an object of the present invention to optimise the distribution of the magnetic field generated by
the magnetic core to provide a magnetic head for a magnetic display which can realise high quality magnetic printing.

According to this invention there is provided a magnetic head as defined in claim 1. Some of the preferred features
of the magnetic head in which the invention is embodied are specified in the dependent claims.

The invention provides a magnetic head for a magnetic display comprising:

a yoke having a printing face which faces to a magnetic display medium and an air gap hole formed in the printing
face;

a magnetic core whose edge is inserted into the air gap hole, for generating a dot-like recording magnetic field by
magnetically coupling with the yoke; and

an electromagnetic coil for supplying a magnetic field to the magnetic core based on printing signals,

wherein a diameter d of the edge of the magnetic core is smaller than a diameter D of the air gap hole and is 0.8
mm or less.

The distribution of the recording magnetic field is optimized by setting the diameter of the edge of the magnetic
core to be smaller than the diameter of the air gap hole and to be 0.8 mm or less. Due to that, it becomes possible to
prevent the printed dot formed on the magnetic display medium from being hollowed and the distribution of density of
dot may be nearly homogenized.

Preferably, the diameter of the air gap hole is 1.4 mm or less.

The distribution of the recording magnetic field may be optimized and the expansion of the foot slope in the distri-
bution may be eliminated by setting the diameter of the air gap hole to be 1.4 mm or less. Due to that, the printed dot
formed on the magnetic display medium becomes clear and the fine and high density printed dot having less outline
blur may be obtained.

Preferably, the magnetic display to which the magnetic field from the magnetic head is applied is constructed so
that micro-capsules containing magnetic powder and non-magnetic powder are distributed in -plain and that the size
of the micro-capsule is in a range from 10 um to 1000 pum.
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Because the clear printed dots can be obtained by the present invention, high recording density and high quality
magnetic printing may be realized.

Other and further objects, features, and advantages of the invention will be more explicit from the following detailed
description taken with reference to the drawings wherein:

FIG. 1 is a sectional view showing an electronic information display apparatus in which a magnetic head of the
present invention is used;

FIG. 2 is a partial perspective view showing an internal structure of the electronic information display apparatus
shown in FIG. 1:

FIG. 3 is a partial sectional view showing a structure of a magnetic display sheet 10 and the magnetic head 30;
FIGs. 4A through 4C are graphs showing the measured resulis of distribution of magnetic field generated by a
magnetic core 37,

FIGs. 5A through 5C are graphs showing the measured resulis of distribution of magnetic field generated by a
magnetic core 37,

FIGs. 6A through 6C are enlarged photographs showing printed samples magnetically printed on the magnetic
display sheet by changing the diameter d of an edge of the magnetic core 37 and the diameter D of a air gap hole
variously;

FIGs. 7A through 7B are enlarged photographs showing printed samples magnetically printed on the magnetic
display sheet by changing the diameter d of the edge of the magnetic core 37 and the diameter D of the air gap
hole variously; and

FIG. 8 is an explanatory chart showing printing conditions which correspond to the dots printed on the photographs.

Now referring to the drawings, preferred embodiments of the invention are described below.

FIG. 1 is a sectional view showing an electronic information display apparatus in which a magnetic head in which
the present invention is embodied and FIG. 2 is a partial perspective view thereof. A driven roller 50 is disposed within
the upper part of a housing 1 and a driving roller 60 is disposed within the lower side thereof. Aflexible endless magnetic
display sheet 10 is spanned between the two rollers 50 and 60. The roller 50 is urged upward by an elastic member
(not shown) such as a spring to give certain tension to the magnetic display sheet 10 to stably run the sheet and to
maintain the flatness of the surface of the sheet. The roller 60 is rotationally driven by a motor 63 via gears 61 and 62.
The magnetic display sheet 10 is circulated so as to move from the bottom to the top on the front side of the housing
1 (on the left side in FIG. 1 or the back side in FIG. 2) and from the top to the bottom on the rear side of the housing
1 (the right side in FIG. 1 or the front side in FIG. 2) when the roller 60 is driven. A display window 2 made of atransparent
material such as acrylic resin and glass is formed on the front of the housing 1.

