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[57] ABSTRACT

In a magnetic latent image forming apparatus the mag-

netization of the medium is initially set and portions of

the medium, selected in accordance with image data,
are then heated to temperatures below the Curie tem-
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MAGNETIC LATENT IMAGE FORMING
APPARATUS

BACKGROUND OF THE INVENTION

This invention relates to magnetic latent image form-
ing apparatus in which a magnetic medium is selectively
heated so that the intensity of magnetization of selected
portions thereof can be varied to thereby form a mag-
netic latent image. More particularly, the invention is
related to a magnetic latent image forming apparatus in
which a magnetic medium, after being heated, is sub-
jected to a bias magnetic field, so that a magnetic latent
image is formed. Such a single-tone apparatus is dis-
closed in related copending application Ser. No.
235,366 filed Feb. 19, 1981, the disclosure of which is
incorporated herein by reference.

In order to form an image with such a conventional
magnetic latent image forming apparatus, the magnetic
medium is heated to the Curie temperature or higher.
Therefore, such conventional apparatus is disadvanta-
geous in that a large amount of energy is necessary for
forming a single-tone image, and accordingly the manu-
facturing cost is relatively high. '

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to improve
the arrangement of a conventional magnetic latent
image forming apparatus to. thereby eliminate the
above-described difficulty characteristic of conven-
tional apparatus. More specifically, it is an object of this
invention to provide a magnetic latent image forming
apparatus which is simple in construction and- which
can form single-tone images or half-tone images with a
small quantity of energy.

Briefly, the foregoing object is achleved according to
this invention by an apparatus which heats the magnetic
medium to temperatures lower than the Curie tempera-
ture and before the medium cools a controlled bias
magnetic field is applied to the magnetic medium, to
form a magnetic latent image corresponding to single-
tone image data or half-tone image data.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawmgs

FIG. 1 is an explanatory diagram showing the ar-
rangement of one example of a magnetic latent image
forming apparatus according to this invention; and

FIG. 2 is a graphical representation indicating the
relationships between heating. temperature, bias mag-
netic field and magnetization intensity.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

One example of a magnetic latent image forming
apparatus according to this invention will now be de-
scribed with reference to the accompanying drawing,
first with reference to FIG. 1 which shows an example
of the magnetic latent image forming apparatus of the
invention.

In FIG. 1, reference numeral 101 designates a mag-
netic medium; 102, a support (in the form of a drum, in
this example); 11, a thermal head; 111, a heat generating
element; 12, an initial magnetizing unit; 13, a bias mag-
netic field source; 14, a control circuit for the source 13;
15, a developer; 151, magnetic toner particles; 152, a
toner sticking roll for causing the toner particles to stick
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2
onto a‘magnetized portion of the magnetic medium 101;
16, a transfer roll; and 17, a recording sheet.

-FIG. 2 is a graphical representation indicating mag-
netization intensities with temperatures at which the
magnetic medium 101 is heated by the heating element
111 of the thermal head 11, under the condition that the
bias magnetic field is maintained constant. As is appar-

ent from FIG. 2, with a bias magnetic field maintained

constant, the intensity of magnetization can be varied

.with heating temperature.

The magnetic latent image forming apparatus thus
arranged operates to record an image as follows:

The magnetic medium 101 is formed by coating a
magnetic material (such as CrO; having a Curie temper-
ature of 130° C.) on the support 102. The magnetic
medium 101 is unidirectionally saturated, or demagne-
tized, by the initial magnetizing unit 12. It should be
noted that the invention is applicable to both single-tone
image forming processes wherein the magnetic medium
101 is initiallly unidirectionally saturated, and single-
tone image forming processes wherein the magnetic
medium is initially demagnetized.

In the case where the magnetic medium 101 is unidi-
rectionally saturated by the initial magnetizing unit 12,
a single-tone image is formed as follows: Energy is
applied to the heat generating element 111 of the ther-
mal head 11 according to the image data, to heat the
magnetic medium 101 confronting the heating element
111, to thereby change the intensity of magnetization.
By heating 'selected portions of the magnetic medium
101 to temperature lower than the Curie temperature,
these portions of the magnetic medium are selectively
demagnetized according to the image data since no bias
magnetic field is yet being applied.

