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Problem

To provide a high-resolution, small-volume thermal
inkjet head that can laminate stable layers of
material.

Means of Solution

Four drive circuits 22a, 22b, 22c and 22d are
formed in a thermal inkjet head 20 on a silicon
substrate 21. A first orifice array resistor 25-1 is
connected to a common electrode 23a via an
individual wiring electrode 24-1 between it and the
common electrode 23a and a second orifice
column resistor 25-2 is connected via an individual
wiring electrode 24-2 between it and a common
electrode 23b. Ink ejection from the first and
second orifice columns is controlled by time-
sharing. The drive circuits 22b, 22c and 22d
similarly drive the resistors of two orifice columns,
right and left, in a time-sharing manner. Black ink is
supplied from ink channels 28a and 28e to the first
and eighth orifice columns, while Y ink, M ink, and

C ink are supplied to the second and third, fourth
and fifth, and sixth and seventh orifice columns,
respectively. The two orifice columns of the same
color are disposed offset by half a pitch.
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TRANSLATION

Claims
Claim 1

A thermal inkjet head equipped with a plurality of
heating heads that disposes a plurality of heating
elements in an array form, heats ink supplied onto
the heating elements by means of the heating
elements and ejects ink droplets from orifices
corresponding to the heating elements by
generating air bubbles on the interface between
the ink and the heating elements, wherein the
thermal inkjet head has a single ink supply channel
installed between adjacent heating heads that
supplies the ink in common to the heating elements
of the heating elements on both said sides.

Claim 2

A thermal inkjet head equipped with a plurality of
heating heads that disposes a plurality of heating
elements in an array form, heats ink supplied onto
the heating elements by means of the heating
elements and ejects ink droplets from orifices
corresponding to the heating elements by
generating air bubbles on the interface between
the ink and the heating elements, wherein

the thermal inkjet head has a drive means installed
between a first heating head and a second heating
head that supplies drive signals in common to the
n™ heating element within the first heating head
and the m™" heating element within the second
heating head, and a control means that controls
the supply of the drive signal from the drive means
and controls the drive means so that it drives, in a
time-sharing manner, the heating elements of the
first heating head and the heating elements of the
second heating head by selecting, in a time-
sharing manner, the common electrode of the first
heating head and the common electrode of the
second heating head.

Claim 3

A thermal inkjet head equipped with a plurality of
heating heads that disposes a plurality of heating
elements in an array form, heats ink supplied onto
the heating elements by means of the heating
elements and ejects ink droplets from orifices
corresponding to the heating elements by
generating air bubbles on the interface between

the ink and the heating elements, wherein the
thermal inkjet head, where n is an integer,
constitutes the common electrode of a column n+1
heating head and a column n+2 heating head as a
single common electrode and constitutes the
common electrode of a column n+3 heating head
and a column n+4 heating head as another single
common electrode and has a drive means that
drives, in a time-sharing manner, the heating
elements within the column n+2 heating head and
the heating elements within the column n+3
heating head.

Claim 4

The thermal ink jet head recited in claim 1, 2 or 3,
wherein m is an integer, and the heating elements
within the column m+1 heating head and the
heating elements within the column m+2 heating
head are of the same pitch and disposed offset by
half a pitch.

Claim 5

The thermal ink jet head recited in claim 4, wherein
m is an integer, and the column m+1 heating head
and the column m+2 heating head eject ink of the
same color.

Claim 6

The thermal ink jet head recited in claim 3 that is
constituted to eject black ink from the first column
heating head and the final column heating head,
ejects color ink from the other heating heads, and
the density of dots where color ink is ejected is
double the density of dots where black ink is
ejected.

Detailed Description of the Invention
[0001]
Technological Field of the Invention

The present invention related to thermal inkjet
heads.

[0002]

Prior Art
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In recent years, printers that use the thermal inkjet
system have become the most common printer
mode. In the process of forming the ink droplets
that are emitted for the purpose of printing, (1) this
thermal inkjet system heats a heater and forms
nucleus bubbles on the heater surface. (2) These
nucleus bubbles coalesce to generate a film
bubble. (3) This film bubble grows by adiabatic
expansion. (4) The heat of the film bubble that
grows is taken in by surrounding ink, shrinking the
film bubble. (5) The film bubble is ultimately
extinguished and awaits the next heating of the
heater. This sequence of processes occurs in an
instant. Also, this sequence of processes (1)
through (3) employs the phenomenon of film
boiling.