A recording head 30 is provided at the lower part of the rear moving side of the magnetic display sheet 10 and
generates a dot matrix type recording magnetic field toward the surface of the magnetic display sheet 10 based on
printing signals sent from an external host unit (not shown). The recording head 30 has a plurality of electromagnetic
coils disposed in stagger for example and is mounted on a carriage 31 which reciprocates in the direction of the width
of the sheet. The carriage 31 is fixed to part of an endless belt 33 spanned between two pulleys 34 and 35 and is
driven, while being guided by two guide shafts 32, by a motor 36 which rotationally drives the pulley 35.

An erasing head 20 is composed of a permanent magnet and the like having a length longer than the sheet width
and is disposed so as to contact closely to the back of the magnetic display sheet 10 at the upper part of the front
moving side of the magnetic display sheet 10.

FIG. 3 is a partial sectional view showing a structure of the magnetic display sheet 10 and the recording head 30.
Coated and fixed around the whole surface of the magnetic display sheet 10 are micro-capsules 15 which develops
colors in response to magnetism. Each micro-capsule 15 is composed of high viscous liquid and a spherical shell which
encloses and holds the liquid. Dispersed within the liquid are magnetic particles which are nearly black and non-mag-
netic particles which are nearly white. For example, particle of black iron oxide (FeO) having a size of 0.1 to 5 um is
used as the magnetic particle and particle of white titanium oxide having a size of 0.1 to 5 pm is used as the non-
magnetic particle. Further, as the high viscous liquid, organic solvent including aqueous solution, fat and oil and surface
active agent type solvent is used and as the material of the shell, gelatin is mainly used. The size of the micro-capsule
15 is distributed within a range from 10 to 1000 pm.

The particle size is not preferred to be less than 10 pm because there might be a micro-capsule which is smaller
than the sum of the maximum size of the magnetic particle and the maximum size of the non-magnetic particle, being
unable to contain the two kinds of particles. When the particle size is more than 1000 pm on the other hand, it becomes
difficult to create an adequate printed dot because the particle size becomes close to a diameter d of an edge of a
magnetic core 37 and a diameter D of a air gap hole in a recording head 39 and the number of micro-capsules 15
which represent one printed dot decreases. Further, it is not preferable that the recording head 39 as described later
requires a large quantity of current because the larger the size of the micro-capsule 15, the longer the distance for
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moving the magnetic particles becomes. From these reasons, it can be said that the suitable size of the micro-capsule
15 is within the range from 10 to 1000 pm.

The micro-capsule 15 is mixed with binder 14 made of highly transparent synthetic rubber type adhesive and the
like and is coated to a base 11 made of a transparent material such as polyethylene terephthalate to form a capsule
coating layer 12 of 40 to 1000 pm thick for example.

A protection sheet 13 made of polypropylene long-fibre unwoven cloth and the like is adhered on the back of the
capsule coating layer 12 so as to be 30 to 1000 pm thick for example to smoothly run the sheet.

Meanwhile, the recording head 30 comprises the box type yoke 39 made of a material of high magnetic permeability,
the magnetic core 37 made of a material of high magnetic permeability uprightly provided within the yoke 39 and an
electromagnetic coil 38 attached to the magnetic core 37. A plurality of magnetic cores 37 and electromagnetic coils
38 are provided corresponding to a plurality of printed dots. While the magnetic core 37 is formed into a columnar
shape, the diameter of the edge thereof is smaller than that of the middle part and a tapered portion in which the
diameter changes linearly is formed therebetween.

Numbers of circular air gap holes are formed on the printing face 39a of the yoke 39 and the edge of the magnetic
core 37 is positioned at the center of each air gap hole. Leakage magnetic field is generated because there exist the
air gap between the magnetic core 37 and the air gap hole. As shown in FIG. 3 as to the distribution of the magnetic
field, semi-ringed lines of magnetic force are generated between the edge of the magnetic core 37 and the yoke 39
and the strength of the magnetic field is maximized at the position slightly separated in the radial direction from the
extension of the axis of the magnetic core 37. Therefore, when the magnetic field generated by one of the magnetic
cores 37 reaches the magnetic display sheet 10, a hollow ringed printed dot in which density thereof around the dot
is higher than that at the center thereof is formed.

