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(57)  The invention provides a method for manufac-
turing a thermal head, the method comprising a step of
forming a heat generating resistor (3), a step of forming
a wiring electrode (4, 4a, 12) that is electrically con-
nected to the heat generating resistor, and a step of
forming a protective film (9) for clothing the heat gener-
ating resistor and the wiring electrode in the vicinity
thereof, characterised in that

the wiring electrode forming step includes at least
one sub-step wherein the contour of a resist pattern
is made smaller midway during a wiring electrode
etching process than in an earlier sub-step,
whereby

the section configuration of the peripheral edge por-
tion of the wiring electrode is formed into a tapered
or stepped configuration through execution of each
sub-step.
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Description

Technical Field

[0001] The present invention relates to a thermal head
which is used in heat sensitive recording of facsimile,
printer or the like and a method for manufacturing the
same.

Background Techniques

[0002] Conventionally, as illustrated in Figs. 10(a) and
10(b), a glaze layer 2 is provided as a heat accumula-
tion layer on an insulative substrate 1 such as that made
of ceramic material. Then, film formations are per-
formed by sputtering or deposition from a heat generat-
ing resistor material such as that of Ta system, silicide
system, Ni-Cr system or the like and an electrode
mateial such as that of Al, Cr-Cu or Au, whereupon a
heat generating resistor 3 and wiring electrodes 12
composed of a common electrode and individual elec-
trodes are formed through performance of patterning in
the photolithographing step. Thereatter, in order to pre-
vent oxidation of and provide wear resistance with
respect to the heat generating resistor 3, a protective
film 9 such as that made of SiO,, TayOsg, SIAION, SigN,4
or SiC is formed by sputtering, ion plating or CVD
(Chemical Vapor Deposition) to thereby manufacture a
thermal head.

[0003] However, in the conventional method for man-
ufacturing a thermal head, since the sectional configu-
ration of a peripheral edge portion of each of the wiring
electrodes 12 composed of a common electrode and
individual electrodes is almost orthogonal, similar differ-
ence in level occurs also in the surface of the protective
film 9. In addition, due to a difference in growth process
between a protective film for the heat generating resis-
tor 3 and that for the wiring electrode 12 when this pro-
tective film is formed, a fault 10 at which the film
continuity as viewed in the plane direction is discontin-
ued occurs in the protective film layer.

[0004] For this reason, the thermal head that had
been manufactured by the above-mentioned manufac-
turing method had its resistance value increased early
in its use, with the result that when printing was per-
formed using this thermal head, such increase in resist-
ance value became a cause of dotting failures, which
resulted in that the printing run service life of the thermal
head became shorter. Also, it is considered that during
printing run, ions in the thermosensible paper, moisture,
Na* ion and CI" ion in the atmosphere, and the like enter
into the thermal head due to the faults 10 of the protec-
tive film thereof, with the result that there was the prob-
lem that the heat generating resistor 3 and wiring
electrodes 12 were corroded and as a result the thermal
head had inferior corrosion resistance.

[0005] As conventional examples of solving the
above-mentioned problems, a manufacturing method
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wherein a forward end portion of each wiring electrode
12 connected to a heat generating resistor 3 is tapered
to thereby decrease the fault and level difference of the
protective film (e.g., Published Unexamined Japanese
Patent Application No. S-56-129184), a manufacturing
method wherein a photo-step and etching step are per-
formed twice or so with respect to a forward end portion
of each wiring electrode 12 connected to a heat gener-
ating resistor 3 to thereby form this forward end portion
into a two-stepped configuration and thereby decrease
the level difference of the protective film (e.g., Published
Examined Japanese Patent Application No. S-55-
30468), a manufacturing method wherein high fre-
quency bias sputtering is added during formation of the
protective film to thereby prevent generation of cracks
(e.g., Published Unexamined Japanese Patent Applica-
tion No. S-63-135261), etc. have been made publicly
known.

[0006] However, while in the conventional thermal
head a wiring electrode thereof was such that a specific
configuration was imparted to only a forward end por-
tion thereof that is connected to the heat generating
resistor, the effect thereof upon enhancement of the
printing durability and reliability was not sufficient.
Namely, faults and level differences in the protective film
that result from the level differences in the wiring elec-
trode occur not only in the portion thereof that corre-
sponds to the forward end portion of the wiring
electrode connected to the heat generating resistor but
also in the portion thereof that corresponds to an entire
peripheral edge portion of the wiring electrode in at
least a protective-film region.