[0003]

The phenomenon of film boiling occurs when an
object heated to a high temperature is immersed in
a liquid, as in iron quenching, or when the surface
temperature of an object that is in contact with
liquid is sharply increased. The phenomenon of
film boiling employed in thermal inkjet printers is
the latter, the method of sharply increasing the
surface temperature of an object that is in contact
with a liquid.

[0004]

The printing heads of inkjet printers that print in full
color by exploiting this sort of film boiling
phenomenon to eject three primary colors of ink
(thermal inkjet heads) are generally manufactured
using silicon LSlIs and thin-film technology.

[0005]

A known method of manufacturing these is, in the
case of a 360dpi (dots per inch) resolution printing
head, for example, to manufacture 128 ink-ejection
nozzles as a batch with individual drive circuits
matched to them. For a resolution of 720dpi, 256
ink-ejection nozzles are formed together with
individual drive circuits.

[0006]

To explain this in simple terms, first, in step 1, drive
circuits and their terminals are formed by LSI
formation processing in a silicon substrate of 4
inches or more. Next, in step 2, electrodes

comprised of Ni or the like and miniature resistors
of Ta-Si-SiO or the like are formed using thin-film
technology. Then, in step 3, ink supply channels
and ink supply ports are formed in the silicon
substrate using wet etching, sandblasting, or the
like. In step 4, partitions intended to form ink
grooves that are matched to individual ink ejection
ports are then formed using organic materials such
as photosensitive polyimides. In step 5, individual
fine channels (ink guide channels) are formed by
capping the ink grooves formed by these partitions
by affixing thin plate materials comprised of thin
steel plate, polyimide or the like, to which is applied
epoxy resin adhesive, onto the silicon substrate.
Subsequently, in step 6, ports of 20—40um are
created in areas corresponding to the miniature
resistors on the thin-plate material using an
excimer laser or the like, forming numerous nozzle
ports (also called orifices) in a batch. Up to this
point, the processing is in wafer form. Finally, in
step 7, the wafer is cut using a dicing saw or the
like to divide the wafer into individual units. Note
that "orifice" generally refers to holes or ports for
transferring energy that are formed in the end or
wall surfaces of waveguide tubes or the like.

[0007]

Figs. 6 (a), (b) and (c) and 7 (a), (b) and (c) show
the steps of the manufacturing processes of the
heating heads of the thermal inkjet head described
above. Figs. 6 (a), (b) and (c) show, respectively,
plan views and cross-section views of these; Fig. 7
(a), (b) and (c) show, respectively, detail blow-ups
of Fig. 6 (a), (b) and (c) in the top rank, cross-
section views along the line A-A' of the top rank in
the middle rank, and cross-section views along the
line B-B' of the top rank in the bottom rank.

[0008]

Note that all these figures show only a single
heating head for ease of explanation, but in
practice, a plurality of such heating heads are
formed linked together on a single silicon
substrate. Also, the cross-section diagrams shown
at the bottom of Figs. 6 (a), (b) and (c) are the
same as the cross-section views along line A-A'
shown in the middle ranks of Figs. 7 (a), (b) and

(c).

[0009]
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Figs. 6(a) and 7(a) show the state immediately
after steps 1 through 3, described above, are
completed. In other words, the common electrode
2, the common electrode electricity-feed terminal 3
(Fig. 6(a)), the individual wiring electrode 4, the
resistor 5, the drive circuit 6, the drive circuit
terminal 7 (Fig. 6(a)), the ink supply channel 8 and
the ink supply port 10 (Fig. 7(a)) are formed on the
silicon substrate 1.

[0010]

Next, Figs. 6(b) and 7(b) show the state
immediately after step 4, described above, is
completed. In other words, the partition material 9
is laminated onto the part located on the left side of
the ink supply channel 8 of common electrode 2
and the part where the individual wiring electrode 4
is disposed, and between the various resistors 5.
The parts where the partition material 9 is
laminated between the various resistors 5
described above consist of part 9-1 on individual
wiring electrode 4 (analogous to the body of the
comb) and the part 9-2 that extrudes into the
spaces between the various resistors 5 (analogous
to the teeth of the comb). The comb teeth are
therefore the partitions, and the same number of
minute ink guide grooves (where the resistors 5 are
located at the bases between the individual comb
teeth) are formed as there are resistors 5. The
partition material 9 has a thickness of at least
10um.