When the electromagnetic coil 38 is energized selectively corresponding to printing signals, a magnetic field is
generated along the axial direction of the magnetic core 37. It passes through a magnetic circuit composed of the
magnetic core 37, the air gap and the yoke 39 and generates a recording magnetic field from the air gap toward the
magnetic display sheet 10.

That is, the magnetic field generated by the electromagnetic coil 38 passes through the magnetic circuit composed
of the magnetic core 37 (front end), the air gap, the edge of the yoke 39, the yoke 39 and the magnetic core 37 (rear
end) and generates the magnetic field having a high magnetic flux density toward the surface of the sheet around the
edge of the magnetic core 37 because there exists the air gap.

Next, the principle of the magnetic recording/displaying and erasure will be explained. When the recording head
30 approaches the surface of the magnetic display sheet 10 where the base 11 is positioned, and generates the re-
cording magnetic field based on printing signals, the magnetic particles dispersed within the micro-capsule 15 are
attracted to the side of the base 11 and due to the pressure, the non-magnetic particles move to the side of the protection
sheet 13. Then, the part to which the recording magnetic field has been applied is observed as if it has developed
nearly black color seeing from the surface side of the magnetic display sheet 10. That is, letters and symbols may be
recorded by applying magnetic fields in dot matrix by using the recording head 30.

Next, when the erasing head 20 approaches the back of the magnetic display sheet 10, i.e. the side where the
protection sheet 13 is positioned, the magnetic particles dispersed within the micro-capsule 15 are attracted to the side
of the protection sheet 13 and due to the pressure, the non-magnetic particles move to the side of the base 11. Then,
the part to which the erasing magnetic field has been applied turns nearly white seeing from the surface side of the
magnetic display sheet 10. That is, the sheet may be erased uniformly by applying the erasing magnetic field across
the whole surface of the sheet width.

Liquid having a predetermined viscosity is selected for the above-mentioned high viscous liquid within the micro-
capsule 15 to hold the state of display caused by the magnetic particles moved to the back or the front side when the
magnetic field has been applied. That is, it is selected to prevent the state of display from being collapsed which might
otherwise occur when the particles moved once to the front or the back side settle or move due to vibration and the
like when the viscosity of the liquid is low. Accordingly, the magnetic attracting force of the recording head 30 and the
erasing head 20 must exceed the yield value of the above-mentioned liquid defined by the viscosity. Writing/erasure
of the display is thus implemented.

Next, an operation of the whole apparatus will be explained. Making reference to FIGs. 1 and 2, the magnetic
display sheet 10 is circulated at a constant speed to erase the whole surface with the erasing head 20 before starting
printing at first. Next, printing is carried out magnetically by receiving printing signals from the external host unit and
feeding pulse current of several hundred microseconds to several tens miliseconds to the electromagnetic coil 38 while
moving the recording head 30 in the direction of the sheet width every time when the development of image data of
one printing line ends and applying the dot matrix magnetic fields to the surface of the magnetic display sheet 10.

When one line of printing is finished, the magnetic display sheet 10 is shifted by a predetermined feed pitch and
is stopped to print based on image data developed for the next printing line. One sheet of image is then formed by
repeating the development of the image data, the serial printing by the recording head 30 and the intermittent feed of
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the magnetic display sheet 10 as described above.

When a new image is to be printed, serial printing is carried out by the recording head 30 after erasing the whole
face with the erasing head 20 by circulating the magnetic display sheet 10 at the constant speed in the same manner
as described above.

Next, a result of changes of the printed dots studied by variously changing the diameter d of the edge of the
magnetic core 37 and the diameter D of the air gap hole formed in the yoke 39 will be explained. Table 1 shows whether
or not a hollow is generated in the printed dot formed on the magnetic display sheet 10. In Table 1, "O" represent those
printed dots having no hollow, "X" represent those printed dots having a hollow and "-" represent those which have
been impossible to set, respectively.

[Table 1]
Diameter d of Edge of Magnetic Core 37 (mm) Diameter D of Air Gap Hole (mm

)
05|08 | 11| 14| 17|20
0.2 O
0.5 O
0.8 -

(0N NON NO)

X[O|O|O

1.1 - -

X|X|O|O]|O

1.4 - - -

17 - - - -
2.0 - - - - -

X[X]IX]O0]0O0|O

X[X[X]|X]|]O[O]|O

Table 2 shows the density of printed dots formed on the magnetic display sheet 10. In Table 2, {©) represent those
printed dots having a high density, "O" represent those printed dots having a slightly low density, "X" represent those
printed dots having a hollow and "-" represent those which have been impossible to set, respectively.