[0007] On the other hand, if the above-mentioned
level differences exist, the protective film 9 is likely to be
partly broken off or exfoliated from faults 10 thereof due
to mechanical stress that is applied to the level differ-
ence portion thereof by sliding movement of the thermo-
sensible paper and pressing force of a platen roller or
due to thermal stress that results from a difference in
thermal coefficient of expansion between the heat gen-
erating resistor portion and the electrode portion.
Accordingly, the effect of the sliding movement of the
thermosensible paper and pressing force of the platen
roller is exerted not only upon the heat generating resis-
tor but also upon the surrounding areas thereof, with the
result that the protective film is likely to be broken off or
exfoliated also by way of the peripheral edge portion of
the wiring electrode other than the forward end portion
thereof. Also, even when scratches have been made by
foreign substances having attached to the thermosensi-
ble paper or the like, these foreign substances are
caught by the level difference portion of the wiring elec-
trode, with the result that, similarly, exfoliation or the like
of the protective film is likely to occur also from a portion
of the electrode other than the forward end thereof.
[0008] As mentioned above, the protective film was
broken off or exfoliated not only from the forward end
portion of the electrode but also from the peripheral
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edge thereof, whereby the printing run service life of the
thermal head was caused to become shorter.

[0009] Also, while material having high hardness has
on one hand been recently used as material of the pro-
tective film in order to improve the wear resistance
thereof, emphasis has on the other hand been placed
on the above-mentioned problems. Particularly, when
cladding is applied using a hard protective film, the ther-
mal head cannot receive an external force with high
flexibility and it is also difficult to ease the stress.
Accordingly, there was the problem that the phenome-
non such as exfoliation or the like of the protective film
was likely to become prominent.

[0010] Conversely, when the hardness of the protec-
tive film is low, the wear resistance becomes inferior,
with the result that the heat generating resistor is dam-
aged due to wear of the protective film and therefore the
printing run service life can no longer be expected to be
improved.

[0011] Also, there is the likelihood that during printing
run, ions in the thermosensible paper, moisture, Na* ion
and Clion in the atmosphere, and the like may enter
into the thermal head due to the level difference of the
peripheral edge of the electrode. As a result, there was
the problem that this entry corroded the heat generating
resistor and electrode, with the result that the thermal
head became inferior in terms of the corrosion resist-
ance particularly during standby for printing.

[0012] Accordingly, an object of the present invention
is to provide a thermal head which is arranged such
that, in order to solve the above-mentioned conventional
problems, the peripheral edge portion of the electrode
thereof is tapered and the level difference on the surface
of the protective film is thereby lessened to thereby have
no fault therein while having wear resistance, on the
other hand.

[0013] According to the present invention there is pro-
vided a method for manufacturing a thermal head, the
method comprising a step of forming a heat generating
resistor, a step of forming a wiring electrode that is elec-
trically connected to the heat generating resistor, and a
step of forming a protective film for clothing the heat
generating resistor and the wiring electrode in the vicin-
ity thereof, characterised in that

the wiring electrode forming step includes at least
one sub-step wherein the contour of a resist pattern
is made smaller midway during a wiring electrode
etching process than in an earlier sub-step,
whereby

the section configuration of the peripheral edge por-
tion of the wiring electrode is formed into a tapered
or stepped configuration through execution of each
sub-step.
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Brief Description of the Drawings

[0014]

Figs. 1(a) and 1(b) are an enlarged sectional view
illustrating a heat generating portion of a thermal
head according to the present invention and a sec-
tional view illustrating peripheral edge portions of
electrodes thereof respectively;

Figs. 2(a) and 2(b) are an enlarged sectional view
illustrating a heat generating portion of a thermal
head according to the present invention and a sec-
tional view illustrating peripheral edge portions of
electrodes thereof respectively;

Figs. 3(a) to 3(d) are explanatory views illustrating
manufacturing process steps for manufacturing the
thermal head according to the present invention;
Figs. 4(a) to 4(d) are explanatory views illustrating
manufacturing process steps for manufacturing the
thermal head according to the present invention;
Figs. 5(a) to 5(d) are explanatory views illustrating
manufacturing process steps for manufacturing the
thermal head according to the present invention;
Figs. 6(a) to 6(d) are explanatory views illustrating
manufacturing process steps for manufacturing the
thermal head according to the present invention;
Figs. 7(a) to 7(c) are explanatory views illustrating
manufacturing process steps for manufacturing the
thermal head according to the present invention;
Figs. 8(a) to 8(d) are explanatory views illustrating
manufacturing process steps for manufacturing the
thermal head according to the present invention;
Figs. 9(a) and 9(b) are explanatory views illustrating
manufacturing process steps for manufacturing the
thermal head according to the present invention;
Figs. 10(a) and 10(b) are an enlarged sectional
view illustrating a heat generating portion of a con-
ventional thermal head and a sectional view illus-
trating peripheral edge portions of electrodes
thereof respectively;

