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(54) Thick film thermal head

(57) A thick film thermal head (1) includes an elec-
trical insulating substrate (10) and a photosensitive
material layer (12) which is formed on the substrate and
is provided with a linear groove formed on a surface
thereof by exposing it to light. An elongated resistance
heater (14) is embedded in the groove, and a plurality of

electrodes (15,16) are formed on the surface of the pho-
tosensitive material layer in contact with the resistance
heater and arranged in the longitudinal direction of the
resistance heater.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to a thick film thermal
head which is employed to thermally perforate a stencil
material to make a stencil to be used in an image form-
ing apparatus such as a stencil printer.

Description of the Related Art

[0002] As the thermal head used in various image
forming apparatuses, there have been known a thin film
thermal head and a thick film thermal head. The former
is formed by the use of thin film forming technique and
the latter is formed by the use of technique other than
the thin film forming technique. When perforating a
heat-sensitive stencil material by the use of such a ther-
mal head, it is required that adjacent perforations are
clearly separated in order to obtain a high printing qual-
ity.
[0003] A thick film thermal head has been used in a
heat-sensitive printing system and a ribbon transfer
printing system. The thick film thermal head comprises
an insulator substrate such as of ceramic, a plurality of
electrodes formed on the substrate and a resistance
heater formed on the electrodes. When power is sup-
plied to the electrodes, the resistance heater generates
heat from the lower surface thereof in contact with the
electrodes and the heat propagates the resistance
heater to the upper surface thereof where the resist-
ance heater is brought into contact with a recording
medium. In this thermal head, the resistance heater
extends across the electrodes and the parts of the
resistance heater between the electrodes form resist-
ance heater elements, and each pixel of the image
formed by the thermal head becomes larger than the
heater element, which results in pixels contiguous to
each other.
[0004] When the thick film thermal head is used for
making a stencil, each of the perforations becomes too
large since the heat generated from the lower surface of
each of the resistance heater elements spreads over a
wide area while the heat propagates to the upper sur-
face of the heat element, and at the same time, it takes
a long time for the temperature of the surface of each
heater element to reach a perforating temperature,
which results in poor response of the thermal head.
[0005] Further, in the case of a stencil printer, ink is
apt to spread when transferred to the printing paper
through the perforations of the stencil and is apt to form
printing dots larger than the perforations of the stencil.
Accordingly, the perforations of the stencil should be
smaller by an amount corresponding to spread of the
ink and should be discrete from each other. From this
viewpoint, the aforesaid thermal head where heat is

generated from the lower surface of the resistance
heater elements is not suitable for making a stencil.