[Table 2]
Diameter d of Edge of Magnetic Core 37 (mm) Diameter D of Air Gap Hole (mm)

0.5 0.8 1.1 1.4 1.7 2.0
02 oloeoloeo|lo]| o] o
05 oloeoloeo|lo]| o] o
0.8 - © © © O O
1.1 - - X X X X
1.4 - - - X X X
1.7 - - - - X X
2.0 - - - - - X

As seen from the above, no hollow is generated in the dot and printed dots having practically no problem may be
realized when the diameter d of the edge of the magnetic core 37 is smaller than the diameter D of the air gap hole
and is in a range less than 0.8 mm.

Further, it is preferred that the diameter D of the air gap hole is less than 1.4 mm. No hollow is generated and
printed dots having fully high printing density may be realized in that range.

FIGs. 4A through 4C and FIGs. 5A through 5C are graphs showing the measured results of the distribution of the
magnetic field generated by the magnetic core 37. The distribution of magnetic flux density is measured by assuming
that the capsule coating layer 12 of the magnetic display sheet 10 is positioned on a plane separated from the printing
face 39a of the recording head 30 by a certain distance (50 um) and by scanning a magnetic probe along this plane.
The ordinate represents the flux density (unit T: tesla) and the abscissa represents position (mm) from the center of
the magnetic core.

FIG. 4A shows a case when the diameter d of the edge of the magnetic core 37 is 0.2 mm and the diameter D of
the air gap hole is 0.5 mm. It shows a gaussian type distribution in which the magnetic flux density is maximized around
the center of the magnetic core and drops sharply as the position is separated from the edge of the magnetic core. A
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reaction threshold of the magnetic display sheet 10 differs depending on the size and quantity of the magnetic particles
within the micro-capsule 15 and the viscosity of the liquid within the micro-capsule 15. The reaction threshold of the
magnetic display sheet 10 used here is about 0.3 T, so that the magnetic particles within the micro-capsule 15 are
attracted to the surface side of the magnetic display sheet 10 and develop black color at the spot to which magnetism
of more than 0.3 T of flux density can be applied. The magnetic particles within the micro-capsule 15 do not react at
the spot to which only magnetism of less than 0.3 T of flux density can be applied and the white display is left as it is.
Thus, a fine printed dot having a diameter of about 0.3 mm and less outline blur can be obtained when the diameter
d of the edge of the magnetic core 37 is 0.2 mm and the diameter D of the air gap hole is 0.5 mm.

FIG. 4B shows a case when the diameter d of the edge of the magnetic core 37 is 0.5 mm and the diameter D of
the air gap hole is 0.8 mm. It shows a "caldera volcano" type distribution in which the magnetic flux density is dented
slightly around the center of the magnetic core, is maximized around the circumference of the edge of the magnetic
core and drops sharply as the position is separated therefrom. The reaction threshold of the magnetic display sheet
10 used here is about 0.3 T, so that the magnetic display sheet 10 develops black color at the spot to which magnetism
of more than 0.3 T of flux density can be applied and the white display is left as it is at the spot to which only magnetism
of less than 0.3 T of flux density can be applied. Thus, a fine printed dot having a diameter of about 0.8 mm and less
outline blur can be obtained when the diameter d of the edge of the magnetic core 37 is 0.5 mm and the diameter D
of the air gap hole is 0.8 mm.

It is noted that although the magnetic field decreases more or less at the center of the magnetic core, the same
printing density with that around the circumference of the edge of the magnetic core can be obtained because it is fully
larger than the reaction threshold of the magnetic display sheet 10.