Although it has conventionally been considered nec-
essary to heat the medium to a temperature in excess of
its Curie temperature for demagnetization to occur, the
present inventors have discovered that demagnetization
can be achieved at temperatures somewhat below the
Curie temperature, with the exact temperature required
differing from material to material. The exact tempera-
ture required will be below but in the vicinity of the
Curie temperature, and can be determined on an empiri-
cal basis. Thus, one novel aspect of the present inven-
tion resides in that it is unnecessary to heat the medium
all the way to or in excess of the Curie temperature. For
example with a magnetic medium of CrO; having a
Curie temperature of 130° C., it may be sufficient to
heat the medium to only approximately 110° C. for the
present invention to be effective. This reduction in heat-
ing temperature of over 15 percent will represent a
considerable energy savings and result in a wider useful-
ness of the invention. i

Before the magnetic medium 101 has cooled, a mag-
netic field varying in magnitude e.g., sinusoidally in the
direction of movement of the magnetic medium, but
always in a direction opposite to the initial magnetiza-
tion if any, is applied to the magnetic medium 101 by the
bias magnetic field source (such as an electromagnet) 13
under the control of the control circuit 14. As a result,
a wavy magnetization intensity is given to the portions
of the magnetic medium 101 which have been heated by
the heat generating element 111 of the thermal head 11.

Next, the magnetic toner particles 151 in the devel-
oper 15 are applied to the magnetic medium 101 by the
toner sticking roll 152, as a result of which the magnetic
toner particles 151 adhere to the portion of the magnetic
medium 101 which has been magnetized by the bias
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magnetic field source 13. However, the initially pro-
vided saturated magnetization remains on the portion of
the magnetic medium which has not been heated by the
heat generating element 111 of the thermal head 11.
Due to the polarization of the saturated portions, no
magnetic toner particles adhere to the saturated por-
tions, which thus appear blank. In this fashion, an image
is formed on the magnetic medium with the magnetic
toner particles.

The image thus formed is subsequently transferred
onto the recording sheet 17, as a result of which a sin-
gle-tone image is recorded.

In the case where the magnetic medium 101 is demag-
netized by the initial magnetizing unit 12, a single-tone
image is formed as follows: Similarly as in the above-
described case, energy is applied to the heat generating
element 111 of the thermal head 11 according to the
image data, to locally heat the magnetic medium 101
which moves while in contact with the heat generating
element 111. Before the magnetic medium 101 has
cooled, a wavy magnetic field bias is applied to the
magnetic medium 101 by the bias magnetic field source
13, as a result of which magnetization which varies in
the direction of drum travel is given to the portions of
the magnetic medium 101 which have been heated by
the heat generating element 111 of the thermal head 11.
However, the portions of the magnetic medium 101
which have not been heated are not magnetized by the
bias magnetic field source 13 since, as shown in FIG. 2,
the .magnetization intensity in these portions will be
minimal.

Accordingly, in the subsequent step the magnetic
toner particles 151 in the developer 15 are caused to
adhere only to the portions of the magnetic medium
which have been magnetized by the bias magnetic field
source 13, to thereby form a latent image.

The latent image is subsequently transferred onto the
recording sheet by the transfer roll 16, whereby a sin-
gle-tone image is recorded. ;

While the invention has been described above with
reference to the case where the bias magnetic field
varies sinusoidally, it will be understood that the inven-
tion is not limited thereto or thereby. That is, it is obvi-
ous that the bias magnetic field may vary in some other
fashion such as a square wave or a triangular wave, or
it may even be a constant value.

As is apparent from FIG. 2, half-tone images can also
be recorded by varying the heating temperature of the
heat generating element 111 of the thermal head 11 with
the bias magnetic field maintained unchanged.

A method of forming a half-tone image with the
magnetic medium 101 unidirectionally saturated, and a
method of forming a half-tone image with the magnetic
medium 101 demagnetized, will now be described.

First, the method of forming a half-tone image with
the magnetic medium 101 unidirectionally saturated by
the initial magnetizing unit 12 will be described. After
initial magnetization, energy is applied to the heat gen-
erating element 111 of the thermal head 11 according to
the image data, to heat the magnetic medium 101 which
moves while in contact with the heat generating ele-
ment, to thereby vary the intensity of magnetization. In
other words, with temperatures no higher than the
Curie temperature, the intensity of magnetization of the
recording medium 10 is varied in accordance with the
image data.
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Thereafter, before the heated portion of the magnetic

medium is cooled down, a stationary bias magnetic field

4

is applied to the magnetic medium 101 by the bias mag-
netic field source (such as a permanent magnet) 13.
Since a stationary bias magnetic field is employed, as is
apparent from FIG. 2, the portion which has been
heated to a high temperature is strongly magnetized,
while the portion which has been heated to a low tem-
perature is weakly magnetized.