[0011]

Figs. 6(c) and 7(c) show the state immediately after
steps 5 and 6, described above, are completed. In
other words, thin-plate material 11 covers all the
region except the drive circuit 6 and the electricity-
feed terminals 3 and 7; the tops of the
aforementioned ink guide grooves are also
covered, forming ink guide channels 12
corresponding to the 10um thickness of the
partition material 9. Nozzle ports 13 are then
formed in the part corresponding to the resistor 5,
thereby completing the heating head 14 equipped
with one column of nozzle ports 13.

[0012]

Normally, full-color printing requires the three
primary colors of subtractive color mixing—yellow

(Y), magenta (M) and cyan (C)—as well as black
(BK), used exclusively for the black parts of text
and images, totaling four colors of ink. This means
that at a minimum, four nozzle columns are
required. It is also possible to monolithically
constitute four columns of elements using the
manufacturing method described above, and also
possible to accurately position these columns
relative to each other using modern semiconductor
fabrication technology.

[0013]

Fig. 8 shows the state of a full-color thermal inkjet
head constituted by arraying four columns of
elements (heating heads) 14, each of which
comprises one set of the silicon substrate 1,
common electrode 2, common electrode electricity-
feed terminal 3, individual wiring electrode 4,
resistors 5, drive circuit 6, drive circuit terminal 7,
ink supply channel 8, partition material 9, ink
supply port 10, thin-plate material 11 and nozzle
port 13 shown in Figs. 6 and 7 described above.
This figure shows the state when steps 1 through 3
shown in Fig. 6(a) have been completed to make it
easy to see the constitution that arrays four
columns of heating heads 14.

[0014]

As the figure shows, the thermal inkjet head 15 is
disposed arraying four heating heads 14 (14a, 14b,
14c, 14d), and Y ink from the ink supply channel 8a
may be supplied, for example, to the ink guide
channel 12 of the heating head 14a (see Figs. 6(c)
and 7(c)), M ink from the ink supply channel 8b
may be supplied to the ink guide channel 12 of the
heating head 14b, C ink from the ink supply
channel 8c may be supplied to the ink guide
channel 12 of the heating head 14c, and Bk ink
from the ink supply channel 8d may be supplied to
the ink guide channel 12 of the heating head 14d.

[0015]

When printing, the resistor 5 is selectively made
conductive according to the printing information
and heated instantaneously to generate a film-
boiling phenomenon, and an ink droplet is ejected
from the nozzle port 13 that corresponds to that
resistor 5. In this sort of inkjet system, the ink
droplet is ejected as a roughly spherical droplet of
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a size corresponding to the diameter of the nozzle
port 13, and prints on the paper surface at a size
roughly double that diameter.

[0016]

If the full-color thermal inkjet head obtained in this
manner has a resolution of 360dpi, it will be
equipped with four columns of 128 nozzles (640
nozzles) formed within an area of approximately
8.5mm x 19.0mm. And for a resolution of 720dpi,
four columns of 256 nozzles (1280 nozzles) will be
formed within an area of approximately 8.5mm x
19.0mm.

[0017]
Problem that the Invention Is to Solve

As it happens, the nozzle port diameter and its
disposition interval are designed in accordance
with the printing resolution (image resolution). As
described above, ink droplets that are ejected in a
spherical shape at a size corresponding to the
nozzle port diameter spread on the paper surface
to roughly double that diameter, so the nozzle port
diameter is designed to a size of half the dot pitch
to be printed. For example, for a resolution of
360dpi, the dot pitch is about 70um and the nozzle
port diameter is thus about 30—-40um. And for a
resolution of 720dpi, the dot pitch is about 35um
and the nozzle port diameter is thus about 15—
20pm.

[0018]

As the pitch therefore gets tighter, the adhesive
surface of the other side (the comb-tooth portion 9-
2 of the partition material 9) that is laminated when
the orifice plate (thin-plate material 11) is affixed to
the silicon substrate 1 decreases, creating the
problem of difficulty in achieving stable adhesion.