FIG. 4C shows a case when the diameter d of the edge of the magnetic core 37 is 0.8 mm and the diameter D of
the air gap hole is 1.4 mm. It shows a distribution in which the flux density is dented largely around the center of the
magnetic core, is maximized around the circumference of the edge of the magnetic core and drops sharply as the
position is separated therefrom. The reaction threshold of the magnetic display sheet 10 used here is about 0.3 T, so
that the magnetic display sheet 10 develops black color at the spot to which magnetism of more than 0.3 T of flux
density can be applied and the white display is left as it is at the spot to which only magnetism of less than 0.3 T of
flux density can be applied. Thus, a fine printed dot having a diameter of about 1.3 mm can be obtained when the
diameter d of the edge of the magnetic core 37 is 0.8 mm and the diameter D of the air gap hole is 1.4 mm. It is noted
that although the printing density at the center of the dot tends to decrease because the magnetic field decreases at
the center of the magnetic core, it poses practically no problem in binary recording of black and white.

FIG. 5A shows a case when the diameter d of the edge of the magnetic core 37 is 0.8 mm and the diameter D of
the air gap hole is 2.0 mm. It shows a distribution in which the flux density is dented largely around the center of the
magnetic core, is maximized around the circumference of the edge of the magnetic core and drops gradually as the
position is separated therefrom. The reaction threshold of the magnetic display sheet 10 used here is about 0.3 T, so
that the magnetic display sheet 10 develops black color at the spot to which magnetism of more than 0.3 T of flux
density-can be applied and the white display is left as it is at the spot to which only magnetism of less than 0.3 T of
flux density can be applied. Thus, a fine printed dot having a diameter of about 1.1 mm can be obtained when the
diameter d of the edge of the magnetic core 37 is 0.8 mm and the diameter D of the air gap hole is 2.0 mm. It is noted
that although the printing density at the center of the dot tends to decrease because the magnetic field decreases at
the center of the magnetic core, it poses practically no problem in binary recording of black and white. Further, although
it shows a tendency that the outline of the dot is blurred because the flux density gently passes the reaction threshold
of the magnetic display sheet 10 from the inner peripheral edge of the air gap hole to the circumference of the edge
of the magnetic core, such a level of blur poses practically no problem.

FIG. 5B shows a case when the diameter d of the edge of the magnetic core 37 is 1.1 mm and the diameter D of
the air gap hole is 1.4 mm. It shows a distribution in which the flux density is dented largely around the center of the
magnetic core, is maximized around the circumference of the edge of the magnetic core and drops sharply as the
position is separated therefrom. The reaction threshold of the magnetic display sheet 10 used here is about 0.3 T, so
that the magnetic display sheet 10 develops black color at the spot to which magnetism of more than 0.3 T of flux
density can be applied and the white display is left as it is at the spot to which only magnetism of less than 0.3 T of
flux density can be applied. No adequate printed dot cannot be obtained when the diameter d of the edge of the
magnetic core 37 is 1.1 mm and the diameter D of the air gap hole is 1.4 mm because no color is developed around
the center because the flux density around the center is less than the reaction threshold of the magnetic display sheet
10 and a ringed hollow dot having an outer diameter of about 1.4 mm and an inner diameter of about 0.4 mm is formed.

FIG. 5C shows a case when the diameter d of the edge of the magnetic core 37 is 1.1 mm and the diameter D of
the air gap hole is 1.7 mm. It shows a distribution in which the flux density is dented largely around the center of the
magnetic core, is maximized around the circumference of the edge of the magnetic core and drops sharply as the
position is separated therefrom. The reaction threshold of the magnetic display sheet 10 used here is about 0.3 T, so
that the magnetic display sheet 10 develops black color at the spot to which magnetism of more than 0.3 T of flux
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density can be applied and the white display is left as it is at the spot to which only magnetism of less than 0.3 T of
flux density can be applied. No adequate printed dot cannot be obtained when the diameter d of the edge of the
magnetic core 37 is 1.1 mm and the diameter D of the air gap hole is 1.7 mm because no color is developed around
the center because the flux density around the center is less than the reaction threshold of the magnetic display sheet
10 and a ringed hollow dot having an outer diameter of about 1.6 mm and an inner diameter of about 0.5 mm is formed.

It can be seen that the distribution of the magnetic field thus changes in various ways when the diameter d of the
edge of the magnetic core 37 and the diameter D of the air gap hole are changed. It can be also seen that although
the absolute value of the distribution itself of the magnetic fluxes shown in FIGs. 4 and 5 may change, the tendency
of the distribution is not changed so much even when the quantity of current to be fed to the electromagnetic coil 38
in the recording head 39 is changed more or less. Accordingly, it is possible to optimize the shape of the printed dot
by controlling the quantity of current to be fed and the feed time corresponding to the sensitivity of the magnetic display
sheet 10. It can be seen from these facts that it is important to set the diameter d of the edge of the magnetic core 37
and the diameter D of the air gap hole at adequate size in advance.