Fig. 11 is a graphic diagram showing results of
printing run test on the thermal head according to
the present invention;

Fig. 12 is a graphic diagram showing results of con-
tinuous pulse application test on the thermal head
according to the present invention;

Fig. 13 is a graphic diagram showing results of elec-
trolytic corrosion test on the thermal head accord-
ing to the present invention;

Fig. 14 is a graphic diagram showing results of
printing thickness test on the thermal head accord-
ing to the present invention;

Fig. 15 is a view illustrating a contact portion
between the thermal head according to the present
invention and a recording medium;

Fig. 16 is a view illustrating a contact portion
between the conventional head and a recording
medium;
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Fig. 17 is a table showing results of evaluation
made in the embodiment of the present invention;
and

Fig. 18 is a table showing results of evaluation con-
cerning a scratch test performed according to the
present invention.

Best Mode For Carrying Out The Invention
[First Embodiment]

[0015] Fig. 1(a) is an enlarged sectional view illustrat-
ing a heat generating resistor and its ambient area of a
thermal head according to the present invention and
Fig. 1(b) is a sectional view illustrating peripheral edge
portions of electrodes thereof.

[0016] Inthese figures, a glaze 2 is formed on the sur-
face of an insulative substrate 1 and wiring electrodes 4
are formed thereon so as to be electrically connected to
a heat generating resistor 3. A reference numeral 5
denotes a taper portion of each wiring electrode 4. This
taper portion is formed with respect to a periphery
thereof that opposes the heat generating resistor 3 and
with respect to a peripheral edge portion of every wiring
electrode 4. A reference numeral 9 denotes a protective
film which is formed so as to clothe the heat generating
resistor 3 and the peripheral edge portions of the wiring
electrodes 4. By the section of the peripheral edge of
the wiring electrode 4 being tapered, when the protec-
tive film 9 has been formed, the protective film is made
to have no level difference resulting from the level differ-
ence of the wiring electrode 4 and have, by the resulting
removal of the difference between the growth process
thereof on the heat generating resistor 3 and the growth
process thereof on the wiring electrodes 4, no fault
resulting therefrom.

[0017] Also, in the sectional views of Figs. 2(a) and
2(b), a glaze 2 is formed on the surface of the insulative
substrate 1. On the surface of this glaze 2 there is fur-
ther formed the heat generating resistor 3 on which the
wiring electrodes 4 are formed so as to be electrically
connected thereto. A reference numeral 6 denotes a
multistage portion which is formed with respect to a
periphery thereof that opposes the heat generating
resistor 3 and with respect to a peripheral edge portion
of every wiring electrode 4.

[0018] The reference numeral 9 denotes the protec-
tive film which is formed so as to cover this multistage
portion as a whole.

[0019] By the peripheral edge portion of the wiring
electrode 4 being formed into a multistage configura-
tion, when the protective film 9 has been formed, the
protective film is made to have no level difference result-
ing from the level difference of the wiring electrode 4
and have, by the resulting removal of the difference
between the growth process thereof on the heat gener-
ating resistor 3 and the growth process thereof on the
wiring electrodes 4, no fault resulting therefrom.
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[0020] Explaining the manufacturing process steps
according to the invention of this application sequen-
tially, as illustrated in Fig. 3(a), for the purpose of heat
accumulation, the glaze 2 is formed on the insulative
substrate 1 that consists of, for example, alumina
ceramics. Next, a film that is made of material Ta-N, Ta-
SiO, or the like that has Ta as a main component and
that serves as material of the heat generating resistor is
formed by sputtering to a thickness of approximately 0.
1 um or so, after which the heat generating resistor 3 is
formed by photolithography. Subsequently, a fiim that is
made of material Al, Al-Si, Al-Si-Cu or the like that has
Al as a main component and that serves as material of
the electrode for supplying power to the heat generating
resistor 3 is formed by sputtering or the like to a thick-
ness of approximately 1 to 2 um or so, after which a
photo-resist is coated on the resulting film and then is
exposure developed using a photo-mask to thereby
form a resist 8 that has a configuration of wiring elec-
trode.

