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) Thermal recording head.

@ A thermal recording head includes a pair of F','g .7
electrode fine wires (10, 20) and a resistance heating
element (50). A peripheral surface of each elec-
frically conductive core (30) of the fine wires is
covered with an insulating layer (40). Each elecirode
fine wire in the pair of fine wires is arranged to form
each line while end surfaces of the pair of fine wires
confront each other through a space. Instead, the
pair of fine wires are arranged to form a line while
end surfaces of the pair of fine wires are lined up
with each other. The element is electrically con-
nected the cores exposed at the end surfaces of the
pair of fine wires with each other to apply a signal
current to the pair of fine wires, and generates heat
in correspondence with the current.
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THERMAL RECORDING HEAD

BACKGROUND OF THE INVENTION

The present invention relates to a thermal re-
cording head for printing, and more specifically, a
thermal recording head for use in a facsimile and
an electronic printer and for heating corresponding
to a signal current to develop a thermal recording
media such as thermosensible paper to record
information on the media.

There have been generally used thermosen-
sible paper as a recording media of a facsimile and
there have been proposed various kinds of thermal
recording heads for recording information on the
paper.

Figs. 5 and 6 respectively show general con-
structions of conventional thermal recording heads.

In the construction shown in Fig. 5, a narrow
comb-shaped electrode (a) and a narrow strip-
shaped signal electrode (b) separated every re-
cording dot are alternatively arranged to confront
with each other as if the comb-shaped electrode (a)
and the narrow strip-shaped signal electrode (b)
are engaged with each other, and the narrow
comb-shaped electrodes (a) are integrally connect-
ed to each other o construct a common electrode
(A). Material for resistance heating element such as
ruthenium oxide is coated on the whole portion
where both the electrodes (a) and (b) are alter-
natively arranged to cross over the portion so as to
construct the resistance heating element (C). In the
above-described construction of the thermal re-
cording head, when a signal current corresponding
to information to record is applied between each
signal electrode (b) and the common electrode (A),
the portion of the element (C) partially generates
heat through which each signal electrode (b) is
connected to the comb-shaped electrode (a). Then,
the heat of the element (C) is transferred to a
recording media for recording the information to
record on the media. The element (C) of the ther-
mal recording head is formed with thick-film tech-
nology, resulting in a relatively simple manufactur-
ing process and lower manufacturing cost.

On the other hand, in the construction shown in
Fig. 6, a signal electrode (b) is linearly arranged
confronting each comb-shaped electrode (a) of a
common electrode (A) and a resistance heating
element (C) is formed between each comb-shaped
electrode (a) and each signal elecirode (b) by
metallizing etc. In this construction, the comb-
shaped electrode (a) and the signal electrode (b)
are confronted fo each other and the element (C) is
formed with thin-film technology, resulting in rela-
tively higher density of the electrodes.

In recent years, fine recording performance
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and scaling-up of a thermal recording head is in
demand in a facsimile and thus the above-de-
scribed conventional technology cannot sufficiently
meet the demand.

For example, in order to improve fine recording
performance of printing and painting, heat genera-
tion unit, i.e., the magnitude of heat generation dot
of a thermal recording head is required to become
smaller and higher in density and, therefore each
electrode must have a narrow width and the inter-
val between the adjacent electrodes must become
smaller. However, in the above-described conven-
tional technology, an electrode circuit for connect-
ing to a resistance heating element to apply an
electric current thereto is formed in the similar
method as that in a normal printed-circuit. Thus,
the width of the electrode and the interval between
the electrodes have a limitation. That is, in printed-
circuit technology, an electrodes is formed expos-
ing on the surface of an insulating substrate, and
then when the width of the electrode becomes
narrow or the interval between the electrodes be-
comes smaller, the electrodes are short-circuited or
damaged with foreign substance attached to the
electrodes in a manufacturing process, resulting in
poor circuit, lack of reliability thereof, and poor
product vyield rate. Concretely, only eight elec-
trodes can be formed per 1Tmm, so that it is impos-
sible that the product yield rate increases more
than 80% in a conventional thermal recording head.