Next, experiments on evaluation of print will be explained. FIGs. 6A through 6C and FIGs. 7A and 7B are enlarged
photographs showing samples of prints magnetically printed on the magnetic display sheet by changing the diameter
d of the edge of the magnetic core 37 and the diameter D of the air gap hole variously. FIG. 8 is an explanatory chart
showing printing conditions corresponding to the printed dots on the photographs.

FIG. 6A shows printed dots when the diameter D of the air gap hole is 0.5 mm and the diameter d of the edge of
the magnetic core is 0.2 mm (lower row) and is 0.5 mm (upper row). FIG. 6B shows printed dots when the diameter D
of the air gap hole is 0.8 mm and the diameter d of the edge of the magnetic core is 0.2 mm (four dots on the left), is
0.5 mm (three dots on the right in the lower row) and is 0.8 mm (three dots on the right in the upper row). FIG. 6C
shows printed dots when the diameter D of the air gap hole is 1.1 mm and the diameter d of the edge of the magnetic
core is 0.2 mm (four dots on the left), is 0.5 mm (three dots on the right in the lower row), is 0.8 mm (four dots in the
middle) and is 1.1 mm (three dots on the right in the upper row).

FIG. 7A shows printed dots in first and second rows when the diameter D of the air gap hole is 1.4 mm and the
diameter d of the edge of the magnetic core is 0.2 mm (four dots on the left), is 0.5 mm (three dots in the middle on
the second row), is 0.8 mm (three dots in the middle in the first row), is 1.1 mm (three dots on the right in the second
row) and is 1.4 mm (three dots on the right in the first row) and printed dots in third and fourth rows when the diameter
D of the air gap hole is 1.7 mm and the diameter d of the edge of the magnetic core 37 is 0.2 mm (four dots on the left
in the fourth row), is 0.5 mm (three dots on the left in the third row), is 0.8 mm (three dots in the middle in the fourth
row), is 1.1 mm (three dots in the middle in the third row), is 1.4 mm (two dots on the right in the third row) and is 1.7
mm (two dots on the right in the fourth row). FIG. 7B shows printed dots when the diameter D of the air gap hole is 2.0
mm and the diameter d of the edge of the magnetic core is 0.2 mm (three dots on the left in the lower row), is 0.5 mm
(three dots on the left in the upper row), is 0.8 mm (three dots in the middle in the lower row), is 1.1 mm (three dots in
the middle in the upper row), is 1.4 mm (iwo dots on the right in the upper row) and is 1.7 mm (two dots on the right
in the lower row). Two other dots are those when the diameter d is 2.0 mm.

It can be seen from the photographs that the hollow printed dot is generated under the condition when the diameter
d of the edge of the magnetic core is 1.1 mm or more. It can be also seen that the printed dot having a high printing
density and a high contrast can be obtained when the diameter D of the air gap hole is 1.4 mm or less.

The invention may be embodied in other specific forms without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be considered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended claims rather than by the foregoing description and all changes
which come within the meaning and the range of equivalency of the claims are therefore intended to be embraced
therein.

Claims
1. A magnetic head for amagnetic display comprising:

a yoke (39) having a printing face (39a) which faces to a magnetic display medium (10) and an air gap hole
formed in the printing face;

a magnetic core (37) whose edge is inserted into the air gap hole, for generating a dot-like recording magnetic
field by magnetically coupling with the yoke; and

an electromagnetic coil (38) for supplying a magnetic field to the magnetic core based on printing signals,
wherein a diameter d of the edge of the magnetic core is smaller than a diameter D of the air gap hole and is
0.8 mm or less.
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A magnetic head according to claim 1, wherein the diameter D of the air gap hole is 1.4mm or less.
A magnetic head according to claim 1 or claim 2, wherein the magnetic display medium (10) to which the magnetic

field from the magnetic head is applied comprises micro-capsules (15) containing magnetic powder and non-
magnetic powder, the size of the micro-capsules being in a range from 10 micrometers to 1,000 micrometers.