[0021] Next, in Fig. 3(b), in an etching solution pre-
pared by adjusting the viscosity of an acidic water mixed
solution composed of phosphoric acid, acetic acid, nitric
acid, pure wate, etc. by adjusting the mixing ratio
thereof, when etching the Al film with an etching solution
having a low viscosity, this etching solution not only per-
forms Al etching but also is simultaneously carried into
an interface between the resist 8 and Al, whereby etch-
ing proceeds also in the plane direction of the conductor
layer. When the relationship between the etching rate in
this plane direction and that in the thicknesswise direc-
tion is made to be appropriate, at the time of completion
of the efching it is possible to make the peripheral edge
portion of the electrode have the taper portion 5.

[0022] Thereafter, in Fig. 3(c), the resist 8 is removed
using an exfoliation solution such as organic solvent to
thereby form the wiring electrodes and taper portion 5.

[0023] Next, as illustrated in Fig. 3(d), in order to pre-
vent oxidation of and provide wear resistance to the
heat generating resistor 3 and wiring electrodes 4, a film
that is made of, for example, a mixture of SisN4 and
SiO, is clad by sputtering or the like to a thickness of
approximately 3 to 6 um or so to thereby form the pro-
tective film 9.

[0024] In the thermal head that is obtained through
performance of the above-mentioned process steps,
since the peripheral edge portion of the wiring electrode
is prevented from being formed into a configuration of
cliff and is formed into an appropriately tapered slant
surface, it is unlikely that faults occur in the portion of
the protective film clothing this taper surface 5 of the wir-
ing electrode that corresponds to the peripheral edge
thereof.

[0025] Particularly, since sputtering has an inferior
characteritic of clothing a level difference, a prominent
difference in terms of the clothability of the protective
film occurs between the thermal head of the present
invention and the conventional thermal head, whose
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protective films are both formed by sputtering. This
effect will be described later jointly with the results of
evaluation.

[Second Embodiment]

[0026] Next, an explanation will be given of the manu-
facturing process steps wherein the peripheral edge
portion of the wiring electrode is tapered with materials
thereof each having Al as a main component being
made multilayer as illustrated in Figs. 4(a) to 4(d).
[0027] In Fig. 4(a), as in the case of the first embodi-
ment, the glaze 2 is formed on the insulative substrate 1
such as that made of alumina ceramics or the like and
on this glaze 2 there is formed the heat generating
resistor 3. Subsequently, an Al electrode 4b film that
has Al as a main component and that serves as an elec-
trode material for supplying power to the heat generat-
ing resistor 3 is formed as a first layer by sputtering to a
thickness of approximately 0. 3 to 0. 8 um or so and
then an Al alloy electrode 4c film which has Al as a main
component and has Si, Cu, Ti and the like added
thereto is formed as a second layer by sputtering to a
thickness of approximately 0. 3 to 0. 6 um or so to
thereby form an electrode film having a total thickness
of approximately 1 to 2 um. Thereafter, the resist 8 is
formed as in the case of the first embodiment.

[0028] Next, in Fig. 4(b), when etching is performed of
the first and second layers by use of an etching solution
that consists of an acidic water mixed solution com-
posed of phosphoric acid, acetic acid, nitric acid, pure
water, etc., since as compared to the Al electrode 4b
film as the first layer having Al as a main component the
Al alloy electrode 4c¢ film as the second layer wherein Si,
Cu, Ti and the like has been added to Al has its crystal
grain size made to be very small, the etching rate for this
second layer becomes faster. For this reason, etching
as viewed in both the plane and thickness directions
proceeds, whereby at the etch completion time the
peripheral edge portion of the electrode exhibits a
tapered configuration. Thereafter, in Fig. 4(c), the resist
8 is removed using an exfoliation solution such as
organic solvent to thereby form the wiring electrode and
taper portion 5. Thereafter, as in the case of the above-
mentioned embodiment, in Fig. 4(d), the protective film
9 is formed.

[Third Embodiment]