Specifically, in the construction shown in Fig.
5, the signal electrode (b) and the comb-shaped
electrode (a) of the common electrode (A) are
alternatively arranged, and thus the interval be-
tween the signal electrodes (b), i.e., the heat gen-
eration unit of the element becomes unnecessarily
wider, resulting in prevention of high density of the
electrodes. On the other hand, in the construction
shown in Fig. 6, the element is formed with the
thin-film technology such as metallizing method
and then a scaled-up thermal recording head can-
not enter a metallizing apparatus. For example, in a
plotter for outputting CAD data, it is required to
record information at an area corresponding to AQ
size, but it is impossible fo process such a scaled-
up thermal recording head in a normal metallizing
apparatus. Additionally, the thin-film technology is
complicate, the operation under the technology
takes a lot of time, and the larger the size of the
head becomes, the lower the productivity thereof
becomes, resulting in higher manufacturing cost.
These issues are caused in a case where not only
the resistance heating element but also a circuit
constructed by the electrodes is formed.
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SUMMARY OF THE INVENTION

Accordingly, an essential object of the present
invention is to provide a thermal recording head to
remedy the above-described issues and arranged
with high density, improved product yield rate, and
correspond to scaling-up of the head at lower man-
ufacturing cost.

In accomplishing these and other objects, ac-
cording to one aspect of the present invention,
there is provided a thermal recording head com-
prising: a pair of elecirode fine wires of which a
peripheral surface of each electrically conductive
core is covered with an insulating layer, each elec-
trode fine wire in the pair of fine wires being
arranged to form each line while end surfaces of
the pair of fine wires confront each other through a
space; and a resistance heating element arranged
in the space, electrically connected the cores ex-
posed at the end surfaces of the pair of fine wires
with each other to apply a signal current to the pair
of fine wires, and generating heat in correspon-
dence with the current.

According to another aspect of the present
invention, there is provided a thermal recording
head comprising: a pair of electrode fine wires of
which a peripheral surface of each electrically con-
ductive core is covered with an insulating layer, the
pair of fine wires being arranged to form a line
while end surfaces of the pair of fine wires are
lined up with each other; and a resistance heating
element arranged at ends of the fine wires, elec-
trically connected the cores exposed at the end
surfaces of the pair of fine wires with each other to
apply a signal current to the pair of fine wires, and
generating heat in correspondence with the current.

By the above construction of the aspects of the
present invention, since the peripheral surface of
each core of the fine wires is covered with the
insulating layer and the pair of fine wires are ar-
ranged to form one or two lines, the wire diameter
of each fine wire can become smaller and thus the
width of the electrode can be considerably reduced
compared with that of a conventional electrode in a
printed-circuit. Even though the fine wires are ar-
ranged closely contacting with each other, the
cores of the adjacent fine wires are electrically and
reliably insuiated through the insulating layers of
the fine wires, resulting in prevention of shori-
circuit. Therefore, as compared with the electrode
construction in a conventional printed-circuit, elec-
frodes can be closely arranged with higher density
according to the aspects of the present invention,
resulting in small heat generation unit and high
density arrangement of the electrodes.

Furthermore, according to the above construc-
tion of the aspects of the present invention, since
the core of each fine wire is covered with the

70

15

20

25

30

35

40

45

50

55

insulating layer, it can prevent poor circuits such as
short-circuit or cutoff caused by attaching foreign
substance and damaging the core in a manufactur-
ing process, resulting in considerable improvement
of product yield rate.

Additionally, the number of the fine wires ar-
ranged can be arbitrarily increased and then the
element can be formed on the fine wires with
means for forming the element such as a coating
means to construct a thermal recording head.
Therefore, the size of the thermal recoding head
can be arbitrarily designed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the
present invention will become clear from the follow-
ing description taken in conjunction with the pre-
ferred embodiments thereof with reference to the
accompanying drawings, in which:

Fig. 1 is a partially cutaway perspective view of
a thermal recording head according to an em-
bodiment of the present invention;

Fig. 2 is an enlarged cross-sectional view of the
head;

Fig. 3 is a partially cutaway perspective view of
a thermal recording head according to another
embodiment of the present invention;

Fig. 4 is an enlarged cross-sectional view of the
head in Fig. 3; and

Figs. 5 and 6 are respectively plane views show-
ing conventional thermal recording heads.