EP 0 837 440 A1

FIG.1

crrwrs

]

’

b Z
b

/

/




EP 0 837 440 A1

FIG.3

30

10



EP 0 837 440 A1

€ 06 -
=
FIG.4A 2,,.
= [ I D=05
§0-2 l d=02
=0 T Q L
-1 -05 0 05 1
POSITION (mm)
e
= /\
FIG .48 § .
= 008
z 3=05
=
05 ]
POSITION (mm)
€06
=
FIG.4C &g,
=
< 02
2
0

11



EP 0 837 440 A1

E06-
= .
FIG.5A &,
= N A TR
EO.Z -/ / d:\Q,B B-Z_O\\
g O V " T !
-1 -05 0 05 1
POSITION (mm)
£0.
=
FIG.5B &,
5 """"""""""" D=14 "
2 Q. \
g dz11 *“W
§ || —
-1 -05 0 05 1
POSITION ()
o6 A
EO.E:‘>
FIG.5C &,
=
£ 0.2 A
:
0

12



EP 0 837 440 A1

,')-.N *asie, %

-

ey Ve
S
SR

13



EP 0 837 440 A1

53

, 4
2

14



EP 0 837 440 A1

FIG. §

@ I-DLE.DIAMETER <D0.5.
©0.5 0.5 @0.5
DIAMETER OF MAGNETIC CORE

S0 0o e
©0.2 ©0.2 @0.2) CORRESPONDS TO FIG. BA

@ HOLE DIAMETER ©0.8
® o e o o
©0.2 ©0.2 ©08 0.8 0.8

e o o e o CORRESPONDS TO FIG. 68
©0.2 ©0.2 ©0.5 ®0.5 ©0.5

Q@ HOLE DIAMETER @ 1.1
® @ ® L ] ® ®
©0.2 ®©0.2 ©0.8 ®0.8 1.1 ©1.1 o©1.1
CORRESPONDS
[ ® ® [ o o ® TO FIG. 6C
©0.2 ©0.2 ©0.8 0.8 @0.5 ©0.5 0.5 )

@ HOLE DIAMETER @ 1.4
® e e o o o o o
©0.2 ©0.2 ©0.8 ©0.8 ©0.8 ®Id @4 OI.4

L ® ® o ® L ] L J
©0.2 ©0.2 0.5 ©0.5 ®©0.5 ©i.1 @l o1.1

CORRESPONDS TO FIG. 7A
® mLE.DIMTER®1-7

® e e ® ] ®
®©0.5 @®0.5 ®0.5 o!1 ol.1 o©1.1 o©!l.4 ot.4

| J ® ® | J ® ] o ]
©0.2 ®0.2 @0.2 @0.8 ©0.8 ®0.8 ®f.7 1.7

® HOLE DIAMETER ©2.0
[ [ @

[ ® e o ]
®0.5 0.5 ®0.5 of.1 1.1 ®1.1 o4 1.4
L ° ] ° ® o ® o
©0.2 ©0.2Z ©0.2 ©08 ©0.8 ®0.8 o©!.7 1.7
L4
CORRESPONDS TO FIG. 7C ©2.0
o
©2.0

15



D)

EPO FORM 1503 03.82 (P04G0D1)

EP 0 837 440 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 97 30 8356

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate. Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (Int.Cl.6)
D,A |PATENT ABSTRACTS OF JAPAN 1-3 GO9F9/37
vol. 014, no. 389 (P-1095), 22 August 1990
~-& JP 02 146082 A (NIPPON KAPUSERU
PROD:KK), 5 June 1990,
* abstract %
D,A | PATENT ABSTRACTS OF JAPAN 1-3
vol. 096, no. 002, 29 February 1996
~-& JP 07 281621 A (STAR MICRONICS CO
LTD), 27 October 1995,
* abstract *
D,A |EP Q0 258 791 A (PILOT PEN CO LTD) 1-3
* the whole document *
& JP 63 259 678 A
TECHNICAL FIELDS
SEARCHED (Int.CL.6)
GO9F
The present search report has been drawn up for all claims
Piace of search Date of completion of the search Examiner
THE HAGUE 8 December 1997 Gallo, G

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principie underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding
document

16




	bibliography
	description
	claims
	drawings
	search report