[0019]

As it happens, to increase printing resolution on the
other hand, a multi-column layout has become
preferable for printing, with two or more columns of
heating heads for each color, requiring more and
more nozzles and finer dimensions.

[0020]

As described above, a thermal inkjet head for full
color requires at least four columns of heating
heads, but each of these heating heads, as
depicted in Fig. 8, has its own independent drive
circuit 6, and the drive circuit terminals 7 are
disposed on these. Each heating head also has its
own electricity-feed line to the common electrode in
each heating element (the resistors 5). This
consequently creates many connection points at
the connections between this thermal inkjet head
and external circuits, requiring more sophisticated
technology to realize these connections.

[0021]

Not only that, because there are many circuits,
electrodes, connection terminals and the like
laminated independently at each heating head, the
silicon chip where these are laminated requires
greater surface area, which inhibits mass
production of heating heads that are formed
monolithically.

[0022]

For example, in the instance shown in Figs. 6(a),
(b) and (c), about 2mm of width is needed to
constitute a heating head that has one column of
nozzle ports 13. With a full-color thermal inkjet
head, moreover, four columns of heating heads are
installed together, as described above, leading to a
size of about 8.5mm x 19.0mm. Therefore, a 4-inch
silicon wafer can only yield around 30 of these
8.5mm x 19.0mm chips and a 5-inch wafer only
about 55. The number of thermal inkjet heads for
full color that can be realized from one wafer is
thus very small, which has led to the problem of
rising manufacturing costs.

[0023]

The problem of the present invention is to provide,
in light of the prior art circumstances described
above, a high-resolution, small-volume thermal
inkjet head that can laminate stable layers of
element materials.

[0024]
Means of Solving the Problem

The constitution of the thermal inkjet heads of the
present invention is described below. First, the
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thermal inkjet head of the invention recited in Claim
1is a thermal inkjet head equipped with a plurality
of heating heads that disposes a plurality of
heating elements in an array form, heats ink
supplied onto the heating elements by means of
the heating elements and ejects ink droplets from
orifices corresponding to the heating elements by
generating air bubbles on the interface between
the ink and the heating elements, and that is
constituted having a single ink supply channel
installed between adjacent heating heads that
supplies the ink in common to the heating elements
of the heating elements on both said sides.

[0025]

Next, the thermal inkjet head of the invention
recited in Claim 2 is a thermal inkjet head equipped
with a plurality of heating heads that disposes a
plurality of heating elements in an array form, heats
ink supplied onto the heating elements by means
of the heating elements and ejects ink droplets
from orifices corresponding to the heating elements
by generating air bubbles on the interface between
the ink and the heating elements, and that is
constituted having a drive means installed between
a first heating head and a second heating head
that supplies drive signals in common to the n"
heating element within the first heating head and
the m™ heating element within the second heating
head, and a control means that controls the supply
of the drive signal from the drive means and
controls the drive means so that it drives, in a time-
sharing manner, the heating elements of the first
heating head and the heating elements of the
second heating head by selecting, in a time-
sharing manner, the common electrode of the first
heating head and the common electrode of the
second heating head.

[0026]

Further, the thermal inkjet head of the invention
recited in Claim 3 is a thermal inkjet head equipped
with a plurality of heating heads that disposes a
plurality of heating elements in an array form, heats
ink supplied onto the heating elements by means
of the heating elements and ejects ink droplets
from orifices corresponding to the heating elements
by generating air bubbles on the interface between
the ink and the heating elements, and that, where

n is an integer, constitutes the common electrode

of a column n+1 heating head and a column n+2
heating head as a single common electrode and
constitutes the common electrode of a column n+3
heating head and a column n+4 heating head as
another single common electrode, and is
constituted having a drive means that drives, in a
time-sharing manner, the heating elements within
the column n+2 heating head and the heating
elements within the column n+3 heating head.

[0027]

Also, where m is an integer, as for example recited
in Claim 4, the heating elements within the column
m+1 heating head and the heating elements within
the column m+2 heating head are of the same
pitch and disposed offset by half a pitch. Also, as
for example recited in Claim 5, the column m+1
heating head and the column m+2 heating head
are constituted to eject ink of the same color. Also,
as for example recited in Claim 6, it is constituted
to eject black ink from the first column heating
head and the final column heating head, eject color
ink from the other heating heads, and the density
of dots where color ink is ejected to be double the
density of dots where black ink is ejected.