DETAILED DESCRIPTION OF THE EMBODI-
MENTS T

Before the description of the present invention
proceeds, it is to be noted that like parts are
designated by like reference numerals throughout
the accompanying drawings.

Figs. 1 and 2 show one embodiment of the
present invention. Each of electrode fine wires 10
and 20 is so constructed that an electrically con-
ductive core 30, made of electrically conductive
metal such as copper, aluminum, or gold is cov-
ered with an insulating layer 40 such as polyure-
thane or polyimide. A large number of electrode
fine wires 10 and 20 are arranged in parallel on an
insulating substrate (not shown) made of synthetic
resin etc. while the end surfaces of the fine wires
10 and 20 are lined up to each other.

The smaller the wire diameter of each of the
fine wires 10 and 20 becomes, the higher the
density of a thermal recording head becomes. For
example, a plotter has a diameter of 40-70Lum. The
fine wires 10 and 20 are similar fo those for use in
a precision micromotor for rotation of sound equip-
ment.
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A groove-shaped space 60 with a specified
width is formed between the end surfaces of a row
of fine wires 10 and those of a row of fine wires 20
while the end surfaces of the two rows are con-
fronted with each other. Each fine wire 10 in the
row is linearly arranged confronting each fine wire
20 in the row. A large number of pairs each of
which is comprised of the fine wires 10 and 20 are
arranged in parallel. Each interval between the ad-
jacent fine wires of each row is relatively small as
shown in Fig. 2. An insulating layer 40 can be
arranged between the adjacent fine wires of each
row.

In order to arrange the pair of fine wires 10 and
20 while the end surfaces of the fine wires 10 and
20 confront each other through the space 60, for
example, the following manner is suitable: after an
electrode fine wire is fixedly arranged at an insulat-
ing substrate, the middle of the fine wire is cut and
removed therefrom by a specified width with a
laser machining, with the result that a pair of slec-
trode fine wires 10 and 20 are arranged while the
cut end surface of the fine wires confront each
other and the core 30 which the insulating layer 40
surrounds is exposed at each end surface of the
fine wires 10 and 20. As shown in Figs. 1 and 2, a
large number of pairs of the fine wires 10 and 20
are fixedly arranged by the following manner as
one example. After a large number of the fine wires
10 and 20 are arranged to form two lines, they are
integrally fixed by burying in synthetic resin and
then molding. Thereafter, the middle of each fine
wire is cut and removed therefrom with the laser
machining. As a result, a large number of pairs of
electrode fine wires 10 and 20 are arranged while
each cut end surface of the electrode fine wires 10
and 20 confronts each other through the space 60.
When the fine wires 10 and 20 are arranged to
form two lines, the adjacent fine wires 10 and the
adjacent fine wires 20 can be respectively arranged
through a space or closely contacting with each
other without a space. Instead, at that time, the
adjacent fine wires 10 and the adjacent fine wires
20 can be respectively arranged so that the lat-
erally opposing insulating layers 40 contacting the
fine wires 10 and 20 can closely contact with each
other. Depend on the interval between the pair of
fine wires 10 and 20, i.e. the width of the space 60,
the interval between the adjacent fine wires 10, and
the interval between the adjacent fine wires 20, the
magnitude of heat generation unit and the interval
of a resistance heating element described below
can be arbitrarily set.

The fine wires 10 and 20 are connected fo a
suitable wiring circuit so that one of the fine wires
10 and 20, e.g. the fine wires 20, are common
electrodes while the other of the fine wires 10 and
20, e.g. the fine wires 10, are signal electrodes.
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The concrete construction of the wiring circuit is
similar to that of a drive circuit similarly to a normal
thermal recording head, and then the detail de-
scription thereof is omitted. The drive circuit can be
a normal printed-circuit. Connection between the
fine wires 10 and 20 and the drive circuit can be
performed with a normal bonding process efc.
When the interval between electrodes of the drive
circuit which is of a printed-circuit is wider than that
between the fine wires 10 and 20, the connecting
portions of the other ends of the fine wires 10 and
20 can be bent and elongated corresponding to the
electrode arrangement of the drive circuit before
the portions thereof are connected to the elec-
trodes of the drive circuit.