[0029] Next, the process steps wherein the crystal
grain size of the electrode is caused to vary in the thick-
nesswise direction and the electrode is thereby tapered
as illustrated in Figs. 5(a) to 5(d) will be explained. In
Fig. 5(a), as in the case of the first embodiment, the
glaze 2 is formed on the insulative substrate 1 such as
that made of alumina ceramics or the like and on the
upper surface of this glaze 2 there is formed the heat
generating resistor 3. On the upper surface of the result-
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ing structure there is further formed by sputtering to a
thickness of from 1 to 2 um a film that has Al as a main
component and that serves as an electrode material for
supplying power to the heat generating resistor 3. At
this time, the crystal grain size of Al varies due to sputter
DC power, substrate temperature, sputter pressure, etc.
The crystal grain size of an ordinary Al sputter film is in
a range of from 2 to 4 um. In this embodiment, by con-
trolling the sputter DC power and substrate tempera-
ture, the crystal grain size thereof was varied to thereby
form an Al electrode 4d film whose crystal grain size
varied. In an initial period of the film formation, film for-
mation was performed under ordinary conditions and,
as the time lapsed, film formation was performed while
the sputter DC power was being gradually decreased.
Since the film forming rate was decreased by the sputter
power being decreased, the substrate temperature was
decreased. At this time, the crystal grain size in the
vicinity of the upper surface of Al was 0. 5 um whereas
that in the vicinity of the lower surface thereof was
approximately 2 um or so. Then, on the upper surface of
the resulting structure there was formed the resist 8.
[0030] Next, in Fig. 5(b), when Al is etched using an
etching solution that consists of, for example, a mixed
solution of phosphoric acid, acetic acid, nitric acid and
pure water, the etching rate varies due to the variations
in crystal grain size in the thicknesswise direction of the
film. Namely, the smaller the crystal grain size, the
faster the etching rate. For this reason, since etching is
performed in both the plane and thickness directions,
the peripheral edge portion of the electrode exhibits a
configuration of taper at the etch completion time.
Thereatter, in Fig. 5(c), the resist 8 is removed using an
exfoliation solution such as organic solvent to thereby
form the wiring electrode and taper portion 5. Thereat-
ter, as in the case of the above-mentioned embodiment,
in Fig. 5(d), the protective film 9 is formed.

[Fourth Embodiment]

[0031] Next, the manufacturing process steps wherein
the resist forming and etching steps are each performed
a plurality of times as illustrated in Figs. 6(a) to 6(d) to
thereby make the peripheral edge portion of the wiring
electrode multistage, thereby obtaining an effect similar
to that attainable with tapering of the electrode will be
explained.

[0032] In Fig. 6(a), as in the case of the first embodi-
ment, the glaze 2 is formed on the insulative substrate 1
such as that made of alumina ceramics or the like and
on the upper surface of this glaze 2 there is formed the
heat generating resistor 3. On the upper surface of the
resulting structure there is further formed by sputtering
to a thickness of from 1 to 2 ym a film that has Al as a
main component and that serves as an electrode mate-
rial for supplying power to the heat generating resistor 3.
Thereafter, after formation of a resist 8-1, in Fig. 6(b),
ordinary etching is performed using an etching solution
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that consists of, for example, an acidic water mixed
solution of phosphoric acid, acetic acid, nitric acid, pure
water, etc. Further, in Fig. 6(c), the resist 8a is removed
using an exfoliation solution such as organic solvent to
thereby form the wiring electrode 4a. This wiring elec-
trode 4a thus formed is a first stage. Next, in Fig. 6(d), a
photo-resist is coated again so as to form a second
stage of the wiring electrode 4a, after which the photo-
resist is exposure developed using a photo-mask whose
exposure pattern contour has been reduced 5 um or
more compared to the contour of the wiring electrode 4a
that has been formed as the first stage of the wiring
electrode 4a, to thereby form a resist 8-2 whose config-
uration corresponds to that of the wiring electrode as
the second stage. Next, in Fig. 7(a), etching is per-
formed using an etching solution that consists of, for
example, an acidic water mixed solution of phosphoric
acid, acetic acid, nitric acid, pure water, etc. At this time,
by completing the etching in 10 to 90% of the thickness
of the film, it is possible to impart a step 6 with respect
to the wiring electrode 4a. Thereafter, in Fig. 7(b), the
resist 8-2 is removed using an exfoliation solution such
as organic solvent to thereby form the two staged wiring
electrode 4a. It is also possible to form a three or more
staged wiring electrode 4a by repeated performance of
the above-mentioned steps. Lastly, the protective film 9
is formed. The structure illustrated in Fig. 7(c) is one
that has been obtained by forming the protective film 9
on the wiring electrode 4a that has been obtained in this
embodiment. The fact that the level difference of the
protective film 9 has been made smaller than in the prior
art has been confirmed. It is to be noted that it is con-
firmed that the level difference of the protective film is
smaller when the level difference of the wiring electrode
4a is three staged than when this level difference is two
staged. That is, by the wiring electrode 4a being two or
three staged, the same effect as that attainable with
tapering of the electrode is obtained.

[Fifth Embodiment]

[0033] Next, the manufacturing process steps wherein
the photoresist developing and etching steps are each
performed a plurality of times as illustrated in Figs. 8(a)
to 8(d) to thereby make the peripheral edge portion of
the wiring electrode multistage, thereby obtaining an
effect similar to that attainable with tapering of the
peripheral configuration of the wiring electrode will be
explained.