[0028]
Embodiments of the Invention

Embodiments of the present invention will be
described below with reference to figures. Fig. 1(a)
is a plan view that shows the constitution of the
thermal inkjet head in one embodiment; Fig. 1(b) is
its cross-section diagram. Note that to make the
constitution easy to see, the thermal inkjet head 20
shown in Figs. 1(a) and (b) shows, in the same
kind of manufacturing process as the prior art
heating head shown in Figs. 6 and 7, the state up
to formation of the drive circuit and its terminal on
the silicon substrate, the formation of the
electrodes and resistors by thin-film technology,
and the formation of the ink supply channel by wet
etching, sandblasting or the like; only one unit is
shown from among those formed monolithically in
the silicon wafer.

[0029]

This thermal inkjet head 20 forms four drive circuits
22a, 22b, 22c and 22d on the silicon substrate 21,
as shown in Figs. 1(a) and (b). To the first drive
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circuit 22a, a resistor 25-1 is formed connected
thereto on the one side via the individual wiring
electrode 24-1 between the drive circuit 22a and
the first common electrode 23a, while a resistor 25-
2 is formed connected thereto on the other side via
the individual wiring electrode 24-2 between the
drive circuit 22a and the second common electrode
23b.

[0030]

To the second drive circuit 22b, a resistor 25-3 is
formed connected thereto on the one side via the
individual wiring electrode 24-3 between the drive
circuit 22b and the second common electrode 23b,
while a resistor 25-4 is formed connected thereto
on the other side via the individual wiring electrode
24-4 between the drive circuit 22b and the third
common electrode 23c.

[0031]

Similarly, to the third drive circuit 22c, a resistor 25-
5 is formed connected thereto on the one side via
the individual wiring electrode 24-5 between the
drive circuit 22¢ and the third common electrode
23c, while a resistor 25-6 is formed connected
thereto on the other side via the individual wiring
electrode 24-6 between the drive circuit 22¢ and
the fourth common electrode 23d.

[0032]

And to the fourth drive circuit 22d, a resistor 25-7 is
formed connected thereto on the one side via the
individual wiring electrode 24-7 between the drive
circuit 22d and the fourth common electrode 23d,
while a resistor 25-8 is formed connected thereto
on the other side via the individual wiring electrode
24-8 between the drive circuit 22d and the fifth
common electrode 23e.

[0033]

To these five common electrodes 23a—23e,
electricity-feed terminals 26a—26e are formed
linked respectively to them, while the drive circuit
terminals 27a—27d are formed connected to their
respective four drive circuits 22a—22d.

[0034]

Then, the center parts in the direction of length are
cut out from their respective common electrodes
23a—23e and ink supply channels 28a—28d are
formed in their lower areas. Ink supply ports that
pass through to the silicon substrate 21 to access
these ink supply channels 28a—28d are formed
respectively in them, although not explicitly shown.

[0035]

In this example, Bk ink is supplied from these ink
supply ports to the first ink supply channel 28a and
the fifth ink supply channel 28e. Y ink is further
supplied to the second ink supply channel 28b, M
ink to the third ink supply channel 28c, and C ink to
the fourth ink supply channel 28d.

[0036]

Fig. 2(a) is a plan view that shows the state
described above in a similar manufacturing
process to the prior art head shown in Figs. 6 and
7, in which is further shown partitions laminated to
form ink grooves that correspond to the resistors
25 (25-1, 25-2, ... 25-7, 25-8), ink guide channels
formed by pasting on an orifice plate, nozzle ports
formed as a batch by excimer laser, and thermal
inkjet heads for full color, cut out as single units to
obtain the finished product. Fig. 2(b) is a cross-
section view of the same. The partition material 31
is laminated, as shown in Fig. 2(b), over part of the
common electrodes 23 (23a—23e) in the state
shown in Figs. 1(a) and 1(b) described above and
part of the individual wiring electrodes 24 (24-1-24-
8), and five orifice plates 32 (32a, 32b, 32c, 32d,
and 32e) are affixed on top of them, except where
the drive circuits 22 (22a—22d) are installed, as
shown in Figs. 1(a) and 1(b).