With respect to the fine wires 10 and 20 ar-
ranged as described above, a resistance heating
element 50 is arranged along the space 60 while
burying the entire space 60 between the confront-
ing end surfaces of the fine wires 10 and 20. The
element 50 is normally made of resistance heating
material similarly to a normal thermal recording
head, such as material made by adding glass bind-
er to ruthenium oxide. In order to form the element
50 through which the cores 30 of the confronting
fine wires 10 and 20 are connected fo each other, a
paste of the above-described resistance heating
material is coated over and filled in the space 60
between the fine wires 10 and 20, and then dried
and burned. Instead of it, means for forming a
resistance heating element with a thick-film tech-
nology in a known thermal recording head can be
applied as the method for forming the element 50.
Although the element 50 can be separately formed
corresponding to every pair of fine wires 10 and
20, it is easy to continuously cover the whole of a
large number of pairs of the fine wires 10 and 20
with the element 50 as shown in Figs. 1 and 2. In
this case, each heat generation unit is constructed
by each resistance heating element portion ar-
ranged between the confronting fine wires 10 and
20 in the continuously formed resistance heating
element 50.

The element 50 is reliably connected to each
core 30 exposed at the end surfaces of the fine
wires 10 and 20 and is formed so that the upper
surface of the element 50 slightly rises than those
of the fine wires 10 and 20. A protective layer 70
can be formed on the resistance heating element
50 in order fo protect the element 50 and improve
wear resistance thereof, similarly to a normal ther-
mal recording head. The protective layer 70 can be
formed with a normal film forming means. The
other construction of the thermal recording head is
similar to that of a normal thermal recording head.

The operation of the thermal recording head is
described below. At the pair of confronting fine
wires 10 and 20 in a large number of electrode fine
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wires 10 and 20 arranged to form two lines as
described above, when a signal current is applied
to the fine wire 10 serving as the signal electrode,
an electric current flows from the end surface of
the fine wire 10 fo the end surface of the fine wire
20 through the element 50 to generate heat at only
the part of the element 50 where the current flows.
When the signal current is controlled according to
information to record, an electric current flows be-
tween desired electrode fine wires 10 and 20 to
generate heat at the corresponding part of the
element 50 during the flow of the current. There-
fore, the heat generation unit of the element 50, i.e.
the magnitude of heat generation dot and the inter-
val of the element 50, can be arbitrarily set by
adjusting the interval between the confronting fine
wires 10 and 20, i.e. the width of the element 50,
the interval between the adjacent fine wires 10,
and/or the interval between the adjacent fine wires
20.

Figs. 3 and 4 show another embodiment of the
present invention which is slightly different from the
embodiment shown in Figs. 1 and 2 in construc-
tion. Then, the description of the similar construc-
tion to the embodiment in Figs. 1 and 2 is omitted
instead of addition of the same reference numerals.

Although the pair of confronting fine wires 10
and 20 are connected with each other through the
element 50 as described in the embodiment shown
in Figs. 1 and 2, instead, the cores 30 of the
adjacent fine wires 10 and 20 are connected with
each other through the element 50. That is, the fine
- wires 10 and 20 respectively serving as common
electrodes and signal elecirodes are alternatively
and sequentially arranged to form only a line. Each
of the electrode fine wires 10 and 20 is connected
with each drive circuit.

The element 50 is formed so as to cover the
whole end surface of the row of fine wires 10 and
20 and connected with the cores 30 of each of the
fine wires 10 and 20. The end surface of the
element 50 is utilized as a heat generation portion.
Therefore, an insulating base (not shown) for fixed-
ly arranging the fine wires 10 and 20 is formed fo
the vicinity of the end surface of each of the fine
wires 10 and 20, and at the end of the fine wires 10
and 20, the element 50 and the protective layer 70
are formed to construct a thermal recording head.

The material and the basic construction of the
fine wires 10 and 20 and the element 50 are similar
to those of the aforementioned embodiment.