[0034] In Fig. 8(a), as in the case of the first embodi-
ment, the glaze 2 is formed on the insulative substrate 1
such as that made of alumina ceramics or the like and
on the resulting structure there is formed the heat gen-
erating resistor 3. On the resulting structure there is
formed by sputtering to a thickness of from 1 t0 2 ym a
film that has Al as a main component and that serves as
an electrode material for supplying power to the heat
generating resistor 3. Thereatfter, a resist 8a is formed,
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and then, in Fig. 8(b), etching is performed 10 to 90%
with respect to the film thickness by using an etching
solution that consists of, for example, an acidic water
mixed solution of phosphoric acid, acetic acid, nitric
acid, pure water, etc. and is finished as is.

[0035] Further, thereafter, in the conventional process,
the resist 8 is removed using an exfoliation solution
such as organic solvent to thereby form the wiring elec-
trode 4a. However, in this embodiment, since a develop-
ing solution has a feature of causing a reduction in
amount of the resist 8, ordinary etching is first per-
formed and then the resulting structure is immersed
again in the developing solution to thereby perform sec-
ond-time development for causing a forced reduction in
amount thereof and thereby retreat the resist 8 by a dis-
tance of 5 um or more as illustrated in Fig. 8(c). Next, in
Fig. 8(d), etching is performed using an etching solution
that consists of, for example, an acidic water mixed
solution of phosphoric acid, acetic acid, nitric acid, pure
water, efc. and this etching is finished to thereby form a
multistage portion 6 with respect to the wiring electrode.
Thereafter, in Fig. 9(a), the resist 8 is removed using an
exfoliation solution such as organic solvent to thereby
form the two staged wiring electrode 4a.

[0036] Further, by repeated performance of the
above-mentioned steps it is also possible to form a
three or more staged wiring electrode 4a. Lastly, the
protective film 9 is formed.

[0037] The structure illustrated in Fig. 9(b) is one that
has been obtained by forming the protective film 9 on
the wiring electrode 4a having been obtained in this
embodiment. By the extent to which the level difference
of the peripheral edge portion of the wiring electrode
has changed into a stepped configuration of level differ-
ence, the level difference of the protective film is made
to be less sharp and in addition the fault thereof that cor-
responds to the peripheral edge of the wiring electrode
is also suppressed. It is to be noted that the level differ-
ence of the wiring electrode 4a in each stage is smaller
when this wiring electrode 4a is three staged than when
it is two staged and that, accordingly, the clothability of
the protective film is enhanced more in the former case
than in the latter. According to the experiments per-
formed by the present inventors, when forming the pro-
tective film by an ordinary sputtering method, the
clothability of the protective film over the level difference
portion, i.e., whether or not there occurs the fault of the
protective film at the level difference portion, remarkably
changed depending on whether or not the level differ-
ence constituting one stage was to an extent of 0. 2 to
0. 3 um. Accordingly, it is preferable that each level dif-
ference be suppressed to a value of 0. 3 um or less.

[Evaluations On Each Embodiment]
[0038] The results of evaluation on each of the above-

mentioned embodiments will hereafter be explained.
[0039] Inatablein Fig. 17, there are shown the results



1 EP 0 914 957 A2 12

of evaluation on the present embodiments when the
taper angle 7 in Fig. 1 has been varied.

[0040] Inthe table in Fig. 17, the "resistance to pulse”
is an item of evaluation that is obtained by applying a
voltage pulse to the heat generating resistor and deter-
mining the degree of change in the resistance value
thereof with respect to the number of the pulses applied.
The "resistance to corrosion” is an item of evaluation
that is obtained by causing the thermal head to contact
with a thermosensible paper or chemicals at high tem-
perature and under high humidity and determining
whether or not the electrodes are corroded and whether
or not the protective film is exfoliated. The "resistance to
scratch” is an item of evaluation that is obtained by
scratching by use of, for example, sand paper the pro-
tective film that includes a portion thereof that is located
on the wiring electrodes in the vicinity of the heat gener-
ating resistor and thereby evaluating the exfoliation of
this protective film. The "printing durability” was evalu-
ated in the percentage of troubles that occurred when
continuous printing was performed using a highly wear-
able poor thermosensible paper containing a large
amount of corroding impurities.