[0037]

The nozzle ports 33 (33-1, 33-2,...33-7, 33-8) of a
prescribed diameter (if the resolution of this
thermal inkjet head 20 is 360dpi, in this example
the diameter is 15-20pum, which will be discussed
below) are formed respectively as a batch at
prescribed intervals (roughly 70um) in the orifice
plate 32a at locations corresponding to the resister
25-1.

[0038]
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The Bk ink of the first ink supply channel 28a
described above is supplied to the nozzle column
of the nozzle port 33-1 of the orifice plate 32a, and
the Bk ink of the fifth ink supply channel 28e is
supplied to the nozzle column of the nozzle port
33-8 of the orifice plate 32e.

[0039]

Then, the Y ink of the second ink supply channel
28b is supplied to the nozzle column of the nozzle
port 33-2 and the nozzle column of the nozzle port
33-3 of the orifice plate 32b, the M ink of the third
ink supply channel 28c is supplied to the nozzle
column of the nozzle port 33-4 and the nozzle
column of the nozzle port 33-5 of the orifice plate
32c, and the C ink of the fourth ink supply channel
28d is supplied to the nozzle column of the nozzle
port 33-6 and the nozzle column of the nozzle port
33-7 of the orifice plate 32d.

[0040]

The head is thus equipped with two columns of
nozzles for each color for a total of eight columns
of nozzles for the four colors together, and the ink
supply channel 28 that supplies ink to the nozzle
ports 33 of these columns is configured of five
channels, three fewer than the number of nozzle
columns; there are also five common electrodes
32. There are, further, four of the drive circuits 22
that drive the resistors 25 to generate heat that
correspond to these nozzle columns and four sets
of the drive circuit terminals 27 (27a—27d).

[0041]

In this way, the four drive circuits 22 are constituted
so that they control the heating drive of the
resistors 25 of the nozzle ports 33 of double the
number of columns in a time-sharing manner. What
makes this sort of time-sharing drive possible is
that, in the thermal inkjet head, the conduction
pulse width to the resistors (heating elements) for
ink ejection is 1usec, and the cycle for making ink
eject from the same nozzle port at the next
signal—that is, the ejection repeat frequency—is
1kHz—10kHz (a 1msec—100psec interval).
Therefore, there is an ample time margin for a
drive circuit capable of operating at a frequency of
several tens of mHz or more, and that time margin

is used so that two nozzle columns are driven in a
time-sharing manner.

[0042]

Also, because there is an adequate time margin
between the first heating drive and the next heating
drive to the same resistor, as described above, this
time-sharing drive does not serve as a factor that
lowers the printing speed even when this manner
of time-sharing drive is used, even considering the
relationship to the maximum permissible current of
the heating head when doing, for example, solid
printing (leaving a bit of time between).

[0043]

This thermal inkjet head 20, then, is equipped with
two nozzle columns for each color for a total of
eight nozzle columns but still constituted for an
overall size whose dimensions do not differ
significantly from the prior-art four-nozzle column
heads shown in Fig. 8.

[0044]

Fig. 3(a) schematically shows solid printing using
one nozzle column of the above-described thermal
inkjet head 20. Conventionally, a 360dpi dot matrix
had nozzle port diameters of 30—40um at a pitch of
70.6um, the ink droplets spread to double in size,
and each printed dot had to tightly adhere for the
solid printing described above. However, in this
embodiment, printing can be achieved with twice
the resolution of the nozzle port layout, so the
nozzle port diameter is formed at the 15-20um that
is equivalent to a 720dpi dot matrix. The nozzle
ports of the two nozzle columns of the same color
are further formed offset by half a pitch.

[0045]

Fig. 3(b) shows the positional relationship of the
two nozzle-port columns of the same color, as just
described. Fig. 3(b) shows printing with two nozzle
columns when their timing is shifted for printing in
order to show the offset of half a pitch. In actual
printing, however, by timing the two nozzle
columns to print on the same printing area of the
paper surface, printing achieves double the half-
pitch dot density of a one-nozzle port array, as
shown in Fig. 3(c). In this way, by forming small
orifices (nozzle ports) and using two orifice
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columns offset by a half pitch, a resolution can be
achieved that is double that of a constitution of a
single orifice column.