The interval between the pair of adjacent fine
wires 10 and 20 for flowing a signal current and the
interval between another pair of fine wires 10 and
20 arranged outside thereof allow the magnitude of
the heat generation unit and the interval of the
element 50 to be arbitrarily set. A method for
covering the whole end surfaces of the fine wires
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10 and 20 to form the element 50 is, as one
example, as follows;

After the fine wires 10 and 20 arranged to form
a line are buried in synthetic resin and then integ-
rally molded and the fine wires 10 and 20 are cut
with the resin so that the end surfaces thereof are
aligned with a line to expose, the aforementioned
resistance heating material paste is coated over the
whole end surfaces of the fine wires 10 and 20 and
the resin.

The other construction except for the above
description is similar to that of the aforementioned
embodiment.

In the operation of the above-described thermal
recording head, when a signal current is applied to
the fine wire 10 serving as the signal electrode, the
current flows from the fine wire 10 through the
element 50 fo the fine wire 20 serving as the
common electrode adjacently arranged (shown by
the dotted line in Fig. 4), generating heat at only
the element 50 during the flow of the current.

The thermal recording head according to the
present invention can be applied to another appara-
tus such as various kinds of thermal recording
heads of an electronic printer and a copying ma-
chine except for the thermal recording head of a
plotter.

According to the thermal recording heads of
the embodiments of the present invention, since as
an electrode for applying an electric current fo the
resistance heating element, the elecirode fine wire
of which the peripheral surface of the conductive
core is covered with the insulating layer is used,
the interval between the electrodes can be consid-
erably reduced in arrangement. Concretely, though
only eight conventional electrodes per 1mm can be
arranged in the use of a printed circuit, sixteen
electrodes or more per 1mm can be arranged and
the interval between the electrodes can be arbitrar-
ily set by the embodiments of the present inven-
tion. Since the interval between the electrodes cor-
responds to the heat generation unit of the resis-
tance heating element, the heat generation unit
thereof can be smaller, resulting in fine and high
quality of the recording information by means of
the thermal recording head.

The conductive cores of the electrodes fine
wires are reliably separated from each other
through the insulating layer so as not to short-
circuit. The conductive cores are covered with the
insulating layer to prevent any damage and cut off
thereof. Therefore, the reliability of the electrodes
can be improved and poor elecirodes can be re-
duced in the manufacturing process, resulting in
improvement of the product yield. Concretely, in a
case where six electrodes are formed per 1mm,
the product yield of the conventional printed circuit
is about 10% while the product yield of the em-
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bodiment according to the present invention can be
90%.

The number of the fine wires arranged to form
one or two lines and the length of the resistance
heating element for coating the end surfaces of the
fine wires to form the element generally have no
limitation, and thus the length of the thermal re-
cording head and the number of the heat genera-
tion unit can be freely increased to easily cor-
respond to scaling up of the thermal recording
head.

Although the present invention has been fully
described in connection with the preferred embodi-
ments thereof with reference to the accompanying
drawings, it is to be noted that various changes and
modifications are apparent to those skilled in the
art. Such changes and modifications are to be
understood as included within the scope of the
present invention as defined by the appended
claims unless they depart therefrom.

Claims

1. A thermal recording head characterized by com-
prising:

a pair of electrode fine wires (10, 20) of which a
peripheral surface of each electrically conductive
core (30) is covered with an insulating layer (40),
each electrode fine wire in the pair of fine wires
being arranged to form each line while end sur-
faces of the pair of fine wires confront each other
through a space (60); and

a resistance heating element (50) arranged in the
space, electrically connected the cores exposed at
the end surfaces of the pair of fine wires with each
other to apply a signal current to the pair of fine
wires, and generating heat in correspondence with
the current.

2. A thermal recording head characterized by com-
prising:

a pair of electrode fine wires (10, 20) of which a
peripheral surface of each electrically conductive
core (30) is covered with an insulating layer (40),
the pair of fine wires being arranged to form a line
while end surfaces of the pair of fine wires are
lined up with each other; and

a resistance heating element (50) arranged at ends
of the fine wires, electrically connected the cores
exposed at the end surfaces of the pair of fine
wires with each other to apply a signal current to
the pair of fine wires, and generating heat in cor-
respondence with the current.
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