[0006] In a thermal head having a linear array of
resistance heater elements extending in a main scan-
ning direction (in the direction of width of a stencil),
though the size of the perforations in the main scanning
direction can be reduced by narrowing the intervals at
which the electrodes are arranged, it is difficult to
reduce the size of the perforations in the sub-scanning
direction (the direction in which the stencil is conveyed)
due to difficulties in narrowing the width of the resist-
ance heater and influence of heat diffusion.
[0007] That is, conventionally, the thick film thermal
head is formed by coating resistance heater paste by
silk screening on electrodes b formed on a substrate a
as shown in Figure 10. Though the resistance heater
paste forms a narrow protrusion as shown by chained
line c immediately after coating, it is flattened in the sub-
scanning direction with lapse of time as shown by the
solid line d. This phenomenon occurs because the
resistance heater paste is flowable and there is pro-
vided no member for limiting spread of the paste, and
makes it difficult to form a narrow resistance heater.
[0008] As disclosed, for instance, in Japanese
Unexamined Patent Publication No. 63(1988)-165153,
there has been proposed a structure in which a heat
accumulator layer is formed on an insulating substrate
such as of ceramic, a resistance heater is embedded in
a groove formed on the heat accumulator layer, and
electrodes are formed over the resistance heater for the
purpose of making each heat generating area larger
than the resistance heater element corresponding
thereto and making the pixels contiguous to each other.
However this structure of a thermal head is not suitable
for making a stencil. That is, when the thermal head is
used for thermally perforating a heat-sensitive stencil
material, heat generated by each resistance heater ele-
ment accumulates in the heat accumulator layer and
spreads wide, which can result in enlarged or con-
nected perforations. Further the heat accumulator layer
deteriorates the speed of response to heat (heat dissi-
pating speed).
[0009] There has been known also a thick film ther-
mal head in which a resistance heater in the form of a
protrusion is formed on electrodes on a substrate. This
type of thermal head is disadvantageous in that paper
grounds or resin grounds is peeled off the stencil mate-
rial by the protruding resistance heater when the stencil
material is moved relative to the thermal head during
stencil making. The paper grounds or the resin grounds
adheres to the surface of the protruding resistance
heater and adversely affects stencil making, e.g., pre-
vents the resistance heater from being brought into a
close contact with the stencil material and causes the
resistance heater to fail in perforating the stencil mate-
rial.
[0010] Due to the difficulties described above, a thin
film thermal head has been generally employed for per-
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forating a heat-sensitive stencil material. The thin film
thermal head is advantageous in that the resistance
heater is of a thin film and accordingly the heat generat-
ing area for each resistance heater element can be
small, which results in small perforations. However, the
thin film thermal head is disadvantageous in that its
manufacturing cost is high. That is, the thin film thermal
head is manufactured by the use of semiconductor
manufacturing technology and expensive apparatuses
such as a sputtering apparatus or a vacuum deposition
apparatus and high technique are required. At the same
time, materials for forming the thermal head are expen-
sive. Further, the semiconductor manufacturing appara-
tuses are generally for making integral circuits and the
like and are not able to produce a large size (e.g., for A2
or larger size) thermal head by one step. Accordingly, a
large size thermal head must be produced by incorpo-
rating a plurality of small thermal head segments, which
gives rise to a problem that heat generation becomes
unsatisfactory at junctions between the segments,
which can result in white stripes on prints.

[0011] To the contrast, the thick film thermal head
can be made at low cost, for instance, by screen print-
ing, and can be easily made in a large size.

SUMMARY OF THE INVENTION

[0012] In view of the foregoing observations and
description, the primary object of the present invention
is to provide a thick film thermal head which is improved
in perforating properties. That is, the primary object of
the present invention is to provide a thermal head which
can be produced at low cost and in a large size and, at
the same time, can form small discrete perforations in a
heat-sensitive stencil material at high response to heat.
[0013] In accordance with the present invention,
there is provided a thick film thermal head comprising
an electrical insulating substrate, a photosensitive
material layer which is formed on the substrate and is
provided with a linear groove formed on a surface
thereof by exposing it to light, an elongated resistance
heater embedded in the groove, and a plurality of elec-
trodes which are formed on the surface of the photosen-
sitive material layer in contact with the resistance heater
and arranged in the longitudinal direction of the resist-
ance heater.
[0014] It is preferred that the electrodes comprise
alternate first and second electrodes and the parts of
the elongated resistance heater between the first and
second electrodes generate heat when electric power is
applied across the first and second electrodes.
[0015] It is preferred that the substrate is of calcined
ceramic, and the photosensitive material layer is of
heat-resistant photo-setting resin.
[0016] The linear groove formed in the photosensi-
tive material layer may be rectangular, U-shaped, V-
shaped or trapezoidal in cross-section.
[0017] In the thick film thermal head in accordance

with the present invention, since the resistance heater is
embedded in the groove, the width of the resistance
heater is limited to the width of the groove. Further,
since the electrodes are in contact with the surface of
the resistance heater which is brought into contact with
the stencil material when making a stencil, heat is gen-
erated from the surface of the resistance heater which is
brought into contact with the stencil material and
applied to the stencil material before propagating over a
large distance and spreading wide. Accordingly, with the
thermal head of the present invention, perforations can
be small even in the sub-scanning direction and the
quality of the stencil can be improved so that the printing
dots can be sufficiently small in size and the printing
quality is improved. Further since being of a thick film
type, the thermal head of the present invention can be
produced at low cost without using a semiconductor
manufacturing apparatus and can be produced in a
large size. Accordingly, even a large size thermal head
can be employed in printing without fear of generating a
white stripe on prints.