[0046]

By thus sharing a drive circuit, electricity-feed
circuit, and ink supply channel between two orifice
columns, this embodiment can shrink the chip size
without increasing the size of the thermal inkjet
head and achieve double the conventional nozzle
columns virtually without changing the conventional
size. Also, a high-precision thermal inkjet head that
has double the resolution using conventional
miniaturization technology can be practically
constituted.

[0047]

Note that color images always require high
precision with fine detail, but printing of text and the
like in black does not require that degree of
resolution. And although printers are also generally
used not just in offices but for personal purposes,
they are most often used to print text. The nozzle
port layout of the nozzle columns for Bk ink, which
is primarily used for printing text, may consequently
be formed at double the pitch of the nozzle port
layout of the other colors and with double the port
diameter.

[0048]

Fig. 4(a) shows printed dots for Y, M and C ink (the
same as the printed dots shown in Fig. 3(a)) of a
thermal inkjet head of such a constitution; Fig. 4(b)
shows Bk ink printed dots at the same
magnification as Fig. 4(a). When constituted in this
manner, printing speed when printing text only in
black can be doubled by dividing up the printing
between column 1 and column 8 (for example,
printing the print data of odd-numbered lines with
the column 1 head and even-numbered lines with
the column 8 head).

[0049]

In Figs. 1-3 described above, moreover, ink
droplets of the same color (for example, black) may
be configured to eject from all eight of the orifice
columns, and the nozzle port layout of the eight
orifice columns may be disposed offset positionally
by an integer multiple of the pitch that determines

the respective resolution. By doing so, a printed
image of extremely high precision can be achieved,
albeit in a single color.

[0050]

Note that in the embodiment described above, the
examples shown constituted two nozzle columns
for each color, but the present invention is not
limited to this; nozzle columns may be constituted
as a single column for each color and the resistor
for that nozzle column driven in a time-sharing
manner.

[0051]

Fig. 5(a) is a plan view that shows the constitution
of the thermal inkjet head in another embodiment;
Fig. 1(b) is its cross-section diagram. As shown in
Figs. 5(a) and (b), this thermal inkjet head 20' is
equipped with four orifice columns of the resistor
25" and four corresponding ink supply channels 28',
but is constituted with only three common
electrodes 23' and two drive circuits 22'. The drive
principle is the same as that of the thermal inkjet
head 20 depicted in Figs. 1-3.

[0052]

By using this constitution, the thermal inkjet head
20' could be designed with dimensions of roughly
20mm x 6mm if configured, for example, for 256
nozzles in one column at a resolution of 360dpi. In
the prior art design shown in Figs. 6-8, the
dimensions are 20mm x 8mm; this yields 30 chips
from a 4-inch silicon wafer. If the dimensions are
20mm x 6mm, however, as in this example, it can
form 40 chips. In the case of a 5-inch silicon wafer,
the constitution of this example can yield 75 chips
against the prior art's 55 chips.

[0053]

The number of chips yielded by a single silicon
wafer can thus be increased 30-40%, helping to
greatly increase productivity. Also, as is clear from
Fig. 5(a), the number of connection terminals to
external devices can be halved so that it is easy to
mount the head in the main printer unit. This
facilitates maintenance of thermal inkjet heads, a
part that is replaced relatively frequently in color
printers, realizing a thermal inkjet head that is
highly practical.
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[0054]

Note that in the above constitution, one of the drive
circuits 22' on either side comprises a set with the
central common electrode 23'; any number can be
connected together, enabling expansion into
desired formats such as four, six or eight orifice
columns and allowing higher precision printing to
be achieved.

[0055]
Effects of the Invention

As explained in detail above, by means of the
present invention, two orifice columns can be
disposed offset by a half pitch to decrease in size
the orifice diameter alone, so the resolution of
printing can be doubled using the processing
precision of normal lamination. This makes a
thermal inkjet head that prints at high precision
easily achievable.

[0056]

Further, the heating elements of adjacent orifice
columns are driven in a time-sharing manner by
the single drive circuit that is connected to them in
parallel, so the number of drive circuits need only
be half that of the number of orifice columns, which
means that the thermal inkjet head can be made
more compact.

[0057]

Also, since the thermal inkjet head becomes
similarly compact, the number of thermal inkjet
heads formed on a single silicon substrate can be
increased at least 40% over the prior art, which
means that the productivity of thermal inkjet heads
increases.