[0041] From the table in Fig. 17, it can be confirmed
that when the taper angle 7 is lower than a border of
from 60 to 30 deg., each of the characteristics is rapidly
improved. While in the thermal head during a printing
run thereof in particular high stresses are produced in
the heat generating portion and the peripheral edge
portion of the wiring electrode in the vicinity of the heat
generating resistor due to heat generated from the heat
generating resistor, pressure of the platen roller, sliding
movement of the thermosensible paper, etc., as appar-
ent from the table in Fig. 17 the synthetic printing dura-
bility that involves therein adverse effects resulting
therefrom exhibits a very excellent level when the taper
angle is 15 deg. or lower.

[0042] While each of the above-mentioned items of
evaluation is one that has been obtained when the hard-
ness of the protective film is approximately Hv 1500, the
present inventors made their scratch evaluation also on
specimens wherein the hardness of the protective film
was approximately Hv 900, approximately Hv 1200 and
approximately Hv 1800, the results being shown in a
table in Fig. 18.

[0043] From these results it is understood that in the
case of a wiring electrode such as the conventional one
whose level difference or taper angle is large and sharp,
when it involves scraiches, the printing durability does
not become very high even when the hardness of the
protective film is made to be high. It can be explained
that the reason for this is that since the wiring electrode
is made of soft material such as Al, the harder the pro-
tective film is, when an external force is locally applied
thereto by means of a foreign substance or the like the
more in the plane direction of the film this force is trans-
mitted with the result that stresses are concentrated
more on the fault portion thereof at the peripheral edge
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of the wiring electrode. Accordingly, the effect of the
present invention is especially prominent on a thermal
head wherein the hardness of the protective film is Hv
1200 or more. Regarding the resistance to wear, the
protective film whose hardness is high is advantageous
and, given that the protective film has continuity as
viewed in the plane direction, the resistance to scratch
also becomes increased as a result. That is to say,
when combined with the hardness of the protective film
of Hv 1200 or more, the present invention can exhibit
the greatest effect.

[0044] The results of evaluation on the above-men-
tioned embodiments that have been obtained when the
taper angle 7 is 15 deg. will now be described in detail.
[0045] Fig. 11 shows the results of a printing run dura-
tion test that has been performed in the present inven-
tion.

[0046] In the conventional thermal heads, when the
printing run distance has increased up to approximately
50 km or so, exfoliation, chipping-off or the like of the
protective film occurs, due to mechanical stress or
scratch, from the fault portion thereof that is attributable
to the level difference portion of the electrode. As a
result, at a point in time when the printing run distance
is 100 km, unqualified dots occupied 10% whereas, in
the present embodiments, even after a printing run over
a distance of 100 km or more, no phenomena such as
exfoliation, chipping-off or the like occurred in the pro-
tective film. Also, by setting the hardness of the protec-
tive film to be Hv 1200 or more, it is possible to suppress
the amount of the protective film worn to 2 um or less.
That is, in the present embodiments, various destruc-
tions such as exfoliation, chipping-off, wear and the like
of the protective film that were conventionally the
causes of damaging the thermal heads can be sup-
pressed by tapering of the electrode and increasing in
hardness off the protective film, whereby it can be con-
firmed that the printing durability becomes four times or
more as high as that in the prior art, with the result that
the printing run performance is improved.

[0047] In Fig. 12, there are shown the results of con-
tinuous pulse application test in order to evaluate the
resistance to pulse of the present invention.

[0048] In the conventional thermal heads, the
increase in the resistance value becomes 5% or so at a
pulses number of 1 x 108 and becomes 15% or more at
a pulses number of 6 x 108. However, in the present
embodiments, neither increase nor change in the resist-
ance value is exhibited at even a pulses number of 1 x
108 and, at even a pulses number of 6 x 108, the
increase in the resistance value is 3% or so, that is, the
resistance to pulse is improved. Namely, while conven-
tionally the heat generating resistor became deterio-
rated due to oxidation or the like by way of the fault
portion of the protective film that is attributable to the
level difference portion of the electrode, in the present
embodiments deterioration of the heat generating resis-
tor has become able to be prevented by tapering of the
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electrode, whereby it could be confirmed that the resist-
ance to pulse was improved.

[0049] Fig. 13 shows the results of electrolytic etching
test in order to evaluate the resistance to corrosion of
the present invention.

[0050] The test was performed as a "leaving-to-stand
test” under the conditions that the temperature was 85
°C, the humidity was 85%, the head voltage was 5 V
and the thermosensible paper was kept applied. In the
conventional thermal heads, unqualified dots generated
were large in amount at an early point in time, were 5%
or more in 48 hrs and, after lapse of 96 hrs, were
approximately 15% whereas in the present embodi-
ments no unqualified dots were admitted in 48 hrs and,
even after lapse of 96 hrs, approximately 3% of unqual-
ified dots were only admitted. Namely, in the present
embodiments, it could be confirmed that by tapering of
the electrode, moisture, ions of the thermosensible
paper, etc. were prevened from easy entry into the ther-
mal head, whereby corrosion of the electrode and the
like could be prevented with the result that the resist-
ance to corrosion was improved.