[0018] Further, since heat which does not contrib-
ute to perforation of the stencil material is dissipated
through the side walls and the bottom of the groove, the
thermal head of the present invention is increased in its
response to heat and can be operated at a high speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Figure 1 is a fragmentary plan view of a thermal
head in accordance with an embodiment of the
present invention,
Figure 2 is a cross-sectional view taken along line
A-A in Figure 1,
Figure 3 is a cross-sectional view taken along line
B-B in Figure 1,
Figure 4 is a cross-sectional view of a thermal head
in accordance with another embodiment of the
present invention,
Figures 5 to 9 are views for illustrating an example
of manufacturing steps of the thermal head, and
Figure 10 is a cross-sectional view showing forma-
tion of the resistance heater in a conventional thick
film thermal head.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] In Figures 1 to 3, a thick film thermal head 1
in accordance with an embodiment of the present inven-
tion comprises a substrate 10 which is formed of an
electrical insulating ceramic material such as calcined
ceramic. A heat conductive layer 11 which is formed of
an electrical insulating material high in heat conductivity
such as an aluminum oxide plate whose surface is oxi-
dized is bonded to the upper surface of the substrate 10,
for instance, by adhesive. A photosensitive material
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layer 12 is of heat-resistant photo-setting resin is super-
posed on the heat conductive layer 11. A linear groove
13 which is rectangular in cross-section is formed on the
upper surface of the photosensitive material layer 12
and an electrical conductive resistance heater 14 is
embedded in the groove 13. First and second strip-like
electrodes 15 and 16 are formed on the resistance
heater 14 to extend across the resistance heater 14.
The first and second electrodes 15 and 16 are alter-
nately arranged in the longitudinal direction of the resist-
ance heater 14. The first and second electrodes 15 and
16 are in contact with the resistance heater 14 at their
one end portions and extend in opposite directions from
their respective one end portions. A wear-resistant film
(protective layer) 17 which is of glass or the like and has
a flat upper surface is formed to cover the resistance
heater 14 and the central portions of the first and sec-
ond electrodes 15 and 16. The thermal head 1 of this
embodiment is brought into contact with a stencil mate-
rial at the upper surface of the wear-resistant film 17.

[0021] The linear groove 13 is formed, for instance,
by exposing the photo-setting resin layer formed on the
heat conductive layer 11 to light except the part at which
the linear groove 13 is to be formed, thereby solidifying
the photo-setting resin layer, and subsequently remov-
ing unexposed part of the photo-setting resin layer by
solvent.
[0022] The first and second electrodes 15 and 16
are connected to a control circuit (e.g., a driver IC)
through wire bonding.
[0023] As shown in Figure 3, when power is applied
to the first and second electrodes 15 and 16, parts of
the resistance heater 14 between the first and second
electrodes 15 and 16 generates heat from the upper
surface thereof. The heat T is transferred through the
wear-resistant film 17 toward the upper surface thereof
and thermally perforates the stencil material. (In Figure
3, the parts where the density of black dots is high are
high in temperature.) That is, each of the parts of the
resistance heater 14 between the first and second elec-
trodes 15 and 16 corresponds to one perforation and
forms one resistance heater element. Further, as shown
in Figures 2 and 3, the heat generated by the resistance
heater 14 is transferred to the heat conductive layer 11
through the bottom surface of the resistance heater 14
and dissipated.
[0024] As shown in Figure 1, the longitudinal direc-
tion of the resistance heater 14 is the main scanning
direction X corresponding to the direction of width of the
stencil material and the direction perpendicular to the
main scanning direction X is the sub-scanning direction
Y corresponding to the direction in which the stencil
material is conveyed.
[0025] Though the linear groove 13 is rectangular in
cross-section in the embodiment described above, the
linear groove may be U-shaped, V-shaped or trapezoi-
dal in cross-section. The cross-sectional shape of the
groove 13 can be of a desired shape by selecting the

material of the photosensitive material layer 12 and
selecting the exposure/development processing. When
the cross-sectional shape of the groove 13 differs, trans-
fer of heat to the heat conductive layer 11 somewhat dif-
fers though heat generating characteristic is
substantially the same.