[0058]

Also, the number of drive circuit terminals
decreases by half alongside the drive circuits, so
the number of connection terminals to external
devices is halved, making mounting in printer units
easy. This facilitates maintenance of color printers,
which have a relatively high replacement frequency
for printing heads, which increases ease of use
and can achieve customer trust.

Brief Description of the Figures
[Figure 1]

Fig. 1(a) is a plan view during the manufacturing
process that shows the constitution of the full-color
thermal inkjet head in one embodiment; Fig. 1(b) is
its cross-section diagram.

[Figure 2]

Fig. 2(a) is a plan view that shows a finished full-
color thermal inkjet head after completion of the
manufacturing process cut out as a single unit; Fig.
2(b) is its cross-section diagram.

[Figure 3]

Fig. 3(a) is a diagram that shows schematically
solid printing using one nozzle column of a thermal
inkjet head, 3(b) is a diagram that shows the
positional relationship of two nozzle-port columns
of the same color, and 3(c) is a diagram that shows
that double the dot density can be achieved
printing in the same printing region with two nozzle
columns.

[Figure 4]

Fig. 4(a) is a diagram that shows the diameter of
the printed dots of color ink as an example of a
differently shaped nozzle port; 4(b) is a diagram
that shows the diameter of a black ink printed dot
at the same enlargement.

[Figure 5]

Fig. 5(a) is a plan view that shows the constitution
of the thermal inkjet head in another embodiment;
Fig. 5(b) is its cross-section diagram.

[Figure 6]

Figs. 6 (a), (b) and (c) are schematic plan views
and cross-section views that show the steps of the
manufacturing processes of the printing part of a
prior art thermal inkjet head.

[Figure 7]

Figs. 7 (a), (b) and (c) show detailed enlarged plan
views of a prior art printing part in the top rank,
cross-section views along the line A-A' of part (a) in
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the middle rank, and cross-section views along the
line B-B' of part (a) in the bottom rank.

[Figure 8]

Fig. 8 shows a prior-art arrangement that
constitutes a full-color thermal inkjet head by
arraying four columns of printing parts.

Legend

1 Silicon substrate

2 Common electrode

3 Common electrode electricity-feed
terminal

4 Individual wiring electrode

5 Resistor

6 Drive circuit

7 Drive circuit terminal

8 (84, 8b, 8c, 8d) Ink supply channels
9 Partition material

9-1 Comb body portion
9-2 Comb teeth portion

10 Ink supply port

11 Thin-plate material
12 Ink guide channel
13 Nozzle port

14 (14a, 14b, 14c, 14d) Heating heads

20 Thermal inkjet head

21 Silicon substrate

22 (22a, 22b, 22c, 22d) Drive circuits

23 (23a, 23b, 23c, 23d, 23e) Common electrodes
24 (24-1, 24-2, ..., 24-7, 24-8) Individual wiring
electrodes

25 (25-1, 25-2, ..., 25-7, 25-8) Resistors (heating
elements)

26a, 26b, 26¢c, 26d, 26e Electricity-feed terminals
27 (22a, 22b, 22c, 22d) Drive circuit terminals
28a, 28b, 28c, 28d Ink supply channels

31 Partition material

32 (32a, 32b, 32c, 32d, 32¢) Orifice plates
33(33-1, 33-2, ..., 33-7, 33-8) Nozzle ports

11
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DECLARATION OF MICHAEL KARPA

I, Michael Karpa, declare the following:
1. | am over 18 years of age and competent to make this declaration.

2. | am a qualified Japanese to English translator as certified by the American Translators
Association.

3. | have translated into English the attached document identified as "Japanese Patent
Application Kokai Number Hei11-245409," bearing a Kokai publication date of September 14,
1999.

4. | affirm that the translated text has been translated and edited to the best of my ability and
knowledge to accurately reflect the content, meaning, and style of the original text. | hereby
certify under penalty of perjury under the laws of the United States of America that the
foregoing constitutes, pursuant to my knowledge and belief, a true and correct translation of
the original document.

5. | declare that all statements made herein of my knowledge are true, and that all
statements made on information and belief are believed to be true, and that these statements
were made with the knowledge that willful false statements and the like are punishable by
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code.

/ Michael Karpa

Dated and signed on December 28, 2022.
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