The variations of magnetization intensity occur only
in the portions of the magnetic medium which corre-
spond to the dots bearing the image data, since these are
the only portions which have been heated. Since the
magnetic toner particles are attracted by magnetic
poles, the amount of toner particles adhering to the
magnetic medium varies with the variations in magneti-
zation intensity, which results in density modulation.
Thus, a half-tone image is formed with the magnetic
toner particles.

In the case where the magnetic medium 101 is demag-
netized by the initial magnetizing unit 12, a half-tone
image is formed as follows. After demagnetization,
energy is applied to the heat generating element 111 of
the thermal head 11 according to the image data, to
locally heat the magnetic medium 101 which moves
while in contact with the heat generating element. In
other words, with temperatures lower than the Curie
temperature, the magnetic medium 101 is heated to
various levels corresponding to the image data.

Similarly as in the above-described method, before
the heated portion of the magnetic medium 101 is
cooled down, a stationary bias magnetic field is applied
to the magnetic medium 101 by the bias magnetic field
source (such as a permanent magnet) 13. As a result, the
portion which has been heated to a high temperature is
strongly magnetized while the portion which has been
heated to a low temperature is weakly magnetized, as is
apparent from FIG. 2.

The variations of magnetization intensity occur only
in the portions of the magnetic medium which corre-
spond to the dots bearing the image data. Since the
magnetic toner particles are attracted by magnetic
poles, the amount of toner particles adhering to the
magnetic medium varies with the variations in magneti-
zation intensity, which results in density modulation.
Thus, a half-tone image is formed with the magnetic
toner particles thus attracted.

In the above-described half-tone methods, the bias
magnetic field is preferably a constant value; however,
it is obvious that the bias magnetic field may vary sinu-
soidally or in some other manner.

The invention has been described with respect to the
case where the magnetic medium is heated by the heat
generating element of the thermal head; however, the
magnetic medium may be heated by alternative meth-
ods such as a laser beam. In this case, a laser beam out-
putted by a laser oscillator is applied through a modula-
tor and a scanning mirror to the CrO; layer of the mag-
netic recording medium to heat the latter, and an image
signal is applied to the modulator. A mode-locked YAG
laser having at least an energy density of 0.1 J/cm? per
pulse can be used. However, a CO3 laser, an Ar laser or
a high power He-Ne laser may also be employed.

As is apparent from the above description, in this
invention, after the magnetic medium has been heated
but before it is cooled down, the bias magnetic field of
either a constant value or a variable value such as a
sinusoidal varying wave is applied to the magnetic me-
dium by the bias magnetic field source. The invention is
advantageous in that the apparatus is simple in construc-
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tion, and single-tone images or half-tone images can be
formed by using a small quantity of energy.
The invention is further advantageous in that half-
tone images can be recorded, resulting in high quality

recorded image, corresponding to the dot portions bear- 5

ing the image data. Further, the heating temperature
may be lower than the Curie temperature, which results
in an increase of the range of application of the appara-
tus of this invention.

What is claimed is:

1. A copying machine comprising:

a rotatable drum-shaped support;

a CrOz magnetic medium disposed on an outer sur-
face of said support;

an initial magnetization unit extending parallel to an
axis of rotation of said support, said initial magneti-
zation unit applying a magnetic field to said mag-
netic medium to uniformly magnetize said mag-
netic medium in a predetermined direction;

a laser-type thermal recording head said recording
head being disposed adjacent said initial magnetiza-
tion unit on a side thereof in a direction of rotation
of said support, said recording head heating por-
tions of said magnetic medium to a temperature of
approximately 110° C. in response to control sig-
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6

nals applied thereto to magnetize said magnetic
medium in a pattern representing an image to be
copied; :

a bias magnetic field source extending parallel to said
axis of rotation of said support and being disposed
on an inner surface of said support, said bias mag-
netic field source being disposed adjacent said re-
cording head in said direction of rotation of said
support, said bias magnetic field source applying a
varying magnetic field to said magnetic medium in
a direction opposite said predetermined direction;

a developer section comprising a supply of magnetic
toner particles and a rotating toner roll for supply-
ing toner particles from said supply to said mag-
netic medium at a position following said bias mag-
netic field source in said direction of rotation of
said support; and

means for transferring magnetic toner particles ad-
hering to said magnetic medium to a recording
sheet.

2. The copier of claim 1, wherein said initial magneti-

zation unit magnetizes said magnetic medium to satura-

tion.
* * * * *