[0026] Figure 4 shows a thermal head 2 in accord-
ance with another embodiment of the present invention.
The thermal head 2 of this embodiment differs from the
thermal head 1 of the embodiment described above in
that the heat conductive layer 11 is removed and
instead the photosensitive material layer 12 is of a
material which is high in heat conductivity. That is, the
photosensitive material layer 12 doubles as the heat
conductive layer.
[0027] An example of manufacturing steps of the
thermal head 1 shown in Figures 1 to 3 will be described
with reference to Figures 5 to 9, hereinbelow. The man-
ufacturing steps basically comprise the steps of forming
the heat conductive layer 11 and the photosensitive
layer 12 on the substrate 10 in this order, forming the lin-
ear groove 13 on the photosensitive layer 12, embed-
ding the resistance heater 14 in the groove 13, forming
the electrodes 15 and 16 by forming metal film over the
substrate 10 and photo-etching the metal film into elec-
trodes, and forming the wear-resistant film 17.
[0028] As shown in Figure 5, an electrical insulating
ceramic substrate 10 of a predetermined thickness is
first prepared and a thin aluminum oxide plate whose
surface is oxidized is bonded to the upper surface of the
substrate 10, thereby forming a heat conductive layer
11. Then heat-resistant photosensitive resin (e.g., heat-
resistant photosensitive polyimide obtained by introduc-
ing acryloyl into polyimide) is coated on the heat con-
ductive layer 11 and the heat-resistant photosensitive
resin layer is covered with a mask 30 having a light-
shielding portion 30a at the part at which a linear groove
13 is to be formed. Then the heat-resistant photosensi-
tive resin layer is exposed to light through the mask 30
for a predetermined time. As a result, the part of the
photosensitive resin layer exposed to the light is solidi-
fied to form a photosensitive material layer 12 with the
unexposed part left unsolidified. Then the mask 30 is
removed, and the unsolidified resin is removed by pre-
determined solvent, whereby a linear groove 13 is
formed.
[0029] The photosensitive material layer 12 may be
of various heat-resistant photosensitive resins or the
like which are solidified or decomposed upon exposure
to visible light, ultraviolet rays, electron rays, X-rays or
the like. The heat-resistant photosensitive resin is
exposed to light using a mask suitable for the resin, and
the part of the resin corresponding to the groove 13 is
removed by suitable solvent.
[0030] When the groove 13 is formed in a width of
20 to 50µm, a thermal head having a resolution of
400dpi can be obtained. The depth of the groove 13
depends upon the thickness of the photosensitive mate-
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rial layer 12 and is generally 30 to 50µm.