[0051] Also, compared to the sectional structure of the
conventional thermal head as illustrated in Fig. 16, more
excellent contact between the protective film on the
resistor and a recording medium such as a thermosen-
sible paper, platen roller and the like is obtained by
tapering the electrode as in the thermal head of the
present invention as illustrated in Fig. 15. In Fig. 14
there are shown the results of a print thickness test that
has been performed in the present invention.

[0052] From the test results it was confirmed that in
the present embodiments approximately 20% or more
of reduction in the power used was possible even when
obtaining the same recorded print thickness as in the
prior art, with the result that the efficiency with which the
printing heat was generated was improved.

Industrial Utilizability

[0053] As explained above, according to the present
invention, by the electrode of the thermal head in a
region of the protective film thereof having been formed
into a tapered configuration, the level difference of this
protective film is made to be smaller or less sharp,
whereby occurrence of faults therein is suppressed and,
particularly by the tapering being combined with the
hardness of the protective film that is Hv 1200 or more
in terms of the Vickers hardness, the wear resistance is
of course improved and further the scratch resistance is
also remarkably improved. As a result, the present
invention has the advantage of making the printing
durability very high and further of also improving the
environmental reliability.

[0054] Also, the manufacturing method of the present
invention that is intended to cause tapering of the sec-
tional configuration of the peripheral edge portion of the
wiring electrodes is possible to execute with even no
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use of a special device such as a bias sputter device.
Particularly, if an etching process or other processes
wherein necessary features can be imparted to the
structure of the electrode are used, the section of the
peripheral edge of the electrode can be tapered without
causing an increase in the number of the steps.

(In the drawings)
[0055]

[Fig. 1] 7 --- taper angle, 9 --- protective fiim, 5 ---
taper portion, 4 --- wiring electrode, 3 --- heat gen-
erating resistor, 2 --- glaze, 1 --- insulative sub-
strate, (a) enlarged sectional view of heat
generating portion, (b) ---sectional view of periph-
eral edge of electrode.

[Fig. 2] 6 --- multistage portion, (a) enlarged sec-
tional view of heat generating portion, (b) --- sec-
tional view of peripheral edge of electrode.

[Fig. 3] 8 --- resist.

[Fig. 4] 4¢ --- Al alloy electrode, 4b --- Al electrode.
[Fig. 5] 4d --- Al electrode varying in grain size.
[Fig. 7] 6 --- multistage portion.

[Fig. 10] 10 --- fault portion in protective film, (a)
enlarged sectional view of heat generating portion,
(b) ---sectional view of peripheral edge of electrode.
[Fig. 11] percentage of unqualified dots generated,
prior art, present invention, printing run distance
(km).

[Fig. 12] percentage of resistance value changed,
prior art, present invention, number of pulses
applied.

[Fig. 13] percentage of unqualified dots generated,
prior art, present invention, leaving to stand dura-
tion (hr).

[Fig. 14] thickness of print OD, present invention,
prior art, energy applied (mJ).

[Fig. 15] 11 --- recording medium.

[Fig. 17] taper angle, printing durability, resistance
to pulse, resistance to corrosion, resistance to
scratch.

[Fig. 18] taper angle, Vickers hardness of protective
film Hv.

Claims

1. A method for manufacturing a thermal head, the
method comprising a step of forming a heat gener-
ating resistor, a step of forming a wiring electrode
that is electrically connected to the heat generating
resistor, and a step of forming a protective film for
clothing the heat generating resistor and the wiring
electrode in the vicinity thereof, characterised in
that

the wiring electrode forming step includes at
least one sub-step wherein the contour of a
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resist pattern is made smaller midway during a
wiring electrode etching process than in an
earlier sub-step, whereby

the section configuration of the peripheral edge
portion of the wiring electrode is formed into a
tapered or stepped configuration through exe-
cution of each sub-step.
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FIG 1@

enlarged sectional view of heat generating portion

FIG 1)

sectional view of peripheral edge of electrode
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enlarged sectional view of heat generatihg portion
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sectional view of peripheral edge of electrode
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FIG 3

FIG 3
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4c Al alloy electrode
4b Al electrode
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enlarged sectional view of heat generating portion

FIG 100®

sectional view of peripheral edge of electrode
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