[0031] Then paste 31 for forming a resistance
heater 14 is filled in the linear groove 13 by a squeegee
32 as shown in Figure 6. Then the paste 31 is baked
and solidified, thereby forming the resistance heater 14.
Though ruthenium oxide paste is suitable for the paste
31, electrical conductive carbon paste may be used.
[0032] Thereafter metal film 33 of paste of gold or
other metal for forming the electrodes 15 and 16 is
formed over the entire upper surface of the substrate 10
including the upper surface of the resistance heater 14
by silk screening as shown in Figure 7. The metal film
33 is subsequently heated to be fixed.
[0033] Then photoresist is coated over the fixed
metal film 33 and is exposed to light in a pattern of first
and second electrodes 15 and 16. Then the photoresist
is developed and removed to expose the metal film 33
except the parts corresponding to the electrodes 15 and
16. The exposed part of the metal film 33 is removed by
etching with the part covered with the photoresist left
there, whereby the first and second electrodes 15 and
16 are formed in a predetermined pattern as shown in
Figure 8.
[0034] Thereafter, a glass composition is coated
over the resistance heater 14 and the electrodes 15 and
16 with the outer end portions of the electrodes 15 and
16 exposed as shown in Figure 9, and is heated to form
a wear-resistant film 17, thereby obtaining a thermal
head 1.
[0035] A driver IC is mounted and wire bonding step
is carried out on the thermal head 1 thus obtained
before the thermal head 1 is incorporated in a stencil
making section of a stencil printer.
[0036] In the thick film thermal heads in accordance
with the embodiments described above, since the elec-
trodes 15 and 16 are in contact with the surface of the
resistance heater 14 which is brought into contact with
the stencil material when making a stencil, heat is gen-
erated from the surface of the resistance heater 14
which is brought into contact with the stencil material
and applied to the stencil material before propagating
over a large distance and spreading wide. Accordingly,
perforations can be small in size and resolution of the
stencil can be improved, and at the same time,
response to heat of the thermal head is improved. Fur-
ther since being of a thick film type, the thermal heads
can be produced at low cost without using a semicon-
ductor manufacturing apparatus and can be produced
in a large size.
[0037] Further, since the resistance heater 14 is in
contact with the heat conductive layer 11 or the photo-
sensitive layer 12 which is high in heat conductivity, heat
generated by the resistance heater 14 is constantly dis-
sipated and the heat generating areas cannot spread
wide.
[0038] Further, since the resistance heater 14 is
embedded in the groove 13, the width of the resistance
heater 14 is limited to the width of the groove 13,

whereby the heat generating areas can be confined nar-
row also in the sub-scanning direction and the size of
the perforations can be small also in the sub-scanning
direction. Further since the thermal heads of the
embodiments described above are flat at the surface to
be brought into contact with the stencil material, resin
grounds cannot be generated during perforation of the
stencil material.

[0039] Further, in the embodiments described
above, the exposure system for forming the first and
second electrodes 15 and 16 can be employed to form
the linear groove 13 by exposing the photosensitive
material layer 12 to light. Accordingly, as compared with
the case where the groove 13 is formed by physical
processing such as grinding, manufacturing cost can be
reduced. Further, when the groove 13 is formed by
physical processing, the shape of the groove 13 can
vary due to wear of the tool and the like, which fluctu-
ates the quality of the products, lowers the yield and
complicates control of products to add to the manufac-
turing cost when the thermal heads 1 are mass-pro-
duced. To the contrast, when the groove 13 is formed by
exposure of the photosensitive material layer 12, the
shapes of the grooves are stabilized and fluctuation in
the quality of the products is reduced, whereby the yield
is increased and the manufacturing cost is reduced.
[0040] In addition, all of the contents of Japanese
Patent Application No. 11(1999)-227329 are incorpo-
rated into this specification by reference.

Claims

1. A thick film thermal head comprising

an electrical insulating substrate,
a photosensitive material layer which is formed
on the substrate and is provided with a linear
groove formed on a surface thereof by expos-
ing it to light,
an elongated resistance heater embedded in
the groove, and
a plurality of electrodes which are formed on
the surface of the photosensitive material layer
in contact with the resistance heater and
arranged in the longitudinal direction of the
resistance heater.

2. A thick film thermal head as defined in Claim 1 in
which the electrodes comprise alternate first and
second electrodes and the parts of the elongated
resistance heater between the first and second
electrodes generate heat when electric power is
applied across the first and second electrodes.

3. A thick film thermal head as defined in Claim 1 in
which the substrate is of calcined ceramic.

4. A thick film thermal head as defined in Claim 3 in

7 8

5

10

15

20

25

30

35

40

45

50

55



EP 1 075 956 A2

6

which the photosensitive material layer is of heat-
resistant photo-setting resin.
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